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8.0 EFFECTS ASSESSMENT METHODS 

This section describes the methods used to assess potential Project-related effects, including 

cumulative effects. These methods have been developed to meet the requirements specified 

in the EIS Guidelines and are consistent with existing guidance documents, including the 

Operational Policy Statement Assessing Cumulative Environmental Effects Under the 

Canadian Environmental Assessment Act, 2012 (CEA Agency 2013) and Determining Whether 

a Project is Likely to Cause Significant Adverse Environmental Effects (CEA Agency 1994), the 

Cumulative Effects Assessment Practitioners’ Guide (Hegmann et al. 1999), and the Guideline 

for the Selection of Valued Components and Assessment of Potential Effects (EAO 2013), 

among others. The methods used, including the selection of VCs, allow the full consideration 

of the factors listed in subsection 19(1) and 19(2) of CEAA 2012, and section 79 of the Species 

at Risk Act.  

8.1 ENVIRONMENTAL ASSESSMENT METHODS 

The EIS Guidelines, part 1, section 3.1, describe the scope of the proposed Roberts Bank 

Terminal 2 Project as including the construction, operation, and, where relevant, 

decommissioning of the Project components and activities listed in the EIS Guidelines, part 2, 

sections 7.1 and 7.2. A detailed description of Project components (i.e., marine terminal, 

widened causeway, expanded tug basin) and physical activities to be carried out during 

Project construction, decommissioning of temporary construction-related facilities, and 

operation is provided in Section 4.0 Project Description.  

8.1.1 Issues Scoping  

The EIS Guidelines, part 1, section 3.3, refer to valued components (VCs) as “attributes of 

the physical, biophysical, and human environment that may be affected by the project that 

have been identified to be of concern by the proponent, government agencies, Aboriginal 

peoples, and the public.” Valued components provide a means of focusing an assessment on 

those representative aspects of the natural and human environment that are of greatest 

importance in the context of the Project, as identified through the Project’s issues scoping 

process. The selected VCs must also satisfy the requirement to assess environmental effects 

identified in section 5 of CEAA 2012. This section describes the process of issues scoping, 

which is an important part of how the VCs were selected for the assessment. 
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As described in Section 2.3 Project Planning, Development, and Implementation, PMV 

and its predecessors have a long history of project development and operations on Roberts 

Bank, dating from establishment of the Roberts Bank Coal Port facility in 1970 to completion 

of the Deltaport Third Berth Project (DP3) in 2010. Throughout this period, PMV has actively 

engaged with federal and provincial regulatory agencies, Aboriginal groups, local governments 

and communities, stakeholders, and the public. Recently, consultation and engagement 

activities have focused on the Deltaport Terminal Road and Rail Improvement Project, a 

component of PMV’s Container Capacity Improvement Program (CCIP), and RBT2. This input 

is augmented by area-specific knowledge gained during environmental assessment studies 

and monitoring conducted in support of the Westshore Terminal expansion (completed in 

1984), and development of the Deltaport Container Terminal (completed in 1997) and DP3. 

Collectively, this input comprises a comprehensive body of knowledge on potential 

biophysical, economic, social, heritage, and human health values in the Roberts Bank area.  

While initial planning for RBT2 was undertaken in 2003 and 2004 (see Section 5.0 

Alternative Means of Carrying Out the Project), PMV initiated feasibility studies for the 

current RBT2 concept in 2010. As planning proceeded through the Project Definition phase 

and into the pre-design phase, PMV commenced a multi-year, multi-round engagement and 

consultation process. The purpose of these consultation efforts was to provide information 

about the proposed Project and seek input on potential Project-related issues from local, 

provincial, and federal governments and regulatory agencies, Aboriginal groups, 

communities, stakeholders, and the public (see Section 7.0 Engagement and 

Consultation). Project-specific comments and questions received during these consultation 

activities have been documented by PMV, and were a primary information source during 

issues scoping to identify and select Project VCs.  

The issues scoping process was also supported by discussions with scientists, technical 

experts, and representatives of regulatory agencies, academia, and non-government 

organisations who participated in the Project’s technical advisory group (TAG) process. As 

described further in Section 7.4 Technical Advisory Group Process (2012 to 2013), 

The TAG process focused on four key areas identified by PMV. Over the course of three to 

four full-day workshops, each TAG reviewed existing information and field study work plans, 

identified priority information needs and appropriate methods of effects assessment, and 

made recommendations to PMV to inform the development of this EIS. In addition, PMV led 

four Working Group (WG) meetings during EIS preparation, including meetings specifically 

focussed on VC selection. Information was shared and Project-related issues were discussed 
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with attendees including the Canadian Environmental Assessment Agency (CEA Agency), 

federal authorities and agencies, provincial agencies, local governments, and Aboriginal 

groups. Both the CEA Agency and PMV contacted U.S. regulators in 2014 to inform them about 

the Project and identify potential trans-boundary issues. Refer to Section 7.1.1 Pre-

Environmental Impact Statement Submission Engagement and Consultation for more 

information on WG meetings and trans-boundary engagement.  

Other sources of information referred to during the issues scoping process include recent 

scientific literature and technical reports of relevance to the Roberts Bank area; community 

knowledge and Aboriginal traditional knowledge (ATK); and the results of field studies and 

computer modelling undertaken in support of the Project. 

During the Project’s EIS preparation stage, comment tracking tables were 

developed that summarise key comments provided by regulatory agencies (see 

Section 7.1.1 Pre-Environmental Impact Statement  Submission Engagement and 

Consultation), Aboriginal groups (see Section 7.2.2 Pre-EIS Submission Consultation 

Process), and public and local government (see Section 7.3.2 Pre-EIS Submission 

Engagement and Consultation Activities). These comment tracking tables include specific 

references to potential VCs, related processes and interactions, and the nature and sensitivity 

of the Roberts Bank area during the Project’s Pre-EIS submission stage. The comment 

tracking tables identify PMV’s response to VC-related comments and provide explanations for 

those situations in which a particular issue is not addressed by a selected VC or has not been 

considered in the assessment.  

8.1.2 Selection of Valued Components 

Issues identified through the scoping process described above informed the selection 

of appropriate VCs for the Project’s effects assessment. The selection of VCs followed a three-

step process, which is summarised in Figure 8-1 and described below. Process outcomes, 

including the rationale for inclusion or exclusion of each candidate VC, is summarised in 

Appendix 8-A Valued Component Selection Rationale. In addition, each VC 

effects assessment section provides an account of the VC-specific selection process 

(see Sections 11.0 to 16.0 for biophysical effects assessments, and Sections 19.0 to 

Section 28.0 for the social and economic effects assessments. Although not identified as a 

VC, the effects of the Project on Current Use of Land and Resources for Traditional Purposes 

were assessed (see Section 32.2).  
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Figure 8-1 Valued Component Selection Process 
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Step 1: Screen Candidate Valued Components 

A comprehensive list of candidate VCs was compiled based on the following: 

 PMV’s historical knowledge of Roberts Bank; 

 Results of previous environmental assessment and monitoring programs for projects 
undertaken on Roberts Bank; 

 Community knowledge and ATK; 

 Guidance from TAG members; 

 Discussions with WG members;  

 Results of field studies and computer modelling; and 

 Comments provided by regulatory agencies, Aboriginal groups, local governments, 
stakeholders, and the public. 

Upon review and consideration of the above information and based on the professional 

judgement of the Project team, biophysical candidate VCs were identified according to their 

ability to represent broad categories of environmental elements integral to the marine 

ecosystem of Roberts Bank (e.g., marine vegetation, marine fish, marine mammals). 

Similarly, socio-economic and health candidate VCs were identified based on their ability to 

represent the full range of inter-relationships, system functions, and vulnerabilities known to 

influence communities in the vicinity of the Project. 

Each candidate VC was screened according to the following criteria to establish its ability to 

inform the effects assessment: 

1. Candidate VC occurs in the geographic area proximal to the Project. 

2. An interaction between the candidate VC and a Project component or activity could 
occur. 

3. Candidate VC is of interest to the public, Aboriginal groups, or government. 

4. Candidate VC is particularly sensitive or vulnerable to disturbance (i.e. species at risk, 
see Appendix 10-A).  

The candidate VCs that satisfied these criteria were carried forward into Step 2 of the VC 

selection process. The outcome of Step 1 with respect to candidate VCs is shown in Appendix 

8-A: Table 8-A1 Three-Step Selection Process and Outcomes. 
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Step 2: Evaluate Project Interactions with Candidate Valued Components 

Potential interactions between the Project and each candidate VC were examined to determine 

whether they could result in an effect that could be measured and monitored. In considering 

the potential for interactions and effects to occur, the spatial and temporal characteristics of 

each candidate VC were compared with the spatial and temporal limits of the Project and the 

physical changes caused by the Project.  

The potential for interactions between Project activities during construction and operation and 

each candidate VC carried forward to Step 2 was examined in a matrix format (see Appendix 
8-B Project Interaction Matrix). Use of this matrix, which includes a master list of all 

Project activities, allowed the Project team to consider the potential for Project-candidate VC 

interactions in a systematic and consistent manner across all assessment disciplines. Project 

activities considered during the individual assessments were consistent with those listed in 

the Project Interaction Matrix (Appendix 8-B). 

When a Project-candidate VC interaction could result in an effect on the candidate VC, 

that candidate VC was carried forward to Step 3. If the potential for an interaction or a Project-

related effect was not evident, the candidate VC was not considered further. The outcome of 

Step 2 with respect to candidate VCs is shown in Appendix 8-A: Table 8-A1. 

Step 3: Select Valued Components 

The cause-effect linkage between a project and a VC is referred to as an effect pathway, which 

typically comprises one or more physical media, such as water or air, through which an effect 

is transmitted to a receptor, such as wildlife or people. An effect pathway may also include 

different components of natural or socio-economic systems upon which receptors, such as 

people or a wildlife species of concern, depend. For example, an effect pathway may extend 

from a project to water quality to fish that depend on water quality, to larger marine mammals 

that prey on fish, or to humans that harvest fish for commercial, recreational, or Aboriginal 

purposes. In another example, an effect pathway may extend from a project to a regional 

population (including the project work force), to the labour market or community services. 

The components along the pathway through which the effect is transmitted are referred to as 

intermediate components (ICs) for the purposes of this assessment. The components at the 

end of an effect pathway are referred to as receptor components, as they receive the effect 

that is transmitted along the pathway. While a project may result in changes to each IC along 

an effect pathway, the significance of potential project effects is typically assessed in relation 

to those components that are most valued by society, which are usually the receptor 

components. Thus, the receptor components are typically selected as VCs for the purposes of 

assessment. The graphic below (Figure 8-2) illustrates an example of a pathway of effects. 
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It shows how Project activities may interact with, and result in a change to, an intermediate 

component, which can then result in an effect on a valued component.  

Figure 8-2 Example of Pathway of Effects 

 

The effect pathways along which potential Project-related effects could occur were examined 

for RBT2 to understand the relationships between candidate VCs. Components that were 

considered likely to be receptors of potential environmental, economic, social, health, and 

archaeological and heritage resource effects of the Project were selected as VCs for the 

purpose of this assessment. Eight ICs were also identified, including seven components of the 

physical environment and one component of the socio-economic environment. The final VC 

list included in this EIS reflects the evolution and design of the Project described in Section 

5.0 Alternative Means of Carrying Out the Project and Section 4.0 Project Description 

respectively, and the knowledge acquired on the environment through public and Aboriginal 

consultations (see Sections 7.3 Local Government and Public Engagement and 

Consultation and 7.2 Aboriginal Groups Engagement and Consultation respectively).  
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Linkages between the ICs and VCs are shown in Table 8-1, where x indicates that the 

component in the row informs the component in the column. The outcome of the VC selection 

process and the rationales for decisions related to selection or exclusion of candidate VCs are 

presented in Appendix 8-A. 

The EIS describes the existing conditions of each IC (as well as the expected conditions at the 

time of Project commencement, if these are expected to be substantively different from those 

observed today), and describes the changes anticipated to result from the Project, and those 

cumulative changes that may result from other projects and activities. This information is 

used to support the assessment of potential effects on the selected VCs. Assessments of ICs 

are presented in Section 9.2 through Section 9.8, and in Section 18.4. 
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Table 8-1 Intermediate Component and Valued Component Linkages 
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Subsequent to VC selection, VC sub-components were identified to further structure and 

streamline the assessment as appropriate. For example, for biophysical VCs, sub-component 

species or groups were chosen for their ability to represent other species that are similar in 

nature, occupy comparable types of habitats, serve similar ecological roles, or could otherwise 

be affected by the Project in an analogous way. In selecting representative species, or in 

some cases species groups, consideration was given to species of specific importance to 

regulatory agencies, Aboriginal groups, and the public, as identified by community knowledge 

and ATK, and during consultation and engagement, and assessment planning.  

Indicators (metrics) were identified for each VC or VC sub-component, as applicable, to 

quantitatively or qualitatively evaluate existing VC or VC sub-component conditions and 

trends, and assess potential Project-related effects on each VC. Information on the 

rationale for VC, VC sub-component, and indicator selection is provided in the VC effects 

assessment sections. 

Valued components selected for effects assessment, deemed to be appropriate to ensure full 

consideration of the factors listed in subsection 19(1) and 19(2) of CEAA 2012, and the 2012 

amendment to section 79 of the Species at Risk Act, as well as the associated VC sub-

components used to structure the assessment of potential effects on the VCs, are listed in 

Table 8-2.  

Table 8-2 Selected Valued Components and Sub-components 

EIS 
Section Selected Valued Component Sub-components  

11.0 Marine Vegetation  Eelgrass, Intertidal Marsh, Macroalgae, Biomat, 
Biofilm  

12.0 Marine Invertebrates Infaunal and Epifaunal Invertebrate Communities, 
Bivalve Shellfish, Dungeness Crabs, Orange Sea Pens 

13.0 Marine Fish Pacific Salmon, Reef Fish, Forage Fish, Flatfish, 
Demersal Fish 

14.0 Marine Mammals Toothed Whales, Baleen Whales, Seals and Sea Lions  

15.0 Coastal Birds Shorebirds, Waterfowl, Herons, Diving Birds, Raptors, 
Gulls and Terns, Passerines 

16.0 
Ongoing Productivity of 
Commercial, Recreational, and 
Aboriginal Fisheries 

Pacific salmon, Groundfish, Forage Fish, Shellfish 

19.0 Labour Market  N/A 

20.0 Economic Development N/A 

21.0 Marine Commercial Use Marine Fish Harvesting, Seafood Harvesting, Guided 
Sport Fishing, Marine-based Tourism 
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EIS 
Section Selected Valued Component Sub-components  

22.0 Local Government Finances N/A 

23.0 Services and Infrastructure Housing, Health and Emergency Services, Municipal 
Infrastructure 

24.0 Outdoor Recreation 

Recreational Boating and Windsport Activities, 
Recreational Marine Fish and Seafood Harvesting, 
Recreational Hunting, Other Land-based Outdoor 
Recreation 

25.0 Visual Resources Daytime Visual Resources, Nighttime Visual 
Resources  

26.0 Land and Water Use N/A 

27.0 Human Health 

Exposure to Noise and Vibration, Exposure to Air 
Emissions, Exposure to Shellfish Contamination, 
Stress and Annoyance, Employment and Income, 
Food Security, Health Equity 

28.0 Archaeological and Heritage 
Resources N/A 

Note: N/A – Sub-components are not applicable to this VC. 

8.1.3 Establishment of Assessment Boundaries 

This section defines the terms used in subsequent sections of the EIS concerning spatial 

boundaries, provides information on the Project’s temporal limits, and describes the methods 

used to identify VC- and IC-specific assessment boundaries. 

8.1.3.1 Spatial Boundaries 

Spatial assessment boundaries were identified for each VC based on the spatial characteristics 

of the Project and the VC (e.g., location, distribution, range), and the areas within which 

Project-VC interactions and effects are expected to occur. When determining the spatial 

boundary, the Project team also considered, as applicable, available community knowledge 

and ATK, information on current land and resource use by Aboriginal groups, and other 

pertinent ecological, technical, social, and cultural considerations, as well as input from 

government, Aboriginal groups, and the public. 

The types of spatial boundaries established for the assessment of potential effects to 

individual VCs are defined in Table 8-3.  
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Table 8-3 Spatial Boundary Definitions 

Spatial Boundary Definition 

Project Area 

Encompasses the land and land covered by water that will be occupied 
by the Project components and activities listed in the EIS Guidelines, 
part 1, section 3.1.  
The Project area is described in Section 4.0 Project Description. 

Local Assessment Area 
(LAA) 

For each VC, the LAA encompasses the area within which the Project is 
expected to interact with and potentially have an effect on the VC. 

Regional Assessment 
Area (RAA)  

For each VC, the RAA provides the regional context for the assessment 
of potential Project-related effects within the LAA. 
In most cases, the RAA also encompasses the area within which the 
residual effects of the Project on the VC are likely to combine with the 
effects of other projects and activities to result in a cumulative effect 
on the VC. 

When the RAA differs from the area in which the residual effects of the Project on the VC are 

likely to combine with the effects of other projects and activities to result in a cumulative 

effect on the VC, a fourth type of spatial boundary, the cumulative effects assessment area, 

is defined. The rationale for selection of the spatial boundaries for the LAA, RAA, and, where 

applicable, the cumulative effects assessment area, is provided for each VC in the effects 

assessment sections.  

For each IC, a local study area (LSA) was established that encompasses the area within which 

the Project is expected to interact with and potentially alter the IC. In some cases, a broader 

area was considered in modelling or to provide context for the consideration of Project-

induced changes to the IC. Finally, the area for the assessment of cumulative change in each 

IC encompasses the area within which the Project-related changes to the IC are likely to 

combine with the changes due to other projects and activities to result in a cumulative change 

to the IC. The spatial boundaries for each IC are described in the IC assessment sections. 

8.1.3.2 Temporal Boundaries 

The temporal boundaries defined for the assessment encompass the periods during which the 

Project is expected to interact with ICs and VCs via effects pathways. These boundaries were 

determined based on the Project’s temporal limits (i.e., timing and duration), including the 

major phases of construction (including decommissioning of temporary construction-related 

facilities) and operation (including maintenance activities). Port Metro Vancouver does not 

foresee modifications to the Project and does not plan to decommission or abandon the 

Project. In the unlikely event that abandonment becomes necessary, PMV will conduct an 

appropriate level of environmental review for the abandonment.  
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The anticipated preliminary schedule assumes that Project approval will occur in 2017 and 

that construction will proceed over a five-and-a-half year period commencing in 2018. Project 

operation is anticipated to begin within six months after completion of construction. Terminal 

throughput will ramp up gradually after start-up and could be fully operational by the mid-

2020s to meet demand through to 2030. The Project schedule is described in Section 4.0 
Project Description.  

To facilitate the assessment of some ICs and VCs, horizon years were selected to represent a 

level of Project activity that is representative of each Project phase. The use of horizon years 

enables a conservative assessment by ensuring the likely worst-case effect is considered for 

those components for which the potential effects may vary in severity over the duration of 

the Project phase. 

The Project team also considered temporal characteristics specific to each VC relevant to 

understanding when and for how long each VC may interact with and potentially be affected 

by the Project. For example, the assessment took into consideration the cycles of activity for 

biophysical VCs (e.g., critical or sensitive life cycle stages such as breeding, nesting, rearing, 

overwintering) and the temporal aspects of economic and social attributes (e.g., fisheries 

openings, seasonal recreational activities). Important temporal characteristics are described 

in the existing conditions section for each VC. Where relevant, community knowledge and 

ATK factored into the descriptions of these temporal boundaries. 

To enable the assessment of Project-related effects and cumulative effects of the Project in 

combination with the effects of other projects and activities that have been and will be carried 

out, the Project team considered four temporal cases:  

 Existing conditions;  

 Expected conditions;  

 Future conditions with the Project; and 

 Future conditions with the Project and other certain and reasonably foreseeable 
projects and activities.  

The existing conditions case describes the current conditions of each component, and takes 

into account the effects to date of other projects and activities that have been carried out. 

The existing conditions are as reported in the literature, modelled, or observed during field 

studies, and are assumed to represent conditions as of April 2014 or earlier. The activities 

and projects relevant to this case are identified and briefly described in Section 3.4.1 
Projects Contributing to Existing Conditions and Section 3.4.2 Activities Contributing 
to Existing Conditions, respectively. 
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For many components, the conditions currently observed are expected to remain substantially 

the same until the time of Project construction and operation. For some components, 

however, the conditions currently observed are expected to change in response to other 

projects that are now underway or that will have been carried out by the time Project 

construction begins in 2018 or full Project operation in 2024. The effects of those ongoing 

projects are not fully reflected in the existing conditions observable today; however, it is 

important to ensure these effects are captured in the assessment. The projects relevant to 

this case are identified and described in Section 3.4.3 Projects Contributing to Expected 

Conditions. For some components, the conditions currently observed are also expected to 

change in response to other factors, including, for example, changes in industry practices 

driven by regulatory requirements. If substantial changes are expected to occur in an IC or 

VC by the time Project construction or operation occur, they are taken into consideration 

before the potential effects of the Project are assessed. These expected changes in the 

conditions of ICs or VCs are described in the expected conditions case. 

The future conditions with the Project case predicts the future condition by examining how 

the Project would change the existing conditions or, if appropriate, the expected conditions. 

This analysis takes into account how the effects of the Project would combine with the effects 

of other projects and activities that have been or will have been carried out, because these 

latter effects (the cumulative effects to date) are reflected in the existing (or expected) 

conditions. The difference between the existing (or expected) conditions and the future 

conditions with the Project are commonly referred to as the effects of the Project. 

The final case, future conditions with the Project and other projects and activities case, 

considers the total future cumulative effects of the Project in combination with other certain 

and reasonably foreseeable projects and activities that will be carried out (incremental to 

those other certain projects and activities that are already considered in the existing and 

expected conditions cases described above).  

Other projects and activities considered in each VC- or IC-specific cumulative effects 

assessment are identified in the Project Inclusion List (see Table 8-8 and Figure 8-3). 

8.1.3.3 Administrative Boundaries 

Administrative boundaries may include political, economic, fiscal, or social constraints on data 

collection or analysis. Where administrative boundaries constrain the identification or 

assessment of potential effects of the Project on a VC, the nature of those administrative 

boundaries and their effect(s) on the assessment for that VC are documented.  
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8.1.3.4 Technical Boundaries 

Where technical boundaries (e.g., unavoidable data gaps or model limitations) constrain the 

identification or assessment of potential effects of the Project on a VC, the nature of those 

technical boundaries and their implication on the effects assessment for that VC are 

documented.  

8.1.4 Description of Existing Conditions 

Existing (pre-Project) conditions, including those for the ICs that occur along the VC-specific 

effects pathways (Table 8-1), are described within the identified spatial boundaries identified 

for each VC. This information establishes the context for the VC-specific assessment by 

identifying VC characteristics, attributes (e.g., habitat, predator-prey relationships, 

productivity for biophysical VCs), processes, and interactions upon which the integrity of the 

VC relies, including the variability of these attributes, processes, and interactions over time 

scales that are appropriate to the Project. The regulatory and policy setting relevant to each 

VC is also described in this section. Regulatory requirements for physical ICs, where 

applicable, are described in Section 9.0 Physical Setting (i.e., Sections 9.2 to 9.8). 

Descriptions of existing conditions relevant to each IC and VC were developed based on a 

review of available information and the results of studies (e.g., desktop reviews, field studies, 

data analyses, modelling) undertaken during Project planning. Each effects assessment 

section includes information on data quality and reliability with respect to these studies, and 

any uncertainty or gaps in knowledge associated with the existing conditions of each VC. 

Similar information, where applicable, is provided for ICs in Section 9.0 Physical Setting 

(i.e., Sections 9.2 to 9.8) and Section 18.4 Population. The influences of natural and 

human-caused trends that may alter conditions over time, irrespective of changes that may 

be caused by the Project or other projects and activities, are described with respect to specific 

ICs and VCs, where relevant. 

8.1.4.1 Description of Expected Conditions 

The description of existing conditions for each IC and VC considers how each component has 

been or is being affected by other projects and activities that have been carried out.  

Other projects and activities that have not yet been carried out but will have been carried out 

prior to the commencement of RBT2 (construction and operation phases) could alter pre-

Project conditions within the assessment area. A project or activity is included in the expected 

conditions case only if it is certain to proceed, indicated by formal approval to proceed or 
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construction having been initiated at the time of this assessment. Based on available 

information and the professional judgement of the Project team, changes associated with such 

projects and activities (i.e., the expected conditions case) are considered in each IC setting 

section and each VC assessment section.  

Information regarding the other projects and activities considered in the existing conditions 

and expected conditions cases are described in Section 3.4 Projects and Activities 

Contributing to Existing Conditions and Expected Conditions. 

8.1.5 Identification of Interactions and Potential Project Effects 

The potential for Project-IC and Project-VC interactions was considered with reference to the 

master list of Project construction and operation activities presented in Appendix 8-B. In 

cases in which no interaction is expected, no further consideration was given to the effect of 

the activity on the particular IC or VC.  

When the potential for an interaction between a VC and an activity was identified, a 

preliminary evaluation was conducted for the purpose of focusing the assessment on those 

interactions of greatest importance and consequence. Each identified interaction was 

considered to determine whether or not it could result in an effect on the VC. Only those 

interactions for which a measureable effect is likely to be identified were carried forward in 

the assessment. As described in each VC assessment section, potential effects associated with 

interactions were identified through various means, including discussions with regulators, 

Aboriginal groups, and stakeholders; review of the EIS Guidelines; and the professional 

judgement of the Project team.  

The Project Interaction Matrix (Appendix 8-B) shows the interactions between each Project 

activity and each IC and VC. A VC-specific interactions table is included in each VC assessment 

section. A template for the matrix used in the VC assessments to summarise interactions 

between the Project and each VC is provided in Table 8-4. 
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Table 8-4 Template for Identification of Potential Project Interactions with a 
Valued Component for Construction or Operation Phase 

Project Component Project Activities 
Potential Effect Rating 

(negligible, minor, 
moderate or high) 

Nature of Interaction 
and Effect and 

Rationale for Effects 
Rating  

Construction  

Marine Terminal 
Activity #1   

Etc.   

Widened Causeway 
Activity #1   

Etc.   

Expanded Tug Basin 
Activity #1   

Etc.   

Operation  

Marine Terminal 
Activity #1   

Etc.   

Widened Causeway 
Activity #1   

Etc.   

Expanded Tug Basin 
Activity #1   

Etc.   

The Project-VC interactions omitted from further detailed analysis in the assessment include 

those considered to have no or negligible (not detectable or measurable) adverse effects. 

Whenever a Project-VC interaction was omitted from further analysis in a VC assessment 

section, the rationale for this decision was documented. 

All Project-VC interactions that have the potential to result in measurable adverse effects prior 

to mitigation, or that are expected to be of particular concern to government, Aboriginal 

groups, or the public are identified. These identified Project-VC interactions became the focus 

of the effects assessment. Each VC section provides the rationale for identifying these VC-

specific interactions, as well as the cause, type, and nature of potential effects, both adverse 

and positive, arising from those interactions.  

The assessment of potential effects of the Project on each VC takes into account the existing 

conditions temporal case or, in some cases, the expected conditions temporal case 

(see Section 8.1.3.2). Section 3.4 Projects and Activities Contributing to Existing 

Conditions and Expected Conditions presents information pertaining to the activities and 

projects associated with these temporal cases. 
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8.1.6 Mitigation Measures 

Each VC assessment section describes mitigation measures that are proposed to avoid or 

minimise adverse Project-related effects and, where applicable, the means of enhancing the 

Project’s expected positive effects and benefits. Mitigation measures that are proposed to 

avoid or minimise Project-induced changes in ICs, including measures integrated into design, 

are also described in each IC assessment section. 

8.1.6.1 Adverse Effects 

Technically and economically feasible measures that could be used to avoid, reduce, or 

otherwise mitigate adverse effects associated with Project-VC interactions were considered. 

Potential mitigation approaches include the following: 

 Application of PMV’s overarching approach to environmental management, 
including policies, plans, practices, and specific measures that are implemented for all 
projects and activities carried out within PMV Jurisdiction (see Section 2.3 Project 
Planning, Development, and Implementation and Section 33.0 Environmental 
Management Program); and 

 Additional VC-specific mitigation measures, as required. 

Available information regarding the effectiveness of measures implemented during other past 

and existing projects to mitigate environmental changes similar to those that may occur due 

to RBT2, as well as the outcome of any associated monitoring and follow-up programs, was 

also considered. Based on this information, mitigation measures proposed to be implemented 

for the Project are described. The effectiveness of identified mitigation measures, as well as 

any uncertainty regarding their effectiveness, is described. 

8.1.6.2 Positive Effects 

The Project team considered measures, including policies, programs, or other commitments 

made by PMV to enhance or promote the Project’s expected positive or beneficial effects, and 

the likely effectiveness of such measures. Positive effects resulting from the Project are not 

described further in the VC assessment sections. Project benefits are summarised in 

Section 2.4 Project Opportunities and Benefits and Section 34.0 Benefits to 
Canadians. 

8.1.7 Characterisation of Residual Effects and Context 

Adverse residual effects expected to persist after the implementation of mitigation measures 

have been characterised using the criteria listed and defined in general terms in Table 8-5. 

Criteria definitions developed for application to specific VCs are described in each effects 

assessment section.  
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Table 8-5 Criteria Used to Characterise Residual Effects 

Criteria Description Definitions 

Magnitude Expected size or severity of 
the residual effect 

Generally measured in terms of the proportion of 
the VC affected within the assessment area, 
relative to the range of natural variation (or 
historic variation, in the case of human 
environment VCs). Defined on a VC-specific basis. 

Extent 
Spatial scale over which the 
residual effect is expected to 
occur 

Rated as site-specific (limited to the Project Area), 
local (limited to the LAA), regional (limited to the 
RAA), or beyond. Definitions may vary by VC. 

Duration 
Length of time over which the 
residual effect is expected to 
persist 

Rated as short-term, long-term, or permanent. 
Definitions of short- and long-term vary by VC to 
take into account VC-specific temporal 
characteristics. 

Frequency How often the residual effect is 
expected to occur 

Rated as infrequent, frequent, or continuous. 
Definitions of frequency vary by VC to take into 
account VC-specific temporal characteristics. 

Reversibility 

Whether or not the residual 
effect can be reversed once 
the physical work or activity 
causing the effect ceases 

Rated as fully reversible, partially reversible, or 
irreversible. (Irreversible effects are considered to 
be of permanent duration.) 

The context within which the residual effects are expected to occur is also described for each 

VC. Context considers the integrity of the VC, including how it has been affected by natural 

processes and by other projects and activities that have been carried out, and is rated in 

terms of the VC’s sensitivity to further change that may be caused by the Project, its 

resilience, and its ability to recover from adverse effects. 

The characterisation of each residual effect and the rationale used to support each criterion 

rating are summarised for specific VCs in each effects assessment section, based on the 

template shown in Table 8-6. Each residual effects summary is supported by a description 

that explains the context and key factors contributing to the determination of effects 

significance (see Section 8.1.8). 

Table 8-6 Template for Residual Effect Summary 

Criteria Rating Rationale 

Magnitude  low, moderate, high  

Extent  site-specific, local, regional, beyond  

Duration  short-term, long-term, permanent  

Frequency infrequent, frequent, continuous  

Reversibility  fully reversible, partially reversible, irreversible  
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8.1.8 Determination of Significance of Residual Adverse Effects 

To determine the significance of residual adverse effects, the assessment considered the 

nature of each residual effect and the context within which it is expected to occur. The existing 

(or expected) condition of each VC was compared with the future conditions predicted to 

result from the Project. The anticipated future condition of each VC with the Project was 

compared to a threshold of significance defined for that specific VC.  

The threshold of significance is the point beyond which the integrity of the VC may be 

compromised and the residual effect is considered to be significant. If the future condition of 

the VC with the Project does not exceed the defined threshold, the effect is considered to be 

not significant. If the future condition of the VC with the Project does exceed the defined 

threshold, the effect is considered to be significant. When defining the threshold of 

significance, the assessment included consideration of existing standards, guidelines, or 

objectives that have been established by government through regulation or applicable 

regional land and resource use management plans or other mechanisms, where available and 

suitable for determining significance. If no appropriate government-established threshold was 

available, the significance threshold was defined using the professional judgement of the 

Project team and current scientific knowledge about the VC. The rationale for the significance 

threshold used in the assessment and for the determination of significance is provided for each 

VC. 

Each assessment also considered the likelihood that each predicted residual effect 

would occur. 

The level of confidence in each residual effect prediction considers the level of uncertainty 

associated with both the significance and likelihood determinations. Each assessment section 

presents the nature and source of any uncertainty that lowers the level of confidence in the 

residual effect prediction.  

The determination of significance and likelihood and the statement of level of confidence 

are summarised for each VC in the effects assessment sections using the template presented 

in Table 8-7. 
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Table 8-7 Template for Summaries of Valued Component Significance 
Determination of Residual Effects 

Residual Effect 
Significance 

(significant, not 
significant)  

Likelihood of Residual 
Effect 

(likely, unlikely) 

Level of Confidence 
(low, moderate, high) 

Residual Effect 1    

Residual Effect 2    

Residual Effect 3    

Residual Effect 4    

8.1.9 Cumulative Effects Assessment 

The assessment inherently considers the combination of the effects of the Project with those 

of other projects and activities that have been carried out (i.e., existing conditions temporal 

case) and those of other projects and activities that will have been carried out (i.e., the 

expected conditions temporal case), as well as known physical processes (e.g., climate 

change) that are expected to change the condition of the VC from what is observed today. As 

such, the residual Project effect predictions comprise an important part of the cumulative 

effects assessment.  

This section describes the process followed in assessing the potential for additional future 

cumulative effects associated with the Project, combined with incremental effects of all other 

certain and reasonably foreseeable projects and activities not already considered in the 

existing and expected conditions cases. 

An assessment of future cumulative effects was conducted when an adverse residual effect 

was predicted to occur to a VC due to a Project-related interaction. The assessment was 

conducted to determine whether the Project’s residual effect on the component could interact 

with the effects of other certain and reasonably foreseeable projects and activities. Similarly, 

an assessment of future cumulative change was conducted when Project-induced changes to 

an IC were expected to combine cumulatively with changes caused by other projects and 

activities that will be carried out. 

In some cases, potential residual effects of the Project were determined to be negligible (not 

detectable or measurable) and were therefore not carried forward in the assessment of future 

cumulative effects. Whenever a residual Project effect has been excluded from detailed 

consideration in the cumulative effects assessment, the rationale for this exclusion is provided 

in the corresponding VC assessment section. A similar approach was used for ICs. 
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In most cases, the assessment of future cumulative effects was conducted within the 

boundaries of the RAA identified for the VC (see Section 8.1.3). For certain VCs, however, 

the cumulative effects assessment boundaries differed from those of the RAA. In all cases, 

the rationale supporting the selection of spatial boundaries for the assessment of cumulative 

effects or changes on a VC or ICs, respectively, is provided in the corresponding section. 

8.1.9.1 Identification of Other Certain and Reasonably Foreseeable Projects and 
Activities 

Pursuant to the Operational Policy Statement Assessing Cumulative Environmental Effects 

Under the Canadian Environmental Assessment Act, 2012 (CEA Agency 2013), a Project and 

Activity Inclusion List (Table 8-8) was compiled that identifies other certain and reasonably 

foreseeable projects and activities that will be carried out within the VC and IC spatial 

boundaries established for the assessment of Project-related cumulative effects. Locations of 

projects are shown in Figure 8-3.  

The projects identified in Table 8-8 include those that have been publicly announced and for 

which information regarding project scope and timing is publicly available. Projects were 

identified by reviewing publicly available information sources, including the following: 

 CEA Agency Registry; 

 B.C. Environmental Assessment Office’s online Project Information Centre; 

 B.C. Major Projects Inventory; 

 Provincial government websites listing approved and applied-for tenures and licences 
(e.g., Ministry of Environment Stewardship Division, GeoBC, B.C. Oil and Gas 
Commission); 

 PMV’s Projects and Planning website; 

 PMV’s Land Use Plan;  

 Existing land and resource management plans and land use plans; and 

 Other publicly available information sources. 

As described in Section 8.1.3.2, both existing projects and activities were considered in 

characterising the existing or expected conditions temporal case for each VC. The assessment 

of future cumulative effects considered only those activities for which a future certain or 

reasonably foreseeable incremental change in activity levels from existing (or expected) 

conditions is anticipated; the effects of those activities were otherwise considered in the 

existing or expected conditions cases. Existing activities are described in Section 3.4.2 
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Activities Contributing to Existing Conditions. The review of the above information 

sources identified three existing activities for which publicly available documentation predicted 

incremental changes to the level of existing activities in sufficient detail to identify potential 

incremental cumulative effects. If the Project proceeds, there would be additional Project-

related transportation activities outside of the Project area; therefore, these are included as 

reasonably foreseeable activities in Table 8-8 for three modes of transport.  
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Table 8-8 Project and Activity Inclusion List  

Other Certain and Reasonably Foreseeable Project/Activity 

Project Description 

BURNCO Aggregate Project 

Sand and gravel mine (production capacity of 1 to 1.8 million tonnes/year) within Lower McNab 
Valley near Gibsons, B.C. (approximately 22 km west-southwest of Squamish and 35 km 
northwest of Vancouver). Processing plant to be located on northwest shore of Howe Sound. 
Project also includes marine barge-loading facility, maintenance building, small craft dock, and 
electrical substation.  

Centerm Terminal Expansion 
Container terminal located in Vancouver, B.C. on the south shore of Burrard Inlet. Capacity to be 
increased by 2018 to address near-term demand for container handling capacity in the Asia-
Pacific-Gateway.  

Fraser Surrey Docks Direct Coal 
Transfer Facility  

Coal handling facility on existing terminal site on South Arm of Fraser River in Surrey, B.C. to 
facilitate transhipment of up to 4 million metric tonnes/year of coal. Project includes new rail with 
the Port Authority Rail Yard, transfer of coal from rail onto barges, and barge transport of coal 
from the terminal to Texada Island. Marine vessel traffic is expected to include 500 cargo barges 
(1,000 movements1) and 80 bulkers (160 movements) per year.2 

Gateway Pacific Terminal at Cherry 
Point and Associated BNSF Railway 
Company Rail Facilities Project  

Deepwater marine terminal at Cherry Point, 11 km south of Blaine in Washington State with 
the capacity to handle import and export of up to 54 million dry metric tons per year of bulk 
commodities, mostly coal for export. In a related project, BNSF Railway Inc. proposes to add rail 
facilities adjacent to the terminal site and install a second track along a 6-mile-long section of rail 
known as Custer Spur. The project must undergo a full environmental review before a shoreline 
permit or other permits required for the project can be issued.  
U.S. Army Corp. of Engineers, Washington State Department of Ecology and Whatcom County are 
conducting coordinated environmental reviews of the terminal and BNSF applications under the 
National Environmental Policy Act (NEPA) and the State Environmental Policy Act (SEPA). Marine 
vessel traffic is projected to increase by 25 bulkers (50 movements) per year.2 

Gateway Program – North Fraser 
Perimeter Road Project 

New route to improve trucking and vehicle movement through Coquitlam, B.C. along Highways 7 
and 7B to the north end of the Golden Ears Bridge to link with completed components (i.e., Pitt 
River Bridge, Mary Hill Interchange, Highway 7 widening east of the Pitt River Bridge). Planning 
continues with local and regional governments for the remainder of the NFPR. 

George Massey Tunnel Replacement 
Project 

Bridge over the South Arm of the Fraser River along the Highway 99 corridor in the vicinity of the 
current George Massey Tunnel, with associated highway upgrades in Richmond and Delta, B.C., 
on either side of crossing. Also involves removal of the old tunnel.  
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Other Certain and Reasonably Foreseeable Project/Activity 

Kinder Morgan Pipeline Expansion 
Project (AKA Tansmountain Pipeline) 

Twinning of existing oil pipeline from Strathcona County, Alberta to Burnaby, B.C., addition of 
new pump stations along the route, increase in number of storage tanks at existing facilities, 
increase in capacity from 300,000 to 890,000 barrels per day, and expansion of Westridge Marine 
Terminal (new dock facility on Burrard Inlet with 3 berths to accommodate mid-size tankers). 
Marine vessel traffic is expected to increase by 344 crude oil tankers (688 movements) and 12 
tank barges (24 movements) per year.2 

Lehigh Hanson Aggregate Facility Aggregate processing and distribution facility in south Richmond, B.C. on leased industrial lands 
owned by PMV. 

Lions Gate Wastewater Treatment 
Plant Project 

New secondary wastewater treatment plant to be located in the District of North Vancouver, 
B.C. on McKeen Avenue, west of Pemberton Street. Plant will discharge to Burrard Inlet. 

North Shore Trade Area Project - 
Western Lower-level Route Extension 

Extension of lower-level route from Garden Avenue to Marine Drive near Park Royal Shopping 
Centre, West Vancouver, B.C., including a two-lane road and a new bridge over the Capilano 
River. Included in the federal government’s Asia-Pacific Gateway and Corridor Initiative.  

Pattullo Bridge Replacement Project Six-lane bridge in the vicinity of the existing Pattullo Bridge over the Fraser River between New 
Westminster and Surrey, B.C.  

Southlands Development Residential/commercial development of 217.1 ha of agricultural land (former Spetifore Farm) in 
Delta, B.C., including upgrades to irrigation and drainage, agriculture lands and open space.  

Vancouver Airport Fuel Delivery 
Project 

Project includes upgrade of an existing marine terminal located in Richmond, B.C., 15 km 
upstream of the mouth of the South Arm of the Fraser River, development of a fuel-receiving 
facility on industrially zoned land adjacent to the marine terminal, and a 15-km-long underground 
pipeline to an existing fuel storage facility on Sea Island at Vancouver International Airport. Marine 
vessel traffic is projected to increase by 12 tankers and 48 tank barges per year (24 and 96 
movements, respectively).2 

Woodfibre LNG Project 

LNG facility on site of former 86-ha Woodfibre pulp mill on Howe Sound in Squamish, B.C. A 25-
year licence to export natural gas has been approved by the National Energy Board. The Project is 
in the Pre-Application stage of an environmental assessment pursuant to the BC Environmental 
Assessment Act. 
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Other Certain and Reasonably Foreseeable Project/Activity 

Activity Description 

Incremental Road Traffic Associated 
with RBT23 

RBT2-related road traffic travelling off the causeway (east of the Project area) to the spatial extent 
of IC and VC-specific cumulative effects assessment boundaries. This includes 3,692 container 
truck drayage and 1,742 other vehicle average daily movements (Figure 4-30 Container Truck 
Drayage Daily Average movements for 2012 and 2030 and Figure 4-31 Other Vehicle 
Traffic Daily Average movements for 2012 and 2030). 

Incremental Train Traffic Associated 
with RBT23 

RBT2-related train traffic travelling off the causeway (east of the Project area) to the spatial extent 
of IC and VC-specific cumulative effects assessment boundaries. This includes 4 trains (8 
movements) per average day (Figure 4-29 Train Traffic Daily Average Movements for 2012 
and 2030). 

Incremental Marine Vessel Traffic 
Associated with RBT2 

RBT2-related marine vessel traffic travelling outside of PMV navigational jurisdiction (east of the 
Project area) to the spatial extent of IC and VC-specific cumulative effects assessment boundaries. 
This includes 260 vessel calls, or 520 vessel movements, per year (Figure 4-27 Ship Traffic 
Annual Movements for 2012 and 2030). 

Notes:  
1.  One marine vessel or one train is equivalent to two movements (one-way trips). 
2.  Marine vessel traffic projections for certain and reasonably foreseeable projects are sourced from Appendix 30-A Marine Vessel 

Incidence Prediction Inputs to the Quantitative Risk Assessment, Table B-2 and Table B-3. Note that projects on list list were 
included as of October 1st, 2013. For Burnco, Centerm, or Woodfibre, vessel traffic projections were either not available at the time of the 
risk assessment or are anticipated to be minimal compared to overall traffic levels. For example, Woodfibre is anticipated to result in 
approximately 3 to 4 additional vessel movements per month;  

3.  The need for, as well the detail design and timing of any road or rail improvements to support RBT2 traffic would be determined by the 
railway operators or the B.C. Ministry of Transportation and Infrastructure, respectively. 

 

   



PORT METRO VANCOUVER | Roberts Bank Terminal 2  

  Page | 8-27 

8.1.9.2 Identification of the Effects of Other Certain and Reasonably Foreseeable 
Projects and Activities 

In each IC and VC section, potential effects of the other certain and reasonably foreseeable 

projects and activities listed in Table 8-8 relevant to the IC or VC are identified, drawing on 

publicly available information sources such as other environmental assessments and 

regulatory submissions and proponent websites.  

8.1.9.3 Identification of Cumulative Interactions and Potential Cumulative 
Effects 

The assessment of future cumulative effects included consideration of the potential for an 

interaction between a potential Project-related residual effect on a VC and the potential effects 

of other certain and reasonably foreseeable projects and activities on that VC. Each 

assessment section presents an explanation of the rationale for including or excluding other 

specific projects and activities from the VC-specific cumulative effects assessment.  

All potential interactions were examined to determine the potential for the residual effects of 

the Project and the effects of the identified project or activity to interact cumulatively with 

the VC. If a likely cumulative interaction was identified, the cause, type, and nature of the 

potential cumulative effect on the VC, both adverse and positive (if any), was described.  

The potential for a cumulative interaction between a Project-related residual effect and the 

effect(s) of other certain and reasonably foreseeable projects and activities is summarised in 

each VC assessment section using the template shown in Table 8-9. As indicated, in addition 

to potential interactions, this summary table identifies those projects or activities for which 

no potential cumulative interaction with the residual effects of the Project is anticipated.
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Table 8-9 Template for Valued Component-specific Potential Cumulative Interactions and Effects 

Other Certain and Reasonably 
Foreseeable Project/Activity and 

Potential Effect 

Potential Cumulative Effect Rating 
(negligible, minor, moderate or high) 

Nature of Cumulative Effect and Rationale for 
Effect Rating 

Residual Project Effect 1   

   

Residual Project Effect 2   
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8.1.9.4 Mitigation of Cumulative Effects 

The assessment included consideration of technically and economically feasible measures that 

would avoid, reduce, or otherwise mitigate identified adverse cumulative changes and effects 

of the Project, including measures that PMV will implement and measures that would 

necessarily be the responsibility of other parties (e.g., government, proponents of other 

projects or activities). The assessment also included consideration of existing or proposed 

regional cumulative effects monitoring and management initiatives to which PMV is 

contributing or will contribute. In addition, the assessment considered the effectiveness of 

the suite of proposed mitigation measures. Any uncertainty in the effectiveness of a particular 

mitigation measure is noted in each effects assessment section.  

Also considered in this assessment are policies, programs, or other commitments made by 

PMV to enhance or promote expected positive or beneficial cumulative effects, including the 

likely effectiveness of such measures.  

8.1.9.5 Characterisation of Residual Cumulative Effects and Context 

Residual cumulative effects expected to remain after the implementation of mitigation 

measures were characterised using the criteria described in Table 8-5. If the assessment 

included consideration of additional aspects of regional context not already described in 

relation to the Project-related effects (as described in Section 8.1.7) but relevant to the 

assessment of cumulative effects, these aspects were described to fully characterise the 

context of the VC. 

8.1.9.6 Determination of Significance of Residual Adverse Cumulative Effects 

In determining the significance of residual adverse cumulative effects, the assessment 

includes consideration of the nature of the residual cumulative effects and the context within 

which these effects are expected to occur. To determine significance, the predicted future 

condition of the VC, including the effects of the Project in combination with the effects of other 

projects and activities and known physical processes (e.g., climate change), was compared 

to the threshold of significance defined for that VC. The effects assessment considered the 

contribution of the Project to any predicted residual cumulative effect. 

The likelihood of any adverse residual cumulative effects was determined and the level of 

confidence in the residual cumulative effect predictions is stated, according to the level of 

uncertainty associated with both the significance and likelihood determinations. The nature 

and source of any uncertainty that lowers the level of confidence in the residual cumulative 

effect predictions is also described in each VC section. 
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8.1.10 Monitoring and Follow-up Programs 

Each VC assessment section describes monitoring and follow-up programs to confirm residual 

effect predictions (including residual cumulative effects predictions) and the efficacy of 

mitigation measures to address any gaps in knowledge or understanding related to key 

conclusions. The proposed compliance monitoring plans and RBT2 Follow-Up Program are 

presented in Section 33.0 Environmental Management Program. In addition, each 

assessment section cross-references those components of the Construction Environmental 

Management Plans (EMPs) and Operation EMPs in which the identified VC-specific monitoring 

and follow-up activities are addressed. Outlines of the Construction and Operation EMPs, 

including sub-plans, are provided in Sections 33.3 and 33.4 respectively.  
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9.0 PHYSICAL SETTING 

The following sections describe the physical setting of the Project: 

 Climate, Coastal Conditions, and Geotechnical Considerations (Section 9.1); 

 Air Quality (Section 9.2); 

 Noise and Vibration (Section 9.3); 

 Light (Section 9.4); 

 Coastal Geomorphology (Section 9.5); 

 Surficial Geology and Marine Sediment (Section 9.6);  

 Marine Water Quality (Section 9.7); and 

 Underwater Noise (Section 9.8).  

Sections 9.2 through 9.8 describe the intermediate components (ICs) that are anticipated 

to change due to the Project. These sections also describe the existing and expected 

conditions, as well as the anticipated changes due to the Project and the cumulative 

changes that may result from other projects and activities that will be carried out. This 

information, in turn, was used to inform the assessment of potential effects to biophysical, 

social, and economic valued components (VCs).  
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9.1 CLIMATE, COASTAL CONDITIONS, AND GEOTECHNICAL CONSIDERATIONS 

As previously described (see Section 3.0 Geographical Setting), the Project is located on 

Roberts Bank in the Strait of Georgia, on the outer edge of the Fraser River delta. The Strait 

of Georgia occupies the inundated portion of the northwest–southeast trending Georgia 

Depression, part of the larger Coastal Trough that extends between the B.C. mainland and 

Vancouver Island (Holland 1964). The Strait of Georgia is approximately 220 km long and 

28 km wide and has an average depth of 155 m (Thomson 1981). It is connected to the 

Pacific Ocean at its north end via several long, narrow channels, including Discovery 

Passage, Johnstone Strait, and Queen Charlotte Strait. The south end of the Strait of 

Georgia is linked to the Pacific Ocean via the Strait of Juan de Fuca.  

This section describes the climate and coastal conditions, including geotechnical 

considerations at Roberts Bank. Sections 9.1.1 and 9.1.2 describe climate and coastal 

conditions, as per the requirements outlined in the EIS Guidelines, part 2, section 9.1.2. 

Information is provided in Section 9.1.3 on the Project’s geological setting, specifically 

seismic hazard and geotechnical stability, as required in the EIS Guidelines, part 2, 

section 9.1.3.  

Climate and coastal conditions (i.e., tide, current, and wave patterns) are primary drivers 

in shaping the Roberts Bank ecosystem. They influence the nature and extent of land and 

water use and the way in which people and communities inter-relate with the biophysical 

environment. Due to the potential for climate and coastal conditions to affect construction 

schedules, damage infrastructure, and interfere with terminal operations, these physical 

components represent key inputs during Project planning, design, and implementation. 

The Project’s geological setting, specifically seismic hazard and geotechnical stability, are 

also described. A history of seismic activity, landslide-generated tsunamis, and tsunamis 

related to earthquakes in the Cascadia Subduction Zone (CSZ) is presented. In addition, 

potential shaking levels and the anticipated consequences of a seismic event 

(i.e., submarine landslides, tsunamis, liquefaction) on Roberts Bank, in the vicinity of the 

Project, are described. 
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9.1.1 Climate 

Historical records and information of multi-seasonal weather and climate are provided for 

the Roberts Bank area with reference to the parameters identified in the EIS Guidelines. 

Other meteorological data used to inform assessments are identified in the relevant IC and 

VC sections.  

British Columbia’s south coast has a temperate maritime climate with mild, wet winters and 

moderate, dry summers. Most precipitation falls as rain rather than snow, particularly at the 

low elevations characteristic of the Fraser Lowlands, including the Fraser River estuary and 

Roberts Bank.  

This section presents historical records and information of multi-seasonal weather and 

climate for the Roberts Bank area, including the following: 

 Canadian Climate Normals Station locations; 

 Precipitation; 

 Temperature (mean, maximum, and minimum); 

 Visibility;  

 Humidity; and 

 Wind duration, direction, speed, and force. 

9.1.1.1 Canadian Climate Normals Station Locations 

Average and extreme climate characteristics in the vicinity of the Project are described 

below based on publicly available Environment Canada (EC) Climate Normals, Averages, 

and Extremes for precipitation and temperature recorded at two Canadian Climate Normals 

stations in the vicinity of Roberts Bank: Delta Tsawwassen Beach in the Corporation of Delta 

(EC 2014a) and Vancouver International Airport (referred to as Vancouver Int’l A*) 

(EC 2014b) in the City of Richmond (Table 9.1.1-1 and Figure 9.1.1-1). Available data for 

the closest station, Delta Tsawwassen Beach, located 6 km from the Project site, is limited 

to temperature and precipitation-related parameters. Data available for the Vancouver 

International Airport station referred to in this section include Climate Normals for 

temperature, precipitation, wind, visibility, cloud amount, and humidity. Climate Normals for 

1981 to 2010 represent the most current 30-year dataset available from EC. In some cases, 

as indicated below, EC provides historic extremes recorded at stations on dates preceding 

this 30-year Climate Normals period. 
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Table 9.1.1-1 Canadian Climate Normals Stations Located Near the Project 

Station Latitude Longitude 
Data 

Collection 
Period 

Distance from 
Project area 

(km) 

Delta Tsawwassen Beach1 49° 0' 4" N 123° 5' 4" W 1981 – 2010 6.0 

Vancouver Int’l A*2 49° 11' 42" N 123° 10' 55" W 1981 – 2010 19.5 

Sources: 1 EC 2014a; 2 EC 2014b. 
Note:  ° - degrees. 

Wind-related information, presented in Section 9.1.1.6, is based on a WorleyParsons 

analysis (2011) of EC hourly wind data recorded at Vancouver International Airport and 

three other stations: Sand Heads (a marine station located at the mouth of the Fraser River 

west of Ladner), B.C. Ferries Tsawwassen Terminal, and Saturna Island (East Point) 

(see Figure 9.1.1-2). 

9.1.1.2 Precipitation 

From 1981 to 2010, average annual precipitation at the Delta Tsawwassen Beach station 

was 927.5 millimetres (mm), most of which (899.9 mm) fell as rain. Highest monthly 

precipitation occurred from October through January. Lowest average monthly rainfall 

(28.7 mm) was observed in August. An extreme daily rainfall of 88.2 mm was recorded at 

this station in mid-October 2003. An extreme daily snowfall of 39 cm was recorded in late 

December 1996. 

Similar precipitation conditions were recorded at the Vancouver International Airport station 

between 1981 and 2010. Average annual precipitation at this station was 1,189 mm, 

including approximately 1,153 mm of rain and 38 cm of snow. Highest average monthly 

precipitation occurred during the winter from November through January while lowest 

average monthly precipitation (35.6 mm) was observed in July. The highest extreme daily 

rainfall during the period of record, 91.6 mm, occurred in mid-September 2004. The highest 

extreme daily snowfall, 61 cm, was recorded in late January 1971. 

9.1.1.3 Temperature 

From 1981 to 2010, the annual average air temperature at the Delta Tsawwassen Beach 

station was 11.1 degrees Celsius (° C). Daily average air temperatures ranged from a low of 

5.1 degrees Celsius (° C) in both December and January to a high of 17.9° C in both 

July and August. An extreme minimum temperature of –12° C was recorded at this station 

in February 1989, while an extreme maximum temperature of 31° C was recorded in 

July 1988. 
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Similarly, the annual average air temperature at the Vancouver International Airport from 

1981 to 2010 was 10.4o C. Daily average temperatures ranged from a low of 3.6° C in 

December to 18° C in July and August. An extreme minimum temperature of –17.8° C was 

recorded in January 1950 and December 1968, while an extreme maximum temperature of 

34.4°C was recorded in July 2009. 

Climate Normals data for the Delta Tsawwassen Beach and Vancouver International Airport 

stations are summarised in Figure 9.1.1-3 and Figure 9.1.1-4, and Table 9.1.1-2 and 

Table 9.1.1-3, respectively.  

Figure 9.1.1-3 Average Monthly Precipitation and Temperature at Delta 
Tsawwassen Beach Station (1981 to 2010) 

 
Note:  Based on source data presented in EC 2014a.  
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Figure 9.1.1-4 Average Monthly Precipitation and Temperature at Vancouver 

International Airport Station (1981 to 2010) 

 

Note:  Based on source data presented in EC 2014b. 

0

5

10

15

20

25

0

20

40

60

80

100

120

140

160

180

200

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

T
e
m

p
e
ra

tu
re

 (
°
C
) 

P
re

c
ip

it
a
ti
o
n
 (

m
m

) 

Month 

Precipitation

Avg. Daily Min. (°C)

Avg. Daily Max. (°C)



PORT METRO VANCOUVER | Roberts Bank Terminal 2  

  Page | 9.1-6 

Table 9.1.1-2 Climate Normals (Temperature and Precipitation) for Delta Tsawwassen Beach Station (1981 to 

2010) 

Parameters Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

T
e
m

p
e
ra

tu
re

 (
°
C
) 

Daily Average  5.1 5.8 7.7 10.4 13.4 16 17.9 17.9 15.3 11.2 7.5 5.1 11.1 

Daily Maximum  7.2 8.2 10.5 13.5 16.8 19.6 21.7 21.5 18.4 13.4 9.5 7.1 13.9 

Daily Minimum  2.9 3.3 4.9 7.2 9.8 12.3 14 14.3 12 8.9 5.5 3 8.2 

Extreme 
Maximum  

14.5 15.5 19 23 27 29 31 28.5 28.5 23 15.5 14.5 N/A 

Extreme 
Minimum  

–9.5 –12 –4.5 0 3.5 7 9.5 10 6.5 –1.5 –9 –11.5 N/A 

P
re

c
ip

it
a
ti
o
n
 

Rainfall (mm) 124.3 77.1 77 67.9 52.2 42.6 30.5 28.7 39.8 101 142.7 116.3 899.9 

Snowfall (cm) 10.4 3.3 1.6 0 0 0 0 0 0 0.3 2.4 9.6 27.5 

Days with 
Precipitation > 

5 mm 

9.5 5.8 6.1 4.8 3.9 2.9 2.1 2 2.9 6.5 10.1 8.8 63.2 

Days with 

Precipitation 
> 10 mm 

4.4 2.3 2.2 2.2 1.6 1.3 1.1 0.88 1.4 3.6 5.4 4.5 29.7 

Days with 
Precipitation 
> 25 mm 

0.89 0.30 0.23 0.23 0.04 0.12 0.08 0.08 0.12 0.71 0.81 0.54 4.2 

Source: EC 2014a. 
Notes: 1) > - greater than; 2) decimal places are as shown in station data tables from source. 
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Table 9.1.1-3 Climate Normals (Temperature and Precipitation) for Vancouver International Airport Station 

(1981 to 2010) 

Parameters Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

T
e
m

p
e
ra

tu
re

 (
°
C
) 

Daily Average  4.1 4.9 6.9 9.4 12.8 15.7 18.0 18.0 14.9 10.3 6.3 3.6 10.4 

Daily Maximum  6.9 8.2 10.3 13.2 16.7 19.6 22.2 22.2 18.9 13.5 9.2 6.3 13.9 

Daily Minimum  1.4 1.6 3.4 5.6 8.8 11.7 13.7 13.8 10.8 7.0 3.5 0.8 6.8 

Extreme 
Maximum  

15.3 18.4 19.4 25 30.4 30.6 34.4 33.3 29.3 23.7 18.4 14.9 N/A 

Extreme 
Minimum  

–17.8 –16.1 –9.4 –3.3 0.6 3.9 6.7 6.1 0.0 –5.9 –14.3 –17.8 N/A 

P
re

c
ip

it
a
ti
o
n
  

Rainfall (mm) 157.5 98.9 111.8 88.1 65 53.8 35.6 36.7 50.9 120.7 185.8 148.3 1152.8 

Snowfall (cm) 11.1 6.3 2.3 0.3 0.0 0.0 0.0 0.0 0.0 0.1 3.2 14.8 38.1 

Days with 
Precipitation 

> 5 mm 

9.8 6.5 7.5 6.4 4.5 3.4 2.4 2.4 3.4 7.5 11.2 9.5 74.6 

Days with 

Precipitation 
> 10 mm 

5.8 3.5 3.6 2.8 2.1 1.7 1.3 1.3 1.4 4.4 7 5.9 40.8 

Days with 
Precipitation 
> 25 mm 

1.2 0.43 0.47 0.37 0.13 0.13 0.20 0.13 0.24 0.83 1.5 0.93 6.6 

Source: EC 2014b.  
Notes: 1) > - greater than; 2) decimal places are as shown in station data tables from source. 
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9.1.1.4 Visibility  

Visibility data recorded at the Vancouver International Airport station incorporate the effects 

of weather conditions such as precipitation and fog, as well as haze and other obstructions 

such as blowing snow or dust, all of which reduce atmospheric visibility. Environment 

Canada’s 1981 to 2010 Climate Normals dataset describes the average number of hours per 

month in which measured visibility was less than 1 km and between 1 km to 9 km, as 

summarised in Table 9.1.1-4. The longest periods of decreased visibility at this station 

were recorded in winter (i.e., December, January) and to a lesser extent, in the fall 

(i.e., October, November).  

Table 9.1.1-4 Monthly Average Visibility at the Vancouver International Airport 

Station (1981 to 2010) 

Month 
Hours with Visibility 

< 1 km 1 to 9 km > 9 km 

January 29.6 99 615.4 

February 9.2 52.3 615.2 

March 2.9 33.9 707.2 

April 0.2 21.6 698.2 

May 0.2 14.6 729.2 

June 0.1 12.6 707.3 

July 0.1 10.0 734 

August 0.2 11.1 732.8 

September 2.6 30.1 687.3 

October 16.4 83.7 643.9 

November 11.8 71.1 637.1 

December 24.1 90.0 629.9 

Year 97.3 529.9 8137.4 

Source: EC 2014b. 
Note: < - less than; > - greater than. 

9.1.1.5 Humidity 

Humidity recorded at the Vancouver International Airport station ranges from approximately 

65% to 89%, with highest humidity occurring from November to February (EC 2014b). 

These conditions are considered representative of the Roberts Bank area.  
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9.1.1.6 Wind Duration, Direction, Speed, and Force 

The following description of wind conditions in the Roberts Bank area is based on an 

analysis of EC wind data (WorleyParsons 2011). Wind station locations referred to in the 

WorleyParsons (2011) report and the period of record for which Climate Normals data is 

available for these stations are described in Table 9.1.1-5. 

Table 9.1.1-5 Wind Station Locations Near the Project 

Station 
Station 

Number 

Data 

Collection 
Period 

Equivalent 
Duration 

of Valid 
Record 

Latitude 

(degrees) 

Longitude 

(degrees) 

Distance 
from 

Project 
Site (km) 

Vancouver 

Int’l A  
1108447 

Jan. 1953 – 

Jan. 2011 
58 years 49° 11' 42" N 123° 10' 55" W 19.5 

Sand Heads  1107010 
May 1967 – 
Jan. 2011 

40 years 49° 6' 21" N 123° 18' 12" W 13.4 

Tsawwassen 

Ferry 
Terminal 

1108290 
Jan. 1963 – 

July 1997 
27 years 49° 0' 3" N 123° 8' 0" W 3.6 

Saturna 

Island CS 
(East Point) 

1017101 
Jan. 1993 –
Jan. 2011 

17 years 48° 47' 2" N 123° 2' 41" W 28.9 

Source: WorleyParsons (2011) based on EC source data.  

Based on average hourly wind data for each of these stations, WorleyParsons developed a 

series of wind roses (i.e., graphic representations of wind speed and direction distributions). 

Wind roses representing average wind conditions at each station are shown in 

Figure 9.1.1-2 in relation to the Project location. Table 9.1.1-6 presents a summary of 

the primary storm wind directions for given wind-speed thresholds (in km per hour (km/h)) 

by station location. 
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Table 9.1.1-6 Primary and Secondary Directions for Storm Threshold Winds 

Station 

Threshold 
Winds > X 

(km/h) 

Percentage of Winds by Direction (%) 

N NE E SE S SW W NW 

Vancouver 
Intl A 

0.5  3.3 4.5 40.2 11.5 8.7 5.5 18.3 8.0 

20  0.2 1.1 24.9 13.3 12 3.4 31.9 13.0 

50  0.0 0.0 0.0 6.3 0.0 0.0 75.0 12.5 

Sand Heads 
Lightstation 

0.5  4.2 4.3 27.8 19.7 10.2 4.8 10.5 18.6 

20  1.1 1.5 26.8 23.3 10.4 3.6 10.2 22.9 

50  0.0 0.0 4.1 44.9 9.2 1.0 18.4 21.4 

Tsawwassen 

Ferry 
Terminal 

0.5  5.8 7.0 17.7 24.6 13.5 6.5 9.6 15.4 

20  1.1 4.1 18.9 28.8 16.5 6.4 7.8 16.4 

50  0.0 0.0 9.0 46.0 15.0 2.0 9.0 17.0 

Saturna 

Island 

0.5  6.3 5.8 8.9 8.3 21.0 25.9 6.4 17.3 

20  2.5 9.2 13.6 15.8 41.6 16.1 0.0 1.1 

50  0.5 13.6 5.1 26.2 51.9 2.8 0.0 0.0 

Source: WorleyParsons (2011) based on EC source data.  
Note: Primary direction shown in bold underlined text and secondary direction shown in bold text; 

> - greater than. 

As outlined in the WorleyParsons report (2011), wind speeds greater than 50 km/h are 

considered to be storm winds as they are close to the limiting wind speed for quay crane 

loading and unloading operations at the existing Deltaport Terminal. Based on this analysis, 

the total frequency for wind speed greater than 50 km/h at the Sand Heads and 

Tsawwassen Ferry stations is approximately 1%, which corresponds to the approximate 

percentage of Deltaport Terminal operation down time due to crane shutdown.  

As shown in Table 9.1.1-6, with the exception of the Vancouver International Airport, 

storm winds in the vicinity of the Project are predominantly directed from the southeast 

(SE) to south (S) (i.e., parallel to the shoreline near the Project area). Storms directed from 

the northwest (NW) to north (N), while less frequent, have higher wind speeds. Sand Heads 

Lightstation, a marine station situated at the offshore end of a long jetty, experiences more 

high-peak storm events than the Vancouver International Airport station due to its 

unobstructed coastal location. At the Sand Heads Lightstation, combined SE to S and NW to 

W winds, respectively, comprise 54% and 40% of all storm winds exceeding 50 km/h. 

Similarly, at the Tsawwassen Ferry Terminal station, combined SE to S and NW to W winds, 

respectively, comprise 61% and 26% of all storm winds exceeding 50 km/h. The low 

occurrence of high winds at both the airport and Saturna Island stations can be attributed to 

the effect of overland wind attenuation (WorleyParsons 2011). 
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9.1.2 Coastal Conditions 

This section describes attributes of the physical environment, including groundwater, marine 

water levels, tidal currents, wave heights, and storm surges that influence coastal 

conditions in the vicinity of the Project. The effects of predicted sea level rise associated 

with global climate change are also briefly described, where relevant, to anticipated future 

conditions. Climate change and sea level rise are discussed further in Section 9.5.7 

Coastal Geomorphology, Expected Conditions and Section 31.0 Effects of the 

Environment on the Project.  

9.1.2.1 Groundwater 

The Fraser River delta predominantly comprises a tide-dominated river delta and an 

elongated deltaic feature connecting the City of Surrey uplands to Tsawwassen in Delta. The 

groundwater or hydrogeologic regime in the Fraser River delta is closely related to the layer 

cake-like stratigraphy of river deposits and the location of the Fraser River.  

During periods of average to low Fraser River flow, seawater from the Strait of Georgia 

migrates as far as 16 km upstream of the river’s mouth (Neilson-Welch and Smith 2001). As 

a result of this upstream migration, the intrusion of saltwater (saltwater wedge) can extend 

up to 500 m inland (Neilson-Welch and Smith 2001). The degree of saltwater intrusion 

depends on tidal levels and flow from the Fraser River, which varies seasonally. For 

example, during low tide and low Fraser River flows, the surficial aquifers of the Fraser River 

delta discharge to the Fraser River. Conversely, during high tide and during freshet, the 

Fraser River recharges the surficial aquifers of the Fraser River delta. 

In the Corporation of Delta and the Tsawwassen First Nation community, groundwater flow 

is generally perpendicular to the Fraser River, with some localised flow reversal owing to 

tidal fluctuation influences in the Fraser River. The direction of groundwater flow in the City 

of Richmond is generally toward the west, with shallow groundwater flow patterns 

constantly changing and following complex spatial patterns due to interactions with the 

Fraser River and geological irregularities such as clay lenses.  

Sources of recharge to the aquifers of the Fraser River delta include infiltration of rainfall, 

ingress from the up-gradient aquifer, and seasonal recharge from the Fraser River. 

Downward vertical migration of groundwater is expected to recharge deeper water-bearing 

units in the Fraser River delta. The ultimate receiving environment of groundwater from the 

Fraser River delta is the Strait of Georgia. 
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Most potable water in the region is supplied by Metro Vancouver from surface-water sources 

(i.e., Capilano, Seymour, and Coquitlam reservoirs). The Corporation of Delta also sources 

drinking water from three artesian wells located north of Boundary Bay near Watershed 

Park, approximately 20 km from Roberts Bank (Corporation of Delta 2014). There are three 

potable groundwater wells permitted by the B.C. Ministry of Environment (MOE) in the local 

Roberts Banks area within the Tsawwassen First Nation Lands along Tsawwassen Drive 

North (MOE 2014), north of the inter-causeway area. Since two of these wells were installed 

in 2011, and Project-related changes to coastal processes that influence water quality are 

not anticipated within the inter-causeway area (refer to Section 9.5.8 Coastal 

Geomorphology, Future Conditions with the Project), potential future use is not 

expected to change. 

9.1.2.2 Marine Water Levels 

WorleyParsons (2011) refers to four Canadian Hydrographic Service (CHS) water level 

stations located close to the Project site, as identified in Table 9.1.2-1. 

Table 9.1.2-1 Water Level Stations  

Station 
Station 

Number 

Data Collection 

Period (Year) 

Latitude 

(Degrees) 

Longitude 

(Degrees) 

Point Atkinson 7795 1914 – 2010 49.337 N 123.253 W 

Roberts Bank 7592 1981 – 1982 49.015 N 123.156 W 

Tsawwassen 7590 1967 – 1978 49.000 N 123.133 W 

Sand Heads 

(Station Harry) 
7604 1968 – 1969 49.100 N 123.283 W 

Source: WorleyParsons (2011). 

Tidal information at the Project area, shown in Table 9.1.2-2, is derived from tidal 

predictions published in the Canadian Tide and Current Tables based on CHS 2010 data for 

the Tsawwassen station (WorleyParsons 2011). Tidal elevations are defined relative to 

height in m above chart datum (CD)1. 

                                          
1  Canadian Hydrographic Service defines CD as the plane of vertical reference to which all charted depths and 

drying heights are related. It is chosen to show the least depth of water found in any place under normal 

meteorological conditions; it is a plane so low that the water level seldom falls below it. Chart datum varies 

from place to place with the range of tide. 
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Table 9.1.2-2 Tidal Levels at the Project Area, based on Tsawwassen Station 

Description Abbreviation Elevation (m CD) 

Higher High Water Level, Large Tide HHWL 4.8 

Higher High Water, Mean Tide HHWM 4.1 

Mean Water Level MWL 3.0 

Lower Low Water, Mean Tide LLWM 1.2 

Lower Low Water, Large Tide LLWL 0.1 

Source: WorleyParsons (2011) based on CHS (2010) source data. 

A combination of wind, tidal stage, and bathymetry contribute to wave height and condition 

on Roberts Bank. To derive extreme water levels for the Project area, WorleyParsons (2011) 

utilised the long-term data for Point Atkinson (36 km from the Project area) in combination 

with short-term data from the Roberts Bank and Tsawwassen stations. Water levels were 

adjusted to account for the tidal differences between these water-level stations and the 

Project area.  

Extreme water levels were further adjusted to account for predicted sea level rise based on 

the preliminary forecasts developed by Ausenco-Sandwell (2011) and published in B.C. 

Ministry of Environment Climate Change Adaptation Guidelines for Sea Dikes and Coastal 

Flood Hazard Land Use – Sea Dike Guidelines. Water-level adjustments of 0.25 m and 0.5 m 

relative to CD were adopted for the Project for the 50-year and 100-year water levels, 

respectively, for reference during Project design. Table 9.1.2-3 provides the estimated 

extreme high and low water levels for the 50-year and 100-year return periods at the 

Project area. 

Table 9.1.2-3 Extreme Water Levels at the Project Area 

Extreme Water Levels 
Return Period  

50 years (m CD) 100 years (m CD) 

Extreme High Water Level, after sea level rise 
adjustment 

5.60 5.89 

Extreme Low Water Level –0.22 –0.25 

Source: WorleyParsons (2011) 

9.1.2.3 Tidal Currents 

Estimates of current velocities near the Project area are based on data recorded at 

two acoustic wave and current (AWAC) meters (see Figure 9.1.1-1 for locations) 

deployed in 2004 to 2005 and 2011, as described in WorleyParsons (2011). Currents in 
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excess of 1 knot were recorded during approximately 14% and 18% of the recording period 

(period defined in Table 9.1.2-4) at AWAC 2004 and AWAC 2011, respectively. Maximum 

flood and ebb currents (presented in degrees N (°N) and knots) recorded by the two AWAC 

meters are provided in Table 9.1.2-4. Since the berth pocket for the Project’s terminal will 

be –21.6 m CD (see Section 4.2.1 Project Description, Marine Terminal), the currents 

at that location are expected to be most similar to those measured in 2011 at a depth of 

16 m. Tidal currents in the Project area are estimated to be 2.0 knots (1 m/s) and 

1.5 (0.75 m/s) for the flood and ebb tide, respectively. Detailed information regarding 

tidal currents in the vicinity of the Project and the potential changes associated with 

Project infrastructure are provided in Section 9.5.6 Coastal Geomorphology, 

Existing Conditions. 

Table 9.1.2-4 Measured Maximum Tidal Currents Near the Project Area 

Identifier 

Location Data 

Collection 
Dates 

Maximum Flood 
Current 

Maximum Ebb 
Current 

Coordinates 
Depth 
(m CD) 

Direction 
(°N) 

Knots 
Direction 

(°N) 
Knots 

AWAC 
2004 

49° 1' 12"N 
123° 10' 

48"W 

7.2 
March 13, 

2004 – March 

14, 2005 

290 2.52 170 1.82 

AWAC 

2011 

49° 1' 12"N 

123° 12' 0"W 
16 

Jan. 18, 2011 

– March 7, 

2011 

270 1.94 90 1.46 

Source: WorleyParsons (2011). 

9.1.2.4 Wave Heights and Storm Surges 

Storm wave heights generated by winds arriving at the Project area were modelled from the 

two dominant wind directions, SE and NW, in three storm frequency scenarios 

(WorleyParsons 2011). The results of this analysis on extreme wave heights for a given 

return period are shown in Table 9.1.2-5. Additional information regarding wave heights 

and storm surges is provided in Appendix 4-A. Detailed information regarding the existing 

wave regime in the vicinity of the Project and expected changes caused by RBT2 

infrastructure on water movement and waves is presented in Section 9.5.6 Coastal 

Geomorphology, Existing Conditions and 9.5.8 Future Conditions with the Project.  
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Table 9.1.2-5 Extreme Wave Heights Modelled for the Project Area 

Return Period (Year) 
Significant Wave Height (Hs) (m) 

Winds from the SE Winds from the NW 

10 2.35 2.54 

25 2.73 3.06 

50 3.01 3.34 

100 3.30 3.58 

Source: WorleyParsons (2011). 

A storm surge is a change in water level caused by the action of wind and atmospheric 

pressure variation on the sea surface (Ausenco-Sandwell 2011). Storm surges occur when 

wind and wave action generated during a storm event combine to result in increased water 

levels. On the B.C. coast, the magnitude of a storm surge depends on the severity and 

duration of mid-latitude storm events in the North Pacific, the track of the storm relative to 

the coast, and local seabed bathymetry (Ausenco-Sandwell 2011). The strong winds and 

low atmospheric pressures generated during a storm can result in a large, low-amplitude 

surge wave, which, depending on the storm’s force, could affect much of B.C.’s west coast 

(Ausenco-Sandwell 2011). Detailed information regarding storm surge in the vicinity of the 

Project is presented in Section 9.5.6 Coastal Geomorphology, Existing Conditions.  

The potential effects of the environment on the Project, including extreme waves, tsunamis, 

and storm surges, are described in Section 31.0 Effects of the Environment on 

the Project. 

9.1.2.5 Sea Level Rise 

Global climate change is expected to result in changes to weather patterns, including 

increased storm frequency and intensity, extreme summer and winter temperatures, and 

increased volume of water in the world’s oceans (International Panel on Climate Change 

2013). In an effort to relate these predictions to the Project, a number of assumptions 

based on Thomson et al. (2008) are briefly described below and are referred to in 

subsequent sections of the EIS where relevant.  

Of key importance to the Project, given its coastal setting, are predictions regarding 

climate-induced changes in sea level. Rates of sea level rise are expected to increase 

globally in the 21st century. Sea level rise predictions are affected by several different 

mechanisms including the following: 

 Global change in oceanic volume due to the melting of glaciers, ice caps, and 

continental ice sheets, and water impoundment in artificial reservoirs; 
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 Expansion-induced global change in oceanic volume resulting from thermal and 

salinity effects on water density;  

 Regional changes in oceanic volume due to atmospheric and ocean processes; and 

 Local increase or decrease in the height of the land (i.e., when the height of the land 

increases, sea level falls and when the height of the land decreases, sea level rises), 

associated with land subsidence or tectonic uplift. 

Ausenco-Sandwell (2011) predict local sea level rise in different parts of coastal B.C. by 

examining a range of factors including ocean level changes combined with local changes 

caused by land subsidence or tectonic uplift. Preliminary forecasts of sea level rise, high-tide 

levels, surge allowance, and wave-effect allowance in various areas of coastal B.C. for the 

year 2100 will depend on local factors such as rate of tectonic uplift, land subsidence, tidal 

conditions, shoreline orientation and exposure, and the nature and extent of storm surge 

and wave effects (see Section 9.5.7 Coastal Geomorphology, Expected Conditions and 

9.5.8 Future Conditions with the Project for further information).  

As described in Section 4.2.1 Project Description, Marine Terminal and Appendix 4-A, 

the Project’s preliminary engineering design incorporates predictions of future sea level rise 

relative to current sea level at Roberts Bank. This relationship is also considered in the 

characterisation of future conditions for specific VCs and ICs (see Section 9.5.8 Coastal 

Geomorphology, Future Conditions with the Project). Sea level rise and other 

potential effects of climate change on the Project are considered in Section 31.0 Effects of 

the Environment on the Project. 

9.1.3 Geotechnical Considerations 

This section presents a history of seismic activity, landslide-generated tsunamis, and 

tsunamis related to earthquakes in the CSZ. Potential shaking levels and the anticipated 

consequences of a seismic event (i.e., submarine landslides, tsunamis, liquefaction) on 

Roberts Bank, in the vicinity of the Project, are described. 

The potential risk and associated consequences of landslides, including submarine mass 

transport deposits, ground subsidence, changes in ground stability, and slope erosion 

following Project construction activities are discussed. 
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9.1.3.1 Site Geology 

Approximately 10,000 years ago, the area currently occupied by Roberts Bank would have 

consisted of open marine waters varying in depth depending on the elevation of the 

underlying till that was laid down during the most recent glaciation, which peaked 

approximately 14,000 years ago. Additional information on the growth of the Fraser River 

delta and floodplain is provided in Section 9.5.6 Coastal Geomorphology, Existing 

Conditions. 

Sea level at the end of the last glaciation was approximately 100 m higher than it is today, 

due to the depression of the land by ice during the glacial period. Between approximately 

13,000 to 9,000 years ago, as the glaciers retreated, the land rebounded, and the sea level 

dropped to several metres (approximately 5 m) lower than it is at present. Sea level rose 

between 9,000 years ago to approximately 5,000 years ago, and since that time has 

maintained an elevation comparable to the present-day elevation. Refer to Section 9.5.7 

Coastal Geomorphology, Expected Conditions for more information on future expected 

rates of sea level rise. 

In these conditions of first declining then rising sea levels, the Fraser River delivered 

sediment to the Strait of Georgia and developed the Fraser River delta. The delta has 

advanced westward into the Strait of Georgia approximately 27 km in 9,000 years at an 

average rate of approximately 3 km per millennium, or 3 m per year. Stratigraphic 

investigations of the delta have indicated that a tidal channel existed on the north side of 

Tsawwassen between Boundary Bay and the Strait of Georgia, which over time, eventually 

closed off. This stratigraphic research supports the interpretation of the presence of the 

westward edge of the Fraser delta in the vicinity of Tsawwassen some 2,000 years ago, and 

the limitation of the mouth of the Fraser River to the delta front west of Tsawwassen. 

Roberts Bank is a younger feature than the Fraser River delta, representing the geologically 

most recent deposition associated with deltaic formation, likely over no more than the last 

2,000 years. Over the last several hundred years, the Main Arm of the Fraser River has 

been discharging sediment to the Strait of Georgia and has been shifting northwards along 

Roberts Bank to its current location near Sand Heads. Historical charts indicate this 

northward drift of the main channel may have occurred in response to the dominant flood 

tide along Roberts Bank. This shift, and other modifications such as river training works 

described in Section 9.5.6 Coastal Geomorphology, Existing Conditions, has reduced 

sedimentation rates at Roberts Bank. 
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9.1.3.2 Seismic Activity 

Earthquake zones are regions where earthquakes historically occur in clusters. Seismicity 

within an earthquake zone shares a common cause and can include earthquakes generated 

within the same source, active fault, or plate. Earthquake zones in Canada have been 

identified by Natural Resources Canada (NRC) for the purposes of calculating ground 

motions in terms of probability for seismic hazard assessment. Zones of highest seismic 

activity and risk are located in Western Canada. The seismic risk at RBT2 is due to the 

potential for three basic types or sources of earthquakes: 

 Relatively shallow crustal earthquakes (depths in the order of 20 km); 

 Deep intra-plate earthquakes (depths in the order of 60 km) within the subducted 

plate; and 

 Very large inter-plate earthquakes, referred to as subduction earthquakes 

resulting from the thrusting (subducting) of the offshore Juan de Fuca Plate beneath 

the continental North America Plate in the zone referred to as the CSZ. 

Figure 9.1.3-1 shows the plate tectonic set-up in the region contributing to the seismicity 

at the site. Also shown on the figure are some of the major earthquakes that have occurred 

in the past. The first two types of earthquakes have been recorded at regular intervals along 

the south coast of B.C. and Washington State during the last several decades. The largest 

such earthquakes occurred near Campbell River, B.C. in 1946 with a magnitude (M) of 

7.3 (M7.3), near Olympia, in Washington in 1949 (M7.1), near Seattle-Tacoma, Washington 

in 1965 (M6.5), and in Nisqually, Washington in 2001 (M6.8) (Wijewickreme and Atukorala 

2005); epicentres were located approximately 180 km, 220 km, 190 km, and 230 km from 

RBT2, respectively. 
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Figure 9.1.3-1 Plate Tectonic Set-up and Locations of Some of the Past Major 

Earthquakes 

 
Source:  Mosher et al. 2004 

Earthquake duration generally correlates with the number of cycles of loading induced by 

the earthquake to the soil mass, and increases with increasing earthquake magnitude. The 

number of cycles of loading from an earthquake combined with the intensity of shaking is 

indicative of the extent of degradation or damage that could occur to the soil structure, 

including liquefaction and ground displacements. The duration of strong shaking from 

shallow crustal or deep intra-plate earthquakes is expected to be 15 to 20 seconds. 

The locations of epicentres of past shallow crustal or deep intra-plate earthquakes that have 

occurred within a radial distance of 100 km from RBT2 are shown in Figure 9.1.3-2 and 

Figure 9.1.3-3 for magnitudes greater than or equal to 2 and greater than 5, respectively. 
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Figure 9.1.3-2 Earthquake Epicentres with Magnitude Greater than or Equal to 2 

within 100 Kilometres of the Project 

 

Note: Based on source data presented in NRC 2014. 
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Figure 9.1.3-3 Earthquake Epicentres with Magnitude Greater than 5 within 100 

Kilometres of the Project 

 

Note:  Based on source data presented in NRC 2014. 

The data shown on the preceding two figures confirm that the Project site is located in a 

seismically active area and that several strong earthquakes of M5 or greater have occurred 

in the past in its vicinity. 

Geologic evidence indicates that subduction earthquakes have occurred in the CSZ over the 

past 10,000 years, with an average return period of approximately 500 years. The actual 

return period, however, can range from 200 to 800 years. Paleoseismology research 
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indicates that the last large subduction earthquake, which occurred west of Vancouver 

Island in approximately 1700, some 314 years ago, had an estimated magnitude of 

approximately 9. The measured accumulation of strain between the Juan de Fuca and North 

America plates suggests that a large subduction earthquake is likely to occur in the future. 

The effective magnitude of a subduction earthquake capable of affecting the Lower Mainland 

region would be on the order of M8.2 or greater, with the centre of energy release 

(i.e., epicentre) located some 130 km to 230 km from the Project site. The duration of 

shaking from a subduction earthquake is expected to be 1 to 2 minutes. 

Strong motion seismograph networks are maintained by the Geological Survey of Canada 

(GSC) and BC Hydro in Western Canada. The GSC network, initiated in 1962, comprises 

12 instrument stations in the Lower Mainland, including a station at Westshore Terminals. 

The BC Hydro network consists of nine instrument stations in the Lower Mainland, including 

the English Bluff electrical transmission line terminal in Tsawwassen and the Arnott electrical 

substation in Ladner. Threshold trigger levels range from 0.004 of the gravitational 

acceleration (g) for the BC Hydro instruments to 0.01 g for the GSC instruments. 

Recent earthquakes felt in the Lower Mainland occurred in 1976 at Pender Island (M5.3), in 

1996 at Duvall (M5.1), located approximately 40 km northeast of Seattle, Washington, and 

in 2001 at Nisqually, Washington (M6.8); epicentres were located approximately 30 km, 

170 km, and 210 km, respectively, from RBT2. The most recent earthquake in Haida Gwaii 

(M7.7) in October 2012 was located at a distance of approximately 730 km from RBT2. 

Peak ground acceleration (PGA) is a measurement of the intensity of ground movements 

at a given location, and is defined as the maximum (peak) acceleration measured by a 

seismograph. Rogers (1998) reported that the 1976 Pender Island earthquake may have 

induced a PGA of 0.024 g at the Roberts Bank terminals. According to the information 

contained in the GSC Open File 3390, the 1996 Duvall earthquake did not trigger this 

instrument. The instruments at the BC Hydro English Bluff electrical transmission line 

terminal and Arnott electrical substation were triggered by this earthquake, and recorded 

PGAs of 0.005 g and 0.009 g, respectively. According to the information contained in the 

GSC Open File 1737, the 2001 Nisqually earthquake triggered the instruments at the 

Roberts Bank terminals, English Bluff electrical transmission line terminal, and Arnott 

electrical substation. No information is available for the ground accelerations measured 

during the Nisqually earthquake at the Roberts Bank terminals instrument site. The latter 

two BC Hydro instrument sites recorded PGAs of 0.011 g and 0.016 g, respectively. 

Seismographs located in close proximity to RBT2 were not triggered by the Haida Gwaii 

(2012) earthquake due to the large distance away from the site. 
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Ground-shaking Levels 

Ground-shaking levels at RBT2 were established using the probabilistic seismic hazard 

models and seismogenic zones developed on a regional basis by NRC for use in the 

National Building Code of Canada (NBCC; NRC 2010). In regions where well-defined 

earthquake-generating faults have not been identified, it is standard practice to follow 

probabilistic methods of analysis of seismic risk. Shaking intensities were established for 

several different return periods varying from 100 years (i.e., an earthquake having a 40% 

chance of exceedance in 50 years) to 2,475 years (i.e., an earthquake having a 2% chance 

of exceedance in 50 years). The longer the return period, the larger are the shaking 

intensities. 

The ground-motion parameters that correspond to the subduction earthquake, which would 

occur as a result of a rupture at the well-defined subducting Juan de Fuca and North 

America plate boundaries, were estimated using a deterministic model developed by the 

GSC (Canadian Hazard Information Service 2011). The closest distance to the point of 

rupture from RBT2 is estimated to be approximately 130 km, and the effective magnitude of 

the subduction earthquake is estimated to be M8.2. 

Table 9.1.3-1 provides the PGA established for RBT2 for a range of return periods and for a 

CSZ earthquake. These ground-motion parameters are for firm or hardpan soils that are 

found at RBT2 at a depth of approximately 100 m below current ground surface. 

Table 9.1.3-1 Shaking Levels at Roberts Bank Terminal 2 from Regional 
Earthquake Sources and the Cascadia Subduction Zone 

Description 

Peak Ground Acceleration 

Probabilistic Method Deterministic Method 
‒ Cascadia 

Subduction Zone 

Earthquake 

100-

year 

475-

year 

2,475-

year 

Probability of exceedance per annum 0.01 0.0024 0.000404 N/A 

Probability of exceedance in 50 years 40% 10% 2% N/A 

PGA 0.14 g 0.30 g 0.56 g 0.18 g 

Note: Based on data presented in NBCC 2010 and provided by NHIC 2011. 

As they propagate toward the surface, seismic ground motions originating at depth undergo 

changes in the intensity of shaking and the frequency of vibrations. Such changes depend 

on soil properties and the levels of soil deformation induced by the propagating waves. The 

intensity of ground shaking is lower at lower return periods, resulting in smaller soil 
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deformations, a stiffer soil response, and motion amplification. As the shaking intensity 

increases, deformations increase and the soil stiffness degrades, resulting in cyclic softening 

and motion de-amplification. Soil conditions, such as those that exist at RBT2, would 

amplify the intensity of shaking for the 100-year return period and de-amplify the intensity 

of shaking for the 475-year and 2,475-year return periods as they propagate to the surface. 

Although de-amplification may occur, seismic motions at surface are expected to increase 

with increasing return periods. 

Soil Liquefaction 

The RBT2 site is underlain by loose to compact and recently deposited saturated sands, 

silts, and interbedded sands and silts that vary in thickness from 75 m onshore to 

approximately 115 m offshore. These saturated granular soils, when subjected to rapid 

oscillatory loads such as ground shaking during an earthquake, can lose a significant portion 

of their stiffness and shear resistance, and temporarily behave like a viscous fluid. This 

phenomenon is called soil liquefaction. Once the soils have liquefied, they flow and undergo 

shear distortions that result in lateral and vertical displacements, slope failures, and loss of 

bearing support below foundations that support buildings. 

The soils underlying the RBT2 site are susceptible to liquefaction to an estimated depth of 

approximately 25 m when considering ground motions with a 475-year return period, and to 

an estimated depth of more than 40 m when considering ground motions with a 2,475-year 

return period (Golder 2011). Under seismic loading corresponding to more frequent ground 

motions, such as from the 100-year return period, only localised zones of liquefaction 

varying in depth from 1 m to 7 m are predicted. The extent of predicted soil liquefaction for 

the subduction earthquake scenario is similar to the 475-year return period ground motions. 

9.1.3.3 Submarine Landslides 

Over the past several hundred years, the Main Arm of the Fraser River has been discharging 

sediment to the Strait of Georgia and has been shifting northwards to its current location. 

Submarine landslides occur periodically as part of the ongoing geological processes 

associated with the formation of the delta caused by the discharge of large quantities of 

sediment by the Fraser River onto the delta foreslope. The most recent submarine 

landslide in the Fraser delta occurred in July 1985 and involved the rapid mass wasting of 

some 3.0 million cubic metres (m3) at Sand Heads, the present-day mouth of the Main Arm 

(Atkins et al. 1991). Evidence of instability is apparent at the Main Arm at Sands Heads, 

as indicated by the presence of lobes of sediment deposited by debris flows and 

turbidity currents. 
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Offshore geophysical surveys have revealed a large 40-square-km (km2) area of chaotic and 

disrupted strata on the Fraser delta foreslope between Canoe Passage and Point Roberts, 

including the foreslope at the RBT2 site. These chaotic and disrupted strata have been 

identified in the literature as the Roberts Bank Failure Complex (Christian et al. 1998). 

Although the reasons for formation of these anomalies are not well understood, the most 

recent and plausible interpretation is that this zone represents a stacked sequence of 

sediment lobes deposited by repeated upslope failure in the vicinity of the former 

distributary channels that meandered across the present-day delta, as seen today at 

Sand Heads. 

9.1.3.4 Tsunamis 

A tsunami could be generated in the far field from outside of the Canadian continental 

shelf, as a result of a subduction earthquake occurring in the CSZ, or from a submarine 

landslide occurring locally near RBT2. A tsunami generated by an earthquake occurring in 

the CSZ would have a greater wave height than a far-field tsunami. A tsunami generated by 

a landslide within the Strait of Georgia would be expected to have a greater wave height 

than one from a CSZ earthquake. The wave generated within the Strait of Georgia basin 

would not be restricted by shallow-water bedrock sills; these sills limit the wave height of a 

CSZ-generated tsunami as it crosses them to enter the Strait of Georgia basin. 

The potential effect to RBT2 by a tsunami is a complex issue that depends on the source, 

geometry, and rate of displacement of underwater sediments (refer to Section 31.0 

Effects of the Environment on the Project). 

Subduction Earthquake-generated Tsunamis 

There is no geological evidence in the Fraser River delta to support that the most recent 

CSZ earthquake in 1700 resulted in a tsunami at or near RBT2. Areas such as Boundary Bay 

and Burns Bog, located closer to RBT2, have geologic records dating back 3,000 to 

4,000 years. The geological record of a site provides valuable information on 

geomorphology, or how the site was influenced by the natural processes such as 

depositional and erosional environments. A tsunami, if it occurred in the past, would have 

left an imprint in the geologic record or soil stratigraphy. No evidence exists in the historical 

geologic record at these locations to indicate that past earthquakes caused tsunamis large 

enough to be of concern. 
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Landslide-generated Tsunamis 

Previous hypothetical modelling of landslide-generated tsunamis by Rabinovich et al. (2003) 

suggests that large tsunamis may be generated in the event of large submarine slope 

failures at RBT2. These tsunamis have waves that are double or more in height than 

tsunamis derived from CSZ earthquakes. The documented slope failures at or near Sand 

Heads as stated in Section 9.1.3.3, and inferred historic slope failures at Roberts Bank 

(Christian et al. 1998) within 5 km of RBT2, suggest that submarine landslide-triggered 

tsunamis may occur. 

Submarine landslides have been documented in the Strait of Georgia within a distance of 

300 km from the Project site. The oral records of stories by First Nations communities 

(Coastal Geoscience n.d.) suggest that landslide-generated tsunamis have occurred in the 

past. At present, no stratigraphic evidence from tsunamis has been found around the Fraser 

River delta or at RBT2, suggesting that the potential is low. According to Dr. Bornhold 

(Coastal Geoscience n.d.), a tsunami event was not recorded following the most recent 

Sand Heads failure in 1985. 

Rabinovich et al. (2003) report tsunami wave heights generated by two hypothetical and 

numerically simulated landslides located on the delta front within 2 km of RBT2 and 

involving 230 million m3 and 750 million m3 of soil, respectively. The landslide volumes 

considered in the analysis correspond to deep-seated slope failures extending to a depth of 

approximately 100 m. Rabinovich et al. estimated tsunami waves with heights between 1 m 

and 4 m at the B.C. Ferries Tsawwassen Terminal. Based on a review of the actual volume 

of the 1985 failure near Sand Heads, which involved approximately 3 million m3 of 

sediment, and stability analyses carried out at RBT2 based on site-specific strength data 

collected in 2010 (Golder 2011), the risk of a deep-seated failure occurring in the delta 

foreslope is low. There is a high potential for earthquake-induced shallow slope failures, 

however, as discussed in Section 9.1.3.7. An underwater shallow landslide along the 

steeper zones of the delta foreslope south of the river mouth could mobilise an estimated 

volume of soil varying from 5 million m3 to 15 million m3 discharging to the Strait of Georgia 

(Golder 2014). The volumes associated with such a shallow submarine landslide, however, 

are estimated to be significantly smaller than the volumes used by Rabinovich et al. (2003) 

to predict tsunami wave heights. On this basis, the tsunami wave heights reported by 

Rabinovich et al. are estimated to be conservative. 
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Based on numerical simulations carried out by Dunbar and Harper (2009), the maximum 

height of the tsunami wave generated by a submarine landslide is predicted to be 

approximately proportional to the volume of the landslide. On this basis, the height of 

waves generated by a landslide involving 5 million m3 to 15 million m3 at RBT2 is expected 

to produce smaller waves than reported by Rabinovich et al. (2003). 

A submarine landslide near Sand Heads, similar to the 1985 event, is considered to be the 

most likely mechanism for production of a local tsunami. 

9.1.3.5 Isostatic Subsidence 

Isostatic subsidence or rise refers to the condition in which the land sinks or rises relative 

to a stationary sea level. In comparison, eustatic subsidence or rise refers to the condition 

in which the sea level sinks or rises relative to a stationary ground surface elevation. 

Isostatic subsidence or rise is typically driven by tectonic processes, crustal deformation 

through loading and settlement, or compaction. For the Fraser River delta, estimates of 

regional tectonic downwarping or uplift are 0.0 mm plus or minus 0.5 mm per year 

(Mazotti et al. 2007, Lambert et al. 2008, Mazotti et al. 2009). Similarly, for the Fraser 

River delta, the estimate for crustal deformation associated with the post-glacial rebound of 

the crust is +0.25 mm per year to plus or minus 0.05 mm per year (Clague and James 

2002, James et al. 2005, Gowan 2007). Subsidence relative to settlement and compaction is 

related to ongoing compaction of the near surface (top 10 m to 20 m) of accumulated 

sediment on the Fraser River delta and is estimated to be of the order of –3.0 mm per year 

to plus or minus 0.07 mm per year (Mazotti et al. 2009). More rapid subsidence may occur 

on localised scales associated with large construction projects. This subsidence appears to 

decay with time from rates as high as –15 mm per year in the decade after construction to 

–3 mm per year approximately five decades after construction (Lambert et al. 2008). 

Contributing factors and their estimated isostatic rate are summarised in Table 9.1.3-2. 

Subsidence anticipated from the Project is described in the next section. 
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Table 9.1.3-2 Estimates of Isostatic Subsidence or Rise of the Seaward Edge of 

the Fraser River Delta, Including the Vicinity of the Project Site 

Contributing Factor (Source) Isostatic Rate (mm/year) 

Tectonic Contribution +0.0 ± 0.5 

Glacial isostatic adjustment +0.25 ± 0.05 

Subsidence (deltaic sediments) –3.0 ± 0.07 

TOTAL –2.75 ± 0.62 

Note:  Negative numbers indicate subsidence or settlement; ± - plus or minus. 

The total isostatic effect of the seaward edge of the Fraser River delta, including the vicinity 

of the Project site, independent of localised effects associated with large projects, is 

estimated to be a subsidence of 2.75 mm plus or minus 0.62 mm per year or 137.5 mm 

plus or minus 31 mm in 50 years. The long-term isostatic subsidence effects are in addition 

to settlements caused by placement of dredged soils for the development of the terminal as 

described below. 

Subsidence Following Project Activities 

Land development for the RBT2 marine terminal area consists of initial placement of 

dredged soils (infilling), which will induce subsidence or settlement over the service life of 

the terminal. The estimated magnitude of settlement, together with recommendations for 

controlling and minimising their effect by means of preloading, have been considered in the 

designs pursued (Golder 2012). The term infilling in this section refers to site-grading fills 

placed during land development and left in place for settlement to occur over time. 

The term preloading refers to loads applied over and above the site-grading fills that will 

be left in place for consolidation to take place over a specific time and then removed 

(preload is also referred to in some supporting geotechnical documents as surcharge). 

Preloading is used to expedite and control settlements. 

It is estimated that infilling and preloading will induce approximately 900 mm plus or 

minus 200 mm of settlement within the terminal area and 600 mm plus or minus 150 mm 

at the edge of the land development zone (at removal of preload). 

Once the preload is removed, there will be additional long-term post-construction 

settlements that will develop over time, with the magnitude of these settlements 

depending on the preload period. Preloading for a longer duration typically results in smaller 

post-construction settlements than preloading for a shorter duration during construction. 

The computed long-term settlements (over a period of 5 to 15 years) following preloading 

for periods of 6 and 4 months are summarised in Table 9.1.3-3. 
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Table 9.1.3-3 Summary of Estimated Settlements in the Project Area Following 

Preloading 

 

Long-term (5 to 15 years) 

Settlements Following Preloading 

At the Centre of the 

Preloaded Area 

At the Edge of the 

Preloaded Area 

Preload fill height of 6 m for a 6-month duration 350 mm ± 100 mm 250 mm ± 100 mm 

Preload fill height of 6 m for a 4-month duration 385 mm ± 100 mm 275 mm ± 100 mm 

Source:  Golder 2012; ± - plus or minus. 

9.1.3.6 Delta Foreslope Erosion 

Erosion of the submarine terrain of Roberts Bank consists of erosion of the delta foreslope 

(e.g., the steeper parts of the delta from –5 m CD to approximately –150 m CD) and the 

upper delta surface (e.g., the subtidal and intertidal flats above –5 m CD). Erosion of the 

upper delta surface of Roberts Bank, including the Project site (e.g., tidal flats, coastal 

marshes), is expected to be minimal. Additional information on morphological changes of 

Roberts Bank is provided in Section 9.5.6 Coastal Geomorphology, Existing 

Conditions. 

9.1.3.7 Geotechnical Stability 

The Fraser River delta is a geologically young feature, typically approximately 10,000 years 

old. The delta consists of layered sands and fine sediments washed down from the Coast 

Mountains. These sediments have created a typical deltaic architecture of flat-lying 

sediments associated with deeper marine waters (bottom sets) overlain by dipping layers 

of sediments associated with the steeper slopes of the delta front (foresets), which are, in 

turn, overlain by flat-lying sediments of the tidal mud flats and river floodplain (top sets). 

Figure 9.1.3-4 provides a cross-section representation of sediment deposition at Roberts 

Bank, taken perpendicular to the delta foreslope. 

The angle of the slope of the existing delta front in the intertidal area near RBT2 varies from 

7° to 8° with the horizontal plane to approximately 3° some 1,000 m distance away. The 

slope angle becomes even flatter (i.e., on the order of 1°) several km away from the 

existing edge of the Deltaport Terminal. 
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The delta foreslope is in a state of stable equilibrium under existing static loading-induced 

loads or gravity loads. There is a low potential of catastrophic slope failures under static 

loading conditions extending through to the stratigraphic units forming the foresets and 

bottom sets described above (Golder 2011). 

The flat bottom sets comprise medium-plasticity silty clays to clayey silts that were 

deposited in the earliest Holocene time before being buried by the pro-grading delta. They 

are underlain by glacially loaded Pleistocene or hardpan deposits. Previous studies (Christian 

et al. 1998) have identified the silty clays to clayey silts comprising the bottom sets to be 

sensitive to disturbance. In geotechnical engineering, the sensitivity of clayey soils is 

expressed as the ratio of the peak undrained shear strength to the remoulded undrained 

shear strength. Clays with sensitivity values of the order of approximately 6 or higher are 

identified to be sensitive to disturbance. High sensitivities in marine clay deposits are 

indicative of a high strain-softening potential resulting in potential instability when the 

deposit is shaken by an earthquake. 

The sensitivity of the silt clays to clayey silts at RBT2 was measured during a drilling 

investigation (Golder 2011) by carrying out in situ vane shear tests in borings extending 

through the existing Pleistocene deposits and by testing collected samples in the laboratory. 

The sensitivity inferred from strength measurements (varying from 1 to 4) is low to 

medium, indicating stable clays. The in situ measurements, in combination with stability 

analyses, indicate that there is a low risk of deep-seated failure extending to depths of the 

order of 100 m and occurring within the deep marine clays or the bottom sets as 

hypothesised in previous studies (i.e., Rabinovich et al. 2003). 

Under seismic loading conditions, there is a risk that liquefaction and loss of shear 

strength and stiffness could occur in the shallow deltaic sediments comprising the foresets 

and top sets, leading to localised instability of the delta foreslope. Seismic deformation 

analyses completed for the Project indicate large horizontal displacements could originate in 

the steeper delta foreslope (between elevation contours of –10 m CD and –40 m CD) 

(Golder 2011). These displacements would attenuate rapidly landwards away from the crest 

of the slope at horizontal distances of 200 m to 400 m away from the –10 m CD elevation 

for the 2,475-year return period of seismic shaking, and at horizontal distances of 100 m to 

250 m away from the –10 m CD elevation for the 475-year return period of seismic shaking. 

Predicted displacements would attenuate faster for shaking corresponding to a 475-year 

return period compared to the 2,475-year return period. 
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Engineering analyses carried out during the Project’s preliminary design stage indicate that 

implementation of ground improvement measures will reduce the risks associated with soil 

liquefaction and limit the anticipated displacements and distortions of the marine terminal 

to values adopted in the seismic design criteria presented in the Basis of Design 

(see Appendix 4–A Basis of Design). 

Summary of Geotechnical Stability Assessments 

The results of geotechnical stability under static and seismic loading conditions are 

summarised in Table 9.1.3-4. Based on a literature review undertaken, the height of a 

tsunami-generated wave at RBT2 has been estimated to be less than 4 m and most likely be 

equal to or less than 1 m. 

Table 9.1.3-4 Summary of Geotechnical Stability Assessments 

Analysis Summary of Assessment Comments 

Stability under static 
loading after RBT2 
construction 

 Low risk of failure. 
Stability includes shallow and 
deep-seated slope failures. 

Long-term stability 
under seismic loading 
after RBT2 construction 

 100-year return period ground 
motions: 

Localised zones of liquefaction 

varying in depth from 1 m to 7 m. 

 475-year return period ground 
motions: 

Liquefaction to an estimated 
depth of 25 m. 

 CSZ earthquake ground motions: 

Liquefaction depth similar to the 
475-year return period. 

 2,475-year return period ground 
motions: 

Liquefaction to an estimated 
depth of more than 40 m. 

Expected depths of landslides 
are related to the predicted 

liquefaction depths. Ground 
improvement measures have 
been incorporated in the design 

to mitigate consequences of soil 
liquefaction. 

Stability of the wharf 
and perimeter dykes 
following a tsunami 

 The height of a tsunami-generated 
wave at RBT2 has been estimated to 

be less than 4 m, and most likely be 
equal to or less than 1 m. 

 The ability to withstand tsunamis is 

not explicitly included in the 
preliminary design of RBT2. 

A tsunami generated by a 
landslide within the Strait of 
Georgia presents a more 

significant threat to RBT2 than 
a tsunami generated from a 
CSZ earthquake. Based on 
literature review, the landslide 

generated tsunami wave 
heights are estimated to be 
small (i.e., 1 m). 
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Analysis Summary of Assessment Comments 

Delta foreslope erosion  Low risk of erosion. 

Existing monitoring indicates a 
mix of erosion and deposition in 

the order of several cm per 
year accumulation (see 

Section 9.6.6 Surficial 
Geology and Marine 

Sediment, Existing 
Conditions). 

Settlement/Subsidence 

 Infilling and preloading will induce 
approximately 900 mm ± 200 mm 
of settlement within the terminal 

area and 600 mm ± 150 mm at the 
edge of the land development zone 
(at removal of preload). 

 Long-term settlements (over a 

period of 5 to 15 years) following 
preloading for a 6-month duration 
are approximately 350 mm 

± 100 mm within the terminal area 
and 250 mm ± 100 mm at the edge 
of the land development zone.  

 Long-term settlements following 
preloading for a 4-month duration 
are approximately 385 mm 
± 100 mm within the terminal area 

and 275 mm ± 100 mm at the edge 
of the land development zone. 

The term infilling refers to site-
grading fills placed during land 
development and left in place 

for settlement to occur over 
time. The term preloading 
refers to loads applied over and 

above the site grading fills that 
will be left in place for 
consolidation to take place over 

4 to 6 months and then 
removed. 

Notes:  ≤ - less than or equal to; ± - plus or minus.  
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9.2 AIR QUALITY  

This section describes the existing conditions related to air quality and anticipated future 

changes resulting from Project components and activities. This section contains information 

to satisfy air quality related requirements contained in EIS Guidelines part 2, section 9.1.2. 

9.2.1 Selection of Air Quality Intermediate Component 

The selection of air quality as an IC followed a three step selection process as set out in 

Section 8.1.2 Effects Assessment Methods, Selection of Valued Components. While 

air quality meets most of the criteria for selection of VCs, it is not a receptor component in a 

Project-related effects pathway, and is therefore considered an IC in this environmental 

assessment (EA).  

The Project Interaction Matrix was used to identify interactions between Project 

components and activities and air quality (see Appendix 8-B). The construction and 

operation of the Project will result in air emissions from fuel combustion in diesel, propane, 

and gasoline-powered heavy duty equipment engines during terminal construction, as well 

as from ships, cargo handling equipment (CHE), container trucks, rail locomotives, and 

9.2 Air Quality Assessment Highlights: 

 Air quality will improve in the future, with or without the Project, as a result of 

improvements in engine technologies and the use of cleaner fuels.  

 Project construction activities are predicted to cause a small increase in air contaminant 

concentrations.  

 Levels of criteria air contaminants (i.e., carbon monoxide, nitrogen oxides, sulphur 
dioxide, particulate matter, and ground-level ozone) and trace organic contaminants (i.e., 
formaldehyde and other contaminants related to fuel combustion) are predicted to be 
below air quality criteria on land during both Project construction and operation, with 

limited exceptions.  

 Project activities are expected to have a negligible effect on future ozone levels. 

 Project activities are expected to increase greenhouse gas emissions (i.e., carbon dioxide, 

methane, and nitrous oxide), as would expected increases in activity levels at the existing 
Roberts Bank terminals. 

 Although Project activities would emit black carbon, black carbon is expected to decrease 
in the future with the Project due to equipment fleet turnover at existing Roberts Bank 

terminals to newer engines that meet more stringent emission standards for particulate 
matter. 

 The implementation of shore power is expected to decrease predicted future emissions 

during Project operation. 

 Cumulative changes in air quality resulting from Project activities and operation of other 
certain and reasonably foreseeable projects and activities are predicted to be small, 
relative to expected future ambient air quality levels without these inputs. 
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employee-owned vehicles during terminal operations. Potential changes in air contaminant 

emissions were evaluated by comparing the predicted concentration results to applicable 

regulatory criteria. 

The objective of the air quality assessment for the Project was to predict potential changes 

in air contaminant emissions, the resultant changes in concentrations, and their net effect 

on ambient air quality in the study area. These results will be used to inform the effects 

assessment of Human Health (Section 27.0) and Potential or Established Aboriginal 

and Treaty Rights and Related Interests, Current Use of Land and Resources for 

Traditional Purposes (Section 32.2) by providing estimates of the predicted changes in 

the ambient air concentration of compounds of potential concern (COPCs)1. 

9.2.2 Assessment Purpose and Approach 

This section describes the purpose of and approach to studying air quality for the purpose of 

assessing Project-related changes to air quality. SENES Consultants completed this study, 

and the names and qualifications of the individuals contributing to this assessment are listed 

at the beginning of Volume 2.  

9.2.2.1 Purpose 

In 2012, Port Metro Vancouver (PMV) initiated studies to support the EA and future 

environmental management for the Project. Building on available information, the studies 

were designed to address known data gaps for the assessment of air quality at Roberts 

Bank. Two studies were completed: 

1. Air Quality Scoping Study (AQSS) - A collaborative process to determine the 

approach to quantifying air quality changes resulting from Project development 

and activities. Participants included Environment Canada (EC), Metro Vancouver 

(MV), Tsawwassen First Nation, the Corporation of Delta, and the B.C. Ministry of 

Environment (MOE). Table 9.2-1 summarises the AQSS process that informed 

the Air Quality Study; and 

2. Air Quality Study – A study to identify, and where possible, quantify potential 

changes in air quality resulting from Project-related construction and operation 

activities. Details are provided in the Roberts Bank Terminal 2 Air Quality Study 

Technical Report (Appendix 9.2-A). The main body of the Study (Main Report) 

is supported by independent appendices that contain a greater level of discussion 

on select topics, as outlined in Table 9.2-1. 

                                          
1  Although some ships can at times emit visible plumes, cargo ships are not subject to any regulatory limits on 

plume visibility; therefore, the air quality assessment does not inform the assessment of Visual Resources 

(Section 25.0). 
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Table 9.2-1 Air Quality Studies to Support the Assessment 

Study 
Name 

Study Description 
Report 

Accessible at: 

Air Quality 

Scoping 
Study 
Process 

Purpose: To determine the air quality elements, spatial and 

temporal boundaries, data sources, and the methods (models) to 

be used in the assessment of Project-related changes. 

Description: Consultation with participants on the proposed 
assessment approach and distribution of the AQSS Protocol 

document for additional comment and review. Feedback was 
incorporated where possible into the Air Quality Study. 

Outcomes 

incorporated into 
Air Quality Study 

Air Quality 
Study 

Purpose: A desktop study that incorporates air quality and 

meteorological data to assess Project-related changes resulting 
from construction and operation. 

Description: The Main Report summarises the approach, key 

inputs, and results of the analyses to inform this EIS section. 
Detailed technical appendices provide a comprehensive 
description (as outlined below) for those with expertise on 
specific air quality topics. 

 

Appendix 9.2-A 

 

 Appendix A – Emissions Inventory - Details emission sources 
(i.e., parameters, emission factors, assumptions and 
calculation methods used in estimating emissions from these 

sources) and provides emissions levels for existing, expected 
and future conditions. 

 Appendix B – Existing Air Quality – Details the selection of 

contaminants assessed, typical concentrations currently in the 

vicinity of the Project, and the regulatory criteria associated 
with the substances.  

 Appendix C – Air Dispersion Modelling - Details the 

meteorology and modelling methodology used for the 
assessment. Also provides model validation based on aircraft 
sounding data and Fraser River buoy air temperature data.  

 Appendix D – Additional Results – Modelling results provided 
as input to Section 27.0 Human Health. 

 Appendix E - Construction Assessment – Details the 

parameters, assumptions, and modelling of activities 
associated with the construction phase. 

 Appendix F – Ships Underway - Details the assumptions, 

emissions sources, and modelling results of the effects of ships 
underway through the shipping lanes. 

 Appendix G – Future Rail Activity - Details the assumptions, 

emissions sources, and modelling results of the cumulative 

effects of rail activity in the local study area off the Roberts 
Bank causeway, including yards. 

 Appendix H – Westshore Coal Dust Assessment - Details the 

emissions and modelling results of the assessment of fugitive 
coal dust emissions from Westshore Terminals. 
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9.2.2.2 Air Quality Assessment Approach 

The assessment of air quality involved the following elements: 

1. Identifying the inputs that are required, including Project activities, emission 

sources, contaminants to be assessed, assessment periods or time frames, and 

modelling area; 

2. Following selection of a model, using the inputs to predict concentrations of Project-

related air emissions; 

3. Comparing the predicted contaminant concentrations to applicable criteria; and 

4. Comparing the predicted concentrations of existing conditions to future conditions, 

both without and with Project development to determine the potential changes in 

air quality. 

Because of 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. The hypothetical average and maximum emission 

scenarios for existing conditions were compared to predicted average and maximum 

emission scenarios, respectively, for future expected conditions (i.e., without the Project), 

and future conditions with the Project including other projects and activities. In general, to 

account for uncertainty in emissions estimation and ensure a conservative assessment, 

maximum emission scenarios were used to estimate the potential changes from Project-

related activities. 

9.2.3 Summary of Information Sources 

As part of the assessment, a review of the existing information was conducted. The Roberts 

Bank area has been extensively studied during the past decade. A summary of previous 

Roberts Bank air dispersion modelling, air emissions inventory and air quality monitoring 

studies is presented in Table 9.2-2. The information contained in these studies coupled 

with knowledge and experience derived from past work, were used to inform the air quality 

assessment. Elements from these studies were incorporated, where applicable. 

In addition to these previous studies conducted in and around Roberts Bank, a large number 

of additional resources in published literature, emission inventory tools developed by 

regulatory agencies in Canada and the U.S., and atmospheric models were considered for 

this assessment. In general, information sources were specific to the type of information 

required for inputs to the study. The resources were characterised as supportive of four 

general categories of data that were used as input into the air quality assessment, as 

summarised in Table 9.2-3 and detailed in Appendix 9.2-A: Main Report. 
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Table 9.2-2 Historical Roberts Bank Studies 

Topic Reference Study Description 

Air 
Dispersion 

Modelling 

Jacques Whitford 
Environment 

Limited 2001 

Roberts Bank Cumulative Environmental Effects Study - Air 

Quality and Noise 

SENES 2003 
Air Quality Impact Assessment Roberts Bank Superport and B.C. 
Ferries Terminal 

RWDI 2005 
Roberts Bank Container Terminal Expansion Air Quality and 
Human Health Assessment in Support of the Environmental 
Assessment Application for the Deltaport Third Berth Project 

SENES 2005 Cumulative Effects Assessment - Deltaport Third Berth Project 

SENES 2006 
Roadside Air Quality from Container Terminal Traffic. Addendum 
to the Air Quality and Human Health Assessment Deltaport Third 
Berth Project 

SENES 2006 
Air Dispersion Modelling Sensitivity Analysis. Addendum to the Air 
Quality and Human Health Assessment Deltaport Third Berth 
Project 

SENES 2011 
Air Quality Impact Assessment for the City of Surrey, Roberts 
Bank Rail Corridor (RBRC) 

SENES 2011 
Air Quality Impact Assessment for the RBRC Panorama Ridge 
Whistling Cessation Project 

Air 

Emissions 
Inventories 

SENES 2006 Air Emissions Inventories for Westshore Terminals, 2005 to2011 

SENES 2008 Port Metro Vancouver Landside Emission Inventory 

SENES 2012 
Air Quality Assessment Deltaport Terminal, Road and Rail 
Improvement Project 

SNC Lavalin 
2012 

Port Metro Vancouver 2010 Landside Emission Inventory 

SNC Lavalin 
2014 

Environmental Impact Assessment for the Westshore Terminal 
Infrastructure Reinvestment Project 

Air Quality 
Monitoring 

GVRD 2002 Tsawwassen Particulate Air Quality Study 2002 

GVRD 2006 Delta Air Quality Monitoring Study, June 2004 to March 2006 

Acuren Group 

2013 

Analysis of Dust Fall Samples, June 28 to July 29, 2013 

(Tsawwassen) 

Ongoing since 
June 2010 

Station T39 air quality and meteorological data 

Ongoing since 
September 2014 

Two locations on Tsawwassen First Nation Lands 
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Table 9.2-3 Information by Subject Area 

Subject Reference Categories Appendix 9.2-A Reference Details  

Emission Sources Data 

Ships; 

Cargo handling equipment;  

On-road vehicles; and 

Rail locomotives. 

Main Report and Appendix A, details 
emission rate calculations that take into 

account parameters such as technology, 
activity level, age, and type of 

equipment. 

Air Quality Existing 
Conditions 

Choice of substances; 

Air quality criteria; and 

Background air quality. 

Main Report and Appendix B, detail 

current air quality conditions for 
comparison to predicted Project-related 
emissions. 

Atmospheric Models 
Meteorology; and 

Meteorology validation. 

Main Report and Appendix C, detail the 
three dimensional modelling of weather 
(i.e., wind, temperature, precipitation, 

etc.) and the validation associated with 
the choice of meteorology. 

Air Dispersion Modelling 

Modelling approach; 

Source configuration; and 

Terrain. 

Main Report and Appendix C, details 
emission source parameters and 
modelling of emission sources for 

predictions of Project-related emissions. 

9.2.4 Applicable Standards and Criteria for Compounds of Potential Concern 

This section describes the selection of substances and applicable criteria. 

9.2.4.1 Compounds of Potential Concern 

Project-related emission sources are primarily associated with fugitive dust during the 

construction phase and fuel combustion in both the construction and operation phases, 

(i.e., from diesel-fuelled engines, with smaller emissions related to propane-fuelled CHE, 

and gasoline-fuelled vehicles). The COPCs from these sources considered in the 

assessment include: 

1. Criteria air contaminants (CACs) – carbon monoxide (CO), nitrogen oxides (NOx), 

sulphur dioxide (SO2), particulate matter (PM), inhalable particulate matter (particulate 

matter up to 10 micrometers in size) PM10, fine particulate matter (particulate matter up to 

2.5 micrometers in size) PM2.5, and ground-level ozone (O3); 

2. Trace organic contaminants (TOCs) – Trace contaminants that are known to be 

emitted from combustion in engines, including acrolein, benzene, 1,3-butadiene, 

acetaldehyde, formaldehyde, naphthalene, polycyclic aromatic hydrocarbons 

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

3. Greenhouse gases (GHGs) - carbon dioxide (CO2), methane (CH4) and nitrous 

oxide (N2O) expressed as carbon dioxide equivalent (CO2e); and 
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4. Climate forcing particulate matter – black carbon, also expressed as CO2e. Black 

carbon is emitted from combustion processes. Black carbon plays a role in climate 

forcing as it absorbs solar radiation, influences cloud processes and alters the 

melting of snow and ice cover (Bond et al. 2013). The magnitude of the effect of 

black carbon emissions on climate change remains uncertain and is the subject of 

continuing debate and research. The debate relates to the question about whether 

the CO2e from short-lived (i.e., a few days) climate forcing 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 included in the total GHG 

emission inventory. 

Rationale for the selection of these COPCs and confirmation of approval of the list from EC is 

provided in Appendix 9.2-A: Appendix B. Regulatory criteria for CACs and formaldehyde 

are provided in Section 9.2.4.2 below. There are no regulatory criteria in British Columbia 

associated with TOCs (with the exception of formaldehyde), DPM, GHGs as CO2e, or black 

carbon as CO2e. These substances are discussed further in Appendix 9.2-A: Main Report 

and Appendix D. 

9.2.4.2 Air Quality Criteria for Criteria Air Contaminants 

As a conservative measure, study criteria were selected based on the most stringent criteria 

from federal and provincial objectives or standards, as defined below. Regional objectives or 

standards are considered for comparison purposes only. Study criteria for specific averaging 

periods, including (where relevant) 1-hour (h), 8-h, 24-h and annual (1 year (y)) periods, 

are summarised in Table 9.2-4. The information provided below is relevant to subsequent 

sections where results are compared to selected criteria. The most stringent objectives are 

highlighted in bold font in the Study criteria column as these are the criteria used in the 

assessment of potential Project-related air quality effects. 

Federal Standards and Objectives  

National Ambient Air Quality Objectives (NAAQO), first established in the 1970s, comprise a 

three-tiered system defined as maximum tolerable level2, 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. 

                                          
2  The NAAQO maximum tolerable level was not considered in this assessment as it is higher and therefore, less 

conservative than the MAL and MDL NAAQOs. 
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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). The CAAQS for PM2.5 and ground-level O3 will 

replace Canada-Wide Standards (CWSaq) for PM and O3 in 2015 and have been considered 

in this study. Under the CAAQS, NO2 and SO2 will have new criteria in the 2015-2016 

time frame. 

Provincial Objectives 

B.C. Ambient Air Quality Objectives (AAQO), last updated in August 2013, also follow a 

three-tiered system for assessment. Under the AAQO, PM10 and PM2.5 are compared against 

a provincial Air Quality Objective (AQO) and a long-term provincial planning goal (Goal) has 

been defined for PM2.5. As with the NAAQO, each level has a specific average concentration 

criterion for individual air contaminants over a specified period of time. B.C. has recently 

issued new interim objectives for NO2 and SO2 that would apply to new sources3. 

Regional Objectives 

Commencing in 1972 under the Pollution Control Act, and subsequently in 1982 and 2004 

under the Environmental Management Act, the B.C. government delegated the Greater 

Vancouver Regional District (GVRD) as the single agency under which provincial and 

municipal air pollution control activities would be integrated in the Greater Vancouver urban 

area. As part of the 2011 Integrated Air Quality Greenhouse Gas Management Plans, the 

GVRD, now referred to as MV, establishes and frequently reviews AAQOs used in policy 

planning, permitting of air contaminant emission sources, and overall air quality 

management. Metro Vancouver is currently seeking feedback on an interim SO2 objective. 

The existing set of NAAQO (MAL and MDL), CWSaq, CAAQS, B.C. AAQO and MV AAQO for 

CACs are listed in Table 9.2-4. 

                                          
3  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 9.2-4 Air Quality Criteria for Criteria Air Contaminants 
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CO 
1-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 NAAQOc 

200 

24-h 200 - 200 - - 

1-yb 60 60 100 - 40 

SO2 

1-h 450 450 900 - 

-  

450 900 900 - 450 

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

1-yb 25 30 60 - 25 50 80 - 30 

O3 

1-h 100 100 160 - - see NAAQOc 160 

8-h 121.6 - - 127.6d 
123.5e 

121.6f 
123g 126 

24-h 30h 30 50 - - 
see NAAQOc 

- 

1-yb 30 - 30 - - - 

PM 
24-h 120 - 120 

- 
- 

see 
NAAQOc 

200 260 - - 

1-yb 60 60 70 - - 60 70 75 - - 

PM10
i 

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

1-yb - - - - - - - - - 20 

PM2.5 

24–h 25 - - 
30j 

 

28e 

27f 
- - - 25 25 

1-yb 6 - - - 
10.0k 

8.8l 
- - - 8/6m 8 / 6m 

Notes: “-” indicates no criteria; Bolded values represent the lowest criteria used for result comparison purposes in 

the air quality assessment; For acronyms, refer to Section 9.2.4.1 or Master Acronym List. 
a  µg/m3 = micrograms per cubic metre 
b  Arithmetic mean 
c  B.C. AAQO cite these NAAQO criteria as applicable to B.C. criteria 
d  Based on the 4th highest measurement annually averaged over 3 consecutive years (CCME 2000 and 

2005) 
e  Effective 2015; 3-y average of the annual 98th percentile of the daily 24-h average concentrations for 

PM2.5 and 3- y average of the annual 4th highest daily maximum 8-h average for O3 concentrations (refer 
to Section 9.2.6.2 for an explanation of 98th percentile background concentration) 

f  Effective 2020; 3-y average of the annual 98th percentile of the daily 24-h average concentrations for 
PM2.5 and 3-y average of the annual 4th highest daily maximum 8-h average for O3 concentrations 

g  Annual average value, averaged over three consecutive years 
h
  Baseline O3 levels in Pacific regions of Canada have been reported by Environment Canada as being 19 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 

i  Inhalable particulate matter 
j  Based on 98th percentile ambient measurement annually, averaged over 3 consecutive years (CCME 2000 

and CCME 2005) 
k  Effective 2015; 3-y average of the annual average concentrations 
l  Effective 2020; 3-y average of the annual average concentrations 
m  Planning goal 
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9.2.4.3 Air Quality Criteria for Trace Organic Contaminants 

With the exception of formaldehyde, there are no federal, provincial or regional criteria for 

TOCs. Table 9.2-5 presents the provincial criteria used for formaldehyde in the air quality 

assessment. 

Table 9.2-5 Air Quality Criteria for Trace Organic Contaminants 

Trace Organic 
Contaminant 

Averaging 
Period 

Study Criteria 
(µg/m3) 

Air Quality Criteria, µg/m3 

B.C. AAQO 

Formaldehyde 1-h 60 60 

Although AAQO for TOCs in B.C. are limited to formaldehyde, the potential effects of 

exposure to the remaining eight selected TOCs are addressed in Section 27.0 Human 

Health for 1-hour, 24-hour and annual averaging periods. 

9.2.5 Methods 

This section provides methodological information relevant to the air quality assessment, 

including temporal boundaries, study area, and a summary of the methods supporting the 

assessment. 

9.2.5.1 Temporal Boundaries 

The four operating conditions in this assessment are identified as follows (and are more fully 

defined in Section 8.1.3 Effects Assessment Methods, Establishment of Assessment 

Boundaries): 

 Existing conditions; 

 Expected conditions; 

 Future conditions with the Project; and 

 Future conditions with the Project and other projects and activities. 

Existing and Expected Conditions  

Existing conditions are described for the year 2010, which was selected because published 

data were readily available for comparative purposes and it was deemed to be a 

representative year for meteorological conditions.  
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It is necessary to compare potential future changes in air quality associated with the Project 

to the same future year without the Project (referred to as expected conditions); the reason 

for this is that, in addition to new emission-reducing regulations, technology is continually 

changing and emissions for many of the COPCs will decrease as equipment is replaced in 

future years. For example, changes in air contaminant emissions from both the Deltaport 

and Westshore terminals are anticipated due to fleet turnover of ships, cargo handling 

equipment, rail locomotives and on-road vehicles, as well as due to growth in the shipment 

of goods at the terminals. In order to do this comparison, expected conditions are 

characterised for 2025 (the same year as the future conditions with the Project operation 

phase horizon year described below) to account for changes in emissions at the Deltaport 

and Westshore terminals temporally coincident with the horizon year when the emissions 

from the RBT2 operations are assessed.  

Future Conditions with the Project  

The predictions of Project-related changes during the construction and operation phases, as 

described in Section 4.0 Project Description, were based on future horizon years that are 

representative of these phases, as described below.  

Construction Phase 

Project construction is anticipated to occur over a period of five and a half years from July 

2018 until November 2023. Modelled results for an average day of construction activity in 

2021 and higher level of construction-related emissions in 2022, the period deemed to be 

the highest emitting period of construction activities, were compared to the expected 

conditions case as regulatory changes and equipment technology were deemed to be 

comparable and conservative with respect to the construction period (refer to 

Appendix 9.2-A: Appendix E for detailed information). 

Operation Phase 

Changes to air quality related to Project operation are predicted and characterised for the 

year 2025. The year 2025 represents the greatest potential change in annual predicted 

emissions associated with the Project, since the Project is anticipated to be operating at the 

maximum annual capacity of 2.4 million twenty-foot equivalent units (TEUs) and continued 

operation of the terminal in subsequent years would be expected to result in lower 

emissions due to anticipated emission reductions, which include the following: 
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1. Older, higher-emitting container ships will be gradually taken out of service through 

normal fleet turnover and replaced by newer, lower-emitting ships that meet tighter 

engine emission standards as defined by the International Maritime Organization 

(IMO) for ships operating in the North American Emission Control Area (ECA); 

2. Newer ships will be capable of connecting to shore power while at berth at the 

terminal (while the potential benefits of shore power have been estimated by PMV for 

reductions in total annual emissions, the potential benefits with respect to emissions 

in hourly or daily emissions have not been evaluated in detail as part of this 

assessment); and 

3. Older container trucks, passenger vehicles, rail locomotives and CHE equipment will 

be replaced by newer vehicles and equipment through normal fleet turnover that 

meet more stringent diesel engine emission standards as defined by the U.S. 

Environmental Protection Agency and Transport Canada (TC). 

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

Project were compared against existing conditions, as well as expected conditions.  

9.2.5.2 Study Area 

The local study area (LSA) extends from approximately 5 km west of the Project area to the 

Boundary Bay Airport in the east, and from the southern tip of Point Roberts in the U.S.A. to 

the southern boundary of Richmond on the Fraser River (Figure 9.2-1). The LSA spans a 

domain of approximately 19 km x 16 km. 

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

at Roberts Bank over the past 10 years, a receptor gridded emission modelling domain of 

19 km by 16 km, which includes populated areas on Tsawwassen First Nation Lands and in 

Tsawwassen, was deemed sufficient to determine potential air quality changes from 

emission sources at Roberts Bank. The LSA selection was also based in part by a study 

conducted in B.C. which showed that ship emissions can be detected up to 5 km from their 

berths in Vancouver (Lu 2006) and up to 3.5 km in Victoria (Poplawski et al. 2011). 

To ensure that the meteorological conditions were adequately represented, the area over 

which the air dispersion model was run included all of North Delta and most of Richmond, a 

domain of approximately 26 km x 24 km (Figure 9.2-1). Refer to Appendix 9.2-A: Main 

Report and Appendix C for additional information pertaining to the selection of the LSA and 

modelling domain, and sensitivity analyses to support LSA boundary selection. 
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Figure 9.2-1 Local Study Area and Modelling Area 

 

Separate assessments were conducted for other certain and reasonably foreseeable projects 

and activities that are not part of the scope of the Project, but are in the vicinity of RBT2 or 

have the potential to interact cumulatively with Project-related changes. The area for the 

assessment of cumulative change extended from approximately 20 km south of the Project 
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to English Bay, and approximately 20 km west of the Project to Boundary Bay. For details 

about the modelling areas associated with these other projects and activities, refer to 

Appendix 9.2-A: Appendices F, G, and H. 

9.2.5.3 Emissions Inventory Methods 

This section describes the methodology used in the Air Quality Study and hence this 

assessment to determine Project-related emissions during the construction and operation 

phases. For each phase, activities (or emissions sources), and activity levels (number of 

pieces of equipment plus hours of operation) were defined for averaging periods suitable for 

comparison to applicable standards and criteria. The consideration of these elements (and 

others not described here), allowed for the development of emission rates, a major input 

into the model. Refer to Appendix 9.2-A: Appendix E for additional information on the 

construction phase and Appendix 9.2-A: Appendix A for additional information on the 

operation phase. 

Construction Phase 

Based on a projected construction activity level analysis, emission scenarios were estimated 

considering simultaneous operation of all equipment for both an average day and the peak 

day. Activities considered in the construction assessment include: 

 Dredging; 

 Movement of fill or preload material to build the terminal and widen the causeway; 

 Compaction of native soil and terminal fill; 

 Paving; 

 Main wharf structure, container yard, causeway, and terminal buildings construction; 

 Automated stacking cranes and rail-mounted gantry crane foundation work; and 

 Railway track work. 

The air emission sources associated with the above construction activities include: 

 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 , excavators, and haul 

trucks; and 

 Fugitive dust from the surface of roadways due to the re-suspension of dust caused 

by truck movements.  
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There was sufficient detail from these construction activities to develop reasonable 

estimates of emissions, and to include these emission predictions in the assessment.  

Projected activities from the existing Roberts Bank terminals (Deltaport and Westshore 

terminals) and B.C. Ferries Terminal are expected to also be the primary contributors 

influencing air quality in the area and were included in this evaluation. 

Detailed information is provided in Appendix 9.2-A: Main Report and Appendix E. 

Operation Phase 

This section summarises the main activities and activity levels considered in operation 

phase modelling. Detailed information is provided in Appendix 9.2-A: Main Report and 

Appendix A. 

Description of Operation Phase Scenarios 

The combination of operating conditions and averaging periods are referred to as scenarios. 

In order to calculate the relative differences in the operating conditions described in 

Section 9.2.5.1, the emission sources provided in Table 9.2-6 were considered. 

Table 9.2-6 Air Quality Study Scenarios 

Condition Year 
Averaging 

Period 
Emissions 

Existing 
Conditions 

2010 

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

Terminals) and the B.C. Ferries Terminal. 

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 

24-hr Maximum 

Annual Average 

Future Conditions 
with the Project 

2025 

1-hr Maximum 
Projected combined emissions from the existing 
Roberts Bank terminals and B.C. Ferries Terminal 
in conjunction with RBT2 

24-hr Maximum 

Annual Average 



PORT METRO VANCOUVER | Roberts Bank Terminal 2  

   Page | 9.2-16 

The primary activities influencing air quality at Roberts Bank are from emission sources at 

the existing terminals. Sources and activities that were assessed included: 

 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 Banks terminals and RBT2; 

 Rail locomotives arriving and departing from and switcher locomotives operating at 

the existing Roberts Bank terminals and RBT2; and 

 On-road vehicles arriving and departing from the existing Roberts Bank terminals, 

B.C. Ferries Terminal, and RBT2. 

There was sufficient detail from these operations to develop reasonable estimates of 

emissions, and to include these emission predictions in the assessment. 

The projected terminal capacity or cargo throughput at the existing Roberts Bank terminals 

and RBT2 used in the assessment is provided in Table 9.2-7. Cargo throughput influences 

the number of pieces of equipment and number of hours that equipment works. The 

projected activity levels, generally reflective of terminal capacity, for these three terminals 

plus the B.C. Ferries terminal are presented in Table 9.2-8. While the number of CHE 

pieces is not expected to increase, the hours per piece of equipment will increase. 

Table 9.2-7 Projected Cargo Volumes for Existing and Future Conditions 

Horizon 

Year 

RBT2 

(million TEU) 

Deltaport Terminal 

(million TEU) 

Westshore 
Terminals 

(Mt Coal) 

2010 - 1.53 24.7 

2025 2.4 2.40 36.0 

Note:  “-” indicates no activity associated with the terminal in that period; Data source – 
Appendix 4-D Roberts Bank Traffic Data Matrix; Mt = million tonnes. 
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Table 9.2-8 Annual Activity Levels 

Activity 
Horizon 

Year 
RBT2a 

Deltaport 
Terminala 

Westshore 
Terminalsa 

B.C. Ferries 
Terminalb  

Ship Callsc 
2010 - 290 246 Approximately 

7,600 
2025 260 312 313 

Cargo 
handling 

equipment  

2010 
Approximately 

150 piecesd 

Approximately 

300 piecesd 

Approximately 

75 pieces 

  

2025   

Rail 

Locomotive 
Tripse 

2010 - 1,095 2,008 

- 
2025 1,460 1,460 2,373 

Container 
Truck Tripsf,g 

2010 - 469,000 - Approximately 
171,500h 

2025 720,000 720,000 - 

Light-duty 
Vehicle Tripsf 

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

2025 313,000 313,000 64,000 

Notes: “-” indicates no activity associated with the terminal in that period; 
a.  For activity levels data source was Appendix 4-D Roberts Bank Traffic Data Matrix. 
b. Activity levels provided for B.C. Ferries from B.C. Ministry of Transportation and Infrastructure 

(2014) 
c.  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)  
d.  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 
e.  A rail locomotive trip represents a train entering and departing Roberts Bank terminals (i.e., each 

rail locomotive trip is equivalent to two movements) 
f.  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) 
g. Container truck activity levels shown for RBT2 and Deltaport Terminal is total of inbound or 

outbound and intra-terminal container trucks 
h. Represents traffic on B.C. Ferries Terminal causeway  

Emissions were assessed for average daily and hourly averaging periods and the scenarios 

in Table 9.2-8 and were carried forward to the air dispersion modelling exercise and Study 

results.  

The selected averaging periods allow for: 

 Determination of hypothetical what if scenarios, which assume that all operations 

could happen at peak loads simultaneously; 

 A conservative assessment of typical operating conditions; and 

 Comparison against applicable criteria averaging periods. 
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Detailed descriptions of the sources assessed in each scenario are provided in 

Appendix 9.2-A: Appendix A. For each scenario, the model inputs or assumptions varied 

depending on the level of activity. As an example, for the scenario assessment of the 

maximum hourly emissions for future conditions, the assumptions included: 

 All Roberts Bank terminals’ berths are occupied by large ships; 

 A large ship is manoeuvring into a berth at one of the terminals (RBT2, Westshore 

Terminals, or Deltaport Terminal) and a large ship is also manoeuvring out of a berth 

at a different Roberts Bank terminal; 

 All CHE is operating simultaneously and continuously; 

 Ferries are both at berth and in transit simultaneously; and 

 The peak traffic conditions within the Project area are occurring for trains and 

vehicles. 

The emission estimates were calculated using best practice methods adopted by TC, EC, and 

the U.S. Environmental Protection Agency (EPA). These methods have been used to 

estimate marine and landside emissions for PMV and other ports in California and 

Washington. Detailed descriptions of the emissions estimation methodologies are included in 

Appendix 9.2-A: Appendix A. 

Results of the assessed scenarios were compared to applicable time averaging criteria (i.e., 

the maximum hourly emissions scenario was compared against hourly criteria and the 

annual average emissions scenario was compared against annual average criteria). 

Emission Inventories Methods - Other Projects and Activities  

Projects that will be completed in the future and other certain and reasonably foreseeable 

projects or activities whose air emissions can be reasonably quantified and that have the 

potential to cumulatively combine with Project-related emissions were considered, and are 

briefly described below.  

Road Activity 

Although road activity is expected to increase in the future, emissions are anticipated to be 

similar to or lower than existing conditions due to improvements in engine technologies and 

fleet turnover to newer vehicles meeting more stringent emission standards. Details 

pertaining to the emission inventory for increases in traffic, including future incremental 

increases associated with the Project, are provided in Appendix 9.2-A: Main Report and 

Appendices A and C.  
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Rail Activity 

Rail activity is expected to increase in the future. The Air Quality Study considered increases 

in rail traffic associated with expected conditions (i.e., increases associated with Deltaport 

Terminal and Westshore Terminals), known advances in operating emission reduction 

programs and engine technologies, and future incremental increases associated with the 

Project. Details are provided in Appendix 9.2-A: Main Report and Appendix G.  

Marine Vessel Activity 

Increased traffic levels in the Strait of Georgia are anticipated due to a number of changes 

in port-related activity at specific terminals, including incremental marine vessel traffic 

calling on RBT2 (refer to Appendix 30-A Marine Vessel Incidence Prediction Inputs to 

the Quantitative Risk Assessment). The Air Quality Study considered anticipated 

increases in average hourly vessel traffic in the Strait of Georgia and along the South Arm 

of the Fraser River, as well as a hypothetical maximum hourly emission scenario (see 

Appendix 9.2-A: Main Report and Appendix F for more information). 

Coal Dust from Westshore Terminals 

The increased amount of coal shipped through Westshore Terminals in the future is 

expected to increase fugitive coal dust emissions. Particulate matter emissions from typical 

operations were evaluated as part of the Air Quality Study (see Appendix 9.2-A: Main 

Report and Appendix G). 

9.2.5.4 Air Dispersion Modelling 

In order to assess the potential changes in air quality associated with the Project, the short-

range atmospheric dispersion capability of the Roberts Bank area was studied. The 

dispersion of emissions was assessed using the CALMET/CALPUFF air dispersion modelling 

system 4  that mathematically simulates the transport of emissions in the ambient 

atmosphere away from emission sources. Dispersion models are often used to determine 

whether or not existing or new industrial sources will meet established ambient air quality 

criteria (refer to Table 9.2-4). The CALMET/CALPUFF modelling system is a recommended 

regulatory model in B.C. and is suitable for use in shoreline settings. Details of the 

modelling methodology are included in Appendix 9.2-A: Appendix C. 

                                          
4  The latest versions of the CALMET/CALPUFF modelling system were used in the assessment. CALMET (Version 

6.334, Level 110421) and CALPUFF (Version 6.42, Level 110325) were used. CALMET is a meteorological 

model that produces hourly, three dimensional gridded wind fields from available meteorological, terrain and 

land use data. 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 the water-land interface along shorelines. 
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Over 8,000 gridded receptors were included in the LSA as shown in Figure 9.2-2. The grid 

resolution chosen exceeds the requirements of the Guidelines for Air Quality Dispersion 

Modelling in B.C. (MOE 2008) for all of the populated areas within the LSA. This figure 

illustrates the boundary of the Project area, as well as the receptors used for the dispersion 

modelling. The property line receptors delineate an area which encompasses the terminal 

operations considered in the Study; namely RBT2, Deltaport Terminal and Westshore 

Terminals. In the presentation of the model results, this area is referred to as the Project 

blanking boundary. Effectively, this area excludes any model results in very close proximity 

to model sources (which can lead to erroneously high model predictions5). 

  

                                          
5  Dispersion models such as CALPUFF cannot accurately resolve predicted concentration for grid receptor points 

that are located in close proximity to area of volume sources. 
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Figure 9.2-2 CALPUFF Model Receptor Grid Spacing within Local Study Area 
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Eighteen discrete receptors were chosen as representative reference points to assist in 

the discussion of the assessment results. The discrete receptor locations are shown in 

Figure 9.2-3. 

Figure 9.2-3 Discrete Receptor Locations within Local Study Area 
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9.2.6 Existing Conditions  

Existing conditions at Roberts Bank are affected by other projects and activities, as listed in 

Section 3.4.1 Geographical Setting, Projects Contributing to Existing Conditions 

and Section 3.4.2 Activities Contributing to Existing Conditions. The following 

sections characterise existing conditions pertaining to air quality within the LSA, based on 

the results of the Air Quality Study and supporting information, including previous studies 

completed in the Lower Fraser Valley (LFV) and the Roberts Bank area, and air quality 

observations recorded in the vicinity of Roberts Bank. Recorded observations are compared 

to model results for existing conditions to validate the use of the model and assumptions in 

predicting emissions in future years.  

Metro Vancouver, in conjunction with the Fraser Valley Regional District, operates a network 

of 27 air quality monitoring stations in the LFV. 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 9.2-9. In general, the trend is toward decreasing concentrations of 

combustion-associated contaminants in ambient air. 

Table 9.2-9 Lower Fraser Valley Air Quality Trends 1990 to 2030 (MV 2013) 

Contaminant Major Sources Observed and Projected Trend 

Carbon 
monoxide  

(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 
dioxide  
(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. 

Sulphur 
dioxide (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. 

Volatile 
organic 

compound 
(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. 

Particulate 

matter (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. 
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Contaminant Major Sources Observed and Projected Trend 

Diesel 
particulate 

matter 

(DPM) 

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

standards. 

Greenhouse 
gases  

(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. 

In the vicinity of Roberts Bank, MV has studied levels of PM10 and PM2.5 and the contribution 

of fugitive coal dust emissions6
 in 2002 (GVRD 2002), as well as levels of CO, NOx, SO2 and 

PM2.5 for the period of 2004 to 2006 (GVRD 2006). In 2013, the Corporation of Delta 

(Acuren Group 2013) assessed the levels of coal dust at five locations in Tsawwassen. In 

addition, MV completed an air quality monitoring study of black carbon around Burrard Inlet 

(MV 2012), which provides some indication of the levels that might be anticipated in the 

vicinity of Roberts Bank. Details for these studies are provided in Appendix 9.2-A: 

Appendix B. In summary, the studies concluded that: 

 Measured air quality within Delta was generally good as compared with other 

locations in the MV region, and that the Study contaminants are well below 

applicable AAQO; 

 Measured PM10 and PM2.5 levels in the Tsawwassen area were well below the most 

stringent established objectives and standards; 

 Measured concentrations of PM10 and PM2.5 were similar in magnitude and pattern to 

values measured elsewhere within the region; 

 Annual and 24-h average PM2.5 concentrations in Delta were below the MV air quality 

objectives; 

 CO and SO2 concentrations in Delta were less than 10% of MV air quality objectives; 

                                          
6  Coal dust is not emitted as part of RBT2 operations, but is relevant to this discussion as fugitive particulate 

matter from coal dust emanating from Westshore Terminals has been considered as a separate source of 

emissions as opposed to particulate matter generated from fuel combustion sources. Since it is not emitted 

from the Project, a comparison is only completed in the context of the cumulative change in particulate matter 

concentrations as coal dust, as distinct from particulate matter due to engine exhaust, and background air 

quality levels include particulate matter from both fugitive coal dust and engine exhaust. 
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 NO2 concentrations in Delta were less than 50% of the MV air quality objective; and 

 Hourly averaged black carbon concentrations generally did not exceed 2 µg/m3 in 

Burrard Inlet, compared to ≤ 1 µg/m3 in Abbotsford7; these levels are typical of 

levels reported for other urban areas of North America and Europe. 

9.2.6.1 Background Air Quality Concentrations 

Background air quality has been assessed and is defined as per the Guidelines for Air 

Dispersion Modelling in British Columbia (MOE 2008). It is recognised that the 

recommended methodology of combining background concentrations with model predictions 

for existing emission sources duplicates those source contributions as further detailed in 

Appendix 9.2-A: Appendix B. Background air quality concentrations were obtained from 

various air quality monitoring stations, as outlined in Appendix 9.2-A: Appendix B. 

Monitoring of air quality at Station T39 (see Figure 9.2-3 for location) allowed background 

air contaminant concentrations to be determined, as required for predicting air quality 

emissions (MOE 2008), and a comparison to predicted concentrations. Emission sources 

included in the observed air quality concentrations at Station T39 included, but are not 

limited to: 

 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-powered 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 marine terminals; and 

 Marine commercial ships, ferries, fishing boats and other small craft transiting 

through Strait of Georgia and along the South Arm of the Fraser River. 

                                          
7  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 less than 0.1 µg/m3 to 15 µg/m3, with urban areas of North America 

and Europe showing an average incremental increase over regional background levels of approximately 

2 µg/m3. Black carbon concentrations in the area of Delta are therefore expected to be within a similar range 

to those reported for Burrard Inlet and Abbotsford. 
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For 1-h and 24-h background concentrations, the background concentrations used in this 

assessment are based on 98th percentile concentrations8 of existing air quality monitoring 

data. The limitations, benefits, and other information pertaining to use of the 98th percentile 

background concentration are described in Appendix 9.2-A: Main Report and Appendix B. 

Using the 98th percentile concentrations can overestimate the potential effects of the 

Project, particularly for future conditions when air quality associated with combustion 

emissions is expected to improve due to technology and fuel changes (refer to 

Section 9.2.7 for more information). Nevertheless, this approach has been used in the 

absence of any alternative suitable method of determining future background 

concentration levels. 

The CAC and trace organic contaminant 98th percentile background concentrations for each 

averaging period are summarised in Table 9.2-10 and Table 9.2-11, respectively. 

With the exception of O3, background concentrations for all CACs and formaldehyde are 

below air quality criteria. Background concentrations for other TOCs were also derived from 

monitoring data in the LFV and are listed in Appendix 9.2-A: Main Report; however, there 

are no ambient air quality criteria for these compounds in B.C. Formaldehyde is therefore 

the only compound compared to study criteria within this IC section, and other TOCs are 

presented in Appendix 9.2-A: Appendix D and described further in Section 27.0 Human 

Health. The O3 criteria for 24-h and annual average concentrations are exceeded even at 

remote locations on the west coast of Vancouver Island (McKendry et al. 2014). As such, 

the exceedance of these two criteria at Station T39 is not untypical for these 

averaging periods. 

It is important to note that any change in air quality associated with the Project will also 

exceed criteria when the background concentration is considered for ozone; therefore, for 

this substance, the results are presented and the discussion focuses on the relative 

incremental change with development of the Project without the inclusion of 98th percentile 

background air quality concentrations. 

                                          
8  The 98th percentile background concentration is the concentration below which 98 percent of all observations 

may be found. In other words, the 98th percentile background concentration is higher than 97.9 percent of all 

observations, and represents actual air quality only during 7 days in a one-year period. 
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Table 9.2-10 Background Concentrations for Criteria Air Contaminants 

CAC 
Averaging 

Period 
Assumed Background 

Concentration (µg/m3) 

Study Criteriaa 

(µg/m3) 

MV AAQO 

(µg/m3) 

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 12.8b 60 40 

SO2 

1-h 7.7 450 450 

24-h 5.1 150 125 

1-y 1.4b 25 30 

O3 

1-h 88.2 100 160 

8-h 84.7 121.6 126 

24-h 79.8 30 - 

1-y 45.9b 30 - 

PM 
24-h 46.2c 120 - 

1-y 20.6c 60 - 

PM10 
24-h 23.1d 50 50 

1-y 10.3b - 20 

PM2.5 
24-h 8.7 25 25 

1-y 3.5b 6 8 / 6e 

Notes: “-” indicates no criteria; bolded values exceed study criteria; refer to Table 9.2-4 for criteria 

sources; the background concentration, as the 98th 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 
a  The most stringent criteria from Table 9.2-4 
b  24-h mean background concentration assumed for use in the Air Quality Study 
c  PM background concentration assumed to be 2 x PM10 
d  98th percentile background concentration at Vancouver International Airport (100134) for 2010 to 

2012 assumed 

e  Planning goal - 6 µg/m3 

Table 9.2-11 Background Concentrations for Trace Organic Contaminants 

Compound 
Averaging 

Period 

Assumed 
Background 

Concentration 
(µg/m3) 

Study Criteria 

(µg/m3) 

Formaldehyde 1-h 3.58 60 

Notes: Refer to Table 9.2-4 for sources of criteria. 
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9.2.6.2 Modelling of Existing Conditions 

Even though the emissions from existing marine terminals at Roberts Bank are included in 

the background concentrations used in this assessment, it was necessary to model these 

emission sources for existing conditions in order to account for the anticipated emission 

reductions that would occur as a result of fleet turnover for ships, CHE, locomotives and on-

road vehicles that meet newer emission standards and ship fuel quality changes related to 

the North American ECA. The comparison of modelled emission scenarios for existing 

conditions can then be compared with the emissions for expected conditions in 2025 for 

these same sources in order to obtain a fair measure of the relative change in air quality to 

be expected from 2010 to 2025 for the emissions from existing terminals, before RBT2 

construction and operation commence. 

Modelling of existing conditions included emissions from the existing Roberts Bank terminals 

and B.C. Ferries Terminal for the 2010 horizon year. Emissions (in tonnes/year (t/y)) of 

GHG and black carbon are presented for each existing terminal in Table 9.2-12. 

Comparisons to air quality criteria are not provided for these three compounds as they have 

no associated regulatory criteria, as previously stated in Section 9.2.4. GHG and black 

carbon are presented in CO2e using Global Warming Potential conversion factors as defined 

by the Intergovernmental Panel on Climate Change (IPCC). The emissions in terms of CO2e 

are expressed for both the standard 100 year time frame, as well as for a 20 year time 

frame. Whereas a 100 year frame may be appropriate in relation to anticipated sea level 

rise, short time frames of several decades may be more important for other climate change 

effects. The choice of a time horizon may also be important with respect to policy 

considerations for reducing emissions. 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 several days. 

It may be not be appropriate therefore to add the CO2e for GHG and black carbon. 

Table 9.2-12 Existing Conditions - Annual Emissions for Greenhouse Gas and 

Black Carbon 

Terminals 

Annual GHG Emissions 

(t CO2e/y) 

Annual Black Carbon Emissions 

(t CO2e/y) 

20-year 100-year 20-year 100-year 

Deltaport Terminal 137,214 136,998 113,086 31,806 

Westshore Terminals 20,793 20,832 11,841 3,330 

B.C. Ferries Terminal 52,233 52,045 2,250 633 

Total 210,240 209,875 127,178 35,769 
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The results presented in this section focus on overland concentrations as these 

concentrations are relevant to the intent of criteria used in the assessment (note: changes 

in the concentrations of TOCs other than formaldehyde follow a similar pattern to that of 

formaldehyde, and these other contaminants are addressed in Section 27.0 Human 

Health). Maximum over-water concentrations are provided in Appendix 9.2-A: Main 

Report and discussed in Section 27.0 Human Health. 

Maximum predicted concentrations are provided in Table 9.2-13 for gaseous CACs and 

formaldehyde and in Table 9.2-14 for PM compounds (non-gaseous CACs). In each table: 

 The maximum overland concentration is provided, which is the maximum 

concentration from the over 8,000 grid receptor points predictions located on land. 

The location varies depending on where the maximum concentrations occurs (i.e., 

other concentrations on land receptor grid points will be lower than the maximum 

concentration presented); 

 Predicted maximum concentrations for each discrete receptor and for the maximum 

concentration do not include background concentrations (presented separately at the 

top of the tables), to allow for a more meaningful comparison between the 

predictions; 

 The maximum overland concentration as a percentage of the air quality criteria 

includes the 98th percentile background concentration, to allow for the comparison of 

potential aggregate changes in air quality to the applicable criteria; 

 Where criteria are exceeded (assuming the background concentration is included) 

these predictions are shown in bold font; and 

 Predicted maximum concentrations are shown for selected discrete receptors 9 , 

including Tsawwassen First Nation, Point Roberts 1, Delta Hospital, B.C. Ferries 

Terminal, and Air Quality Station T39 (refer to Figure 9.2-3 for specific locations). 

Key finding based on model predictions for existing conditions is as follows: 

 There are no instances of exceedances over land and in populated areas for any 

averaging period for CACs and formaldehyde. 

 

                                          
9  The selected discrete receptors were chosen from the 18 receptors assessed to focus the interpretation of the 

results on those receptors in closest proximity to the Project or those deemed to be particularly sensitive, such 

as at the Delta Hospital. The maximum predicted concentrations at all discrete receptor locations are provided 

in Appendix 9.2-A: Main Report. 
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Table 9.2-13 Existing Conditions - Predicted Maximum Concentrations for Gaseous Criteria Air Contaminants and 

Formaldehyde 

Concentrations (µg/m3) 

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 

Metro Vancouver 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 

Discrete Receptorsa  

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

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

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 

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

Maximum Predicted Over Land Concentration  

Over Landa 665.3 256.4 152.4 80.6 12.0 195.2 30.6 0.7 7.3 

Over Land as % of Criteriab  7% 11% 99% 58% 62% 45% 29% 8% 18% 

Notes:  “-” indicates no criteria;  
a. Predicted maximum concentrations for discrete receptors and the maximum overland receptor point do not include background 

concentrations. 
b. The maximum overland concentration as a percentage of the air quality criteria includes the background concentration. 
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Table 9.2-14 Existing Conditions - Predicted Maximum Concentrations for Particulate Criteria Air Contaminants 

Concentrations (µg/m3) 
PM PM10 PM2.5 

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

Study Criteria 120 60 50 - 25 6 

Metro Vancouver AAQO - - 50 20 25 8/6 

Background Concentration 46.2 20.6 23.1 10.3 8.7 3.5 

Discrete Receptorsa 

Tsawwassen First Nation 2.4 0.12 2.8 0.11 2.5 0.10 

Point Roberts 1 1.5 0.06 1.6 0.06 1.5 0.05 

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 

Air Quality Station T39 2.5 0.11 2.9 0.11 2.6 0.10 

Maximum Predicted Over Land Concentration 

Over Landa 5.1 0.6 6.5 0.6 5.3 0.5 

Over Land as % of Criteriab  43% 35% 59% - 56% 67% 

Notes: “-” indicates no criteria 
a. Predicted maximum concentrations for discrete receptors and the maximum overland receptor point do not include background 

concentrations. 
b. The maximum overland concentration as a percentage of the air quality criteria includes the background concentrations. 
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Existing Conditions Model Predictions Compared to Observation Data 

NO2 and SO2 concentrations for 2010 observations recorded at Station T39 and modelling 

results for this discrete receptor location were compared. NO2 could be emitted from many 

sources including local traffic and industry. Nevertheless, an overestimate of NO2 could 

indicate conservatism in the emissions estimations and model results. The dominant source 

of SO2 is from terminal operations; therefore, SO2 was a strong indicator of the model 

performance. 

For SO2 at Station T39, the predicted maximum concentration from the model is 

112.7 µg/m3 for a 1-h average. When the 98th percentile background of 7.7 µg/m3 is added 

to the predicted concentration, the total maximum concentration is 120.4 µg/m3. The 

maximum observed SO2 concentration at Station T39 for winds from the direction of Roberts 

Bank is 53.5 µg/m3 for the years 2010-2012. The model therefore predicts concentrations 

more than double those observed, indicating that the approach chosen for the assessment 

is conservative. 

NO2 at Station T39 follows a similar trend. The 1-hr predicted maximum concentration was 

163 µg/m3 (including 98th percentile background concentration) while the maximum 

observed concentration was 78 µg/m3. The predicted concentrations are more than double 

those observed at the station. 

These two examples illustrate the conservative nature of the emissions and other modelling 

assumptions, and justify the use of the model in future predictions and comparisons to 

existing conditions. 

9.2.7 Expected Conditions  

As stated previously in Section 9.2.5.3, air quality is anticipated to change in the 

future due to a number of regulatory initiatives, and activity-level changes at Deltaport 

and Westshore terminals (as outlined in Section 3.4.3 Geographical Setting, 

Projects Contributing to Expected Conditions). Activity levels were previously 

presented in Table 9.2-7. This section describes expected future predicted changes to air 

quality in 2025, assuming that Project development does not proceed. 

9.2.7.1 Regulatory Initiatives 

Regulatory initiatives and their incorporation in the assessment of future emissions are 

briefly described below for marine engines, CHE, and on-road vehicles. Initiatives for 

specific types of engines are discussed in more detail in Appendix 9.2-A: Main Report and 

Appendix A. 
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Marine Engines 

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

fuel quality standards as defined by the IMO in 2010 for the 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, which mandates the use of low sulphur fuels within 

a 370 km distance off 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%. Starting January 1, 2015, ships will 

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

reduction of SO2 emissions by approximately 96% from marine vessels compared to current 

levels. Because PM2.5 emissions are partially related to SO2 emissions, the reduction in fuel 

sulphur content will result in lower PM2.5 emissions as well.  

In addition, newer ships under the ECA will be required to have reduced NOx emission 

levels, resulting in 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. 

Cargo Handling Equipment  

New diesel-fuelled engines used in CHE will meet applicable engine emission standards. 

Cargo handling equipment emission reductions are 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 relevant to 

Roberts Bank are anticipated to occur as a result of the replacement of diesel-powered 

rubber-tired gantry cranes with electric-powered cranes at the Deltaport Terminal after 

2020 (refer to Appendix 9.2-A: Appendix A). 

On-Road and Off-Road Vehicles 

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

For trucks operating within PMV jurisdiction, a Truck Licensing System has been instituted 

that limits the age of trucks10. 

                                          
10  http://www.portmetrovancouver.com/en/portusers/landoperations/trucking/tls.aspx  
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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 

DPM 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. 

Rail Locomotives 

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

Understanding (MOU) to reduce emissions of CACs and GHGs over the period 2011 to 2015 

(TC 2013). Under the MOU, TC will be developing regulations to control CAC emissions 

under the Railway Safety Act. The proposed regulations would be aligned with U.S. 

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 U.S. emission standards, adopt operating practices 

aimed at reducing CAC emissions, and 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 SmartStart11 program instituted by Canadian rail companies, 

idling of locomotives will be discontinued.  

9.2.7.2 Other Emission Reduction Initiatives 

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

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

turn off their auxiliary engines. However, because it is uncertain as to what proportion of 

the container vessel fleet calling at Deltaport will be capable of using shore power in 2025, 

credit has not been assumed in the assessment for reduced emissions for marine vessels 

while at berth. Consequently, the projected changes in air quality as defined for emissions 

from berthing are higher than will likely be the case. It is estimated, however, that with the 

maximum benefit of one of the three berths at Deltaport Terminal fully utilising the available 

shore power, predicted future emissions of the contaminants of potential concern from ships 

at berth may be reduced by up to 3% to 33% for Deltaport Terminal. The estimated 

maximum reduction of ship emissions due to shore power are provided in Table 9.2-15 and 

Table 9.2-16 below (PMV 2014). 

                                          
11  Locomotives equipped with SmartStart® stop-start controls reduce idling time for locomotives and thus save 

on fuel consumption. 
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Table 9.2-15 Estimated Maximum Reductions of Ship at Berth Emissions at 

Deltaport Terminal due to Shore Power – Gaseous and Particulate 
CACs 

Terminal CO NOx SO2 Formaldehyde PM PM10 PM2.5 

Deltaport 
Terminal 

22% 24% 21% 32% 27% 27% 27% 

Note:  up to 33% reduction for other TOCs such as benzene, 1,3-butadiene, acetaldehyde and 
benzo(a)pyrene 

Table 9.2-16 Estimated Maximum Reductions of Ship at Berth Emissions at 

Deltaport Terminal due to Shore Power – GHG and Black Carbon 

Terminal 
GHG (as CO2e) 

Black Carbon 

(as CO2e) 

20-year 100-year 20-year 100-year 

Deltaport Terminal 21% 21% 3% 3% 

Shore power and other initiatives by PMV to reduce emissions, such as the Northwest Ports 

Clean Air Strategy, are described in Appendix 6-B Land Use and Resource 

Management Policies, Plans, and Initiatives of Relevance to Roberts Bank 

Terminal 2. 

9.2.7.3 Coal Dust from Westshore Terminals 

The potential effect on air quality from fugitive coal dust at Westshore Terminals due to 

increased terminal throughput in the future was considered incrementally, as PM emissions 

from coal dust have been considered separately from engine-combustion PM emissions. 

Predicted concentrations of PM, PM2.5, and PM10 for coal dust related emissions are provided 

in Section 9.2.9.4 and study details are provided in Appendix 9.2-A: Appendix H. 

9.2.7.4 Modelling of Expected Conditions 2025 

The results of emissions estimates and modelling conducted for expected conditions in 2025 

are summarised in this section and additional details are provided in Appendix 9.2-A: Main 

Report (emission estimates and modelling results), Appendix A (emissions estimating 

methods) and Appendix D (modelling results for CACs and TOCs). Activities considered in 

the assessment include the existing Roberts Bank terminals, and B.C. Ferries Terminal 

operations. The calculation of the emissions considered technology changes, activity levels 

and regulatory initiatives described previously. Emissions were inventoried for all COPCs, 

with modelling conducted for those contaminants with associated criteria and those TOCs 

with relevance to human health. 
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Annual emissions for GHG and black carbon (substances without regulatory criteria) are 

summarised in Table 9.2-17. Annual emissions of CACs and TOCs are provided in 

Appendix 9.2-A: Main Report.  

Table 9.2-17 Expected Conditions - Annual Greenhouse Gas and Black Carbon 

Emissions 

Terminal 

Annual GHG Emissions 

(t CO2e/y) 

Annual Black Carbon Emissions 

(t CO2e/y) 

20-year 100-year 20-year 100-year 

Deltaport Terminal 195,531 195,121 48,484 13,636 

Westshore Terminals 20,707 20,731 4,368 1,229 

B.C. Ferries Terminal 51,588 51,400 1,648 464 

Total  267,826 267,252 54,501 15,328 

Note: Emissions do not consider benefits of shore power 

Maximum concentration predictions for gaseous CACs at selected receptor locations are 

provided in Table 9.2-18 and for PM compounds in Table 9.2-19. The explanations 

described in Section 9.2.6.2 with respect to maximum concentrations and exclusion or 

inclusion of background concentrations is applicable to each table that follows. 

Key findings based on model predictions for 2025 expected conditions are as follows: 

 There are no instances of exceedances over land and in populated areas for any 

averaging period for CACs or formaldehyde. 
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Table 9.2-18 Expected Conditions - Predicted Maximum Concentrations for Gaseous Criteria Air Contaminants 

and Formaldehyde 

Concentrations (µg/m3) 

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 

Metro Vancouver 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 

Discrete Receptorsa 

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

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

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 

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

Maximum Over Land Predicted Concentration 

Over Landa 329.7 165.3 124.0 43.9 8.1 10.5 1.7 0.06 4.3 

Over Land as % of Criteriab 5% 9% 42% 39% 35% 4% 5% 6% 13% 

Notes: “-” indicates no criteria 
a. Predicted maximum concentrations for discrete receptors and the maximum overland receptor point do not include background 

concentrations. 
b. The maximum overland concentration as a percentage of the air quality criteria includes the background concentrations. 
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Table 9.2-19 Expected Conditions - Predicted Maximum Concentrations for Particulate Criteria Air Contaminants 

Concentrations (µg/m3) 
PM PM10 PM2.5 

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

Study Criteria 120 60 50 - 25 6 

Metro Vancouver AAQO - - 50 20 25 8/6 

Background Concentration 46.2 20.6 23.1 10.3 8.7 3.5 

Discrete Receptorsa 

Tsawwassen First Nation 0.9 0.07 1.0 0.1 0.8 0.05 

Point Roberts 1 0.6 0.04 0.6 0.0 0.5 0.03 

Delta Hospital 0.2 0.01 0.3 0.0 0.3 0.01 

B.C. Ferries Terminal 6.4 0.58 6.7 0.6 5.3 0.46 

Air Quality Station T39 1.0 0.07 1.1 0.1 0.9 0.06 

Maximum Over Land Predicted Concentration 

Over Landa 2.7 0.37 3.5 0.4 1.9 0.24 

Over Land as % of Criteriab 41% 35% 53% - 42% 62% 

Notes: “-” indicates no criteria 
a. Predicted maximum concentrations for discrete receptors and the maximum overland receptor point do not include background 

concentrations. 
b. The maximum overland concentration as a percentage of the air quality criteria includes the background concentrations. 
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9.2.8 Future Conditions with the Project 

The sections below summarise predicted changes to air quality related to the Project 

construction and operation phases. Additional details on total emissions and dispersion 

modelling results are provided in Appendix 9.2-A: Main Report, Appendix A and 

Appendix D. 

9.2.8.1 Construction Phase 

Predicted maximum concentrations for gaseous CACs and formaldehyde are presented in 

Table 9.2-20 for average day Project construction activity, and Table 9.2-21 for average 

day Project construction activity plus expected conditions (i.e., operations at the existing 

Westshore, Deltaport, and B.C. Ferries terminals in 2025, as explained previously). There 

are no predicted exceedances for gaseous CACs or formaldehyde predicted at discrete 

receptor locations or for the maximum concentrations over land. Based on comparisons of 

concentrations in Table 9.2-20 and Table 9.2-21, Project construction activities are 

predicted to have a negligible effect on air quality with respect to SO2 for all averaging 

periods because these levels are mostly determined by the emissions from ships berthed at 

the existing terminals. The maximum predicted 1-hour, 24-hour and annual average NO2 

concentrations at over-water locations from Project construction activity in the future 

conditions with the Project case are similar to those in the expected conditions case 

(without the Project), indicating that the construction activity would not change the overall 

estimate of NO2 levels. The maximum NO2 concentrations do not exceed the study criteria 

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 methodological reasons discussed in Appendix 9.2-A: Main Report and Appendix C. 
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Table 9.2-20 Predicted Maximum Concentrations for Gaseous Criteria Air Contaminants and Formaldehyde 

(µg/m3) – Average Day Project Construction (Project Only) 

Concentrations (µg/m3) 

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 

Metro Vancouver 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 

Discrete Receptorsa          

Tsawwassen First Nation 21.7 5.5 62.6 6.7 0.7 0.04 0.004 0.0004 0.821 

Point Roberts 1 10.1 3.1 28.4 3.4 0.3 0.02 0.002 0.0002 0.397 

Delta Hospital 5.9 2.7 17.1 1.7 0.2 0.01 0.002 0.0001 0.224 

B.C. Ferries Terminal 124.5 31.1 123.1 42.2 3.0 0.21 0.028 0.0018 4.934 

Air Quality Station T39 22.9 4.7 64.3 5.8 0.6 0.04 0.004 0.0004 0.907 

Maximum Over Land Predicted Concentration  

Maximum Over Landa 199.4 38.8 144.1 48.9 5.2 0.3 0.04 0.003 7.9 

Max Over Land % of Study 
Criteriab 

4% 7% 47% 42% 30% 2% 3% 6% 13% 

Notes: “-” indicates no criteria 
a. Predicted maximum concentrations for discrete receptors and the maximum overland receptor point do not include background 

concentrations. 
b. The maximum overland concentration as a percentage of the air quality criteria includes the background concentrations 
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Table 9.2-21 Predicted Maximum Concentrations for Gaseous CACs and Formaldehyde - Average Day Project 

Construction plus Expected Conditions (Operations at Westshore Terminals, Deltaport Terminal and 
B.C. Ferries Terminal) 

Concentrations (µg/m3) 

CO NO2 SO2 Formaldehyde 

1-h 
8-h 

Rolling 
1-h 1-h Annual 1-h 

24-h 
Rolling 

Annual 1-h 

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

Metro Vancouver AAQO 30,000 10,000 200 - 40 450 125 30 - 

Background Concentration 371.2 339.3 44.7 3.58 12.8 7.7 5.1 1.4 3.58 

Discrete Receptorsa          

Tsawwassen First Nation 161.0 30.0 106.5 19.1 2.5 4.7 0.8 0.06 2.8 

Point Roberts 1 46.9 19.5 90.9 15.1 1.5 3.2 0.5 0.04 0.8 

Delta Hospital 29.5 12.6 47.9 5.5 0.6 2.3 0.3 0.01 0.5 

B.C. Ferries Terminal 578.3 307.1 131.1 81.8 18.5 13.6 4.2 0.45 6.7 

Air Quality Station T39 105.1 33.6 102.1 19.8 2.7 6.3 0.8 0.07 1.7 

Maximum Over Land Predicted Concentration  

Maximum Over Landa 239.5 84.1 147.6 70.8 12.5 10.4 1.7 0.1 8.5 

Max Over Land % of Study 
Criteriab 

4% 8% 48% 53% 42% 4% 5% 6% 28% 

a. Notes: “-” indicates no criteria Predicted maximum concentrations for discrete receptors and the maximum overland receptor point do not 

include background concentrations 
b. The maximum overland concentration as a percentage of the air quality criteria includes the background concentrations 
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Predicted maximum PM, PM10, and PM2.5 concentrations are presented in Table 9.2-22 for 

average day Project construction activity only, and in Table 9.2-23 for average day Project 

construction activities plus expected conditions (i.e., operations at the existing Westshore 

Terminals, Deltaport Terminal, and the B.C. Ferries terminal). 

As shown in both tables, there are no exceedances for PM CACs predicted at discrete 

receptor locations or for maximum over land concentrations. The differences with and 

without construction activity are negligible (i.e., less than or equal to 1 µg/m3), depending 

on location, with the exception of those at the B.C. Ferries Terminal where construction 

activity would add approximately 4-12 µg/m3 (24-h average) to existing air quality levels of 

PM, PM10 and PM2.5. 

The greatest change from construction activity would be in areas over water in the vicinity 

of the construction works.  

Table 9.2-22 Predicted Maximum Particulate Criteria Air Contaminant 

Concentrations for Average Day Project Construction Activities 

(Project Only) 

Concentrations (µg/m3) 

PM PM10 PM2.5 

24-h Annual 
24-h 

Rolling 
Annual 

24-h 
Rolling 

Annual 

Study Criteria 120 60 50 - 25 6 

Metro Vancouver AAQO - - 50 20 25 6 

Background Concentration 46.2 20.6 23.1 10.3 8.7 3.5 

Discrete Receptorsa       

Tsawwassen First Nation 2.6 0.4 2.2 0.19 0.4 0.04 

Point Roberts 1 0.8 0.1 0.8 0.07 0.3 0.02 

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 

Air Quality Station T39 1.7 0.2 1.4 0.14 0.5 0.04 

Maximum Over Land Predicted Concentration 

Maximum Over Landa 37.8 5.3 15.9 1.9 5.6 0.25 

Max Over Land % of Study 
Criteriab  

70% 43% 78% - 57% 63% 

Notes: “-” indicates no criteria 
a. Predicted maximum concentrations for discrete receptors and the maximum overland receptor point 

do not include background concentrations. 
b. The maximum overland concentration as a percentage of the air quality criteria includes the 

background concentrations 
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Table 9.2-23 Predicted Maximum Particulate CAC Concentrations for Average 

Day Project Construction Activities plus Expected Conditions 
(Operations at Westshore Terminals, Deltaport Terminal and the 

B.C. Ferries Terminal)  

Concentrations (µg/m3) 

PM PM10 PM2.5 

24-h Annual 
24-h 

Rolling 
Annual 

24-h 
Rolling 

Annual 

Study Criteria 120 60 50 - 25 6 

Metro Vancouver AAQO - - 50 20 25 6 

Background Concentration 46.2 20.6 23.1 10.3 8.7 3.5 

Discrete Receptorsa       

Tsawwassen First Nation 3.3 0.5 2.6 0.3 1.2 0.12 

Point Roberts 1 1.3 0.2 1.3 0.1 0.8 0.08 

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 

Air Quality Station T39 2.6 0.3 2.4 0.3 1.4 0.14 

Maximum Over Land Predicted Concentration 

Maximum Over Landa 38.6 5.7 17.1 2.3 6.9 0.49 

Max Over Land % of Study 
Criteriab 

71% 44% 80% - 62% 67% 

Notes: “-” indicates no criteria 
a. Predicted maximum concentrations for discrete receptors and the maximum overland receptor point 

do not include background concentrations. 
b. The maximum overland concentration as a percentage of the air quality criteria includes the 

background concentrations 

9.2.8.2 Operation Phase 

The emissions and modelling results for future Project operation activities in 2025 are 

summarised in this section. Activities considered in the assessment include terminal 

operations at RBT2, Westshore Terminals, Deltaport Terminal, and the B.C. Ferries 

Terminal. Emission calculations considered technology changes, activity levels, and 

regulatory initiatives previously described and utilised in the assessment of expected 

conditions (Section 9.2.7). 

Annual emissions of CACs and TOCs are provided in Appendix 9.2-A: Main Report. Annual 

emissions for GHG and black carbon for future conditions with the Project are summarised 

in Table 9.2-24. 
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Table 9.2-24 Future Conditions with the Project - Annual Greenhouse Gas and 

Black Carbon Emissions 

Terminal 

Annual GHG Emissions 

(t CO2e/y) 

Annual Black Carbon Emissions 

(t CO2e/y) 

20-year 100-year 20-year 100-year 

RBT2 141,386 141,177 13,301 3,741 

Deltaport Terminal 193,902 193,502 48,432 13,622 

Westshore Terminals 20,707 20,731 4,368 1,229 

B.C. Ferries Terminal 51,588 51,400 1,648 464 

Total 407,584 406,810 67,750 19,055 

Note: emissions do not consider benefits of shore power 

Maximum predicted concentrations for future conditions with the Project are provided for 

gaseous CACs in Table 9.2-25 and for PM compounds in Table 9.2-26. A description of the 

information contained within the tables is as previously described in Section 9.2.6.2. 
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Table 9.2-25 Future Conditions - Predicted Maximum Concentrations for Gaseous Criteria Air Contaminants and 

Formaldehyde 

Concentrations (µg/m3) 

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 

Metro Vancouver 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 3.6 

Discrete Receptorsa 

Tsawwassen First Nation 219.9 72.8 119.8 18.5 1.7 6.9 1.2 0.03 3.9 

Point Roberts 1 67.1 27.2 98.7 14.1 0.8 4.8 0.7 0.02 0.8 

Delta Hospital 51.4 27.4 86.2 5.3 0.4 3.5 0.4 0.01 0.8 

B.C. Ferries Terminal 729.2 507.8 133.5 81.8 10.1 14.3 4.2 0.26 6.9 

Air Quality Station T39 143.2 48.0 105.9 17.3 1.5 6.4 1.0 0.04 1.6 

Maximum Over Land Predicted Concentration 

Over Landa 953.9 480.4 247.4 81.5 16.4 14.9 2.7 0.08 19.9 

Over Land as % of Criteriab 9% 15% 73% 58% 49% 5% 6% 6% 39% 

Notes: “-” indicates no criteria 
a. Predicted maximum concentrations for discrete receptors and the maximum overland receptor point do not include background 

concentrations. 
b. The maximum overland concentration as a percentage of the air quality criteria includes the background concentrations. 
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Table 9.2-26 Future Conditions - Predicted Maximum Particulate Criteria Air Contaminant Concentrations 

Concentrations (µg/m3) 
PM PM10 PM2.5 

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

Study Criteria 120 60 50 - 25 6 

Metro Vancouver AAQO - - 50 20 25 8/6 

Background Concentration 46.2 20.6 23.1 10.3 8.7 3.5 

Discrete Receptorsa 

Tsawwassen First Nation 1.1 0.09 1.3 0.09 1.1 0.07 

Point Roberts 1 0.7 0.04 0.8 0.04 0.7 0.04 

Delta Hospital 0.3 0.02 0.5 0.02 0.4 0.02 

B.C. Ferries Terminal 6.4 0.61 6.7 0.61 5.3 0.48 

Air Quality Station T39 1.2 0.08 1.3 0.08 1.0 0.07 

Maximum Predicted Over Land Concentration 

Over Landa 5.6 0.75 7.6 0.75 4.1 0.48 

Over Land as % of Criteriab 43% 36% 61% - 51% 67% 

Notes: “-” indicates no criteria 
a. Predicted maximum concentrations for discrete receptors and the maximum overland receptor point do not include background 

concentrations. 
b. The maximum overland concentration as a percentage of the air quality criteria includes the background concentrations. 
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Predicted maximum concentrations for ground-level O3 emissions in 2025 for existing 

conditions, expected conditions and future conditions with the Project are summarised in 

Table 9.2-27. Ozone levels are related to NOx and VOC levels. NOx emissions are lower in 

the expected conditions case than in the future conditions case. The higher predicted 

NO2 concentrations in the future conditions case with the Project (see Table 9.2-18 and 

Table 9.2-25) compared to the expected conditions (see Table 9.2-18) results in lower O3 

concentrations due to the beneficial effects of increased NOx emissions that titrate (reduce) 

O3 concentrations. Overall, the change in O3 concentrations was deemed to be negligible 

because the estimated changes are within the range of accuracy of O3 sampling equipment 

(i.e., 2 µg/m3). The change in O3 levels, without RBT2 (expected conditions) or with RBT2 

(future conditions), would therefore be within the error level of O3 monitoring equipment, 

and therefore, changes in O3 levels may not be measurable within the LSA. 

Table 9.2-27 Predicted Concentrations for Ozone 

Operating 
Condition 

Discrete Receptor 
O3 Concentration, µg/m3 

1-h 8-h 24-h Annual 

Study Criteria 100 121.6 30 30 

Metro Vancouver AAQO 160 126 - - 

Existing 

Conditions 

Background Concentration 88.2 84.7 79.8 45.9 

Max Over Land % of Criteria 88% 70% 266% 153% 

Expected 
Conditions 

Increment at Air Quality Station T39 2.18 2.18 2.18 0.19 

Max Over Land % 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 Over Land % of Criteria 
(including background) 

90% 71% 271% 153% 

The key findings based on model predictions for future conditions with the Project (in 2025) 

are similar to the findings for expected conditions. There are no instances of criteria 

exceedances in populated areas for any averaging period for CACs and formaldehyde. 

Additional comparisons of future conditions with the Project to existing conditions and 

expected conditions are provided in Section 9.2.10. 
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Other Emission Reduction Initiatives 

For container ships at RBT2, shore power will be available so that ships that are equipped to 

connect to shore power facilities will be able to turn off their auxiliary engines. However, 

because it is uncertain as to what proportion of the container vessel fleet calling at RBT2 will 

be capable of using shore power in 2025, credit has not been assumed in the assessment 

for reduced emissions for marine vessels while at berth. Consequently, the projected 

changes in air quality as defined for emissions from berthing are higher than will likely be 

the case. It is estimated, however, that with the maximum benefit of the three berths at 

RBT2 fully utilising the available shore power, predicted future emissions of the 

contaminants of potential concern from ships at berth may be reduced by up to 10% to 

98%, based on estimated reductions at Deltaport, as shown for gaseous and particulate 

CACs in Table 9.2-28 and for GHG and black carbon in Table 9.2-29 below (PMV 2014). 

Table 9.2-28 Estimated Maximum Reductions of Ship at Berth Emissions at RBT2 
due to Shore Power – Gaseous and Particulate Criteria Air 

Contaminants 

Terminal CO NOx SO2 Formaldehyde PM PM10 PM2.5 

Roberts 
Bank 
Terminal 2 

65% 71% 62% 97% 81% 81% 81% 

Note:  up to 98% reduction for other TOCs such as benzene, 1,3-butadiene, acetaldehyde and 

benzo(a)pyrene 

Table 9.2-29 Estimated Maximum Reductions of Ship at Berth Emissions at RBT2 

due to Shore Power – GHG and Black Carbon 

Terminal 

GHG 

(as CO2e) 

Black Carbon 

(as CO2e) 

20-year 100-year 20-year 100-year 

Roberts Bank Terminal 2 62% 62% 10% 10% 

9.2.9 Future Conditions with the Project and Other Projects and Activities 

Project-related changes in air quality in combination with the changes from other projects 

and activities that have been carried out (existing conditions) and will be carried out 

(expected conditions) are described in Section 9.2.8. The emissions estimates and 

modelling results conducted for future conditions with the Project and other certain and 

reasonably foreseeable projects and activities in 2025 (described in Table 8-8 Project and 

Activity Inclusion List) are summarised in this section. Additional details pertaining to this 

assessment of cumulative change are provided in Appendix 9.2-A: Main Report.  
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A total of four projects and three activities were included in the assessment of cumulative 

change, as indicated in Appendix 9.2-B Rationale for Inclusion/Exclusion of Other 

Certain and Reasonably Foreseeable Projects in the Cumulative Change 

Assessment of Air Quality; this appendix also provides the rationales for inclusion, as 

well as the exclusion of other projects that were considered. The assessment of cumulative 

change based on anticipated road, rail and marine traffic increases for these projects and 

the incremental increase for RBT2 are briefly described below and assessment results are 

provided in the tables that follow. 

9.2.9.1 Road Traffic for Other Projects and RBT2 

Emission increases from road traffic associated with the projects in Appendix 9.2-B are 

anticipated to be negligible, as vehicle-related emissions are expected to continue to 

decrease in the future due to improvements in engine technologies (i.e., emission decreases 

from new technologies will offset increased traffic levels) and fleet turnover to newer 

vehicles that meet more stringent emission standards. Emissions from future traffic 

associated with these other projects, therefore, are considered to be accounted for in the 

conservative estimates of existing background concentrations as described in 

Section 9.2.6. Emissions from incremental road traffic associated with RBT2 were 

incorporated into evaluation of on-road traffic in the LSA, specifically for the traffic along 

Deltaport Way on the causeway (see Appendix 9.2-A: Main Report and Appendices A and 

C for more information).  

9.2.9.2 Incremental Rail Traffic Associated with RBT2  

The future cumulative change to air quality from rail activities associated with RBT2-related 

rail activity in the LSA off the Roberts Bank causeway was considered in this assessment. 

Details are provided in Appendix 9.2-A: Main Report and Appendix G. 

9.2.9.3  Marine Vessel Traffic for Other Projects and RBT2  

Although increased ship traffic levels associated with other certain and reasonably 

foreseeable projects in the region have the potential to cumulatively increase air quality 

emissions over an annual time scale, the change in short-term traffic levels on an average 

hourly or average daily basis would not be dissimilar to current levels (i.e., overall total 

annual traffic levels may increase as a result of the cumulative effect of all anticipated new 

traffic combined, but the average number of ships in a given hour or day would not 

necessarily be very different from those traffic levels already experienced under existing 
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conditions). As such, these types of emissions are already included in the conservative 

estimates of background air quality. The results from ship traffic increases, including ships 

destined for RBT2, are therefore provided incrementally only for comparative purposes in 

the tables that follow. A complete description of the assessment of ships underway within 

the Strait of Georgia and the South Arm of the Fraser River is provided in Appendix 9.2-A: 

Appendix F. 

9.2.9.4 Assessment of Cumulative Change Results 

The tables below provide the maximum predicted air concentrations for each averaging 

period at select receptor locations, as well as the total cumulative effect concentration. The 

contribution of each activity at each receptor for each hour in the year was used to develop 

the cumulative concentrations at each receptor. Consequently, the cumulative 

concentrations provided in the table do not necessarily reflect the total of the individual 

activities12.  

Predicted maximum combined CAC concentrations for future conditions with the Project plus 

future emissions from incremental rail traffic associated with other projects and activities 

that will be carried out are presented in Table 9.2-30 to Table 9.2-33 for CO, SO2, NO2 

and formaldehyde, respectively. Emissions from incremental road traffic and ships underway 

are considered to be incorporated in the background air quality levels as previously stated in 

Sections 9.2.9.1 and 9.2.9.2. Potential changes in O3 are predicted to be negligible and 

are not considered further. 

There are no predicted exceedances for gaseous CACs or formaldehyde predicted at discrete 

receptor locations, even with the inclusion of the background concentrations.  

Predicted maximum PM, PM10, and PM2.5 are presented in Table 9.2-34 to Table 9.2-36, 

respectively for future conditions with the Project plus future emissions from incremental 

rail traffic associated with other projects and activities that will be carried out. Emissions 

from incremental road traffic and ships underway and fugitive coal dust are considered to be 

incorporated in the background air quality levels (Note that the increase in fugitive coal dust 

from existing conditions to expected conditions is less than 4%, such that any increase 

                                          
12  For example, the sum of 1-h average CO concentrations at the Delta Hospital of 51 µg/m3 from the four 

terminal operations plus the 15 µg/m3 from the emissions from rail activity within the LSA does not equal the 

60 µg/m3 indicated in the column for cumulative changes because the maximum predicted concentrations for 

the terminal operations and the rail yards does not occur in the same location at the same time during the 

year modelled. 
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in ambient fugitive coal dust concentrations would be negligible). Future coal dust 

concentrations, therefore, are listed separately from engine combustion-related PM. Similar 

to the gaseous CACs, there are no predicted exceedances for PM CACs at discrete receptor 

locations, even with the inclusion of the background concentrations.  

Table 9.2-30 Future Conditions with the Project and Other Certain and 

Reasonably Foreseeable Projects and Activities - Predicted CO 
Concentrations 

  Predicted Concentrations (µg/m3)a 
Cumulative 

Change as % 
of Study 

Criteria (incl. 
background) 

 

Future 
Conditions 

with 
Project 

Ships 

Underwayb 

Combined 
Rail 

Activityc 

Cumulative 

Changed  

 1-h Average CO  

Study Criteria 14,300 
 

Metro Vancouver 

AAQO 
30,000 

 

Background 

Concentration 
371 

 

Tsawwassen First 
Nation 

220 2 15 220 4% 

Point Roberts 1 67 3 2 67 3% 

Delta Hospital 51 2 15 60 3% 

B.C. Ferries Terminal 729 3 4 730 8% 

Air Quality Station T39 143 3 4 143 4% 

 8-h Rolling Average CO  

Criteria 5,500 
 

Metro Vancouver 

AAQO 
10,000 

 

Background 
Concentration 

339 
 

Tsawwassen First 

Nation 
73 1 9 74 8% 

Point Roberts 1 27 1 1 27 7% 

Delta Hospital 27 1 6 33 7% 

B.C. Ferries Terminal 508 1 2 508 15% 

Air Quality Station T39 48 1 2 49 7% 

Notes:  
a. Predicted maximum concentrations for discrete receptors do not include background concentrations.  
b. To avoid double-counting of emissions from ships underway (i.e., 88% of ship emissions 

concentrations are included in background air quality for existing conditions due to current ship 
activity levels), this column is not included in the cumulative change total. 

c. Combined rail activity includes yards and main rail lines located within the LSA beyond the Project 
area boundary. 

d. Cumulative change includes future conditions with the Project and combined rail activity. Cumulative 
change concentrations are not necessarily the same as the sum of the individual activities. 
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Table 9.2-31 Future Conditions with the Project and Other Certain and 

Reasonably Foreseeable Projects and Activities - Predicted NO2 
Concentrations  

 

Predicted Concentrations (µg/m3)a Cumulative 

Change as % 

of Study 
Criteria (incl. 
background) 

Future 
Conditions 

with 

Project 

Ships 
Underwayb 

Combined 
Rail 

Activityc 

Cumulative 
Changed  

 1-h Average NO2  

Study Criteria 400 
 

Metro Vancouver 

AAQO 
200 

 

Background 

Concentration 
44.7 

 

Tsawwassen First 

Nation 
120 20 57 120 41% 

Point Roberts 1 99 36 8 99 36% 

Delta Hospital 86 17 55 86 33% 

B.C. Ferries Terminal 133 26 14 148 48% 

Air Quality Station T39 106 34 16 106 38% 

 24-h Average NO2  

Study Criteria 200 
 

Metro Vancouver 
AAQO 

- 
 

Background 
Concentration 

34.9 
 

Tsawwassen First 
Nation 

18.5 4.5 10.0 24.8 30% 

Point Roberts 1 14.1 5.4 1.1 14.1 25% 

Delta Hospital 5.3 3.6 10.6 13.7 24% 

B.C. Ferries Terminal 81.8 4.1 1.6 81.8 58% 

Air Quality Station T39 17.3 5.2 2.3 18.2 27% 

 Annual Average NO2  

Study Criteria 60 
 

Metro Vancouver 
AAQO 

40 
 

Background 
Concentration 

12.8 
 

Tsawwassen First 

Nation 
1.7 0.6 1.3 3.1 26% 

Point Roberts 1 0.8 0.8 0.1 0.9 23% 
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Predicted Concentrations (µg/m3)a Cumulative 
Change as % 

of Study 
Criteria (incl. 

background) 

Future 
Conditions 

with 
Project 

Ships 

Underwayb 

Combined 
Rail 

Activityc 

Cumulative 

Changed  

Delta Hospital 0.4 0.5 1.5 1.9 24% 

B.C. Ferries Terminal 10.1 0.6 0.1 10.3 38% 

Air Quality Station T39 1.5 0.8 0.2 1.7 24% 

Notes: “-” indicates no criteria 
a. Predicted maximum concentrations for discrete receptors do not include background 

concentrations. 
b. To avoid double-counting of emissions from ships underway (i.e., 88% of ship emissions are 

included in background air quality for existing conditions due to current ship activity levels), this 
column is not included in the cumulative effects total. 

c. Combined rail activity includes yards and main rail lines located within the LSA beyond the Project 
area boundary. 

d. Cumulative change includes future conditions with the Project and combined rail activity. 
Cumulative change concentrations are not necessarily the same as the sum of the individual 
activities. 

Table 9.2-32  Future Conditions with the Project and Other Certain and 
Reasonably Foreseeable Projects and Activities - Predicted SO2 

Concentrations  

 

Predicted Concentrations (µg/m3)a 
Cumulative 

Change as % 

of Study 

Criteria (incl. 
background) 

Future 

Conditions 

with 
Project 

Ships 

Underwayb 

Combined 

Rail 
Activityc 

Cumulative 

Changed  

 1-h Average SO2  

Study Criteria 450 
 

Metro Vancouver 
AAQO 

450 
 

Background 

Concentration 
7.7 

 

Tsawwassen First 

Nation 
6.9 0.5 0.04 6.9 3% 

Point Roberts 1 4.8 1.0 0.01 4.8 3% 

Delta Hospital 3.5 0.4 0.05 3.5 2% 

B.C. Ferries Terminal 14.3 0.8 0.01 14.3 5% 

Air Quality Station T39 6.4 1.0 0.01 6.4 3% 

 24-h Rolling Average SO2  

Study Criteria 150 
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Predicted Concentrations (µg/m3)a 
Cumulative 

Change as % 
of Study 

Criteria (incl. 
background) 

Future 
Conditions 

with 
Project 

Ships 

Underwayb 

Combined 
Rail 

Activityc 

Cumulative 

Changed  

Metro Vancouver 
AAQO 

125 
 

Background 

Concentration 
5.1 

 

Tsawwassen First 

Nation 
1.2 0.1 0.010 1.2 4% 

Point Roberts 1 0.7 0.1 0.001 0.7 4% 

Delta Hospital 0.4 0.1 0.009 0.4 4% 

B.C. Ferries Terminal 4.2 0.1 0.002 4.2 6% 

Air Quality Station T39 1.0 0.1 0.002 1.0 4% 

 Annual Average SO2  

Study Criteria 25 
 

Metro Vancouver 

AAQO 
30 

 

Background 

Concentration 
1.4 

 

Tsawwassen First 
Nation 

0.030 0.014 0.0009 0.035 6% 

Point Roberts 1 0.020 0.019 0.0001 0.024 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% 

Air Quality Station T39 0.040 0.018 0.0001 0.043 6% 

Notes:  
a. Predicted maximum concentrations for discrete receptors do not include background 

concentrations. 
b. To avoid double-counting of emissions from ships underway (i.e., 88% of ship emissions are 

included in background air quality for existing conditions due to current ship activity levels), this 
column is not included in the cumulative effects total. 

c. Combined rail activity includes yards and main rail lines located within the LSA beyond the Project 

area boundary. 
d. Cumulative change includes future conditions with the Project and combined rail activity. 

Cumulative change concentrations are not necessarily the same as the sum of the individual 
activities. 
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Table 9.2-33 Future Conditions with the Project and Other Certain and 

Reasonably Foreseeable Projects and Activities - Predicted 
Formaldehyde Concentrations 

 

1-h Average Formaldehyde (µg/m3)a 
Cumulative 

Change as % 
of Study 

Criteria (incl. 
background) 

Future 
Conditions 

with 
Project 

Ships 

Underwayb 

Combined 
Rail 

Activityc 

Cumulative 

Changed  

Study Criteria 60 
 

Metro Vancouver 

AAQO 
- 

 

Background 
Concentration 

3.58 
 

Tsawwassen First 
Nation 

3.9 0.01 0.9 6.9 17% 

Point Roberts 1 0.8 0.02 0.1 4.8 14% 

Delta Hospital 0.8 0.01 0.7 3.5 12% 

B.C. Ferries Terminal 6.9 0.02 0.2 14.3 30% 

Air Quality Station 

T39 
1.6 0.02 0.2 6.4 17% 

Notes: “-” indicates no criteria 
a. Predicted maximum concentrations for discrete receptors do not include background 

concentrations. 
b. To avoid double-counting of emissions from ships underway (i.e., 88% of ship emissions are 

included in background air quality for existing conditions due to current ship activity levels), this 
column is not included in the cumulative effects total. 

c. Combined rail activity includes yards and main rail lines located within the LSA beyond the Project 
area boundary. 

d. Cumulative change includes future conditions with the Project and combined rail activity. 
Cumulative change concentrations are not necessarily the same as the sum of the individual 

activities. 
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Table 9.2-34 Future Conditions with the Project and Other Certain and 

Reasonably Foreseeable Projects and Activities - Predicted PM 
Concentrations 

 

Predicted Concentrations (µg/m3)a Cumulative 

Change as 
% of Study 

Criteria 

(incl. 
background) 

Future 

Conditions 
with 

Project 

Ships 

Underwayb 

Combined 

Rail 
Activityc 

Fugitive 

Coal 
Dustd 

Cumulativ

e Changee 

 24-h Average PM  

Study Criteria 120 

Metro 

Vancouver 

AAQO 

- 

Background 

Concentration 
46.2 

Tsawwassen 

First Nation 
1.1 0.1 0.23 1.2 1.2 40% 

Point Roberts 

1 
0.7 0.1 0.02 0.7 0.7 39% 

Delta Hospital 0.3 0.1 0.25 0.3 0.5 39% 

B.C. Ferries 

Terminal 
6.4 0.1 0.04 7.0 6.4 44% 

Air Quality 

Station T39 
1.2 0.1 0.05 1.3 1.2 40% 

 Annual Average PM  

Study Criteria 60 

Metro 

Vancouver 
AAQO 

- 

Background 

Concentration 
20.6 

Tsawwassen 

First Nation 
0.09 0.013 0.030 0.08 0.12 35% 

Point Roberts 

1 
0.04 0.016 0.002 0.05 0.04 34% 

Delta Hospital 0.02 0.010 0.036 0.02 0.06 34% 

B.C. Ferries 

Terminal 
0.61 0.013 0.003 0.84 0.61 35% 

Air Quality 

Station T39 
0.08 0.016 0.005 0.11 0.09 34% 

Notes: “-” indicates no criteria 
a. Predicted maximum concentrations for discrete receptors do not include background 

concentrations.  
b. To avoid double-counting of emissions from ships underway (i.e., 88% of ship emissions are 

included in background air quality for existing conditions due to current ship activity levels), this 
column is not included in the cumulative effects total. 

c. Combined rail activity includes yards and main rail lines located within the LSA beyond the Project 
area boundary. 

d. Due to different properties of fugitive coal dust PM and fuel combustion-related PM, this column is 
presented separately for information purposes only and is not included in the cumulative change 
total.  

e. Cumulative change includes future conditions with the Project and combined rail activity. 

Cumulative change concentrations are not necessarily the same as the sum of the individual 
activities. 
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Table 9.2-35 Future Conditions with the Project and Other Certain and 

Reasonably Foreseeable Projects and Activities - Predicted PM10 
Concentrations  

 

Predicted Concentrations (µg/m3)a Cumulative 

Change as 
% of Study 

Criteria 

(incl. 
background) 

Future 

Conditions 
with 

Project 

Ships 

Underwayb 

Combined 

Rail 
Activityc 

Fugitive 

Coal 
Dustd 

Cumulativ

e Changee 

 
24-h Rolling Average PM10 

Study Criteria 50 

Metro 

Vancouver 

AAQO 

50 

Background 

Concentration 
23.1 

Tsawwassen 

First Nation 
1.3 0.09 0.32 0.8 1.3 49% 

Point Roberts 

1 
0.8 0.11 0.03 0.6 0.8 48% 

Delta Hospital 0.5 0.08 0.26 0.2 0.7 48% 

B.C. Ferries 

Terminal 
6.8 0.08 0.05 4.5 6.8 60% 

Air Quality 

Station T39 
1.3 0.11 0.07 0.8 1.3 49% 

 Annual Average PM10  

Study Criteria n/a 

Metro 

Vancouver 
20 

Background 

Concentration 
10.3 

Tsawwassen 

First Nation 
0.09 0.013 0.030 0.05 0.12 52% 

Point Roberts 

1 
0.04 0.016 0.002 0.04 0.04 52% 

Delta Hospital 0.02 0.010 0.036 0.01 0.05 52% 

B.C. Ferries 

Terminal 
0.61 0.013 0.003 0.48 0.61 55% 

Air Quality 

Station T39 
0.08 0.016 0.005 0.07 0.08 52% 

Notes:  
a. Predicted maximum concentrations for discrete receptors do not include background 

concentrations.  
b. To avoid double-counting of emissions from ships underway (i.e., 88% of ship emissions are 

included in background air quality for existing conditions due to current ship activity levels), this 

column is not included in the cumulative effects total. 
c. Combined rail activity includes yards and main rail lines located within the LSA beyond the Project 

area boundary. 
d. Due to different properties of fugitive coal dust PM and fuel combustion-related PM, this column is 

presented separately for information purposes only and is not included in the cumulative change 
total.  

e. Cumulative change includes future conditions with the Project and combined rail activity. 

Cumulative change concentrations are not necessarily the same as the sum of the individual 

activities. 
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Table 9.2-36 Future Conditions with the Project and Other Certain and 

Reasonably Foreseeable Projects and Activities - Predicted PM2.5 
Concentrations 

 

Predicted Concentrations (µg/m3)a Cumulative 

Change as 
% of Study 

Criteria 

(incl. 
background) 

Future 

Conditions 
with 

Project 

Ships 

Underwayb 

Combined 

Rail 
Activityc 

Fugitive 

Coal 
Dustd 

Cumulative 

Changee 

 24-h Rolling Average PM2.5  

Study Criteria 25 

Metro 

Vancouver  
25 

Background 

Concentration 
8.7 

Tsawwassen 
First Nation 

1.1 0.09 0.31 0.13 1.1 39% 

Point Roberts 

1 
0.7 0.11 0.03 0.09 0.7 37% 

Delta Hospital 0.4 0.07 0.25 0.04 0.6 37% 

B.C. Ferries 

Terminal 
5.3 0.08 0.05 0.71 5.3 56% 

Air Quality 
Station T39 

1.0 0.10 0.07 0.16 1.0 39% 

 Annual Average PM2.5  

Study Criteria 6 

Metro 

Vancouver 
6 

Background 

Concentration 
3.5 

Tsawwassen 

First Nation 
0.07 0.01 0.029 0.009 0.10 60% 

Point Roberts 
1 

0.04 0.02 0.002 0.007 0.04 59% 

Delta Hospital 0.02 0.01 0.035 0.003 0.05 59% 

B.C. Ferries 
Terminal 

0.48 0.01 0.003 0.079 0.48 66% 

Air Quality 

Station T39 
0.07 0.02 0.004 0.012 0.07 60% 

Notes:  
a. Predicted maximum concentrations for discrete receptors do not include background 

concentrations.  
b. To avoid double-counting of emissions from ships underway (i.e., 88% of ship emissions are 

included in background air quality for existing conditions due to current ship activity levels), this 
column is not included in the cumulative effects total. 

c. Combined rail activity includes yards and main rail lines located within the LSA beyond the Project 
area boundary. 

d. Due to different properties of fugitive coal dust PM and fuel combustion-related PM, this column is 
presented separately for information purposes only and is not included in the cumulative change 

total.  
e. Cumulative change includes future conditions with the Project and combined rail activity. 

Cumulative change concentrations are not necessarily the same as the sum of the individual 

activities. 



PORT METRO VANCOUVER | Roberts Bank Terminal 2  

   Page | 9.2-59 

9.2.10 Summary of Assessment 

In general, air quality is expected to improve, or remain similar to existing conditions for 

most of the substances considered in the assessment under both the expected conditions 

and the future conditions with the Project cases. This section provides comparisons of 

predicted changes for the following: 

 Percent change comparisons in total annual emissions for GHG and black carbon 

between existing, expected and future with the Project conditions; 

 Comparison of future conditions with the Project to existing conditions for CACs and 

formaldehyde (note: changes in the concentrations of other TOCs follow a similar 

pattern to that of formaldehyde, and these other contaminants are addressed in the 

human health effects assessment (Section 27.0 Human Health);  

 Illustrative comparisons for existing, expected and future emissions for 1-h average 

NO2, 1-h average SO2, and 24-h average PM2.5; and 

 Cumulative changes associated with other reasonably foreseeable projects and 

activities. 

9.2.10.1 Predicted Changes in Total Annual Emissions for Greenhouse Gases and 
Black Carbon from 2010 to 2025 

Percentage increases or decreases for GHG and black carbon emissions are provided in 

Table 9.2-37 for expected conditions compared to existing conditions, and for future 

conditions with the Project compared to both existing and expected conditions, as CO2e over 

20-year and 100-year time scales.  

Table 9.2-37 A Comparison of Predicted Changes in Total Annual Emissions for 

Greenhouse Gas and Black Carbon 

Case Comparisons 

GHG 

(as CO2e) 

Black Carbon 

(as CO2e) 

20-year 100-year 20-year 100-year 

Expected Conditions Compared to 
Existing Conditions 

+27% +27% –57% –57% 

Future Conditions with the Project 

compared to Existing Conditions 
+94% +94% –47% –47% 

Future Conditions with the Project 

compared to Expected Conditions 
+52% +52% +24% +24% 
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With respect to GHG emissions, total annual emissions are predicted to be 27% higher in 

2025 than in 2010 for operations of the existing Roberts Bank terminals, due to higher 

cargo shipments. Emissions of GHG are expected to increase by 94% in 2025 with the 

Project compared to existing emission rates in 2010, and increase by 52% in 2025 over 

what they would be at that time if the Project were not to proceed.  

Total annual emissions of black carbon predicted for expected conditions in 2025 at Roberts 

Bank are expected to decrease by 57%, compared to emissions from existing conditions in 

2010, primarily due to equipment fleet turnover to newer engines that meet more stringent 

emission standards. Even with the additional emissions predicted from the Project, total 

annual emissions of black carbon in 2025 are predicted to be 47% lower compared to 

existing conditions. Black carbon emissions in 2025 are however expected to be 24% higher 

with the Project than they would be if the Project was not to proceed. 

These predicted changes in GHG and black carbon emissions do not consider the potential 

benefits of shore power to reduce emissions from ships at berth at RBT2 and Deltaport 

Terminal. The estimated reductions in emissions from ships at berth due to shore power of 

up to 10% to 98% (depending on which contaminant is considered) for RBT2 and 3% to 

33% for Deltaport Terminal third berth.  

9.2.10.2 Predicted Changes in Ozone 

The change in O3 levels, without RBT2 (expected conditions) or with RBT2 (future conditions 

with the Project), is expected to be within the error level of O3 monitoring equipment, and 

therefore, changes in O3 levels may not be measurable within the LSA. 

9.2.10.3 Comparisons of Future Conditions with the Project to Existing 

Conditions 

Comparisons of predicted annual emissions for future conditions with the Project to existing 

conditions for CO, NOx, SO2, Formaldehyde and PM2.5 are provided in Figure 9.2-4 and 

Figure 9.2-5. Emissions from CO, NOx, SO2 and PM2.5 decrease appreciably from 2010 

levels to the future horizon year while other substances are expected to remain similar or 

slightly lower than the 2010 levels. 



PORT METRO VANCOUVER | Roberts Bank Terminal 2  

   Page | 9.2-61 

Figure 9.2-4 Annual Emissions of CO and NOx in Future Conditions with the 

Project Compared to Existing Conditions 

 

Figure 9.2-5 Annual Emissions of SO2, Formaldehyde and PM2.5 in Future 
Conditions with the Project Compared to Existing Conditions 
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Comparisons of predicted concentrations for future conditions with the Project to existing 

conditions as percent change for CO, NO2 and SO2 are provided for select discrete receptor 

locations in Table 9.2-38. The 1-h average CO concentration in the future conditions with 

the Project case would be up to 64% lower at the B.C. Ferries Terminal compared to 

existing conditions in 2010, and up to 53% lower at Station T39 in Pebble Hill Park. The only 

increase in CO concentrations over land is predicted to occur at the east end of the Roberts 

Bank causeway due to the RBT2 rail yard at that end of the causeway. Nevertheless, the CO 

concentrations would remain well below the most stringent air quality criteria. 

Similarly, Table 9.2-38 indicates that 1-h average NO2 concentrations in future conditions 

with the Project would decrease at all populated locations from 1% to 34%, depending on 

the location, while 24-h average NO2 concentrations would decrease from 12% to 44%. 

Annual average concentrations would see decreased concentrations ranging from 16% to 

50%. As for CO, NO2 in future conditions with the Project is expected to increase relative to 

existing conditions over land at the east end of the Roberts Bank causeway. 

The greatest predicted change in air quality levels pertains to SO2 concentrations, with 

decreases greater than 90% at all locations for 1-h and 24-h averages, and reductions of up 

to 88% for annual average concentrations for future conditions with the Project relative to 

existing conditions. These changes are primarily associated with low sulphur fuel 

requirements and engine technology regulations under the ECA (refer to Section 9.2.7 for 

additional information).  

Table 9.2-38 Anticipated Percent Change in Maximum Predicted CO, NO2, SO2 
and Formaldehyde Concentrations in Future Conditions with the 

Project Compared to Existing Conditions 

Locations 

CO NO2 SO2 Formaldehyde 

1-h 
8-h 

Rolling 
1-h 24-h Annual 1-h 

24-h 
Rolling 

Annual 1-h 

Tsawwassen 

First Nation 
–57% –15% –1% –45% –16% –92% –92% –87% –9% 

Point Roberts 

1 
–42% –42% –7% –35% –28% –93% –92% –87% –14% 

Delta 

Hospital 
–32% –14% –14% –45% –23% –95% –94% –86% 19% 

B.C. Ferries 

Terminal 
–64% –54% –34% –12% –50% –94% –94% –88% –48% 

Air Quality 

Station T39 
–53% –49% –11% –48% –29% –94% –94% –88% –34% 

Maximum 

Over Land 
43% 87% 62% 1% 36% –92% –91% –88% 171% 
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Large reductions are also predicted for PM concentrations from combustion sources at the 

marine terminals (Table 9.2-39). Reductions in 24-h average concentrations in the range 

of 50% to 60% are predicted for most locations, with reductions in annual average 

concentrations between 20% and 42%, depending on location. As with NO2, CO and 

formaldehyde, increases in future conditions with the Project are predicted relative to 

existing conditions at the end of the causeway and are associated with the RBT2 rail yard at 

that location. Reductions in ambient concentrations are predicted for formaldehyde at the 

other receptors listed in Table 9.2-38, with the exception of the Delta Hospital location, 

where a small incremental increase from RBT2 operations is added to a higher level of 

background formaldehyde concentration. The higher increase in formaldehyde 

concentrations over water is derived from ships manoeuvring to and from RBT2. 

Table 9.2-39 Future Conditions with the Project Compared to Existing Conditions 

as Percent Change in Maximum Predicted PM Concentrations 

Locations 
PM PM10 PM2.5 

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

Tsawwassen First Nation –54% –20% –53% –20% –57% –32% 

Point Roberts 1 –52% –30% –52% –30% –56% –35% 

Delta Hospital –51% –26% –42% –25% –50% –32% 

B.C. Ferries Terminal –60% –42% –58% –42% –63% –47% 

Air Quality Station T39 –53% –31% –57% –30% –61% –36% 

Maximum Over Land 9% 21% 16% 21% –22% –7% 

9.2.10.4 Comparisons of Future Conditions with the Project to Expected 

Conditions 

Comparisons of predicted annual emissions for future conditions with the 

Project to expected conditions for CO, NOx, SO2, Formaldehyde and PM2.5 are provided in 

Figure 9.2-6 and Figure 9.2-7. 
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Figure 9.2-6 Annual Emissions of CO and NOx in Future Conditions with the 

Project Compared to Expected Conditions 

 

Figure 9.2-7 Annual Emissions of SO2, Formaldehyde and PM2.5 in Future 
Conditions with the Project Compared to Expected Conditions 
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Although there are predicted decreases in overall concentrations for CACs and formaldehyde 

at all locations in future conditions with the Project relative to existing conditions, the 

addition of new Project-related emission sources are predicted to increase concentrations for 

all contaminants relative to the levels expected to be present in the future without the 

Project (i.e., expected conditions). Comparisons for all substances predicted for future 

conditions with the Project, as a percentage increase or decrease in concentration from 

expected conditions, are provided in Table 9.2-40 and Table 9.2-41. In all cases, the 

concentrations are well below regulatory criteria, or are dominated by background air 

quality levels from other sources. 

Table 9.2-40 Future Conditions with the Project Compared to Expected 

Conditions as Percent Change in Maximum Predicted CO, NO2, SO2 

and Formaldehyde Concentrations  

Location 

CO NO2 SO2 Formaldehyde 

1-h 
8-h 

Rolling 
1-h 24-h Annual 1-h 

24-h 
Rolling 

Annual 1-h 

Tsawwassen 

First Nation 
32% 125% 17% 17% 42% 42% 44% 38% 77% 

Point Roberts 1 35% 32% 13% 22% 17% 29% 41% 46% 42% 

Delta Hospital 33% 68% 21% 17% 26% 13% 25% 55% 107% 

B.C. Ferries 

Terminal 
1% 3% 1% 0% 5% 3% 0% 17% 2% 

Air Quality 

Station T39 
20% 26% 5% 15% 19% 0% 17% 36% 13% 

Maximum Over 

Land 
189% 191% 100% 86% 102% 42% 61% 34% 366% 

Table 9.2-41 Future Conditions with the Project Compared to Expected 
Conditions as Percent Change in Maximum Predicted PM 

Concentrations 

Location 
PM PM10 PM2.5 

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

Tsawwassen First 

Nation 
28% 39% 29% 39% 29% 33% 

Point Roberts 1 24% 19% 24% 19% 24% 18% 

Delta Hospital 29% 27% 50% 27% 47% 25% 

B.C. Ferries Terminal –1% 5% 1% 5% 0% 5% 

Air Quality Station T39 21% 19% 12% 19% 10% 17% 

Maximum Over Land 106% 103% 115% 103% 121% 101% 

 



PORT METRO VANCOUVER | Roberts Bank Terminal 2  

   Page | 9.2-66 

9.2.10.5 Illustrative Comparisons for Existing, Expected and Future Conditions 

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

within this section to illustrate the maximum predicted concentrations within the LSA for 1-h 

average NO2, 1-h average SO2, and 24-h average PM2.5 for three cases: existing conditions, 

expected conditions, and future conditions with the Project. Concentrations above criteria 

levels are shaded in yellow. Section 9.2.1.6 summarises comparisons of cumulative 

changes to expected conditions.  

It is important to note that the isopleths presented indicate the highest hourly or daily 

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 9.2-8 provides a comparison of the isopleths for NO2 for 

2010 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 over land (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 (see Figure 9.2-9). 

Figures 9.2-10, 9.2-11 and 9.2-12 provide 1-h average NO2, 1-h average SO2, and 24-h 

average PM2.5, respectively, for the three cases. There is a marked decrease in predicted 

maximum concentrations for both expected and future conditions with the Project relative to 

existing conditions for all three substances. The highest concentrations occur within close 
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proximity to the Project and are influenced by ships and CHE. There is a slight increase in 

predicted maximum concentrations for future conditions with the Project compared to 

expected conditions for all three substances, but there are no exceedances of the criteria in 

overland locations. 

9.2.10.6 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, as 

described previously in Section 9.2.9. There are no exceedances for gaseous and PM 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 9.2-42 to Table 9.2-48, respectively.  

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. 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 12% for CO and less than 4.1% 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 concentrations are less than 32% for the 1-h 

average, less than 17% for the 24-h average and less than 8% for the annual average. 

Similarly for SO2, the percent change for the 1-h average is less than 17%, less than 7% for 

the 24-h average and less than 2.5% for the annual average. 

Similar to NO2, the predicted change in 1-h average concentration for formaldehyde is less 

than 32%. 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. 
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Table 9.2-42 Estimated Percent Cumulative Change from Expected Conditions - 

Predicted CO Concentrations 

  

Predicted Concentrations (µg/m3) 

Percent 

Cumulative 
Changed 

[D] 

Expected 

Conditions and 

other future 
Projects/Activitiesa 

[A] 

Incremental 

RBT2 
Operationsb 

[B] 

Cumulative 

Future 
Conditionsc 

[C] 

 1-h Average CO 

Background 

Concentration 
371 

 

Tsawwassen First 

Nation 
547 134 606 11% 

Point Roberts 1 422 20 440 4% 

Delta Hospital 416 23 438 5% 

B.C. Ferries Terminal 1094 109 1104 1% 

Air Quality Station T39 493 27 519 5% 

 8-h Rolling Average CO 

Background 
Concentration 

339 
 

Tsawwassen First 

Nation 
376 41 421 12% 

Point Roberts 1 360 7 367 2% 

Delta Hospital 359 6 373 4% 

B.C. Ferries Terminal 831 34 849 2% 

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 9.2-43 Estimated Percent Cumulative Change from Expected Conditions - 

Predicted NO2 Concentrations 

  

Predicted Concentrations (µg/m3) 

Percent 

Cumulative 
Changed 

[D] 

Expected 

Conditions and 

other future 
Projects/Activitiesa 

[A] 

Incremental 

RBT2 
Operationsb 

[B] 

Cumulative 

Future 
Conditionsc 

[C] 

 1-h Average NO2 

Background 
Concentration 

44.7 
 

Tsawwassen First 
Nation 

183 77 221 21% 

Point Roberts 1 136 39 151 11% 

Delta Hospital 141 33 186 32% 

B.C. Ferries Terminal 186 76 193 3% 

Air Quality Station T39 153 48 166 9% 

 24-h Average NO2 

Background 
Concentration 

34.9 
 

Tsawwassen First 
Nation 

57 6 63 12% 

Point Roberts 1 47 3 50 6% 

Delta Hospital 44 2 51 17% 

B.C. Ferries Terminal 117 9 118 1% 

Air Quality Station T39 51 3 54 7% 

 Annual Average NO2 

Background 
Concentration 

12.8 
 

Tsawwassen First 
Nation 

14.8 0.8 15.9 7% 

Point Roberts 1 13.6 0.2 13.7 1% 

Delta Hospital 13.6 0.1 14.7 8% 

B.C. Ferries Terminal 22.5 1.0 23.1 2% 

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] 
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Table 9.2-44 Estimated Percent Cumulative Change from Expected Conditions - 

Predicted SO2 Concentrations 

  

Predicted Concentrations (µg/m3) 

Percent 

Cumulative 

Changed 

[D] 

Expected 

Conditions and 

other future 
Projects/Activitiesa 

[A] 

Incremental 

RBT2 
Operationsb 

[B] 

Cumulative 

Future 
Conditionsc 

[C] 

 1-h Average SO2 

Background 
Concentration 

7.7 
 

Tsawwassen First 

Nation 
12.5 3.0 14.6 17% 

Point Roberts 1 11.4 2.1 12.5 9% 

Delta Hospital 10.8 1.2 11.3 4% 

B.C. Ferries Terminal 21.6 5.7 22.0 2% 

Air Quality Station T39 14.1 2.8 14.1 0% 

 24-h Average SO2 

Background 
Concentration 

5.1 
 

Tsawwassen First 
Nation 

5.9 0.4 6.3 7% 

Point Roberts 1 5.6 0.2 5.8 4% 

Delta Hospital 5.4 0.1 5.5 2% 

B.C. Ferries Terminal 9.3 0.8 9.3 0% 

Air Quality Station T39 5.9 0.3 6.1 3% 

 Annual Average SO2 

Background 
Concentration 

1.4 
 

Tsawwassen First 
Nation 

1.42 0.02 1.43 0.7% 

Point Roberts 1 1.42 0.02 1.42 0.0% 

Delta Hospital 1.41 0.01 1.41 0.1% 

B.C. Ferries Terminal 1.62 0.09 1.66 2.5% 

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] 
 



PORT METRO VANCOUVER | Roberts Bank Terminal 2  

   Page | 9.2-71 

Table 9.2-45 Estimated Percent Cumulative Change from Expected Conditions - 

Predicted Formaldehyde Concentrations 

  

Predicted Concentrations (µg/m3) 

Percent 

Cumulative 
Changed 

[D] 

Expected 

Conditions and 

other future 
Projects/Activitiesa 

[A] 

Incremental 

RBT2 
Operationsb 

[B] 

Cumulative 

Future 
Conditionsc 

[C] 

 1-h Average Formaldehyde 

Background 

Concentration 
3.58 

 

Tsawwassen First 

Nation 
6.3 3.0 8.4 32% 

Point Roberts 1 4.2 0.3 4.5 7% 

Delta Hospital 4.3 0.4 5.0 16% 

B.C. Ferries Terminal 10.5 2.1 10.7 2% 

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 9.2-46 Estimated Percent Cumulative Change from Expected Conditions - 

Predicted PM Concentrations 

  

Predicted Concentrations (µg/m3) 

Percent 

Cumulative 
Changed 

[D] 

Expected 

Conditions and 

other future 
Projects/Activitiesa 

[A] 

Incremental 

RBT2 
Operationsb 

[B] 

Cumulative 

Future 
Conditionsc 

[C] 

 24-h Rolling Average PM 

Background 

Concentration 
46.2 

 

Tsawwassen First 

Nation 
47.2 0.4 47.6 0.7% 

Point Roberts 1 46.8 0.2 46.9 0.3% 

Delta Hospital 46.5 0.1 46.8 0.5% 

B.C. Ferries Terminal 52.6 0.6 52.6 0.0% 

Air Quality Station T39 47.2 0.2 47.4 0.5% 

 Annual Average PM 

Background 
Concentration 

20.6 
 

Tsawwassen First 

Nation 
20.7 0.05 20.7 0.2% 

Point Roberts 1 20.6 0.02 20.6 0.0% 

Delta Hospital 20.6 0.01 20.7 0.1% 

B.C. Ferries Terminal 21.2 0.07 21.2 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] 
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Table 9.2-47 Estimated Percent Cumulative Change from Expected Conditions - 

Predicted PM10 Concentrations 

  

Predicted Concentrations (µg/m3) 

Percent 

Cumulative 
Changed 

[D] 

Expected 

Conditions and 

other future 
Projects/Activitiesa 

[A] 

Incremental 

RBT2 
Operationsb 

[B] 

Cumulative 

Future 
Conditionsc 

[C] 

 24-h Rolling Average PM10 

Background 

Concentration 
23.1 

 

Tsawwassen First 

Nation 
24.3 0.4 24.7 1.9% 

Point Roberts 1 23.7 0.2 23.9 0.7% 

Delta Hospital 23.5 0.1 23.9 1.4% 

B.C. Ferries Terminal 29.8 0.6 29.9 0.2% 

Air Quality Station T39 24.3 0.2 24.4 0.7% 

 Annual Average PM10 

Background 
Concentration 

10.3 
 

Tsawwassen First 

Nation 
10.4 0.05 10.4 0.4% 

Point Roberts 1 10.3 0.02 10.3 0.1% 

Delta Hospital 10.3 0.01 10.4 0.3% 

B.C. Ferries Terminal 10.9 0.07 10.9 0.3% 

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 9.2-48 Estimated Percent Cumulative Change from Expected Conditions - 

Predicted PM2.5 Concentrations 

  

Predicted Concentrations (µg/m3) 

Percent 

Cumulative 
Changed 

[D] 

Expected 

Conditions and 

other future 
Projects/Activitiesa 

[A] 

Incremental 

RBT2 
Operationsb 

[B] 

Cumulative 

Future 
Conditionsc 

[C] 

 24-h Rolling Average PM2.5 

Background 

Concentration 
8.7 

 

Tsawwassen First 

Nation 
9.7 0.2 10.1 4.1% 

Point Roberts 1 9.2 0.2 9.4 1.6% 

Delta Hospital 9.1 0.1 9.3 3.2% 

B.C. Ferries Terminal 14.0 0.5 14.1 0.1% 

Air Quality Station T39 9.7 0.2 9.8 1.4% 

 Annual Average PM2.5 

Background 
Concentration 

3.5 
 

Tsawwassen First 

Nation 
3.6 0.03 3.6 0.8% 

Point Roberts 1 3.5 0.01 3.5 0.2% 

Delta Hospital 3.5 0.01 3.6 0.8% 

B.C. Ferries Terminal 4.0 0.06 4.0 0.6% 

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] 

9.2.11 Uncertainty, Sensitivity, and Reliability 

A description of uncertainties common to air dispersion modelling is provided in Appendix W 

to the U.S. EPA document 40 CFR Part 51 (EPA, 2005). The main points from this EPA 

document are summarised below. 
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Uncertainty in air dispersion modelling in general is affected by the quality of the 

information input to the modelling (e.g., 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 will likely reduce 

uncertainty in the results. There are still parameters for which even the most advanced 

models may not be able to account, 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 plus or minus 50%. In general, dispersion modelling programs are more accurate 

(i.e., in the range of plus or minus 10% to 40%) when modelling a highest concentration for 

a given area, but 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, with different emission rates, arrive, berth, and depart at different times of the 

day. The same is true for CHE, rail locomotives, and trucks hauling containers and cargo to 

and from the terminals. It is impractical to attempt to accurately incorporate all of these 

differences into the characterisation 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. 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. 
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The model-specific sensitive input factors expected to contribute to uncertainty in results 

are listed in Table 9.2-49 to Table 9.2-51. A summary of how uncertainty was 

addressed accompanies each input parameter identified below, and details are provided in 

Appendix 9.2-A: Appendices A to E. 

Table 9.2-49 Measures to Address Uncertainty - Activity Levels 

Input Measures to Address Uncertainty 

General 
 Used 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; and 

 Assumed no shore power at any of the terminals. 

Cargo Handling 

Equipment  

 Equipment replacement only incorporated when equipment reached end of 

life, or maximum operating hours. 

Rail 

 Used U.S. EPA emission standards as the basis of emission rates; and 

 Consulted with British Columbia Rail Corporation on operating conditions and 
fleet turnover, and assumed lower rate of fleet turnover to lower emitting 
Tier 3 and Tier 4 engines (i.e., they represent the upper boundary of 
possible emission rates). 

Vehicles 
 Used Canadian specific emission factors based on the emission modelling 

system MOVES (EPA Motor Vehicle Emission Simulator). 

Ferry 

 Information provided by B.C. Ferries; and 

 Assumed ships idling in ferry berths at all times as well as assumed ships in 

transit at all times for maximum hourly scenario. 

Construction 

Equipment 

 The schedule of construction activity may change from that which has been 

evaluated for the Study; 

 Emission rates based on equipment activity levels may overestimate actual 
emissions because such activity levels may underestimate the idling time for 
some construction equipment; and 

 Fugitive dust emissions from construction activity and equipment travel on 
unpaved roads is difficult to estimate and available estimating methods tend 
to overestimate actual emissions and/or transport of such emissions from 

the construction site. 
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Table 9.2-50 Measures to Address Uncertainty and Model Validation – CALPUFF 

and CALMET 

Input Measures to Address Uncertainty 

Source 

Configurations 

 Multiple source configurations were tested to determine the effect 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. 

 Comparisons of vertical temperature and wind speed and direction to 
aircraft-derived data 

 Comparison of model-derived surface temperature to measured temperature 
at Fraser River buoy station. 

Modelling 
Domain 

 Sensitivity analyses to compare predicted concentrations for different size of 
modelling domain 

Table 9.2-51 Measures to Address Uncertainty and Model Validation – MODEL 

RESULTS 

Input Measures to Address Uncertainty 

Predicted 

modelled 

concentrations 

 Comparison with existing monitoring results where possible indicates that 

the emission scenarios modelled are very conservative and may over-predict 
actual concentrations; and 

 Consideration of 98th percentile background air quality as a conservative 

measure. 

The air quality assessment for the RBT2 Project has addressed the requirements set out in 

the EIS Guidelines to the extent that was technically feasible. All known sources of 

uncertainty have been noted and described. The overall assessment is considered to provide 

a conservative evaluation of potential changes in air quality resulting from Project 

construction and operation. 
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9.3 NOISE AND VIBRATION 

This section describes the existing conditions related to noise and ground-borne 

vibration and the anticipated future changes resulting from Project activities. In addition, 

this section addresses specific information requirements related to the noise and vibration 

IC identified in the EIS Guidelines, part 2, section 9.1.2, including ambient noise levels and 

key receptor points, as well as information on typical sources of noise, geographic extent, 

and temporal variations. 

Predicted changes in noise and ground-borne vibration levels are used to support the effects 

assessments of the following VCs: 

 Coastal Birds (Section 15.0);  

 Marine Commercial Use (Section 21.0); 

 Outdoor Recreation (Section 24.0) 

 Human Health (Section 27.0); and 

 Current Use of Land and Resources for Traditional Purposes Assessment 

(Section 32.2). 

The assessment of underwater noise is provided in Section 9.8 Underwater Noise. 

9.3 Noise and Vibration Assessment Highlights: 

 Project-related changes in annual average noise levels in communities near the 
Project are expected to be minor and, for the most part, not perceptible.  

 Some changes in noise conditions that could be perceptible include:  

 Increased noise during periods of peak construction activity. 

 The number of intermittent noises related to cargo handling and train 
shunting during operation would increase, but the noise levels perceived from 

shore would be the same or lower than noise levels from the existing Roberts 
Bank terminals, since the new marine terminal would be located further from 

shore. 

 Increased noise in marine areas is expected to be perceptible close to the 
terminal.  

 The Project in combination with other certain and reasonably foreseeable projects 
and activities is expected to result in minimal incremental cumulative changes to 

noise in areas close to road and rail corridors. 

 The construction and operation of the marine terminal and causeway is not 

expected to result in perceptible increases in levels of ground-borne vibration 
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9.3.1 Selection of Noise and Vibration Intermediate Component 

The selection of noise and ground-borne vibration as an IC followed the three-step 

selection process described in Section 8.1.2 Selection of Valued Components. Noise 

and ground-borne vibration are not receptor components in a Project-related effects 

pathway, and are therefore considered to be an IC in this environmental assessment (EA). 

The following discussion identifies the factors that were considered in identifying noise and 

vibration as an IC. 

The existing environment in the areas surrounding Roberts Bank is influenced by noise from 

a variety of sources, including but not limited to the existing Roberts Bank terminals, B.C. 

Ferries terminals, and road and rail traffic. Ground-borne vibration levels within these areas 

are primarily influenced by road and rail traffic. The Project Interaction Matrix 

(see Appendix 8-B) was used to identify interactions between Project components 

and activities and this IC. Both Project construction and operation will create noise and 

ground-borne vibration that have the potential to interact with the existing environment. 

Noise and ground-borne vibration conditions are of interest to members of the public and 

Aboriginal groups, as demonstrated by the entries in PMV’s complaint log, comments raised 

at public consultation and Aboriginal engagement events (Sections 7.2 Aboriginal Groups 

Engagement and Consultation, and 7.3 Local Government and Public Engagement 

and Consultation), and responses to the social survey of area residents (Economic 

Planning Group, 2013) conducted as part of the noise and vibration studies.  

9.3.2 Assessment Purpose and Approach 

This section describes the purpose and approach to studying noise and vibration for the 

purposes of assessing Project-related changes to this IC. For subsequent statements in this 

section pertaining to professional judgement or reliance, the names and qualifications of the 

individuals making that judgement are listed at the beginning of Volume 2. 

In 2012, PMV initiated field, desktop, and modelling studies to support the EA and future 

environmental management of the Project. Building on available information, noise and 

vibration studies were designed to address known data gaps. The objectives of the studies 

are identified as follows: 

1. Investigate the opinions of residents in areas near the Project about noise and 

vibration issues; 

2. Investigate the effects of meteorological conditions on the propagation of sound from 

the existing Roberts Bank terminals; 

3. Characterise the existing noise and ground-borne vibration environment; 

4. Predict noise and ground-borne vibration levels for expected conditions (no-Project 

case);  
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5. Predict noise and ground-borne vibration levels for future conditions with the Project; 

and 

6. Predict cumulative changes in community noise levels with the influence of other 

projects and activities. 

These objectives were addressed through the completion of specific studies, as outlined 

in Table 9.3-1. 

Table 9.3-1 Noise and Vibration Studies to Support the Assessment 

Study Name Study Description 
Report 

accessible in 

Survey of Area 
Residents Regarding 
Noise and Vibration 

Issues 

The survey assessed the opinions of residents in areas 

near the Project about noise and vibration issues. The 
results were used to inform the measurement of existing 
conditions, as a component of the noise and ground-

borne vibration study. 

RBT2 website1 

Effects of 

Meteorological 
Conditions on Sound 
Propagation from 
Roberts Bank 

terminals Technical 
Data Report 

The investigation included: 

 A review and synthesis of the current knowledge 
related to long-range sound propagation over 
water; and 

 Use of commercial sound propagation software to 

model the effects of variations in key 
meteorological conditions on these noise levels. 

RBT2 website 

Noise and Vibration 
Technical Report 

The study included: 

 Existing noise and vibration measurements: 
existing (i.e., pre-Project) noise and ground-borne 

vibration levels were measured at receptors within 
the upland portion of the study area; 

 Construction noise and vibration prediction: 

construction-phase noise and ground-borne 
vibration levels were predicted at receptors within 
the upland portion of the study area, and noise 
levels within the marine portion of the study; 

 Noise propagation modelling: noise propagation 
models were created for existing conditions (2013), 
expected conditions (2025), and future conditions 

with the Project (2025). These noise models were 
created with the three-dimensional sound 
propagation and mapping software CadnaA; and 

 Project operation noise and vibration 
prediction: The noise models were used to 
estimate, predict, and map noise levels for the four 
temporal cases (i.e., existing conditions, expected 

conditions, future conditions with the Project, and 
future conditions with the Project and other certain 
and reasonably foreseeable projects). 

Appendix 9.3-A  

                                          
1  Visit www.portmetrovancouver.com/RBT2/environmentalassessment. 
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9.3.3 Summary of Information Sources 

This section presents descriptions of previous studies of noise and vibration at Roberts 

Bank, as well as the general data used in the assessment of this IC.  

9.3.3.1 Previous Studies of Noise and Vibration at Roberts Bank 

Noise and ground-borne vibration levels due to the operation of the Roberts Bank terminals 

and road and rail traffic on the Roberts Bank causeway have been studied since 1978. 

Studies relevant to this assessment include the following: 

 Assessment of Noise Impact of Roberts Bank Port Expansion (Barron & Associates 

1978); 

 Environmental Noise Assessment for Proposed Grain Terminal, Roberts Bank, Delta, 

B.C. (BKL & Associates Ltd. 1993); 

 Environmental Noise Assessment for Deltaport Container Terminal, Roberts Bank, 

Delta, B.C. (BKL & Associates Ltd. 1995); 

 Report to Vancouver Port Authority on Deltaport Pod 3 Expansion (Jacques Whitford 

Environment Ltd. 2000); 

 Roberts Bank Cumulative Environmental Effects Study – Air Quality and Noise 

(Jacques Whitford Environment Ltd. 2001); 

 Roberts Bank Container Expansion Project – Environmental Noise Assessment 

(BKL Consultants Ltd. 2004); 

 Deltaport 3rd Berth Construction Noise Monitoring (BKL Consultants Ltd. 2004); and 

 Deltaport Terminal Road and Rail Improvement Project (DTRRIP) Environmental 

Noise and Vibration Assessment (BKL Consultants Ltd. 2012). 

These studies were used to provide a historical perspective of noise levels within the Project 

study area. The DTRRIP study, which included two weeks of noise measurements in 2011, 

was used in this assessment to characterise the day-to-day variability of community 

noise levels. 

9.3.3.2 General Data Used in the Assessment 

Sources of information used in this noise and vibration assessment are listed in Table 9.3-2. 
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Table 9.3-2 Information by Subject Area 

Subject Matter Information Source or Report Application in the Assessment 

Meteorological 
Data 

 Sand Heads Weather Station 
Meteorological Data from Environment 
Canada. 

 Characterisation of 
meteorological conditions 

during the measurement of 
existing conditions; 

 Characterisation of annual 
average meteorological 
conditions in the noise 

modelling;  

 Assessment of possible effects 
of weather on noise 

propagation; and  

 Wakefield Acoustics Ltd. 2014. 

Construction 

Activities 

 Appendix 4-F - Construction 

Equipment Peak Analysis; 

 Appendix 4-E - Construction 
Schedule; 

 Deltaport 3rd Berth Construction Noise 
Monitoring (BKL 2004); and 

 Transit Noise and Vibration Impact 

Assessment (U.S. FTA 2006). 

Predictions of Project-related 

construction noise and ground-
borne vibration levels. 

Traffic and Cargo 
Volumes 

 Appendix 4-D - Roberts Bank Traffic 
Data Matrix; 

 B.C. Ministry of Transportation and 
Infrastructure website (MOTI 2014); 

 Deltaport Way & Area Classification 
Counts (Creative Transportation 
Solutions 2007); and 

 Tsawwassen First Nation Community 
Development: Transportation Impact 
Assessment (Bunt & Associates 2011). 

Information incorporated into the 

noise models for existing, 

expected and future conditions 
with the Project. The information 
obtained from these sources is 

provided in Appendix 9.3-A. 

Geographical 
Model Inputs 

 Appendix 4-B – Preliminary 
Engineering Drawings 

▫ Proposed RBT2 layout; 

 Other GIS data: engineering drawings, 

and orthophotos of elements including –  

▫ Terrain, 

▫ Existing Roberts Bank terminals 

layout, 

▫ Road and rail alignments, and 

▫ Noise calculation points 

(receivers). 

Used to create the three-

dimensional geometry of the 
noise models (Appendix 9.3-A). 
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9.3.4 Acoustic Fundamentals and Terminology 

The terms noise level and sound level refer to sound pressure level (SPL)3. To adequately 

express the very large range of pressure fluctuations that the ear-brain system can process, 

SPL is expressed on a logarithmic scale in decibels (dB). As sound volume increases, there 

is a logarithmic rather than an additive increase in noise level. For example, if two sound 

sources with SPL of 50 dBA are added together, the resulting SPL is not 100 dBA, but rather 

53 dBA.  

In EAs, SPL is typically measured and presented using A-weighted decibels (dBA), which 

simulate the frequency response of human hearing at levels that are typically experienced in 

day-to-day life. An alternative weighting system, C-weighted decibels (dBC), 

replicates the frequency response of the ear at higher levels where the ear is more 

sensitive to low-frequency sounds. A noise with low-frequency content will be 

measured at a higher level under C-weighting than under A-weighting; consequently, 

the difference between C- and A-weighted levels can be used to assess the degree to which 

low-frequency noise is present within a noise environment. Table 9.3-3 provides the 

approximate A-weighted sound levels of common noises and environments (Cowan 1994).  

Table 9.3-3 Sound Pressure Level of Common Sounds 

Noise / Environment 
Approximate Sound Level 

(dBA) 

Threshold of hearing 0 

Just audible 10 

Leaves rustling 20 

Library, bedroom at night, isolated broadcast studio 30 – 40 

Typical suburban area 50 

Busy office 60 

On sidewalk by passing car 70 

On sidewalk by passing bus 80 

Directly under flight path of typical airliner (B737), 3 miles from 

take-off 
90 

On platform by passing train 100 

Maximum levels in audience at rock concerts 110 

Air raid siren at 15 metres (50 ft.) (threshold of pain) 120 

                                          
3  SPL is equal to 10 times the logarithm of the square of the instantaneous sound pressure, in units of Pascals, 

divided by the square of a standard reference sound pressure. 
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Table 9.3-4 illustrates the relationship between noise level increases of different 

magnitudes and their corresponding levels of perceptibility. 

Table 9.3-4 Perceptibility of Noise Level Increases 

Noise Level Increase (dBA) Perceptibility 

0 to 2 dBA 
Generally not perceptible other than in a controlled test within a 
laboratory or where an immediate comparison is possible 

3 dBA Barely perceptible 

5 dBA Readily perceptible 

10 dBA Perceived as being twice as loud 

20 dBA Perceived as being four times as loud 

It is difficult to use the instantaneous SPL alone to characterise community noise 

environments because the SPL can vary widely over short periods of time, and especially 

over periods of one day or longer. Energy-averaged noise metrics are therefore used for this 

purpose as they provide a measure of the average sound-energy exposure over a specified 

time period. The energy-average noise metrics used in this assessment are identified as 

follows: 

 Day-night average level (Ldn); 

 Daytime equivalent level (Ld); and 

 Nighttime equivalent level (Ln). 

The Ldn is an internationally recognised metric used to indicate the average sound level over 

a 24-hour period. In computing the Ldn, all noise levels occurring between 10:00 p.m. and 

7:00 a.m. are increased by 10 dBA to reflect the greater sensitivity of residential 

communities to noise at night. The Ld and Ln provide measures of the average sound levels 

for a daytime (7:00 a.m. to 10:00 p.m.) and nighttime period (10:00 p.m. to 7:00 a.m.), 

respectively. Additional noise metrics used are the maximum sound level (Lmax) and the 

sound exposure level (SEL). The metric Lmax provides a measure of the maximum level of 

sound during a specified time period, and is often used to characterise noise levels due to 

transient and impulsive noise events. The SEL metric is also used to represent noise levels 

created by transient events, but provides a measure of the total sound energy content of 

the event rather than just the maximum level.  

For this assessment, ground-borne vibration levels were measured in terms of root-mean 

square (RMS) average and maximum particle velocities, expressed in units of dB relative 

to a reference velocity of one nanometer per second (1 x 10-9 meters per second), or RMS 

ground-borne vibration level (VdB). A level of 93 VdB is the approximate threshold of 

human perception (U.S. FTA 2006). 
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9.3.5 Applicable Standards and Guidelines 

There are no provincial or federal standards that govern the methodologies related to 

characterising existing noise and ground-borne vibration conditions, or predicting future 

Project noise and ground-borne vibration. In the absence of directly applicable standards, 

professional judgement was used to select various standards and guidelines to advise the 

methodologies of the various components of the noise and vibration studies (Table 9.3-5). 

These standards are described in more detail in Appendix 9.3-A Noise and Vibration 

Technical Report. Noise criteria relative to human health are detailed, and will be among 

the key indicators used, in the Human Health effects assessment (Section 27.0 Human 

Health). 

Table 9.3-5 Standards and Guidelines Used for Noise and Vibration Assessment 

Study Element Standards and Guidelines 

Vibration 
measurements 

Transit Noise and Vibration Impact Assessment (U.S. FTA 2006) 

Low-frequency noise 
measurements 

Procedure for the Assessment of Low-frequency Noise Complaints 
(University of Salford 2005) 

Construction noise and 

vibration prediction 
Transit Noise and Vibration Impact Assessment (U.S. FTA 2006) 

Noise modelling 
methodology 

Good Practice Guide for Strategic Noise Mapping and the Production of 

Associated Data on Noise Exposure (WG-AEN 2006). 

Good Practice Guide on Port Area Noise Mapping and Management and 
associated Technical Annex (NoMEPorts 2008a, b) 

Noise modelling 
calculation standards 

Acoustics – Attenuation of Sound During Propagation Outdoors (ISO 
1996) 

NMPB-Routes-96, Bruit des infrastructures routières, méthod de calcul 
incluant les effets météorologiques (Sétra 1997) 

Method for Calculating Meteorological Correction (Cmet) (LfU-Bayern 
1999) 

9.3.6 Methods 

This section describes the methods used to achieve the study objectives of characterising 

and predicting noise and ground-borne vibration levels for the four temporal cases used in 

the noise and vibration assessment. The following methods are discussed in this section: 

1. Description of the temporal boundaries for the study; 

2. Description of the study area; 

3. Characterisation of the existing noise and ground-borne vibration environment 

through measurement and modelling; 
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4. Prediction of noise and ground-borne vibration levels during Project construction; 

5. Modelling of noise emissions from Project operation and other sources of community 

noise; and 

6. Prediction of future noise and ground-borne vibration levels with and without Project 

operation. 

9.3.6.1 Temporal Boundaries 

The four temporal cases in this assessment are identified as follows: 

1) Existing conditions (2013); 

2) Expected conditions (2025); 

3) Future conditions with the Project (construction and operation); and 

4) Future conditions with the Project and other certain and reasonably foreseeable 

projects and activities (2025). 

Studies to characterise the existing noise and ground-borne vibration environments were 

carried out in 2013; therefore, this is the year considered to represent existing conditions. 

Predictions of Project-related changes described in the future conditions cases were based 

on future horizon years representing the construction and operation phases of the Project, 

as discussed below. In order to describe Project-related changes in the context of future 

noise and ground-borne vibration conditions, other projects and activities (Table 9.3-14 

and Table 9.3-22) that will have been carried out were considered in the expected 

conditions and future conditions with the Project cases. 

Construction-phase Horizon Years 

Changes in noise exposures due to Project construction were predicted on a month-by-

month basis from 2018 to 2023; the anticipated timeframe for Project construction as 

described in Section 4.0 Project Description. To calculate total noise levels during Project 

construction it was necessary to include noise from both construction activities as well as all 

relevant non-Project sources of background noise within the study area. Due to a lack of 

pertinent data, however, it was not possible to accurately predict non-Project related noise 

levels for the period of 2018 to 2023. Rather, construction noise levels are considered 

relative to an expected conditions year of 2025. Since noise levels are not predicted to 

change perceptibly (i.e., less than 1 dBA) between 2018 and 2025, expected conditions in 

2025 are considered a sufficiently accurate proxy for conditions in 2018. This approach will 

predict slightly higher total noise levels than if construction noise had been considered 

relative to an expected conditions period of 2018 to 2023.  
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Since Project construction is not expected to result in perceptible levels of ground-borne 

vibration at residences within the study area, changes to vibration levels were predicted 

only for periods of dynamic soil compaction – the most vibration-intensive construction 

activity. Dynamic soil compaction (i.e., compaction of marine terminal fill) is anticipated to 

occur over a 1.5-year period between 2020 and 2022 (Appendix 4-F Construction 

Equipment Peak Analysis). 

Operation-phase Horizon Year 

Changes in noise and ground-borne vibration related to Project operation are predicted and 

characterised for the horizon year of 2025. In this year, RBT2 is expected to be able to 

operate at its sustainable design capacity of 2.4 million twenty-foot equivalent units (TEUs) 

annually; therefore, Project noise emissions are expected to reach their highest levels.  

9.3.6.2 Study Area 

The noise and vibration assessment was conducted within a local study area (LSA) with two 

distinct components: an upland study area and a marine study area. 

The upland study area includes noise and vibration-sensitive receptors in the Corporation of 

Delta (Delta) and Point Roberts, Washington that are within 5 km of the existing 

Roberts Bank terminals and 2 km of the northeast edge of the Roberts Bank 

causeway (Figure 9.3-1). The boundaries were chosen to include all upland areas where 

Project-related noise levels could potentially exceed the World Health Organization (WHO) 

sleep interference threshold of Ln 30 dBA indoors, which, assuming partially open windows, 

generally corresponds to an outdoor noise level of approximately Ln 45 dBA (WHO 1999).  

The marine study area includes all above-water marine areas within 10 km of the 

approximate geometric centre of the proposed RBT2 terminal (Figure 9.3-2). This 10-km 

radius was chosen as a conservative distance, beyond which Project-related noise levels 

would not be expected to exceed Ld 50 dBA4, and therefore would not substantially interfere 

with speech communication.  

                                          
4  With a background noise level of 55 dBA, 100% sentence intelligibility can be maintained at a distance of 1 m 

with raised voices (i.e., increased vocal effort) (WHO 1999). A Ld of 50 dBA (i.e., 55 dBA minus 5 dBA margin 

of safety) would then be expected to provide a background noise level that would protect speech intelligibility.  
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The existing and expected conditions temporal cases consider all other projects and 

activities that have been or will have been carried out prior to Project commencement, 

which have the potential to affect noise and ground-borne vibration within the study area. 

Project-related sources of noise are those that will be located within the Project area. While 

the Project scope includes traffic within PMV jurisdiction, this assessment also includes 

sources of noise outside of PMV jurisdiction along the length of the Roberts Bank causeway. 

Community or background noise is characterised for existing conditions and expected 

conditions cases, and consists of sources of noise located outside of the Project area, but 

within the upland or marine study areas. The term Roberts Bank Rail Corridor (RBRC) is 

used in this assessment to refer to only the section of the rail corridor that extends from the 

eastern end of the Roberts Bank causeway to the eastern boundary of the LSA. Similarly, 

the term Deltaport Way is used to refer to off-causeway portions of Deltaport Way within 

the LSA. References to road and rail traffic on the Roberts Bank causeway are explicitly 

stated as such (e.g., road and rail traffic on the Roberts Bank causeway). 

Spatial Boundary for Assessment of Future Cumulative Changes to Noise and 
Vibration 

The spatial boundary for the assessment of cumulative changes extends to all areas where 

there is potential for noise or ground-borne vibration from Project construction or operation 

to interact with noise or vibration from other projects and activities that will be carried out 

and potentially result in measurable or perceivable increases in noise or ground-borne 

vibration levels. This area is conservatively defined as areas within approximately 10 km of 

the Project area boundary at the eastern end of the Roberts Bank causeway, as well as 

marine areas within approximately 10 km from the centre of the proposed marine terminal 

(Figure 9.3-3).  

9.3.6.3 Characterising the Existing Noise and Vibration Environment 

This section presents the methods used to characterise the existing noise and ground-borne 

vibration environment through field measurements and computer modelling. 

Noise and Vibration Measurements 

The results of a survey of area residents regarding noise and vibration issues (Economic 

Planning Group 2013) were used to assist in the selection of the parameters to be studied 

during the measurements to depict existing conditions. The survey revealed that certain 

members of the public in Delta were concerned about transient and impulsive noises 
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originating from material handling at the Roberts Bank terminals and from rail activity on 

both the Roberts Bank causeway and those sections of the RBRC that are within the LSA. 

Similarly, concerns were expressed about low-frequency noise from sources at the 

Roberts Bank terminals, and locomotives on the Roberts Bank causeway and those sections 

of the RBRC that are within the LSA. Concerns about ground-borne vibration were generally 

restricted to residences located close to the RBRC within the LSA and arterial roads.  

In July and August 2013 noise, low-frequency noise and ground-borne vibration levels were 

measured at seven sites to characterise existing exposures at sensitive-receptor locations 

within the upland study area. Measurements were conducted on weekdays, rather than 

weekends, since weekday noise levels are experienced for a greater proportion of the year 

(i.e., 5/7th of the time). No noise measurements were conducted within the marine portion 

of the LSA; rather, characterisations of noise levels in the marine study area were based on 

computational modelling. During the July noise measurement period (ground-borne 

vibration was measured in August) there were, on average, two ships berthed at Deltaport 

Terminal, one of these being a ship that residents had in the recent past frequently reported 

to cause higher-than-usual noise levels.  

Specific sites were chosen for each measurement type based on the likelihood that the 

Project would influence noise, low-frequency noise, or ground-borne vibration at that 

location, and on information gathered during the noise and vibration survey (Figure 9.3-4) 

(Economic Planning Group 2013). Dates and measurement types employed at the various 

sites are provided in Table 9.3-6, as well as descriptions of the broader areas within the 

LSA that each measurement site represents. 

At sites 1, 2, and 3, the existing ground-borne vibration environments were characterised in 

terms of average and maximum vibration levels. Although site 1 is located outside of the 

LSA, measurements were conducted there to investigate a report, received via the noise 

and vibration survey (Economic Planning Group 2013), of high levels of ground-borne 

vibration at that location. Information collected at this site provides context for the 

predictions of ground-borne vibration levels within the LSA. 

At sites 3, 4, and 5, 48-hour continuous noise-level measurements were conducted to 

characterise average daily community noise levels in terms of Ldn, Ld, and Ln (as defined in 

Section 9.3.4). At these sites, Lmax measurements were also conducted to characterise the 

noise levels created by impulsive and transient noise events. Sites 3, 4, and 5 are locations 

within the broader areas they represent (Table 9.3-6) that are expected to receive the 
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highest levels of Project-related noise in the future. Project-related noise levels at other 

sensitive receptors within the LSA are therefore expected to be approximately equal to or 

less than noise levels encountered at sites 3, 4, and 5. 

The social survey ((Economic Planning Group 2013)) found that the highest number of 

residents disturbed by low-frequency noise were within the Tsawwassen neighbourhood. To 

investigate the degree to which low-frequency noise from the existing terminals and 

causeway were present in Tsawwassen, frequency spectra were measured in one-third 

octave bands at sites 5, 6, and 7. These measurements were also used to predict 

the influence of the Project on low-frequency noise levels, since the new marine 

terminal is expected to produce a noise signature similar to that of the existing terminals. 

Low-frequency noise levels at site 4 on Tsawwassen First Nation land were estimated 

through comparison with noise levels measured at the other sites. Although the survey 

reported fewer people were disturbed by low-frequency noise on Tsawwassen First Nation 

Lands than in Ladner, there is more potential for the Project to influence low-frequency 

noise levels on Tsawwassen First Nation land due to its proximity to the causeway and 

future location of the RBT2 marine terminal. The low-frequency noise component of the 

study was not extended to sites 1, 2, and 3, which are located to the north of Tsawwassen 

First Nation Lands, because there is little potential for the Project to influence low-frequency 

noise levels in these areas. Locomotives on off-causeway portions of the RBRC 

within the LSA are currently, and in the future are expected to be, the dominant source of 

low-frequency noise in these areas.  

Figure 9.3-5 
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Table 9.3-6 Summary of Sites and Measurement Details for the Characterisation of the Existing Noise and 

Vibration Environment 

Site 
No. 

Address or 
Location 

Approximate Distance from 
Sources of Noise 

Measurement 
Dates 

(2013) 

Receptors 

Represented by 
Site 

Measurement 
Type 

Measurement 
Duration 

1 3449 Arthur Dr. 

Deltaport Way – 675 m 

RBRC – 700 m 

Roberts Bank terminals – 6.8 km 

Proposed RBT2 Terminal – 8.8 km 

August 7 

Rural residences in 

Delta adjacent to 
arterial roads with 
heavy trucks and 
upland rail activities 

Ground-borne 
Vibration 

Multiple short-

term  
(1 to 30 
minutes) 

2 3395 41B St. 

Deltaport Way – 600 m 

RBRC – 630 m 

Roberts Bank terminals – 5.2 km 

Proposed RBT2 Terminal – 7.0 km 

August 7 and 8 

Rural residences in 

Delta adjacent to 
arterial roads with 
heavy trucks and 
upland rail activities 

Ground-borne 
Vibration 

Multiple short-

term 
(1 to 30 
minutes) 

3 3044 41B St. 

RBRC – 240 m 

Deltaport Way 270 m 

Roberts Bank terminals – 4.7 km 

Proposed RBT2 Terminal – 6.7 km 

July 22 to 24, 
August 7 to 8 

Rural residences in 

Delta adjacent to 
Deltaport Way and 
upland rail activities 

Noise and 

Ground-borne 
Vibration 

24 and 48 
hours 

4 
Tsawwassen First 
Nation Longhouse 

Tsawwassen Dr. N. – 60 m 

Deltaport Way/RBRC – 1.8 km 

Highway 17 – 1.3 km 

Roberts Bank terminals – 3.8 km 

Proposed RBT2 Terminal – 6.0 km 

July 22 to 24 

Tsawwassen First 

Nation community - 

residences near the 
ocean 

Noise 48 hours 

5 1043 Pacific Dr. 

Highway 17 – 430 m 

B.C. Ferries Terminal – 2.1 km 

Roberts Bank terminals – 3.5 km 

Proposed RBT2 Terminal – 5.6 km 

July 22 to 24 

Residences in the 

Tsawwassen 
neighbourhood near 
the ocean 

Noise and 

Low-frequency 
Noise 

48 hours 

6 965 Underhill Dr. 

B.C. Ferries Terminal – 2.9 km 

Roberts Bank terminals – 4.5 km  

Proposed RBT2 Terminal – 6.6 km 

July 22 to 24 

Residences in 

Tsawwassen inland 
from the ocean 

Low-frequency 
Noise 

24 hours 

7 
77 English Bluff 

Rd. 

Highway 17 – 2.3 km 

B.C. Ferries Terminal – 2.5 km 

Roberts Bank terminals – 4.7 km  

Proposed RBT2 Terminal – 6.5 km 

July 22 to 24 

Residences in the 

Tsawwassen 

neighbourhood near 
the ocean 

Low-frequency 
Noise 

24 hours 

Note: The August 7 to 8, 2013 measurement period at site 3 was used to measure vibration levels and characterise train noise levels and 

frequency spectra. 
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The Noise and Vibration Technical Report (Appendix 9.3-A) provides detailed descriptions 

of the methodology and instrumentation employed for each measurement type, as well as 

detailed site descriptions, maps, and photographs. 

Estimating Existing Annual Average Noise Levels 

The noise levels measured in July 2013 are not necessarily representative of longer-term 

annual average levels. Community noise levels vary from day to day in response to 

differences in the types, numbers, and loudness of noise sources, and to varying 

meteorological conditions, which can affect sound propagation. While it was not possible to 

account for all of these factors, the influences of meteorological conditions were estimated 

using the three-dimensional sound propagation software CadnaA. This software performs 

noise propagation calculations within a virtual environment constructed from inputs such as 

terrain features, buildings, meteorology, noise sources, and noise receivers, as presented in 

Table 9.3-2. The CadnaA software was used to create a model of existing conditions, which 

included the following sources of community noise: 

 Deltaport Terminal; 

 Road and rail traffic on the Roberts Bank causeway; 

 Road traffic within the LSA on Deltaport Way, 41 B St., Tsawwassen Dr. North, and 

Highway 17; and 

 Rail traffic on the RBRC within the LSA. 

The model was calibrated to match the measured noise levels at site 5 utilising a model 

wind rose that represented wind directions during the measurement period. Once the 

model was calibrated, the wind rose was modified to represent long-term average 

conditions, and noise levels were re-calculated at sites 3, 4, and 5 to provide estimates of 

annual average levels. The wind roses representing both long-term average conditions and 

conditions during the July 2013 measurement are presented Figure 9.3-6. 
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Figure 9.3-6 July 22 to 24, 2013 and Long-term Wind Roses as Recorded at 

Sand Heads Weather Station 

 

Within the marine areas, the model was used to estimate annual average levels at 1-km 

interval setback distances in all four cardinal directions from the approximate centre point of 

the new RBT2 marine terminal out to a distance of 10 km. The model was also used to map 

the existing condition annual average noise levels throughout the upland and marine 

sections of the LSA (Figure 9.3-7 and Figure 9.3-8). Noise levels within the upland 

portion of the study area were modelled at a height of 1.7 m above ground to approximate 

the average height of a North American adult. In the marine portion of the study area, noise 

levels were modelled at a higher elevation of 4 m above sea level to approximate the 

average elevation of users of marine vessels.  
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Although the Westshore Terminals were not explicitly modelled, their noise emissions were 

inherently included in the Deltaport Terminal source (see Appendix 9.3-A for rationale). 

Other sources of noise were not modelled because either their influence on overall daily 

noise levels was negligible or because their noise emissions were difficult to quantify. The 

omission of these sources, however, is not considered to have meaningfully affected the 

accuracy of the model since differences between the modelled and measured existing 

conditions Ldn (as defined in Section 9.3.4) were less than 1 dBA. In marine areas, noise 

from ships in transit was excluded from the model because no data were available regarding 

their noise emissions. Noise from vessels underway, however, is only present for the limited 

durations during which these vessels pass through the marine LSA. These transient sources 

are not expected to influence average daytime noise levels in the marine LSA to the same 

extent as the steady noise from the existing Roberts Bank terminals, and in the future, from 

the RBT2 marine terminal. Noise from these vessels is expected to be negligible at locations 

close to the future location of the RBT2 marine terminal (approximately 3 km) where the 

influence of the Project on marine area noise levels is expected to be highest. More detailed 

information on the methodology used to create and calibrate the model is provided in 

Appendix 9.3-A. 

9.3.6.4 Predicting Expected Conditions Noise and Vibration Levels 

This section summarises the methodology used to predict noise and ground-borne vibration 

levels for the expected conditions temporal case. A more detailed description of this 

methodology is provided in Appendix 9.3-A. The expected conditions case includes the 

same sources as the existing conditions case, but with these sources scaled up to reflect 

other projects and activities that are expected to be contributing to community noise levels 

in 2025. These projects are listed in Section 9.3.8. 

The CadnaA model of existing conditions was updated to reflect expected conditions in 2025 

by scaling up the sound power levels (SWLs) (i.e., intensities) of the various sources to 

reflect increases in cargo throughput and road and rail traffic volumes. Annual average 

noise levels were then calculated at sites 3, 4, and 5 and mapped throughout the LSA 

(Figure 9.3-9 and Figure 9.3-10).  
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For impulsive and transient noise, it was assumed that the rate of occurrence, but not the 

intensity, of transient and impulsive noise events would increase in proportion to increased 

cargo throughput at the Deltaport Terminal and increased rail volumes on the Roberts Bank 

causeway and on the RBRC within the LSA. These increases were estimated based on the 

following formula: 

Percentage Increase = 100% [(new volume – existing volume)/existing volume] 

Increases in low-frequency noise levels were estimated based on the increases in overall 

noise levels from the existing terminals and causeway. To calculate the increase at each 

site, the expected conditions model was used to predict increases from 2013 to 2025 in 

noise levels due to these sources.  

Expected conditions vibration levels were predicted by extrapolating from data collected 

during the measurements of existing vibration levels.  

9.3.6.5 Predicting Future Conditions with the Project 

This section summarises the methodology used to predict noise and ground-borne vibration 

levels for the future conditions with the Project case. A more detailed description of this 

methodology is provided in Appendix 9.3-A. 

Construction-phase Noise and Vibration 

To predict construction-phase noise and vibration levels in the LSA, the equipment noise 

and vibration-level database and procedures of the U.S. Federal Transit Administration 

(FTA) were used in conjunction with the CadnaA software (U.S. FTA 2006). In addition, 

noise levels for dredging vessels were obtained from measurements of noise from the 

dredge vessel Columbia, conducted during the construction phase of the Deltaport Third 

Berth Project (BKL 2007). Noise levels for tugboats were obtained from measurements 

conducted during the Oakland Harbor Navigation Improvement Project (U.S. Army Corp of 

Engineers 1998). 

Construction noise levels within the LSA were then calculated based on the following 

information: 

 Types and numbers of heavy construction equipment active during each 

construction-phase activity; 

 The location of each specific construction activity (adjacent marine environment, 

causeway, or terminal); 
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 Duration of each construction activity (months, years); 

 Rated sound emissions of each type of equipment while operating at or near full 

load; and 

 Usage factor of each type of equipment (i.e., proportion of time that the equipment 

is typically in use at or near full load over the specified period). 

The dates, durations, types, and numbers of equipment used for the various phases of 

construction are provided in Appendix 4-F Construction Equipment Peak Analysis. 

The vibration assessment procedure of the U.S. FTA (2006) were used to conduct a 

sensitivity analysis to determine if the most vibration-intensive construction activity – 

dynamic compaction – would be perceptible by members of the public at the nearest 

receptors in Delta. Since the U.S. FTA procedure does not include vibration levels for 

dynamic compaction techniques, pile-driver vibration levels were used instead. 

Operation-phase Noise and Vibration Levels 

The CadnaA model of expected conditions was updated to create a model depicting future 

conditions during Project operation. Road and rail traffic volumes on the Roberts Bank 

causeway were scaled up to Project operation levels, and a source was added to represent 

global noise emissions from the RBT2 marine terminal. The SWL of the RBT2 marine 

terminal source was given the same magnitude and frequency spectra as the Deltaport 

Terminal source in the expected conditions model. The rationale for assuming this 

equivalency is that both terminals are expected to have the same 2025 cargo capacity 

(2.4 million TEUs), number of berths (3 berths), and similar types and numbers of 

equipment. This assumption is considered conservative for the following reasons: 

 The primary sources of noise at Deltaport are mobile and stationary diesel 

engines, and the RBT2 marine terminal is not anticipated to use the diesel-powered, 

rubber-tired gantry cranes that are currently in use at Deltaport; 

 All three berths at the RBT2 marine terminal will be equipped with shore-to-ship 

electrical power equipment, and vessels equipped with shore power connections will 

be able to utilise this electrical power rather than diesel engine-driven electrical 

generators (AECOM 2013a) while at berth; and  

 RBT2 is anticipated to have 52 fewer annual ship calls than the 2025 Deltaport 

Terminal (Appendix 4-D Roberts Bank Traffic Data Matrix). 
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As was the case for the existing and expected conditions models, annual average 

noise levels were calculated at sites 3, 4, and 5, and were mapped throughout the LSA 

(Figure 9.3-11 and Figure 9.3-12) using the model.  

Low-frequency noise levels, impulsive or transient noise levels, and ground-borne vibration 

levels were predicted for Project operation using the same methodology utilised for 

expected conditions (Section 9.3.6.4) but accounting for the presence of the RBT2 marine 

terminal and Project-related increases in road and rail volumes on the Roberts Bank 

causeway. 

9.3.7 Existing Conditions 

This section characterises the existing noise and vibration environments within the study 

area based on the field measurements and noise modelling described in Section 9.3.6.3 

and in Appendix 9.3-A. Presented are the measured noise and ground-borne vibration 

levels, the meteorological conditions during the noise measurements, and the modelled 

annual average noise levels. 

9.3.7.1 Measured Noise and Vibration Levels within the Upland Study Area 

The following section provides the results of the 2013 noise and vibration measurements 

conducted within the Project’s upland study area.  

Daily Average Noise Levels 

The two-day average noise levels measured at sites 3, 4, and 5, as well as their day-to-day 

variations5 are presented in Table 9.3-7. 

Table 9.3-7 Daily Average Noise Levels at Sites 3, 4, and 5 

Site 
Two-day Average Noise Level *(dBA) 

Variation between Two Measurement 
Days (dBA) 

Ldn Leq(24) Ld Ln Ldn Leq(24) Ld Ln 

3 55.7 49.2 49.2 49.2 2.4 2.0 1.7 2.3 

4 52.7 46.9 47.1 46.1 0.2 0.9 1.7 0.7 

5 53.4 48.5 49.4 46.4 0.6 0.4 0.3 0.7 

* Measurements were collected from July 22 to 24, 2013 over a continuous 48-hour period. 

                                          
5  In this context, variations represent the differences between two consecutive days of measurement. 
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Daily average noise levels within the upland study area are attributable to noise from many 

diverse sources, including the following: 

 Roberts Bank terminals; 

 Roberts Bank causeway road and rail traffic; 

 Rail activity on the RBRC; 

 B.C. Ferries; 

 Highway 17 traffic; 

 Deltaport Way traffic; 

 Construction activities on Tsawwassen First Nation land; 

 Farming activities; 

 Aircraft; 

 Marine vessels; 

 Local activities; and 

 Natural sounds (e.g., wildlife, wind). 

No single source tends to dominate these noise environments; rather noise from all of these 

sources contribute in varying degrees to the overall average daily noise levels. 

While the 48-hour measurement period provides some indication of the day-to-day variation 

in noise levels, these variations were more extensively assessed during the DTRRIP noise 

assessment (BKL 2012). The two weeks of monitoring conducted during this study found 

that average daily noise levels (Ldn) had standard deviations of 1 dBA to 2 dBA. 

Transient and Impulsive Noise 

The many ongoing operations at the Roberts Bank terminals and the road and rail traffic on 

the Roberts Bank causeway produce a continuous noise signature that is occasionally 

punctuated by impulsive noise events (e.g., container put-downs, train shunting). During 

the existing conditions measurements, it was observed that at sites 4 and 5 impulsive noise 

events from material handling at the terminals and train shunting on the causeway were 

audible (especially at night). At site 3, impulsive and transient noises from rail activity on 

off-causeway portions of the RBRC within the LSA were observed to be more prominent 

than those from the Roberts Bank terminals and causeway. Table 9.3-8 presents the 

numbers of impulsive noise events observed at sites 3, 4, and 5, the ranges and averages 

of the Lmax created by these events, and the standard deviations of the data. Also shown are 

the types of impulsive events most frequently observed at each site. 
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Table 9.3-8 Impulsive Noise Events and Levels 

Site Time Period 

Most 
Frequent 
Type of 

Event 

No. of 
Observed 

Events 

No. of 
Observed 

Events/hr. 

Lmax (dBA) 

Range Avg. 
Std. 
Dev. 

3 

Aug. 8, 

2013,12:00 a.m. 
– 4:00 a.m. 

July 23, 2013, 

3:00 p.m. – 
4:00 p.m. 

 Rail Shunts 7 1.4 49.5 – 56.5 53.1 2.8 

4 
July 22, 2013, 
9:00 p.m. – 
10:00 p.m. 

 Rail Shunts 

 Container 
Handling 

6 6.0 45.8 – 52.2 48.6 2.5 

5 

July 23, 2013,  
12:00 a.m. – 
4:00 a.m.; 

July 24, 2013,  
12:00 a.m. – 
4:00 a.m. 

 Container 

Handling 
48 6.0 42.9 – 53.8 49.0 2.0 

Table 9.3-9 presents Lmax and SEL measured at site 3 due to transient noise events from 

locomotive pass-bys and wheel-rail interactions during rail-car movements. For train 

movements where the locomotives were far from the microphone position, only wheel-rail 

noise was present. 

Table 9.3-9 Noise Event Maximum Levels and Sound Exposure Levels from 

Transient Rail Noise Events at Site 3 

Time 

Period 

Number of 

Observed 
Events 

Number of 
Observed 

Events/hr. 

Locomotive 

Lmax (dBA) 

Wheel-Rail Noise 

SEL (dBA) 

Loco- 
motive 
Pass-by 

Wheel-
Rail 

Noise 

Loco- 
motive 
Pass-by 

Wheel
-Rail 
Noise 

Range Avg. 
Std. 
Dev. 

Range Avg. 
Std. 
Dev 

Aug. 7, 
1:00 p.m. 
to Aug. 8, 

3:00 p.m., 
2013 

18 26 0.7 1.0 
46.2 
to 

62.2 

55.3 4.1 
63.4 
to 

82.0 

73.3 5.0 
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Low-frequency Noise from Existing Terminals and Causeway 

Results of the low-frequency noise measurements are presented in charts and tables in 

Appendix 9.3-A. Table 9.3-10 summarises the results in terms of the nighttime average 

A- and C-weighted noise levels and their differences. While the measurements were 

conducted over periods of either 24 or 48 hours, only the data from midnight to 5:00 a.m. 

were analysed. Nighttime data were considered to be representative of low-frequency noise 

related to the existing terminals and causeway because port-related noise is more 

prominent, and therefore more identifiable during these hours. This topic is discussed in 

greater detail in Appendix 9.3-A. 

Table 9.3-10 Comparison of A- and C-weighted Existing Nighttime Noise Levels 

Site 

A-weighted Noise 
Level (dBA) 

C-weighted Noise 
Level (dBC) 

Difference 

(dBC minus dBA) 

Outdoor Indoor Outdoor Indoor Outdoor Indoor 

Site 4* 40.0 - 57.9 - 17.9 - 

Site 5  43.4 35.8 61.3 51.8 17.9 16.0 

Site 6  32.5 25.9 49.9 38.5 17.4 12.6 

Site 7  42.4 26.9 61.7 49.4 19.3 22.5 

* Note: Outdoor levels at site 4 were estimated from levels measured at site 5. Indoor noise levels 

were not estimated since differences between indoor and outdoor levels are unique to each 

residence. 

Outdoor A- and C-weighted noise levels at sites 4, 5, and 7 were reasonably uniform, 

varying by at most 4 dBA. At site 6, outdoor levels were lower, since this site is located 

approximately 820 m inland of the western coastline of the Tsawwassen neighbourhood 

and, unlike the other sites, does not have a direct line of sight to the Roberts Bank 

terminals and causeway. Observed differences between A- and C-weighted noise levels at 

the four sites, both indoors and outdoors, were between 12.6 dB and 22.5 dB, indicating the 

presence of low-frequency noise in areas represented by the sites. 

Ground-borne Vibration 

Results of the existing ground-borne vibration measurements are provided in Table 9.3-11. 

Ambient or ongoing vibration levels are presented, as well as the maximum and average 

vibration levels measured during specific events such as train or heavy truck pass-bys. 
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Table 9.3-11 Existing Ground-borne Vibration Measurement Results 

Site 

No. 

Measurement 

Date(s) 

Approx. 

Setback 

from Rail 
Tracks (m) 

RMS Ground-Borne Vibration Level  

(VdB) Ground-

Borne 

Vibration 
Sources 

Ambient 
Heavy 

Truck 
Train 

Average Max. Average Max. 

1 Aug. 7, 2013 700 m 88 116 -* -* 

Arthur St. 

Traffic, 
Deltaport Way 

Traffic, Trains 

2 
Aug. 7 and 8, 

2013 
630 m 88 113 84 95 

41 B St. 
Traffic, 

Deltaport Way 
Traffic, Trains 

3 Aug. 8 2013 250 m 79 90 95 104 
Deltaport Way 
Traffic, Trains 

* Note: It was not possible to measure train vibration levels at site 1 due to constant interference 

from traffic on Arthur Street; however, sites 1 and 2 have similar setbacks from the rail 
lines, so train vibration levels are expected to be similar at site 1. 

Existing levels of ground-borne vibration at locations in Delta adjacent to Deltaport Way and 

the RBRC (sites 1, 2, and 3) are largely attributed to nearby road and rail traffic. At sites 1 

and 2, the highest vibration levels were due to heavy truck pass-bys on local roads, while at 

site 3 they were due to locomotive pass-bys on the RBRC. At both sites 1 and 2, trains and 

heavy trucks were found to create ground-borne vibration levels above the 93 VdB 

threshold of perception. At site 3, trains on the RBRC, but not heavy trucks on Deltaport 

Way, were found to create ground-borne vibration levels above the threshold of perception. 

At sites 1, 2, and 3, ambient ground-borne vibration levels (i.e., levels in the absence of 

heavy vehicles or trains) are likely controlled by light vehicle traffic on the nearest roads 

and were below the threshold of perception. Ambient levels would have also included any 

vibration generated at the existing Roberts Bank terminals or on the Roberts Bank 

causeway. At the time of the study, however, it was not possible to determine if such 

vibration was present. Charts showing the measured vibration spectra are presented in 

Appendix 9.3-A. 

9.3.7.2 Meteorological Effects 

Table 9.3-12 summarises the meteorological conditions recorded at the Sand Heads 

weather station during the July 2013 noise measurement period. The effects of 

meteorological conditions on noise propagation from the Roberts Bank terminals are 

discussed in detail in Appendix 9.3-A.  
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Table 9.3-12 Meteorological Conditions during July 2013 Noise Measurements 

Date (2013) 

Relative Humidity 
(%) 

Air Temperature 
(°C) 

Wind Speed 
(km/hr) 

Range Avg. Range Avg. Range Avg. 

July 22, Day 

(7:00 a.m. to 10:00 p.m.) 
70 – 84 76 17 – 21 19 4 – 17 9 

July 22 to 23, Night 

(10:00 p.m. to 7:00 a.m.) 
82 – 89 87 16 – 19 17 4 – 13 9 

July 23, Day 52 – 87 74 16 – 23 20 4 – 9 6 

July 23 to 24, Night 79 – 86 82 15 – 19 17 13 – 17 15 

July 24, Day 77 – 82 80 16 – 17 16 7 – 13 10 

Meteorological conditions can affect noise levels from the Roberts Bank terminals within the 

LSA. While atmospheric temperature gradients can affect noise propagation, wind direction 

is considered to have more influence on noise propagation over water, as is largely the case 

for noise from the terminals that is received in the LSA (Wakefield Acoustics Ltd. 2014). 

Upwind propagation conditions over water (wind blowing from the receptor toward the 

terminals and causeway) can decrease noise levels by up to 10 dB, while downwind 

propagation conditions over water typically result in increases of up to 3 dB relative to 

neutral conditions.  

The prevailing wind directions at the time of the 2013 study were from the east, southeast, 

and northwest (Figure 9.3-6). For sites 5, 6, and 7, which are located to the east and 

southeast of the Roberts Bank terminals, the wind would have tended to decrease noise 

levels relative to neutral conditions (i.e., crosswind or no wind). For sites 3 and 4, which are 

located northeast of the terminals, the wind would have had no effect on noise levels. 

There is some correlation between the July 22 to 24 and long-term wind roses shown in 

Figure 9.3-6. The primary difference, however, is the absence of winds directly from the 

east or from the northwest during the July 2013 monitoring period. 

9.3.7.3 Modelled Existing Annual Average Noise Levels in the Upland and 
Marine Study Areas 

Table 9.3-13 presents modelled existing (2013) annual average noise levels (Ld, Ln, 

and Ldn) in the upland study area at sites 3, 4, and 5.  
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Table 9.3-13 Modelled Annual Average Existing Noise Levels 

Site 
Noise Level (dBA) 

Ld Ln Ldn 

3 50.2 50.3 56.7 

4 47.9 43.5 50.9 

5 52.0 47.8 55.1 

A noise-level contour map, showing annual average existing Ldn throughout the upland 

portion of the LSA, is presented in Figure 9.3-7. Noise levels in this map are represented 

by zones of different colours, as indicated by the legend, and the noise sources (Deltaport 

Terminal, road and rail traffic) are shown in cyan. Additional noise contour maps can be 

found in Appendix 9.3-A that present close-up and three-dimensional views of the 

contours shown in Figure 9.3-7. 

Existing noise levels within the marine study area were determined exclusively through 

modelling, as described in Section 9.3.6.3. Modelled Ld range from a maximum of 

62.5 dBA to a minimum of 32.7 dBA at locations within approximately 1 km and 10 km, 

respectively, of the future location of the RBT2 marine terminal. The existing (2013) annual 

average Ld contours in the marine study area are shown in Figure 9.3-8. 
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Figure 9.3-7 Existing (2013) Day-night Average Level Contours in Upland Study Area 

 

Site 3, Ldn 56.7 dBA 

Site 4, Ldn 50.9 dBA 

Site 5, Ldn 55.1 dBA 

Roberts Bank Causeway 
Road and Rail 
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Figure 9.3-8 Existing (2013) Daytime Equivalent Level Contours in Marine Study Area 

 

Deltaport Terminal 
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9.3.8 Expected Conditions  

This section describes the predicted noise and vibration environments in the year 2025, 

without the influence of the Project. Noise and ground-borne vibration levels within the LSA 

are expected to change in the future, without the Project, as a result of other projects and 

activities. Many of the other projects were included in the model for this temporal case 

because they informed the Roberts Bank Traffic Data Matrix (Appendix 4-D Roberts 

Bank Traffic Data Matrix), which was used to assign traffic volumes on Deltaport Way 

(on and off the Roberts Bank causeway) in the noise model. The projects are listed below 

(Table 9.3-14) and described in more detail in Appendix 3-A Descriptions of Projects 

and Activities Contributing to Existing Conditions and Expected Conditions. 

Table 9.3-14 Future Projects Included in Expected Conditions Model 

Project/Activity Rationale for Inclusion 

Westshore Terminals Limited Partnership: 

Westshore Terminals – Terminal Infrastructure 
Reinvestment Project 

Increased reliability and minor capacity 

increases in new equipment could 
increase terminal throughput capacity; 
increased noise emissions due to 
increases in train traffic volumes. Project 

included in Appendix 4-D road traffic 
forecasts. 

Roberts Bank Rail Corridor Program (12 local, regional, 
provincial, and federal partners): 

Roberts Bank Rail Corridor Program - Combo Project - 

196th Street, 192nd Street, and 54th Avenue Rail 
Overpass. 

Project included in Appendix 4-D road 

traffic forecasts. 

PMV with GCT and BC Rail: 

DTRRIP 

Increased noise emission due to 
increased cargo, truck, and train 
volumes. Project included Appendix 4-D 
road traffic forecasts. 

TransLink: 

Evergreen Line Rapid Transit Project 
Project included in road traffic forecasts. 

PMV: 

RBRC Program – Mufford/64th Avenue at Highway 
(Hwy.) 10 

Project included road traffic forecasts. 

Tsawwassen First Nation Economic Development Corp.: 

Tsawwassen Gateway Logistics Centre 
Project included road traffic forecasts. 

Tsawwassen First Nation Economic Development Corp. 

and Ivanhoe Cambridge: 

Tsawwassen Mills and Power Centre Project 

Project included road traffic forecasts. 

Tsawwassen First Nation Economic Development Corp. 

and Ivanhoe Cambridge: 

Tsawwassen Commons Project 

Project included road traffic forecasts. 

MOTI: 

Gateway Program - North Fraser Perimeter Road 
Project 

Project included road traffic forecasts. 
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These projects will be completed by the year 2025 and were used to predict the future 

conditions (i.e., expected conditions) against which Project noise and ground-borne 

vibration is considered. 

9.3.8.1 Overview of Expected Conditions 

Increases in overall community noise levels, Ldn, in the upland study area are expected to 

range from approximately 0.6 dBA to 1.3 dBA. Increased capacity at the existing 

terminals at Roberts Bank are expected to increase low-frequency noise levels uniformly by 

1.2 dBA at locations represented by sites 4, 5, 6, and 7. These small changes in noise and 

low-frequency noise levels are not expected to be noticeable, especially when experienced 

gradually over a 12-year period (Table 9.3-4). 

In the marine study area, future annual average daytime levels, Ld, are predicted to range 

from a high of 63.7 dBA to a low of 33.9 dBA at locations within approximately 1 km and 

10 km of the future location of the RBT2 marine terminal, respectively. These future levels 

represent increases of 0.2 dBA to 1.3 dBA relative to existing conditions. As was the case 

for the predicted noise-level increases in the upland portion of the LSA, it is anticipated that 

these small changes in average noise levels would not be noticeable. 

The rates of occurrence of transient and impulsive noise events are expected to increase by 

24% to 33% due to increased container handling at the Deltaport Terminal and increased 

rail volumes on the causeway and those portions of the RBRC that are within the LSA. While 

the changes in average noise levels are not expected to be perceivable, the increased 

frequency of these events may be noticeable, especially during the nighttime hours when 

background noise levels are typically lowest. 

The DTRRIP and Westshore Terminals projects are also expected to affect future ground-

borne vibration levels in the uplands area of the LSA due to related road and rail traffic and, 

at certain locations, the addition of rail tracks. At locations near site 3, to the south of the 

Gulf Yard, the DTRRIP project will result in additional tracks being added so that setback 

distances from the closest track to nearby residences will decrease. As was the case for 

existing levels of ground-borne vibration, road and rail noise sources off the causeway are 

expected to continue to dominate vibration levels within the uplands area of the LSA near 

Deltaport Way and the RBRC. 
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9.3.8.2 Annual Average Noise Levels for Expected Conditions 

Table 9.3-15 presents predicted annual average noise levels at sites 3, 4, and 5 in the 

2025 horizon year without the Project, but including all other modelled sources of 

community noise. Also provided for comparison are the annual average levels for existing 

conditions. 

Table 9.3-15 Expected Annual Average Noise Levels in 2025 

Site 

Noise Level (dBA) 

Existing Conditions Expected Conditions Increases 

Ld Ln Ldn Ld Ln Ldn Ld Ln Ldn 

3 50.2 50.3 56.7 51.9 51.5 58.0 1.7 1.2 1.3 

4 47.9 43.5 50.9 48.4 44.5 51.7 0.5 1.0 0.8 

5 52.0 47.8 55.1 52.3 48.5 55.7 0.3 0.7 0.6 

Table 9.3-16 summarises the ranges of predicted 2025 noise levels within four different 

sub-areas of the upland study area and the corresponding increases in noise levels relative 

to existing conditions (Figure 9.3-5). 

Table 9.3-16 Estimated Annual Average Noise Levels throughout the Upland 

Study Area for Expected Conditions 

Sub-area 
within 

Upland Study 
Area 

Minimum Ldn Maximum Ldn Increases in Ldn 
Relative to 

Existing 
Conditions (dBA) 

Approximate 
Level (dBA) 

Location 
Approximate 
Level (dBA) 

Location 

A - Areas to 

the north and 
northwest of 
Deltaport Way 

47 

Northern 

boundary 
of study 
area 

72 

Corridor 
immediately 

adjacent to 
Deltaport 
Way and the 

RBRC 

1 – 2 

B - 

Tsawwassen 
First Nation 
Land 

47 

Eastern 

boundary 
of study 
area 

72  

Corridor 
immediately 

adjacent to 
Tsawwassen 
Drive North 

0 – 1 

C - 
Tsawwassen 

neighbourhood 

45 

Eastern 
boundary 

of study 
area 

72 

Northwestern 
areas 

overlooking 
Highway 17 

0 – 1 

D - Point 
Roberts, 

U.S.A.  

45  

Eastern 
boundary 

of study 
area 

50 
Western 
areas near 

the coast 

1 
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Annual average Ldn in the expected conditions temporal case are predicted to vary from 

approximately 72 dBA in areas immediately adjacent to Deltaport Way, Highway 17, and the 

RBRC to approximately 45 dBA in southeastern areas of Tsawwassen and in Roberts Bank 

within the U.S.A. This Ldn range represents an average increase, relative to existing 

conditions, of approximately 1 dBA. 

Within the marine portion of the LSA, 2025 Lds are predicted to range from 33.9 dBA to 

63.7 dBA, with noise levels decreasing as distance from the existing terminals increases. 

These levels represent increases, relative to existing conditions, of 0.2 dBA to 1.3 dBA.  

Noise-level contour maps showing future annual average noise levels in the expected 

conditions case throughout the upland and marine portions of the study area are presented 

in Figure 9.3-9 and Figure 9.3-10, respectively. Additional maps showing close-up and 

three-dimensional views of the contours in Figure 9.3-9 are available in Appendix 9.3-A. 
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Figure 9.3-9 Expected Conditions – Day-night Average Contours in Upland Study Area 

 

Site 3, Ldn 58.0 dBA 

Site 4, Ldn 51.7 dBA 

Site 5, Ldn 55.7 dBA 

Roberts Bank Causeway 
Road and Rail 
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Figure 9.3-10 Expected Conditions – Daytime Noise Contours in Marine Areas 

 

Deltaport Terminal 
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9.3.8.3 Expected Conditions - Transient and Impulsive Noise Levels 

Increased cargo throughput at the Deltaport Terminal and increased rail volumes on the 

Roberts Bank causeway and the section of the RBRC that is within the LSA are expected to 

increase the rate of occurrence, but not the intensity6 of transient and impulsive noise 

events within the LSA. Between 2012 (existing conditions) and 2025 (expected conditions), 

cargo throughput at the Deltaport Terminal is expected to increase by 33% from 1.8 million 

TEUs to 2.4 million TEUs. This additional throughput is then expected to result in 

approximately a 33% increase in the numbers of impulsive noise events created 

at Deltaport Terminal. Average two-way rail volumes are expected to increase by 24% from 

17 trains per day in 2012 to 21 trains per day in 2025 (Appendix 4-D Roberts Bank 

Traffic Data Matrix). Consequently, the number of transient and impulsive rail noise 

events is expected to increase by approximately the same percentage. 

These percentage increases were applied to the measured numbers of 

transient and impulsive events presented in the measurement results for existing conditions 

(Table 9.3-8 and Table 9.3-9) to estimate the numbers of such events to be expected in 

future (Table 9.3-17). The future numbers of these events at sites 4 and 5 are presented 

as a range to reflect the differing increases in cargo throughput and rail volumes (33% vs. 

24%). At site 3, where impulsive noise is almost exclusively due to train shunting in the 

upland area of the LSA, the numbers of events reflect only anticipated increases in rail 

volumes (24%). 

Table 9.3-17 Expected Conditions - Predicted Numbers of Future Impulsive and 

Transient Noise Events 

Site 

Numbers of Events per Hour (dBA) 

Impulsive 
Transient 

(Locomotive Pass-by) 

Transient 

(Wheel-Rail Noise) 

3 1.7 0.9 1.2 

4 7.4 – 8.0 -* -* 

5 7.4 – 8.0 -* -* 

*Note: These events did not produce measurable levels at sites 4 and 5. 

                                          
6  One exception is at site 3 where DTRRIP will add rail tracks that will decrease the setback of this site from 

some train movements and therefore may increase the intensity of certain impulsive noise events.  
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9.3.8.4 Expected Conditions - Low-frequency Noise Levels 

Increased cargo throughput at the Deltaport Terminal and increased locomotive volumes 

on the Roberts Bank causeway are expected to increase low-frequency noise levels within 

the Tsawwassen neighbourhood and Tsawwassen First Nation Lands portions of the LSA. 

Based on increased cargo capacity at Deltaport Terminal and increased locomotive 

volumes on the Roberts Bank causeway, low-frequency noise levels within Tsawwassen First 

Nation Lands (site 4) and Tsawwassen neighbourhood (sites 5, 6, and 7) are expected to 

increase uniformly by approximately 1.2 dB from a range of 49.9 dBC to 61.7 dBC to a 

range of 51.1 dBC to 62.9 dBC. 

9.3.8.5 Expected Conditions – Vibration Levels 

In the future, ground-borne vibration levels within the upland study area will change, 

largely due to increases in road and rail traffic volumes outside of the Project area, and the 

addition of rail tracks at the Gulf Yard as part of DTRRIP. In general, increases in road traffic 

volumes are not expected to perceptibly increase average ground-borne vibration levels. 

After completion of the planned DTRRIP construction, the closest train track to site 3 will be 

set back 210 m versus 240 m prior to the Project. This setback change is predicted to 

increase ground-borne vibration levels during train pass-bys by approximately 1.3 VdB. 

9.3.9 Future Conditions with the Project 

The previous section (Section 9.3.8) discussed how the noise and ground-borne vibration 

environment is expected to change in the future as a result of other projects and activities 

that will have been carried out prior to operation of the Project. This section describes 

changes to the environment as a result of the Project’s construction and operation phases, 

as summarised immediately below and discussed in more detail in Sections 9.3.9.2 and 

9.3.9.3. Noise levels presented in this section include both Project noise and noise from the 

other projects and activities that were included in the expected conditions temporal case. 

9.3.9.1 Overview of Future Conditions with the Project 

This section provides an overview of changes to the noise and vibration environment in the 

future with the Project, during the construction and operation phases. Project-related 

changes are compared to the expected conditions temporal case. 
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Project-related construction activities are not anticipated to increase the five-year average 

Ldn at upland receptor locations by more than 1.3 dBA. In certain months, however, 

construction noise is expected to increase the average Ldn by up to 4.3 dBA, which is 

expected to be a perceptible change. Within marine areas, Project construction is expected 

to increase Lds by 0.0 dBA to 12.9 dBA depending on the setback distance from the 

construction activities. Project-related construction activities are not expected to result in 

perceptible levels of ground-borne vibration at upland receptors. 

Community noise levels are expected to increase as a result of Project-related operation, 

based on activities at the new marine terminal and increases in road and rail traffic on the 

Roberts Bank causeway. The noise model predicts that RBT2 will increase noise levels within 

the upland portion of the study area by approximately 0.1 dBA to 1.8 dBA relative to 

expected conditions. Such small changes are not expected to be perceptible; however, the 

rates of occurrence of transient and impulsive noise events are also expected to increase by 

38% to 100%, relative to expected conditions, due to Project-related container handling 

and increased rail volumes on the causeway. The increased frequency of these events 

may be noticeable, especially during the nighttime hours when background noise levels 

are lower. 

In the marine study area, Project operation is expected to result in an Ld ranging from 

38.4 dBA to 64.0 dBA at locations within approximately 1 km and 10 km of the future 

location of the RBT2 marine terminal, respectively. These levels represent increases relative 

to expected conditions of 0.3 dBA to 13.0 dBA.  

Project-related operation activities are not expected to result in perceptible levels of ground-

borne vibration at sensitive receptors within the upland study area. 

9.3.9.2 Construction-phase Noise and Vibration 

This section presents predicted noise levels in upland and marine areas, as well as ground-

borne vibration levels, as a result of Project construction.  

Construction Noise Levels in Upland Areas 

Table 9.3-18 presents the range of daytime (Ld), nighttime (Ln), and day-night 

average (Ldn) noise levels predicted on a month-by-month basis, as well as the 

corresponding five-year average noise levels in the upland study area (sites 3, 4, and 5) 

during the various phases of the five-and-a-half-year construction program between July 
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2018 and November 2023. Also presented are the noise level increases due to the 

construction activities relative to annual average levels for the expected conditions temporal 

case (Table 9.3-13). 

Construction noise is predicted to increase the three noise metrics by 0.0 dBA to 4.8 dBA 

over the five-and-a-half-year construction phase. On average, however, increases in the 

three noise metrics would not exceed 1.3 dBA and would typically not be perceivable. The 

relatively modest influence of construction activities on noise levels is primarily due to the 

large setback distances of sensitive upland receptors from the terminal and causeway 

construction zones. Detailed predictions of month-by-month construction noise levels are 

included in Appendix 9.3-A. 

Table 9.3-18 Predicted Daytime, Nighttime, and Day-night Average Noise Levels 

and Noise Level Increases during Project Construction 

Site 
Annual Average 

Expected Ld (dBA) 

Project Construction Phase 
Ld(dBA) 

Project-related 
Increase (dBA) 

Range Avg. Range Avg. 

3 51.9 51.9 – 53.8 52.5 0.0 – 1.9 0.6 

4 48.4 48.4 – 51.0 49.3 0.0 – 2.6 0.9 

5 52.3 52.3 – 52.6 52.4 0.0 – 0.3 0.1 

Site 
Annual Average 

Expected Ln (dBA) 

Project Construction Phase 

Ln (dBA) 

Project-related 

Increase (dBA) 

Range Avg. Range Avg. 

3 51.5 51.5 – 53.5 51.9 0.0 – 2.0 0.4 

4 44.5 44.5 – 49.3 45.8 0.0 – 4.8 1.3 

5 48.5 48.5 – 49.1 48.7 0.0 – 0.6 0.2 

Site 
Annual Average 

Expected Ldn (dBA) 

Project Construction Phase 
Ldn (dBA) 

Project-related 
Increase (dBA) 

Range Avg. Range Avg. 

3 58.0 58.0 – 60.0 58.5 0.0 – 2.0 0.5 

4 51.7 51.7 – 56.0 53.0 0.0 – 4.3 1.3 

5 55.7 55.7 – 56.7 56.0 0.0 – 1.0 0.3 
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Construction Noise Levels in Marine Areas 

Table 9.3-19 presents predicted Ld ranges within the marine portion of the LSA during the 

construction phase of the Project. 

Noise levels in marine areas during construction are predicted to range from a minimum of 

33.9 dBA to a maximum of 63.8 dBA at positions 10 km to 1 km to the west of the Project 

terminal. These levels represent increases of 0.0 dBA to 12.9 dBA relative to expected 

conditions, with the largest increases predicted to occur at locations within 1 km of the 

marine terminal construction zone. 

Table 9.3-19 Predicted Daytime Noise Levels in Marine Areas during Project 

Construction 

Setback Distance 

from RBT2 (km) 

Construction Phase Ld (dBA) 

Setback Direction (Cardinal Directions) 

North South East West 

1 54.9 – 62.2 52.7 – 61.8 – 51.0 – 63.4 

2 52.7 – 56.3 49.9 – 55.3 – 47.4 – 54.8 

3 50.1 – 52.4 47.2 – 51.0 63.7 – 63.8 44.8 – 49.9 

4 47.5 – 49.3 45.2 – 48.0 56.5 – 56.7 42.6 – 46.7 

5 45.2 – 46.7 43.1 – 45.4 58.0 – 58.1 40.7 – 44.1 

6 43.1 – 44.5 41.2 – 43.2 51.9 – 52.1 39.0 – 41.9 

7 41.1 – 42.4 39.5 – 41.2 – 37.5 – 39.0 

8 38.9 – 40.3 38.0 – 39.6 – 36.2 – 37.5 

9 37.4 – 38.7 36.7 – 38.1 – 35.0 – 36.1 

10 36.0 – 37.2 35.5 – 36.8 – 33.9 – 35.0 

Note:  Noise levels were not calculated at certain setback distances to the east as they corresponded 
to upland locations. 

Ground-borne Vibration Levels Due to Project Construction 

Maximum construction-related ground-borne vibration levels at the closest sensitive upland 

receptors are not expected to exceed 90 VdB. This level of vibration is 3 VdB below the 

approximate 93 VdB threshold of perception (FTA 2006). 

9.3.9.3 Operation-phase Noise and Vibration 

This section presents predicted future annual average noise levels, impulsive and transient 

noise levels, low-frequency noise levels, and ground-borne vibration levels in the LSA during 

Project operation. 
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Future Annual Average Noise Levels with Project Operation 

Table 9.3-20 presents predicted annual average noise levels at sites 3, 4, and 5 in the 

2025 horizon year resulting from Project operation, as well as all other modelled sources of 

community noise (from other projects and activities that have been or will have been 

carried out). Presented for comparison are the predicted 2025 noise levels for expected 

conditions as previously shown in Table 9.3-16, as well as the corresponding increases in 

noise levels due to Project operation. 

Table 9.3-20 Predicted Future Daytime, Nighttime, and Day-night Annual 
Average Noise Levels with Project Operation 

Site 

Predicted Future Noise Levels (dBA) 
Project-related Increases 

(dBA) Expected Conditions  
Future with Project 

Operation 

Ld Ln Ldn Ld Ln Ldn Ld Ln Ldn 

3 51.9 51.5 58.0 52.0 51.7 58.1 0.1 0.2 0.1 

4 48.4 44.5 51.7 49.5 46.5 53.5 1.1 2.0 1.8 

5 52.3 48.5 55.7 52.8 49.6 56.7 0.5 1.1 1.0 

The increases in average noise levels (Ld, Ln, Ldn) can be seen to range from 0.1 dBA to 

2.0 dBA and are not expected to be perceptible. The magnitudes of the increases at the 

different sites depend on setback distances from RBT2 and on the prominence of RBT2 noise 

relative to noise from other sources. The increases are predicted to be lowest at site 3 

because it is furthest from RBT2, and its future noise environment is expected to continue 

to be dominated by noise from road traffic on Deltaport Way and rail traffic on the RBRC 

within the LSA. While sites 4 and 5 share similar setbacks from RBT2, site 4 is predicted to 

have lower expected-conditions noise levels, and therefore, its total future noise levels will 

be more affected by Project noise. Furthermore, future noise levels at site 5, with and 

without the Project, will be influenced to a greater degree by noise from Highway 17, the 

presence of which will then reduce the relative influence of RBT2 noise on total noise levels. 

Table 9.3-21 summarises the ranges of Ldn within the different sub-areas of the upland 

study area (refer to Figure 9.3-4 for sub-area locations) and the corresponding noise level 

increases relative to expected conditions. 
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Annual average future Ldn, with Project operation, are predicted to vary from approximately 

72 dBA in areas immediately adjacent to Deltaport Way, Highway 17, and the RBRC, to 

approximately 47 dBA in southeastern areas of Tsawwassen. This Ldn range represents an 

average increase, relative to expected conditions, of approximately 1 dBA. 

Within the marine portion of the LSA, future annual average Ld with Project operation are 

expected to range from 38.4 dBA to 64.0 dBA. These levels represent increases, relative to 

expected conditions, ranging from a minimum of 0.3 dBA at locations to the east where 

noise levels are more influenced by noise from Highway 17 and B.C. Ferries, to a maximum 

of 13.0 dBA at a location 1 km to the west of RBT2.  

Table 9.3-21 Estimated Annual Average Future Noise Levels throughout the 

Upland Study Area with Project Operation 

Sub-area 
within Upland 

Study Area 

Minimum Ldn Maximum Ldn Project-
related 

Increases in 
Ldn (dBA) 

Approximate 
Level (dBA) 

Location 
Approximate 
Level (dBA) 

Location 

A - Areas to the 
north and 
northwest of 

Deltaport Way 

48 

Northern 
boundary 
of study 

area 

72 

Corridor 

immediately 
adjacent to 

Deltaport Way 

and the RBRC 
within the LSA 

0 – 1 

B - Tsawwassen 
First Nation 

Land 

48 

Eastern 
boundary 
of study 

area 

60  

Corridor 
immediately 
adjacent to 

Tsawwassen 
Drive North 

0 – 2 

C - Tsawwassen 
neighbourhood 

47 

Eastern 

boundary 
of study 

area 

60 

Northwestern 

areas 
overlooking 
Highway 17 

1 – 2 

D – Point 

Roberts, U.S.A. 
47  

Eastern 
boundary 

of study 
area 

52 
Northwestern 
areas near the 

coast 

2 

Noise-level contour maps showing future annual Ldn for upland areas and Ld 

for marine areas with Project operation throughout are presented in Figure 9.3-11 and 

Figure 9.3-12, respectively. Additional maps showing close-up and three-dimensional 

views of the contours in Figure 9.3-11 are available in Appendix 9.3-A. 
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Figure 9.3-11 Project Operation – Day-night Annual Average Sound Level Contours in Upland Study Area 

 

Site 3, Ldn 58.1 dBA 

Site 4, Ldn 53.5 dBA 

Site 5, Ldn 56.7 dBA 

Roberts Bank Causeway 
Road and Rail 
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Figure 9.3-12 Project Operation – Daytime Equivalent Sound-Level Contours in Marine Areas 

 

Deltaport Terminal 
RBT2 Terminal 
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Predicted Future Transient and Impulsive Noise Levels with Project Operation 

Transient and impulsive noise events originating at the RBT2 marine terminal are expected 

to be somewhat lower in noise level within the upland study area than those originating at 

the existing Deltaport Terminal, due to the greater setback distance of the RBT2 terminal. It 

has, however, been conservatively assumed that the intensities of impulsive and transient 

noise events originating at the new marine terminal will have the same range and mean 

value as those found, through measurement, to originate from Deltaport Terminal. 

Roberts Bank Terminal 2 and Deltaport Terminal are both expected to be operating at 

annual sustainable design capacity of 2.4 million TEUs in the horizon year of 2025. The 

additional throughput from RBT2 is therefore expected to approximately double the number 

of port-related impulsive noise events compared to expected conditions. Operation of RBT2 

in 2025 is also expected to increase average daily two-way train movements along the 

Roberts Bank causeway by eight train movements per day. This is expected to result in a 

38% increase in the number of rail-related impulsive noise events over the expected 

conditions case. Based on these increases in cargo volumes and rail activity, Project 

operation is predicted to increase the occurrence of impulsive noise events at sites 4 and 5 

from 7.4 to 8.0 events per hour to 10.3 to 16.0 events per hour. At site 3, where impulsive 

and transient noise events are expected to be largely related to rail activities on the RBRC 

within the LSA, Project operation is not expected to increase the rate of occurrence of 

transient or impulsive events. 

Predicted Future Low-frequency Noise Levels with Project Operation 

Based on increased cargo capacity at RBT2 and the associated increase in train movements 

on the Roberts Bank causeway, low-frequency noise levels within Tsawwassen First Nation 

Lands (site 4) and Tsawwassen neighbourhood (sites 5, 6, and 7) are expected to increase 

by 1.6 dB and 2.6 dB respectively, relative to expected conditions. While the Project will 

increase low-frequency noise levels to a somewhat greater degree than A-weighted 

noise levels, it is unclear if these changes will be perceptible, because human response to 

low-frequency noise is less well understood than the response to A-weighted noise. 

Predicted Future Ground-borne Vibration Levels with Project Operation 

Due to the large setback distances of receptors from the Project area and the dominance of 

vibration levels by local sources (i.e., upland rail and road traffic), RBT2 is not expected to 

measurably affect ground-borne vibration levels at receptors within the upland study area. 
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This conclusion was reached based on the results of vibration measurements that indicated 

ambient ground-borne vibration levels (which would have included any vibrational energy 

from the existing Roberts Bank terminals and causeway) were well below the threshold of 

human perception, and that ground-borne vibration levels were controlled by local road and 

rail traffic. 

9.3.10 Future Conditions with the Project and Other Certain and Reasonably 

Foreseeable Projects and Activities 

Table 9.3-22 identifies the other certain and reasonably foreseeable projects and activities 

(as defined in Section 8.1.9, Effects Assessment Methods, Cumulative Effects 

Assessment, Table 8-8 Project and Activity Inclusion List) considered in an 

assessment of incremental cumulative changes to noise levels. Noise from these projects 

and activities has the potential to interact with Project construction and operation noise and 

result in incremental cumulative changes. Ground-borne vibration is not considered in 

this analysis as the Project is not expected to measurably or perceivably influence the 

ground-borne vibration environment (Section 9.3.9.3). Rationale for the inclusion or 

exclusion of projects and activities in the assessment of cumulative change is provided in 

Appendix 9.3-B Rationale for Inclusion / Exclusion of Other Certain and 

Reasonably Foreseeable Projects and Activities in the Noise and Vibration 

Assessment of Cumulative Change. Due to the lack of pertinent information regarding 

most of these projects, cumulative changes to noise environments are largely considered on 

a qualitative basis. Exceptions are the incremental increases in road traffic on off-causeway 

portions of Deltaport Way and increases in train traffic on the section of the RBRC that is 

within the LSA. Rail and road volumes on these routes have been forecast, and potential 

cumulative changes related to these activities are assessed. While these increases are 

associated with RBT2, road and train traffic travelling off the causeway (but still within the 

study area) are assessed in this section as a certain or reasonably foreseeable activity 

contributing to cumulative change in the upland and marine study area. 

 



PORT METRO VANCOUVER | Roberts Bank Terminal 2  

   Page | 9.3-46 

Table 9.3-22 Potential Changes to Noise and Vibration from Other Certain and Reasonably Foreseeable Projects 

and Activities 

Other Certain and Reasonably Foreseeable 

Project or Activity 
Relevant Source Anticipated Change Anticipated Cumulative Change 

Centerm Container Terminal Expansion 

Container terminal located in Vancouver, B.C. 
on the south shore of Burrard Inlet. Capacity to 
be increased by 2018 to address near-term 

demand for container handling capacity in the 
Asia-Pacific-Gateway. 

Potential additional 
container ships per 
year passing through 

LSA 

Increased noise levels 
in areas adjacent to 
ship routes 

No incremental cumulative change 

expected. Noise from ships in transit 
is not present long enough to 
interact with Project noise and is not 

expected to measurably affect 
average daytime noise levels. 

Pacific International Terminals –  

Gateway Pacific Terminal at Cherry Point: 

Deep-water marine terminal with capacity to 
handle import and export of up to 54 million dry 

metric tonnes per year of bulk commodities, 
mostly exporting coal. 

25 additional bulk 
carrier ships 
(50 movements) 

per year 

Increased noise levels 
in areas adjacent to 

ship routes 

No incremental cumulative change 
expected. Noise from ships in transit 
is not present long enough to 
interact with Project noise and is not 

expected to measurably affect 24-
hour average noise levels. 

Fuel Facilities Corporation Inc. -  

Vancouver Airport Fuel Delivery Project: 

Includes upgrades to an existing marine terminal 

(15 km upstream of mouth of Fraser River South 
Arm); development of a fuel receiving facility 
(located near marine terminal) on industrially 
zoned land; and a 15-km underground pipeline to 

an existing fuel storage facility on Sea 
Island/YVR. 

12 additional tankers 

and 48 additional 

barges per year 
(24 and 96 
movements, 

respectively) 

Increased noise levels 
in areas adjacent to 
ship routes 

No incremental cumulative change 

expected. Noise from ships in transit 

is not present long enough to 
interact with Project noise and is not 
expected to measurably affect 24-

hour average noise levels. 

Century Group - Southlands Development: 

Residential/commercial development of 217.1 ha 
of agricultural land (former Spetifore Farm) in 

Delta, B.C., including upgrades to irrigation and 
drainage, agriculture lands and open space. 

Increased road traffic 
volume 

Increased noise levels 
adjacent to affected 

routes 

Potential for minor cumulative noise-
level increases adjacent to affected 
routes in areas where there is 

potential for interactions with 
Project-related noise.  
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Other Certain and Reasonably Foreseeable 

Project or Activity 
Relevant Source Anticipated Change Anticipated Cumulative Change 

B.C. Ministry of Transportation and 

Infrastructure - George Massey Tunnel 
Replacement Project: 

Suspension bridge over the South Arm of the 
Fraser River along the Highway 99 corridor in the 

vicinity of the current George Massey Tunnel, 
with associated highway upgrades in Richmond 
and Delta, B.C., on either side of crossing. Also 

involves removal of the old tunnel. 

Increased road traffic 

volume 

Increased noise levels 
adjacent to affected 

routes 

Potential for minor cumulative noise-
level increases adjacent to affected 
routes in areas where there is 

potential for interactions with 
Project-related noise.  

Kinder Morgan - Kinder Morgan Pipeline 

Expansion Project: 

Twinning of existing pipeline, addition of pump 
stations along route, increase in number of 
storage tanks at existing facilities, increase in 

capacity from 300,000 to 890.000 barrels per 
day, expansion of Westridge Marine Terminal 
(new dock facility on Burrard Inlet with three 

berths to accommodate mid-size tankers) 

344 additional tanker 
ships 

(688 movements) 
per year 

Increased noise levels 
in areas adjacent to 

ship routes 

No incremental cumulative change 
expected. Noise from ships in transit 
is not present for long enough to 
interact with Project operation or 

construction noise, and is not 
expected to measurably affect 
average daytime noise levels. 

Fraser Surry Docks – Direct Transfer Coal 

Facility 

Coal handling facility on existing terminal site on 
South Arm of Fraser River in Surrey, B.C. to 

facilitate transhipment of up to 4 million metric 
tonnes/year of coal. Project includes new rail with 
the Port Authority Rail Yard, transfer of coal from 
rail onto barges, and barge transport of coal from 

the terminal to Texada Island. 

500 additional cargo 
barges and 
(1000 movements) 

and 80 bulkers 
(160 movements) 
per year  

Increased noise levels 

in areas adjacent to 
ship routes 

No incremental cumulative change 
expected. Noise from tugs in transit 
is not present for long enough to 

interact with Project operation or 
construction noise, and is not 
expected to measurably affect 
average daytime noise levels. 
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Other Certain and Reasonably Foreseeable 

Project or Activity 
Relevant Source Anticipated Change Anticipated Cumulative Change 

Incremental Road Traffic Associated with 

RBT2: 

RBT2-related road traffic travelling off the 
causeway (east of the Project area) to the spatial 
extent of the noise and vibration cumulative 

effects assessment boundary. This includes 3,692 
container truck drayage and 1,742 other vehicle 
average daily movements (Figure 4.30 

Container Truck Drayage Daily Average 
Movements for 2012 and 2030 and Figure 
4.31 Other Vehicle Traffic Daily Average 

Movements for 2012 and 2030). 

Increase in annual 

average daily traffic 
(5,434 vehicles 
per day) 

Increased noise levels 

in areas adjacent to 
upland portions of 
Deltaport Way 

Increased noise levels. 

Incremental Train Traffic Associated with 
RBT2: 

RBT2-related train traffic travelling off the 
causeway (east of the Project area) to the spatial 
extent of the noise and vibration cumulative 

effects assessment boundaries. This includes 4 
trains (8 movements) per average day (Figure 

4-29, Train Traffic Daily Average Movements 

for 2012 and 2030). 

8 additional two-way 
trains per day on 

average 

Increased noise levels 
in areas adjacent to 

upland portions of the 
RBRC 

Increased noise levels. 

Incremental Marine Vessel Traffic 

Associated with RBT2: 

RBT2-related marine vessel traffic travelling 
outside of PMV navigational jurisdiction (east of 
the Project area) to the spatial extent of the 

noise and vibration cumulative effects 
assessment boundaries. This includes 260 vessel 
calls, or 520 vessel movements in 2030 (Figure 

4.27, Ship Traffic Annual Movements for 
2012 and 2013). 

520 vessel movements 

in 2030 

Increased noise levels 

in areas adjacent to 
ship routes 

No incremental cumulative change 
expected. Noise from ships in transit 
is not present for long enough to 

interact with Project operation or 
construction noise, and is not 
expected to measurably affect 
average daytime noise levels. 
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9.3.10.1 Potential Cumulative Changes to Noise Environment 

Based on the Projects and activities listed in Table 9.3-22, there is potential for 

incremental cumulative change in noise levels in the study areas within 10 km of the 

eastern end of the Roberts Bank causeway due to the following: 

 Increased road traffic volumes and increased percentages of volumes that are heavy 

vehicles; and 

 Increased rail volumes on the RBRC. 

The following subsections discuss potential cumulative changes due to these activities. 

Increased ship volumes are not expected to result in incremental cumulative changes within 

the study area as explained in the final subsection. 

Increased Road and Rail Volumes 

In the year 2025, with Project operation, it is anticipated that there will be increases in rail 

volumes on the section of the RBRC that is within the LSA and road traffic volumes on 

Deltaport Way to the east of the causeway. Table 9.3-23 presents the forecast traffic 

(Appendix 4-D Roberts Bank Traffic Data Matrix and Bunt & Associates 2011) and rail 

volumes (Appendix 4-D) and includes comparisons to those used in the future conditions 

with Project temporal case.  

Table 9.3-23 Forecast Increases in Volumes on Deltaport Way and the Roberts 

Bank Rail Corridor 

Temporal Case 

Deltaport 
Way Annual 

Average 

Daily Traffic 

Deltaport 
Way % 
Heavy 

Vehicles 

Average Two-way 
Trains Per Day in the 

Upland Area of the LSA 

Future conditions with the Project 
5,785 to 

15,865 
23% – 64% 21 

Future conditions with the Project and 

other reasonably foreseeable projects 
and activities 

11,218 to 

21,316 
50% – 66% 29 

Incremental cumulative increase 5,434  2% – 27% 8 

These additional road and rail volumes were input into the future conditions with Project 

operation model to calculate cumulative noise levels at sites 3, 4, and 5, and within the 

marine study area. Table 9.3-24 presents the model-calculated cumulative noise levels at 

sites 3, 4, and 5 and compares them to the noise levels calculated for both the expected 

conditions and future conditions with the Project in operation cases.  



PORT METRO VANCOUVER | Roberts Bank Terminal 2  

 Page | 9.3-50 

Table 9.3-24 Incremental Cumulative Changes due to Volume Increases on 

Deltaport Way and the Roberts Bank Rail Corridor 

Site 

Ldn (dBA) Increase in Ldn (dBA) 

Expected 
Conditions 

Future 

Conditions 
with Project 
– Operation 

Phase 

Future Conditions 

with Project and 

Other Reasonably 
Foreseeable 
Projects and 

Activities 

Change Relative 

to Future 

Conditions with 
Project 

Operation 

Phase  

Change 

Relative to 
Expected 

Conditions  

3 58.0 58.1 59.8 1.7 1.8 

4 51.7 53.5 53.6 0.1 1.9 

5 55.7 56.7 56.7 0.0 

Same as Future 

Conditions with 
Project 

At sites 3 and 4, the additional traffic on off-causeway portions of Deltaport Way and the 

RBRC are expected to result in incremental changes in noise levels compared to the future 

conditions with the Project temporal case. The total cumulative change in Ldn at sites 3 and 

4, relative to expected conditions, are predicted to be 1.8 dBA to 1.9 dBA.  

At site 5, however, this additional road and rail traffic is not expected to result in 

incremental changes in noise levels compared to the future conditions with the Project case. 

That is, the net future noise level with the Project and other projects and activities that will 

be carried out is the same as the future noise level with just the Project. This can be 

attributed to the large setback distance of this location from Deltaport Way and the RBRC.  

Within the marine study area, the additional road and rail traffic is expected to result in 

maximum incremental changes of 0.5 dBA to 1.0 dBA compared to the future conditions 

with the Project case at locations within 100 m and 0 m of the eastern end of the Roberts 

Bank causeway. In marine areas with setback distances greater than 1 km from the eastern 

end of the causeway, the net future noise level with the Project and other projects and 

activities that will be carried out is anticipated to be the same as the future noise level with 

the Project. 

The following projects from Table 9.3-22 also have the potential to increase road traffic 

volumes on roads within the study area, and consequently may result in a cumulative noise-

level change: 

 Southlands Development; and 

 George Massey Tunnel Replacement Project. 
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These projects are not expected to influence traffic volumes on Deltaport Way or 

Highway 17, however. Traffic volumes on Deltaport Way are primarily a function of cargo 

capacity, which is anticipated to be at maximum levels for both Deltaport and RBT2 in 2025; 

therefore, no further increases in traffic volume on this route are expected as a result of 

these other projects. Traffic volumes on Highway 17 are also not expected to change as a 

result of the projects identified above (PTA 2011).  

The influence of these projects on traffic volumes on other routes within the upland study 

area is unknown; however, any cumulative noise-level changes related to traffic volume 

increases are expected to be small. For example, on any given road, a 25% increase in 

traffic volume is required to cause a 1-dBA increase in average noise emissions. Within 

areas where there is potential for interaction with Project-related noise, none of the three 

projects listed above, or even all three combined, are expected to result in incremental 

traffic volume increases approaching the 25% threshold for a 1-dBA increase. The scale of 

the Southlands development expansion is not substantial relative to the overall traffic 

generation in the region. While the George Massey Tunnel Replacement Project is expected 

to relieve congestion on Highway 99, it is not expected it will encourage a large increase in 

the number of trips into the study area. 

Increases in Marine Vessel Traffic 

The following projects are forecast to generate a total of 1,009 additional vessel calls (or 

2018 vessel movements) per year at the respective terminals, resulting in additional vessel 

traffic that could potentially interact with Project-related noise effects (Section 8.1.9, 

Table 8-8 Project and Activity Inclusion List): 

 Centerm Container Expansion; 

 Gateway Pacific Terminal at Cherry Point; 

 Vancouver Airport Fuel Delivery Project; 

 Kinder Morgan Pipeline Expansion Project; and 

 Fraser-Surrey Docks Direct Transfer Coal Facility. 

In addition to these planned projects, incremental vessel traffic associated with RBT2 is also 

considered. Noise from these additional vessels in transit is not expected to interact with 

Project-related noise within the upland or marine study areas to measurable or perceptible 

degrees, nor to influence average daytime noise levels. In 2025, with Project operation, it is 

expected that there will be a total of 11,607 annual ship calls in marine areas in the vicinity 



PORT METRO VANCOUVER | Roberts Bank Terminal 2  

 Page | 9.3-52 

of Roberts Bank. With other reasonably foreseeable projects (Table 9.3-22) considered, 

this total increases to 12,616 annual vessel calls. This increase in total shipping volumes 

due to other projects is expected to increase shipping-related average daily noise levels by 

only approximately 0.4 dBA in locations adjacent to shipping lanes. Such a small increase 

would not be perceivable, or likely measurable. Furthermore, while these additional ships 

are in transit, associated noise (approximately six ship movements per day) will not be 

present for long enough to interact with Project-related noise effects, and is not expected to 

measurably affect daily average noise levels. At locations where noise from the RBT2 

terminal operation will be audible, the average daily noise levels are expected to be 

dominated by the continuous noise from one or more of the following sources: 

 RBT2 marine terminal (including berthed ships); 

 Roberts Bank terminals (including berthed ships); 

 Roberts Bank causeway road and rail traffic; 

 Highway 17 traffic (B.C. Ferries causeway); and 

 B.C. Ferries terminal (including ferries at the terminal). 

These same conclusions regarding incremental cumulative changes related to increased 

marine vessel volumes also apply during Project construction. 

9.3.10.2 Summary of Incremental Cumulative Change 

There is potential for cumulative noise-level increases due to certain and reasonably 

foreseeable projects, which could increase road and rail traffic volumes. Noise from the 

incremental increases in road and rail traffic on off-causeway sections of Deltaport Way and 

the section of the RBRC that is within the LSA, combined with noise from the Project, is 

anticipated to result in net cumulative noise level changes at sites 3 and 4 of approximately 

1.8 dBA to 1.9 dBA relative to expected conditions. At site 5, these additional volumes are 

not expected to result in an incremental change because of the large setback distance of 

this site from Deltaport Way and the section of the RBRC that is within the study area. 

Within the marine study area, the incremental increases in road and rail volumes on 

Deltaport Way and the section of the RBRC that is within the LSA are expected to result in 

maximum incremental changes of 0.5 dBA to 1.0 dBA compared to the future conditions 

with the Project case at locations within 100 m and 0 m of the eastern edge of the Roberts 

Bank causeway. No changes to the predicted future conditions with the Project case are 

forecast in marine areas with setback distances greater than 1 km from the eastern edge of 

the causeway. There is also potential for incremental cumulative changes due to additional 



PORT METRO VANCOUVER | Roberts Bank Terminal 2  

 Page | 9.3-53 

traffic volumes on other routes within the study area; however, incremental changes due to 

these increased road traffic volumes are expected to be less than 1 dBA and not 

perceivable. No cumulative changes are expected in ground-borne vibration levels. 

9.3.11 Summary of Assessment 

By the future horizon year 2025, it is expected that noise and ground-borne vibration levels 

in the study area will have increased due to projects and activities not associated with RBT2 

(Table 9.3-14). Annual average noise levels within the LSA are anticipated to increase by 

approximately 0 to 2 dBA. At site 3, the closest receptor to the section of the RBRC that is 

within the study area, ground-borne vibration levels are expected to increase by 1.3 VdB. 

Noise and ground-borne vibration levels within the study area will experience further 

increases during the Project’s construction phase. While Project operation is expected to 

further increase noise levels within the LSA, it is not expected to increase ground-borne 

vibration levels.  

On average, Project-related construction activities are not anticipated to increase noise 

levels (Ld, Ln, Ldn) at upland receptors by more than 1.3 dBA or to result in perceptible levels 

of ground-borne vibration. In certain months, however, construction noise is expected to 

increase noise levels by up to 4.8 dBA, which is expected to be a perceptible change. The 

relatively modest construction noise and vibration levels are due to the large setback 

distances of the upland receptors from the construction areas. Within the marine portion of 

the study area, construction activities are expected to increase Ld by approximately 12.9 to 

0 dBA at locations within 1 km and 10 km of the RBT2 marine terminal, respectively.  

Project operation is predicted to increase annual average noise levels at sites 3, 4, and 5 by 

approximately 0.1 to 1.8 dBA relative to expected conditions. In general, such small 

changes in daily average noise levels would not be expected to be noticeable outside of a 

laboratory setting. However, the Project is expected to increase the rates of occurrence of 

transient and impulsive noise events due to increased container handling and increased rail 

volumes on the causeway. The increased frequency of these events may be noticeable, 

especially during the nighttime hours when background noise levels are typically lowest. 

Similarly, the addition of the RBT2 marine terminal and increased rail traffic on the 

causeway are expected to increase low-frequency noise levels on Tsawwassen First Nation 

Land and within the Tsawwassen neighbourhood (sites 4 to 7). While the Project is expected 

to increase low-frequency noise levels to a slightly greater degree than A-weighted noise 

levels, it is unclear if these changes will be perceptible. Within the marine portion of the 
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study area, Project operation is expected to increase Ld by from 13 dBA to 0.3 dBA at 

locations within 1 km and 10 km of the RBT2 marine terminal, respectively. As with 

construction noise, the largest increases are predicted to occur just to the west of the new 

marine terminal. Project operation is not expected to measurably or perceptibly change 

ground-borne vibration levels. 

There is potential for incremental cumulative changes in noise levels due to other projects 

and activities (Table 9.3-22) that will affect road and rail noise levels. Incremental 

increases in traffic volumes on Deltaport Way and rail activity on the RBRC within the LSA 

will create additional noise. When this noise is combined with Project noise, respective noise 

levels at sites 3 and 4 are expected to experience cumulative increases of 1.8 dBA to 

1.9 dBA relative to expected conditions. At site 5, and in marine areas with setback 

distances greater than 1 km from the eastern edge of the causeway, this additional road 

and rail traffic is not expected to increase noise levels relative to future conditions with the 

Project during operation. Increased road traffic volumes on routes other than Deltaport Way 

are not anticipated to result in incremental changes of more than 1 dBA. The results of this 

assessment will be used to inform the effects assessments of the following VCs: 

 Coastal Birds (Section 15.0);  

 Marine Commercial Use (Section 21.0); 

 Outdoor Recreation (Section 24.0); 

 Human Health (Section 27.0); and 

 Current Use of Land and Resources for Traditional Purposes (Section 32.2). 

A summary of the changes to the noise environments within the study area, both with and 

without the Project, and during both construction and operation activities, is presented in 

Table 9.3-25. Changes to the ground-borne vibration environment are not included in this 

table as ground-borne vibration levels due to Project construction and operation are not 

expected to be perceivable, or will not measurably affect levels at sensitive receptors due to 

the dominance of local upland sources (i.e., heavy vehicles and trains).  
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Table 9.3-25 Summary of Changes to Noise Environments within the Local Study 

Area 

Assessment 

Sites 

Project Phase; and 

Noise or Vibration Type 

Noise 
Metric 

and Units 

Range of Future Levels Project-
related 

Increase 
Expected 

Conditions 

With 

Project 

3, 4, and 5 

Construction; 

Noise levels in upland 

study area 

Ldn (dBA) 51.7 – 58.0 51.7 – 60.0 0.0 – 4.3 

N/A 

Construction; 

Noise levels in marine 
study area 

Ld (dBA) 33.9 – 63.7 33.9 – 63.8 0.0 – 12.9 

3, 4, and 5 

Operation; 

Annual average noise 
levels in upland study area 

Ldn (dBA) 51.7 – 58.0 53.5 – 58.1 0.1 – 1.8 

N/A 

Operation; 

Annual average noise 
levels in marine study area 

Ld (dBA) 33.9 – 63.7 38.4 – 64.0 0.3 – 13.0 

3, 4, and 5 

Operation; 

Impulsive and transient 

noise events 

Number of 
Events per 

hour 

0.9 – 8.0 0.9 – 16.0 0.0 – 8.0 

4, 5, 6, and 7 

Operation; 

Low-frequency noise levels 

(outdoors) 

Ldn (dBC) 51.1 – 62.9 52.7 – 64.5 1.6 – 2.6 

9.3.12 Uncertainty, Sensitivity, and Reliability 

This section describes the uncertainties, sensitivities, and reliability of field work and noise 

propagation modelling and mapping. This topic is covered in more detail in 

Appendix 9.3-A. 

Instrument Accuracy 

All noise monitoring programs are subject to the inherent accuracy limitations of the 

measurement instrumentation employed. The Type 1 sound-level meters used in the 2013 

noise and vibration study are the industry standard and are accurate to within +/- 1 dBA, 

while the vibration transducer has a frequency response of 0.08 Hertz (Hz) to 1,000 Hz and 

a sensitivity of 10 volts per g. 
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Variations in Daily Average Community Noise Levels 

Daily average community noise levels almost always show some day-to-day variations due 

to the following: 

 Variations in the types and numbers of noise sources that contribute to the noise 

environment; 

 Variations in the noise emissions from one or more sound sources; and 

 The effects of varying meteorological conditions on sound propagation. 

In 2011, noise levels were monitored at sites 3 and 4 over a two-week period as part of the 

DTRRIP EA (BKL 2012). The data from that study yielded standard deviations of 1 to 2 dBA 

(BKL 2012). These measurements, as well as those of the 2013 study, were conducted 

during summer months, as is customary for extended outdoor noise-monitoring programs. 

It is possible that community noise levels in the study area differ between winter and 

summer due to variations in the factors described above (e.g., noise source strength, 

presence of different noise sources, meteorological conditions). It is not expected, however, 

that there would be any consistent seasonal variation in noise emissions from the Roberts 

Bank terminals (i.e., noise generated at the terminals). 

Meteorological Conditions 

The noise and vibration studies are primarily directed at establishing annual average noise 

levels under long-term average meteorological conditions. As part of these studies, 

however, a review of the shorter-term effects of meteorological conditions on sound 

propagation from the Roberts Bank terminals was also completed (Wakefield Acoustics Ltd. 

2014). As noise travels over water from the terminals, noise levels may be expected to 

fluctuate about their neutral weather condition values by + 3 dBA to -10 dBA. The current 

state of knowledge also indicates that, for the case of sound propagation over the sea in 

coastal settings, a 10-dB to 15-dB amplification of sound levels may be observed under 

certain distinctive wind conditions, referred to as low-level jets. It should be noted, 

however, that such large variations in noise levels from the terminals have not been 

measured and it is not known whether low-level-jets actually occur within the LSA.  

Noise Propagation Modelling and Mapping 

Accuracy limitations are inherent in any noise modelling exercise in which mathematical 

algorithms are used to simulate the complex physical phenomena of outdoor sound 

propagation. While it is not possible to apply specific uncertainty values to the noise 
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propagation standards employed, namely International Organization for Standardization 

(ISO) 9613 (ISO 1996) and NMPB-Routes 96 (Sétra 1997), these standards clearly discuss 

the assumptions and limitations of their algorithms. 

Modelling limitations related to meteorological effects were investigated during a study 

of the effects of meteorological conditions on the propagation of sound over water, and 

in particular, in the vicinity of the existing Roberts Bank terminals (Wakefield 

Acoustics Ltd. 2014). 

The noise model was also limited by the inability to include certain sources of community 

noise. While Deltaport Terminal, RBT2, Roberts Bank causeway, and upland road (arterial 

and highways) and rail traffic were included in the model, it was not possible to include such 

community noise sources as local traffic, human conversations and activities, or wildlife and 

other natural noises such as wind in the trees, since these are intermittent and vary widely 

in level. As a result, the noise modelling focused on sources that were readily quantifiable 

and make important contributions to the noise environment within the study area on an 

ongoing basis. The omission of these sources is not considered to have meaningfully 

affected the accuracy of the model since differences between the modelled and measured 

Ldns were less than 1 dBA. 

The contours used to define the terrain over which sound propagates within the noise 

models have a 0.5-m height resolution and thereby provided only an approximation of the 

actual ground surface; therefore, the magnitude of any noise-shielding effects provided by 

terrain was not exact. In addition, buildings were not included in the model. Since buildings 

can provide noise shielding, calculated noise levels are less accurate at locations where rows 

of buildings are located between the noise source and noise calculation point; however, by 

developing a model of existing noise levels within CadnaA and using it to calibrate the future 

noise level model (Appendix 9.3-A), the effects of many of the above-described sources of 

modelling uncertainty were minimised.  
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9.4 LIGHT 

This section describes the existing conditions related to light and the anticipated future 

changes resulting from Project components and activities. In addition, this section 

addresses light-specific information requirements identified in the EIS Guidelines, part 2, 

section 9.1.2, including the following: 

 Existing nighttime light levels for all moon phases at the Project site; 

 Existing ambient nighttime light levels at the Project site, including spill-over light 

(light trespass), nighttime glare from point light sources and sky glow, and any other 

areas where Project activities could have an effect on light levels; and 

 A description of nighttime illumination levels during different weather conditions and 

seasons. 

Details of the study related to light, including methods and analyses, are presented in 

the RBT2 technical report in Appendix 9.4-A Roberts Bank Terminal 2 Light 

Assessment Study. 

The information presented in this section about predicted changes in light levels is used 

to support the effects assessment of potential effects of light on marine fish, coastal birds, 

and visual resources in the following sections: 

 Section 13.0 Marine Fish; 

 Section 15.0 Coastal Birds; 

 Section 24.0 Outdoor Recreation;  

 Section 25.0 Visual Resources; and  

 Section 32.2 Current Use of Land and Resources for Traditional Purposes. 

9.4 Light Assessment Highlights: 

 Overall, the Project is not expected to change the general light environment of 
the Lower Mainland and the Gulf Islands, and no measurable incremental 

cumulative changes related to light are expected. 

 Project-related lighting is expected to result in a minimal increase in light 

trespass levels. 

 Increases in sky glow levels are expected, but are not anticipated to result in a 

noticeable change from existing conditions. 
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9.4.1 Selection of Light Intermediate Component 

The selection of light as an IC followed a three-step selection process as set out in 

Section 8.1.2 Selection of Valued Components. 

While light meets many of the criteria for selection of VCs, it is not a receptor component in 

a Project-related effects pathway, and is therefore, considered an IC in this environmental 

assessment (EA). The rationale for selection as an IC is summarised below. 

The current light environment in the study area is influenced by light from a variety of 

sources including but not limited to the existing Roberts Bank terminals, B.C. Ferries 

Terminal, nearby greenhouses, and road lighting. Project construction and operation will 

result in additional light interacting with the light present in the existing environment. The 

proposed high mast lighting associated with the terminal, additional lighting of the Roberts 

Bank causeway, and lighting from 12 ship-to-shore gantry cranes will be among the sources 

contributing to additional light in and around the Project area. Port Metro Vancouver’s 

Harbour Operations Manual requires vessels berthed within Port Metro Vancouver’s 

jurisdiction to minimise deck light use to that required to ensure safety and security, and to 

aim lights downward on the deck, not outward or toward shore. These practices would apply 

to vessels calling at RBT2. 

Light conditions have been raised as an issue of interest through engagement with 

Aboriginal groups, public stakeholders, and regulatory bodies. Interests raised by Aboriginal 

groups include light from port facilities as a general annoyance, as well as interfering with 

cultural practices on the northern Gulf Islands (Appendix 7.2-B Aboriginal Groups 

Issues and Interests Tables). Aboriginal traditional knowledge related to light was not 

available, however efforts to collect Aboriginal traditional knowledge are summarised in 

Section 7.2.1.2 Collection of Aboriginal Traditional Knowledge. Residents of some 

southern Gulf Islands have expressed concern about light from the existing Roberts Bank 

terminals in terms of aesthetics and sleep disturbance. The Canadian Wildlife Service has 

expressed an interest in light as it relates to potential effects on coastal birds. 

9.4.2 Assessment Purpose and Approach 

This section describes the purpose and approach to studying light for the purposes of 

assessing Project-related changes to this IC. The individuals responsible for statements in 

this section relying on professional judgement are listed at the beginning of Volume 2. 
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In 2014, PMV initiated a Light Assessment Study, including field and desktop aspects, to 

support the EA and future environmental management for the Project. Building on available 

information, the study was designed to address known data gaps. The purpose of the Light 

Assessment Study was to predict potential Project-caused changes to light trespass and 

sky glow at the surrounding locations.  

Light trespass can be described as the amount of light or illuminance that strays from its 

intended purpose onto neighbouring areas. Sky glow is the unwanted illumination of the 

night sky due to the scattering and reflection of light rays radiated in directions above the 

horizontal plane or reflected from the ground and buildings by aerosols present in the night 

sky. This results in a loss of contrast, which reduces the number of visible stars, and 

produces a visible glow in the direction of, for example, an industrial site where a cluster of 

light sources may be present.  

Changes to light during the Project’s operation phase are considered to be representative of 

both the construction and operation phases; therefore, this assessment predicts changes in 

light levels related to the Project’s operation phase only. Light sources and emissions during 

the construction phase are anticipated to vary according to construction requirements, and 

are expected to be lower than those during the operation phase (based on available 

information about anticipated construction equipment types and usage). 

The objectives of the Light Assessment Study (Appendix 9.4-A) were to: 

 Measure the current levels of light trespass and sky quality; 

 Use sky quality measurements to calculate equivalent sky glow levels to establish 

current sky glow levels; 

 Determine the current Commission Internationale de L’Eclairage (CIE) 1 

environmental light classification for light trespass and the current CIE zone 

classification for sky glow; 

 Predict the future light trespass and sky glow levels due to the Project’s operation 

phase (which is considered to be representative of both the construction and 

operation phases, as described above); and 

 Determine whether the predicted future light trespass and sky glow levels remain 

within the current CIE light and zone classifications, respectively. 

A description of the study is provided in Table 9.4-1. 

                                          
1  Translation: International Commission of Illumination 
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Table 9.4-1 Light Studies to Support the Assessment 

Study 
Name 

Study Description 
Report 

Accessible at: 

Light 

Assessment 
Study 

The Light Assessment Study consisted of the following 

components: 

 A field study to measure the current light trespass and sky 

quality (equivalent sky glow is calculated using sky quality 
measurements) levels following CIE guidelines at receptors 
facing toward the Project within the study area; 

 Modelling to predict light levels at receptors facing the 
Project within the study area. Light trespass was predicted 
using AGi32 lighting software, and sky glow was predicted 

using a computer program based on a model developed by 
Garstang (1986, 1989); and 

 Comparison of future predicted light levels (from model 
results) to the CIE guideline limits. 

Appendix 9.4-A 

9.4.2.1 Aspects Excluded from Assessment of Light 

A review was conducted of the potential interactions between light conditions and the 

activities associated with each Project phase (refer to Appendix 8-B Project Interaction 

Matrix). The following text describes the potential interactions excluded from the 

assessment of light.  

Nighttime glare is defined as light entering the eye, either directly from luminaires or 

indirectly from reflective surfaces, which causes visual discomfort or reduced visibility. 

Nighttime glare was not assessed, as it is not expected to be noticeable as a result of the 

large distances between light sources and receptors in the surrounding Lower Mainland or 

Gulf Islands. 

In consideration of the lunar phases, Project-related changes to light are expected to be the 

greatest during the new moon phase (of the lunar cycle) when the night sky is the darkest. 

Changes to light during the new moon phase are therefore assessed as the worst-case 

scenario, and are considered conservatively representative of all other lunar phases. This 

approach was also supported, through discussion with the CWS, with respect to the 

assessment of potential light effects on coastal birds (Section 7.1 Regulatory 

Engagement and Consultation). 

In consideration of weather conditions, cloud cover and snow on the ground can increase 

the sky glow level and may obstruct the view of celestial objects. The existing sky glow 

levels were thus obtained from sky quality measurements taken under minimal cloud cover 

and with no snow on the ground (during the new moon phase) in order to determine the 

greatest possible change in sky glow attributable to the Project. 
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Cloud cover is not expected to affect light trespass levels because the amount of light 

reflected from clouds is minimal in comparison to the current light levels measured for this 

assessment. Snow on the ground is not expected to contribute to sky glow from the Project, 

due to the climate of southern B.C. and the fact that the area between each point of 

reception (POR) and the Project is predominantly made up of ocean surface. The light 

reflectivity of the ocean surface is expected to remain the same from season to season. 

Minimal cloud cover and no snow on the ground are conditions that can occur during any 

season in southern B.C. As it has been assumed that the light output from the Project will 

remain constant throughout the seasons (i.e., maximum light output from each fixture), 

changes to light under minimal cloud cover with no snow on the ground is therefore 

considered to be the worst-case scenario, and conservatively represents all seasons for 

this assessment. 

9.4.3 Summary of Information Sources 

Light assessments for the Deltaport Third Berth project (VPA 2005) and the Deltaport 

Terminal, Road and Rail Improvement project (Hemmera 2012) were both reviewed for the 

purposes of this assessment. These assessments were qualitative, however, and did not 

include quantitative analysis of existing or predicted light trespass or sky glow levels. Field 

studies were therefore carried out to collect the requisite data and characterise existing 

conditions. Lighting design drawings for the Project (refer to Appendix 9.4-A for the 

Project lighting layout design) were incorporated into light models.  

9.4.4 Relevant Guidelines 

As there are no specific regulations or guidelines under Canadian Environmental Assessment 

Act, 2012 (CEAA 2012), light trespass and sky glow assessments were carried out using 

the CIE guidelines, and the Illuminating Engineering Society of North America (IESNA) 

guidelines.  

The CIE is a professional organisation that is recognised as the best authority on the subject 

by the International Organization for Standardization (ISO). Guidance from CIE that 

supports the assessment of light incudes the CIE 150:2003 Guide on the Limitation of the 

Effects of Obtrusive Light from Outdoor Lighting Installations (CIE 2003), which defines 

limitations for source brightness (intensity) for outdoor lighting applications. 
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The IESNA is the most recognised technical authority for lighting in North America. The 

IESNA guidelines address offsite effects from lighting sources and include IESNA TM-11-00 

Technical Memorandum on Light Trespass: Research, Results and Recommendations 

(IESNA 2000).  

The IESNA (2000) and CIE (2003) provide guidance for assessing the environmental effects 

of outdoor lighting, along with recommended outdoor lighting limits. The CIE (1997) 

provides general guidance for lighting designers and policy makers on reduction of sky glow. 

Light trespass and sky glow classifications are described in the next two sub-sections. 

9.4.4.1 Light Trespass Classification 

Illuminance was selected as the indicator to represent the light trespass levels for this 

assessment. In order to put illuminance levels from the Project into context, illuminance 

levels associated with common well-known sources are provided in Table 9.4-2. 

Table 9.4-2 Illumination Levels Associated with Common Sources  

Common Illuminance Source Illuminance Level (lux) 

Moonless overcast night sky1 0.0001 

Moonless clear night sky1 0.002 

Full moon on a clear night1 0.27 

Family living room2 50 

Hallway3 80 

Office lighting4 320–500 

Overcast day1 1,000 

Full daylight (not direct sun)1 10,000–25,000 

Sources:  1Schlyter (2009); 2Pears (1998); 3Australian Greenhouse Office (2005); 4U.S. Department 

of Labour (2010). 

Light trespass limits relevant to the assessment of Project light sources were determined for 

the area based on the CIE environmental light classifications (CIE 2003, Narisada and 

Schreuder 2004), as described in Table 9.4-3. 
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Table 9.4-3 Environmental Light Classification 

CIE Environmental 
Light 

Classification 

Description of 
Environmental Light 

Classification 
Examples 

Recommended Light 
Trespass Limits 

(lux) 

E1 
Area with intrinsically 
dark landscapes 

National parks or 
protected sites 

0 

E2 
Areas of low ambient 
brightness 

Industrial or 
residential rural areas 

1 

E3 
Areas of medium 
ambient brightness 

Industrial or 
residential suburbs 

2 

E4 
Areas of high ambient 
brightness 

Town centres and 
commercial areas 

5 

Source:  CIE 2000. 

9.4.4.2 Sky Glow Classification 

The metric used to describe sky glow was to determine the change in sky brightness. Sky 

quality was selected as the indicator representing sky brightness and is measured in 

magnitude per square arcsecond (mag/arcsec2). Table 9.4-4 provides a list of common 

sky quality and equivalent sky glow levels for reference. 

Table 9.4-4 Sky Glow in Percent above Natural Dark Sky Background 

Example 
Sky Quality1 

(Mag/arcsec2) 
Sky Glow2 (%) 

Standard natural background (zero sky glow) 21.6 0 

Limit for astronomical site of international standing 21.5 10 

Limit for dark sky site for most astronomers 21.2 40 

Full moon night sky 18 3,000 

Common densely populated area in North America 17 7,000 

Clear sky 30 minutes after sunset 15 43,000 

Heavily overcast sky 8 2.7 × 107 

Clear daytime sky 3 2.7 × 109 

Source: Narisada and Schreuder 2004. 
1  Sky quality is a measure of sky brightness. –. 
2  Sky glow, defined as percent brightness above natural dark sky background, is obtained by 

converting sky quality values (measured in mag/arcsec2) into units of luminance. Luminance for 
21.6 mag/arcsec2 set as 0% sky glow; luminance for 21.5 mag/arcsec2 is 10% greater and yields 
10% sky glow, etc. 
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Similar to the CIE environmental light classifications for light trespass, classifications have 

been established for sky glow; the sky glow zone classifications are based on limits 

recommended in the literature (Narisada and Schreuder 2004). The zones are defined in 

Table 9.4-5 and are determined by sky glow levels in terms of percentage brightness 

above natural dark sky background. 

Table 9.4-5 Zone Classifications for Sky Glow 

CIE Zone 
Classification1 

for Sky Glow 

Description of the Zone 
Sky Glow (% 
Above Natural 

Dark Sky) 

Sky Glow 

Limit (%) 

G1 

Areas with intrinsically dark landscapes: 

National Parks or areas with strict limits on 
light trespass and where roads are unlit 

0 % < x ≤ 20 % 20% 

G2 

Areas of low district brightness: generally 
outer urban and rural residential areas 
(where roads are lit to residential road 
standard) 

20 % < x ≤ 100 % 100% 

G3 
Areas of middle district brightness: 
generally urban residential areas (where 

roads are lit to traffic route standard) 

100 % < x ≤ 200 % 200% 

G4 

Areas of high district brightness: generally 

urban areas having mixed residential and 
commercial land use with high nighttime 
activity 

x > 200 % >200% 

1 CIE (1997) classifies the zones as E1 through E4; however, to avoid confusion with light trespass 

classifications (Table 9.4-3), the zones have been re-labelled to G1 through G4. 

2 < - less than; ≤ - less than or equal to; > - greater than. 

9.4.5 Methods 

This section provides information on the methods relevant to the assessment of light, 

including temporal boundaries, study area, and a summary of the methods of each specific 

aspect of the Light Assessment Study (Appendix 9.4-A) that support this assessment. 

9.4.5.1 Temporal Boundaries 

The four temporal cases in this assessment are identified as follows: 

1) Existing conditions; 

2) Expected conditions; 

3) Future conditions with the Project; and 

4) Future conditions with the Project and other projects and activities. 
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Existing conditions are represented by the year 2014 because it is the year that data were 

collected for the technical study. Light trespass and sky quality measurements were 

collected between March 27 and April 2, 2014 and on August 27, 2014. 

In order to describe Project-related changes in the context of future ambient light 

conditions, including light from other sources, other projects and activities that will have 

been carried out prior to Project commencement were considered in the analysis of 

expected and future conditions. 

Operation Horizon Year 

Changes to light related to Project operation are predicted and characterised for the year 

2025. This horizon year is representative of the Project operating at a capacity of 2.4 million 

twenty-foot equivalent units annually. There are no foreseeable circumstances that would 

be expected to cause Project-related light levels to increase further beyond this 

horizon year. 

The potential for other projects and activities (as listed in Appendix 3-A Descriptions of 

Projects and Activities Contributing to Existing Conditions and Expected 

Conditions) to influence light over the same operation year (2025) was considered. The 

lack of local influence (i.e., changes are likely to be negligible relative to scale of influence 

from RBT2 operation activities) or insufficient pertinent information for these activities limits 

their inclusion as part of this assessment. 

9.4.5.2 Study Area 

The light local study area does not have set boundaries, but consists of 12 PORs (referred to 

as POR1 to POR12) centred around the Project terminal, as shown in (Figure 9.4-1). These 

POR locations were selected to represent the light conditions in the Lower Mainland and 

some Gulf Islands. The Aboriginal and federal lands and communities surrounding the 

Project are represented by the selected PORs. Two POR locations (POR7 and POR8) were 

identified through consultation with the CWS to enable the assessment of effects of light on 

coastal birds. The effects of light on coastal birds are assessed in Section 15.0 Coastal 

Birds. One location (POR12) was identified through consultation with Aboriginal groups. 

The PORs are located 0.6 km to 37.0 km from the terminal to the southwest, southeast, 

east, and north as summarised in Table 9.4-6. The location of POR11 is at the existing 

Roberts Bank terminals. Except for POR8, located in Crescent Beach, all PORs have 

unobstructed views of the Project from shore locations within the Lower Mainland and 

Gulf Islands. 
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Table 9.4-6 Points of Reception 

POR ID Location 
Distance from 
Project (km) 

Direction from 
Project 

POR1 Galiano Island 17.3 SW 

POR2 Mayne Island 19.3 SW 

POR3 Mayne Island 17.7 SW 

POR4 Point Roberts (U.S.A.) 8.4 SE 

POR5 Tsawwassen 6.7 SE 

POR6 Tsawwassen First Nation Land 6.5 E 

POR71 Brunswick Point 5.7 N 

POR81 Crescent Beach 21.9 E 

POR9 Lookout location, University Endowment Lands 25.3 N 

POR10 Steveston Village 12.2 N 

POR11 Existing Roberts Bank terminals 0.6 E 

POR12 Valdes Island (Lyackson First Nation) 37.0 NW 
1  Locations identified by CWS. 

9.4.5.3 Study Methods  

This section summarises information on the methods used to measure the current light 

conditions for light trespass and sky glow and predict future light conditions. Additional 

details are provided in Appendix 9.4-A. 

Light Trespass Measurements 

Light trespass measurements were carried out using a photometer and a Scotopic Detector. 

The measurements were made at each POR location listed in Table 9.4-6, following best 

practices as per CIE guidelines (CIE 2003). At each location, measurements were made on a 

vertical plane toward the Project site. To account for slight variations in light direction and 

light emissions, four measurements with the same orientation were taken at each location 

and averaged. 

Sky Quality Measurements 

A sky quality meter was used to collect sky quality measurements (in mag/arcsec2) at each 

POR. The measurements were taken in the direction of the Project facing away from local 

light sources to minimise their influence on the measurement readings. Four readings were 

taken at each location, and averaged to obtain a representative sky quality measurement. 
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Digital images of the night sky were recorded at each POR location at 45° from the zenith 

in the direction of the centre of the Project footprint. The number of stars captured in the 

resulting image far exceeds those visible to the naked eye. The images were adjusted to 

obtain an accurate representation of what an average observer would see. The average sky 

quality meter measurement at each POR was used to determine the faintest star that could 

be seen by an average naked-eye observer (i.e., the limiting magnitude star). The image 

was then compared to a star chart showing all the stars fainter than the limiting magnitude 

star at that particular location, time, and date, and then adjusted to remove those stars too 

faint to be seen.  

Light Trespass Modelling 

Light trespass from the Project on the PORs was modelled using the AGi32 lighting software. 

Appendix 9.4-A provides detailed information on the model, as well as the model inputs 

and assumptions. In summary, the model incorporated the following factors to support 

prediction of noticeable changes in light levels: 

 Attenuation due to distance between the source and the PORs; 

 Light fixture characteristics (e.g., shielding); and 

 Reflections off of building surfaces and ground. 

The model calculates the aggregate illuminance from all significant light sources at each of 

the 12 PORs. The model incorporated the preliminary lighting designs for the Project 

(see Appendix 9.4-A), which includes high mast lighting, flood lighting, and crane lighting 

on RBT2, and road and rail switch lighting on the causeway. The preliminary lighting design 

includes more than 900 fixtures and indicates the proposed location, type, luminous output, 

and quantity of each light fixture at RBT2 and the causeway. 

In the model, the PORs were assumed to be vertical walls facing in the direction of the 

majority of lights at the Roberts Bank terminals, as per the recommended approach 

described by the IESNA and CIE (IESNA 2000, CIE 2003). The precise orientation of each 

POR was varied to determine the highest light trespass. 

Sky Glow Modelling 

Prediction of sky glow was carried out using a computer program based on a model 

developed by Garstang (1986) that predicts the night sky brightness caused by a city or 

large industrial facility at an observer location inside or outside the city for various zenith 
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distances. The model accounts for molecular scattering, aerosol scattering, reflectivity of the 

ground, distance, and the fraction of light radiated above the horizontal. Appendix 9.4-A 

provides a schematic for the model and corresponding equations. 

The total predicted Project-related lumens (luminous output) were obtained from the light 

trespass model and applied to the sky glow model. In addition, the lighting fixture layout 

was exported from the light trespass model and imported into the sky glow model. The 

centre and radius of the Project footprint were estimated using the layout. The total sky 

glow level at each POR was then calculated. 

9.4.6 Existing Conditions 

The following sections characterise existing conditions pertaining to light trespass and sky 

glow within the study area, based on the results of light field studies and modelling for the 

12 POR locations. The existing light trespass and sky glow conditions reflect the contribution 

of other projects and activities that have been carried out to date. 

Table 9.4-7 provides a description of observed light conditions at each of the PORs. 

Table 9.4-7 Description of Observed Light Conditions 

POR ID POR Description and Observed Light Conditions 

POR1 to POR 3 

 Representative of the Gulf Islands including national parks located southwest of 
the Project; 

 No street lighting on the islands; 

 Only lights observed on the islands were home and building outdoor lighting; 

and 

 The existing Roberts Bank terminals were visible from this location. 

POR4 

 Representative of the small suburban community of Point Roberts, U.S.A, 

located southeast of the Project; 

 No street lighting at this suburban community; 

 Only lights observed were outdoor home lighting; and 

 The existing Roberts Bank terminals were visible from this location. 

POR5 

 Representative of the suburban community of Tsawwassen; 

 Streets were brightly lit throughout this community, including along the 
waterfront; 

 Had the greatest level of ambient light out of all locations investigated; and 

 The existing Roberts Bank terminals were visible from this location. 

POR6 

 Representative of Tsawwassen First Nation Lands; 

 Streets in the community were lit; 

 The light measurements collected were roughly at the midpoint between two 
consecutive street lights; and 

 The existing Roberts Bank terminals were visible from this location. 
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POR ID POR Description and Observed Light Conditions 

POR7 

 Located at Brunswick Point to the north of the Project; and 

 Activities associated with Roberts Bank terminals were the only observed light 
source from this location. 

POR8 

 At a Crescent Beach public park located approximately 20 km to the east of the 

Project; 

 Very little ambient lighting; and 

 The existing Roberts Bank terminals were not visible from this location. 

POR9 

 At a lookout location next to a busy roadway; 

 Representative of the University of British Columbia; 

 No street lighting in this area; and 

 The existing Roberts Bank terminals were visible from this location. 

POR10 

 On the water to the north of the Project near the shore of Steveston Village; 

 Representative of the mouth of the Fraser River South Arm; and 

 The existing Roberts Bank terminals were visible from this location. 

POR11 

 On the water next to the existing Roberts Bank terminals; and 

 The main visible light sources were from light poles at the edge of the Roberts 

Bank terminals and gantry cranes. 

POR12 

 Representative of the Gulf Islands (Valdes Island) located northwest of the 
Project; and 

 The existing Roberts Bank terminals were not distinguishable from this location. 

Table 9.4-8 summarises the measured illuminance levels and average sky quality levels at 

each of the PORs, as well as the associated classifications. The measured illuminance levels 

range from 0.005 to 0.571 lux at the identified POR locations. Since all levels are greater 

than 0 lux and less than 1 lux, the existing illuminance levels are classified as E2 (i.e., areas 

of low ambient brightness) as presented in Table 9.4-3. The measured sky quality levels 

range from 17.19 to 20.88, which represent sky glow measures of percent brightness above 

a natural dark sky ranging from 95% to 5,735%. The associated zone classifications for sky 

glow include G2, G3, and G4, as presented in Table 9.4-5. 

Table 9.4-8 Existing Illuminance Levels and Average Sky Quality Levels and 
Classifications 

POR ID 
Illuminance 

(lux) 

CIE 
Environment

al Light 
Classification 

Measured Sky 

Quality 
(mag/arcsec2) 

Existing 

Sky Glow2 
 (%) 

CIE Zone 

Classification 
for Sky Glow 

POR1 0.005 E2 20.88 95 G2 

POR2 0.010 E2 20.82 105 G3 

POR3 0.006 E2 20.53 167 G3 

POR4 0.032 E2 18.34 1,909 G4 

POR5 0.571 E2 17.46 4,440 G4 
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POR ID 
Illuminance 

(lux) 

CIE 

Environment
al Light 

Classification 

Measured Sky 

Quality 
(mag/arcsec2) 

Existing 

Sky Glow2 
 (%) 

CIE Zone 

Classification 
for Sky Glow 

POR6 0.058 E2 17.19 5,735 G4 

POR7 0.030 E2 19.21 804 G4 

POR8 0.013 E2 19.47 613 G4 

POR9 0.0131 E2 18.80 1,218 G4 

POR10 0.031 E2 19.33 711 G4 

POR11 0.226 E2 18.33 1,932 G4 

POR12 0.004 E2 20.63 144 G3 
1 Property access was not possible for light trespass measurements at POR9. The lighting 

environment at POR9 is similar to POR8 and therefore, measurements taken at POR8 were used. 
2  Sky glow measured as percent brightness above natural dark sky background. 

9.4.7 Expected Conditions 

Sources of light in the study area may change in the future prior to the commencement of 

Project construction; however, the light emissions from these other projects are unlikely to 

result in a measurable contribution to light trespass or sky glow levels at the PORs 

considered in this assessment. It is anticipated that future projects will be designed in 

accordance with IESNA and CIE design guidelines for light pollution and trespass, and 

therefore are not anticipated to cause measureable changes to previously described existing 

conditions. The expected conditions scenario is therefore not anticipated to be measurably 

different from existing conditions previously described. 

A process is underway to change the current outdoor lighting fixtures at the Deltaport 

Terminal to light-emitting diodes (LEDs). At this time, the proposed layout for the LED 

fixtures is not known, and a detailed analysis of how this change could alter the light 

trespass and sky glow at the time of Project commencement is not feasible; Project-related 

changes are therefore expressed in comparison to the existing conditions case. Given that 

LEDs are more directional and easier to control in terms of where light is focused, however, 

it is anticipated that the change to LEDs will reduce both light trespass and sky glow from 

the Deltaport Terminal, provided good lighting design practices are followed (specifically, 

the use of full cut-off light fixtures to limit up-light and only lighting areas that are required 

to be lit).  
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9.4.8 Future Conditions with the Project 

Light may change in the future with the development of the Project. The sections below 

include a summary of the potential changes to light related to the Project construction and 

operation-phase activities, as listed in Appendix 8-B Project Interaction Matrix. 

9.4.8.1 Construction 

As described in Section 9.4.2, the anticipated changes in light in the construction phase 

are represented by the changes in light in the operation phase, as described below. It is 

expected that light trespass levels and sky glow during construction will be lower than 

during the operation phase. In addition, most of the work during construction will be 

performed during the day. 

9.4.8.2 Operation 

The following subsections describe the anticipated light conditions in 2025 resulting from 

Project operation-phase activities in combination with the light conditions resulting from 

other projects and activities that will have been carried out. 

Light Trespass  

Based on measurements of existing levels of light trespass (between 0 and 1 lux) at the 

PORs, the CIE environmental light classification E2 as described in Section 9.4.6 is 

representative of the PORs. The maximum illuminance corresponding to the environmental 

light classification of E2 is 1 lux. Beyond this maximum illuminance, CIE light classification 

would change to E3 for trespass levels greater than 1 lux and less than 2 lux. Light trespass 

levels greater than 2 lux would result in an E4 classification. Table 9.4-9 provides a 

comparison of the existing and predicted light trespass levels to the existing CIE 

classification of maximum illuminance. 

The greatest increase of 1.621 lux in light trespass levels occurs at POR11. This increase 

yields a predicted future light trespass level of 1.847 lux at POR11, which is classified as CIE 

light classification E3. Hence, CIE zone classification at POR11 is expected to change from 

E2 to E3. This prediction is to be expected because of the proximity of the existing Roberts 

Bank terminals (POR11) to RBT2. 
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Table 9.4-9 Predicted Project-related Changes in Light Trespass Levels 

Point of 

Reception 

Existing 

Illuminance 
[lux] 

(A) 

Predicted Project 

Illuminance 
[lux] 

(B) 

Existing + Project 
Illuminance [lux] 

(C = A+B) 

Maximum 

Illuminance for 
CIE 

Classification 
(lux) 

POR1 0.005 0.000 0.005 1 

POR2 0.010 0.000 0.010 1 

POR3 0.006 0.000 0.006 1 

POR4 0.032 0.003 0.035 1 

POR5 0.571 0.004 0.575 1 

POR6 0.058 0.005 0.063 1 

POR7 0.030 0.010 0.040 1 

POR8 0.013 0.000 0.013 1 

POR9 0.013 0.000 0.013 1 

POR10 0.031 0.001 0.032 1 

POR11 0.226 1.621 1.847 1 

POR12 0.004 0.000 0.004 1 

Sky Glow Assessment 

The existing sky glow, along with the corresponding CIE zone classification, and the future 

sky glow along with the corresponding future CIE zone classification for each POR are 

presented in Table 9.4-10. 

For POR1, the predicted future sky glow level (with the Project) of 121% is greater than the 

sky glow limit of 100% for CIE zone G2 (defined in Table 9.4-5). The sky glow level of 

121% falls in between 100% and 200%, which is classified as zone G3; hence, CIE zone 

classification at POR1 is expected to change from G2 to G3. The existing CIE zone 

classification does not change for any of the remaining PORs. 

Table 9.4-10 Predicted Changes in Sky Glow 

Point of 

Reception 

Existing Sky 

Glow1 (%) 

Existing Sky Glow 

CIE Zone 
Classification 

Existing + 

Project Sky 
Glow1 (%) 

Existing + 
Project Sky 

Glow CIE Zone 
Classification 

POR1 95 G2 121 G3 

POR2 105 G3 124 G3 

POR3 167 G3 192 G3 

POR4 1,909 G4 2093 G4 

POR5 4,440 G4 4753 G4 
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Point of 
Reception 

Existing Sky 
Glow1 (%) 

Existing Sky Glow 

CIE Zone 
Classification 

Existing + 

Project Sky 
Glow1 (%) 

Existing + 

Project Sky 
Glow CIE Zone 
Classification 

POR6 5,735 G4 6086 G4 

POR7 804 G4 1307 G4 

POR8 613 G4 626 G4 

POR9 1,218 G4 1,226 G4 

POR10 711 G4 794 G4 

POR11 1,932 G4 13343 G4 

POR12 144 G3 146 G3 
1  Sky glow as percent brightness above natural dark-sky background. 

As an example, the potential changes related to sky glow are presented as a visual aid to 

assist in the interpretation of numerical results presented above, in Figure 9.4-2 and 

Figure 9.4-3 for POR2. Figure 9.4-2 shows the existing sky glow and Figure 9.4-3 is an 

image that has been processed to represent the predicted future sky glow, which includes 

the anticipated changes associated with the Project. Based on a predicted change from 

105% to 124% in sky glow, the brightness of the stars does not appear to change 

noticeably.
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Figure 9.4-2 Photo of the Existing Sky at Point of 

Reception 2 

 Figure 9.4-3 Photo of the Predicted Sky at Point of 

Reception 2 
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9.4.9 Future Conditions with the Project and Other Certain and Reasonably 

Foreseeable Projects and Activities 

An assessment of future cumulative change (in addition to the cumulative change caused by 

the Project in combination with other projects and activities that have been carried out, 

described above) is not required, as there are no other reasonably foreseeable projects or 

activities, as listed in Section 8.1.9 Effects Assessment Methods, Cumulative Effects 

Assessment, Table 8-8 Project Inclusion List, that will further influence or change light 

conditions. The rationale for exclusion of other certain and reasonably foreseeable projects 

and activities from this cumulative assessment is provided in Appendix 9.4-B Rationale 

for Exclusion of Other Certain and Reasonably Foreseeable Projects and Activities 

in the Light Assessment of Cumulative Change. 

9.4.10 Summary of Assessment 

The existing illuminance levels at the PORs are all classified as CIE environmental light 

classification E2. Sky glow CIE classification zones include G2 for POR1, G3 for POR2 and 

POR3, and G4 for the remaining PORs. The assessment concludes that Project-related light 

emissions are expected to result in a change to the current CIE light trespass environmental 

light classifications at one of the PORs, and current CIE sky glow zone classifications are 

also expected to change at one of the 12 PORs. The change in CIE light trespass 

environmental light classification is expected to occur at POR11, which is located at on the 

water next to the existing Roberts Bank terminals. The change in CIE sky glow zone 

classification is expected to occur at POR1. Incremental future cumulative changes to light 

conditions are not expected to result from the Project in combination with other reasonably 

foreseeable projects or activities.  

9.4.11 Uncertainty, Sensitivity, and Reliability 

The following assumptions were made or limitations encountered in conducting the Light 

Assessment Study: 

 The IES photometric data obtained from lighting manufacturers were assumed to be 

current and correct, and were selected based on the catalog numbers indicated in 

the lighting schedule;  

 When no manufacturer information was available for luminaires, IES photometric 

data that seemed most appropriate for the luminaires in question was selected; 

 If information on physical barriers was not available, barriers were not included in 

the model, leading to a conservative estimate; 
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 Ground reflectivity used was assumed to be 8% based on site observations; 

 Light output above 90° from downwards was considered uplight; 

 Light loss factors were not considered (i.e., the lights were considered to be new, 

with perfect ballasts, clean, and perfect input voltage). Older lights with varying 

input voltage, dirt, and ballasts can reduce lumen output; and 

 Light changes were modelled using the assumption that expected conditions would 

be the same as existing conditions. The plan to replace lights at Deltaport Terminal 

with LED lights prior to commencement of Project construction introduces some 

uncertainty to predicted future conditions with the Project.  
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9.5 COASTAL GEOMORPHOLOGY 

This section describes the existing conditions related to coastal geomorphology and 

anticipated future changes resulting from Project components and activities. 

Geomorphology is the scientific study of the landforms of the earth and the processes that 

form them, including those that lead to the erosion, transport, and deposition of sediments. 

The focus of coastal geomorphology is on the morphological development and evolution of 

the physical coastal environment as it functions under the influence of winds, waves, 

currents, and sea level changes. Hence, coastal geomorphology includes both the physical 

environment as well as the physical processes that have created and maintained the 

physical form. 

This section contains information required to address requirements contained in EIS 

Guidelines, part 2, sections 9.1.3 and 9.1.4, including characterisation of the Fraser River 

and Fraser River estuary physical environment, as well as a description of the physical 

(e.g., coastal geomorphological) processes influencing the marine and estuarine ecosystems 

that could be affected by the Project. 

9.5.1 Selection of Coastal Geomorphology Intermediate Component 

Past experience at Roberts Bank has indicated that the tidal flats are sensitive to 

disturbance. In particular, past anthropogenic change has resulted in localised development 

and expansion of dendritic channels (a type of tidal channel), changes in the degree of 

influence of the Fraser River outflow plume on the inter-causeway area, and a 

reduction in the average percent fines in surface sediments in the high intertidal zone within 

the inter-causeway area. 

9.5 Coastal Geomorphology Assessment Highlights: 

 Changes to coastal geomorphology are not expected from Project activities, but are 

related to the terminal footprint itself, which would interact with tidal currents and wind-
generated waves. 

 The Project layout and configuration has been modified to minimize the potential for a 

number of adverse changes to geomorphology during construction and operation. An 
example is locating the terminal almost entirely within the subtidal zone of Roberts Bank. 

 The Project is expected to result in localized changes to coastal geomorphology resulting 
from the terminal footprint. 

 The Project is not expected to result in incremental cumulative changes to coastal 
geomorphology. 
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The Project Interaction Matrix (see Appendix 8-B) was used to identify interactions 

between Project components and activities (described in Section 4.0 Project Description) 

and coastal geomorphology. Key interactions include direct changes from the Project 

footprint covering up tidal flat and seabed areas, and indirect changes from the Project 

footprint interrupting or diverting natural processes on the tidal flats. Design modifications 

to the Project configuration and layout have minimised the potential for a number of 

adverse changes to geomorphology (see Section 5.2 Alternative Means of Carrying Out 

the Project, Technical and Economic Feasibility Criteria).  

The selection of coastal geomorphology as an IC followed a three-step selection process as 

set out in Section 8.1.2 Selection of Valued Components. Coastal geomorphology is not 

a receptor component in a Project-related effects pathway, and is therefore considered an 

IC in this environmental assessment (EA). 

9.5.2 Assessment Purpose and Approach 

This subsection describes the purpose and approach to studying coastal geomorphology for 

the purposes of assessing Project-related changes to this IC. Northwest Hydraulic 

Consultants Ltd. (NHC) completed these studies and this assessment, and the individuals for 

which subsequent statements in this section pertaining to professional judgement or 

reliance are based, are listed at the beginning of Volume 2.  

9.5.2.1 Purpose 

In 2012, PMV initiated studies to support the EA and future environmental management for 

the Project. The objective of studying coastal geomorphology for the Project was to predict 

potential changes in geomorphology in the study area (i.e., the physical environment, as 

well as the coastal processes that have formed, and continue to form, the physical 

features). Building on available information, a study was designed to address known data 

gaps for the assessment of coastal geomorphology with the intent of using predicted results 

to inform the assessments of Surficial Geology and Marine Sediment (Section 9.6), 

Marine Water Quality (Section 9.7), the marine biological VCs (Sections 11.0 to 16.0), 

as well as Marine Commercial Use (Section 21.0), Outdoor Recreation (Section 

24.0), Archaeological and Heritage Resources (Section 28.0), and Current Use of 

Land and Resources for Traditional Purposes Assessment (Section 32.2). 
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9.5.2.2 Coastal Geomorphology Assessment Approach 

To assess the physical response to the proposed development of RBT2, three specific study 

programs were completed, as outlined in Table 9.5-1. 

Table 9.5-1 Coastal Geomorphology Studies 

Study Name Study Description 
Report 

Accessible at: 

Coastal 

Geomorphology 
Field Data 
Collection 

Program 

A comprehensive field study to improve the understanding of 
key processes in the Roberts Bank area by measuring: 

 Channel discharge, sediment concentration, temperature 
and salinity in Canoe Passage, and repeated 
bathymetric surveys along representative cross-

sectional areas; 

 Vertical profiles of salinity and turbidity within the water 
column across Roberts Bank during Fraser River freshet 

conditions; 

 Short-term erosion and deposition on the tidal flats; 

 Lead-210 (210Pb) and Cesium-137 (137Cs) dating analysis 
of sediment cores from the upper tidal flats; 

 Wave height and period along Roberts Bank transects; 
and 

 Tidal flow in Canoe Passage and select tidal flat channels 
in the Roberts Bank area. 

Appendix 

9.5-A  

Coastal 
Geomorphology 

Interpretive 
Geomorphology 
and Analytical 

Techniques 

Use of various analytical techniques to better understand the 
morphodynamic or physical evolution (through erosion and 

deposition) of the tidal flats including: 

 Hypsometric analysis of tidal flat north of causeway; 

 Use of LiDAR1 and bathymetry to assess tidal flat 
topographic change between 1968 and 2002, and between 
2002 and 2011; 

 Morphometric analysis of the tidal flat in the north of 
causeway area and inter-causeway area; 

 Planimetric analysis of the tidal flat in the north of 
causeway area and inter-causeway area; 

 Calculation of sediment grain size distribution (D50) for 
the Fraser River delta; 

 Analysis of historic changes in sediment grain size 
distribution (1974 to 1993, 1974 to 2012, and 1993 to 
2012); 

 Analysis of proportion of Fraser River flow conveyed via 
Canoe Passage; 

 Assessment of historic alignments of Canoe Passage; and 

 Historic airphoto interpretation of planform changes at 
Roberts Bank. 

Appendix 

9.5-A 

                                          
1  LiDAR (Light Detection and Ranging) refers to a remote sensing technology that is used to capture high-

resolution topographic relief. 
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Study Name Study Description 
Report 

Accessible at: 

Coastal 

Geomorphology 
Numerical 

Modelling 

The TELEMAC-MASCARET modelling system was used to 

evaluate potential Project-related changes on coastal processes 
based on three approaches: 

 Hydrodynamic wave modelling to evaluate waves and 
currents on the tidal flats; 

 Salinity modelling to evaluate the distribution and mixing 
of Fraser River freshwater with the saline water of the 

Strait of Georgia on the tidal flats; and 

 Morphodynamic modelling to evaluate sediment transport 

and potential changes to the surface of the tidal flats. 

Appendix 
9.5-A 

Details of the study program methods and analyses are presented in the Coastal 

Geomorphology Study Technical Report contained in Appendix 9.5-A Roberts Bank 

Terminal 2 Technical Report, Coastal Geomorphology Study. The main body of the 

technical report provides information to inform this section including: 

 A description of the physical setting of the area adjacent to the Project; 

 A summary of the physical processes that drive the evolution of the Fraser River 

delta; 

 A summary of the historic changes on the tidal flats and the effects of earlier 

anthropogenic developments; and 

 The predicted effects of the Project on local current and wave characteristics, and 

scour and deposition patterns on the tidal flats. 

Detailed technical appendices supporting the main report that provide a comprehensive 

description for those with expertise in coastal geomorphology include the following: 

 Appendix A – Data Sources: provides a detailed compilation of the past data and 

reports that were used in the study; 

 Appendix B - Model Development: describes calibration and validation of the 

hydrodynamic model that was used to model and assess the effects of tides and 

Fraser River inflows; and 

 Appendix C - Field Data Collection Program: summarises the 2012 field monitoring 

program and investigations to characterise the tidal flat areas. 

9.5.3 Summary of Information Sources 

The assessment of coastal geomorphology is based on a review of past research conducted 

over the last several decades by the Geological Survey of Canada, other government 

agencies and academic researchers, and site-specific field and desktop studies conducted as 
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part of the study program and professional judgement. Investigations associated with past 

developments at Roberts Bank, such as the Deltaport Third Berth project (DP3), were also 

incorporated into the assessment. Early in the Project planning phase, WorleyParsons and 

NHC conducted modelling studies to characterise morphology and transport at Roberts Bank 

as part of a trade-off analysis of alternative configurations (WorleyParsons 2011a, 

WorleyParsons 2011b, NHC 2012). As described in Section 7.4 Technical Advisory Group 

Process (2012 to 2013), Technical Advisory Group (TAG) workshops for coastal 

geomorphology were also convened to gather input from the scientific community on 

potential Project-related effects, and the approach to assessing effects (Compass Resource 

Management Ltd. 2013). 

Previous consulting reports and published academic papers provide relevant background 

knowledge, and have contributed to the understanding of coastal geomorphology influences 

and processes. Key documents included the following: 

 Impacts of Sea Level Rise on Roberts Bank (Hill et al. 2013); 

 Roberts Bank and Sturgeon Bank Reach Overview Backgrounder for Fraser River 

Estuary Management Program (G.L. Williams & Associates Ltd. and NHC 2009); and 

 Roberts Bank Container Expansion Coastal Geomorphology Study (NHC and Triton 

2004). 

Field studies in support of the coastal geomorphology assessment were carried out for 

various programs outlined in Table 9.5-1. Other supporting information has included 

sediment composition data, wave data, historical field datasets, airphotos and orthophotos, 

bathymetric surveys, light detection and ranging (LiDAR) survey, other numerical models, 

and wind and wave data. Refer to Appendix 9.5-A: Appendix A for a comprehensive record 

of information sources. 

9.5.4 Applicable Standards and Criteria 

There are no standards or criteria applicable to this IC. 

9.5.5 Methods 

This subsection provides methodological information relevant to the coastal geomorphology 

assessment, including temporal boundaries, study area, and a summary of the methods 

supporting the assessment. 
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9.5.5.1 Temporal Boundaries 

The four temporal cases in this assessment are identified as follows: 

 Existing conditions; 

 Expected conditions; 

 Future conditions with the Project; and 

 Future conditions with the Project and other certain and reasonably foreseeable 

projects and activities. 

The characterisation of existing conditions reflects the year 2012. The model studies used 

wind, tide, and Fraser River flow data from 2012 as inputs to the numerical model; this 

allowed the model results to be directly compared to the field data that were collected 

primarily in 2012 for this assessment. The year 2012 was typical in terms of storm 

frequency and intensity but was above average for discharge from the Fraser River. Most of 

this above-average discharge occurred in late spring and early summer. The effects of high 

Fraser River freshet flows on the Project area were compared to periods of similar tides 

during the late fall and early winter when the Fraser River discharge is typical of winter 

lower flow conditions. The geomorphic system is dynamic but rates of change are 

sufficiently slow that the existing conditions that are described based on the 2012 field data 

can be expected to persist through to Project commencement. 

The predictions of Project-related changes were based on the construction and operation 

phases of the Project, as described in Section 4.0 Project Description. For comparison 

purposes (see Table 9.5-2 for a summary of comparisons described below), potential 

future changes in coastal geomorphology associated with the Project were compared against 

existing conditions in 2012 in the case of waves and ocean currents. In the case of 

morphodynamic evolution, comparisons are made to the expected conditions case; the 

reason for this is that the Roberts Bank ecosystem is a dynamic environment with ongoing 

processes and influences. As a result, it is necessary to compare future conditions with the 

Project to the same future year without the Project (referred to as expected conditions) to 

understand the nature of the morphodynamic changes that may be caused by the Project.  

To determine the influence of sea level rise (SLR) on wave predictions, the existing 

conditions case is compared to the expected conditions and future conditions with Project 

cases, and the future conditions with the Project case is also compared to the future 

conditions with the Project case and SLR. This approach isolates the changes related to SLR 

from the Project-related changes. 
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Table 9.5-2 Summary of the Assessment of Physical Parameters over Time 

 

9.5.5.2 Study Area 

The local study area (LSA) includes the Roberts Bank tidal flats extending from the seaward 

side of the flood protection dykes along the foreshore to ‒60 m chart datum (CD) 

depth, and extending from the B.C. Ferries terminal and causeway to Canoe Passage 

(Figure 9.5-1). The LSA represents the maximum extent of the likely zone of influence of 

the Project based on alterations in physical processes that are the key determinants of 

geomorphology. The LSA also incorporates the existing natural boundaries (e.g., shoreline, 

Canoe Passage channel, intertidal, subtidal zones) and human-made boundaries 

(i.e., causeways and terminals) influencing the transfer of sediment and freshwater across 

Roberts Bank by the various processes, including waves, river currents, and ocean currents. 

Although the LSA represents the likely zone of influence of the Project, the numerical model 

extends over a larger area, as shown in Figure 9.5-2, to allow for the incorporation of flow 

discharges from the Fraser River plus tidal and wind information in the Strait of Juan de 

Fuca and the Strait of Georgia. 
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Figure 9.5-1 Coastal Geomorphology Local Study Area 
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Figure 9.5-2 Spatial Extent of Coastal Geomorphology Numerical Modelling 
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9.5.5.3 Study Methods 

The major physical processes that shape the Fraser River delta and Roberts Bank tidal flat 

are reflected in the morphology of the area, and can be qualitatively and quantitatively 

assessed using a range of interpretive methods including historical mapping, field 

observations, and analytical computations. These investigations assist in overcoming the 

limitations of available numerical models. The adopted approach integrates 

hydrodynamics, sedimentation, and geomorphology, and focuses on developing an 

understanding of the long-term physical processes that drive morphological change in the 

Project area. Existing studies of deltaic and tidal flat geomorphology were interpreted along 

with observations from new field studies conducted by NHC and others to provide 

background information and input data. The TAG process provided input on the study 

program, including informing underlying assumptions, model selection, and the prediction of 

future conditions, which served to increase the scientific robustness of the chosen approach. 

The following subsections summarise the interpretive and modelling approach, as well as 

the various field studies. 

Interpretive Geomorphology 

An interpretive geomorphology approach was adopted to supplement the numerical 

modelling results and provide a better understanding of the morphodynamic evolution of the 

tidal flats. Details are provided in Appendix 9.5-A: Main Report. In summary, the tasks 

involved in this approach included a literature review, airphoto interpretation spanning the 

years 1932 to 2004, and orthophoto analysis spanning the years 1995 to 2013. These 

analyses provide insight into the planform or vertical changes that have taken place on the 

tidal flats since 1932, and further inform the role of natural factors or anthropogenic 

developments in driving these changes. 

Numerical Modelling 

The potential effects of the Project on ocean currents (hydrodynamics), wave climate, and 

local seabed scour and deposition (morphodynamics) were investigated using the TELEMAC-

MASCARET (TELEMAC) numerical modelling system. This model was chosen as it is 

recognised and used throughout the world by leading research centres and national 

agencies, and can simulate interactions between currents, waves and sediments that are 

driving forces at Roberts Bank. Three TELEMAC model modules were applied to compute 

various physical processes of tidal currents (TELEMAC-3D), wind-generated waves 

(TOMAWAC), and sediment transport (SISYPHE). The simplified outputs from each model 
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and linkages between the three models are provided in Figure 9.5-3. Model methodology is 

detailed in Appendix 9.5-A: Main Report, and model development, calibration, and 

validation are provided in Appendix 9.5-A: Appendix B. 

Figure 9.5-3 TELEMAC Model Coupling Flow Diagram 

 
Source: Brown and Davies 2009. 

A separate numerical modelling study was carried out to investigate the flow of tidal water 

through the semi-pervious causeway containment dyke during the construction phase. The 

River2D model was chosen for this localised investigation as it incorporates the 

mathematical functions that describe subsurface groundwater flow to ensure model stability 

for cells that go dry. This model feature was manipulated to model inundation of the area 

between the containment dyke and the existing causeway as well as the flow rate through 

the dyke on to the tidal flats during a dropping tide. Details of this model methodology are 

provided in Appendix 9.5-A: Main Report and model development, calibration, 

and validation using laboratory flume experiments are provided in Appendix 9.5-A: 

Appendix D.  
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Field Investigations 

Field studies were conducted between April 2012 and August 2013 to supplement 

existing information about the Roberts Bank area and to better understand key processes. 

Table 9.5-1 summarises the purpose of the field studies, and Appendix 9.5-A: 

Appendix C provides additional information on the measurement of the following: 

 Channel discharge, sediment concentration, temperature, and salinity in Canoe 

Passage; 

 Bathymetric surveys along representative cross-sections in Canoe Passage; 

 Vertical profiles of salinity and turbidity within the water column at various locations 

across Roberts Bank during freshet conditions; 

 Short-term erosion and deposition at various locations on the Roberts Bank tidal 

flats; 

 Wave height and period at three locations on a transect across Roberts Bank; 

 Tidal flow in select channels in the Roberts Bank area (Canoe Passage and tidal flat 

channels); and 

 Collection and radiometric (210Pb and 137Cs) dating of sediment cores from the upper 

tidal flat. 

9.5.6 Existing Conditions 

This section describes existing conditions for the Fraser River watershed and delta, including 

Roberts Bank. Existing conditions at Roberts Bank have been affected by other projects and 

activities that have been carried out, as described below. 

9.5.6.1 Fraser River 

Fraser River Watershed 

The Fraser River drains 232,000 km2 of south-central B.C., making it the largest river 

draining to the west coast of Canada. Figure 9.5-4 provides the watershed and main sub-

watershed boundaries for the Fraser River. Near Mission, 85 km from the sea, the river 

changes abruptly from a gravel bed to an irregularly meandering sand bed channel. At New 

Westminster (35 km from the river mouth), the main channel splits into the North Arm and 

the Main Arm. The Main Arm diverges again around Westham Island, with Canoe Passage 

along the south discharging to the northern Roberts Bank tidal flats. 
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The contemporary Fraser River delta was formed since the end of the most recent 

glaciation. Figure 9.5-5 shows the development of the delta from 10,000 years ago to the 

present day in schematic form. The initially very rapid advance of the delta front and 

infilling of the Fraser Valley has slowed compared to present day sediment inputs to the 

delta, particularly those areas distal to the mouth of the Main Arm. Inputs to southern 

Roberts Bank are limited to the fine fraction carried in suspension in the Fraser River plume. 

Figure 9.5-4 Fraser River Watershed Boundaries and Sub-boundaries 

 

Source: Fraser Basin Council 2013. 
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Figure 9.5-5 Growth of the Fraser Delta and Floodplain over the Last 

10,000 Years 

 
Source: Clague and Turner 2006. 

Current flood risk areas are shown on Figure 9.5-6. The City of Richmond, the Corporation 

of Delta (Delta), and Westham Island are on the floodplain of the Fraser River, and as such, 

are at risk of flooding. Extreme water levels in the lower estuary of the Fraser River are 

governed by the occurrence of high tides and storm surges in the winter season, rather than 

high discharges during the freshet. Information on wetlands of the Fraser River delta is 

presented in Section 11.0 Marine Vegetation. 
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Figure 9.5-6 Lower Fraser River Floodplain (Flood Risk Areas) 

Source: Government of B.C. and Fraser Basin Council 2002. 
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The Fraser River has a snowmelt-dominated flow regime, with the discharge typically rising 

in April, peaking between May and July, and then receding during the autumn and winter 

months. At Hope, the average peak flow is about 7,000 m3 per second in June and the 

average low flow is approximately 850 m3 per second in March (Figure 9.5-7). The river is 

tidally affected as far upstream as Mission, 85 km inland. Downstream of New Westminster, 

the river splits into the Main Arm, Annacis Channel, and North Arm Channel (Figure 9.5-8). 

The Main Arm divides again just below Deas Island (18 km upstream from the ocean) into 

Ladner Reach and then again into Canoe Passage. Estimates of the flow splits in the various 

branches have changed over time due to the effects of river training and dredging, and are 

complicated by the tidal influence on flow. Further discussion of the various flow split 

estimates is provided in Appendix 9.5-A: Main Report. 

Figure 9.5-7 Annual Hydrographs of Fraser River at Hope 

 
Source:  Data from Water Survey of Canada 2014. 

An assessment of Canoe Passage flow was conducted by comparing daily flows measured in 

2012 and 2013 with the total flow of the Fraser, as described in Appendix 9.5-A: Main 

Report. The results indicate that Canoe Passage conveys approximately 8% of the Fraser 

River discharge, a relatively small amount compared to other distributaries. 
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Figure 9.5-8 Distributary Channels of the Lower Fraser River 

 

Sediment Loads 

Sediment loads on the lower Fraser River were measured by the Water Survey of Canada at 

Hope, Agassiz, and Mission during the period 1965 to 1986. Based on that data, the total 

suspended load averaged 17.3 million tonnes per year (ranging from 12.3 million to 

31.0 million tonnes), with the load consisting of 35% sand, 50% silt, and 15% clay (McLean 

and Tassone 1988, McLean et al. 1999). Information pertaining to the bed material load is 

less reliable, and further discussion is provided in Appendix 9.5-A: Main Report. 

There are no known historic sediment transport measurements in Ladner Reach or Canoe 

Passage. Based on the monitoring of flow and suspended sediment concentration in Canoe 

Passage throughout 2012 and 2013 (Appendix 9.5-A: Appendix C), the annual suspended 

load in Canoe Passage was estimated at 930,000 tonnes in 2012 and 460,000 tonnes in 

2013, with the sand fraction (greater than 0.063 mm) amounting to 65,000 and 

32,500 tonnes in 2012 and 2013, respectively. The 2012 freshet was a large event, having 

a return period of 20 years (at Hope gauge 08MF005); it is assumed that the transport rate 
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in 2012 was substantially higher than the long-term average load. In contrast, the 2013 

freshet had a daily peak flow with a return period of approximately five years, but was quite 

short in duration. A comparison to sediment transport rate estimates derived from flow 

splits is provided in Appendix 9.5-A: Main Report. Overall, these results demonstrate that 

the amount of sand available to be supplied to the tidal flats from Canoe Passage is very 

small in most years. 

River training works that were installed beginning in the early 1900s prevent the mainstem 

from migrating across the tidal flats to distribute coarse bedload sediments. As a result, the 

coarse sediment transported through the lower reaches of the mainstem discharges into 

deep water off the Main Arm channel mouth and flows down the delta front (Hart et al. 

1992). Little or no coarse sediment is likely delivered to Roberts Bank farther to the south. 

The sediments of the tidal flats between Canoe Passage and the Roberts Bank causeway 

mainly consist of non-cohesive sand and silt; cohesive (silty-clay) sediments are limited to 

the upper portion of the tidal flats. Compared to the volume of sand stored in tidal flats, the 

net sand transport flux onto the tidal flats (amount of ongoing annual deposition) is believed 

to be very low. 

The fine silt and clay sediments carried in the freshwater discharged by the Fraser 

River spread as a plume out into the Strait of Georgia, reaching as far as the Gulf Islands 

(Figure 9.5-9). Sedimentation rates over the tidal flats of Roberts Bank appear to be 

entirely dependent on the material that is delivered from the plume as there is no obvious 

mechanism for the coarser sediments to be transported shoreward once deposited in 

deeper water. Fine sediments do not deposit over the majority of the Roberts Bank tidal 

flats and contribute very little to the accretion of the upper tidal flats on an annual basis. 
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Figure 9.5-9 Portion of 1999 Landsat Image of the Strait of Georgia Showing 

Distribution of the Fraser River Plume during a Summer Ebbing 
Tide 

 

Tectonics and Delta Subsidence 

The land surface of the Fraser River delta is subsiding due to settling and compaction of the 

recently deposited sediments. Subsidence rates vary across the delta. 

An ongoing study of Roberts Bank by Hill et al. (2013) employed InSAR technology2 to 

detect surface movement of as little as 1 mm per year over several years. Mapped rates of 

delta uplift or subsidence since the ice age (Figure 9.5-10) show the surface in the 

municipalities of Richmond and Delta is subsiding at rates from 0 mm to 3 mm per year. 

Subsidence was noted to be occurring more rapidly (2 mm to 3 mm per year) in the vicinity 

of relatively recent construction, such as the Roberts Bank terminals and B.C. Ferries 

Tsawwassen terminal. 

                                          
2  InSAR technology refers to interferometric synthetic aperture radar, a radar technique used to generate maps 

of surface deformation or digital elevation. 

Existing Roberts Bank 

Terminals 
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Figure 9.5-10 Vertical Velocity Map of the Western Part of Metro Vancouver  

 
Note: Areas without shading represent areas with no data; various sources as stated in Hill et al. 

2013. 

9.5.6.2 Roberts Bank 

Roberts Bank occupies the southern portion of the Fraser River delta between Point Roberts 

and the Fraser River Main Arm (Figure 9.5-1). Sea dykes, constructed as early as the late-

1800s to reclaim the salt marsh and prevent flooding (City of Richmond Heritage Inventory 

Evaluation 2011) form the boundary of the upper limit of tidal incursion. From this 

boundary, the delta slopes seaward toward the deep waters of the Strait of Georgia (refer to 

Appendix 9.5-A: Figure 15). The delta slope interacts with waves and tidal movement so 

that distance from shore correlates strongly with relative time of emergence and 

submergence, exposure to wave energy, and tidal current velocity; these in turn correlate 

with sediment grain size and various ecological zones. 



PORT METRO VANCOUVER | Roberts Bank Terminal 2  

Page | 9.5-21 

Biosedimentology 

At Roberts Bank, the presence of the Roberts Bank and B.C. Ferries causeways and the 

input of freshwater from the Fraser River at the mouths of the Main Arm and Canoe Passage 

have resulted in the formation of various biosedimentological zones (Figure 9.5-11), 

which have been most recently described by Hill et al. (2013). This conceptualisation of the 

Roberts Bank environment considers the inter-relationship between sediment processes and 

biological communities, but is not intended to represent habitat zones per se. Brief 

descriptions of the causeway, intertidal marsh, tidal flats, biomat, and foreslope zones are 

provided in Table 9.5-3, and detailed descriptions are provided in Appendix 9.5-A: 

Main Report. An area of biofilm, which comprises organic and inorganic materials in a three-

dimensional mucilaginous matrix, is located both seaward and shoreward of the biomat 

zones. Since biofilm does not play a role in sediment processes, it is not discussed below; 

detailed descriptions of both the biomat and biofilm biological communities are provided in 

Section 11.5 Marine Vegetation, Existing Conditions. 
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Figure 9.5-11 Biosedimentological Zonation on Roberts Bank Overlain on Multi-

beam Image Showing the Subtidal Portion of the Delta 

 
Source: Hill et al. 2013. 
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Table 9.5-3 Description of Biosedimentological Zones on Roberts Bank 

Zone Description 

Causeway 

Zones 

The B.C. Ferries causeway, completed in 1960, and the Roberts Bank causeway, 

completed in 1969, create a barrier to waves and re-direct tidal flows (NHC and 
Triton 2004). Based on airphoto evidence, construction methods resulted in 

significant dispersal of sediment over the tidal flats on either side of the 
constructed Roberts Bank causeway which has persisted to the present day. 

Intertidal 

Marsh 
(Includes 

high and low 
brackish and 

salt marsh) 

Marsh – either brackish or true salt marsh – exists as a band along most of the 
upper shoreline at Roberts Bank, including an intermittent fringe along portions of 
the Roberts Bank causeway. This band expands seaward at Brunswick Point and in 

front of Westham Island in response to the effects of freshwater flows 
and sediment inputs from Canoe Passage that contribute to vertical 

accretion. Figure 9.5-12 illustrates the continued marsh area increases between 

1930 and 2004. 

Tidal Flats 
(Includes 

mudflat and 
sand flat and 

transition 
between 

them, plus 

eelgrass 
beds on 

sand flat) 

Gently sloping tidal flats extend seaward from shore for a distance of up to 6 km 

on Sturgeon Bank and Roberts Bank. The width of the tidal flats is primarily 
governed by the tidal range (approximately 5 m), the wave climate, and sediment 
characteristics. The tidal flats represent the sub-aqueous top-set beds of the 
Fraser River delta (Mathews and Shepard 1962), and vary in composition from 

medium sand through to sandy silt, depending on location. On Roberts Bank, this 
zone is generally featureless except for the development of tidal channels, which 
typically occur either on the outer margins of the tidal flats or on the upper tidal 

flats, but rarely connecting between the two elevation bands. Although smaller 
tidal channels were present prior to anthropogenic developments and a few larger 
ones that were mostly remnants of former channels near Canoe Passage also 

existed, there are presently a number of well developed, large tidal channels in the 
inter-causeway area that are associated with dredging during terminal 

development. 

Biomat 

Biomat refers to a cyanobacterial (blue-green algal) mat community that occurs 
in the upper intertidal area of Roberts Bank on the tidal flats and coincides with a 
zone dominated by ridge and runnel topography (also known colloquially as the 

mumblies), a common feature of tidal flats. The algal mat is restricted to 
approximately elevations +3.50 to +4.00 m CD, and has a role in stabilising the 
upper tidal flats and appears to be expanding laterally. 

Foreslope 

There is a characteristic steepening of the delta profile over the transition from the 
tidal flats into deep water. The sediments in the foreslope mainly consist of mud 

derived from suspended sediment in the Fraser River plume and coarser sand 
transported down the delta slope. Recent multibeam bathymetric surveys confirm 
that the area is characterised by extensive submarine channels on the delta slope 
seaward of the mouth of the Main Channel due to gravity flows (Hill et al. 2008). 

The prevailing flood-dominated tides in the Strait of Georgia produce a net 
northerly transport of sediments on the foreslope in the vicinity of the Project 
(Luternauer and Murray 1973). Sedimentation rates range from less than 1 cm to 

2 cm per year over much of the Sturgeon Bank foreslope and in the Strait of 
Georgia; however, much higher sedimentation rates have been measured off the 
mouth of the main channel. Little or no sediment is being deposited today over 

most of the Roberts Bank slopes. 
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Figure 9.5-12 Fraser River Delta Marsh Development between 1930 and 2004 

 
Source: Church and Hales 2007. 
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Figure 9.5-13 shows the bathymetry of the Roberts Bank tidal flats. The average gradient 

on the tidal flats is approximately 0.0005 south of Canoe Passage and 0.0011 on the north 

side of the Roberts Bank causeway and in the inter-causeway area. Figure 9.5-14 shows 

the hypsometry of the tidal flats on the north side of the causeway. This curve represents 

the area elevation relation of the tidal flats, expressed in terms of the wetted area of the 

flats relative to the total area (measured from above lowest low water–large tide (LLW-LT)). 

Nearly 90% of the tidal flat is wetted when the tide level is close to mean sea level, and 

approximately 20% is wetted at lower low water (LLW) (mean tide) conditions. 
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Figure 9.5-13 Bathymetry of Southern Roberts Bank 
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Figure 9.5-14 Hypsometry of Roberts Bank on the North Side of the Causeway 

 
Note: HHW-MT indicates Higher High Water Mean Tide; LLW-MT indicates Lower Low Water Mean 

Tide. 

Waves and Storm Surges 

The height of waves propagated in deeper waters and arriving at the LSA is a function of 

wind speed, duration of time that the wind has blown, and the distance over which the wind 

acts on the water (fetch). Wind speed and direction derived from hourly records at Sand 

Heads (1991 to 2013) is shown in Figure 9.5-15. As described in Section 9.1.1 Climate, 

winds most frequently blow from the northwest (NW) and southeast (SE), and frequency of 

occurrence and maximum wind speeds are the dominant driving forces for wave generation. 
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Figure 9.5-15 Wind Rose for Roberts Bank Based on Wind Data Measured at Sand 

Heads from 1991 to 2013 

 

The largest offshore waves are generated from the SE, south (S), and NW directions. It is 

predicted that significant wave height exceeds 2.0 m for a total period of 105 hours per 

year on average (approximately four days per year). Waves from the SE and S directions 

account for 100 hours per year of the total duration, while the remaining 5 hours per year 

are from NW waves. Refer to Appendix 9.5-A for more information. 
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Table 9.5-4 compares the significant wave height and peak wave period for a specified 

frequency of occurrence (12 hours per year). Waves from the SE are substantially larger for 

a similar frequency of occurrence and indicate that waves, like currents, will tend to move 

sediment in a net northward direction. 

Table 9.5-4 Wave Conditions at Roberts Bank for an Exceedance Frequency of 

12 Hours per Year 

Direction 
Significant Wave Height: 

(m) Peak Wave Period: (sec) 

SE 2.5 7.5 

S 1.5 6.2 

W 1.4 5.8 

NW 1.8 6.4 

As waves enter the shallower waters of the tidal flats, there is greater interaction of the 

base of the wave with the bed. This interaction results in a decrease in wave height, the 

magnitude of which is a function of initial wave height and water depth (or tide stage). 

Tides and Currents 

Tidal fluctuations in the Strait of Georgia are driven by forcing and resonance with the tide 

cycles of the Pacific Ocean, which are predominantly mixed semi-diurnal, having two highs 

and two lows of unequal height in a lunar day. The tidal range near Tsawwassen 

(Station #7590) is up to 5 m and the mean tidal height is plus (+)3.0 m CD. Table 9.5-5 

summarises tidal statistics at Tsawwassen as reported in Appendix 4-A Basis of Design: 

Section 6.4 Design Water Levels. 

Table 9.5-5 Water Levels in the Strait of Georgia near Tsawwassen 
(Station 7590) 

Tide Level (Chart Datum) Mean Tide (m) Large Tide (m) 
Extreme Tide1 

(m) 

Higher High Water 4.1 4.8 5.4 

Lower Low Water 1.1 0.1 - 

Mean Water Level 3.0 3.0 -0.2 

Notes:  Source: Appendix 4-A 
 1. Projected 50-year recurrence interval 
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In the central Strait of Georgia, the tidal stream is predominantly northwest to north during 

the flooding tide and south to southeast during the ebbing tide. There are two main 

components to the tidal currents in the LSA. In deeper water, the tide floods toward the 

northwest, parallel to the front of the delta foreslope, while during the ebb tide the flow is 

toward the southeast. Over shallower portions of the LSA, the flow approximately follows 

the direction of the slope as the water flows onto and off the tidal flats. 

The maximum flood velocity typically occurs two to four hours before high water, while the 

maximum ebb velocity occurs two to four hours before low water. The maximum speed of 

the currents offshore from the existing terminals typically reaches 0.6 m per second during 

flooding and ebbing conditions. 

The greatest tidal amplitudes (the difference between high and low tide) occur during 

summer (April to July) and winter (October to January), with values exceeding 4.0 m CD 

during most of the months in these two periods. Tidal amplitude is plotted in Figure 9.5-16 

based on predicted tides at Tsawwassen for 2012 to illustrate the seasonal variation. 

Additional information with respect to inter-annual variation in the height of the higher and 

lower tidal cycles is provided in Appendix 9.5-A. 

Figure 9.5-16 Tidal Amplitude Calculated Based on the Tsawwassen Gauge for 

2012 
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Salinity 

Lower-density freshwater from the Fraser River discharges into the saline waters of the 

Strait of Georgia in the form of a sediment-laden plume (Figure 9.5-9). The lower-density 

freshwater from the river initially floats on the surface, but then some mixing occurs 

vertically over time due to tidal currents and waves. Based on field data collected in 2012, 

turbidity and salinity vertical profiles at Roberts Bank during the freshet for various ebbing 

and rising tides show a distinct boundary between the sediment-laden freshwater near the 

surface and the relatively clear saline water at depth (described in Appendix 9.5-A: 

Appendix C). Limited vertical mixing was found to occur over time as depths decreased 

during the ebbing tide, but was found to be almost complete at the shallowest site 

(Appendix 9.5-A: Main Report and Appendix C). 

9.5.6.3 Morphology of Roberts Bank 

The physical environment of Roberts Bank is dynamic. Sedimentological and morphological 

change on the tidal flats over the last century has been influenced by past developments, 

including anthropogenic changes. Understanding the long-term response of the physical 

environment to past disturbance and interventions is critical for assessing the future 

conditions within the LSA. 

Efforts to control the mouth of the river with jetties and training walls began in 1886 

(Morton 1949). Extensive dyking during the 20th century has resulted in the river being 

confined to a relatively narrow strip of the delta compared to historical conditions. Additional 

information on the early history of dyking and river training is provided in Appendix 9.5-A: 

Main Report. Development on the tidal flats for transportation and shipping occurred more 

recently, with the B.C. Ferries terminal and causeway being constructed by 1960 and 

construction of the Roberts Bank causeway and Westshore Terminals being completed by 

1970. Dredging for a ship-turning basin in the early 1980s for Deltaport Terminal led to the 

formation of a network of tidal channels in the inter-causeway area. Construction-related 

activities for the DP3 expansion project led to the formation of new drainage channels in the 

mudflats adjacent to the perimeter dyke (Hemmera et al. 2008). Additional development 

history for these past projects is provided in Section 3.4 Projects and Activities 

Contributing to Existing Conditions and Expected Conditions. 

The greatest planform changes on the tidal flats occurred in the 19th century and early 

decades of the 20th century when the Fraser River became channelised and trained by a 

series of jetties west of Steveston. Based on the analysis of airphotos and orthophotos 

spanning the period from 1932 to 2013 (refer to Appendix 9.5-A: Main Report for detailed 

information), key changes in planform are described below. 
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The position of the outlet channel of Canoe Passage shows distinct changes over time 

(Figure 9.5-17). In 1938, the channel made an unusually abrupt turn to the south 

immediately upon reaching the sand flats, while by 1949 Canoe Passage flowed southward 

across the tidal flats, with its position roughly corresponding to that of the existing relict 

tidal channel. It is speculated that a large storm with winds from the northwest may have 

pushed the outlet of Canoe Passage to the south. Between 1949 and 1971, the channel 

changed its alignment to flow further west, a path similar to that of the present day. 

Ongoing lateral shifting near the mouth of the Canoe Passage outlet channel at the delta 

front has caused periodic channel incision and erosion. Monitoring by NHC (2012) showed 

no channel change during the freshet period. 

Figure 9.5-17 Observed Changes in Alignment of Canoe Passage Outlet Channel 

across Roberts Bank over the Past 74 years 

 

As described in Appendix 9.5-A: Main Report, the tidal flats historically drained in a 

northwest to southeast direction. Construction of the B.C. Ferries causeway and the Roberts 

Bank causeway altered the direction of flow. The response, observed in the 1979 photos, 

has been to drain in a north-south direction, parallel to the causeways, but modified by local 

topographic controls. 
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Expansion in the extent of intertidal marsh was also observed in the airphotos. Vertical 

changes to the marsh, mudflat, and sand flat are described in Appendix 9.5-A: Main 

Report. The average rate of vertical marsh accretion, as reported by Hales (2000), was 

1.18 cm per year. Figure 9.5-18 shows that the upper to middle tidal flats were relatively 

stable from 1967 to 2011, displaying between 0 m and 0.25 m of deposition in some areas 

and erosion in others, magnitudes of change that are within the accuracy of the survey 

(plus or minus 0.3 m). Although not visible in airphotos, areal changes on the delta front 

have also occurred and are discussed in Appendix 9.5-A: Main Report. 

Anthropogenic changes associated with past projects are also apparent on the tidal flats. 

Sediment placed on both sides of the Roberts Bank causeway and on the north side of the 

Roberts Bank terminals during construction activities (Tarbotton and Harrison 1996) has 

resulted in a bed level rise of between 1 m and 5 m in those areas. In addition, an area off 

of the southwest corner of the existing terminals may have been dredged to result in 

0.75 m to 1.5 m of apparent erosion. 

Figure 9.5-18 Topographic Changes on the Tidal Flats from 1967 to 2011 

 
Note: Areas without shading represent areas with no data. 
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A comparison of LiDAR elevations in the decade from 2002 to 2011 shows less than 0.25 m 

of vertical change (within plus or minus 0.3 m survey accuracy) on the tidal flats between 

the north side of the Roberts Bank causeway and Canoe Passage (Figure 9.5-19). The 

relict channel south of the outlet of Canoe Passage has experienced greater change, on the 

order of 1 m, through alternating erosion and deposition along its banks. Portions of the 

tidal flats in the inter-causeway area that lie outside of the direct influence of the tidal 

channels have also seen little change (less than 0.25 m) in the 10-year time span. 

Figure 9.5-19 Topographic Changes on the Tidal Flats from 2002 to 2011 

 
Note: Based on LiDAR and bathymetric data. 

Shorter-term vertical changes on the tidal flats have been assessed at various locations 

using depth-of-disturbance rods (see Appendix 9.5-A: Main Report and Appendix C). 

Monitoring conducted between June 2012 and May 2013 yielded measured changes in 

erosion and deposition on the order of ‒5 cm to +4 cm for the lower flats, ‒2 cm to +3 cm 

for the middle flats and ‒1 cm to +2 cm for the upper flats. Note that these values, while 

quite small, indicate variability in the sediment surface but not necessarily net change in 

elevation. This trend toward smaller elevation changes higher up the tidal flats is consistent 

with both the observed results of the bathymetric and LiDAR comparisons and with the 

decreasing wave and tidal current energy in the shoreward direction.  
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These results are in general agreement with those of Hill et al. (2013) for data collected 

between June 2003 and April 2004, which also observed a seasonal trend. In the middle and 

lower flats, there was a slight preference toward more deposition in the summer and more 

erosion in the winter. The effect of the storm period is more noticeable in the lower flats, 

where the relatively high negative average value indicates erosion. The average change 

suggests little positive or negative change in the tidal flat surface between June 2012 and 

May 2013. 

Tidal Channels 

In the inter-causeway area, tidal channels formed at a number of locations in response to 

human development (NHC and Triton 2004). The largest of the channels in the 

inter-causeway area have incised into the tidal flats in response to dredging of the ship 

turning basin, while others formed in response to other structures that were built on the 

flats (NHC and Triton 2004). Enlargement of the ship-turning basin in the inter-causeway 

area by removal of borrow material for the expansion of the Deltaport Terminal facility in 

the 1980s led to the formation of a network of tidal channels across the tidal flats. This was 

attributed to the dredge crest intersecting the LLW elevation and headcutting shoreward of 

this knickpoint over time to create tidal channels. Construction of a crest protection 

structure stabilised some channels, but others have continued to evolve and expand, 

including with sand transported onto the tidal flats during flood tides to form a large sand 

lobe. A tidal channel also formed parallel to the B.C. Ferries causeway in response to 

upstream drainage changes and expansion of the ferry terminal. During construction of DP3 

in 2007, water and fine sediment leaked from the porous perimeter dyke and formed small 

localised drainage channels on the adjacent mud flats. The channels became inactive 

following construction completion but are present as relicts. 

North of the Roberts Bank causeway, the tidal flats are relatively featureless by comparison. 

Tidal channels that exist between the Roberts Bank causeway and Canoe Passage are relict 

features from previous shifts in the outlet of Canoe Passage. The outlet of Canoe Passage 

presently flows west across the tidal flats. A relict tidal channel that formerly drained a 

portion of Canoe Passage is present south of the outlet channel and northwest of the 

Roberts Bank terminals. The outlet has shifted across the flats in the past (Figure 9.5-17) 

and contemporary orthophotos indicate minor ongoing shifting of the relict channel through 

alternating erosion and deposition (Figure 9.5-18). 
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In the upper tidal flats on both sides of the Roberts Bank causeway, the small tidal channels 

flow through a feature referred to as the ridge and runnel complex (described below). 

During flood tides, the rising water gradually inundates the tidal flats, fills the tidal channels 

and spreads landward. The opposite pattern, controlled by local slope and topography, 

occurs during the ebb tide. 

Ridge and Runnel Complex 

The ridge and runnel complex corresponds to the biomat biosedimentological zone described 

in Section 9.5.6.2 and has also been colloquially referred to as the mumblies. The feature 

is present on the upper mudflats on both sides of the Roberts Bank causeway (as well as 

other locations in the Fraser River delta) and appears to play an important role in modifying 

patterns of tidal inundation and emergence of the portions of Roberts Bank that have been 

identified as having the highest concentration of biofilm (see Figure 11-7 Biofilm and 

Low-density Biofilm Categories within the Local Assessment Area as Defined by 

Hyperspectral Survey) as well as moderating the wave climate in this region. 

The ridge and runnel complex is an accreting sedimentary feature that is distinct from the 

relatively static surrounding mud flats, which have grown vertically and expanded laterally 

in recent decades. The ongoing landward expansion occurs at the expense of the adjacent 

biofilm zone. The biomat, which is composed of cyanobacteria, imparts a relatively higher 

resistance to erosion to the fine sediments as well as a higher hydraulic roughness, 

resulting in preferential accretion of the biomat surface compared to the adjacent runnels 

(Figure 9.5-20). Appendix 9.5-A provides a detailed description of the conceptual model 

of mudflat building and the results of airphoto analysis and sediment core dating that 

supports this model. 

Figure 9.5-20 Overview of the Ridge and Runnel Complex 

 
Note: Images illustrate the effect of standing water in the shallow pools and runnels that inhibit 

biomat grown (left) and close-up of the biomat surface showing the polygonal form and 

surface roughness imparted by the biomat. Both photos were taken in July and August of 
2012. 
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The ridge and runnel complex in the inter-causeway area appears to be less robust than in 

the area north of the Roberts Bank causeway based on its polygon spacing and softer, 

undercut edges. Similarly, the runnels are less distinct and lack the steep sides seen on the 

north side of the causeway (Figure 9.5-21). The deterioration of the ridge and runnel 

features in the inter-causeway area is interpreted to be due to the reduced delivery of fine 

sediments in the water column, mainly because the Fraser River plume is routinely excluded 

from the inter-causeway area. 

Figure 9.5-21 Overview of Biomat in the Inter-causeway Area 

 
Note: The left image is an overview of biomat in the inter-causeway area, and the right a close-up 

showing soft edges and wide spaces between polygonal forms. Photos taken April 24, 2013. 

Radiometric dating of collected sediment suggests that since the construction of the 

causeways, the sedimentation rate within the inter-causeway area has been approximately 

5 mm per year. North of the causeway, the sedimentation rate has been approximately 

6.4 mm per year (see Appendix 9.5-A for details of the radiometric dating). The sediment 

accumulation rates are moderated by subsidence rates that have been estimated to be 

between 1 mm and 3 mm per year for the uplands adjacent to Roberts Bank (Hill et al. 

2013). Bioturbation appears to be more active north of the causeway or the sedimentation 

rate has recently increased in the area north of the causeway. At present, the ridge and 

runnel complex on the north side of the causeway has attained an elevation of nearly 3.5 m 

CD (Profile A in Figure 9.5-23), and marsh plants have begun to establish on certain 

portions of the ridge and runnel complex as shown in Figure 9.5-22. 
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Figure 9.5-22 Salt Marsh Plants Occupying the Higher Elevations of the Ridge and 

Runnel Complex North of the Roberts Bank Causeway 

 
Note: Photo taken on August 6, 2013. 

Tidal Flat Profiles 

Four profiles from north of the causeway and one from the inter-causeway region were 

extracted from the 2011 LiDAR and bathymetric survey (see Figure 9.5-23). Profiles A and 

B show a slightly convex-up shape across the main portion of the tidal flats. Profile A also 

shows the variable bed elevation associated with the ridge and runnel complex between 

200 m and 500 m from the uplands. Profiles C and D are weakly concave-up, but only in the 

upper portion of the profile (the portions below approximately 2 m CD were truncated 

because of the presence of channels). 

These profile shapes3 are consistent with the higher sediment supply or sediment adhesion 

referenced by Friedrichs (2011). In contrast, the inter-causeway profile is strongly 

concave-up, which is consistent with a portion of Roberts Bank that has received little or no 

sediment supply since the causeways were constructed. 

                                          
3  Convex-up profiles are associated with increased sediment supply, increased bioaggregation and adhesion, and 

external forcing by faster rising tides; concave-up profiles are related to decreased sediment supply, 

increased bioturbation, and external forcing by faster falling tides. Furthermore, dominance by tides tends to 

favour convex-up profiles, whereas dominance by waves tends to favour concave-up tidal flat profiles 

(Friedrichs 2011). 
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Figure 9.5-23 Profiles across Roberts Bank Based on 2011 LiDAR Data and Bathymetry Survey 

 
Note: Inset map shows profile locations. 
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Sedimentological Changes 

Sedimentological data at Roberts Bank has been compiled from various sources over the 

past few decades, as described in Appendix 9.5-A: Main Report. A study by Luternauer 

(1976) suggests that there is a seasonal change in grain size off the Main Arm of the Fraser 

River, but less so on the upper slopes. Analysis of data collected by McLaren and Ren 

(1995) suggests that the percent sand has reduced in the vicinity of the causeways, 

suggesting anthropogenic causes; however, data collected more recently in 2012 do not 

support the same conclusion. In the vicinity of Canoe Passage, the changes in grain size are 

most likely attributed to changes in channel planform. In summary, the temporal sequence 

of grain size sampling programs does not clearly demonstrate that a change in grain size 

has occurred across any one feature of the delta. There are some areas, especially on the 

north side of the causeway, where a transition to finer materials may have occurred, but 

with only one 1974 sample point available for comparison, it is not possible to make general 

conclusions about changes in grain size. 

Delta Foreslope Changes 

Elevation contours mapped by Stewart and Tassone (1989) from historic sounding charts 

show that the delta foreslope advanced approximately 100 m to 240 m in the zone from 

Sand Heads to midway to the international boundary. There is an alternating pattern of 

advance and retreat of the delta from the midway point to Roberts Bank terminals, south of 

which there is general retreat. This pattern of erosion interspersed with smaller areas of 

deposition is consistent with the comparison of LiDAR surfaces between 2002 and 2011 

(Figure 9.5-19). At sufficiently large magnitudes, these changes are expressed laterally as 

retreat and advance of the delta foreslope, respectively. 

Multibeam imagery (Hill et al. 2008) shows submarine channels present at the head of the 

delta foreslope. Additional information on delta foreslope changes, including comparison of 

the 44-year period between surveys in 1967 and 2011, is provided in Appendix 9.5-A: 

Main Report. 

Inter-causeway Tug Basin Area 

Existing conditions specific to the tug basin area are discussed in Section 9.5.8.2. 
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9.5.7 Expected Conditions 

Coastal geomorphology is anticipated to change in the future in response to ongoing natural 

processes, as well as additional change induced by climate change. This section describes 

the future expected conditions and predicted changes to coastal geomorphology that are 

expected to occur by the time of Project construction and operation. To enable an 

understanding of the changes that may be caused by the Project, it is necessary to 

characterise the changes in physical features and physical processes expected to occur by 

the time Project changes occur. 

Climate change could appreciably change four factors that influence Roberts Bank: i) sea 

level, ii) Fraser River discharge, iii) Fraser River sediment loads, and iv) wave climate 

(i.e., changes to the magnitude and frequency of storm events in the Strait of Georgia). 

A discussion of how these processes will change in response to climate change is 

presented in Section 9.5.7.2, and applies to the future conditions with the Project 

case (Section 9.5.8). A more detailed analysis of climate change is provided in 

Appendix 9.5-A: Main Report. 

9.5.7.1 Construction Phase 

Based on an analysis of existing processes and the known rates of change in the physical 

environment, the existing conditions associated with current velocity and wave climate 

characterised previously can be expected to be essentially unchanged through the 

construction phase. 

9.5.7.2 Operation Phase 

In the operation phase, coastal geomorphology is expected to change, even without the 

Project, because of existing processes as well as from changes in processes brought about 

by climate change, as described below.  

Changes to Sea Level and Wave Climate 

Sea level relative to land has been changing on an ongoing basis in the LSA in response to: 

a) land subsidence and tectonic movements; b) depression and subsequent rebound of the 

land surface due to the weight of glaciers; and c) the changing volume of the world’s 

oceans. In the future, relative sea level is expected to be higher because of climate change. 
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Compared to the more than 0.2 m of relative SLR in the LSA since the late 19th century 

(Thomson et al. 2008), the rate of SLR is expected to be considerably greater in the 21st 

century, but forecasts of SLR are highly uncertain. A broader discussion of this uncertainty 

is presented in Appendix 9.5-A: Main Report. Figure 9.5-24 illustrates the divergence 

between the higher and lower estimates of future SLR as well as the median value of 

10 mm per year that has been adopted by the Province of B.C. for coastal flood planning 

(Ausenco-Sandwell 2011). For the purposes of this study, a SLR of 0.5 m is assumed to 

occur within the operation phase. 

With respect to the effect of climate change on storm magnitude and frequency, the 

Province of B.C. has concluded that based on the available scientific information, no 

significant change is expected in coastal B.C. waters (Ausenco-Sandwell 2011). The 

assumption has therefore been made that storm conditions will remain consistent with 

recent historical records within the time horizon adopted for this assessment. 

Figure 9.5-24 Projected Sea Level Rise Used in Ministry of Environment Climate 
Change Adaptation Guidelines 

 
Source: Ausenco-Sandwell 2011. 
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An estimated SLR of 0.5 m within the operation phase (50 years) will result in greater 

average depths of water over the tidal flats, complete immersion of the portion of the tidal 

flats that are below 0.5 m CD, and longer immersion times for those areas above 0.5 m CD. 

A series of model runs were made to assess the effect of future 0.5 m SLR on the nearshore 

wave climate on the tidal flats under the expected conditions case. These runs were made 

based on the existing topography of the tidal flats; no consideration was given to tidal flat 

adjustments that may occur in response to gradually rising water levels. 

The model results indicate that an increase in SLR of 0.5 m will result in slightly larger 

waves over the tidal flats and a shoreward shift of each wave height bin by approximately 

500 m. The wave height difference plot in Figure 9.5-25 shows that the predicted increase 

in the average wave height at most locations is approximately 0.02 m to 0.05 m, but the 

increase is greater in the upper foreshore region between +2 m CD and +3 m CD where the 

50th percentile wave height4 is shown to increase by 0.05 m to 0.07 m. At elevations above 

+3 m CD, where 50th percentile wave heights are less than 0.02 m under the present water-

level conditions, there is no predicted increase to wave heights under the SLR scenario. The 

ridge and runnel complex that exists between +3.5 m and 4 m CD creates a rise in the 

topography of the upper tidal flats that effectively excludes wave incursion inshore during 

most tide heights. There may be an effect on the biofilm area inshore of the ridge and 

runnel complex during large storms, but the 50th percentile wave results indicate that the 

average condition in that area is insensitive to SLR of 0.5 m. 

 

                                          
4  The 50th percentile, or the median, is that value below which 50% of the observations may be found. The 

mean, or mathematical average, is computed by adding the values in a set of observations and diving by the 

number of observations. The 50th percentile will not equal the average if the distribution of the data is skewed, 

which is usually the case in modelling datasets. The 50th percentile is more resistant to outliers and is therefore 

a better measure of the central tendency of a distribution. 
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Figure 9.5-25 Predicted Effects of Sea Level Rise on Fiftieth Percentile Wave Heights (Expected Conditions 

Compared to Existing Conditions) – Winter Season (October to December) 
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Changes to Fraser River Flows and Sediment Loads 

The Fraser River basin encompasses a wide range of climatic and physiographic regions. The 

hydrologic response of the Fraser River to future climate change will be complex and, given 

the large drainage area, this response could potentially be largely self-moderating. Accurate 

predictions of future trends in sediment yield related to climate change have not been 

studied. Given the likelihood that the climate change signal would be very difficult to 

identify in such a large watershed, the assumption has been made for this assessment that 

Fraser River discharge and sediment yield during Project operation will remain within the 

same range as has been measured in the recent past. 

Ongoing Processes 

The ongoing processes that are currently maintaining the existing physical conditions are 

expected to continue in the future but will be modified by climate change. Based on the 

understanding of coastal geomorphology (as described in Section 9.5.6.2), it is possible to 

make predictions of future trends in the evolution of Roberts Bank. 

Given that analysis of sediment cores has demonstrated that the ridge and runnel complex 

on the north side of the causeway is accreting, and has attained an elevation higher than 

the areas that currently support salt marsh on Brunswick Point (compare Profile A to Profile 

C and D in Figure 9.5-23), it is anticipated that the marsh plants that have begun to 

establish on certain portions of the ridge and runnel complex (Figure 9.5-22) will continue 

to colonise the higher areas. Vertical accretion of this feature may accelerate if colonisation 

by lower salt marsh plants continues. The reduced near-bed velocities caused by the 

vegetation will promote sediment accretion. This theory is consistent with the results of the 

2004 Fraser Delta Marsh Mapping Project (Church and Hales 2007) and the related earlier 

work that constructed the recent history of marsh development at the mouth of the Fraser 

River delta by Hales (2000). 

In the absence of SLR and land subsidence, the ridges associated with the ridge and runnel 

complexes may attain accretion rates on the order of 1 cm per year as vegetation continues 

to establish (based on results of Hales 2000). The main runnels will likely be preserved as 

they will continue to convey flow to and from the inland areas. The low-lying zones adjacent 

to the ridge and runnel complexes, especially those that are located inland that have a high 

density of biofilm, are also anticipated to increase in elevation and be colonised by 

vegetation communities (see Section 11.0 Marine Vegetation). There is sufficient 

uncertainty in the rate and timing of SLR, sediment accretion, and subsidence (as discussed 

in Appendix 9.5-A: Main Report), that it is not possible to precisely predict what the 

change in relative sea level will be for the ridge and runnels over the next few decades. 
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The Hill et al. (2013) study of the effects of SLR on Roberts Bank estimated 13 m to 36 m of 

shoreline retreat in the absence of sediment accretion, and 4 m to 12 m of retreat for the 

outer edge of the sand flat based on two SLR scenarios. A 45% to 63% reduction in mudflat 

area and erosion of the marsh due to coastal squeeze by 2100 was also projected. It is 

anticipated that the upper mudflats will continue to accrete while the lower sand flats will 

remain unchanged or subside, progressively resulting in an increase in wave and tidal 

energy delivered further onto the sand flats, which in turn may result in a redistribution of 

sands from the upper flats to the lower flats. 

Based on past behaviour, the potential exists for the outlet of Canoe Passage to shift 

position in the future. The range of potential channel shifting is illustrated in Figure 9.5-17. 

If a shift occurred toward the south across the Roberts Bank tidal flats, as occurred in 1938, 

there would be a large increase in the supply of sand to the middle and northern portion of 

the northern Roberts Bank delta foreslope. A southward shift toward the causeway would 

change conditions that support prevailing habitat and determine water quality, particularly 

in terms of average salinity and sediment supply. It is unlikely that an avulsion of Canoe 

Passage would deliver sand to the portion of the Roberts Bank tidal flats immediately north 

of the causeway. 

Given that the inter-causeway region receives very little suspended sediment from the 

Fraser River plume, and that the ridge and runnel complex there is already accreting at a 

slower rate than the north side of the causeway, over the long-term the accretion rate is 

likely to be further reduced and the relative sea level within the inter-causeway area will 

increase as a result of global sea level (eustatic) and local land level (isostatic and 

tectonic) changes. Along with relative SLR, continued re-working of the sand flats and 

mudflats is anticipated as waves are able to migrate further inland. The tidal channels and 

associated sand lobe formation will likely persist, but the overall rate of development will 

slowly diminish with time as relative sea-level rises. 

Morphodynamic modelling using TELEMAC was carried out to quantify the magnitude and 

extent of changes on the tidal flats within the LSA that would be expected to occur with 

ongoing processes. Figure 9.5-26 shows the results after 1,440 simulated days, which 

represents an undefined time in the future and should not be converted to real years (for an 

explanation of the model study see Appendix 9.5-A: Main Report). The results indicate 

that there would be erosion (scour) and deposition in the portions of the outer tidal flats in 

close proximity to the existing terminal structure in the order of plus or minus 0.3 m. A 

similar magnitude of change is predicted in the area affected by the existing large tidal 

channel. The processes that result in vertical accretion of the ridge and runnel complex are 

not represented in the model; therefore, this zone does not appear to accrete. 
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Figure 9.5-26 Morphodynamic Evolution of the Tidal Flats in the Local Study Area based on Numerical Modelling 

after 1,440 Simulated Days under Expected Conditions Case 
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9.5.8 Future Conditions with the Project 

Coastal geomorphology will change in the future with the development of the Project. The 

subsections below describe Project-related changes during the construction and operation 

phase. Changes in coastal processes are not limited to either phase, but arise from the 

presence of the Project footprint itself. As detailed in Section 4.0 Project Description, the 

terminal perimeter containment dykes are expected to be in place by early 2020, mid-way 

through the construction phase. Since Project-related changes to coastal processes 

are driven by the establishment of the terminal footprint, changes are anticipated from 

2020 onward.  

9.5.8.1 Construction Phase 

The approach that has been adopted is to assess the future changes to coastal 

geomorphology arising from the completed Project, and not to consider changes associated 

with incremental stages of the Project during the construction phase. The rate of anticipated 

geomorphic change is slow compared to the implementation rate of the construction 

schedule. Changes in coastal processes resulting from the presence of the Project footprint 

are described in Section 9.5.8.2. 

Potential Construction-phase Changes to Morphology 

Potential construction-phase changes were identified based on experience with changes as a 

result of previously completed projects in the Roberts Bank area, and were assessed using 

input from the results of the localised River2D model results. It is expected that many of the 

possible changes to geomorphology from construction will be avoided by siting the marine 

terminal component of the Project almost entirely within the subtidal zone of Roberts Bank. 

Only a small section of the northeast corner of the terminal intersects the intertidal zone. 

The construction of the containment dyke along the causeway is predicted to result in 

localised changes to coastal geomorphology. All of the causeway expansion will be 

constructed in the intertidal zone. Details about the phased construction of the western and 

eastern portions of the containment dyke and the placement of sand fill within it are 

provided in Section 4.0 Project Description. The containment dyke will be semi-pervious, 

and the area between the dyke and the existing causeway will fill with ocean water during a 

rising tide and drain on a falling tide. The rate of flow through the dyke is expected to be 

insufficient to equalise the water levels on each side during the rising and falling limbs of 

the tide cycle, leading to temporary storage of water inside the dyke during falling tide 
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conditions, which will discharge through the structure and onto the adjacent tidal flats. This 

temporarily stored water has the potential to form small drainage channels, as observed 

during the construction of DP3, if the head difference cannot be equalised or water 

discharging through the containment dyke cannot be collected and diverted.  

Drainage channels are expected to form between the containment dyke and terminate 

where tide height would typically inundate the tidal flats during the critical period of 

through-dyke discharge as delineated in Figure 9.5-27. The size, form, and density of 

channels has been assumed to be similar to the channels that formed adjacent to DP3 

during the construction phase of that project as the tidal flat substrate and slope, and dyke 

construction methods and materials are similar. The sequencing of construction along the 

causeway will allow temporary channels to cease being active before new channels are 

formed in subsequent sections. 

Based on the DP3 experience, it has been assumed that approximately 20% of the area 

within the zone delineated in Figure 9.5-27 will be occupied by channels and associated 

deposited sediment and the area between channels will be undisturbed. The channels 

adjacent to DP3 have persisted as relict features since their formation in 2007, despite the 

fact that there is no ongoing flow of water; this is because waves and currents in that area 

are too small to redistribute sediments. Conditions on the north side of the Roberts Bank 

causeway are much more energetic, and it is expected that the channels will eventually infill 

once the area between the dyke and the causeway is filled and water no longer drains 

through the dyke. Channel formation from causeway widening on the north side of the 

causeway will therefore be temporary and reversible. 

It is expected that the temporary channel formation could be partially mitigated through 

Project design to divert some of the flow laterally along the toe of the dyke; this would 

potentially reduce the lateral distance from the dyke over which channel formation would 

occur. PMV will ensure the study and management of potential channel formation, and 

changes will be incorporated in detail design as required. 
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Figure 9.5-27 Extents of Temporary Drainage Channel Formation during the 

Construction Phase Associated with the Causeway 

 

9.5.8.2 Operation Phase 

The Project will change coastal geomorphology by creating a physical structure that 

interacts with the driving coastal processes, including tidal currents and wind-generated 

waves. The changes to the coastal processes will in turn result in changes to sediment 

transport, erosion and deposition, the elevation of the seabed, and the distribution of 

freshwater from the Fraser River. The changes associated with the terminal and widened 

causeway are assessed separately from the changes associated with the expanded tug basin 

due to their physical isolation from each other and the different approaches taken to 

studying the components. 
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Terminal and Widened Causeway Operation-phase Changes 

The following subsections summarise the results of the model study with respect to changes 

to tidal currents, salinity, waves, and morphodynamics caused by the Project terminal5.  

Current Velocity 

Tidal currents in the Strait of Georgia flood to the northwest and ebb to the southeast in 

deep water. The tidal flow direction is altered over shallower waters so that at Roberts Bank 

the flow is dominantly onshore–offshore on the tidal flats. The RBT2 terminal will be 

positioned across this dominant flow direction and will divert both flooding and ebbing water 

to the west around the end of the structure. 

Figure 9.5-28 and Figure 9.5-29 show the difference that the Project will have on the 

50th-percentile current velocity for the freshet and non-freshet periods, respectively. A 

neutral colour (white) indicates currents that are nearly zero (i.e., no difference between 

expected conditions and future conditions with the Project cases), as well as areas that are 

outside the model domain (e.g., dry land, the terminals, causeway). Changes to tidal 

currents are quite similar for the freshet and non-freshet period, although the area over 

which the 50th-percentile velocity is changed is slightly larger during the freshet. Flow 

acceleration around the western end of the proposed footprint is predicted to result in an 

increase in the 50th-percentile current velocity by approximately 0.1 m per second over an 

area measuring approximately 2 km by 2 km. This area will likely experience increased 

sediment mobilisation. A velocity reduction in the elbow formed where the proposed 

terminal connects to the existing Westshore Terminals is approximately 0.3 m per second. 

The 50th-percentile velocity in the foreshore along the eastern side of the proposed terminal 

footprint is predicted to be approximately 0.05 m per second slower. 

                                          
5  Changes caused by the widened causeway were too small to be resolved by the TELEMAC model, and a 

separate study was conducted to address this Project component. 
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Figure 9.5-28 Predicted Change in Fiftieth Percentile Currents Associated with the Project Footprint (Future 

Conditions with the Project Compared to Existing Conditions) – Freshet Period (May to July) 
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Figure 9.5-29 Predicted Change in Fiftieth Percentile Currents Associated with the Project Footprint (Future 

Conditions with the Project Compared to Existing Conditions) – Non-freshet Period (October to 
December) 
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Wave Climate 

As described previously, winds most frequently blow from the northwest and southeast and 

are the dominant driving force for wave generation in the southern Strait of Georgia. The 

Project terminal will partially block waves coming from the open waters of the Strait of 

Georgia from propagating onto the tidal flats, creating a wave shadow. The wave shadow 

effect will be strongest for waves coming from the southeast because of the orientation of 

the long axis of the terminal and its position relative to the existing Roberts Bank terminals. 

The 50th-percentile wave height was calculated for the two scenarios: with and without the 

Project for the summer season (May to July) when northwest winds tend to dominate, and 

the winter season (October to December) when southeast winds predominate. The 

difference between with and without Project wave conditions for the two cases is shown in 

Figure 9.5-30 and Figure 9.5-31, respectively 6 . The different plots show that the 

reduction in the 50th percentile wave height due to the Project is predicted to be generally 

less than 10 cm, but this represents a reduction of 50% to 100% in the zone immediately 

adjacent to and inshore from the terminal. 

The predicted spatial extent of the net wave height reduction with the Project in place is 

similar in the summer and the winter seasons, although the predicted change extends 

farther west inshore of the delta foreslope in the winter months. The area experiencing a 

reduction in wave height of 5 cm or more extends approximately 750 m from the edge of 

the terminal. With a moderately calmer wave climate, there will be less frequent sediment 

mobilisation and suspension by wave action compared to existing conditions. 

No change is predicted in wave heights shoreward of approximately 1.5 m CD elevation, 

which includes the higher intertidal zone. Average wave heights in shallower waters are 

typically small, due to the fact that (i) shallower water results in wave height attenuation, 

and (ii) these areas are less frequently inundated by the tide. 

                                          
6  As with previous figures, a neutral colour (white) represents areas where the difference is close to zero, as well 

as areas outside of the model domain. 
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Figure 9.5-30 Predicted Change in Fiftieth Percentile Wave Height Associated with the Project Footprint (Future 

Conditions with the Project Compared to Existing Conditions) – Summer Season (May to July) 
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Figure 9.5-31 Predicted Change in Fiftieth Percentile Wave Height Associated with the Project Footprint (Future 

Conditions with the Project Compared to Existing Conditions) – Winter Season (October to 
December) 
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Wave heights over non-inundated areas of the tidal flats are zero, regardless of wave 

heights in open water, and are therefore insensitive to the proposed Project. The changes to 

wave height caused by the Project, therefore, are limited to the near-field zone around the 

Project footprint. 

The east face of the terminal pad will be directly exposed to waves from the southeast and 

south directions. Complex wave reflection and short-crested standing waves may occur 

between the proposed terminal face and that of the existing Westshore Terminals, 

potentially resulting in some local bed scour. 

Sea level rise of 0.5 m will result in greater average depths of water over the tidal flats, 

complete immersion of that portion of the tidal flats below 0.5 m CD, and longer immersion 

times for those areas above 0.5 m CD. A series of model runs was made to assess the effect 

of future SLR on the nearshore wave climate on the tidal flats. Similar to the predicted wave 

shadow effect that the Project will have on the tidal flats for storms dominantly from the 

southeast, a comparable wave shadow also occurs under SLR conditions. 

There is little difference in predicted areal extent and magnitude of change in wave height 

between future conditions with the Project and future conditions with the Project and SLR. 

This is because the changes in wave climate due to SLR occur in the upper tidal flat zone, 

which is well outside the Project influence area for waves. Sea level rise and the Project are 

essentially independent of each other with respect to the change on wave climate. 

Sediment Dynamics 

Sediment transport at Roberts Bank is driven by tidal currents and waves. The changes that 

the Project would have on these two processes would also change sediment dynamics. For 

example, diversion of tidal water will accelerate flow at the northwest corner of the terminal 

and cause erosion and subsequent deposition. 

The bed evolution map for the end of the simulation (the model was considered to have 

achieved a quasi-equilibrium bed condition in 1,440 days7) predicts an adjustment along the 

delta foreslope as well as sedimentation of the tidal flats to the north and west of the 

terminal between the ‒1 m CD and +1 m CD contours (Figure 9.5-32). The erosion of the 

foreslope is one of the source areas of this sedimentation, while shifting of the existing relict 

tidal channel may also contribute sediment. The extent to which these changes are 

influenced by the Project versus ongoing processes is summarised below. 

                                          
7  The model results after 1,440 simulated days represents an undefined time in the future and should not be 

converted to real years. See Appendix 9.5-A for more details. 
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The primary direct change from the Project is focused on the area of seabed near the 

northwest corner of the proposed new terminal. The scour near the northwest corner of the 

proposed terminal was predicted to reach an elevation of approximately ‒2.2 m CD after 

1,440 days of model simulation. The scour rate was predicted to decrease over time and, 

although the final equilibrium state had not been reached after 1,440 model days, 

the trend indicates that the predicted maximum scour will occur to an elevation of 

approximately ‒2.6 m CD, or 1.6 m below the surrounding seabed level. The extent of scour 

is predicted to be approximately 5.5 ha, with an average scour depth of 0.2 m below the 

adjacent seabed elevation. This includes a smaller area of scour of approximately 0.5 m 

around which there is a larger area of scour to 0.1 m below the surrounding seabed level. 

The area of scour is expected to be confined to the subtidal portion of the seabed and is not 

expected to trigger a headcutting process. 

Localised deposition up to an elevation of ‒0.3 m CD is predicted on the west side of the 

terminal immediately next to the scour zone. In addition, a far-field deposition region with 

an average deposition of 0.5 m is predicted to extend approximately 1 km from the west 

side of the terminal. Deposition material will originate from bed scouring at the northwest 

corner of the proposed terminal pad during ebb tide. In addition, the flood-dominant tidal 

current now active in the area, which promotes a net onshore sediment transport, will 

continue after Project completion. 
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Figure 9.5-32 Morphodynamic Evolution from Tidal Currents after 1,440 Simulated Days – Future Conditions with 

Project Case 
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Although the scour and deposition at the northwest corner of the Project can be ascribed 

directly to the changes that the Project will have on local tidal currents, the more far-field 

evolution of the tidal flats is anticipated to be only partially attributable to the Project. The 

tidal flats and delta foreslope exist in a dynamic environment where ongoing change is 

expected, and the magnitude and spatial pattern of future change that would occur in the 

absence of the Project should also be considered. Figure 9.5-33 shows the difference in 

elevation between expected conditions and future conditions with Project cases after 1,440 

days of model simulation. The expected conditions morphodynamic evolution is noticeably 

different from the with-Project case in two key aspects: i) the pattern and magnitude of 

erosion and deposition in the area immediately adjacent to the existing terminal, and ii) the 

evolution of the tidal flats in the area around the relict tidal channel.  

The differences in these two areas are discussed below: 

i) The expected morphodynamic evolution (assuming no Project) predicts erosion and 

deposition on the order of plus or minus 0.3 m in the portions of the outer tidal flats 

in close proximity to the existing Roberts Bank terminal structure; however, the area 

of deposition immediately west of the existing terminal will be covered by the Project 

footprint, while the tidal currents that result in the zone of erosion along the seaward 

face of the existing terminal will be substantially altered by the Project. The 

difference shown in Figure 9.5-33 is positive (deposition) because this zone is not 

expected to erode with the Project in place, in effect reflecting prevention of future 

erosion at this location. 

ii) The evolution of the tidal flats in the vicinity of the relict tidal channel for the 

expected conditions case is fairly localised around the channel itself. With the Project 

in place, a relatively broad zone across the outer tidal flats is expected to experience 

deposition on the order of 0.5 m to 0.6 m, extending up to 2 km west of the Project 

above the 0-m CD contour, while in the immediate vicinity of the tidal channel outlet, 

the deposition is anticipated to exceed 1 m above expected conditions. The result is 

an expected acceleration of the processes currently modifying the channel, but a 

large change in the channel processes leading to further channel formation is not 

expected. Figure 9.5-33 shows that the majority of this zone of deposition is 

related to the Project. 
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Figure 9.5-33 Morphodynamic Evolution from Tidal Currents after 1,440 Simulated Days – Difference between 

Expected Conditions and Future Conditions With Project Cases 
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Salinity and Turbidity 

Project-related changes to salinity and turbidity are described in Section 9.7.8 Marine 

Water Quality, Future Conditions with the Project. These changes are also considered 

in the context of coastal geomorphology because of the relationship between turbidity and 

the delivery of fine sediment to the tidal flats. The zone of reduced salinity in the area 

parallel to the causeway is expected to receive additional inputs of fine sediment, which is 

carried by the freshwater emanating from the Fraser River. It is not possible to accurately 

predict rates of deposition of the fine sediment fraction that is carried in suspension, but the 

zone is expected to experience a slight increase in sedimentation rates above the existing 

slow rates of accumulation.  

Tug Basin Operation-phase Changes 

The expanded tug basin, which consists of a dredged area, slope protection, and new crest 

protection structure, will change coastal geomorphology within the localised area 

immediately surrounding the tug basin. The assessment was made using an interpretive 

geomorphological approach (detailed numerical modelling of the tug basin expansion was 

not conducted), as the tug basin is physically isolated from the Project terminal and 

widened causeway. Changes to tidal currents and waves associated with the terminal are 

considered to be independent of changes at the tug basin, as was demonstrated previously 

by NHC and Triton (2004). The tug basin location is largely protected from wind-generated 

waves from the Strait of Georgia such that locally generated waves are typically less 

than 0.3 m. 

Existing features of the tug basin include the basin, original crest protection structure, and 

the pour-over channels, located based on an orthophoto taken in 2013 at a very low tide. 

Figure 9.5-34 shows these existing features and proposed elements. As described in 

Section 4.2.3 Project Description, Expanded Tug Basin the dredged tug basin will be 

expanded and deepened, and the existing tug basin crest protection structure will 

be removed and replaced with a new tug basin crest protection structure. Crest protection 

rip-rap will be placed around the exposed perimeter of the expanded tug basin; this will 

protect the adjacent mudflats from landward erosion of the knickpoint, and will thus 

mitigate the formation of tidal channels as has occurred previously elsewhere on the tidal 

flats. Figure 9.5-34 is intended to provide context for the following discussion and not to 

supplement or update the detailed description of the Project that is provided in 

Section 4.2.3 Expanded Tug Basin. 
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Figure 9.5-34 Schematic Layout of Project’s Expanded Tug Basin and Existing Tug Basin Features 
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Under existing conditions, the exposed areas of tidal flat visible in Figure 9.5-34 are 

regularly inundated by tidal water, which floods from the tug basin inland. During the falling 

tide, water drains from the tidal flats to the tug basin and interacts with the crest protection 

structure, which has a crest elevation that is typically up to 0.5 m higher than the 

surrounding tidal flats. At ebb tide level below approximately 1.0 m CD, water is 

preferentially diverted laterally along the shoreward side of the crest protection structure 

until it reaches discrete locations that are slightly lower than the surrounding crest through 

which it drains seaward; this has led to the formation of the pour-over channels noted in 

Figure 9.5-34. 

The expanded tug basin will convert additional areas of tidal flats from intertidal to subtidal, 

including the seaward portion of pour-over channel #1. The new tug basin crest protection 

structure will be located further shoreward than the existing tug basin crest protection 

structure, and will have a crest elevation of approximately 1.3 m CD, approximately 0.3 m 

above the present elevation of the existing tidal flats. Water draining from the tidal flats 

during an ebb tide will interact with the crest protection structure and, at elevations 

below 1.3 m CD, will be diverted laterally into pour-over channel #1. There may be a 

moderate 1-m to 2-m increase in channel width along the length of channel remaining after 

the tug basin expansion (estimated at 40 m) to accommodate the increased flow. There is a 

very low potential for the expanded tug basin to result in the formation of additional tidal 

channels or to accelerate growth of existing tidal channels. 

9.5.9 Future Conditions with the Project and Other Certain and Reasonably 
Foreseeable Projects and Activities 

Project-related changes in coastal geomorphology in combination with the changes from 

other projects that have been carried out (existing conditions) and will be carried out 

(expected conditions) are described in Section 9.5.8.  

The combination of Project-related changes plus changes from other certain and reasonably 

foreseeable projects and activities (described in Table 8-8 Project and Activity Inclusion 

List) were considered. An assessment of cumulative change was not conducted, however, 

as these project and activities are not expected to influence the conditions of this IC in a 

way that could interact cumulatively with the changes predicted to result from the Project. 

Rationale for the exclusion of these projects and activities in the assessment of cumulative 

change is provided in Appendix 9.5-B Rationale for Exclusion of Other Certain and 

Reasonably Foreseeable Projects in the Cumulative Change Assessment of Coastal 

Geomorphology. 
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9.5.10 Summary of Assessment 

Construction-phase changes to coastal geomorphology associated with the Project are 

related to drainage of tidal waters through the causeway dyke, which will result in drainage 

channels forming on the tidal flats adjacent to the causeway. The channels will be 

temporary, as the seepage flow will not occur once the area between the dyke and the 

existing causeway is filled with sediment, and coastal processes will eventually fill the 

channels through redistribution of existing sediments. 

Potential changes associated with the Project footprint are summarised in Table 9.5-6, and 

their anticipated spatial extents are illustrated in Figure 9.5-35. The spatial boundaries are 

drawn to the outer edge of the potential changes to be conservative, but actual changes are 

likely to be more limited spatially and concentrated in the central portion of the polygons. 

Table 9.5-6 Predicted Morphological Changes from the Project Footprint 

Zones in 

Figure 
9.5-34 

Hydrodynamic 

Processes 
Affected by 
the Project 

Gross 

Area 
Local Changes 

Potential to 

Trigger 
Wider-area 

Morphological 
Changes 

1 
Scour around 
NW corner of 

terminal pad 

5.8 ha 

Local scour (localised decrease in 

tidal flat elevation, up to 1.6 m 
below current seabed elevation or 

to 2.6 m CD). 

Moderate 

2 
Deposition 
along west side 

of terminal pad 

20 ha 
Deposition adjacent to scour hole 
(raising of seabed by ~1.0 m). 

Low 

3 
Accelerated 
tidal channel 

50 ha 

Possible acceleration of tidal 
channel to the west of NW corner 
scour and associated deposition 

in adjacent areas. 

Moderate 

4 
Deposition off 
NE corner of 

terminal pad 

40 ha 
Local deposition from 
combination of back-eddy, wave 

shadow, and increased turbidity. 

Low 

5 Wave shadow 70 ha 
Reduction for waves in the lee of 
the structure. 

Low 

6 Wave scour 1 ha 
Limited wave scour at east face of 

terminal. 
Nil 

7 
Increased 
turbidity, 

reduced salinity 

Not 

quantified 

Decline in salinity, associated 
increase in turbidity, and increase 

in sedimentation8. 

Nil 

8 Tug basin 80 m2 
Lateral adjustment of the pour-
over channel. 

Low 

                                          
8  For descriptions of Project-related changes in salinity and turbidity refer to Section 9.7 Marine Water 

Quality, and for changes in sediment deposition, refer to Section 9.6 Surficial Geology and Marine 

Sediment.  
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Figure 9.5-35 Approximate Spatial Extent of Potential Changes Associated with 

the Project Footprint 

 

A scour zone (Zone 1) is expected to develop near the northwest edge of the proposed 

terminal structure due to flow acceleration around the west side of the terminal pad. 

General lowering in bed elevation in the primary scour zone is predicted to be 

approximately 0.5 m and the maximum scour elevation is expected to be to a depth of 

approximately ‒2.6 m CD, or 1.6 m below the surrounding seabed level. Eroded sediment 

from the scour zone will be deposited on the west side of the structure (Zone 2). The 

general rise in bed level in this zone was estimated to be approximately 1.0 m. 

The flow acceleration and bed scour at the northwest corner is expected to increase flow 

exchange in a relict tidal channel (formerly draining a portion of Canoe Passage) west of the 

terminal (Zone 3). Modelling of tidal currents predicted an increase in current velocity at the 

seaward end of the channel with the Project in place, and the morphodynamic model results 

indicate general bed accretion in this zone adjacent to the higher-velocity channel. Based on 

observation of similar channels elsewhere in the Fraser River estuary, the channel response 

to the accretion is expected to migrate laterally near the mouth and downcut through the 
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accumulating sediments in order to meet base level. This channel is expected to become 

more active, experiencing higher flood-tide velocities, channel widening, and lateral shifting. 

It is unlikely that severe headcutting will be induced at the head of the channel. 

The proposed terminal is predicted to locally reduce tidal currents (Zone 4) and create a 

local wave shadow (Zone 5) on its north side, particularly where it meets the existing 

terminal pad. These areas are expected to experience increased deposition of fine sediment 

that is currently carried in suspension (mainly silt). Nonetheless, sedimentation 

rates are expected to be low, given that there is a limited annual supply as discussed in 

Section 9.5.6.1. 

The Project is predicted to affect the wave energy and salinity environment on Roberts Bank 

north of the causeway (Zone 7). The proposed terminal pad will interrupt the landward 

movement of seawater during rising tides, causing the saline flow to be deflected further to 

the northwest. This will increase the residence time of lower-salinity Fraser River water in 

the area shoreward of the terminal pad and north of the causeway. In addition, the 

proposed terminal configuration will modify the movement of the Fraser River plume over 

the tidal flats, directing more turbid water along the western end of the widened causeway. 

This will promote fine sediment (silt) deposition on the tidal flats and a corresponding 

increase in bed elevation over time near the western end of the causeway. 

The ridge and runnel complex located further from the Project is expected to be minimally 

affected by the terminal structure. While the wind and current environment are unlikely to 

be affected, salinity may be lower while turbidity may be higher. This could result in an 

increased sedimentation rate within the ridge and runnel complex over and above the 

ongoing sedimentation (see Section 9.5.6.3). 

The change from the expanded tug basin component of the Project (Zone 8) includes a 

lateral expansion to the existing pour-over channel. Formation of additional tidal channels or 

acceleration in growth of existing channels is not anticipated. The expansion area will 

encompass an area to the immediate northwest that presently only partially drains during 

the higher-magnitude ebb tide events. 
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9.5.11 Uncertainty, Sensitivity, and Reliability 

The coastal geomorphology of Roberts Bank is inherently complex, some reasons for which 

are described below: 

 The large number of physical interactions involved; 

 The two-way interactions between various system components; and 

 The relatively recent effects of past glaciation in the region. 

While the numerical modelling approach that was adopted is consistent with standard 

practices and state of the science, the existing technology is not sufficiently advanced to 

account for all known processes and is a simplified representation of a potentially non-linear 

and chaotic natural system. There is also inherent uncertainty associated with numerical 

modelling predictions of future seabed elevations, both on a time scale given existing data 

records, and on a spatial scale given the model’s inability to resolve small-scale changes. 

Details of model validation and sensitivity testing are included in Appendix 9.5-A: 

Appendix B. 

Predictive Uncertainty 

There is inherent uncertainty in the predictive capacity of each of the approaches 

(interpretive geomorphic studies, analytical methods, and numerical modelling) that have 

been incorporated as part of this coastal geomorphology assessment. Uncertainty has been 

mitigated by combining these three approaches outlined in Section 9.5.2, but some 

residual uncertainty remains, which can be described qualitatively. 

Uncertainty was minimised in the quantification of existing conditions by employing the 

most accurate data collection methods that were available, or by relying on data that were 

reliably collected by others (e.g., LiDAR data). Interpretation of existing conditions and 

processes using more subjective methods, such as interpretation of airphotos, carries 

inherent uncertainty because these methods in part rely on professional judgement. 

The greatest uncertainty is inherent in predicting future conditions. With the numerical 

modelling, there is relatively low uncertainty with regard to predictions of waves and tidal 

currents, but predictions based on the morphodynamic (sediment transport) modelling are 

greater. While interim morphodynamic modelling results were reviewed periodically to 
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ensure that they were in keeping with the observed general processes, results presented on 

projected bed level evolution should be interpreted as one of the reasonably possible 

outcomes, rather than as having a high degree of certainty. With respect to changes in 

wave conditions associated with SLR, it should be noted that while there is relatively low 

uncertainty with regard to modelling of waves, there is considerable uncertainty with 

respect to predictions of the magnitude and rate of future SLR.   
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9.6 SURFICIAL GEOLOGY AND MARINE SEDIMENT 

Surficial geology is the study of the physical surface of the earth, including the types and 

distribution of unconsolidated surface sediments across the landscape, its history, and the 

processes that act on it. Marine sediments are particles that accumulate on the seafloor, 

including insoluble materials such as rock and soil particles, and the remains of marine 

organisms. 

This section describes existing conditions related to the surficial geology and marine 

sediment IC, and anticipated future changes resulting from Project components and 

activities. To satisfy requirements outlined in the EIS Guidelines part 2, section 9.1.3, a 

description of surficial geology and marine sediment is provided, including characterisation 

of marine sediment quality and a sediment transport model for Project areas. A discussion 

of sediment characteristics at disposal at sea (DAS) location(s) is also included, along with 

the parameters that could be affected by the Project. 

Surficial geology and marine sediment is of interest because of its influence on estuarine 

and marine ecosystems. The assessment of this IC is supported by information provided in 

Section 9.5 Coastal Geomorphology. Understanding existing and future surficial geology 

and marine sediment characteristics will help to inform the assessment for marine 

water quality (Section 9.7), and the effects assessment for marine VCs provided in 

Sections 11.0 to 16.0. 

Further characterisation of site geology, and stability and load-bearing capacity of marine 

sediments is provided in Section 9.1.3 Geotechnical Considerations. 

9.6 Surficial Geology and Marine Sediment Assessment Highlights: 

 There are no Project-related inputs of contaminants, and changes in sediment 
contaminant levels through sediment re-suspension or disposal are not expected.  

 Construction activities are expected to cause minimal or no changes relative to 
natural variability.  

 The Project is expected to result in changes to surficial geology and marine sediment. As a 
result of the terminal footprint, localised changes in sediment erosion and 

deposition are predicted, and are expected to be minimal relative to existing 
natural variability. 

 The Project is expected to result in incremental cumulative changes to surficial 

geology and marine sediment. 
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9.6.1 Selection of Intermediate Component 

Selection of surficial geology and marine sediment as an IC followed the three-step selection 

process described in Section 8.1.2 Selection of Valued Components. Although 

interactions occur between the Project components and activities and surficial geology and 

marine sediment, surficial geology and marine sediment is not a receptor component in a 

Project-related effects pathway; therefore, it is considered to be an IC. 

The Project Interaction Matrix (Appendix 8-B) was used to identify potential interactions 

between Project components and activities and surficial geology and marine sediments. 

Activities resulting in sediment re-suspension or discharges of sediment-laden water (e.g., 

dredging, DAS) will increase deposition of sediments to the seabed, potentially altering 

surficial geology and marine sediments. As described in Section 9.5 Coastal 

Geomorphology, the terminal footprint will alter tidal currents and interactions with Fraser 

River waters, resulting in changes to local sediment transport processes and sediment 

distribution, which in turn can influence habitat quality, food sources, and species 

composition. 

9.6.2 Assessment Purpose and Approach 

This subsection describes the purpose and approach to studying surficial geology and 

marine sediment for the purposes of assessing Project-related changes to this IC. 

Hemmera, Tetra Tech EBA, and Northwest Hydraulic Consultants Ltd. (NHC) completed 

these studies, and the names and qualifications of the individuals contributing to this 

assessment are listed at the beginning of Volume 2. 

In 2012, PMV initiated field, desktop, and modelling studies to support the environmental 

assessment (EA) and future Project management. Building on available information, the 

studies were designed to address known data gaps. The objectives of the surficial geology 

and marine sediment studies are identified as follows: 

 Define the existing physical and chemical sediment characteristics at Roberts Bank, 

including seabed areas that may be directly disturbed as a result of the Project, and 

reference areas including Sturgeon Bank and Boundary Bay; 

 Provide co-located data, acquired in conjunction with marine VC data collection, to 

characterise sediment habitat for marine VCs and assess the relationship between 

abiotic and biotic attributes within the study area; 

 Describe sedimentation rates and regimes at and near the proposed Project site; and 

 Predict the type, quality, and depth of sediments deposited on the seabed as a result 

of sediment re-suspension, changes to dispersion, and deposition during the 

construction phase. 



PORT METRO VANCOUVER | Roberts Bank Terminal 2  

  Page | 9.6-3 

These objectives were addressed through the completion of specific studies, as outlined in 

Table 9.6-1. 

Table 9.6-1 Studies to Support the Surficial Geology and Marine Sediment 
Assessment 

Study Name Study Description 
Report 

Accessible at: 

Sediment and 
Water Quality 
Characterisation 

Studies  

A desktop review of recent data and information pertaining 
to surficial geology and the physical and chemical 

characteristics of marine sediments, including spatial and 
temporal trends, at Roberts Bank and surrounding areas. 

Appendix 9.6-A 

Field studies conducted across seasons in 2012 and 2013 to 

improve the understanding of surficial geology and marine 
sediments in the Fraser River estuary. Studies focused on 
co-located sampling with marine VCs in order to 
characterise habitat. Analyses included sediment type (grain 

size) and quality (physical and chemical properties). General 
spatial trends, relationships between sediment parameters, 
and sediment quality (relative to Canadian sediment quality 

guidelines for the protection of aquatic life) were evaluated.  

Sediment PCB 
Concentrations 

and Sediment 
Thresholds for 
Increased Uptake 
in Southern 

Resident Killer 

Whales 

Field studies conducted in 2013 to characterise surficial 
geology and marine sediments in areas directly influenced 

by Project activities. Analyses included sediment type (grain 
size) and quality (physical and chemical properties). 
Sediment quality in source sediments and potential 

receiving areas (relative to DAS sediment quality criteria) 
was evaluated. 

Appendix 9.6-B 

Dredging Studies 

– Dispersion 
Modelling 

Modelling of a series of sediment re-suspension, dispersion, 

and deposition scenarios for construction activities to 
provide predictions of Project-related sediment deposition. 

Appendix 9.6-C 

Coastal 

Geomorphology 
Study 

Refer to Section 9.5 Coastal Geomorphology for 

descriptions of the studies used to inform the surficial 
geology and marine sediment assessment. 

Appendix 9.5-A 

9.6.3 Summary of Information Sources 

Surficial geology and marine sediment in the Roberts Bank area has been the focus of many 

scientific studies since the 1970s, including oceanographic surveys and studies for existing 

industrial activities and developments at Roberts Bank terminals (e.g., Westshore Terminals 

and the Deltaport Third Berth (DP3) Project). This assessment incorporates information 

from the following sources:  

 Long-term evolution of the Fraser River delta and Roberts Bank (Hill et al. 2008, 

Houser and Hill 2010); 

 Sediment transport patterns in the lower Fraser River and lower Fraser delta 

(McLaren and Tuominen 1999, McLean et al. 1999); 
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 Fraser River aquatic ecosystem research conducted under the Fraser River Action 

Plan (Gray and Tuominen 1998); 

 Contaminant transport and occurrence in sediments in the Fraser River estuary 

(Harrison et al. 1998); 

 Sediment quality assessment at Roberts and Sturgeon banks (Swain et al. 1998); 

 Coal dust dispersal in marine sediments at Roberts Bank (Pearce and McBride 1977, 

Johnson and Bustin 2006); 

 Suspended sediment particle flux and polychlorinated biphenyl (PCB) data in the 

Strait of Georgia (Wright et al. 2008); 

 Baseline sediment sampling for the DP3 Project EA (Hemmera 2004, VPA 2005); 

 Baseline sediment sampling for DP3 DAS permitting (Hemmera 2009);  

 Quarterly sediment quality monitoring data and information for the DP3 Adaptive 

Management Strategy (AMS) from 2007 to 2012 (Hemmera et al. 2008, 2009, 2010, 

2011, 2012, 2013); 

 Sediment characterisation at Roberts Bank in a previously used DAS site (EC 2009); 

 Geotechnical and sediment quality investigations at Roberts Bank to characterise 

marine sediment stability in alternative areas for the Project footprint in 2011 

(Golder 2011, Hemmera 2011); 

 Sediment characterisation of Fraser River dredgeate materials collected as part of 

routine maintenance dredging of the lower Fraser River navigational channel 

(Balanced Environmental 2013); and 

 Aboriginal Traditional Knowledge consultation workshops (Tsawwassen First Nation 

(Elders) 2014). 

The assessment utilised DP3 EA baseline and post-approval monitoring data specifically to 

examine longer-term temporal trends in sediment quality. Details from the information 

sources listed above are summarised in Section 9.6.6, and detailed in Appendix 9.6-A 

Sediment and Water Quality Characterisation Studies and Appendix 9.6-B 

Sediment PCB Concentrations and Sediment Thresholds for Increased Uptake in 

Southern Resident Killer Whales. 
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9.6.4 Applicable Guidelines and Regulations 

Canadian Sediment Quality Guidelines for the Protection of Aquatic Life (CCME Guidelines) 

developed through the Canadian Council of Ministers of the Environment (CCME) (CCME 

2001a) have been applied in this assessment. The guidelines include interim sediment 

quality guidelines (ISQG) and probable effects levels (PELs) (CCME 2001b), which are 

intended to protect the marine environment. Sediment concentrations were compared to 

the CCME Guidelines, ISQGs, and PELs to evaluate the potential for adverse biological 

effects from sediment parameter concentrations in the Fraser River estuary. Relevant 

guidelines pertaining to sediment parameters, including metals and polycyclic aromatic 

hydrocarbons (PAHs), are provided in Appendix 9.6-A and included in the sections that 

follow, where relevant. 

Canada regulates DAS activities under the authority of the Canadian Environmental 

Protection Act, 1999 (CEPA) and the Disposal at Sea Regulations, administered by 

Environment Canada (EC). Published policies and guidance under the Disposal at Sea 

Regulations define regulatory requirements regarding the physical and chemical 

characterisation of sediments in areas of anticipated dredging or DAS. Contaminant 

screening criteria (Lower Levels) for material being considered for DAS are provided in the 

Disposal at Sea Regulations for a small suite of substances included in the CEPA National 

Action List. For several other metals not included in the National Action List, EC requires 

comparison to CCME ISQGs. Within this assessment, the term reference criteria refers to 

these DAS Lower Level criteria and the CCME ISQGs. Refer to Appendix 9.6-B for relevant 

DAS reference criteria. 

9.6.5 Methods 

This section provides a summary of the methods used to assess surficial geology and 

marine sediments, including temporal scope and study area, and a summary of the methods 

used in the specific field and modelling studies described in Table 9.6-1. 

9.6.5.1 Temporal Boundaries 

The four temporal cases considered in this assessment include the following: 

1) Existing conditions; 

2) Expected conditions; 

3) Future conditions with the Project; and 

4) Future conditions with the Project and other certain and reasonably foreseeable 

projects and activities. 
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Characterisation of existing conditions was reflective of the year 2013. Expected conditions 

prior to the Project commencing are anticipated to be similar to existing conditions; further 

details supporting this conclusion are provided in Section 9.6.7. 

Predictions of Project-related changes during the construction and operation phases are 

based on temporal descriptions provided below. 

Construction Phase 

Changes to surficial geology and marine sediment related to Project construction were 

predicted for the years 2019 to 2021 to coincide with potential maximum adverse 

changes associated with loading of the intermediate transfer pit (ITP), dredging, 

removal of unintentional by-releases produced during vibro-densification referred to 

as vibro-replacement expressed fines (VEF), and DAS discharges, as outlined in 

Appendix 4-E Preliminary Construction Schedule and Basis of Schedule Report. 

Changes in coastal processes arising from the presence of the Project footprint will also 

influence changes to surficial geology and marine sediments (see Section 9.5.8 Coastal 

Geomorphology, Future Conditions with the Project). As detailed in Appendix 4-E, 

the terminal perimeter containment dykes are expected to be in place by early 2020, mid-

way through the construction phase. Since Project-related changes to coastal processes are 

driven by the establishment of the terminal footprint, changes are anticipated from 

2020 onward. The 2019 to 2021 timeframe provides a conservative representation of 

Project-related effects for the entire 2018 to 2023 construction phase.  

Operation Phase 

Predictions of Project-related changes to surficial geology and marine sediment in the 

operation phase are representative of the entire operation phase, as described in 

Section 4.3.2 Project Description, Operation Phase. Changes to the IC in the operation 

phase will be primarily driven by changes to coastal processes, which will arise from the 

presence of the Project footprint as stated above.  

9.6.5.2 Study Area 

The local study area (LSA) encompasses areas within which Project-related sediment re-

suspension or discharges, and subsequent resettlement, may change surficial geology or 

marine sediments. The LSA was selected to characterise physical habitat and provide 

information to support the marine VC effects assessments (see Sections 11.0 to 16.0). 
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Figure 9.6-1 shows that Roberts Bank is the primary area of focus. The spatial boundary of 

the LSA includes the following areas: 

 Intertidal areas (tide flats) at Sturgeon Bank, Boundary and Mud bays, and Roberts 

Bank from the higher high-water level to the 0 m chart datum (CD) depth contour; 

and 

 Subtidal and delta foreslope seabed areas anticipated to be indirectly affected by 

Project-related activities at Roberts Bank. 

An assessment area for determining future cumulative change is not required since there 

are no reasonably foreseeable projects or activities expected to influence or change the 

conditions of surficial geology and marine sediments in conjunction with Project-related 

changes (refer to Section 9.6.9 for further information). 

9.6.5.3 Study Methods 

Previous studies that characterised surficial geology and marine sediments in the LSA were 

interpreted along with observations from new field studies to supplement current 

information and evaluate temporal trends. Future changes to surficial geology and marine 

sediments from construction activities and influenced by changes to coastal processes were 

predicted through modelling. To predict changes during the construction phase, dredging 

and dispersal modelling studies utilised hydrodynamics, sediment release, and sediment 

transport to understand the fate of sediments. Coastal geomorphology modelling, as 

summarised in Section 9.5.5 Coastal Geomorphology, Methods, was applied to 

understand changes to sediment deposition and distribution resulting from the footprint 

influence. The following subsections summarise the field study and modelling methods used 

to support this IC assessment. Table 9.6-1 summarises the purpose of these specific field 

and modelling studies. 

Sediment Characterisation Field Studies 

Field studies were conducted between April 2012 and September 2013 to augment historical 

data for the study area, and provide data for marine VCs to determine potential 

relationships between biotic components and sediment habitat for the broader Fraser River 

estuary. As such, detailed sampling and analysis plans were developed and executed in 

conjunction with the biotic components identified for marine VCs. Surface sediment samples 

(upper 10 cm) were collected from intertidal and subtidal areas (see Figure 9.6-2 for 

sampling locations), and in some cases were co-located with marine VC sub-components. 

Lab-analysed parameters included pH, moisture, total organic carbon (TOC), sediment grain 

size, trace elements (including metals and metalloids), plant-available nutrients, saturated 

paste extractable ions (from sediment porewater), PAHs, PCBs, total sulfides, and coal 

content. Additional details are provided in Appendix 9.6-A. 
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Sediment Characterisation Field Studies in Areas Directly Influenced by Project 

Activities 

Field studies in areas of Project activities were conducted between September 2013 and 

November 2013. Data acquisition methods varied according to Project activity location. 

Sediment samples were collected from the ITP, dredge basin, tug basin expansion area, 

candidate DAS area, and Fraser River sands (see Figure 9.6-3 for sampling locations). 

Surficial sediments (upper 2 cm or 10 cm) were collected in all areas using a Van Veen 

sediment grab. Samples were collected from deeper in the sediment layer (0.2 m to greater 

than 2.0 m below the seabed surface) in the dredge basin and tug basin expansion areas 

using a vibracore sediment corer. Lab-analysed parameters included TOC, sediment grain 

size, metals, PAHs, and PCBs. Additional details are provided in Appendix 9.6-B. 

Modelling of Construction Activities Resulting in Sediment Re-suspension, 
Dispersion, and Deposition 

Potential Project-related increases in sediment suspension and deposition were investigated 

using a three-dimensional hydrodynamic model (H3D) and supported by sediment 

transport, dredging, dumping (surface discharge), sediment settling in the containment 

dykes, and discharge plume components. Details of this modelling study, including a 

detailed model description, input values, assumptions, and validation, are provided in 

Appendix 9.6-C Dredging Studies – Dispersion Modelling. 

The model applied sediment grain size information for source sediments, including dredge 

basin dredgeate, Fraser River sands, and tug basin dredgeate, to predict the turbidity plume 

and deposition characteristics of these sediments. Since the objective was to determine the 

increase in sediment suspension and deposition as a result of construction activities, 

sediment flux from the Fraser River and other rivers were not included in the model, as it 

represents background conditions. Furthermore, inclusion of this flux would have introduced 

seasonal variability to background total suspended solids (TSS) concentration levels, 

complicating evaluation of any Project-related changes. An assumed ambient background of 

zero was applied for each parameter modelled for the purpose of clearly identifying and 

evaluating Project-related change. Anticipated changes to marine sediments are 

represented as thickness of the deposited layer and the D50 (i.e., median grain size or the 

50th percentile) as a representative grain size for the deposited layer. Appendix 9.6-C also 

provides a summary of modelled currents and information pertaining to TSS, the latter 

being summarised in Section 9.7.8 Marine Water Quality, Future Conditions with the 

Project. Predicted changes are discussed in context of ambient sedimentation rates, 

sediment characteristics, and TSS levels. 
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The modelling scenarios undertaken to assess changes to surficial geology and marine 

sediment from Project-related activities anticipated to measurably change this IC are 

summarised in Table 9.6-2. Representative modelling timeframes were defined based on 

the RBT2 construction schedule for each activity (see Appendix 4-E). 

Table 9.6-2 Summary of Modelling Scenarios for Roberts Bank Terminal 2 

Construction Activities 

# Activity Location 
Representative 

Modelling 
Period 

Key Assumptions 

1 

Dredge basin dredging, 
loading of ITP (via barge 

dumping), and unloading 
of ITP (via dredge) 

Dredge 

basin, ITP 
12 months 

 3.5% sediment loss rate 
during dredge basin 

dredging; and 
 0.6% loss rate during ITP 

activities. 

2 

DAS discharge of 

sediment-laden water from 
dredge basin dredgeate 
(including VEF clean-up) 
via pipe to ‒45 m CD 

depth at DAS site 

Filling of 
containment 
dykes, DAS 

site 

4 months 

 Filling of containment 
dykes at rate of dredging; 
and 

 Assumes 15% of dredged 
material is unusable for 
terminal fill and is 

discharged as fine 
sediments in suspension 
to DAS site. 

3 

DAS discharge of 
sediment-laden water 

containing ITP stockpile 
materials via pipe to ‒45 m 
CD depth at DAS site 

Filling of 

containment 
dykes, DAS 

site 

1 month 

 Filling of containment 

dykes to capacity; and 
 Assumes 1% of material is 

unusable for terminal fill 
and is discharged as fine 
sediment in suspension to 

DAS site. 

4 

Re-suspension of 

sediments from tug basin 
dredging and disposal of 
dredgeate by surface 

release to the DAS site 

Tug basin, 
DAS site 

2 months 

 2% sediment loss rate 

from clamshell bucket; 
and 

 Three daily trips to DAS 

site for dredgeate 
dumping. 

In addition to the modelling scenario described in Table 9.6-2, the following alternative 

scenarios are provided in Appendix 9.6-C: 

 Dredge basin dredging and ITP activities – activities occurring in isolation and 

simultaneously during different periods (e.g., summer and fall conditions);  

 DAS disposal of dredge basin dredgeate – 3% of fill material is unusable and is 

discharged (compared to 15%); and 

 DAS disposal discharge depth ‒ modelling for discharges at ‒60 m CD and ‒75 m CD 

outfall depth (for 3% fill material discharge scenario only). 
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Modelling of Project Footprint-related Effects 

Potential effects of the Project footprint on local seabed scour and deposition were 

investigated through coastal geomorphology studies, as detailed in Section 9.5 Coastal 

Geomorphology and supporting appendices.  

9.6.6 Existing Conditions 

Marine sediments at Roberts Bank are part of a dynamic estuarine system that can be 

expected to experience ongoing changes in grain size distribution, TOC, and associated 

chemical characteristics. Physical oceanography aspects that influence sediment 

characteristics at Roberts Bank are discussed more fully in Section 9.5.6 Coastal 

Geomorphology, Existing Conditions and Appendix 9.6-A. Existing conditions at 

Roberts Bank have been affected by other projects and activities that have been carried out, 

as described in Section 9.5.6. 

A description of existing surficial geology and relevant sediment transport processes, and 

existing conditions for sediment parameters, including TOC, metals, anions, available 

nutrients, contaminants of concern, and coal particulates, is provided below. Physical and 

chemical characteristics of marine sediments are described for surficial sediments 

throughout the Fraser River estuary and for sediments in Project-specific areas. 

9.6.6.1 Description of Regional and Local Sediment Transport 

The evolution of the Fraser River delta and Roberts Bank is described in Section 9.5.6 

Coastal Geomorphology, Existing Conditions. Sediment deposits vary between deeper 

marine waters, the delta foreslope, and the tide flats, as described in Section 9.1.3 

Geotechnical Considerations and illustrated in Figure 9.1.3-4 Sediment 

Deposition Model. 

Different physical and chemical characteristics, as well as transport processes are expected 

between these three areas and the associated sediment deposit type. Current seabed 

characteristics reflect the combined influences of the following: 

 Suspended sediment deposition primarily associated with Fraser River outflows; 

 Sediment transport and re-working associated with wind-generated waves; 

 Suspended and bedload transport of sediment by tidal currents; and 

 Gravity-driven bed sediment transport (i.e., turbidity currents) in areas where the 

seabed is sloped. 
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The Fraser River is estimated to transport approximately 17 million tonnes of sand, silt, and 

clay sediment to the delta and Strait of Georgia on average each year (McLean and Tassone 

1988, McLean et al. 1999). Driving factors, including large storm events or high Fraser River 

flows during a large spring freshet event, may increase interannual variability 

(i.e., increased sediment transport and increased deposition of fines from the turbid Fraser 

River plume); however, any changes to marine sediments are not expected to be 

measurable over the area of interest. The processes that shape surficial geology and marine 

sediments tend to operate on decadal or longer time periods. 

Sedimentation rates for the Fraser River delta, in areas removed from the mouth of the 

main outflow channels, are estimated to range from 2 mm per year (mm/y) to 30 mm/y 

(Evoy et al. 1993, Burd et al. 2008, Grant et al. 2011). Near the Project location, the 

sedimentation rate is more likely in the range of 8 mm/y on the Fraser Delta foreslope. 

Spatial and temporal variability were observed in the mass accumulation rates calculated for 

sediment traps deployed in 2013 (Hemmera 2014).  

9.6.6.2 Characteristics of Surficial Sediments in the Fraser River Estuary and 
Local Study Area 

Sediment Grain Size 

The grain size of surficial sediment accumulations on Roberts Bank, Sturgeon Bank, and 

Boundary Bay, as illustrated in Figure 9.6-4 for percent clay, varies in a direction 

approximately perpendicular to the delta-front slope. Grain size is influenced to a large 

degree by seabed depth and associated sediment transport processes. Spatial trends and 

observations that characterise existing grain size distribution are identified as follows:  

 Seabed areas with 90% to 100% sand content are subject to routine scouring and 

winnowing out of finer-textured sediments as a result of wind-generated waves; 

 Deeper subtidal sediments tend to be finer textured, as depth limits wave-substrate 

interactions; 

 Shallow subtidal and lower intertidal areas tend to be coarser textured, as these 

areas are influenced by wind-generated waves that re-suspend finer-textured 

sediments, and upper intertidal areas are finer textured, as wave energy has 

dissipated on the tide flat area; 

 Areas proximal to the Fraser River plume, which carries silt and clay-sized 

sediments, have greater percent fines. Average percent fines (silt plus clay fractions) 

at Sturgeon Bank (38.2%) and Roberts Bank (36.9%) are very similar to each other 

and greater than that for Boundary Bay (11.2%); 
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 The major portion of the Roberts Bank tide flat is composed of relatively uniform 

sandy sediments with minimum fines content. Higher percent fines are observed in 

the immediate nearshore intertidal areas, with increasing percent sand observed with 

increasing distance from the shoreline; 

 Higher percent fines are observed within the Deltaport Terminal turning basin, the 

ITP, and the tug basin expansion area, as they are lower in elevation than their 

surrounding areas, thereby creating a depositional environment; and 

 Lower percent fines were observed within the inter-causeway area, isolated from the 

Fraser River outflow plume by the Roberts Bank causeway, compared to areas 

at equivalent tidal elevations north of the causeway (Brunswick Point and 

Westham Island). 

Statistically significant inter-relationships were observed between percent fines in surficial 

sediments and TOC content, sulfide concentrations, concentrations of various metals and 

metalloids, and sediment PAH concentrations. As a result, the general spatial distributions of 

these parameters, as discussed below, correspond with the observed patterns in grain size 

distribution. 

Changes in sediment grain size distribution at Roberts Bank have been observed over time. 

Tsawwassen First Nation (Elders) have noticed increased amounts of finer sediments 

(i.e., sandy beach replaced by mud) in intertidal areas since completion of the Westshore 

and the B.C. Ferries terminals compared to historical conditions (Tsawwassen First Nation 

(Elders) 2014). Evaluation of more recent trends from 1993 (McLaren and Tuominen 1999) 

to 2013 suggest a decrease in fines since 1993 in the inter-causeway area and a decrease in 

percent of sands adjacent to the Roberts Bank terminals. This trend in the inter-causeway 

area is again consistent with the diminished influence of the Fraser River plume. 

Total Organic Carbon 

A strong relationship exists between TOC and percent clay or percent silt, with higher TOC 

associated with higher percent fines content. Mean TOC content in sediments appears to be 

similar between Boundary Bay, Roberts Bank, and Sturgeon Bank when averaged for each 

area, despite the dissimilarity between the mean percent fines (see sediment grain size 

discussion). The relationship between TOC and grain size is preserved, however, when 

accounting for the spatial variability and range of values observed within each area. Greater 

variation and higher TOC concentrations were observed in the intertidal areas at Roberts 

Bank and Sturgeon Bank than at Boundary Bay, which is consistent with the spatial 

variability observed in sediment grain size and reflects the closer proximity to the Fraser 

River plume. Greater accumulations of TOC were observed in nearshore intertidal and 

some subtidal areas with higher percent fines compared to tide flat areas with higher 

percent sands. 
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Metals 

A strong relationship was observed between metals and the amount of fines and TOC in 

sediments. The trend toward higher copper concentrations in finer-grained sediments is 

illustrated in Figure 9.6-5, which is representative of the general trend also observed for 

other metals, as provided in Appendix 9.6-A. Since spatial distribution of metals is largely 

correlated with percent fines, lower metal concentrations were observed on average in 

Boundary Bay sediments than at Sturgeon and Roberts banks.  

Figure 9.6-5 Copper Concentration in Roberts Bank Surface Sediment as a 

Function of Clay Content 

 

Higher concentrations of metals were observed in nearshore intertidal areas and some 

subtidal areas at Roberts Bank where finer sediments are found compared to areas with 

sandier sediments. The 90th-percentile concentrations of arsenic and copper in sediment 

samples from Roberts Bank (i.e., 30.3 mg per kg (mg/kg) and 7.5 mg/kg, respectively) and 

Sturgeon Bank (i.e., 27.4 mg/kg and 8.1 mg/kg, respectively) exceeded their respective 

Canadian marine sediment quality guidelines (CCME ISQG) of 18.7 mg/kg and 7.24 mg/kg, 

respectively. This exceedance reflects natural geological concentrations associated with 

Fraser River sediments. 
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Soluble Ions and Nutrients 

Chloride and sulfate-soluble ion concentrations in sediment porewater are expected to be 

correlated with salinity levels from the overlying water column. The observed spatial pattern 

of surficial sediment chloride and sulfate ions is consistent with the spatial distribution of 

water column salinity in the study area, as discussed in Section 9.7.6 Marine Water 

Quality, Existing Conditions. 

Average chloride concentrations were lowest at Sturgeon Bank (1,590 mg/kg), higher at 

Roberts Bank (2,460 mg/kg), and highest at Boundary Bay (2,890 mg/kg). Areas of higher 

relative salt ion concentrations were observed in intertidal sediments at Boundary Bay and 

in the inter-causeway areas relative to areas north of the Roberts Bank causeway, including 

Sturgeon Bank (Figure 9.6-6), which reflects the relative influence of the Fraser River input 

or local freshwater discharges versus marine influences. 

Phosphate concentrations were relatively uniform across Sturgeon and Roberts banks north 

of the causeway. A trend toward higher phosphate concentrations was observed in deeper 

subtidal areas at Roberts Bank. 

Potassium and sulfate concentrations were also relatively uniform across the tide flat 

sediments, except for elevated concentrations in the upper intertidal area of Roberts Bank 

north of the causeway and the Deltaport turning basin area, in areas where higher ions 

were also noted. 

Ammonia concentrations were also relatively uniform. Sediment ammonia concentrations 

were generally more variable and higher in Boundary Bay, and the inter-causeway and tug 

basin areas at Roberts Bank, compared to intertidal areas north of the Roberts Bank 

causeway, at Sturgeon Bank, and in subtidal areas. A localised area with high ammonia 

concentrations (greater than 40 mg/kg) was observed in the high intertidal area at 

Westham Island.  

Nitrate concentrations were below the analytical detection limit (less than 1 mg/kg). 

Total Sulfide 

Total sulfide concentrations at Roberts Bank ranged from non-detectable concentrations to 

16.1 mg/kg. The spatial distribution was largely correlated with TOC and percent fines. 

Elevated sulfides are characteristic of anoxic conditions and are expected in areas exposed 

to less oxygenated waters and with increased inputs of detrital organic matter. Highest 

sediment sulfide concentrations were observed in the expanded tug basin and in the high 

intertidal area north of the Roberts Bank causeway. 
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Polycyclic Aromatic Hydrocarbons 

Polycyclic aromatic hydrocarbons were not detected in the majority of intertidal surface 

sediments collected during summer 2012, or in subtidal surface sediments collected during 

spring 2013, based on routine lab analytical limits. Some PAHs were observed at detectable 

concentrations at limited Roberts Bank locations. Only the 90th percentile concentration of 

2-methylnaphthalene in sediment samples from Roberts Bank (0.037 mg/kg) exceeded the 

CCME ISGQ (0.0202 mg/kg), but not the CCME PEL (0.0202 mg/kg). 

Polychlorinated Biphenyls 

Polychlorinated biphenyls, analysed as aroclors in intertidal surface sediments during 

summer 2012, were not observed at concentrations greater than the routine lab analytical 

detection limits of 0.040 mg/kg. Comparisons to CCME ISQG for PCBs in marine 

sediments were not made as the lab detection limit is greater than the guideline level 

(21.5 micrograms per kilogram (µg/kg)). All samples were less than the CCME PEL 

(189 µg/kg). 

Analysis of PCB congeners in areas where sediments are expected to be re-suspended and 

re-deposited to the seabed as a result of construction activities is discussed 

Section 9.6.6.3. 

Coal 

Coal has been introduced to the marine environment at Roberts Bank as a result of 

activities at Westshore Terminals, which began shipments in 1970. The 2013 spatial 

distribution of coal content in surficial sediments was similar to the distribution of percent 

fines, with higher percent coal content observed in areas of finer sediment grain size in 

areas less affected by wind-generated waves (Figure 9.6-7). Coal particles, which are 

lower in density than most rock or mineral matter, tend to remain in suspension longer than 

coarser grained sediments and are subject to sediment transport and settling process 

similar to finer-grained materials. The majority of the sediment samples analysed was less 

than the analytical detection limit (1%), and the maximum observed content was 2.9%. 

Current percent coal content is less than previously documented for sediments within the 

vicinity of Westshore Terminals (i.e., 3.6% on average in 1999, 1.8% in 1977) (Pearce and 

McBride 1977, Johnson and Bustin 2006). This change may be due to improved 

effectiveness of control measures for coal dust releases from Westshore Terminals and a 

general re-distribution of historical deposits since 1999 through re-suspension and 

settlement in more quiescent areas of Roberts Bank. 
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Temporal Trends 

Temporal trends for sediment grain size, TOC, trace elements (including metals and 

metalloids), and nutrient concentrations were evaluated through the AMS program’s 

quarterly monitoring studies (2007 to 2012). Overall, no temporal trends were observed 

through the six years of monitoring (Hemmera et al. 2013). 

9.6.6.3 Sediment Characteristics in Project-specific Areas 

The physical and chemical characteristics of sediments in areas near and 

relevant to the Project have been studied recently. Results of these studies are summarised 

in Table 9.6-3, and additional details are provided in Appendix 9.6-B. 

Table 9.6-3 Summary of Previous Studies in Areas Near and Relevant to Project 
Activities  

Previous Study Location 
Sampling and 

Analyses 
Results 

DP3 EA and DAS permit 
application (Hemmera 
2009) 

DP3 berth 
location 

 Core and surface grab 

samples 

 Analyses for sediment 
grain size, TOC, 

metals, and PAHs 

 No samples exceeded the 
DAS Lower Level or CCME 
ISQG. 

Sediment quality 

evaluation at the Roberts 
Bank DAS site, following 
discharge of materials 

from DP3 construction 
(EC 2009) 

RBT2 DAS 
site and 
reference 

site on 
Roberts Bank 

 Surface samples 

 Analyses for sediment 
grain size, TOC, 

metals, PAHs, and 
PCBs 

 No samples exceeded the 

DAS Lower Level or CCME 

ISQG, with the exception 
of copper. 

 Sediment grain size were 

sandy with minimal fines 
content (<0.74 µm), 2.2% 
to 30%). 

Geotechnical assessment 
in the area of the 
proposed RBT2 footprint 

(Golder 2011, Hemmera 
2011) 

Proposed 
RBT2 

footprint 

 Core samples, 
representative of 
various seabed depths 

 Analyses for metals, 
PAHs, and PCBs 

 No samples exceeded the 
DAS Lower Level or CCME 

ISQG, with the exception 
of copper. 

Fraser River 
maintenance dredgeate 
sediment quality 

assessments (PMV 
unpublished data) 

Fraser River 
shipping 

channel 

 Maintenance 
dredgeate samples 

 Analyses for grain 
size, TOC, and PCBs 

 No samples exceeded the 
DAS Lower Level for total 
PCBs.  

 Average percent fines 
content ranged from 1.1% 
to 25.5%. 

No samples exceeded the DAS Lower Level criteria or CCME ISQG, with the exception of 

copper, which exceeded the CCME ISQG in samples collected from depths greater than 2 m 

beneath the seabed surface (Golder 2011, Hemmera 2011). Assuming an upper estimate of 
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30 mm/y (Section 9.6.6.1) and no appreciable compression of sediments, a depth of 

2.0 m to 2.5 m is roughly equivalent to greater than or equal to 70 to 80 years of 

deposition. As such, sediments at these seabed depths are representative of deposits 

greater than 70 years old and likely reflect naturally occurring concentrations rather than 

recent anthropogenic inputs. 

Additional sediment characterisation samples were collected in areas expected to be re-

suspended and re-deposited to the seabed as a result of construction activities, including 

the dredge basin, ITP, tug basin expansion area, Roberts Bank candidate DAS area, as well 

as the lower Fraser River reaches in order to characterise Fraser River sands infill materials, 

sourced from the annual Fraser River maintenance dredging. Sediment sampling locations 

are illustrated in Figure 9.6-3 for each area of interest. Table 9.6-4 provides a summary 

of sediment texture, TOC, metals, total PAHs, and total PCBs in sediments collected in 2013 

from areas of interest, along with regulated levels (reference criteria). 

Table 9.6-4 Range of Contaminant Levels in Sediment for Project Activity Areas 
Compared to Reference Criteria 

Parameter 
Reference 

Criteria 
 Dredge 
Basin 

Tug Basin  
Intermediate 
Transfer Pit 

Fraser 

River 
Sands 

Candidate 

Disposal 
at Sea 
Site 

Physical 
Parameters 

  n=31 n=6 n=16 n=30 n=26 

% Sand n/a 0.26‒94 20‒89 26‒81 35‒100 87‒99 

% Silt n/a 5.7‒100 11‒80 13‒48 0.4‒48 0.1‒10 

% Clay n/a 0.0 0.0 5.6‒27 0.1‒17 0.1‒4 

TOC (mg/kg) n/a 
3,300‒ 
48,000 

3,600‒ 
14,000 

2,800‒20,000 
500‒ 
6,700 

530‒1,000 

Metals   n=8 n=4 n=0 n=30 n=50 

Arsenic 

(mg/kg) 
7.242 4.2‒5.5 4.0‒7.7 ‒ 1.9‒4.9 3.1‒7.1 

Cadmium 
(mg/kg) 

0.601 0.33‒0.67 0.23‒0.48 ‒ 0.14‒0.4 0.06‒0.32 

Chromium 
(mg/kg) 

52.32 31.4‒41.1 27.9‒35.6 ‒ 11.9‒30 8.7‒22.8 

Copper (mg/kg) 18.72 18.4‒35.9 13‒27.3 ‒ 21.5‒49.6 22.2‒37.5 

Lead (mg/kg) 30.22 3.85‒6.77 5.69‒6.21 ‒ 2.24‒5.47 2.02‒5.13 

Mercury 

(mg/kg) 
0.751 ND ND 

‒ 
ND‒0.054 ND 

Zinc (mg/kg) 1242 51.4‒71.1 43.1‒62.3 ‒ 34‒60 36.2‒60.6 



PORT METRO VANCOUVER | Roberts Bank Terminal 2  

  Page | 9.6-18 

Parameter 
Reference 

Criteria 
 Dredge 
Basin 

Tug Basin  
Intermediate 
Transfer Pit 

Fraser 

River 
Sands 

Candidate 

Disposal 
at Sea 
Site 

PAHs   n=8 n=4 n=0 n=0 n=27 

Total PAHs 

(mg/kg) 
2.501 ND ND ‒ ‒ ND 

PCBs   n=31 n=17 n=16 n=30 n=27 

Total PCBs 
(ng/g)3 

1001 ND‒45 ND‒655 81.4‒830 3.64‒246 ND‒151 

Note: ND = not detected; n/a = not applicable regulation; exceedance of regulations in bold; “‒“ = 
not analysed, n = number of samples  

 1 Canadian Environmental Protection Act, S.C. 1999, c. 33, Disposal at Sea Regulations 
2 Canadian Council of Ministers of the Environment. 1999. Canadian Environmental Quality 
Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life (Marine) 
3 ng/g = nanograms per gram 

There are appreciable differences in sediment texture between the various areas. Higher 

percent fines content was observed in the tug basin expansion area, the ITP, and the 

dredge basin, compared to lower fines content (higher sands) observed in the Fraser River 

Sands and candidate DAS site. 

No appreciable sediment contamination was observed in Project areas. In general, 

sediment samples met the DAS screening criteria with limited minor exceptions. Only one of 

92 samples contained cadmium at a concentration greater than the DAS Lower Level 

criterion. Similarly, one sample contained arsenic at a concentration greater than its 

respective CCME ISQG. Both the average and upper 95th percentile concentrations for 

cadmium and arsenic were much lower than their respective screening criteria, however, 

and are more reflective of actual conditions. The single values are likely to be statistical 

outliers and are not reflective of the actual exposure potential. 

While most of the sediment samples exhibited a copper concentration greater than the 

ISQG, this is attributed to the presence of geological-origin, naturally occurring 

concentrations. Elevated copper levels are consistent with observations for previous studies 

in areas relevant to the Project, as described above, and throughout the Fraser River 

estuary (Section 9.6.6.2). Copper levels in Project activity areas are therefore not 

considered to be contaminated relative to natural conditions. 
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9.6.7 Expected Conditions  

Expected conditions in 2018 are anticipated to be similar to the existing conditions 

described previously for the following reasons: 

 Detectable changes in sediment quality have not been observed at Roberts Bank 

from 2007 and 2013 (Hemmera et al. 2013), so it is reasonable to expect no or little 

measurable change to sediment quality from 2013 to 2018; 

 The processes that shape surficial geology and marine sediments tend to operate on 

decadal or longer time periods, thus any discernible changes are unlikely in the 

shorter term; 

 Other projects expected to be carried out prior to the commencement of the Project, 

as described in Section 3.4.3 Projects Contributing to Expected Conditions, are 

not anticipated to contribute to changes in surficial geology and marine sediment; 

and 

 Fraser River discharge and sediment yield, and in turn surficial geology and marine 

sediment, are assumed not to be altered by climate change (refer to Section 9.5.7 

Coastal Geomorphology, Expected Conditions for additional information). 

Based on these conditions and assumptions, future conditions with the Project are compared 

to existing conditions to evaluate Project-related surficial geology and marine 

sediment changes. It is assumed that other projects and activities do not result in any 

measurable change to surficial geology and marine sediments, and that any expected 

changes in sediment distribution are as a result of changes to ongoing coastal 

geomorphology processes. As such, the results of the coastal geomorphology assessment 

comparing expected conditions to future conditions with the Project (Section 9.5.8 

Coastal Geomorphology, Future Conditions with the Project) are used to 

assess Project-related changes to surficial geology and marine sediment during the 

operation phase. 

9.6.8 Future Conditions with the Project  

Future changes in surficial geology and marine sediment resulting from construction-phase 

activities are described in Section 9.6.8.1. Changes in coastal processes that will influence 

changes to water quality are not limited to either phase, but will arise from the presence of 

the Project footprint itself (refer to Section 9.5.8 Coastal Geomorphology, Future 

Conditions with the Project for more information). As detailed in Appendix 4-E, the 

terminal perimeter containment dykes are expected to be in place by early 2020, mid-way 

through the construction phase. Since Project-related changes to coastal processes are 
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driven by the establishment of the terminal footprint, changes are anticipated from 2020 

onward. Altered sediment quality arising from anticipated changes to coastal processes for 

both the construction and operation phases are described in Section 9.6.8.2. All changes 

are provided in the context of existing conditions. 

9.6.8.1 Construction 

Specific construction activities that have the potential to influence surficial geology and 

marine sediment include the following: 

 Construction of the terminal and causeway containment dykes and terminal caisson 

wall; 

 Dredging activities in the terminal dredge and tug basins; 

 Vibro-densification, rock placement, and other modifications within the dredge basin; 

 Placement of Fraser River sand in the ITP and subsequent dredging to allow for 

pumping to the terminal and causeway fill areas;  

 Vibro-densification and rip-rap placement during causeway widening; 

 Discharge of sediment-laden water (i.e., unusable fines remaining in suspension) 

from containment dykes to the estuarine environment; 

 Surface disposal of tug basin dredgeate via a barge to the DAS site; and 

 Stormwater discharge from existing and newly created terminal and causeway areas 

disturbed by construction activities.  

These activities are anticipated to result in sediment re-suspension that will lead to changes 

in sediment dispersion and increases in sediment deposition. Because the sediments in the 

areas are not contaminated (as previously described in Section 9.6.6.3), changes in 

contaminant concentrations are not anticipated. 

Sediment Re-suspension and Deposition for Dredging and Disposal Activities 

Potential implications of sediment re-suspension and deposition depend on the existing 

sediment grain size, since grain size influences sediment transport and, in turn, predictions 

of turbidity plume and sediment deposition characteristics. The general sediment grain size 

characteristics in areas directly influenced by Project activities are described in 

Section 9.6.6.3. 



PORT METRO VANCOUVER | Roberts Bank Terminal 2  

  Page | 9.6-21 

The assumed background accumulation for sediment deposition and sediment grain size 

is zero to allow for spatial representation of Project-related changes. Model results for 

Project-related changes to surficial geology and marine sediment for the four modelling 

scenarios outlined in Table 9.6-3 are summarised below, and shown in Figures 9.6-8 

to 9.6-15. Detailed results for these scenarios, and the additional scenarios listed in 

Section 9.6.5.3, are provided in Appendix 9.6-C. 

Table 9.6-5 Summary of Predicted Sediment Deposition Results Model Scenario 
for Roberts Bank Terminal 2 Construction Activities 

 Modelled Activity 

Predicted 
Spatial Extent 

of Sediment 
Deposition 

Maximum 
Deposition 

Within Spatial 
Extent 

Refer to Figure 

1 
Dredge basin dredging, loading of 
ITP (via barge dumping), and 
unloading of ITP (via dredge) 

31 km2 1.7 mm 9.6-8 and 9.6-9 

2 

DAS discharge of sediment-laden 
water from dredge basin dredgeate 
(including VEF) via pipe to 

‒45 m CD depth at DAS site 

170 km2 1.0 mm 9.6-10 and 9.6-11 

3 

DAS discharge of sediment-laden 

water containing ITP stockpile 
materials via pipe to  

‒45 m CD depth at DAS site 

0.14 km2 0.4 mm 9.6-12 and 9.6-13 

4 

Re-suspension of sediments from 
tug basin dredging and disposal of 
dredgeate by surface release to 

the DAS site 

26.2 km2 1.1 mm 9.6-14 and 9.6-15 

The four modelling scenarios encompass the specific construction activities anticipated to 

measurably change this IC, including dredging, vibro-densification resulting in VEF 

materials, loading and unloading of the ITP, and DAS. Additional construction activities not 

included in the modelling scenarios include construction of dykes and terminal caisson wall, 

rock and rip-rap placement, other modifications within the dredge basin, and stormwater 

discharge, as these activities are not anticipated to measurably change this IC.  

Predictions for Project-related sediment deposition at Roberts Bank, including intertidal 

areas, are not expected to exceed a thickness of 2.0 mm for any of the modelled activities. 

As such, incremental sediment deposition as a result of construction activities is expected to 

be less than the lowest natural annual sedimentation rate at Roberts Bank (i.e., natural 

rates range from 2 mm/y to 30 mm/y as described in Section 9.6.6.1). 
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The maximum predicted sediment deposition thickness is 1.7 mm for modelling of combined 

dredge basin dredging and ITP activities, and occurs in subtidal (less than 0 mm CD) areas 

immediately adjacent to the Project terminal. Predominantly coarser grain size fractions and 

limited fines exist in these areas due to routine scouring of the seabed and lateral 

displacement of fines by tidal currents. As the deposited materials predominantly consist of 

fines (i.e., sediment grain size D50 ranging from 10 µm to 45 µm), persistence of these 

sediments is unlikely due to natural sediment transport processes; no measureable or 

lasting change to surficial geology and marine sediments is predicted. 

Detailed monitoring program requirements and mitigation measure options to reduce the 

introduction of sediment-laden water from dredging and disposal will be developed, as 

outlined in Section 33.3.1 Construction Compliance Monitoring Plan and Section 

33.3.10 Dredging and Sediment Discharge Plan. 

Causeway Widening Activities 

Sediment re-suspension and deposition in shallow intertidal waters associated with the 

causeway widening were not modelled based on specific activities as per the scenarios 

described above. It was assumed that sediment re-suspension and deposition from activities 

can be effectively managed through the implementation of standard management practices 

such as the use of silt fences and other erosion control measures to isolate these intertidal 

shallow-water work areas.  

Sediment erosion and deposition related to the formation of small drainage channels from 

the slower rate of flow through the causeway dyke (prior to filling) during a falling tide is 

expected to be temporary, reversible, and partially mitigated through Project design 

(see Section 9.5.8 Coastal Geomorphology, Future Conditions with the Project for 

more information). 

Detailed monitoring program requirements and mitigation measure options to reduce the 

introduction of sediment-laden water and sedimentation to the intertidal environment will be 

developed, as outlined in Section 33.3.1 Construction Compliance Monitoring Plan and 

Section 33.3.11 Sediment and Erosion Control Plan.  
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Stormwater Runoff and Other Construction Procedures 

Potential construction-related changes to surficial geology and marine sediment from 

stormwater runoff may include deposition of suspended sediments or contamination by 

deleterious substances. Construction activities will be conducted in accordance with the 

Construction Environmental Management Plan (see Section 33.3), to prevent such 

occurrences. Specific plans related to preventing or minimising changes to surficial 

geology and marine sediments include the Construction Compliance Monitoring Plan 

(Section 33.3.1), Sediment and Erosion Control Plan (Section 33.3.11), Hazardous 

Materials and Waste Management Plan (Section 33.3.13), and Spill Preparedness 

and Response Plan (Section 33.3.15). With implementation of these plans, changes to 

surficial geology and marine sediments from Project construction activities are not expected. 

Other potential construction-related changes to surficial geology and marine sediments 

could result from accidents and malfunctions. Potential effects to marine VCs from altered 

sediment quality resulting from accidents or malfunctions are discussed in Section 30.0 

Potential Accidents or Malfunctions. 

9.6.8.2 Operation 

Project-related changes to surficial geology and marine sediment during the operation phase 

are anticipated to result from the following: 

 Changes to coastal processes from the terminal footprint, which are predicted to 

alter tidal currents and interactions with Fraser River waters and change sediment 

deposition, scouring, and distribution; and 

 Maintenance dredging, if required, in the berth pocket and tug basin. 

Changes to Coastal Processes 

The location and areal extent of predicted changes to sediment re-suspension and 

deposition from altered coastal processes are described in Section 9.5.8 Coastal 

Geomorphology, Future Conditions with the Project and illustrated in Figure 9.5-35 

Approximate Spatial Extent of Potential Changes Associated with the Project 

Footprint. 

Changes to surficial geology and marine sediments are expected to be minimal relative to 

the natural variation and dynamic sediment environment at Roberts Bank. The primary 

expected change to surficial geology and marine sediments is altered distribution of 

sediment grain size in localised areas. Given the strong correlation of sediment chemical 

parameters with sediment grain size, associated changes in the distribution of nutrients, 

TOC, metals, and other geological origin or anthropogenic substances are also expected to 

occur; however, these changes are also expected to be minimal relative to natural variation. 
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Increased percent sands relative to existing conditions are expected in areas of increased 

scour and sediment erosion on northwestern and western sides of the terminal, 

respectively. Increased percent fines are also expected in the wave shadow area north of 

the terminal. As the sedimentation rates are expected to be low, this change is expected to 

be minimal (see Section 9.5.8 Coastal Geomorphology, Future Conditions with the 

Project for additional information). 

Increased percent fines and organic-rich sediments are also anticipated in the intertidal area 

immediately north of the causeway, due to modified movement of the Fraser River plume 

carrying suspended fine sediments. Change in the distribution of Fraser River freshwater will 

also affect the delivery of natural and anthropogenic substances to different areas of the 

tide flats. While minor localised changes in distribution may occur, a measurable change 

relative to existing conditions is unlikely. As these sediments contribute very little to the 

accretion of the upper tide flats on an annual basis, the overall concentration averages and 

ranges are likely to remain unchanged relative to existing conditions. Lower concentrations 

of chloride and other salt ions in tide flat sediments are expected in areas of decreased 

water column salinity, as per the existing relationship between chloride and salinity. 

Maintenance Dredging 

Maintenance dredging in the berth pocket and tug basin have the potential to re-suspend 

and redeposit sediments; however, based on the experience of port operations at Roberts 

Bank, limited or no maintenance dredging will likely be required for RBT2. Based on the 

uncertainty of the activity occurring and scope of maintenance dredging, dispersion 

modelling to predict sediment deposition from maintenance dredging activities was not 

conducted. Modelling results for construction-phase dredging are assumed to be a 

conservative prediction should maintenance dredging be required. Sediment deposition for 

berth pocket maintenance dredging is assumed to be similar to model predictions for 

construction activities for the dredge basin (Section 9.6.8.1, Figures 9.6-8 and 9.6-9), 

however, to a lesser extent as dredging would likely occur over a smaller area. Sediment 

deposition for tug basin maintenance dredging is assumed to be similar to model predictions 

for the tug basin expansion dredging activities (Section 9.6.8.1, Figures 9.6-14 

and 9.6-15). 

Other Operational Procedures 

Operation activities will be conducted in accordance with the Operation Environmental 

Management Plan (Section 33.4). Plans relevant to the surficial geology and marine 

sediment IC include the Operation Compliance Monitoring Plan (Section 33.4.1), 
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the Hazardous Materials and Waste Management Plan (Section 33.4.5), and the Spill 

Preparedness and Response Plan (Section 33.4.7). With implementation of these 

plans, no additional changes to surficial geology and marine sediments from Project 

operation are expected. 

Other potential operation-related changes to surficial geology and marine sediments could 

result from accidents and malfunctions. Potential effects to marine VCs from altered 

sediment quality resulting from accidents or malfunctions are discussed in Section 30.0 

Potential Accidents or Malfunctions. 

9.6.9 Future Conditions with the Project and Other Certain and Reasonably 
Foreseeable Projects and Activities 

Project-related changes in surficial geology and marine sediment in combination with the 

changes from other projects that have been or will be carried out (as reflected in existing 

conditions in Section 9.6.6) are described in Section 9.6.8.  

The combination of Project-related changes plus changes from other certain and reasonably 

foreseeable projects and activities (described in Table 8-8 Project and Activity Inclusion 

List) were considered. An assessment of cumulative change was not conducted, however, 

as these projects and activities are not expected to influence the conditions of this IC in a 

way that could interact cumulatively with the changes predicted to result from the Project. 

Rationale for the exclusion of these projects and activities in the assessment of cumulative 

change is provided in Appendix 9.6-D Rationale for Exclusion of Other Certain and 

Reasonably Foreseeable Projects and Activities in the Surficial Geology and Marine 

Sediment Assessment of Cumulative Change. 

9.6.10 Summary of Assessment 

The large amount of data collected at Roberts Bank and reference areas to characterise 

existing conditions for the surficial geology and marine sediment IC have facilitated an 

understanding of the relationships between abiotic and biotic components. 

Marine sediments are part of a dynamic estuarine ecosystem that are expected to 

experience ongoing natural changes and variation in the future. Changes to surficial geology 

and marine sediments within the construction and operation phases of the Project are 

expected to be minimal or virtually undetectable relative to natural variability. Deposition of 

fine sediments from construction activities is not predicted to exceed 1.7 mm in thickness, 

and is less than the low range of the estimated natural sedimentation rate for Roberts 
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Bank (i.e., 2 mm/y to 20 mm/y). Changes in sediment contaminant concentrations are 

not expected as sediments that will be re-suspended and deposited as a result of 

construction-phase activities will not be contaminated. Changes to surficial geology and 

marine sediments, driven by changes to coastal processes, are expected as a result of the 

terminal footprint. These changes will manifest after placement of the containment dykes 

and will continue into the operation phase for the life of the Project. Initial changes to 

surficial geology and marine sediments include localised areas of erosion and subsequent 

deposition. Changes in the distribution of the Fraser River plume will affect the delivery of 

fine sediments to the tide flat; however, changes to marine sediments from the deposition 

of these fines are considered negligible. 

Changes to surficial geology and marine sediments during the operation phase are expected 

to be driven by coastal processes. Potential localised changes to sediment grain size 

distribution and dependent parameters in scour and deposition areas are expected to be 

minimal relative to existing natural variation.  

Other certain and reasonably foreseeable projects and activities considered in this 

assessment are not expected to interact cumulatively with the surficial geology and marine 

sediment changes predicted to result from the Project at Roberts Bank. 

9.6.11 Uncertainty, Sensitivity, and Reliability 

The evaluation of Project-related changes with respect to physical and chemical 

characteristics of surficial geology and marine sediment are based on two sets of 

predictions. During the construction phase, this evaluation included model predictions to 

determine sediment re-suspension and deposition as a consequence of construction-related 

activities. Confidence in the model predictions is based on a critical analysis of the 

confidence in, versus degree of, uncertainty associated with three key components: 

 Characteristics of sediment sources, including sediment re-suspension and DAS 

discharge – The amount of sediments that may be introduced to the water column 

and resulting deposition thickness and sediment grain size are based on an adequate 

understanding of Project activities and standard tools and specifications used for 

evaluating sediment re-suspension and dispersion during dredging and disposal 

activities. Any uncertainty has been addressed using conservative estimates, which 

would tend to over-predict the deposition thickness that may result from the Project. 
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 Ability of the model to simulate tidal current and wind wave effects on water 

movements through the construction window – The H3D model has been extensively 

validated over the course of its ongoing development. Model predictions were also 

validated against real-world observations. The degree of uncertainty in this aspect of 

the model is low. 

 Ability of the model to simulate depositional thickness of within and beyond the 

candidate DAS area – The predictions about sediment depositional thickness are 

corroborated by observations and data collected in 2013 on the delta foreslope. 

There is a high degree of certainty regarding conclusions that sediment deposition as 

a result of construction activities will be a very minor proportion of natural 

sedimentation rates. 

For a more detailed summary, refer to Appendix 9.6-C. Overall, any difference in predicted 

results as a result of model uncertainty are expected to be minor and captured within 

conservative assumptions. The assessment of surficial geology and marine sediments based 

on sediment re-suspension and deposition is considered to be reliable. 

During the operation phase, predictions in changes in bottom currents, wave-induced 

currents, and movement of the Fraser River plume carrying suspended fine sediments 

pertain to changes in coastal geomorphology. As the degree of confidence in these 

predictions is relatively high, the assessment of surficial geology and marine sediment 

based on sediment re-suspension and deposition from altered coastal processes is 

considered to be reliable. For a more complete discussion, please see Section 9.5.11 

Coastal Geomorphology, Uncertainty, Sensitivity, and Reliability. 
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9.7 MARINE WATER QUALITY 

This section describes the existing conditions related to the marine water quality and 

anticipated future changes resulting from Project components and activities. Information 

required to address requirements contained in EIS Guidelines, part 2, section 9.1.4, is 

provided, including the chemical characterisation of marine water quality from multi-

seasonal surveys, as well as a discussion of parameter concentrations or profiles that could 

be directly or indirectly affected by the Project. 

Marine water quality is of interest because of its influence on estuarine and marine 

ecosystems. The assessment of marine water quality is supported by information provided 

in Section 9.5 Coastal Geomorphology and Section 9.6 Surficial Geology and Marine 

Sediment. Understanding existing and future marine water quality characteristics will help 

to inform the effects assessment for marine biophysical VCs provided in Sections 11.0 

to 16.0. 

9.7.1 Selection of Intermediate Component 

Selection of marine water quality as an IC followed the three-step selection process 

described in Section 8.1.2 Selection of Valued Components. Although interactions occur 

between Project components and activities and marine water quality, marine water quality 

is not a receptor component in a Project-related effects pathway; therefore, it is considered 

to be an IC. 

9.7 Marine Water Quality Assessment Highlights: 

 Construction activities are not expected to alter water contaminant or nutrient 
levels, pH, dissolved oxygen, or temperature.  

 Increases in total suspended solids levels from construction activities are 
expected to be temporary and minimal relative to existing natural variability.  

 The Project is expected to result in changes to marine water quality. As a result 
of the terminal footprint, localized changes in salinity and turbidity are predicted 

in the intertidal zone, but within the natural ranges currently experienced.  

 The Project is not expected to result in incremental cumulative changes to marine 

water quality. 
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The Project Interaction Matrix (Appendix 8-B) was used to identify potential interactions 

between Project components and activities and marine water quality. Activities resulting in 

sediment re-suspension (e.g., dredging, vibro-densification) or discharges of sediment-

laden water (e.g., disposal at sea) have the potential to alter marine water quality through 

increases in suspended sediments or contamination in the water column. As described in 

Section 9.5.8 Coastal Geomorphology, Future Conditions with the Project, the 

terminal footprint will alter tidal currents and interactions with Fraser River waters, resulting 

in changes to the distribution of marine water locally within the Roberts Bank area. These 

changes can in turn influence habitat quality, food sources, and species composition.  

9.7.2 Assessment Purpose and Approach 

This section describes the purpose and approach to studying marine water quality for the 

purposes of assessing Project-related changes to this IC. For subsequent statements in this 

section pertaining to professional reliance, the names and qualifications of the individuals 

making that judgement are listed at the beginning of Volume 2. 

In 2012, PMV initiated field, desktop, and modelling studies to support the environmental 

assessment (EA) and future Project management. Building on available information, the 

studies were designed to address known data gaps. The objectives of the marine water 

quality studies are identified as follows: 

 Define the existing physical and chemical water quality characteristics, including 

seasonal variation, at Roberts Bank and at reference areas including Sturgeon Bank 

and Boundary Bay; 

 Predict concentrations of total suspended solids (TSS) and the extent of TSS 

plume dispersion from construction-phase activities that re-suspend sediment; and 

 Predict changes in salinity arising from altered distribution and mixing of Fraser River 

freshwater with the saline water of the Strait of Georgia on the tidal flats as a result 

of the terminal footprint location. 

These objectives were addressed through the completion of specific studies, as outlined 

in Table 9.7-1.  
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Table 9.7-1 Marine Water Quality Studies to Support the Assessment 

Study Name Study Description Report Location 

Sediment and 

Water Quality 
Characterisation 

Studies  

A desktop review of recent data and information pertaining 
to the physical and chemical characteristics of marine water 

quality, including spatial and temporal trends, at Roberts 
Bank and surrounding areas. 

Appendix 9.6-A  Field studies conducted across seasons in 2012 and 2013 to: 

1) characterise physical and chemical parameters of marine 
water quality for Roberts Bank and surrounding area; 2) 

generate spatial and temporal trends; and 3) compare 
results to the Canadian water quality guidelines for the 
protection of aquatic life. 

Dredging 

Studies – 
Dispersion 

Modelling 

Modelling of a series of sediment re-suspension and 

dispersion scenarios for construction activities to provide 
predictions of Project-related TSS concentrations in the 

water column and plume dispersion characteristics. 

Appendix 9.6-C 

Coastal 

Geomorphology 

Study  

Refer to Section 9.5 Coastal Geomorphology for 

descriptions of the studies used to support the prediction of 
future coastal geomorphic conditions that have informed the 
marine water quality assessment. These studies include 

measurement of salinity and turbidity on vertical profiles, as 
well as numerical modelling of inter-mixing between fresh 
and saline water over Roberts Bank. 

Appendix 9.5-A 

9.7.3 Summary of Information Sources 

Marine water quality in the Roberts Bank area has been studied extensively since the 1970s, 

including oceanographic surveys and studies for existing industrial activities and 

developments at Roberts Bank. This assessment incorporates information from the following 

sources: 

 Water quality assessment in the Fraser River estuary (Levings and Coustalin 1975, 

Shaw and Tuominen 1999); 

 Water quality assessment at Roberts Bank and Sturgeon Bank (Swain et al. 1998); 

 Research on the nutrient dynamics in the Fraser River estuary (Harrison et al. 1998); 

 Fraser River aquatic ecosystem research conducted under the Fraser River Action 

Plan (Gray and Tuominen 1998); 

 Roberts Bank cumulative environmental effects study for the marine habitat (Triton 

Environmental Consultants Ltd. 2001); 

 Baseline water quality sampling for Deltaport Third Berth (DP3) Project EA (EVS-

Golder 2004); 

 Quarterly water quality monitoring data and information for the DP3 Adaptive 

Management Strategy (AMS) from 2007 to 2012 (Hemmera et al. 2008, 2009, 2010, 

2011, 2012, 2013); and 

 Project-specific coastal geomorphology studies (described in Section 9.5 Coastal 

Geomorphology). 
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This assessment utilised DP3 EA baseline and post-approval monitoring data specifically to 

examine longer-term temporal trends in water quality, and to obtain information on TSS 

and turbidity at Roberts Bank. Information from the sources listed above are summarised in 

Section 9.7.6 and detailed in Appendix 9.6-A Sediment and Water Quality 

Characterisation Studies.  

9.7.4 Applicable Guidelines 

There are no standards or criteria for marine water quality. 

Canadian Water Quality Guidelines for the Protection of Aquatic Life, developed through the 

Canadian Council of Ministers of the Environment (CCME), have been applied in this 

assessment (CCME 1999). As the anticipated changes to marine water quality will be a 

result of Project-related activities that will cause sediments to be suspended within 

the water column, CCME guidelines for TSS in milligrams per litre (mg/L) are provided in 

Table 9.7-2. The CCME and for the B.C. Ministry of Environment (MOE) Environmental 

Protection Division TSS guidelines are the same. 

Guidelines pertaining to chemical parameters (including metals and nutrients) are provided 

in Appendix 9.6-A and in the sections that follow, where relevant. 

Table 9.7-2 Canadian Water Quality Guidelines for the Protection of Aquatic 

Life - Total Suspended Solids 

Period1 Guideline Value – Suspended Sediments 

Clear Flow 
Maximum increase of 25 mg/L from background levels for any short-term exposure 
(e.g., 24-hour period). Maximum average increase of 5 mg/L from background levels 

for longer-term exposures (e.g., inputs lasting between 24 hours and 30 days). 

High Flow 

Maximum increase of 25 mg/L from background levels at any time when background 

levels are between 25 and 250 mg/L. Should not increase more than 10% of 

background levels when background is >250 mg/L. 

Note:  1. Clear flow and high flow are used to describe periods when TSS concentrations are low 

(i.e., less than 25 mg/L) and relatively elevated (i.e., greater than or equal to 25 mg/L), 
respectively (CCME 2002).  

This assessment utilised the long-term exposure period for the clear-flow period guideline 

(maximum average increase of 5 mg/L from background levels) as this is the most 

conservative guideline for comparison of predictions of Project-related TSS levels. In reality, 

as described below, ambient TSS concentrations at Roberts Bank vary seasonally and 

spatially, and fall within both the clear flow (less than 25 mg/L) and high flow (greater than 

25 mg/L) periods. 



PORT METRO VANCOUVER | Roberts Bank Terminal 2  

  Page | 9.7-5 

9.7.5 Methods 

This section provides a summary of the methods used to assess marine water quality, 

including the temporal scope, study area, and a summary of the methods for specific field 

and modelling studies described in Table 9.7-1. 

9.7.5.1 Temporal Boundaries 

The four temporal cases considered in this assessment include the following: 

1) Existing conditions; 

2) Expected conditions; 

3) Future conditions with the Project; and 

4) Future conditions with the Project and other certain and reasonably foreseeable 

projects and activities. 

Characterisation of existing conditions was reflective of the years 2012 and 2013. Expected 

conditions prior to the Project commencing are anticipated to be similar to existing 

conditions, and further details supporting this conclusion are provided in Section 9.7.7.  

Predictions of Project-related changes in the construction and operation phases are based 

on temporal descriptions provided below.  

Construction Phase 

Changes to marine water quality related to Project construction are predicted for the years 

2019 to 2021 to coincide with potential maximum adverse changes to water 

quality associated with loading of the intermediate transfer pit (ITP), dredging, 

removal of unintentional by-releases produced during vibro-densification referred to as 

vibro-replacement expressed fines (VEF), and disposal at sea (DAS) discharges, as 

outlined in Section 4.4.1 Construction-phase Activities. Changes in coastal processes 

arising from the presence of the Project footprint will also influence changes to water quality 

(see Section 9.5.8 Coastal Geomorphology, Future Conditions with the Project). As 

detailed in Appendix 4-E Preliminary Construction Schedule and Basis of Schedule 

Report, the terminal perimeter containment dykes are expected to be in place by early 

2020, mid-way through the construction phase. Since Project-related changes to coastal 

processes are driven by the establishment of the terminal footprint, changes are anticipated 

from 2020 onward. The 2019 to 2021 timeframe provides a conservative representation of 

Project-related effects for the entire 2018 to 2023 construction phase. 
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Operation Phase 

The predictions of Project-related changes to water quality in the operation 

phase are representative of the entire operation phase, as described in Section 4.4.2 

Operation-phase Activities. Changes to the IC in the operation phase are primarily driven 

by changes to coastal processes, which arise from the presence of the Project footprint, as 

stated above. 

9.7.5.2 Study Area 

The local study area (LSA) encompasses areas within which Project-related sediment re-

suspension or discharges may change marine water quality. The LSA was also selected to 

characterise physical habitat and provide information to support the marine biophysical VC 

effects assessments (see Sections 11.0 to 15.0). Figure 9.7-1 shows that Roberts Bank 

is the primary area of focus. The spatial boundary of the LSA includes the following: 

 Fraser River estuary intertidal areas at Sturgeon Bank, Boundary and Mud bays, and 

Roberts Bank from the higher high-water level to the 0 m chart datum (CD) depth 

contour; and 

 Subtidal and delta foreslope areas anticipated to be indirectly affected by Project-

related activities at Roberts Bank. 

An assessment area for determining future cumulative change is not required since there 

are no reasonably foreseeable projects or activities expected to influence or change the 

conditions of marine water quality in conjunction with Project-related changes (refer to 

Section 9.7.9 for further information). 

9.7.5.3 Study Methods 

Previous studies that characterised marine water quality in the LSA were interpreted, along 

with observations from new field studies, to supplement current information and evaluate 

temporal trends. Future changes to marine water quality from construction activities and 

influenced by changes to coastal processes were predicted through modelling. To predict 

changes during the construction phase, dredging and dispersal modelling studies utilised 

hydrodynamics, sediment release, and sediment transport to understand the fate of 

suspended sediments in the water column. Coastal geomorphology modelling, as 

summarised in Section 9.5.5 Coastal Geomorphology, Methods was applied to 

understand changes to currents and distribution of the Fraser River plume resulting from 

the influence of the Project footprint. The following subsections summarise the field study 

and modelling methods used to support this IC assessment. Table 9.7-1 summarises the 

purpose of these specific field and modelling studies. 
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Sediment and Water Quality Characterisation Field Studies 

Field studies were conducted to characterise physical and chemical water parameters at 

monthly to bimonthly intervals over a period of approximately one year (July 2012 to June 

2013), along with coastal geomorphic studies to profile turbidity that were completed 

between June and August 2012. This sampling frequency captured the temporal variation 

that occurs both locally and with water column depth, and incorporated seasonal variation in 

Fraser River discharge rates. As water column characteristics are fairly uniform over 

appreciable distances, sampling resolution ranged from approximately 500 m to slightly 

more than 1 km to characterise broader spatial trends. 

Field measurement data were collected using conductivity, temperature, and depth (CTD) 

vertical profiles in waters over the intertidal area within the LSA, as shown in Figure 9.7-2. 

Measured parameters included temperature, pH, dissolved oxygen (DO), specific 

conductance, salinity, oxidation reduction potential, total dissolved solids, turbidity, 

and depth. Additional water chemistry variables, including water hardness, TSS, nutrients, 

and trace elements such as metals, were analysed from grab samples collected in April 

2013 from surface and bottom waters. Detailed field study information is provided in 

Appendix 9.6-A. 

Modelling Studies 

The two modelling studies undertaken to inform Project-related changes to marine water 

quality are identified as follows: 

 To predict sediment dispersion and TSS concentrations, a three-dimensional 

hydrodynamic model (H3D) was used to predict potential changes resulting from 

activities such as dredging, vibro-densification, loading and removal of sand from the 

ITP, and DAS discharges. Additional information on dispersion modelling methods 

and assumptions is provided in Section 9.6.5 Surficial Geology and Marine 

Sediments, Methods, and a detailed description of the model, model input values 

and assumptions, model validation, and results is provided in Appendix 9.6-C 

Dredging Studies – Dispersion Modelling. Refer to Table 9.6-2 Summary of 

Modelling Scenarios for Roberts Bank Terminal 2 Construction Activities for 

the modelling scenarios undertaken to assess changes to marine water quality. 

Predicted TSS concentration results are provided as the percentage of time 

(percentage of the activity modelling period) a TSS increase greater than 5 mg/L 

from background occurs (i.e., CCME clear flow period guideline). As ambient TSS 

concentrations are spatially and temporally variable (from approximately 2 mg/L to 

260 mg/L as described in Section 9.7.6.4), a background TSS concentration of 

0 mg/L was applied for modelling purposes. Since this natural variation will occur 

throughout the construction phase, and since the objective was to determine 

construction-related TSS increases, a 0 mg/L background facilitates evaluation of 

Project-related change. 
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 To model salinity, the TELEMAC modelling system was used to evaluate the 

distribution and mixing of Fraser River freshwater with the saline water of the Strait 

of Georgia within the LSA on the tidal flats. Information on modelling methods and 

assumptions is provided in Section 9.5.5 Coastal Geomorphology, Methods, and 

a detailed description of the model, model inputs, and results is provided in 

Appendix 9.5-A Coastal Geomorphology Study.  

9.7.6 Existing Conditions 

The Fraser River estuary at Roberts Bank is a dynamic system. Physical oceanography 

aspects that either directly or indirectly influence water quality at Roberts Bank are 

discussed more fully in Section 9.5.6 Coastal Geomorphology, Existing Conditions and 

Appendix 9.6-A. Existing conditions at Roberts Bank have been affected by other projects 

and activities that have been carried out, as described in Section 9.5.6 Existing 

Conditions.  

Factors influencing natural variation that have been considered in defining existing 

conditions of marine waters include the following: 

 Seasonal and between-year variability of Fraser River discharge;  

 Approximately twice-daily tidal cycles, the amplitude of which vary strongly across 

spring tides and neap tides; 

 Tidal currents that are in turn modified by elevation and shape of the seabed; and 

 Water–seabed interactions from wind-generated waves, the height of which are 

influenced by seabed depth, height of the beach (which contributes to energy loss 

during wave run-up), and wind direction and speed relative to wave fetch and 

wave shadow at Roberts Bank. 

Water quality within the Fraser River estuary is generally good (Gray and Tuominen 1998). 

A description of existing conditions for marine water quality parameters, including 

temperature, salinity, DO, pH, TSS, turbidity, nutrients, and contaminants of concern, is 

provided below.  

9.7.6.1 Temperature 

Temperature varies seasonally and across tidal cycles in the LSA. In surface waters 

(top 1 m), historical values from July to September reported for measured temperature 

ranged from 11.0° C to 22.5° C (Levings and Coustalin 1975). 
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Water temperature within the LSA varies in concert with seasonal variations in air 

temperature. Water temperatures range from 15° C to 22° C in summer (July and August), 

10° C to 17° C in the fall (September and October), 1° C to 7° C in winter (January and 

February), and 8° C to 18° C in the spring (April and June) (Appendix 9.6-A). Water 

temperatures generally decrease slightly with water column depth, except for observations 

from winter CTD vertical profiles, which showed cooling of water at the sea surface. 

Changes in temperature can be expected as a result of climate change. The current climate 

change science suggests that by the 2050s, mean annual temperatures across B.C. will be 

1°C to 3°C warmer on average (Pacific Climate Impacts Consortium 2013). Increased 

precipitation in winter, decreased precipitation in summer, and decreased snowfall in winter 

and spring are all expected (Kharin et al. 2007, Fraser Basin Council 2011, Pacific Climate 

Impacts Consortium 2013). Based on these climate change predictions, an increase in water 

temperature in the LSA is expected. 

9.7.6.2 Salinity 

Salinity varies spatially, seasonally, and temporally with tidal cycles within the LSA due to 

mixing of the saline waters of the Strait of Georgia with freshwater inputs from the Fraser 

River. Section 9.5.6 Coastal Geomorphology, Existing Conditions provides a 

description of the physical processes that drive the hydrodynamic system, as well as a 

description of the vertical mixing in the water column over Roberts Bank during tidal 

exchange. 

Published field measurements of surface waters (top 1 m) indicate that from July to 

September, salinity varies from freshwater to 33 practical salinity units (PSU) (Levings and 

Coustalin 1975). The Fraser River plume is substantially excluded from the inter-causeway 

area but routinely occupies the upper-most layer of the water column over more northerly 

and seaward portions of Roberts Bank. The surface waters of the inter-causeway area are 

therefore more saline than adjacent areas of the Fraser River delta (Levings and Coustalin 

1975, Pearce and McBride 1977). 

General spatial and seasonal trends in salinity at Roberts Bank, Boundary Bay, and 

Sturgeon Bank were assessed using field measurement data collected in 2012 and 2013 

(Appendix 9.6-A). The lowest observed salinities at Roberts Bank coincided with peak 

Fraser River flows during spring freshet, the period of greatest Fraser River discharge. 

Salinity was higher at Roberts Bank in the non-freshet (mid-autumn to mid-spring) period. 
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The greatest overall variation in salinity in the LSA was observed at Roberts Bank. This is 

attributed mainly to the varying influence of the Fraser River discharge and marine waters. 

The waters of Boundary Bay, which are only marginally influenced by the Fraser River 

discharge, exhibited higher average and maximum salinities than Roberts Bank and 

Sturgeon Bank across all seasons. 

In general, salinity increases with depth in the water column. This reflects the fact that 

freshwater is less dense than saltwater, which floats above the marine water, creating a 

fresher upper layer on top of a saltier bottom layer. Vertical CTD profiles collected at 

Roberts Bank in 2012 and 2013 revealed four distinct water stratification categories within 

the LSA (Appendix 9.6-A), as follows:  

(i) Areas predominantly influenced by Fraser River discharge, where salinity varies 

across a lower range of 0 PSU to 20 PSU. Lowest salinities and greatest spatial 

extent of these areas are observed during spring freshet; 

(ii) Areas predominantly under marine influence. These areas display no distinct 

stratification, and salinity is generally greater than 25 PSU. Slightly lower salinity 

(approximately 18 PSU) was observed in surface waters during periods of greatest 

Fraser River discharge during spring freshet and on a falling tide; 

(iii) Areas of persistent stratification of the two major water masses – brackish Fraser 

River discharge and Pacific marine water; and 

(iv) Areas of turbulent vertical mixing of the two major water masses. These areas 

generally occur in the intertidal zone (approximately +1 m CD to +3 m CD) when 

tide levels generate water depths of less than 2 m, where interactions between 

estuarine circulation, the seabed, and wind-generated waves result in turbulent 

mixing throughout the depth of the shallow water column, such that nearly uniform 

properties are exhibited throughout the water column. 

The spatial distribution of freshwater mixing across Roberts Bank is difficult to map based 

on field measurements because of the large temporal variability; however, numerical 

modelling described in Section 9.5.5 Coastal Geomorphology, Methods provided a 

powerful tool to depict existing salinity over various time scales. TELEMAC model results 

were used to describe the distribution of salinity at Roberts Bank using the 50th-percentile 

values, which were calculated using hourly model values. Salinity distribution for the 2012 

May to July freshet period is shown in Figure 9.7-3. There was a nearly even gradient 

between the background salinity of the Strait of Georgia and the freshwater emanating from 

the Fraser River. The seasonal shift toward generally much higher salinity over Roberts 

Bank when the Fraser River flows declined in the 2012 October to December non-freshet 

period is shown in Figure 9.7-4. 
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Figure 9.7-3 Existing Conditions 50th-percentile Salinity Map for the 2012 

Freshet Period (May to July) 

 

Figure 9.7-4 Existing Conditions 50th-percentile Salinity Map for the 2012 Non-

Freshet Period (October to December) 
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TELEMAC model results were also useful for describing daily variation in salinity values at 

various locations (Figure 9.7-5). Hourly values of salinity were extracted from the model at 

locations T5 and T6 shown in Figure 9.7-5 to illustrate this natural variability. For the 

period June 11 to June 24, 2012, the hourly variation in salinity ranged from below 5 PSU to 

over 25 PSU at T5, often in a single day (Figure 9.7-6). At T6, which is approximately 

1.3 km further seaward, the daily range was slightly greater, reflecting greater exposure 

to the Fraser River plume, which flows toward the southeast during the dropping tide 

(Figure 9.7-7). 

Figure 9.7-6 Hourly Variation in Salinity and Tide Height at Station T5 for the 
Period June 11 to June 24, 2012 Based on TELEMAC Model Results 

 

Figure 9.7-7 Hourly Variation in Salinity and Tide Height at Station T6 for the 
Period June 11 to June 24, 2012 Based on TELEMAC Model Results 
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9.7.6.3 Dissolved Oxygen and pH 

Dissolved oxygen, a measure of the amount of gaseous oxygen dissolved in water, varied 

from 8 mg/L to 11 mg/L based on data collected between 2007 and 2013. Levels of pH, a 

measure of how acidic or basic a solution is, averaged 7.8 over all field observations. For 

both DO and pH, little spatial or temporal variability was observed. 

9.7.6.4 Total Suspended Solids and Turbidity 

Total suspended solids is a measure of the dry weight of solid material (all organic and 

inorganic suspended solids) per volume of water, while turbidity is a measure of the lack of 

clarity or transparency of water caused by suspended or dissolved substances. Total 

suspended solids and turbidity levels exhibit high seasonal and spatial variability due to 

Fraser River discharge. Suspended sediment concentrations in the Fraser River waters 

correspond with peak seasonal flow, typically ranging from 500 mg/L to 1,000 mg/L during 

freshet season, between 100 mg/L to 200 mg/L in late summer and fall, and between 

50 mg/L to 100 mg/L during low flow in the winter season (McLean and Church 1986). The 

suspended sediments in the Fraser River in turn influence TSS concentrations and turbidity 

in the delta water masses and estuarine waters at Roberts Bank. The range and variability 

of TSS and turbidity levels from studies conducted between 2004 and 2013 at Roberts Bank 

are summarised in Table 9.7-3. 

Table 9.7-3 Summary of Total Suspended Solids and Turbidity Results for 

Roberts Bank (2004 to 2014) 

Study  
Sampling 

Period 

Roberts Bank 

Sampling Locations 

Total Suspended Solids and/or 

Turbidity Levels 

Deltaport Third 

Berth 
Environmental 
Assessment (EVS-

Golder 2004) 

May to June 

2004 
(Freshet) 

Nearshore stations 

TSS Average: ~50 mg/L in May, 

~70 mg/L in June 

TSS Maximum: ~170 mg/L in May,  

~260 mg/L in June 

Deeper-water stations 
TSS Average: ~30 mg/L in June 

TSS Maximum: ~60 mg/L in June 

Adaptive 
Management 

Strategy 
Monitoring 
Program 
(Hemmera et al. 

2008 to 2013) 

Quarterly 

Sampling, 
2007 to 2012 

(Freshet) 

Roberts Bank North 

(off Westham 
Island/Canoe Passage) 

TSS Range: 3 mg/L to 95 mg/L 

Inter-causeway area TSS Range: 3 mg/L to 37 mg/L 

Quarterly 

Sampling, 
2007 to 2012 

(Non-freshet) 

Roberts Bank North 

(off Westham 
Island/Canoe Passage) 

TSS Range: <DL to 67 mg/L 

Inter-causeway area TSS Range: <DL to 52 mg/L 
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Study  
Sampling 

Period 

Roberts Bank 

Sampling Locations 

Total Suspended Solids and/or 

Turbidity Levels 

Roberts Bank 

Terminal 2 
Sediment and 
Water Quality 

Characterisation 
Studies 
(Appendix 9.6-A) 

April 2013 

(Pre-freshet) 

North of the Roberts 

Bank causeway, inter-
causeway area, and at 

the proposed terminal 
site 

TSS Range: 2.2 mg/L to 8.8 mg/L 

June 2013 

(Freshet) 

North of the Roberts 

Bank causeway 

Turbidity (at all stations and 

depths) averaged 27 NTU and 
ranged from 0.3 NTU to 68 NTU 

Inter-causeway area 
Turbidity (at all stations and 
depths) averaged 7.6 NTU and 

ranged from 0.3 NTU to 41 NTU 

Notes:  <DL - less than lowest level detected (2 mg/L) by routine laboratory analytical method; ~ - 

approximately; NTU - nephelometric turbidity unit. 

Peak TSS concentrations were observed in May through June, corresponding to spring 

freshet. Turbidity and TSS were generally lower and less variable in the inter-causeway area 

than in the areas north of the Roberts Bank causeway, as the Fraser River plume is largely 

excluded from the inter-causeway area of Roberts Bank. Turbidity was observed to be 

typically higher in surface waters and lower at depth in the 2004 study (EVS-Golder 2004), 

although higher turbidity has also been documented for the layer of water directly above the 

sediment (i.e., the benthic boundary layer) within the Fraser River estuary and Strait of 

Georgia (Johannessen et al. 2006). 

9.7.6.5 Nutrients 

Water sampling results did not provide any evidence of anthropogenic influence on nutrient 

concentrations on the water column (Appendix 9.6-A). Primary productivity is 

expected to be nitrogen limited in both the Fraser River estuary and the Strait of Georgia 

during mid-summer to early autumn (Harrison et al. 1998). Enhanced nutrient 

concentrations and high primary productivity are observed in the Fraser River plume 

(Harrison et al. 1991, Wilson et al. 2013). Concentrations of the nutrients nitrogen and 

phosphorus from sampling at Roberts Bank in 2013 are provided below, and additional 

details are provided in Appendix 9.6-A.  

Nitrogen 

Nitrogen is found in various forms in water including ammonia, nitrate, and nitrite. Nitrate 

and nitrite concentrations were less than the analytical detection limits (0.5 mg/L and 

0.1 mg/L, respectively), with the exception of a single sample collected north of the Roberts 

Bank causeway with a 1 mg/L nitrate concentration.  
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Ammonia concentrations in the inter-causeway area and vicinity of the proposed terminal 

area were lower in surface waters (15.2 micrograms per litre (µg/L) and 18.8 µg/L, 

respectively) than in deeper waters at the same locations (26.2 µg/L and 33.1 µg/L, 

respectively). Ammonia concentrations north of the Roberts Bank causeway were similar for 

both surface and bottom waters (32.1 µg/L and 29.9 µg/L, respectively), and were 

comparable to the higher concentrations in deeper waters in the inter-causeway area and 

future terminal site. These results are consistent with AMS quarterly monitoring results 

(Hemmera et al. 2008 to 2013). 

Phosphorus 

Total phosphorus concentrations were observed to be higher in deeper-water samples than 

in shallow-water samples for the inter-causeway area (53.4 µg/L and 51.2 µg/L), the 

proposed terminal site (63.6 µg/L and 51.6 µg/L), and north of the Roberts Bank 

causeway (65.4 µg/L and 64.1 µg/L). These results are consistent with AMS monitoring 

results to 2013. 

Eutrophication 

Excess concentrations of the nutrients nitrogen or phosphorus can lead to increased primary 

production and a surplus of organic matter, resulting in eventual oxygen depletion (Cognetti 

2001); this is known as eutrophication. Factors causing eutrophication typically include 

nitrogen availability, chlorophyll presence (i.e., primary production), and oceanographic 

conditions (i.e., limited system flushing and renewal) (Mackas and Harrison 1997). Since 

relatively enclosed bodies of water with limited water exchange are particularly vulnerable 

to eutrophic events (Rosenberg 1985, Justić et al. 1987), eutrophication was identified as a 

key indicator for monitoring as part of the AMS monitoring for DP3. However, evidence of 

eutrophication has not been observed during monitoring conducted under the AMS program 

since 2007 in the inter-causeway area (Hemmera et al. 2013). 

9.7.6.6 Contaminants of Potential Concern 

Contaminants enter the Fraser River estuary from industrial and municipal discharges, non-

point-source runoff from agricultural and urban stormwater, and from natural erosion and 

leaching. In addition, hydrocarbons can be introduced from small oils spills from boat traffic 

and local marinas in the area (Wilson et al 2013). Fecal coliform bacteria are present in 

municipal wastewater and stormwater discharges, which vary seasonally based on 

the influence of rainfall and bypassing of treatment works during peak flow events in 

winter months. 
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Overall, the 2012 to 2013 marine water study results and DP3 AMS program results (2007 

to 2012) confirm that the estuarine and marine waters around the Project are of good 

quality (i.e., within the range of levels expected in an estuarine environment), 

commensurate with an absence of local contaminant sources (Appendix 9.6-A). 

Trace elements, such as metals and metalloids, were analysed in seawater 

samples collected in April 2013 from the subtidal area near the proposed terminal site, 

inter-causeway area, and intertidal waters north of the Roberts Bank causeway. The 

concentrations were uniformly much lower than their respective guidelines as detailed in 

Appendix 9.6-A. 

Polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), 

dichlorodiphenyltrichloroethane (DDT), and other persistent toxic contaminants are not 

expected to occur at measureable levels (using standard analytical techniques), and 

therefore were not analysed in water column samples. Results from previous water quality 

studies, professional knowledge on the known chemical properties of these compounds, and 

their history of use and occurrence in the natural environment all indicate that these 

contaminants are not expected to be measurable within the LSA. For example, water 

samples collected at Roberts Bank in 2004 did not contain PAHs at concentrations greater 

than the analytical detection limits (EVS-Golder 2004). Because these compounds are highly 

hydrophobic contaminants, they preferentially associate with sediments. The most 

appropriate method, therefore, for evaluating the presence of these substances in the LSA is 

through the collection and analysis of surficial sediment samples (see Section 9.6.6 

Surficial Geology and Marine Sediment, Existing Conditions for concentrations of 

contaminants of concern within sediments). 

9.7.7 Expected Conditions  

Expected conditions prior to Project commencement are anticipated to be similar to the 

existing conditions described above for the following reasons: 

 Detectable changes in marine water quality have not been observed at Roberts Bank 

from 2007 and 2013 (Hemmera et al. 2013); therefore, it is reasonable to expect no 

measurable change to marine water quality from 2013 to 2018; 

 Other projects and activities expected to be carried out prior to 2018, as described in 

Section 3.4.3 Projects Contributing to Expected Conditions, are not anticipated 

to contribute to changes in marine water quality at Roberts Bank;  
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 Ocean circulation, which determines the distribution and mixing between the saline 

water of the Strait of Georgia and freshwater inputs from the Fraser River, is not 

expected to change; 

 It is assumed that although water quality may deteriorate in the Fraser River estuary 

as a result of rapid population growth (which corresponds with increases in 

contaminant discharges to the Fraser River (Shaw and Tuominen 1999)), this 

influence is not a primary driving factor of marine water quality at Roberts Bank; and 

 For future predictions accounting for climate change, Fraser River discharge and 

sediment yield, and in turn water quality, are assumed to remain within the same 

range as has been measured in the recent past (refer to Section 9.5.7 Coastal 

Geomorphology, Expected Conditions for additional information). 

9.7.8 Future Conditions with the Project 

Future changes in water quality resulting from construction-phase activities are described in 

Section 9.7.8.1. Changes in coastal processes that will influence changes to water quality 

are not limited to either phase, but arise from the presence of the Project footprint itself 

(refer to Section 9.5.8 Coastal Geomorphology, Future Conditions with the Project 

for more information). The terminal perimeter containment dykes are expected to be in 

place by early 2020, mid-way through the construction phase. Since Project-related changes 

to coastal processes are driven by the establishment of the terminal footprint, changes are 

anticipated from 2020 onward. Altered water quality arising from anticipated changes 

to coastal processes for both the construction and operation phases are described in 

Sections 9.7.8.1 and 9.7.8.2, respectively. All changes are provided in the context of 

existing conditions. 

Coastal geomorphology modelling indicates that RBT2 will not change actual water levels or 

exchange over the tidal flats. Changes in water temperature and DO within the LSA due to 

Project-related activities are also unlikely to occur. Based on the lack of influence of the 

Project on these parameters, potential changes in these water quality parameters are not 

considered further in this assessment. 

9.7.8.1 Construction Phase 

Specific construction activities described in Section 4.4.1 Construction-phase Activities 

that have the potential to affect water quality include the following: 

 Construction of the terminal and causeway containment dykes and terminal caisson 

wall; 

 Dredging activities in terminal dredge and tug basins; 
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 Vibro-densification, rock placement, and other modifications within the dredge basin; 

 Placement of Fraser River sand in the ITP and subsequent dredging to allow for 

pumping to the terminal and causeway fill areas;  

 Vibro-densification and rock placement during causeway widening;  

 Discharge of sediment-laden water (unuseable fines remaining in suspension) from 

containment structures to the estuarine environment; 

 Surface disposal of tug basin dredgeate via a barge to the DAS site; and 

 Stormwater discharge from existing and newly created terminal and causeway areas 

disturbed by construction activities. 

These activities are anticipated to cause sediment re-suspension that will lead to changes in 

TSS and turbidity. Because the sediments in the areas of interest are not contaminated 

(Section 9.6.6 Surficial Geology and Marine Sediment, Existing Conditions), no 

appreciable change in concentrations of water column contaminants or nutrients is 

anticipated. In addition, re-suspension or sediment discharge in and of itself would not alter 

DO, salinity, or temperature. Since TSS and turbidity are related parameters, as presented 

previously in Section 9.7.6.4, when TSS increases, turbidity would also increase. The 

following discussion of construction-related interactions focuses on increases in TSS 

concentrations as model output metrics are in mg/L TSS. 

Sediment Re-suspension for Dredging and Disposal Activities 

The amount of fines found in the sediments that comprise Roberts Bank vary naturally (as 

described in Section 9.6.6 Surficial Geology and Marine Sediment, Existing 

Conditions). This variability will influence concentrations of fines in the water column when 

re-suspended during disturbance of seabed sediments or discharge of sediment-laden 

water. Potential implications of suspended sediment concentrations in the water column 

therefore depend on the existing fines concentration in the source sediment, as well as 

ambient TSS concentrations. Fines content in specific source sediments was analysed to 

predict the varying levels of TSS in the water column. For example, sediments sourced from 

the dredge basin are estimated to have fines content of approximately 21%, with 15% of 

dredge basin dredgeate assumed to be discharged as fine sediments in suspension. In 

contrast, the estimated percent fines in sediments sourced from Fraser River dredgeate and 

transferred from the ITP is 10%, with less than 1% of material assumed to be discharged as 

fine sediments in suspension. The results for source sediment analyses are provided in 

Section 9.6.6 Surficial Geology and Marine Sediment, Existing Conditions. 
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These analyses were used to model the dispersion of suspended sediments. Model results 

for marine water quality are summarised below and detailed in Appendix 9.6-C Dredging 

Studies – Dispersion Modelling. Modelling was conducted for the following construction 

phase scenarios: 

 Suspended sediments from dredge basin dredging and ITP activities (filling the ITP 

by barge-dumping Fraser River sands, and removal of sands via clamshell dredge); 

 Disposal at sea discharge from infill location to 45 m CD of sediment-laden water 

from dredge basin dredgeate;  

 Disposal at sea discharge from infill location to 45 m CD of sediment-laden water 

from ITP-stored Fraser River sands; and  

 Suspended sediments from tug basin dredging and surface release over DAS location 

of tug basin dredgeate. 

As detailed in Section 9.7.5.3, results are compared to an assumed ambient background of 

0 mg/L for the purpose of clearly identifying and evaluating potential Project-related 

changes. For each modelling scenario, the predicted spatial extent of elevated TSS levels is 

provided with the corresponding proportion of time that TSS levels are predicted to increase 

by more than 5 mg/L from background (CCME clear-flow period guideline). A summary of 

predicted TSS results, including a description of the dispersion plume, the probability of 

TSS levels increasing by more than 5 mg/L from the assumed background of 0 mg/L, 

anticipated maximum TSS concentrations, and plume characteristics in the intertidal 

zone and across the Canada-U.S.A border, is provided in Table 9.7-4 and shown in 

Figures 9.7-8 to 9.7-11. -8 

Predicted increases in TSS levels are presented in context of the CCME clear-flow guideline, 

as it is the most conservative guideline for the evaluation of Project-related change. As 

summarised in Table 9.7-2, however, guideline values (i.e., the recommended maximum 

increase from background TSS levels) increase with increasing background levels. As stated 

previously, background TSS levels at Roberts Bank naturally vary both spatially and 

seasonally, and are naturally likely to be greater than 25 mg/L during the periods when 

dredging, ITP, and DAS activities are scheduled to occur. To provide a more realistic 

evaluation, modelling scenario results are therefore discussed in the context of higher CCME 

high-flow period criteria that pertain to these higher ambient background TSS conditions. 

Refer to Appendix 9.6-C for results pertaining to the corresponding proportion of time TSS 

levels are predicted to increase by more than 1 mg/L and 10 mg/L, and results of 

instantaneous maximum TSS plume extents under flood and ebb tidal conditions.  
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Table 9.7-4 Model Predictions for Total Suspended Solids Concentrations 

Increasing by Greater than 5mg/L from Assumed 0 mg/L 
Background for Dredging and Disposal Activities 

Activity 

Plume 

Description 

for TSS 
Levels 

>5mg/L 

Exceedance 

Frequency (% 
Time) 

Predicted 
Maximum TSS 

levels 

Plume in 

Roberts 

Bank 
Intertidal 

Zone 

Plume Across 

International 
Border 

Figure 

Dredging at 
dredge basin 

and activities 
at ITP 

Plume covers 

4.1 km2 to the 
northwest and 
southeast, 

parallel to delta 
foreslope, and 
localised 

around ITP 

>5 mg/L for <30% 

of the time for both 
plume areas 

>5 mg/L for <10% 

of the time at 
distances >250 m 
from the immediate 

re-suspension areas 

TSS levels 
not 

predicted to 
exceed 5 
mg/L 

TSS levels not 

predicted to 
exceed 5 mg/L 

9.7-8 

Disposal at 
sea discharge 
of sediment-

laden water 
from dredge 
basin 

dredgeate 
(including VEF 
clean-up) via 
pipe to 45 m 

CD depth at 

DAS site 

Plume covers 

90.5 km2 

transported 

parallel to the 
delta foreslope 

>5 mg/L for <70% 

of the time at 
distances 
>1 km from the 

discharge point 

Maximum TSS 
levels of ~100 mg/L 

near the discharge 
point during a flood 
tide 

Maximum TSS 
levels of ~150 mg/L 
near the discharge 
point during an ebb 

tide 

Maximum TSS 
levels of 10mg/L–20 

mg/L along the 
delta foreslope 

>5 mg/L 

for <20% 
of the time 

Maximum 

TSS levels 
are 

predicted to 

be 10 
mg/L–
12 mg/L 
during a 

strong flood 
tide 

>5 mg/L for 
<30% of the 
time 

Maximum TSS 
levels are 

predicted to be 

10 mg/L–
20 mg/L during 
a strong ebb 

tide 

9.7-9 

Disposal at 
sea discharge 
of sediment-

laden water 
containing ITP 
stockpile 

materials to 
DAS site via 
pipe to 45 m 

CD 

Disposal plume 

covers 
0.49 km2 
within 800 m 
of the 

discharge point 

>5 mg/L for <50% 

of the time at 
distances >150 m of 
the discharge point 

TSS levels 

not 
predicted to 
exceed 

5 mg/L 

TSS levels not 

predicted to 
exceed 5 mg/L 

9.7-10 
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Activity 

Plume 

Description 
for TSS 
Levels 

>5mg/L 

Exceedance 

Frequency (% 
Time) 

Predicted 
Maximum TSS 

levels 

Plume in 

Roberts 
Bank 

Intertidal 

Zone 

Plume Across 

International 
Border 

Figure 

Re-suspension 

sediments 
from tug basin 

dredging and 
disposal of 
dredgeate by 
surface 

release to the 
DAS site 

Dredging 

plume covers 
1.6 km2 to the 

northeast, 
parallel to the 
Roberts Bank 

terminals 
causeway 

>5 mg/L for <30% 
of the time for the 

entire plume area 

>5 mg/L for <5% of 
the time at 
distances >500 m 

from the tug basin 

>5 mg/L 

for <30% 
of the time 

TSS levels not 

predicted to 
exceed 5 mg/L 

9.7-11 

Disposal plume 

covers 8.2 km2 
parallel to the 
delta foreslope 

>5 mg/L for <30% 
of the time for the 
entire plume area 

>5 mg/L for <20% 
or more of the time 
at distances 

>700 m from the 
discharge point 

TSS levels 

not 
predicted to 
exceed 5 

mg/L 

>5 mg/L for 

<1% of the 
time 

9.7-11 

Note: > - greater than; < - less than; ~ - approximately. 

Although TSS concentrations from dredging at the dredge basin and activities at the ITP are 

predicted to increase by more than 5 mg/L from background for 20% of the time these 

activities occur, modelling also indicates TSS concentration increases greater than 10 mg/L 

are not expected to occur (Appendix 9.6-C Dredging Studies–Dispersion Modelling). 

Predicted increases in TSS concentrations from construction activity (Table 9.7-4) are 

expected to be less than the ambient TSS concentrations observed in these activity areas 

for at least some of the time the activity occurs. It is difficult to provide a 

conclusive evaluation for the entire scenario period due to natural TSS-level variability and 

the duration of construction activities from spring to fall (i.e., activities will occur 

during the high -SS freshet period). As maximum TSS concentrations are naturally up to 

52 mg/L (inter-causeway) and 60 mg/L (deeper waters) in these construction activity areas 

(Table 9.7-3), the predicted TSS increases are within the natural observed TSS range, and 

depending on the season, will not exceed CCME guidelines (i.e., for 52 mg/L and 60 mg/L 

background, the applicable guideline would be 25 mg/L). 

At distances greater than 1 km from the 45 m CD depth DAS discharge location, increases 

in TSS concentrations from DAS discharges of sediment-laden water from dredge basin 

dredgeate (including VEF clean-up) are predicted to exceed 5 mg/L for 70% or less of the 

time when this activity occurs. Although maximum (instantaneous) TSS levels in subtidal 
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waters near the discharge point are predicted to be approximately 100 mg/L and 150 mg/L 

during a flood tide and ebb tide respectively, these levels are expected to dissipate with 

distance from the discharge point, with maximum increase in TSS levels predicted to be 

10 mg/L to 20 mg/L along the delta foreslope (Appendix 9.6-C). As maximum TSS 

concentrations are naturally up to 60 mg/L in this area (Table 9.7-3), the predicted TSS 

increases are expected to be within the ambient range of TSS concentrations beyond the 

localised area of activity, and will not likely exceed CCME guidelines (i.e., for a TSS 

background level at 60 mg/L, the applicable guideline would be 25 mg/L).  

Increases in TSS levels in intertidal areas at Roberts Bank are predicted to be greater than 

5 mg/L for less than 20% of the time that this activity occurs, with maximum 

predicted increase in TSS concentrations in the range of 10 mg/L to 12 mg/L 

(Appendix 9.6-C). As the maximum observed TSS concentration observed for this area is 

260 mg/L (Table 9.7-3), the predicted TSS increases are expected to be within the 

ambient range of TSS concentrations experienced at these areas at Roberts Bank, and not 

likely to exceed CCME high-flow-period guidelines.  

Predicted increases in TSS concentrations from DAS discharges of sediment-laden water 

containing ITP stockpile materials are expected to exceed 5 mg/L less than 50% of the time 

that these activities occur in areas outside of the localised area around the DAS discharge 

pipe. As the maximum TSS level observed in these areas is 60 mg/L, the predicted TSS 

concentrations are expected to be within the ambient range of TSS concentrations beyond 

the localised area of activity, and will not likely exceed CCME guidelines. 

Predicted increases in TSS concentrations from tug basin dredging and disposal activities 

are expected to be greater than 5 mg/L for less than 30% of the time that these activities 

occur. In the intertidal inter-causeway areas, modelling also indicates that increases in TSS 

concentrations greater than 10 mg/L are expected for less than 5% of the time that these 

activities will occur. As ambient TSS concentrations in this area range from less than the 

analytical (2 mg/L) to approximately 52 mg/L (Table 9.7-3), the predicted TSS increases 

are expected to be within the ambient range of TSS concentrations beyond the localised 

area of dredging activity, and the predicted increase is not likely to exceed CCME guidelines. 

In subtidal waters at the DAS site, modelling also indicates increases in TSS concentrations 

greater than 10 mg/L are expected for less than 20% of the time of the activity, at 

distances less than 200 m from the discharge point. As the maximum ambient TSS 

observed in these areas is 60 mg/L, the predicted TSS concentrations are expected to be 

within the ambient range of TSS, with the exception of a small localised activity area. 
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Tug basin dredgeate disposal is predicted to result in increases in TSS concentrations 

greater than 5 mg/L for less than 30% of the time that this activity will occur. Increases in 

TSS concentrations are also predicted to be greater than 10 mg/L for less than 20% of the 

time of the activity at distances less than 200 m from the discharge point. As the maximum 

ambient TSS observed in these areas is 60 mg/L, the predicted TSS concentrations are 

expected to be within the ambient range of TSS, with the exception of a small localised 

activity area. 

To minimise water quality changes from construction activities and potential changes in 

habitat quality for marine VCs, standard management practices will be implemented, which 

include scheduling constraints, disposal depths, and adherence to environmental 

management plans (see Section 33.3 Construction Environmental Management Plan). 

As mitigative actions dictated by the environmental management plans were not accounted 

for in the modelling scenarios, TSS levels are anticipated to be less than predicted. As 

described in Section 4.3.1 Construction Phase, the juvenile salmon fisheries closure 

(March 1 to August 15) was incorporated into the preliminary construction schedule as a 

constraint to work activities within the water column above 5.0 m CD. By discharging at a 

depth of 45 m CD, the TSS plume is unlikely to reach the surface since the discharge water 

is predicted to be denser than the near-surface water (Appendix 9.6-C). Marine water 

quality, focusing on TSS and turbidity, will be monitored during the construction phase and 

informed by applicable CCME guidelines (refer to Section 33.3.1 Construction 

Compliance Monitoring Plan). 

Causeway Widening Activities 

 Sediment re-suspension and dispersion during construction activities in shallow 

intertidal waters associated with the causeway widening were not modelled, as it was 

assumed that sediment re-suspension can be effectively managed through the 

implementation of standard management practices such as the use of silt fences and 

other erosion control measures to isolate these intertidal shallow-water work areas. 

Based on monitoring during in-water construction activities during causeway 

widening, dredging at the ITP, and DAS, if increases in TSS levels exceed CCME 

water quality guidelines, the rate of the activity may be adjusted (e.g., slowed) or 

additional mitigation measures, such as installation of silt curtains, may be 

employed. Detailed monitoring program requirements and mitigation measure 

options to reduce the introduction of sediment-laden water to the marine 

environment will be developed, as outlined in Section 33.3.1 Construction 

Compliance Monitoring Plan, Section 33.3.10 Dredging and Sediment 

Discharge Plan, and Section 33.3.11 Sediment and Erosion Control Plan. 
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Stormwater Runoff and Other Construction Procedures 

Potential construction-related changes to marine water quality from stormwater runoff may 

include elevated TSS levels or contamination by deleterious substances. Construction 

activities will be conducted in accordance with the Construction Environmental 

Management Plan (see Section 33.3), to prevent such occurrences. Specific plans related 

to monitoring, preventing, or minimising changes to marine water quality include the 

Construction Compliance Monitoring Plan (Section 33.3.1), Sediment and Erosion 

Control Plan (Section 33.3.11), Hazardous Materials and Waste Management Plan 

(Section 33.3.13), and Spill Preparedness and Response Plan (Section 33.3.15). 

With implementation of these plans, changes to marine water quality from Project 

construction activities are not expected.  

Other potential construction-related changes to marine water quality may result from 

accidents and malfunctions. Potential effects to marine VCs from altered water quality 

resulting from accidents or malfunctions are discussed in Section 30.0 Potential 

Accidents or Malfunctions. 

9.7.8.2 Operation 

Project-related changes to marine water quality during the operation phase are anticipated 

to result from the following: 

 Changes to coastal processes from the terminal footprint, which are predicted to 

alter tidal currents and change the distribution and mixing of Fraser River waters, 

with the saline water of the Strait of Georgia on the tidal flats; and 

 Maintenance dredging, if required, in the berth pocket and tug basin. 

Changes to Coastal Processes 

The TELEMAC model was used with the Project geometry to predict changes to the patterns 

of freshwater and saline water mixing. The main change predicted for local current patterns 

is that during the rising tide, water will flow further toward the northwest before moving 

laterally onto the tidal flats, which in turn will change the dominant direction of flow in the 

mid-elevation tidal flats (see Section 9.5.8 Coastal Geomorphology, Future Conditions 

with the Project for more information). The result is a decrease in the average salinity in 

the area on the north side of the Roberts Bank causeway, extending 2 km to 3 km laterally, 

and an increase in salinity in the area of the outer tidal flats between the most seaward 

extent of Canoe Passage and the Project. Figure 9.7-9 shows that the change is greatest 
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during the freshet months of May through July, and Figure 9.7-10 shows that the change 

is smaller during the non-freshet months of October through to December. Maximum 

change in the 50th-percentile value is 8 PSU to +4 PSU during the freshet and 7 PSU to 

+4 PSU during the non-freshet period. A comparison of Figure 9.7-9 to Figure 9.7-10 

shows that not only is the difference smaller in terms of absolute values in the non-freshet 

period, but the affected area is also smaller. 

The change in the interaction between Fraser River discharge waters and Strait of Georgia 

marine waters is predicted to result in greater water turbidity in intertidal areas along the 

western end of the widened causeway (Section 9.5.8 Coastal Geomorphology, Future 

Conditions with the Project). Although the expected concentration and spatial extent of 

turbidity increases have not been quantified, the levels are expected to be within the range 

of turbidity naturally experienced in this area (Table 9.7-3). 

Figure 9.7-9 Predicted Change in 50th-percentile Salinity Associated with the 

Proposed Terminal Footprint – Freshet Period (May to July) 
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Figure 9.7-10 Predicted Change in 50th-percentile Salinity Associated with the 

Proposed Terminal Footprint – Non-freshet Period (October to 
December) 

 

Maintenance Dredging 

Maintenance dredging in the berth pocket and tug basin has the potential to re-suspend 

sediments and increase TSS levels in the water column; however, based on existing port 

operations at Roberts Bank, limited or no maintenance dredging is anticipated to be 

required for RBT2. Total suspended solids levels and plume extent from maintenance 

dredging activities are assumed to be similar to results for construction-phase dredging, but 

to a lesser extent, as dredging would occur within a smaller area. Refer to Figure 9.7-8 

and 9.7-11 for anticipated TSS plume extents for berth pocket and tug basin dredging, 

respectively. 

Effluent Discharges and Other Operational Procedures 

Potential operation-phase changes to marine water quality from wastewater (sewage) and 

stormwater discharges could include contamination by deleterious substances. Wastewater 

(sewage) will be collected, treated as required, then discharged from the new terminal site 

as described in Section 4.4.2 Operation-phase Activities. Stormwater collected across 

the general terminal area and water from the terminal washdown will be collected and 
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passed through oil interceptors. Stormwater collected in fuelling areas and oil-filled 

electrical transformer areas will pass through oil-water separators prior to discharge from 

the terminal, as described in Section 4.2.1 Project Description, Marine Terminal. All 

collected water will be managed according to regulatory requirements and guidelines (as 

outlined in Section 6.5 Legislation, Policies, and Initiatives and supporting 

appendices). As such, effluents from the terminal are not expected to alter marine water 

quality conditions within the LSA during the operation phase. 

Discharges from ships, including bilge water and ballast water discharges are not expected 

to affect water quality based on requirements for the exchange of ballast water outside of 

Canadian waters or treatment to meet standard specifications, and bilge water discharges 

not being allowed per Canadian regulations (refer to Section 4.4.2 Project Description, 

Operation-phase Activities). 

Operation-phase activities will be conducted in accordance with the Operation 

Environmental Management Plan (Section 33.4). Plans relevant to the marine water 

quality IC include the Operation Compliance Monitoring Plan (Section 33.4.1), the 

Hazardous Materials and Waste Management Plan (Section 33.4.5), and the Spill 

Preparedness and Response Plan (Section 33.4.7). With implementation of these 

plans, no changes from discharges to marine water quality from Project operation are 

expected. 

Other potential operation-related changes to marine water quality could result from 

accidents and malfunctions. Potential effects to marine VCs from altered water quality 

resulting from accidents or malfunction are discussed in Section 30.0 Potential Accidents 

and Malfunctions. 

9.7.9 Future Conditions with the Project and Other Certain and Reasonably 

Foreseeable Projects and Activities 

Project-related changes in marine water quality in combination with the changes from other 

projects that have been or will be carried out (as reflected in existing conditions in 

Section 9.7.6) are described in Section 9.7.8.  

The combination of Project-related changes plus changes from other certain and reasonably 

foreseeable projects and activities (described in Table 8-8 Project and Activity Inclusion 

List) were considered. An assessment of cumulative change was not conducted, however, 

as these project and activities are not expected to influence the conditions of this IC in a 
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way that could interact cumulatively with the changes predicted to result from the Project. 

Rationale for the exclusion of these projects and activities in the assessment of cumulative 

change is provided in Appendix 9.7-A. 

9.7.10 Summary of Assessment 

The large amount of data collected at Roberts Bank to characterise existing conditions for 

the marine water quality IC has facilitated an understanding of the physical estuarine 

environment. 

Marine waters at Roberts Bank are part of a dynamic estuarine ecosystem that is expected 

to experience ongoing natural changes and variation. Changes to marine water quality 

within the construction and operation phases of the Project are anticipated. Construction-

phase activities are expected to drive changes in water quality through increased TSS and 

turbidity; however, these changes are expected to be temporary and will be limited to the 

duration of construction. Predicted TSS concentrations are expected to be within the 

ambient range of TSS concentrations (i.e., up to 60 mg/L in subtidal waters and up to 

260 mg/L in intertidal waters during the spring freshet period) beyond the localised area of 

activity, and increases in TSS levels are not likely to exceed CCME guidelines outside of the 

areas proximal to the activity. Maximum TSS levels in subtidal waters (approximately 

100 mg/L and 150 mg/L during a flood tide and ebb tide, respectively) are predicted near 

the DAS site during discharge of sediment-laden waters containing dredge basin dredgeate 

and VEF materials. These levels are expected to dissipate with distance from the discharge 

point along the delta foreslope (to approximately 10 mg/L to 20 mg/L).  

In intertidal areas, increases in TSS concentrations greater than 5 mg/L are expected for 

the disposal of dredge basin dredgeate and dredging of the tug basin for less than 20% and 

30% of the time these activities occur, respectively. Concentrations are expected to be 

within the range of natural variation observed for these areas, and exceedance of the CCME 

TSS guideline limits will depend on the background TSS levels at the time of the activity. 

In waters south of the Canada-U.S.A. border, maximum increases in TSS levels of 10 mg/L 

to 20 mg/L are predicted to occur during a strong ebb tide with DAS discharge of sediment-

laden water from dredge basin dredgeate. Since this activity is scheduled to occur during 

the months of April to October (refer to Section 4.0 Project Description), background 

TSS levels will be influenced by the Fraser River freshet, and therefore the maximum 

increase of 25 mg/L recommended in the CCME high-flow guideline may apply. This activity 
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is therefore not anticipated to change TSS levels above the natural range of conditions. 

Increases in TSS are not predicted to exceed 5 mg/L for any other Project-related activities 

south of the international border.  

Changes to marine water quality, driven by changes to coastal processes, are expected as a 

result of the terminal footprint (see Section 9.5.8 Coastal Geomorphology, Future 

Conditions with the Project). These changes will manifest after placement of the 

containment dykes and will continue into the operation phase for the life of the Project. 

Changes in the distribution of the Fraser River plume may result in localised changes to 

salinity and turbidity. During the freshet months of May through July changes in salinity are 

greatest and cover a larger area (maximum change in the 50th-percentile value is 8 PSU to 

+4 PSU) and smaller during the non-freshet months of October through to December 

(maximum change in the 50th-percentile value is 7 PSU to +4 PSU). An increase in 

turbidity is expected in intertidal areas along the western end of the widened Roberts 

Bank causeway.  

Other potential issues related to terminal operation, including treated wastewater effluent 

and stormwater discharge will be managed according to standard management practices 

and in accordance with regulations, and are not expected to result in measurable changes in 

water quality.  

Other certain and reasonably foreseeable projects and activities considered in this 

assessment are not expected to interact cumulatively with the marine water quality changes 

predicted to result from the Project at Roberts Bank. 

9.7.11 Uncertainty, Sensitivity, and Reliability 

The evaluation of Project-related changes with respect to physical and chemical 

characteristics of marine water quality is based on two sets of predictions. During the 

construction phase, this evaluation included model predictions to determine TSS levels as a 

consequence of construction-related activities. Confidence in the model predictions is based 

on a critical analysis of the confidence in, versus degree of, uncertainty associated with 

three key components: 

 Characteristics of TSS sources, including sediment re-suspension and DAS discharge 

– The amount of sediments that may be introduced to the water column and 

resulting TSS concentrations are based on an adequate understanding of Project 

activities and standard tools and specifications used for evaluating sediment re-

suspension and dispersion during dredging and disposal activities. Any uncertainty 

has been addressed using conservative estimates, which would tend to over-predict 

the increase in TSS concentrations that may result from the Project. 
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 Ability of the model to simulate tidal current and wind and wave effects on water 

movements through the construction window – The H3D model has been extensively 

validated over the course of its ongoing development. Model predictions were also 

validated against real-world observations. The degree of uncertainty in this aspect of 

the model is low. 

 Ability of the model to simulate suspended sediment settling rates over the expected 

range of sediment grain size – The physics of particle settling through a fluid medium 

are very well understood. The only appreciable uncertainty in assessing settling rates 

is in the extent to which fine particulates behave cohesively (and clump together) or 

non-cohesively. It has conservatively been assumed that TSS have non-cohesive 

settling behaviour, an approach that tends to over-estimate the duration that 

sediments will remain suspended and contribute to TSS levels. 

For a more detailed summary, refer to Appendix 9.6-C Dredging Studies – Dispersion 

Modelling. Overall, any difference in predicted results as a result of model uncertainty are 

expected to be minor and captured within conservative assumptions. The assessment of 

marine water quality based on TSS is considered to be reliable. 

 During the operation phase, predictions in changes in bottom currents, wave-induced 

currents, and the distribution of the estuarine salt wedge pertain to changes in 

coastal geomorphology. As the degree of confidence in these predictions is relatively 

high, the assessment of marine water quality based on salinity is considered to be 

reliable. For a more complete discussion, please see Section 9.5.11 Coastal 

Geomorphology, Uncertainty, Sensitivity, and Reliability. 
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9.8 UNDERWATER NOISE 

This section describes the existing conditions related to underwater noise and anticipated 

future changes resulting from Project activities. In addition, this section addresses specific 

information requirements related to the underwater noise IC identified in the EIS Guidelines, 

part 2, section 9.1.4, including aquatic ambient noise levels. Predicted Project-related 

changes in underwater noise have been used to support the effects assessment of marine 

fish (Section 13.0), marine mammals (Section 14.0), and coastal birds (Section 15.0). 

9.8.1 Selection of Underwater Noise Intermediate Component 

The selection of underwater noise as an IC followed a three-step selection process described 

in Section 8.1.2 Selection of Valued Components. Underwater noise is not a receptor 

component in a Project-related effects pathway, and is therefore considered an IC in this 

environmental assessment (EA). The Project Interaction Matrix (see Appendix 8-B) was 

used to identify interactions between Project components and activities and underwater 

noise. The following discussion identifies the factors that were considered in identifying 

underwater noise as an IC. 

Underwater noise currently exists in the Strait of Georgia, including Roberts Bank, from 

natural biophysical processes (i.e., wind and rain), construction and industrial activities, and 

current commercial and recreational vessel traffic. Underwater noise levels and changes in 

noise levels over time can be measured, predicted, and monitored with the use of 

9.8 Underwater Noise Assessment Highlights: 

 Existing underwater noise levels at all locations in the local study area and regional study 

area were dominated by human-generated sounds, primarily from vessel traffic, including 
ferries, large commercial vessels, small private boats, whale-watching vessels and depth 

sounders (i.e., fish finders, side scan sonar). 

 Construction activities that will produce underwater noise include pile-driving, vibro-
densification, dredging and use of support vessels. 

 Activities during Project operation, including movement of container ships and tugboats 
associated with approach and departure, and berthing and unberthing, will produce 

underwater noise. 

 Overall, average underwater noise predicted for the future with the addition of Project 
construction and operation activities is expected to be comparable to average existing 

levels of underwater noise due to existing high levels, but will at times exceed existing 
conditions. 

 The cumulative change in underwater noise levels due to the Project in combination with 
expected future commercial vessel traffic within the Roberts Bank and the regional area is 

expected to make a small contribution to underwater noise levels within the regional area 
relative to existing commercial vessel traffic. 
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underwater hydrophones, future commercial vessel traffic projections, and acoustic 

modelling. Both Project construction and operation will produce underwater noise that has 

the potential to interact with the existing environment.  

Underwater noise is a concern to regulators, the public, and Aboriginal groups, as 

demonstrated by comments raised during consultation processes and Aboriginal 

engagement events (Section 7.0 Engagement and Consultation). A technical advisory 

group (TAG) on southern resident killer whales (SRKWs) was convened to discuss potential 

Project-related effects to endangered SRKWs, including underwater noise (for more 

information on the TAG process refer to Section 7.4 Technical Advisory Group Process 

(2012 to 2013). 

Construction activities expected to measurably increase underwater noise include dredging, 

pile-driving, vibro-densification, and movements of support vessels. Project operation 

activities that will produce underwater noise include transiting of container ships (with tug 

support) in approach lanes to and from the terminal, and berthing and unberthing of 

container ships at the wharf. 

9.8.2 Assessment Purpose and Approach 

This section describes the purpose and approach to studying underwater noise for the 

purposes of assessing Project-related changes to this IC. JASCO Applied Sciences (Canada), 

SMRU Ltd. (Canada), and Hemmera Envirochem Inc. completed these studies, and the 

names and qualifications of the individuals contributing to this IC assessment are listed at 

the beginning of Volume 2. 

In 2012, PMV initiated field, desktop, and modelling studies of underwater noise to support 

the environmental assessment and future Project management. Building on available 

information, the studies were designed to address known data gaps and fulfill the following 

objectives: 

1. Characterise existing underwater noise levels; 

2. Predict underwater noise levels for future conditions with the Project; and 

3. Predict incremental cumulative changes in regional underwater noise levels with the 

influence of other certain and reasonably foreseeable projects and activities that will 

be carried out. 
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These objectives were addressed through the completion of specific studies, as outlined in 

Table 9.8-1 and Table 9.8-2. Table 9.8-1 provides a summary description of the studies 

completed that informed the characterisation of existing conditions and Table 9.8-2 

summarises the studies that contributed modelled predictions of Project-related changes, 

and are provided as an appendix to this section.  

Table 9.8-1 Underwater Noise Studies to Support the Assessment 

Study Name Study Description Report Accessible at: 

Ambient Underwater Noise 
Study (SMRU et al. 2014) 

Field studies to obtain ambient underwater 
noise measurements in the vicinity of the 
Project and regionally. 

RBT2 website1  

Ship Sound Signature 
Analysis (Hemmera et al. 

2014) 

Field study to measure container ship and 
tug vessel sound source levels and 

signatures at different speeds, as well as 
transmission loss. 

RBT2 website 

Note: 1. RBT2 website is http://www.portmetrovancouver.com/RBT2/environmentalassessment. 

 

Table 9.8-2 Underwater Noise Modelling Studies Contributing to Project-related 
Predictions 

Study Name Study Description Appendix 

Construction and Terminal 

Activity Underwater Noise 
Modelling Study Technical 

Report  

A model to predict underwater noise from 

Project construction and operation terminal 
activities within PMV jurisdiction. 

 

Appendix 9.8-A 

Regional Commercial 

Vessel Traffic Underwater 
Noise Modelling Study 
Technical Report  

A model to predict underwater noise levels 
regionally from existing and future 

commercial vessel traffic. Appendix A of 
this document includes a maritime traffic 
analysis for underwater noise modelling in 

regional study area (RSA). 

Appendix 9.8-B 

9.8.3 Summary of Information Sources 

This section presents descriptions of previous studies of underwater noise as well as the 

general data used in the assessment of this IC. The following information sources were 

consulted during the assessment of underwater noise: 

 Studies to inform the Deltaport Third Berth Project EA from 2007-2010 including 

ambient underwater noise studies (Austin et al. 2007a,b, Zykov et al. 2007, Li and 

Warner 2010) and underwater noise measurements of dredging and vibro-

densification (Austin et al. 2007a, Stantec 2010); 

 Ambient noise measurements in the Strait of Georgia by BC Hydro for a transmission 

line corridor (Austin et al. 2006);  
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 Underwater noise measurements of container ship source levels and operational 

parameters affecting source levels (i.e., operational speed) (Urick 1983, Ross 1976, 

Bassett et al. 2012, McKenna et al. 2012 and 2013); and 

 Studies of underwater noise from commercial vessel traffic on the B.C. coast (Erbe et 

al. 2012). 

These studies were used to provide a historical perspective of noise levels within the Strait 

of Georgia and Roberts Bank area and informed the recent acoustic modelling studies 

summarised in Table 9.8-1 and Table 9.8-2. 

9.8.3.1 Acoustic Fundamentals and Terminology 

The terms noise level and sound level refer to sound pressure level (SPL)1. To adequately 

express the very large range of pressure fluctuations, SPL is expressed on a logarithmic 

scale in decibels (dB). As sound volume increases, there is a logarithmic rather than an 

additive increase in noise level. The dB scale is a logarithmic scale that expresses a quantity 

relative to a predefined reference level. For underwater sound, the reference pressure level 

is 1 micro Pascals (μPa). 

Sounds composed of single frequencies are commonly referred to as tones. Most sounds 

are generally composed of a broad range of frequencies, also referred to as broadband 

sound, rather than pure tones. 

Transmission loss is a measure of how sound levels diminish between a source and 

receiver over a given distance. Transmission loss depends on the frequency and acoustic 

environment, including its water sound speed profile, bathymetry, and the type of substrate 

(i.e. rock, sand, mud). 

Source level is a measure of the intensity of sound that a source emits at a standard 

reference distance of 1 m. For point sources such as a small transducer, source levels can 

be measured directly with a hydrophone at 1 m distance. For larger sources, source levels 

must be determined indirectly by measuring received levels at larger distances and back-

propagating the levels to a reference distance of 1 m. For example, because ships radiate 

sound from their hull and propeller, their source level must be measured at a distance such 

that the transmission loss from the different points on the ship emitting sound is 

approximately the same. Source levels are therefore described with the units dB re 1 µPa. 

                                          
1  SPL is equal to 10 times the logarithm of the square of the instantaneous sound pressure, in units of Pascals, 

divided by the square of a standard reference sound pressure. 
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Continuous sound is characterised by gradual changes of SPLs over time (e.g., the 

propeller noise from a transiting vessel). Sounds with short durations (less than several 

seconds) are referred to as impulsive (e.g., pile-driving). These sounds are typically 

characterised by abrupt increases of sound pressure (less than a second), followed by rapid 

decay back to pre-existing levels (within several seconds). 

The zero-to-peak, or peak SPL (Lpk, dB re 1 µPa), is the maximum SPL in a frequency band 

attained by an acoustic pressure signal. This metric is commonly quoted for impulsive 

sounds, but does not take into account the pulse duration or bandwidth of the noise. At 

high sound pressures, the peak SPL can be a criterion for assessing whether a sound could 

cause injury; however, because the peak SPL does not consider pulse duration, it is not a 

good indicator of perceived loudness. 

The sound exposure level (SEL) measures the total sound energy contained in one or 

more pulses or acoustic events. The SEL represents the total acoustic energy received at 

some location during an acoustic event; it measures the sound energy to which an organism 

at that location would be exposed. Sound exposure levels for impulsive noise sources (i.e., 

impact pile-driving) may refer to single pulse SELs or multiple pulse SELs. The total SEL 

from a train of pulses may be calculated by summing the sound energy of the individual 

pulses. Alternatively, given the mean (or expected) SEL for single pulse events, the 

cumulative SEL (SELcum) may be computed. 

For sound levels that are too low to cause physical injury, frequency weighting based on 

audiograms may be applied to weight the importance of sound levels at particular 

frequencies for an animal’s sensitivity to those frequencies (Nedwell and Turnpenny 1998, 

Nedwell et al. 2007). Audiograms represent species-specific hearing thresholds. Audiogram-

weighted levels are expressed in units of dB re HT, which is the dB level of sound above 

hearing threshold. Sound levels less than 0 dB re HT are below the typical hearing threshold 

for a species and are therefore expected to be inaudible. 

For a more detailed description of underwater acoustics see Appendix 9.8-A Construction 

and Terminal Activity Underwater Noise Modelling Study Techincal Report. 

9.8.4 Underwater Noise Effects Guidelines 

Although no regulations or policies are currently in place regarding underwater noise criteria 

and marine fauna in Canada, industry-standard underwater noise effects guidelines are used 

in environmental assessments to predict potential effects of underwater noise to both 
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marine fish and marine mammals. Fisheries and Oceans Canada has issued the Statement 

of Canadian Practice with Respect to the Mitigation of Seismic Sound in the Marine 

Environment to provide guidance on mitigating potential effects of seismic surveys on 

marine mammals (DFO 2008). 

For marine mammals, there are two widely acknowledged yet different sets of injury and 

disturbance guidelines for underwater noise effects that are commonly used for 

environmental assessments in Canada (see Section 14.6.2 Marine Mammals, Potential 

Effects of the Project on Southern Resident Killer Whales for more information): 

 Regulatory criteria applied by the U.S. National Oceanic and Atmospheric 

Administration (NOAA)2; and 

 Recommended guidelines of Southall et al. (2007). 

Due to the endangered status of SRKW, the SRKW TAG recommended the development of 

specific underwater noise behavioural effect thresholds for SRKW. 

Established injury criteria for fish from underwater noise during impact pile-driving 

(i.e., impulsive noise) vary with fish size: for fish greater than 2 g, the injury threshold is 

206 dB re 1 μPa peak SPL for a single strike and 187 dB re 1 μPa2s SELcum for multiple 

strikes, while for fish less than 2 g, the threshold for SELcum is 183 dB re 1 μPa2s 

(Fisheries Hydroacoustic Working Group 2008). No guidelines currently exist for continuous 

noise on marine fish; however, it is generally considered unlikely to cause mortality, tissue 

injury, or hearing loss (Michel et al. 2007, Popper and Hastings 2009). Underwater noise 

effects guidelines pertaining to specific marine ecosystem receptors are described in more 

detail in Section 13.6.2 Marine Fish, Potential Effect: Changes in Productivity and 

Section 14.6.2 Marine Mammals, Potential Effects of the Project on Southern 

Resident Killer Whales. 

9.8.5 Methods 

This section provides a summary of the methods used to characterise and assess 

underwater noise, including temporal boundaries, study area, and a summary of the 

methods used in the specific studies summarised in Table 9.8-1 and Table 9.8-2. 

                                          
2  http://www.westcoast.fisheries.noaa.gov/protected_species/marine_mammals/threshold_guidance.html 
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9.8.5.1 Temporal Boundaries 

The characterisation of existing conditions is reflective of the year 2014, when underwater 

noise studies were completed in the local study area (LSA). Studies and models to 

characterise existing conditions for underwater noise were conducted from 2012 to 2014. 

Potential effects to underwater noise from Project construction were predicted for the years 

of the construction phase 2018 to 2023 to coincide with adverse changes associated with 

pile-driving (impact or vibratory methods), vibro-densification, dredging, and use of support 

vessels (see Appendix 4-E Preliminary Construction Schedule and Basis of Schedule 

Report).  

Potential changes to underwater noise related to Project operation are predicted and 

characterised for the year 2030 in order to assess the changes in the acoustic environment 

once RBT2 is fully operational and at peak throughput, and when other certain and 

reasonably foreseeable marine facilities are also operational (see Appendix 30-A Marine 

Vessel Incidence Prediction Inputs to the Qualitative Risk Assessment). 

Temporal characteristics specific to underwater noise are considered in Section 9.8.6 for 

existing conditions. Construction-phase and operation-phase changes are compared to 

existing conditions. 

9.8.5.2 Study Areas 

The LSA was established to encompass the area within which Project-related construction 

and operation underwater noise may interact with and potentially have an effect on relevant 

VCs, including marine fish (Section 13.0), marine mammals (Section 14.0), and coastal 

birds (Section 15.0) (see Figure 9.8-1). The spatial boundary of the LSA includes the 

Strait of Georgia, incorporating existing natural boundaries that limit the propagation of 

noise. The LSA includes the area where predicted underwater noise levels from Project 

construction and operation were greater than both the ambient noise from wind and distant 

vessels, and the hearing ability of marine fish and marine mammals (see Appendix 9.8-A). 

Modelled underwater noise from existing commercial vessel traffic was not included in the 

prediction of this LSA.  

Although the LSA represents the likely area that underwater noise from the Project will be 

audible to marine fish, marine mammals, and coastal birds, a regional study area (RSA) as 

shown in Figure 9.8-1, extends from the Project, south through the Strait of Georgia to the 



PORT METRO VANCOUVER | Roberts Bank Terminal 2  

   Page | 9.8-8 

western end of the Strait of Juan de Fuca, and includes the Canadian and U.S.A SRKW 

critical habitat, excluding Puget Sound. The RSA provides ecological and regulatory context 

for underwater noise for SRKW and other marine mammals. 

The spatial boundary for the assessment of cumulative change is the same as the RSA to 

conservatively encompass the area where there is potential for Project-related underwater 

noise to interact with underwater noise from other certain and foreseeable projects and 

activities that will be carried out and that may potentially result in measureable audible 

cumulative increases in underwater noise. 

9.8.5.3 Technical Boundaries 

It is important to note that the models described in Appendix 9.8-A and Appendix 9.8-B 

Regional Commercial Vessel Traffic Underwater Noise Modelling Study Technical 

Report do not include the contribution of underwater noise from small recreational or 

commercial vessel traffic, including whale-watching vessels. Modelling of existing levels of 

underwater noise was produced from the vessel traffic operations support system (VTOSS)3 

data of tracked commercial vessel traffic, including container ships, oil tankers, tugs, ferries, 

bunkers, and other commercial vessel traffic. As a result, small vessels, including 

commercial whale-watching vessels, are sparsely represented in VTOSS, and are, therefore, 

incompletely captured.  

Hydrophones were deployed to help characterise the acoustic environment within the LSA 

and RSA. Measurements of underwater noise were localised around the location of 

hydrophones and did not capture the acoustic environment in entire LSA or RSA. 

9.8.5.4 Methods to Characterise the Existing Underwater Acoustic Environment 

A number of studies were conducted to characterise the existing underwater noise levels. 

Studies measured or predicted underwater noise levels at Roberts Bank to characterise 

conditions within the LSA and RSA. 

Underwater Noise Field Studies with Hydrophones 

From July 19 to September 24, 2012, a real-time cabled hydrophone recorded ambient 

underwater noise levels in the RSA at Lime Kiln State Park, Washington, U.S.A. During 

these studies, SPLs and power spectral density levels were recorded and analysed to 

                                          
3  VTOSS is the regional vessel traffic management system for Canadian Coast Guard Marine Communications 

and Traffic Services. 
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determine ambient underwater noise levels over several frequency bands and time scales 

(SMRU et al. 2014). 

In 2012 and 2013, an autonomous multichannel acoustic recorder (AMAR) was deployed to 

record ambient underwater noise at Roberts Bank (SMRU et al. 2014). From June 2013 to 

June 2014, a real-time cabled hydrophone was deployed at Roberts Bank to continuously 

record underwater noise levels (SMRU et al. 2014). 

From May to July 2013, five AMARs were deployed within the RSA with two deployed at 

Haro Strait, and one deployed in the U.S.A. as follows (SMRU et al. 2014): 

 The Victoria pilot station; 

 The Strait of Georgia;  

 Haro Strait (one in Canadian and one in U.S. waters); and 

 U.S. waters at Lime Kiln State Park in the San Juan Islands. 

Underwater Noise Modelling Study 

A modelling study was conducted to predict the underwater noise produced from 

commercial vessel traffic in the LSA and RSA. Vessel traffic operations support system data 

from 2010 was used to produce a database of the density and speed for 13 unique 

categories of tracked commercial vessel traffic, including container ships, oil tankers, tugs, 

ferries, bunkers, and other commercial vessel traffic (see Appendix 9.8-B for more 

information). Numbers of container and coal ships calling at Deltaport and Westshore 

terminals adjacent to the proposed Project were updated using 2012 statistics (see 

Appendix 30-A Marine Vessel Incidence Prediction Inputs to the Qualitative Risk 

Assessment). 

It is important to note that underwater noise modelling presented in Appendices 9.8-A 

and 9.8-B did not include the contribution of underwater noise from small recreational or 

commercial vessel traffic, including whale-watching vessels. Modelling of existing levels of 

underwater noise was produced from the VTOSS data of tracked commercial vessel traffic. 

Small vessels (typically less than 20 m to 30 m in length), including commercial whale-

watching vessels, are sparsely represented in VTOSS data, and as a result, this vessel traffic 

is only partially incorporated into the modelling results.  
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The acoustic model accounted for sound speed profile, transmission loss, seabed 

geoacoustics, bathymetry, and ambient underwater noise from wind in the RSA. A number 

of field studies were conducted to provide information to be used in the acoustic 

models including site-specific transmission loss study and vessel source levels (unique 

noise signature of different vessels and classes) (Hemmera et al. 2014) and ambient 

weather-driven underwater noise measurements (SMRU et al. 2014). 

Site-specific transmission loss studies were conducted at Roberts Bank, in Haro Strait, and 

in the Strait of Juan de Fuca south of Victoria. Transmission loss was measured by playing 

underwater sounds from a Lubell underwater speaker at several distances (200 m to 

5,000 m) from the AMARs, and calculating the difference between the received level on the 

AMAR and the source level measured by a hydrophone 1 m from the underwater speaker 

(Hemmera et al. 2014). Ambient underwater noise conditions used in the acoustic model 

were estimated based on measurements obtained with hydrophones in the Strait of Georgia 

and Haro Strait from July through September 2012. 

Source levels for container ships, bulk carriers, cargo ships; fishing, passenger, and tanker 

vessels, vehicle carriers, and tugs travelling at different speeds were estimated using 

acoustic recordings from AMARs and transmission loss measurements. Vessel source levels 

were also determined from an extensive dataset of underwater noise recordings of 

commercial vessel traffic collected at Lime Kiln State Park (Hemmera et al. 2014), and were 

supplemented by acoustic measurements obtained from previous PMV studies at Roberts 

Bank and available ship noise literature. The same source levels were applied to three 

categories of container ships used in underwater noise modelling because source levels 

measured for these categories were nearly identical, and published measurements indicated 

that source levels for merchant ships are more related to ship category than vessel size 

(Scrimger and Heitmeyer 1991). A 1.67 dB adjustment was applied to category one E-Class 

(320+ m) container ship source levels for future development scenarios as a conservative 

assumption to account for anticipated increases in the size of container ships using RBT2 

(see Appendix 9.8-B for more information). 

Average underwater noise levels were predicted within the entire RSA in summer (July) and 

winter (January). In addition, four locations within the RSA (three of which are in the LSA) 

were selected and mean received levels (i.e., 24-hour Leq) were modelled at each of these 

locations (see Figure 9.8-2).  
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Figure 9.8-2 Modelling Locations of Modelled Underwater Noise Levels from 

Commercial Vessel Traffic in the Local Study Area and Regional 
Study Area 

 

9.8.5.5 Methods for Predicting Future Conditions of Underwater Noise with the 

Project 

This section summarises the methodology used to predict underwater noise levels for the 

future conditions with the Project case. A detailed description of this methodology is 

provided in Appendix 9.8-A. 

Construction-phase Underwater Noise Modelling Study 

Construction activities that will produce underwater noise include pile-driving (impact or 

vibratory methods), vibro-densification, dredging, and use of support vessels. Underwater 

noise from vibratory and impact-piling methods were both predicted, because although 

vibratory methods are preferred, construction details are not finalised. Thirteen plausible 

construction activity scenarios were modelled, as summarised in Table 9.8-3. Model 

scenario locations are shown in Appendix 9.8-A. For a description of construction activity 

duration please see Appendix 4-E Preliminary Construction Schedule and Basis of 

Schedule Report. 
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Construction scenarios were developed based on the following information: 

 Type and number of heavy construction equipment active during each scenario; 

 The location of each specific construction activity; 

 Duration of each construction activity (days, months, years); and 

 Sound source levels of each type of construction activity with equipment typically 

in use. 

Table 9.8-3 Project Construction Activities Modelled for Underwater Noise 

Levels 

Construction 
Activity 

Description Modelling Scenario 

Impact piling 
(impact hammer) 

Cylindrical piles 

Mooring dolphin (S1) 

Tug basin (S3) 

Temporary barge ramps (S4) 

Sheet piles 
West end of the caisson (S7) 

East end of the caisson (S9) 

Vibratory piling 
(vibratory hammer) 

Cylindrical piles 
Mooring dolphin (S5) 

Tug basin (S6) 

Sheet piles 
West end of the caisson (S8) 

East end of the caisson (S10) 

Vibro-densification (vibro-densifier) 
Dredge basin (consisting of berth pocket, 

approaches and caisson trench) (S11) 

Dredging 
Dredge basin (S12) 

Intermediate transfer pit (S13) 

Note: Locations for the modelling scenarios are provided in Appendix 9.8-A. 

Noise levels for dredging vessels and vibro-densification were obtained from measurements 

of underwater noise during the construction phase of the Deltaport Third Berth Project 

(Austin et al. 2007a, Stantec 2010). Construction activities producing underwater noise will 

not occur throughout the entire construction period. Construction schedules and duration of 

activities have not been finalised, but a preliminary schedule provides the current 

knowledge of activity timing and duration (see Appendix 4-E). Intermittent pile-driving 

activities will occur during two weeks for the installation of barge ramps to 2.5 months for 

sheet-piling of the west caisson. Dredging will occur for approximately six months during 

construction for both the east and west caissons and intermittent dredging will occur for 

four years during reclaiming of the intermediate transfer pit. Vibro-densification will occur 
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intermittently throughout the construction schedule, including 3.5 months during the 

terminal foundation densification and approximately 25 months during mattress rock 

densification.  

For each scenario, underwater noise effect thresholds described in Section 9.8.4 for 

hearing injury and behavioural disturbance were calculated for the marine fish and marine 

mammal VCs. For a description of these underwater noise guidelines and assessment of 

potential underwater noise effects on marine fish and marine mammals see Section 13.6.2 

Marine Fish, Potential Effect: Changes in Productivity and Section 14.6.2 Marine 

Mammals, Potential Effects of the Project on Southern Resident Killer Whales. 

Operation-phase Underwater Noise Modelling Study 

Activities during Project operation, including container ship approach and departure, and 

berthing and unberthing, will produce underwater noise. Underwater sound levels for two 

scenarios were modelled: 

 Triple E-class container ship (Emma Maersk design vessel) berthing with three tugs 

and a line boat travelling at 4 knots (kts); and 

 Triple E-class container ship approaching the terminal at 6 kts with three tugs and a 

line boat approaching a container ship at 12 kts.  

At the time of underwater noise modelling, Triple E-class container ships were identified as 

the largest vessels to call at RBT2. To account for anticipated increases in the size of 

container ships using RBT2 (approximately 21% greater length overall (LOA)), a 1.67 dB 

adjustment was applied to category 1 container ships for future scenarios. Scenarios were 

developed for plausible worst-case conditions of poor weather conditions requiring three 

tugs and a line boat. Vessels were also assumed to be carrying a full load. Underwater noise 

levels during unberthing of a container ship were assumed to be equivalent to berthing as 

the activities, vessel speeds, and number of assisting tug boats are comparable when 

berthing. Underwater noise produced during loading of the container ship while under shore 

power was not modelled as there were no available measurements of this operation; 

however, the source level would likely be lower than the container ship loading without 

shore power (source level of 167 dB re 1 µPa at 1 m). Source levels for the tugs and line 

boat transiting at 4 kts and 12 kts were determined from hydrophone measurements of the 

Seaspan Resolution near Roberts Bank Terminals (Hemmera et al. 2014). 
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9.8.5.6 Methods for Predicting Future Conditions with and without the Project 

and Other Certain and Reasonably Foreseeable Projects and Activities 

This section summarises the methodology used to predict underwater noise for future 

conditions with and without the Project combined with other certain and reasonably 

foreseeable projects and activities that will be carried out. Methods are the same as those 

described in Section 9.8.5.3.  

Underwater noise levels were predicted in the RSA from RBT2 operation activities, and 

commercial vessel traffic projected in 2030. Sources of underwater noise from commercial 

vessel traffic in the existing and expected conditions cases as well as shipping traffic 

associated with other projects and activities that are certain or reasonably foreseeable were 

considered. Refer to Appendix 30-A: Table B-3 for current and projected number of vessel 

calls by vessel type and project. A description of projects and activities that exist and are 

expected in the future is provided in Section 3.4 Projects and Activities Contributing to 

Existing Conditions and Expected Conditions and Appendix 3-A Descriptions of 

Projects and Activities Contributing to Existing Conditions and Expected 

Conditions. A brief description of certain or reasonably foreseeable projects and activities 

is provided in Table 8-8 Project and Activity Inclusion List. Underwater noise modelling 

predictions for expected conditions incorporated anticipated increases in marine vessel 

traffic at Westshore Terminals and Deltaport Terminal (associated with the Deltaport 

Terminal Road and Rail Improvement Project), and underwater noise modelling predictions 

for 2030 with and without RBT2, incorporated the following expected future projects and 

activities:  

 Neptune Terminals Coal Expansion; 

 Richardson International Grain Storage Capacity Project;  

 Pacific Coast Terminals and other chemical carrier facilities; 

 Fraser Surrey Docks Direct Transfer Coal Facility; 

 Gateway Pacific Bulk Terminal at Cherry Point; 

 KinderMorgan Trans-Mountain Pipeline Expansion Project; 

 Vancouver Airport Fuel Delivery Project; and 

 Incremental marine vessel traffic associated with RBT2. 
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Appendix 9.8-C Rationale for Inclusion / Exclusion of Other Certain and 

Reasonably Foreseeable Projects and Activities in the Underwater Noise 

Assessment of Cumulative Change provides the rationales for inclusion of future certain 

and reasonably foreseeable projects and activities, as well as the exclusion of other projects 

that were considered. For detailed methods on the development of future commercial vessel 

traffic simulations see Appendix 9.8-B. As the commercial vessel traffic in the regional 

area serves a variety of different destinations, assumptions were made to provide a 

realistic, but simple representation of the non-Roberts Bank traffic projection routes for the 

year 2030. For details on vessel types and routes for each project considered in this 

assessment, see Appendix 9.8-B. 

9.8.6 Existing Conditions 

This section characterises existing underwater noise within the LSA and RSA, based on the 

field measurements and noise modelling described in Section 9.8.5 and Appendix 9.8-B. 

9.8.6.1 Hydrophone Measured Underwater Noise Levels in the Local Study Area 

Underwater noise levels measured at Roberts Bank in 2013 and 2014 ranged from 98.1 dB 

re 1µPa to 149.8 dB re 1µPa, with a mean of 119.5 dB re 1µPa (SMRU et al. 2014). 

Meteorological sources such as wind, waves, and rain are usually the dominant ambient 

noise sources of ocean noise. Hydrophone measurements showed that human-generated 

underwater noise at Roberts Bank is primarily from commercial vessel traffic (i.e., ferries, 

fishing vessels, container ships, coal ships, tugs). The major contributor to underwater noise 

in the Roberts Bank area was B.C. Ferries traffic with 37 ferry movements to and from the 

Tsawwassen terminal per day. These B.C. Ferries vessel movements increased mean 

background noise levels by approximately 2.5 dB to 3.0 dB and were consistently present 

for more than 70% of the day. Ambient noise and average underwater noise levels at 

Roberts Bank are currently dominated by anthropogenic noise sources. 

Ambient underwater noise levels at Roberts Bank increase during the day and decrease at 

night, a trend that is associated with the day-night cycle of human activity. There was no 

long-term trend in the overall underwater noise levels during the monitoring period and no 

significant difference in SPLs measured between the days of the week (SMRU et al. 2014). 
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9.8.6.2 Hydrophone Measured Existing Underwater Noise Levels in the Regional 

Study Area 

Similar to the LSA, ambient underwater noise levels at all locations in the RSA were 

dominated by human-generated sounds, primarily from vessel traffic, including large 

commercial vessels, small private boats, whale-watching vessels, and depth sounders (i.e., 

fish finders, side scan sonar). From the four locations where ambient underwater was 

measured in the RSA, underwater noise levels were highest near the existing terminals at 

Roberts Bank (Deltaport Terminal, Westshore Terminals, and B.C. Ferries Tsawwassen ferry 

terminal). Similarly, ambient underwater noise levels were elevated at the Victoria pilot site, 

situated just outside the Victoria and Esquimalt harbours. Underwater noise measurements 

at Lime Kiln State Park increased by 20 dB for approximately 30 minutes when container 

ships transited past the hydrophone. 

9.8.6.3 Modelled Existing Underwater Noise Levels in the Local Study Area and 
Regional Study Area 

Predicted existing mean SPLs at four locations in the RSA ranged from 118.54 dB re 1 µPa 

to 127.29 dB re 1 µPa in winter and 117.14 dB re 1 µPa to 125.92 dB re 1 µPa in summer 

(Table 9.8-7). The mean existing SPL in the RSA was 122.14 dB re 1 µPa in winter 

and 117.54 dB re 1 µPa in summer (Table 9.8-7). Underwater noise levels are 

greater on average in the winter due to increased propagation of sound in colder water. 

Model-predicted underwater noise levels for existing conditions in the RSA are presented in 

Figure 9.8-3. 

9.8.7 Future Conditions with the Project 

The section summarises incremental changes to the underwater acoustic environment as a 

result of the Project’s construction and operation phases. 

9.8.7.1 Underwater Noise during Construction Phase  

This section presents information pertaining to underwater noise generated by Project 

construction. It is anticipated that prior to the commencement of Project construction, 

underwater noise levels in the LSA are not anticipated to measurably change from existing 

conditions. For this reason, the Project-related changes due to construction are compared to 

existing conditions. 
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Construction Underwater Noise Levels in the Local Study Area 

Construction activities that may produce underwater noise include the following: 

 Marine terminal construction activities, including the installation of piles and barge 

ramps to initiate construction, dredging, and vibro-densification; 

 Dredging of the tug basin area with clamshell dredge, and installation of mooring 

floats and navigation piles; and 

 Movement of support vessels during construction activities. 

Underwater noise produced during 13 construction activity scenarios were modelled (see 

Section 9.8.5.4). As per standard underwater noise moedlling practice, modelling did not 

include predicted existing levels of underwater noise from commercial vessel traffic. 

Underwater noise produced during both impact and vibratory piling were modelled; 

however, only vibratory results are shown here and impact piling results are presented in 

Appendix 9.8-A. As summarised in Table 9.8-4 and Table 9.8-5 for continuous and 

vibratory piling construction scenarios, respectively, underwater noise levels ranged from 

170 dB re 1 µPa at less than 20 m from vibratory piling at the mooring dolphin to 120 dB re 

1 µPa at 14,520 m from vibratory sheet piling at the west end caisson. Contours of 

underwater noise produced from Project-related construction activity scenarios can be found 

in Appendix 9.8-B.  

Table 9.8-4 Radii (R95%) of Sound Pressure Level Contours for Continuous 
Construction Scenarios 

Sound Pressure 

Level 
(dB re 1 µPa) 

Vibro-densification 

at Dredge Basin (m) 

Dredging at 

Dredge Basin 
(m)  

Dredging at 

Intermediate 
Transfer Pit (m)  

120 1,740 2,150 960 

130 550 420 360 

140 120 150 130 

150 50 40 40 

160 < 20 < 20 < 20 

170 n/ra n/r n/r 

Notes: a n/r = threshold not reached for the indicated scenario; < less than. 
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Table 9.8-5 Radii (R95%) of Sound Pressure Level Contours for Vibratory Piling 

Construction Scenarios 

Sound Pressure 
Level 

(dB re 1 µPa) 

Vibratory 

Piling at 

Mooring 
Dolphin (m) 

Vibratory 
Piling at Tug 

Basin (m) 

Vibratory 

Sheet Piling at 

West End 
Caisson (m) 

Vibratory 

Sheet Piling at 

East End 
Caisson (m) 

120 12,500 640 14,520 14,200 

130 1,760 540 1,580 1,860 

140 400 390 440 440 

150 100 110 110 120 

160 20 30 < 20 < 20 

170 < 20 n/ra n/r n/r 

Notes: a n/r = threshold not reached for the indicated scenario; < less than. 

 

As stated in Section 9.8.6.1, existing underwater noise levels measured at Roberts Bank in 

2013 and 2014 ranged from 98.1 dB re 1µPa to 149.8 dB re 1µPa with a mean of 119.5 dB 

re 1µPa (SMRU et al. 2014). Therefore, although underwater noise levels during 

construction may at times exceed current existing levels, they are generally comparable on 

average. For example, as shown in Table 9.8-4, sound levels of approximately 150 dB re 

1 µPa occur 50 m or less from vibro-densification and dredging activities, which is 

comparable to the maximum sound level measured during existing conditions 

(approximately 150 dB re 1µPa). During construction, there are increases in underwater 

noise at specific times, depending on the level of construction activity, as summarised 

in Table 9.8-4. 

9.8.7.2 Operation-phase Underwater Noise 

Operation-phase activities that produce underwater noise include approaching and 

departure and berthing and unberthing of container ships with associated support vessels. 

Predicted underwater noise levels ranged from 170 dB re 1 µPa at less than 20 m for both 

berthing and approaching to 120 dB re 1 µPa at 14.2 km to 22.0 km from approaching and 

berthing, respectively (Table 9.8-6). All figures characterising underwater noise contours 

produced from Project-related operation activity scenarios can be found in 

Appendix 9.8-B.  
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Table 9.8-6 Radii (R95%) of Sound Pressure Level Contours for Operation 

Scenarios 

Sound Pressure Level 

(dB re 1 µPa) 
Berthing (m) Approaching (m) 

120 22,000 14,220 

130 4,280 3,560 

140 930 570 

150 370 160 

160 40 20 

170 < 20 < 20 

Note: < less than. 

 

Hydrophone measurement at Westshore Terminals included all vessel traffic in proximity to 

the hydrophone, not just commercial vessels accessing the terminals. As noted in Section 

9.8.5.3,  the hydrophone did not measure underwater noise in the entire LSA, but was 

localised around the hydrophone deployed at Roberts Bank (see). The predicted annual 

average underwater noise produced during 260 container ship calls at RBT2 was compared 

to this mean underwater noise level measured with hydrophones for existing conditions 

(119.5 dB re 1 µPa). One call included 45 minutes of a Maersk Triple E class (EEE-class) 

container ship approach and departure and one hour of berthing and unberthing during 

extreme weather conditions, requiring three tugs and a line boat. Under these assumptions, 

average annual container ship berthing and unberthing underwater noise increases over 

average annual existing conditions would be present in the LSA approximately 2.97% of the 

year, and average annual container ship approach and departure noise increases over 

average annual existing conditions would be present in the LSA approximately 2.23% of the 

year (Figure 9.8-4 and Appendix 9.8-A: Section 5.3 Change in Existing Conditions Due to 

Project Operations). Therefore, average underwater noise from the Project exceeding 

average underwater noise levels during existing conditions would be realised approximately 

3% of the year, and the remaining 97% of the time underwater noise from the Project is 

expected to be within existing underwater noise levels. This calculation is expected to be 

conservative for the following reasons: 

 Terminal operation noise predictions are based on the berthing and unberthing 

activities of an EEE-class container ship, which is the largest class of vessel that may 

call at RBT2;  

 Measured existing underwater noise levels do not include vessel traffic noise over the 

entire LSA (only in proximity to the hydrophone); therefore, the prediction of 

Project-contributed noise over existing conditions is likely overestimated; 
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 Mean broadband existing noise levels do not consider fluctuations in underwater 

noise levels over time in existing underwater noise conditions (i.e., minimum of 

approximately 98 dB re 1 µPa, maximum of approximately 150 dB re 1 µPa) at the 

proposed terminal; and 

 Predictions of underwater noise for each container ship call were produced during 

extreme weather events with three tugs and a line boat assisting the container ship 

approach and berthing.  

With these conservative assumptions, underwater noise levels during operation may at 

times exceed current existing levels of underwater noise. It is important to note that this 

calculation examines the average underwater noise levels during existing conditions and 

predicted from the Project over the course of a year. Both measurements of existing 

underwater noise with hydrophones (see Sections 9.8.6.1 and 9.8.6.2), and modelling 

predictions of underwater noise from commercial vessel traffic during existing conditions 

(see Section 9.8.6.3), characterise fluctuations in underwater noise levels over the course 

of a day and between times of year. 

During operation, there are predicted increases in underwater noise at specific times, when 

container ships call on RBT2. For example, as shown in Table 9.8-6, sound levels of 

approximately 150 dB re 1 µPa occur 370 m from berthing and 160 m from approach and 

are comparable to the maximum sound level measured during existing conditions 

(approximately 150 dB re 1µPa) (Section 9.8.6.1). 
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Figure 9.8-4 Modelled Increase in Underwater Noise Above Mean Existing 

Conditions from a Container Ship Call at Roberts Bank Terminal 2 
including Approach, Berthing, Unberthing, and Departure 

 

9.8.8 Future Conditions with and without the Project and Other Certain and 
Reasonably Foreseeable Projects and Activities 

Underwater noise generated from these projects and activities have the potential to interact 

with Project-related underwater noise, and result in cumulative changes. Rationale for the 

inclusion or exclusion of projects and activities in the assessment of cumulative change is 

provided in Appendix 9.8-C. Increases to underwater noise levels from Project operation, 

in combination with existing conditions, are described in Section 9.8.7. The combination of 

existing and expected commercial vessel traffic, Project-related changes, plus changes from 

other certain and reasonably foreseeable projects and activities comprise the total potential 

cumulative change for underwater noise levels. This section provides an assessment of 

these cumulative changes. Potential cumulative change is presented with and without the 

Project and incremental RBT2 marine vessel traffic calling at RBT2. 
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9.8.8.1 Modelled Underwater Noise Levels in the Regional Study Area 

The predicted mean SPL in the RSA with RBT2 and other future projects and activities 

during January and July was 122.22 dB re 1 µPa and 117.60 dB re 1 µPa, representing 

a 0.08 dB re 1 µPa and 0.06 dB re 1 µPa increase over existing conditions, respectively 

(Table 9.8-7). The largest predicted increase in underwater noise levels above existing 

conditions is approximately 6.84 dB at Roberts Bank from commercial vessel traffic from all 

projects in 2030, which is primarily attributable to Project operation noise from container 

ships berthing at RBT2. Noise levels for all the future cases increased to a lesser degree in 

Haro Strait (Location 2) and Boundary Pass (Location 3), along the main traffic routes. 

There is little change between underwater noise levels at Active Pass (Location 4) due to the 

predominance of B.C. Ferries and Washington State ferry traffic noise in this area.
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Table 9.8-7 Comparison of Underwater Noise Levels at Four Locations in the Regional Effects Assessment Study 

Area in January and July for Existing, Future Conditions without the Project, and Future Conditions 
with the Project 

Case 

Mean Sound Pressure Level (dB re 1 µPa) 

Location 1 
Roberts Bank 

Location 2 
Haro Strait 

Location 3 
Boundary Pass 

Location 4 
Active Pass 

Mean Level for 
RSA 

Jan. Jul. Jan. Jul. Jan. Jul. Jan. Jul. Jan. Jul. 

Existing Conditions (A) 125.69 117.14 118.54 120.08 122.61 125.92 127.29 123.49 122.14 117.54 

Future Conditions with 
Other Projects and 
Activities1 (No RBT2) (B) 

125.70 117.14 119.16 120.20 123.06 126.03 127.27 123.49 122.20 117.59 

Future Conditions with 
RBT2 and Other Projects 

and Activities 1 (C) 

130.15 123.98 119.70 120.39 123.55 126.16 127.37 123.49 122.22 117.60 

Difference between 

Existing Conditions and 
Future Conditions with 

RBT2 and Other Projects 
and Activities 1 (D) 2 

4.46 6.84 1.16 0.31 0.94 0.24 0.08 0.00 0.08 0.06 

Notes:  1. Case includes existing, expected, and future commercial vessel traffic;  
2. Difference: (D) = (C) - (A); Locations 1 to 4 shown on Figure 9.8-2. 
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Future increases in commercial vessel traffic are expected to make a relatively small 

contribution to overall underwater noise levels in the RSA due to the high density of existing 

commercial vessel traffic (see Table 9.8-7). Predicted underwater noise levels for this 

assessment of cumulative change in the RSA are presented in Figure 9.8-3. The prediction 

that commercial vessel traffic in the RSA will increase existing underwater noise levels by a 

small amount reflects the existing high levels of vessel traffic within the study area and the 

already dominant contribution of commercial vessel traffic noise to the acoustic 

environment. 

9.8.9 Summary of Assessment 

Underwater noise levels measured at Roberts Bank in 2013 and 2014 ranged from 98.1 dB 

re 1µPa to 149.8 dB re 1µPa with a mean of 119.5 dB re 1µPa (SMRU et al. 2014). 

Therefore, although underwater noise levels during construction may at times exceed 

current existing levels, they are generally comparable on average. Figures characterising 

underwater noise contours produced from Project-related construction activity scenarios can 

be found in Appendix 9.8-A. 

During operation, underwater noise levels were predicted from 170 dB re 1 µPa at less than 

20 m for both berthing and approaching to 120 dB re 1 µPa at 14.2 km to 22.0 km from 

berthing and approaching, respectively (Table 9.8-6). Figures characterising underwater 

noise contours produced from Project-related operation activity scenarios can be found in 

Appendix 9.8-A. Container ship berthing and unberthing noise increases over existing 

conditions would occur in the LSA 2.97% of the year (approximately 11 days), and 

container ship approach and departure noise increases over existing conditions would exist 

in the LSA 2.23% of time (approximately 8 days). Therefore, although underwater noise 

levels during operation may at times exceed current existing levels, they are generally 

comparable and will only exceed existing conditions for a small portion of the year, noting 

that these predicted increases are based on conservative assumptions. 

During future conditions with the Project and other certain and reasonably foreseeable 

projects and activities, cumulative changes to the mean underwater noise levels in the RSA 

during January and July were 122.22 dB re 1 µPa and 117.60 dB re 1 µPa, representing a 

0.08 and 0.06 dB re 1 µPa increase over existing conditions, respectively. The largest 

predicted increase in underwater noise levels above existing conditions is approximately 

6.8 dB at Roberts Bank from commercial vessel traffic from all projects in 2030, which is 

primarily attributable to Project operation noise from container ship berthing at RBT2. Noise 



PORT METRO VANCOUVER | Roberts Bank Terminal 2  

   Page | 9.8-25 

levels for all the future scenarios increased to a lesser degree in Haro Strait (Location 2) 

and Boundary Pass (Location 3), along the main traffic routes. There is little change 

between predicted underwater noise levels at Active Pass due to the predominance of B.C. 

Ferries and Washington State ferry traffic noise in this area. Future increases in commercial 

vessel traffic are expected to make a relatively small contribution to overall underwater 

noise levels in the RSA, due to the high density of existing commercial vessel traffic. The 

prediction that these additional ships will increase existing underwater noise levels by a 

small amount reflects the existing high levels of vessel traffic within the study area and the 

already-dominant contribution of commercial vessel traffic noise to the acoustic 

environment. Underwater noise contours produced for Project and regional commercial 

vessel traffic other certain and reasonably foreseeable projects and activities can be found 

in Figure 9.8-3 and Appendix 9.8-B. 

9.8.10  Uncertainty, Sensitivity, and Reliability 

This section describes the uncertainties, sensitivities, and reliability of field work and noise 

propagation modelling and mapping. Conservative assumptions incorporated into the 

underwater noise modelling are also discussed. 

9.8.10.1 Noise Propagation Modelling and Mapping 

Existing Underwater Noise Conditions 

Acoustic modelling only considered contributions from existing commercial vessel traffic and 

wind-driven ambient noise. Other potential sources of underwater noise such as biological 

sources, commercial or military sonar, terminal operations, and aircraft were not included. 

These omissions are not expected to be important for the study purposes since underwater 

noise from commercial vessel traffic dominates the entire RSA (Mouy et al. 2012, SMRU et 

al. 2014). 

It is important to note that the models described in Appendix 9.8-A and Appendix 9.8-B 

do not include the contribution of underwater noise from small recreational or commercial 

vessel traffic, including whale-watching vessels. Modelling of existing levels of underwater 

noise was produced from the VTOSS data of tracked commercial vessel traffic, including 

container ships, oil tankers, tugs, ferries, , and other commercial vessel traffic. As a result, 

small vessels, including commercial whale-watching vessels, are sparsely represented in 

VTOSS and are, therefore, incompletely captured.  
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Construction Scenario Modelling 

Conservative assumptions were incorporated into the modelling of underwater noise during 

construction. At the time of modelling, specific equipment associated with construction 

activities (i.e., pile-driving hammers and vibro-densifier) and vessel specifications had not 

been confirmed. As such, model scenarios were based on reasonable but conservative 

assumptions. Some construction activities will span several months, with structure 

placement around the new terminal varying with time (see Appendix 4-E Preliminary 

Construction Schedule and Basis of Schedule Report). To be conservative, model 

predictions of underwater noise excluded any obstructions from ongoing construction 

activities (e.g., no caisson structure in place). Furthermore, predictions of underwater noise 

during construction activities did not include underwater noise produced by existing 

commercial vessel traffic or other human-generated noise sources. 

Operation Scenario Modelling 

Conservative assumptions were incorporated into the modelling of underwater noise during 

operation. Source levels for vessels were based on fully loaded ships since deeper sources 

more efficiently radiate underwater sound, and consequently produce more conservative 

model results. In addition, using the modelled tug source levels as a surrogate vessel for 

the line boat during berthing is expected to be conservative since the line boat CH Cates IV 

is smaller and less powerful than the tug boat Seaspan Resolution. Underwater noise 

produced by Triple E-class container ships were modelled for operation scenarios were 

developed for plausible worst-case conditions of poor weather conditions requiring three 

tugs and a line boat. 

Cumulative Commercial Vessel Traffic Modelling 

Vessel Traffic Projections 

The VTOSS database may underestimate ship density and consequently underwater noise at 

some locations inside the study areas. Small vessels (typically less than 20 m to 30 m in 

length), including whale-watching vessels, were not included in the VTOSS data. Therefore, 

small vessels, including commercial whale-watching vessels, are sparsely represented in the 

VTOSS database, and as a result this vessel traffic is not fully captured within the modelling. 

Detailed examination of the VTOSS database also revealed issues including time gaps, 

incomplete tracks, and mis-classified vessels. Because errors of this kind tend to average 

out over time, these issues would have greater influence on predictions of underwater noise 

over a 24-hour period than for predictions of monthly averages. 
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Source Levels 

Accurate source-level estimates are necessary for modelling underwater noise from 

commercial vessel traffic from different vessel types. Source levels for most types of vessels 

were captured in the Whale Museum Beam Reach dataset from Lime Kiln State Park, 

although gaps remained for some vessel categories. Data from past PMV studies were 

combined with best available literature sources to supplement gaps in this dataset; 

however, some vessel categories were broad and available measurements were limited. In 

particular, category 10 (LOA 50 m to 100 m), was not covered by the TWMBR dataset and 

encompassed many different kinds of ships including coast guard vessels, military vessels, 

roll-on roll-off ships, and research and fishing vessels, for which there are few available 

measurements. For this study, source levels of category 10 were derived principally from 

measurements of ocean-going support vessels 50 m to 100 m LOA; it is unknown whether 

they broadly represent other category 10 vessels in the study areas. Also, very few 

published measurements exist for vessels smaller than 25 m (categories 12 and 13) and 

VTOSS tracking data for those categories are limited.  

Transmission Loss 

Accurate model predictions of underwater sound propagation (transmission loss) are 

necessary for estimating commercial vessel traffic noise on the spatial scales considered in 

the present study. Therefore, considerable effort was made to validate the numerical 

acoustic models with data from field studies (see Hemmera et al. 2014). The current study 

used numerical transmission loss models capable of generating highly accurate predictions 

(Jensen et al. 2000), although their capabilities are limited by the fidelity of the 

environmental input data (bathymetry, water sound speed, and geoacoustics). High-

resolution bathymetry data and good-quality historical sound speed profile data were 

available through most of the study area; however, seabed geoacoustics were more 

sparsely available. Geoacoustic profiles were derived primarily by inverting transmission loss 

data acquired specifically for that purpose at three different locations inside the study area 

(Roberts Bank, Haro Strait, and eastern part of the Strait of Juan de Fuca). Transmission 

loss predictions are expected to be reliable close to the locations where transmission loss 

measurements were carried out, but with the large spatial extent of the study area, 

variability in seabed geoacoustics over regional scales may be poorly characterised. 

Nonetheless, a wide variety of seabed types were included in the model (silty clay to coarse 

sand) and broad-scale transmission loss predictions are expected to represent the range of 

conditions that would be encountered in the study area.  
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