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1.0 INTRODUCTION 

The Vancouver Fraser Port Authority, doing business as Port Metro Vancouver (PMV or the 

proponent), proposes to build a new three-berth container terminal at Roberts Bank in 

Delta, British Columbia (B.C.). The proposed Roberts Bank Terminal 2 Project (referenced 

throughout this document as RBT2 or the Project) is an important component of PMV’s plan 

to meet growing demand for container capacity in support of Canada’s import and export 

markets. By providing for an additional 2.4 million twenty-foot equivalent units (TEUs) of 

container capacity per year, the Project will help to ensure that container capacity on the 

west coast of Canada is sufficient to meet projected demand to 2030.  

The Project will involve the development of additional land area at the seaward end of the 

existing Roberts Bank causeway, adjacent to the existing Deltaport Terminal and Westshore 

Terminals, widening of the existing causeway, and expansion of the existing tug basin.  

The Roberts Bank Terminal 2 project is undergoing a federal environmental assessment by 

an independent review panel pursuant to the Canadian Environmental Assessment Act, 

2012 (CEAA 2012). It is also subject to a provincial environmental assessment, pursuant to 

the B.C. Environmental Assessment Act. The provincial assessment will primarily rely on the 

federal process. 

On March 27, 2015, PMV submitted an Environmental Impact Statement (EIS) for RBT2 to 

the Canadian Environmental Assessment Agency (CEA Agency) and the B.C. Environmental 

Assessment Office. The EIS addresses requirements of EIS Guidelines issued by the CEA 

Agency on January 7, 2014. 

On April 17, 2015, the CEA Agency issued Updated Guidelines for the Preparation of an 

Environmental Impact Statement (Updated EIS Guidelines) that included the addition of two 

matters to be considered:  

• Section 17, environmental effects of marine shipping associated with the Project, 
beyond the scope of the Project (PMV jurisdiction) to the 12 nautical mile limit of 
Canada’s territorial sea; and  

• Section 18, provincial socio-economic assessment, namely social, economic, 
heritage, and health effects that do not arise from changes to the environment. 

By letter of April 29, 2015, PMV advised the CEA Agency that the EIS submitted March 27, 

2015 was intended to meet both federal and provincial requirements and therefore 

addressed provincial socio-economic matters. The EIS also addresses the effects of marine 
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shipping associated with the Project within PMV jurisdiction. This supplemental report 

therefore addresses the requirements of section 17 of the Updated EIS Guidelines regarding 

the environmental effects of marine shipping associated with the Project beyond the 

Project scope. 

The marine shipping matter required PMV to conduct an assessment of the potential effects 

of marine shipping associated with the Project outside of PMV’s jurisdiction and to obtain 

views from identified Aboriginal groups about potential effects on Aboriginal peoples. 

1.1 PURPOSE OF THE MARINE SHIPPING SUPPLEMENTAL REPORT 

As directed by the CEA Agency in the Updated EIS Guidelines, this report is an assessment 

of the potential effects of marine shipping associated with the Project. This assessment is 

provided as a supplemental to the RBT2 EIS (March 2015).  

The EIS Guidelines specified the scope of RBT2 which included marine traffic within PMV’s 

jurisdiction. The Updated EIS Guidelines require consideration of marine shipping outside 

PMV’s jurisdiction (beyond PMV’s care and control) to the 12 nautical mile limit of the 

Canadian territorial sea. This report refers to this area as the Marine Shipping Area 

(MSA, see Figure 1-1). 

On April 17, 2015, the Minister of the Environment issued the final Review Panel Terms of 

Reference (Terms of Reference). The Terms of Reference provide that the two additional 

matters identified in the Updated EIS Guidelines are not environmental effects of the Project 

for the purposes of the Minister’s decision whether the Project is likely to cause significant 

adverse environmental effects, and will not be subject to conditions issued to PMV in any 

decision statement. The CEA Agency has indicated that the information in this report will act 

as a means for the federal government to collect information on the effects of marine 

shipping associated with the Project for use by programs or activities within federal 

jurisdiction. 

1.2 ORGANISATION OF THE MARINE SHIPPING SUPPLEMENTAL REPORT 

The Marine Shipping Supplemental Report is organised into a preface and twelve sections. 

The preface includes the following: 

• Title page; 

• Cover letter; 

• Table of concordance; 

• Table of contents (including lists of figures, tables, and appendices); and 

• Authorship and professional credentials.  
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The contents of each section are briefly described below: 

• Section 1.0 Introduction introduces the marine shipping assessment scope as 
described in the Updated EIS Guidelines and the purpose of the Marine Shipping 
Supplemental Report; 

• Section 2.0 Geographic Setting provides an overview of the Project’s geographic 
setting, including the existing marine and human environment;  

• Section 3.0 Regulatory Context and Role of Government describes applicable 
legislation and regulation, applicable authorities, and the role of government in the 
MSA; 

• Section 4.0 Activity Description describes existing marine traffic activity, marine 
shipping activities associated with the Project, and future marine traffic activity;  

• Section 5.0 Aboriginal Groups Engagement and Consultation summarises 
activities undertaken to date and future planned activities with respect to Aboriginal 
engagement and consultation;  

• Section 6.0 Effects Assessment Approach describes the assessment methods 
used in the Marine Shipping Supplemental Report, including the approach and key 
steps followed in selecting valued components (VCs), establishing assessment 
boundaries, describing existing conditions, identifying potential interactions and 
effects, considering mitigation measures, evaluating potential changes and effects, 
including cumulative effects, and considering follow-up; 

• Section 7.0 Physical Environment Effects Assessments describes existing 
conditions and anticipated changes in the physical components of the environment 
associated with marine shipping activities, including air quality, wave environment, 
marine water quality, atmospheric noise, light, and underwater noise; 

• Section 8.0 Marine Biophysical Environment Effects Assessments summarises 
the effects assessment of each of the Project’s biophysical VCs including marine fish 
and fish habitat (including consideration of marine vegetation and marine 
invertebrates), marine mammals, and marine birds. Each of these VC assessment 
subsections describe the assessment approach, existing conditions, assessment of 
potential effects and cumulative effects, mitigation measures, and follow-up 
programs, as applicable; 

• Section 9.0 Human Environment Effects Assessments presents an effects 
assessment of each of the Project’s economic and social VCs, including human 
health, marine commercial use, outdoor recreation, and archaeological and heritage 
resources, as well as current use of lands and resources for traditional purposes, and 
potential adverse impacts on Aboriginal or treaty rights. Each of these assessment 
subsections describes the assessment approach, existing conditions, assessment of 
potential effects and cumulative effects, mitigation measures, and follow-up 
programs, as applicable; 
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• Section 10.0 Potential Accidents or Malfunctions describes potential accidents 
or malfunctions related to marine shipping activities associated with the Project, 
summarises the existing emergency response mechanisms and suggested additional 
mitigation measures for potential accidents or malfunctions, and, as appropriate, 
assesses potential effects of accidents or malfunctions;  

• Section 11.0 Follow-up Program considers a marine shipping-specific follow-up 
program; and 

• Section 12.0 Summary of Changes to the Environment and Effects of 
Changes to the Environment includes much of the summary information required 
in the Updated EIS Guidelines, including Changes to the Environment and Effects of 
Changes to the Environment. 
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2.0 GEOGRAPHIC SETTING  

This section provides an overview of the geographic setting for the marine environment 

(Section 2.1) and the human environment (Section 2.2), as per the requirements outlined 

in Updated EIS Guidelines, sections 17.2.1, 17.3.1, and 17.3.2, for marine shipping 

associated with the Project outside PMV jurisdiction to the 12 nautical mile limit of the 

territorial sea. This area is referred to as the Marine Shipping Area (MSA) as described in 

Section 1.0 Introduction and illustrated in Figure 1-1.  

Marine shipping activity associated with RBT2 occurs within the Salish Sea. The Salish Sea is 

the name given to the transboundary inland marine waters including Juan de Fuca Strait, 

the Strait of Georgia, and Puget Sound, together with their connecting channels, passes, 

and straits (Figure 2-1). The Salish Sea has an areal extent of approximately 17,000 km2 

and 7,500 km of coastline (Gaydos and Pearson 2011). As described in Section 4.1.1 

Existing Marine Traffic Activity, the designated marine shipping lanes within the Salish 

Sea run through these major water bodies. The international shipping lanes are located 

among numerous islands and islets belonging to either the Gulf Islands or San Juan Islands, 

which form an archipelago of diverse marine habitats.  

2.1 MARINE ENVIRONMENT  

An overview of oceanographic conditions, including a description of the physical 

characteristics of all waters, is provided below for the Salish Sea. Oceanic processes in the 

Salish Sea are influenced by several interacting mechanisms that include freshwater 

drainage from land, precipitation, salty waters originating from the Pacific Ocean, tidal 

fluctuations, winds, and other physical processes. Brief descriptions of the geography of the 

major water basins within the Salish Sea are provided below followed by an overview of the 

major current-forcing mechanisms. 
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Figure 2-1 Boundaries of the Salish Sea 
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The Salish Sea separates Vancouver Island from the mainland. There are two openings to 

the Pacific Ocean, one to the south through Juan de Fuca Strait and one to the north, which 

consists of a series of narrow long channels along with the main channel, Discovery 

Passage. To simplify the description of regional oceanography in the Salish Sea, three 

interconnecting basins (Strait of Georgia, Puget Sound, and Juan de Fuca Strait) separated 

by a series of sills (shallower areas), are described below. These descriptions are based 

primarily on Thomson (1994), Davenne and Masson (2001), and others where noted.   

Although these basins are controlled by the same physical processes, patterns of currents 

and waves differ in their responses to the major forcing mechanisms or physical processes 

due to the complexity of the physiographic, oceanographic, and hydrographic settings. 

Physical processes are described in Section 2.1.1. 

Strait of Georgia 

The Strait of Georgia is a 222 km long, 20 to 40 km wide, partially-mixed estuary extending 

from about 48°44' to 50° north latitude (Figure 2-1). The strait covers a surface area of 

roughly 6,800 km2 and has an approximate volume of 1,050 km3. Depths average 155 m 

and the maximum water depth of 420 m is located immediately south of Texada Island in 

the central portion of the Strait of Georgia. Eastern portions are characterised by fjords, 

islands, sounds, and passages. The southern boundary of the Strait of Georgia is defined by 

the shores of the San Juan-Gulf Islands and a group of narrow tidal channels including Haro 

Strait, Rosario Strait, and Middle Channel.  

Haro Strait is a tidal channel characterised by strong vertical and lateral current shears. 

Especially turbulent flow can be found in the vicinity of Boundary Passage at the northern 

end of Haro Strait where the well-mixed waters of the strait interact with those from the 

Strait of Georgia in the vicinity of a sequence of sills. Western portions of the Strait of 

Georgia are characterised by few inlets and a more regular coastline.  

Puget Sound 

Puget Sound is a fjord-like partially-mixed estuary in the southern part of the Salish Sea 

that covers an area of approximately 2,632 km2, and is comprised of several basins and 

interconnecting channels (Figure 2-1). It is approximately 165 km long and the width is 

highly variable. The main basin has depths exceeding 200 m, and the mean depth is 62 m. 

The entrance sill at Admiralty Inlet is 30 km long and is made up of an outer sill (65 m 

depth) and inner sill (105 m) separated by a deeper area (Cannon et al. 1990).  
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Juan de Fuca Strait 

Juan de Fuca Strait is a 160 km long, U-shaped estuary in the southwest part of the Salish 

Sea that has a surface area of 3,700 km2, an overall volume of 402 km3, and a mean depth 

of around 200 m (Figure 2-1). The width of the strait varies from 22 km over the first 

100 km from the mouth to greater than 40 km over the remaining 60 km to the eastern 

boundary. The maximum depth of Juan de Fuca Strait is about 250 m at mid-channel near 

its seaward entrance.  

Because of the regularity of the channel, well-mixed nature of the water column, and 

absence of shallow sills, the flow structure of Juan de Fuca Strait is considerably less 

complex than that of the other two basins. A cross-channel sill cuts across the strait south 

of Victoria, B.C., where shallower depths are about 55 m. There are several shallow banks 

east of this sill with deeper channels that lead into Haro Strait, Rosario Strait, Admiralty 

Inlet, and Deception Pass. 

2.1.1 Physical Processes 

Oceanographic conditions of the Salish Sea are strongly influenced by the strength and 

direction of prevailing surface winds, by surface freshwater discharge from the Fraser River, 

and by intermediate- to deep-water intrusion of tidally-mixed high salinity oceanic water. 

2.1.1.1 Climate 

This overview description of climate in the Salish Sea region relied upon Davenne and 

Masson (2001) and Thomson (1994). The Salish Sea is located within the Pacific Ecozone, 

which is one of the warmest and most humid climates in Canada. Precipitation levels are 

approximately 600 mm per year in the south and up to 3,000 mm in the north. 

Temperatures vary little across the year, with July mean temperatures between 12 and 

18 ˚C and January between 4 and 6 ˚C. Due to the terrestrial barrier imposed by the 

Alaskan peninsula, a large portion of the cold arctic currents does not reach the west coast, 

and therefore there is minimal seasonal variation in the ocean surface temperature. 

Wind patterns in the Salish Sea are complicated due to the mountains and coastal 

topography and the land-sea contrast. Winds in the region are dominated by two major 

seasonal atmospheric pressure systems centred in the North Pacific Ocean. These are the 

North Pacific High pressure system that dominates the region in summer and the Aleutian 

Low which prevails in winter. Wind is an important force in the oceanography of the Salish 

Sea system. In addition to generating surface waves and mixing surface waters, winds 
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directly force surface drift currents and lead to low-frequency flow responses within the 

basins. Variations in the location and intensity of these systems greatly influence the winds 

over both the offshore waters and the inner coastal regions.  

In late fall and winter, strong southeast winds associated with the Aleutian Low drive the 

brackish flow to the north in the Strait of Georgia, while strong southerly winds along the 

outer Washington coast are responsible for reversals in the normal estuarine flow pattern 

throughout Juan de Fuca Strait. Cold outbreaks, which occasionally occur in winter when 

cold arctic air deepens over the interior of B.C. and flows through the coastal mountain 

passes, augment the normal estuarine flow pattern.  

Typically during the summer, the presence of high pressure off the coast associated with 

the North Pacific High and a thermal low over the interior produce a general northwesterly 

wind flow. The northwesterly winds combine with spring-summer runoff and tidal action to 

propagate the movement of freshwater seaward through the system. Winds are 

typically light and are replaced by strengthening onshore winds later in the day as a result 

of land-sea heating differences. These onshore winds produce inflow winds through Juan de 

Fuca Strait.  

2.1.1.2 Estuarine Circulation and Water Properties 

Freshwater inflow into the Salish Sea enters mainly through the Strait of Georgia from the 

Fraser River during the spring from snowmelt and from rivers along Vancouver Island and 

Puget Sound during the high-precipitation winter months. There are both large inter-annual 

and annual variations in Fraser River discharges, as illustrated in RBT2 EIS Figure 9.5-7. 

The freshwater input maintains the normal estuarine circulation. Estuarine circulation in 

Juan de Fuca Strait consists of a net seaward surface flow of relatively fresh water in the 

upper layer (75 to 125 m depth range) and a net landward flow of more saline oceanic 

water in the lower portion of the water column. Intrusions of relatively warm, high salinity 

coastal Pacific water result in a reversal in the direction of the non-tidal currents within the 

strait so that surface flow becomes landward and deep flow becomes seaward. 

The Salish Sea is a mixed tidal system, with both diurnal (daily) and semi-diurnal (twice a 

day) components. Flood tides that enter Juan de Fuca Strait drive currents northward into 

the Strait of Georgia and southward into Puget Sound, while ebb tides in the Strait of 

Georgia exit to the south primarily through Boundary Passage, and in Puget Sound exit 

northward. Tidal currents are strong in the narrow passages and the associated mixing 
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plays an important role in controlling the water mass exchange between basins. Tidal 

fluctuations in the Strait of Georgia are described further in RBT2 EIS Section 9.5.6.2, and 

information on the wave environment within the Salish Sea is provided in Section 7.2 

Wave Environment.  

The Salish Sea is closely linked to the estuarine circulation and consists of relatively warm, 

low salinity, low density water in the upper portion of the water column and relatively cold, 

high salinity, high density water in the lower portion of the water column (Thomson 1994). 

The water property structures of each of the basins in the Salish Sea are distinct. For 

example, the waters of Juan de Fuca Strait are characteristic of a well-mixed estuary in 

which density gradients are relatively small with vertical mixing. Puget Sound is 

characteristic of a partially-mixed estuary consisting of highly stratified water in a shallow 

upper layer overlying more thoroughly mixed water in a deeper lower layer. The structure of 

the Strait of Georgia varies according to location because of the effects of varying runoff, 

vertical mixing, channel bathymetry, and oceanic influence. In the central region of the 

strait where currents are relatively weak and runoff from the Fraser River is a dominant 

factor, the strait resembles a partially-mixed estuary. In the extreme southern sector of the 

strait, tidal mixing on the flood can give rise to well-mixed estuarine conditions.  

In general, vertical gradients in water properties are linked to the intensity of the tidal 

currents and the degree of isolation of the basins by shallow sills. At a given depth, 

temperatures tend to decrease along-axis in the seaward direction, while salinity and 

density increase. In general, nutrients increase while dissolved oxygen values decrease with 

depth and distance seaward along-channel. Additional information on water properties along 

the shipping route is provided in Section 7.3 Marine Water Quality. 

2.1.2 Species at Risk and Conservation Areas 

The Salish Sea is one of the most ecologically important marine habitats along the entire 

Pacific coast of North America. Like many other coastal zones around the world, the Salish 

Sea ecosystem has been and is currently being affected by population growth, marine 

harvesting, pollution, and other environmental factors such as climate change. Several 

marine birds, fish, mammals, reptiles, and invertebrates have experienced serious declines 

and are at risk or vulnerable to extinction. These species depend on the Salish Sea marine 

ecosystem for all or parts of their life history, such as reproduction, migration, moulting, 

foraging, or over-wintering habitat.  
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Four governments have jurisdiction to determine which marine species in the Salish Sea 

need formal protection to ensure survival: the province of B.C., the state of Washington, the 

Canadian federal government, and the U.S. federal government. As of January 1, 2011, 

113 native species, sub-species, or ecologically significant units that depend on the Salish 

Sea marine ecosystem were listed by one or more jurisdictions as a species of concern, 

including three invertebrates, 37 fishes, two reptiles, 56 birds, and 15 mammals (Gaydos 

and Brown 2011). Marine species at risk that may occur within the MSA and the potential 

effects of Project-associated marine vessel traffic for marine species at risk are presented 

in the marine fish and fish habitat, marine mammals, and marine birds sections 

(Sections 8.1, 8.2, and 8.3, respectively), and, for potential accidents or malfunctions, in 

Section 10.0. 

Conservation areas in and near the Salish Sea are illustrated in Figure 2-2. Provincially-

designated conservation areas include ecological reserves, parks, and Wildlife Management 

Areas (WMAs). Federal protection designations include Migratory Bird Sanctuaries, Marine 

Protected Areas (MPAs), Rockfish Conservation Areas, National Marine Conservation Areas, 

National Parks of Canada, National Wildlife Areas, and critical habitat established under the 

Species at Risk Act. The Gulf Islands National Park Reserve in the Strait of Georgia supports 

approximately 36 km2 of terrestrial and marine habitat on 15 islands and various islets and 

reefs (Parks Canada 2015). Several Important Bird Areas (IBAs) also exist in and near the 

Salish Sea (IBA Canada 2015). While IBAs are not federally or provincially protected areas, 

they are established under Canada’s Important Bird Areas Program, a science-based 

initiative to identify, conserve, and monitor a network of sites that provide essential habitat 

for Canada’s bird populations (IBA Canada 2015). As part of the Pacific Flyway, both pelagic 

and coastal waters are used seasonally by a wide variety of breeding, foraging, and over-

wintering marine birds especially in extensive tidal mudflats, eelgrass beds, rocky offshore 

islets, and old-growth forests (Parks Canada 2010). 

The Washington State Department of Fish and Wildlife has set aside certain areas of Puget 

Sound marine waters for the protection and preservation of marine species and/or habitats. 

These are generally known as MPAs and include nine conservation areas, 16 marine 

preserves, and two Sea Cucumber and Sea Urchin Commercial Harvest Exclusion Zones. 

The greater San Juan Island archipelago holds the most MPAs. The north coast of the state 

has the largest MPA, the Olympic Coast National Marine Sanctuary. Several state parks, 

IBAs, federal historical parks, and national marine sanctuaries are also present in Puget 

Sound, as well as MPAs administered by other agencies, such as the Washington State 

Department of Natural Resources. 
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2.2 HUMAN ENVIRONMENT 

Aboriginal peoples have inhabited the Salish Sea ecosystem for millennia, relying on its 

marine resources for sustenance and its waterways for travel. Descendants of the cultural 

group known as Coast Salish, as well as a division known as the Straits Salish, historically 

moved throughout their traditional territories on a seasonal round of fishing, hunting, 

trapping, and gathering resources from the land and sea to maintain their communities. 

Aboriginal groups’ current use of the MSA for traditional purposes is detailed in Section 9.5 

Current Use of Lands and Resources for Traditional Purposes and Aboriginal and 

Treaty Rights. 

European settlement began in the area with the establishment of trading posts in the mid-

1800s. Commercial activities such as fishing, logging, mining, farming, and shipping grew 

as the region saw successive waves of in-migration.  

Today, the Salish Sea is an established trade gateway, providing an important 

transportation corridor for sea-going ships enroute to seaport terminals throughout, 

including Vancouver, Victoria, Nanaimo, Seattle, Bellingham, Port Angeles, Tacoma, and 

Cherry Point. In addition, it supports commercial, recreational, and Aboriginal fishing, 

marine-based recreational activities, and various ferry operations. Additional information 

concerning human activities in the MSA is included in Section 9.2 Marine Commercial 

Use and Section 9.3 Outdoor Recreation.   

The Salish Sea ecosystem is home to a population of over seven million people. By the year 

2025, projections suggest the population will increase to over nine million (Environment 

Canada 2015). Major population centres include Greater Victoria, Metro Vancouver, and 

Greater Seattle. Smaller communities are located on the Gulf and San Juan islands, 

Vancouver Island, and the Olympic Peninsula in western Washington State. Aboriginal 

communities in proximity to the MSA are profiled in Section 9.5 Current Use of Lands 

and Resources for Traditional Purposes and Aboriginal and Treaty Rights. The 

location of federal lands in relation to the MSA is shown in Figure 2-3. 

Potential changes to the environment that could affect human receptors are described in 

Section 7.1 Air Quality, Section 7.2 Wave Environment, Section 7.3 Marine Water 

Quality, Section 7.4 Atmospheric Noise, and Section 7.5 Light. Assessments of 

potential effects to human health and archaeological and heritage resources are provided in 

Sections 9.1 and 9.4 respectively, and, for potential accidents or malfunctions, in 

Section 10.0.   
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3.0 REGULATORY FRAMEWORK AND ROLE OF GOVERNMENT 

This section provides an overview of the regulatory framework and role of government, 

including emergency response and communication planning for safety or environmental 

emergencies with respect to marine shipping in the Marine Shipping Area (MSA). This 

section supplements information provided in Sections 30.3.1 and 30.3.2 of the RBT2 EIS. 

The regulatory and emergency response framework within PMV jurisdiction is described in 

RBT2 EIS Sections 30.3.3 and 30.3.4. More detail regarding the marine governance 

framework is provided in Appendix 3-A Canada’s Marine Safety and Security System, 

prepared by Transport Canada. 

3.1 FEDERAL AUTHORITIES OVERVIEW 

The federal government has exclusive legislative jurisdiction over navigation and shipping. 

Transport Canada is the federal lead in regulating shipping in Canada, and is responsible for 

federal transportation policies and programs. Transport Canada administers a number of 

Acts and regulations to ensure that marine transportation is safe and secure, efficient, and 

environmentally responsible. Transport Canada delivers specific oversight programs; has 

entered into international agreements which provide frameworks for shared responsibilities; 

and conducts inspections of foreign vessels. Transport Canada enforces Canadian 

regulations and international conventions implemented by Canada governing matters such 

as ballast water management, biofouling of vessel hulls, air emissions, and other discharges 

including garbage, sewage, and bilge water. Transport Canada is the lead regulatory agency 

that manages Canada’s Marine Oil Spill Preparedness and Response Regime (TC 2015b). 

Many other federal parties are also involved in upholding marine safety and security. 

Environment Canada provides weather forecasts and monitoring. It is also the primary 

department to provide and coordinate environmental information and advice in the event of 

a release of hazardous substances into the environment. An example of environmental 

response advice provided is the Shoreline Cleanup Assessment Technique (SCAT) 

(TC 2015b). 

The Canadian Coast Guard is a special operating agency of Fisheries and Oceans Canada 

(DFO) and is responsible for delivering the operational aspects of navigational programs 

such as aids to navigation, waterways management, and Marine Communication and Traffic 

Services (MCTS). The MCTS program contributes to the safety of life at sea, the protection 

of the marine environment, the efficient movement of shipping and the provision of 

essential and accurate information to mariners. One of the core functions of MCTS is to 

provide vessel traffic services. The Canadian Coast Guard is the lead federal department 

responsible for overseeing responses to oil spills. (CCG 2015b, TC 2015b.) 
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The Pacific Pilotage Authority is responsible for providing safe, reliable, and efficient marine 

pilotage services on the west coast. Marine pilotage involves a mariner with extensive 

knowledge of a local waterway and its ports boarding a vessel to guide it safely to its 

destination. Professional pilots know the navigation route along which they guide a vessel, 

including latest charts and weather conditions, currents, subsurface characteristics, and the 

infrastructure of the port they are guiding the vessel into and from (TC 2015a). 

Canada Port Authorities, including PMV, have been delegated certain powers regarding 

navigation, safety, and protection of the environment within the boundaries of their 

jurisdiction. Port Metro Vancouver practices and procedures are set out in the Port 

Information Guide and are described in RBT2 EIS Section 30.3.3. 

3.2 REGULATORY FRAMEWORK 

The Canada Shipping Act, 2001 is the primary legislation which regulates marine 

transportation and provides Transport Canada with its authority. 

Regulations under the Canada Shipping Act, 2001 include the Vessel Traffic Services Zones 

Regulations, Collision Regulations, Navigation Safety Regulations, Vessel Pollution and 

Dangerous Chemical Regulations, and Ballast Water Control and Management Regulations. 

These regulations, and others, help ensure that vessels navigate safely in Canadian waters. 

For example, vessels must follow international regulations for preventing collisions at sea, 

have up-to-date nautical charts, be equipped with technology which allows vessel progress 

to be closely monitored, and meet reporting requirements (TC 2015a).  

The Canada Shipping Act, 2001 also incorporates international shipping conventions 

developed by the International Maritime Organization (IMO), including the International 

Convention for the Prevention of Pollution from Ships (MARPOL) (TC 2015a). 

Other important legislation include the Canada Marine Act, the Marine Transportation 

Security Act, the Transportation of Dangerous Goods Act, 1992, the Pilotage Act, and the 

Marine Liability Act. The MSA includes a compulsory pilotage area specified by the Pacific 

Pilotage Regulations under the Pilotage Act.  

Under the Fisheries Act, seines, nets, or other fishing apparatus shall not be set or used in 

such manner or in such place as to obstruct the navigation of boats and vessels.  
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Under the Management of Contaminated Fisheries Regulations of the Fisheries Act, DFO 

may prohibit fishing in any area and for fish of any species when there is reason to believe 

contamination from bacteria, toxins, compounds, or other substances are present to a 

degree that may constitute a danger to public health. Under the provincial Public Health Act, 

2008, when a contaminant that could cause a risk to health is present (hazardous agent), a 

medical health officer may order a person to avoid physical contact with, or being near, the 

hazardous agent. 

Legislation and regulations applicable to RBT2 are described in RBT2 EIS Appendix 6-A and 

in Table 3-1. Appendix 3-A provides a summary of Canada’s marine governance 

framework prepared by Transport Canada. 

3.3 MARINE TRAFFIC MANAGEMENT 

For the safety and protection of the marine environment, the Vessel Traffic Services Zones 

Regulations, issued under the Canada Shipping Act, 2001, have established Vessel Traffic 

Services (VTS) zones along Canada’s east and west coasts to the limit of its territorial sea 

(TC 2015a). The Vancouver VTS Zone includes the Strait of Georgia, Boundary Passage, 

Haro Strait, and Juan de Fuca Strait. The MSA is within the Vancouver VTS Zone. 

In 1979, through the “Agreement For A Cooperative Vessel Traffic Management System For 

The Juan De Fuca Region”, the Canadian and the United States Coast Guards established 

the Co-operative Vessel Traffic Service (CVTS) for the Juan de Fuca Strait region. The main 

purpose of the CVTS is to provide a uniform approach and international efficiency in 

managing vessel traffic in adjoining waters. As part of the Agreement, vessel traffic 

management centres were established to manage and coordinate vessel traffic. These 

centres are in communication with each other by dedicated communications circuits in order 

to ensure real time knowledge of the total vessel traffic pattern in the applicable waters 

(CCG 2015a, 2015b; see also Figure 3-1). 

All vessels of 500 tonnes gross tonnage or more entering the Vancouver VTS Zone must 

report to an MCTS officer 24 hours before entering the VTS Zone and report prescribed 

information about the ship and its intended route, including any pollutant cargoes and 

defects. Vessels may not enter the VTS Zone until clearance is received from the MCTS 

officer. Vessels approaching the west coast bound for the Vancouver VTS Zone will report to 

the Prince Rupert MCTS centre. Seattle Traffic provides VTS for both the Canadian and U.S. 

waters of Juan de Fuca Strait and Victoria Traffic provides VTS for both Canadian and U.S. 

waters of Haro Strait, Boundary Passage, and the lower Strait of Georgia (TC 2015a; CCG 

2015a, 2015b). 
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Figure 3-1 Canada/United States Co-operative Vessel Traffic Management 

System  

 

Source:  CCG 2015a. 

Vessels within the VTS Zone must also make regular reports at specified calling-in points 

(TC 2015a; see also Figure 3-2). In turn, the vessel is provided with information and 

advice, as well as navigational safety and weather information. 
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Figure 3-2 Vessel Traffic Services - Vancouver - Sector 1 

  
Source: CCG 2015a. 

All large commercial vessels are required to be fitted with an automatic identification system 

(AIS). AIS automatically provides information such as a ship’s identity, type, position, 

speed, navigational status, and other safety related information to MCTS and PMV 

(TC 2015a). 

Vessels bound for Roberts Bank and subject to mandatory pilotage under the Pilotage Act 

and Pacific Pilotage Regulations are required to have a licensed marine pilot on board 

between Brotchie Ledge near Victoria and Roberts Bank. 

Transport Canada maintains a Port State Control ship inspection program that involves 

boarding and inspecting foreign vessels to ensure compliance with major international 

maritime conventions. Inspectors check documentation, emergency systems, radio and 

communication equipment, handling of dangerous goods, and pollution prevention measures 

(TC 2015a). 
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3.4 MARINE EMERGENCY RESPONSE 

While Port Metro Vancouver would  be an active participant in the management of an 

incident within its navigational jurisdiction, it has no direct role in planning for, responding 

to, or managing shipping-related emergencies in the MSA. 

Transport Canada is the lead regulatory agency that manages Canada’s Marine Oil Spill 

Preparedness and Response Regime under the authority of the Canada Shipping Act, 2001, 

and sets the guidelines and regulatory structure for the preparedness for and response to 

marine oil spills. 

The Canadian Coast Guard manages the National Response Team set up under the Marine 

Oil Spill Preparedness and Response Regime and monitors the overall response to ensure 

that it is effective, timely, and appropriate. The polluter is typically called upon to manage 

the response to a spill and to appoint an On-scene Commander, and the Canadian Coast 

Guard would become the On-scene Commander if the polluter is unable or unwilling to do so 

(TC 2015b). 

Transport Canada certifies response organisations to respond to oil spills in Canadian 

waters. On the west coast, the Western Canada Marine Response Corporation is the certified 

response organisation. Further detail about the Western Canada Marine Response 

Corporation is provided in Section 10.4.4 Potential Accidents or Malfunctions, 

Mitigation Measures, Western Canada Marine Response Corporation. 
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Table 3-1 Regulations Applicable to Marine Shipping 

Regulations under the Canada Shipping 
Act, 2001 Applicability 

Ballast Water Control and Management 
Regulations, SOR/2011-237 Regulates management and exchange of ballast water. 

Collision Regulations, C.R.C., c. 1416 

Specifies steering and sailing rules, including factors to determine a safe speed, 
appropriate means to determine if risk of collision exists, actions to avoid collision, 
conduct of vessels in reduced visibility, and sound and light signals. Establishes rules to 
ensure safe navigation. 

Environmental Response Arrangements 
Regulations, SOR/2008-275 

Prescribes vessels and oil handling facilities which must have an arrangement with a 
certified response organisation. 

Fire Detection and Extinguishing Equipment 
Regulations, C.R.C., c. 1422 Establishes requirements for fire detection and extinguishing equipment on vessels. 

Marine Personnel Regulations, SOR/2007-115 
Establishes standards for competency and certification of crew/personnel, as well as 
labour standards for Canadian vessels other than pleasure craft, everywhere, and in 
respect of foreign vessels in Canadian waters. 

Navigation Safety Regulations, SOR/2005-134 Specifies requirements for ships navigating in a shipping safety control zone. 

Response Organizations and Oil Handling 
Facilities Regulation, SOR/95-405 

Outlines the procedures, equipment, and resources of Response Organisations and oil 
handling facilities for use in respect of an oil pollution incident. 

Vessel Pollution and Dangerous Chemicals 
Regulations, SOR/2012-69 

Establishes standards regarding pollution from vessels additional to the standards set out 
in the International Convention for the Prevention of Pollution from Ships (MARPOL). 
Improves controls on air emissions and greenhouse gases from vessels for (a) vessels in 
waters under Canadian jurisdiction; and (b) Canadian vessels everywhere. 

Vessel Traffic Services Zones Regulations, 
SOR/89-98 

Regulates the communications and reporting protocols for vessels entering Vessel Traffic 
Services Zones. The Vancouver Vessel Traffic Service Zone includes the Strait of Georgia, 
Boundary Passage, Haro Strait, and Juan de Fuca Strait. 
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4.0 ACTIVITY DESCRIPTION 

This section of the supplemental report describes existing marine traffic activity, marine 

shipping activities associated with the Project, and future marine traffic activity, as per 

requirements of section 17.2.2 of the Updated EIS Guidelines. 

4.1 MARINE SHIPPING AREA 

Marine shipping activities considered within this report are those that take place within the 

international shipping lanes utilised by marine traffic associated with the Project, from PMV 

jurisdiction to the 12 nautical mile limit of Canada’s territorial sea at the west end of Juan 

de Fuca Strait. This area is referred to as the Marine Shipping Area (MSA), which has been 

sub-divided into segments as shown in Figure 4-1. 

4.1.1 Existing Marine Traffic Activity 

Existing vessel traffic in the MSA includes commercial, government, military, and 

recreational vessels (e.g., bulk carriers, general cargo ships, container ships, tankers, 

passenger ferries, cruise ships, tourism boats, tugs and barges, commercial fishing vessels, 

coast guard vessels, naval vessels, government agency vessels, recreational fishing vessels, 

and pleasure craft). The classification of vessels transiting the segments in the MSA has 

been conducted at three cross-sections as illustrated in Figure 4-2 and presented in 

Table 4-1 as movements. A movement in terms of transportation analyses in the EIS and 

this report is considered a one way trip. 

The data in Table 4-1 and this assessment rely upon 2012 Automatic Identification System 

(AIS) data for identifying vessel activities in the segments along the shipping lanes within 

the MSA. AIS is an automatic tracking system used on larger ships (not recreational 

vessels), and by Marine Communications and Traffic Services (MCTS), for locating and 

identifying vessels through electronic data exchange with other nearby ships, AIS base 

stations, and satellites. 
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Table 4-1 2012 Movements by Vessel Type Through Cross Sections 1, 2, 
and 3 

Vessel Type 
Cross Section 1 Cross Section 2 Cross Section 3 

Victoria – Port 
Angeles Haro Strait Strait of 

Georgia 

Cargo/Carrier (all destinations except 
excludes container ships bound for 
terminals within PMV jurisdiction) 

4,535 2,926 3,721 

Container ships bound for terminals 
within PMV jurisdiction 3,160a 1,580 1,580 

Tug 2,294 975 3,237 

Service 2,189 850 1,316 

Passenger (including ferries) 2,146 506 8,632 

Tanker 1,197 391 385 

Other 1,409 907 672 

Unknown 831 461 590 

Fishing 742 300 459 

Total 18,503 8,896 20,592 
Source:  Trans Mountain Expansion Project TERMPOL Report (Volume 8C) Section 5.0 Regional Vessel 

Traffic Analysis, Table 5-1 (TMX 2013), Appendix 10-A Marine Vessel Incidence 
Prediction Inputs to the Quantitative Risk Assessment: Marine Shipping 
Addendum, and PMV data. 

Note:  a Accounts for 4 crossings of this cross section line due to additional transit to and from the 
U.S.A. 

International commercial shipping vessels bound for U.S. and Canadian ports utilise 

established international shipping lanes within the segments as shown in Figure 4-1. 

International commercial shipping vessels bound for the existing Roberts Bank terminals 

and other Canadian and U.S. ports enter and exit Juan de Fuca Strait north of Cape Flattery 

at Buoy J as shown in Figure 4-1. Inbound and outbound shipping lanes in Juan de Fuca 

Strait (Segment D of Figure 4-1) are on the south and north sides of the Canada – U.S.A. 

border, respectively. Canada and the U.S.A. jointly manage vessel traffic in these 

transboundary waters (see Section 3.0 Regulatory Context and Role of Government). 

Inbound vessels travelling directly to Canadian ports in the Strait of Georgia diverge from 

the shipping lane south of Race Rocks (Segment C in Figure 4-1), and travel north towards 

the Victoria Pilot Station located off of Brotchie Ledge (Segment B in Figure 4-1). U.S. 

bound vessels enter Segment G after picking up a U.S. pilot at Buoy PA (Figure 4-2). 

Similarly, Canada-bound vessels coming from the Pacific Northwest (PNW) U.S. ports of 

Seattle and Tacoma enter Segment C from Segment G, drop off the U.S. pilot at Buoy PA, 

and proceed to the Victoria Pilot Station in Segment B. 
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At the Victoria Pilot Station, a licensed marine pilot boards the inbound vessel prior to 

navigating through Haro Strait, Boundary Passage, and into the Strait of Georgia 

(Segment A in Figure 4-1) and on to terminals within PMV jurisdiction or other Canadian 

destinations. 

Vessels outbound from terminals within PMV jurisdiction leave the terminals with a licensed 

marine pilot on board during the Strait of Georgia, Boundary Passage, and Haro Strait 

portions of the route until they reach Brotchie Ledge, where the pilot will disembark and 

return to the Victoria Pilot Station. The vessels then continue through Segments C and D 

until they reach international waters at Buoy J, or through Segment C and G to continue on 

to the U.S. PNW ports after picking up a U.S. marine pilot at the Port Angeles Buoy PA. 

From the data contained in Table 4-1 and the preceding descriptions regarding the 

movements through the segments, the 2012 data can be represented by the movements 

through Segments A to D as shown in Table 4-2 and summarised in Figure 4-3. 

Table 4-2 2012 Vessel Movements Through Segments A to D 

Vessel Type Segment A Segment B Segment C Segment D 

Cargo/Carrier (all destinations except 
excludes container ships bound for 
terminals within PMV jurisdiction) 

3,721 2,926 4,431 4,431 

Container ships bound for terminals 
within PMV jurisdiction 1,580 1,580 2,422a 1,580 

Tug 3,237 975 2,294 2,294 

Service 1,316 850 2,189 2,189 

Passenger (including ferries) 8,632 506 2,146 2,146 

Tanker 385 391 1,197 1,197 

Other/Unknown 1,262 1,368 2,240 2,240 

Fishing 459 300 742 742 

Total 20,592 8,896 17,661 16,819 
a Accounts for extra crossing through this segment due to U.S. bound container ships. 

Container ships no longer use Rosario Strait for transit between the U.S. PNW terminals and 

Canadian terminals. According to the Pacific Pilotage Authority, the Rosario Strait route has 

not been used by Canadian bound container vessels for approximately 10 years, and this is 
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confirmed by lack of any Canadian bound container ship Vessel Traffic Operations Support 

System (VTOSS)1 or AIS data on hand for that route during the 2010 to 2012 time period. 

4.2 MARINE SHIPPING ACTIVITIES ASSOCIATED WITH THE PROJECT 

This subsection provides an overview of marine shipping activities associated with the 

operation phase of the Project that will occur within the MSA. 

For the purpose of this report, marine shipping activities associated with RBT2 are defined 

as all RBT2 inbound and outbound container ship movements within the MSA, as shown in 

Segments A, B, C, and D of Figure 4-1. 

In particular, as per section 17.2.2 of the Updated EIS Guidelines, this subsection addresses 

the following: 

• Container vessel types calling at RBT2; 

• Frequency, routing, speed, and transit time of vessels by segments; 

• Anticipated increases to traffic along the shipping lanes, including the projected 
increase within Segments A, B, C, and D; 

• Associated activities such as ballasting, anchorage, manoeuvring, loading, bunkering 
and fuel types used, pilotage, and tugboat escort; and 

• Alternatives considered, such as different routing, frequency, and vessel types. 

4.2.1 Type, Frequency, Routing, Speed, and Transit Time of Vessels 

4.2.1.1 Type of RBT2 Container Vessels 

Although the three-berth wharf for the RBT2 Project has been designed to accept ultra large 

container ships, these vessels are not anticipated to make regular scheduled calls at RBT2 

by 2030. The forecast distribution of vessel sizes calling on RBT2 between Project opening 

and the forecast 2.4 million vessel-TEU (twenty-foot equivalent unit) terminal throughput in 

2030 is shown in Table 4-3 for the anticipated 260 vessel calls per year when the terminal 

is operating at design capacity as described in RBT2 EIS Section 4.4.2.1. 

 

 

 

 
                                           
1 VTOSS represents the regional vessel traffic management system for Canadian Coast Guard Marine 

Communications and Traffic Services in use up until 2010. 
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Table 4-3 Projected Vessel Size Distribution to 2030 

Vessel Capacity Range 
TEUs 

2025 
% 

2030 
% 

4,000 – 5,999 8 3 
6,000 – 7,999 3 3 
8,000 – 10,000 70 65 

>10,000 19 29 
Total 100 100 

Average Ship Size (TEU) 
Calculated from Above 

8,815 9,365 

Source:  Seaport Consultants Canada Inc., Update of Projections of Container Ship Characteristics for 
Roberts Bank Terminal 2, September 2014 

As shown in Table 4-3, smaller ships are being replaced by larger ships and by 2030, 65% 

of the container ships will still be in the 8,000 to 10,000 TEU range. Therefore, a container 

ship within this range and near the average size is suitable as the representative vessel 

selected for this assessment. Such a vessel has the characteristics as shown in Table 4-4. 

Table 4-4 Representative Container Ship 

  Representative RBT2 Container Ship 

Ship Parameter Panamax 2014a 

Length Overall (m) 338 

Deadweight (tonnes) 90,000 

Draught (m) 15 

Beam (m) 45.6 

Capacity 9,034 – 9,580 TEUs 

Main Engine Type 
Wartsila 

12RT-flex96C 

Main Engine Rating (kW) 68,640 

Auxiliary Engine Rating (kW) 4 x 2,800 

Heavy fuel capacity (m3) 8,600 

Diesel oil capacity (m3) 500 

Propeller 1 with fixed pitch and 8,900 mm diameter 

Maximum Design Speed (Kn) 25.5 

Average Speed (Kn) 20 

Ballast tank capacity (m3) 40,500 
a Based on container ship Maersk Algol data. 
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The increase in container ship sizes in terms of TEU carrying capacity is anticipated to 

continue. In 2011, the Maersk Triple E type vessels were in design with an anticipated 

18,000 TEU capacity. These ultra large container ships are now in service in the Asia to 

Europe routes, and newer vessels with a 19,200 TEU capacity are on order, with larger 

vessels with 20,000 TEU capacity anticipated. Container ships are of a specific design that 

has evolved since the mid-1950s, and continues to do so as stated above. Figure 4-4 

provides a graphic representation of the vessel size increase up to 2012 (Ashar and 

Rodrigue 2012). With this steady increase in vessel sizes, the smaller, older container ships 

will eventually be taken out of service and replaced. Larger container ships displaced by the 

ultra large vessels on Asia – Europe routes will be routed elsewhere (such as to west coast 

North American routes), and the frequency of ships calling on the Project is anticipated to 

decrease (as fewer ships will be required to carry the same number of containers). This size 

increase has been factored into the vessel frequency of movements described in 

Section 4.2.1.2. 

4.2.1.2 Frequency of Movements 

The RBT2 Project is anticipated to generate 260 container ship calls per year when the 

terminal reaches its 2.4 million vessel-TEUs design capacity between 2025 and 2030. This 

will result in 520 Project-associated container ship movements per year (one call equals two 

movements—one inbound and one outbound), or on average approximately 1.5 ship 

movements per day through the MSA during the 358 operating days per year of RBT2. 

4.2.1.3 Routing 

There are many possible ports of origin and destinations for container ships calling on RBT2. 

Ports in China, South Korea, and Japan are the largest containerised cargo trading partners 

for PMV by tonnage (PMV 2014). Ports of origin and destination may include, but are not 

limited to, Shanghai and Shenzen (China), Busan and Yeosu Gwangyang (South Korea), as 

well as Shimizu and Kobe (Japan). 

The routing for vessels associated with RBT2 is clearly defined within the international 

shipping lanes in the MSA. Ships in transit in this area will follow the same routing as ships 

currently do through Segments D, C, B, and A of Figure 4-1 as previously described in 

Section 4.1. Ships calling on both U.S. and Canadian ports will require transiting through 

Segment G as well. For example, an inbound ship that calls on a port in the U.S.A. prior to 

proceeding north to Canada will have an inbound routing of Segments D, C, G twice, C, B, 

and ending in A (see Figure 4-5). Outbound routing for this example will remain 



PORT METRO VANCOUVER | Roberts Bank Terminal 2 Marine Shipping Supplemental Report 

  Page | 4-7 

unchanged as Segment A, B, C, D, and then international waters. Alternatively, ships calling 

on Roberts Bank first and then proceeding to the U.S. ports in Seattle or Tacoma will be 

inbound through Segments D, C, B, and A; and will be outbound through Segments A, B, C, 

G twice, C, D, and then into international waters (see Figure 4-6). 

4.2.1.4 Speed 

Container ship speeds through the MSA for ships destined for Canadian ports generally 

average around 20 Kn, with a maximum speed of 25 Kn. The Pacific Pilotage Authority has 

confirmed container ship speeds vary depending on vessel and prevailing conditions, such 

as concentration of vessels, vessels’ schedules, the type of low sulphur fuel being used, 

wind and tidal conditions, and speed adjustments based on the practice of good 

seamanship. The Pacific Pilotage Authority also advised that as a general rule, when 

conditions permit, container ships typically travel at speeds between 18 and 25 Kn. 

The 2012 AIS data show the speed of container ships through Segments A to D to be 

relatively consistent within each individual segment regardless of vessel TEU capacity and 

vessel specifications. Table 4-5 shows 2012 container ship speeds through the segments 

for a range of container ship sizes surrounding the RBT2 representative vessel size. For the 

annual design throughput of 2.4 million vessel-TEUs at RBT2 and the forecast 260 annual 

ship calls, the ship capacity range in Table 4-5 is representative of the average ship size 

range expected for the Project and thus, the anticipated average speeds through the 

segments for the representative container ship calling on RBT2. 

Table 4-5 2012 Container Ship Speeds by Segment 

  Segment Speeds (Kn) 

2012 Vessel TEU 
Capacity Range Data A B C D 

6,000 to 9,500 

Range 8 – 14a 13 - 22b 13 - 18 14 - 23 

Average 9a 15.5b 15b 20 

Range Median 11a 17.5b 15.5b 18.5 
a Excludes ships not berthing at, or unberthing from, Deltaport Terminal. 
b Includes slow down to 8-10 Kn for picking up or dropping off the marine pilot at the pilot stations. 

4.2.1.5 Transit Time 

The transit time through the segments for the same 2012 range of vessels is presented 

in Table 4-6 and the times are assumed to be similar to times anticipated for the RBT2 

representative vessel through each segment. Inbound and outbound transit times in each 
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segment vary for a variety of reasons such as activities (e.g., picking up or dropping off of 

pilots); sea conditions on the particular inbound or outbound day; actual distances 

travelled (e.g., from the U.S. Pilot Station at Buoy PA to the Victoria Pilot Station, versus 

direct transit between the Victoria Pilot Station and Juan de Fuca Strait); and speeds 

(e.g., a vessel may have a slower speed if it is early for its arrival at the terminal). These 

directional variations account for the range spread as shown in Table 4-6, particularly for 

Segments B, C, and D. 

Table 4-6 2012 Container Ship Transit Times by Segment 

 Segment Transit Times (min) 

Direction A B C D 

Range 58 - 62 122 - 153b 15 - 48 165 - 192 

Calculated: 
Average Distance / Median Speed 

59 155b 48b 191 

U.S.A. – Canada transit N/a N/a 61 - 98b N/a 
b Includes slow down time for picking up or dropping off the marine pilot at the pilot stations. 

4.2.1.6 Anticipated Vessel Traffic in the Segments 

As described in Section 4.2.1.2, increased vessel traffic associated with RBT2 is anticipated 

to be 260 ship calls, or 520 ship movements per year. These movements will always occur 

in Segments A, B, and D. If the ship calls are for Canadian terminals at Roberts Bank only, 

with no entry into the U.S. ports of Seattle and Tacoma, Segment C will encounter the same 

520 ship movements. However, it is anticipated that for RBT2 almost 100% of the ship calls 

will also visit one of the PNW U.S. ports of Seattle or Tacoma as part of their voyage. This 

accounts for one additional movement through Segment C for each such voyage with a total 

of 780 movements through Segment C and 520 non-Project associated movements through 

Segment G. 

4.2.2 Associated Activities 

4.2.2.1 Ballasting 

As described in RBT2 EIS Section 4.4.2.1, commercial deep-sea vessels are required 

to carry out a ballast water exchange outside Canada’s exclusive economic zone of 

200 nautical miles and in waters deeper than 2,000 m prior to entering Canadian waters. An 

official ballast water exchange report must be submitted to the Canadian Coast Guard 

96 hours prior to the vessel entering Canadian waters. The U.S.A. has similar regulations 
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and a vessel arriving from Segment G will be required to submit the completed U.S. forms 

to the Canadian Coast Guard prior to entering Canadian waters. 

Ballasting and de-ballasting of water associated with loading and unloading of the container 

ships as required, will be performed at the RBT2 terminal within PMV jurisdiction as 

described in the RBT2 EIS. 

Since ballasting activities occur in international waters, or in PMV jurisdiction, it is 

determined that ballasting activities do not occur within the MSA and are not considered 

further in this assessment. 

4.2.2.2 Anchorage 

As described in RBT2 EIS Section 4.4.2.1, there are no plans, or foreseen terminal operating 

requirements, for off-terminal anchoring of container ships waiting for a berth at the new 

RBT2 marine terminal. Container ships operate on a scheduled service, usually between Asia 

and the west coast, and adjust their speeds as required to arrive at the terminal within their 

assigned arrival window; thus, anchorage is not a normal requirement. Exceptions to this 

could occur in the event of an extreme storm event in the Pacific, resulting in a refuge 

anchorage requirement for safety reasons, or to accommodate unexpected ship-specific 

maintenance, personnel, or operation issues that may arise. Container ship anchorages for 

Deltaport Terminal in 2012 and 2013 have been rare, with a frequency range of three to 

four per year out of an approximate annual total of 270 ship calls to Deltaport Terminal in 

each of those years. The same frequency can be assumed for RBT2, resulting in 

approximately one non-routine container ship anchorage every three to four months for 

RBT2. These vessels would use existing anchorages in English Bay, or in the Gulf Islands as 

determined by the pilot and the port authority having jurisdiction (e.g., Nanaimo Port 

Authority). 

4.2.2.3 Manoeuvring 

Aside from transiting and picking up, or dropping off, marine pilots, there is no additional 

manoeuvring required by the Project-associated container ships going through Segments A 

to D. All manoeuvring for berthing or unberthing occurs within the Project area as described 

in the RBT2 EIS. The Pacific Pilotage Authority has confirmed that the operators of the pilot 

boats at all pilot boarding stations require all ships to slow down to approximately 8 to 

10 Kn for the pilot transfers. If required, the ship’s routing near the pilot station may be 
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altered accordingly to obtain a sufficient lee for the pilot boat. Manoeuvring is therefore, not 

considered further in this assessment. 

4.2.2.4 Loading 

All Project-associated loading or unloading of containers occur at the RBT2 marine terminal. 

Container vessels having a combined Canada – U.S.A. voyage will do all unloading or 

loading at their respective Canadian and U.S. marine terminals. Therefore, the marine 

shipping activity of loading does not occur within the MSA and is not considered further in 

this assessment. 

4.2.2.5 Bunkering and Fuel Types Used 

Bunkering 

Container ships usually bunker at one of their home ports (typically in Asia). Therefore, 

there is no bunkering of container ships anticipated within the MSA, and bunkering is not 

considered further in this assessment. 

Fuel Types Used 

Container ships are required to use fuel that complies with low sulphur requirements of 

0.1% while operating within the North American emission control area (ECA) and thus, the 

MSA. Therefore, container ships generally carry two types of fuel: heavy fuel oil for 

operating outside the ECA, and lighter fuel for operating within the ECA. Currently, diesel is 

the most common fuel that is compliant with the ECA requirement, and container ships 

generally use it. Liquified natural gas is another option available, but it is not yet common. 

For the purposes of this assessment, it is assumed the container ships calling on RBT2 will 

use diesel fuel within the MSA. 

4.2.2.6 Pilotage 

Pilotage is required for container ships moving in either direction in Segments B and A 

between the Victoria Pilot Station, located off of Brotchie Ledge, and the Project, as 

previously described in Section 3.0 Regulatory Context and Role of Government and 

Section 4.1.1. Pilotage of container ships associated with the Project is not expected to 

result in any adverse environmental effects not already considered in relation to the transit 

of container ships. However, the use of pilots reduces the probability of accidents, as 

discussed in Section 10.0 Potential Accidents or Malfunctions. 
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4.2.2.7 Tugboat Escort 

Container ships do not require tugboat escort while transiting through Segments A to D. 

It is anticipated that the same will apply to the additional container ships associated with 

RBT2. All tugboat activity for the Project-associated container ships will be near the terminal 

as described in RBT2 EIS Section 4.4.2.1. Therefore, tugboats associated with the Project 

are not considered further in this assessment. 

4.2.3 Alternatives Considered 

4.2.3.1 Alternative Routing 

No alternative routing was considered since the international inbound and outbound 

shipping lanes are well defined by Canada and the U.S.A. through Segments A to D, and to 

the U.S.A. through Segment G. Depending on market conditions, and the opening of the 

new Panama Canal, container ship voyages may change to include Californian ports either 

before or after calling on RBT2. This would not affect the Segments A to D routing, but 

could eliminate the one additional Segment C transit as previously described in 

Section 4.1.1 for the additional U.S. bound transit of this segment. 

4.2.3.2 Alternative Frequency of Movements 

Container ship sizes for the Project have been estimated conservatively to 2030 to forecast 
the frequency of movements as described in Section 4.2.1.2. Therefore, with the 
continuing trend of increased container ship sizes, the frequency of movements after 2030 
is forecast to continue to decrease. 

4.2.3.3 Alternative Vessel Types 

There are no alternative vessel types for this assessment, as the RBT2 Project has been 
designed to accommodate container ships only. 

4.3 FUTURE MARINE VESSEL ACTIVITY 

Table 4-7 summarises anticipated vessel traffic by vessel type through Segments A to D 
along the shipping route in 2030. These forecasts include annual forecast vessel traffic 
growth, as well as incremental vessel traffic associated with future certain and reasonably 
foreseeable projects that will contribute to this growth (see Section 6.7 Cumulative 
Effects Assessment for more information on these projects). 
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Table 4-7 2030 Anticipated Movements by Vessel Type Through Segments 
A to D 

Vessel Type Segment A Segment B Segment C Segment D 
Cargo/Carrier (all destinations except 
excludes container ships bound for 
terminals within PMV jurisdiction) 

4,191 3,240 4,800 4,800 

RBT2-bound container ships 520 520 780a 520 
Container ships bound for other 
terminals within PMV jurisdiction 1,630 1,630 2,497a,b 1,630 

Tug 4,592 1,886 3,464 3,464 
Service 1,574 1,017 2,618 2,618 
Passenger (including ferries) 9,570 605 2,567 2,567 
Tanker 1,270 1,278 2,430 2,430 
Other/Unknown 1,509 1,637 2,680 2,680 
Fishing 459 300 742 742 

Total 25,315 12,113 22,578 21,451 
Source:  Trans Mountain Expansion Project Volume 8A Table 4.4.1.1 for projected growth, Table 

4.4.1.2 for projected movements (TMX 2013), Appendix 10-A Marine Vessel Incidence 
Prediction Inputs to the Quantitative Risk Assessment: Marine Shipping 
Supplemental Report, and PMV container ship projections. 

Notes: a Accounts for assumed 100% container ship calls to both Canadian and U.S. PNW ports and 
one additional transit across this segment. 
b Assumes split service to Deltaport Terminal continues accounting for an added transit 
through this segment. 

The percentage contribution of the container ships associated with RBT2 by segment 
compared to the total forecast shipping movements is presented in Figure 4-3. 
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5.0 ABORIGINAL GROUPS ENGAGEMENT AND CONSULTATION 

5.1 MARINE SHIPPING SUPPLEMENTAL ENGAGEMENT AND CONSULTATION 

This section describes the engagement process undertaken with Aboriginal groups in 

support of preparation for this report. Details regarding the engagement and consultation 

program associated with the EIS, including future planned engagement and consultation, 

are provided in RBT2 EIS Section 7.2. 

5.1.1 Engagement and Consultation Overview 

Port Metro Vancouver has engaged with 25 Aboriginal groups regarding the potential 

impacts of additional marine shipping associated with the Project on asserted or established 

Aboriginal or treaty rights, including nine consulted for the RBT2 EIS and 16 newly identified 

Aboriginal groups for the additional matter of marine shipping to be considered, as specified 

by the Canadian Environmental Assessment Agency (CEA Agency) in the Updated EIS 

Guidelines. This section describes the approach, methods, and actions that PMV has 

undertaken to work with Aboriginal groups to collect information on Current Use and 

potential or established Aboriginal or Treaty rights in the area and obtain their views on 

potential impacts to Aboriginal groups from an increase in marine shipping associated with 

RBT2. This section also includes a summary of consultation activities undertaken with 

Aboriginal groups and comments raised by Aboriginal groups during consultation. The scope 

and extent of engagement and consultation with each of the Aboriginal groups has 

varied based on the interest of each Aboriginal group in being engaged or consulted about 

marine shipping. 

More detailed information on consultation activities is presented in Appendix 5-A. 

5.1.2 Consultation Objectives 

To fulfill the requirements of the Updated EIS Guidelines, PMV undertook an engagement 

process with Aboriginal groups identified in section 17.5 of the Updated EIS Guidelines that 

may be impacted by marine shipping associated with the Project, to obtain their views on 

the following: 

• Effects of changes in the environment on Aboriginal peoples (health and socio-
economic issues; physical and cultural heritage, including any structure, site, or 
thing that is of historical, archaeological, paleontological, or architectural 
significance; and current use of lands and resources for traditional purposes); and  

• Potential adverse impacts of the Project on potential or established Aboriginal or 
Treaty rights. 
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Port Metro Vancouver also undertook the collection of information on current use of lands 

and resources by Aboriginal peoples, including fishing, cultural practices, and sites of 

importance within the Marine Shipping Area (MSA), as described in Section 9.5 Current 

Use of Lands and Resources for Traditional Purposes and Aboriginal and Treaty 

Rights. Issues identified throughout the engagement and consultation process are 

summarised in Section 5.1.5. PMV understands that the information provided related to 

potential adverse effects on potential or established Aboriginal or Treaty Rights will be 

considered by the CEA Agency in meeting its obligations regarding its common law duty to 

consult. 

5.1.3 Identification of Aboriginal Groups 

As specified by the Updated EIS Guidelines, PMV contacted the Aboriginal groups listed 

below that may be affected by marine shipping associated with the Project. These included 

newly identified Aboriginal groups and Aboriginal groups already engaged in the 

environmental assessment process for RBT2. 

Aboriginal groups identified by the Updated EIS Guidelines included the following: 

• Tsawout First Nation; 

• Pauquachin First Nation; 

• Tsartlip First Nation; 

• Tseycum First Nation; 

• Malahat First Nation; 

• Beecher Bay First Nation (Scia’new First Nation); 

• Esquimalt Nation; 

• Songhees First Nation; 

• T’Sou-ke First Nation; 

• Pacheedaht First Nation; 

• Ditidaht First Nation; 

• Maa-Nulth First Nations (Huu-ay-aht First Nations, Ka:'yu:'k't'h'/Che:k'tles7et'h' First 
Nations, Toquaht Nation, Uchucklesaht Tribe, and Ucluelet First Nation);  

• Tsawwassen First Nation; 

• Semiahmoo First Nation; 

• Stz’uminus First Nation; 

• Cowichan Tribes; 
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• Halalt First Nation; 

• Lake Cowichan First Nation; 

• Lyackson First Nation; 

• Penelakut Tribe; and 

• Métis Nation British Columbia. 

A description of each Aboriginal group is included in Section 9.5.4 Current Use of Lands 

and Resources for Traditional Purposes, Existing Conditions. The location of treaty 

settlement areas, asserted traditional territories, and Indian Reserves of each of these 

Aboriginal groups are included in Section 9.5.4. 

Port Metro Vancouver has also recorded any issues and concerns from Musqueam First 

Nation, Tsleil-Waututh Nation, and Hwlitsum First Nation related to the additional matter of 

marine shipping to be considered. 

5.1.4 Aboriginal Groups Engagement and Consultation Methods 

Port Metro Vancouver communicated with Aboriginal groups by letter, email, phone, and 

in meetings to discuss Aboriginal groups’ interests in marine shipping associated with RBT2. 

In May 2015, PMV initiated engagement with a letter to Aboriginal groups, including an 

overview document with a description of proposed marine shipping activities associated with 

RBT2 and an outline of the scope of work to be undertaken for the marine shipping 

supplement. In this letter, PMV additionally solicited interests and concerns, requested input 

on sources of information for Current Use, and offered to meet with each Aboriginal group. 

Following this letter, PMV initiated phone calls with each group to discuss the letter and offer 

a time to meet. Between June and September, PMV met with interested Aboriginal groups, 

provided information on the Project, recorded issues, and answered questions. 

In preparation of this report, PMV requested information regarding current use of lands and 

resources for traditional purposes, including fishing, cultural practices, and sites of 

importance, and information regarding asserted or established Aboriginal or treaty rights in 

the MSA. A second letter was sent in June and July to provide Aboriginal groups with the 

opportunity to review and comment on draft existing conditions information regarding these 

topics as they pertained to each Aboriginal group. Subsequent feedback was then 

considered and incorporated into the Marine Shipping Supplemental Report (see Section 

9.5 Current Use of Lands and Resources for Traditional Purposes and Aboriginal 

and Treaty Rights). PMV arranged subsequent meetings to discuss marine shipping and 
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the Current Use profile in July, August, and September where there was interest from 

individual groups. Appendix 5-A includes a table listing engagement and consultation 

activities for each group as part of the marine shipping supplement. 

Information provided by Aboriginal groups through consultation and engagement activities, 

including meeting summaries and written communication, informed the integration of 

Aboriginal traditional knowledge into the Marine Shipping Supplemental Report. Integration 

of Aboriginal Traditional knowledge also relied on existing literature relevant to the MSA for 

each of the Aboriginal groups identified above.  

5.1.5 Summary of Aboriginal Groups’ Issues and Interests 

Issues raised by Aboriginal groups were documented during the engagement process. PMV 

has responded, where answers have been available, in meetings, by email, and by phone. 

The issues and interests raised by Aboriginal groups during the engagement and 

consultation process are summarised below: 

 Potential for marine shipping activities to affect marine birds, mammals, fish, and 

other species used for traditional purposes or holding cultural significance; 

 Potential for marine shipping activities to alter land or waters used for traditional or 

cultural purposes; 

 Potential for marine shipping to restrict access to or affect the safety of areas used 

for traditional or cultural purposes; 

 Potential for ship wake to erode the shoreline and alter archaeological sites and other 

areas of cultural significance; 

 Potential for an accident or malfunction involving a spill of potentially hazardous 

cargo into the ocean, leading to contamination of the food chain, potential health 

impacts, or potential impacts to Aboriginal rights, title, and culture; 

 Potential cumulative effects of increased shipping associated with multiple proposed 

projects to the environment or Aboriginal rights; 

 Interest to participate in the Project, including benefits, employment, and contracting 

opportunities; and 

 Criticism of the scope of the marine shipping study and consultation, including 

timelines and funding. 

More detail on issues and interests raised by Aboriginal groups is provided in 

Appendix 5-B. 
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5.1.6 Future Planned Engagement and Consultation 

Following submission of the Marine Shipping Supplemental Report, PMV will continue to 

engage with Aboriginal groups as requested by the CEA Agency regarding marine shipping 

issues and concerns. PMV will continue to engage and consult with Aboriginal groups 

involved in the engagement and consultation program for RBT2, as described in Section 7.2 

of the RBT2 EIS. 



PORT METRO VANCOUVER | Roberts Bank Terminal 2 Marine Shipping Supplemental Report 

Page | 6-1  

6.0 EFFECTS ASSESSMENT APPROACH 

This section describes the approach used to assess potential effects of marine shipping 

associated with the Project. The approach is based on methods that meet the requirements 

specified in the Updated EIS Guidelines, and existing guidance documents (as listed in 

Section 8.0 of the RBT2 EIS). The approach relies upon information from academic studies, 

work of government or non-government working groups, past or ongoing environmental 

assessments, and other sources where relevant.  

A summary of the methods used to assess effects of marine shipping associated with the 

Project is provided below. 

6.1 SELECTION OF VALUED COMPONENTS 

The intermediate and valued components (ICs and VCs) in this assessment were selected 

based on the component having the potential to interact with and be affected by marine 

shipping. Components potentially interacting with marine shipping include the following: 

 Physical environment (ICs): 

▫ Air quality (including greenhouse gases); 

▫ Wave environment; 

▫ Marine water quality; 

▫ Atmospheric noise; 

▫ Light; and  

▫ Underwater noise. 

 Biophysical environment (VCs), including federally- and provincially-listed species 

at risk: 

▫ Marine fish and fish habitat; 

▫ Marine mammals; and 

▫ Marine birds. 

 Human environment (VCs): 

▫ Human health; 

▫ Marine commercial use; 

▫ Outdoor recreation; and 

▫ Archaeological and heritage resources. 
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In addition, the effects of marine shipping associated with the Project on current use of 

lands and resources for traditional purposes and Aboriginal and treaty rights were also 

assessed.  

6.2 ESTABLISHMENT OF ASSESSMENT BOUNDARIES 

6.2.1 Spatial Boundaries 

The spatial boundary for the activities associated with marine shipping, referred to as the 

Marine Shipping Area (MSA), is described in Section 4.1 Marine Shipping Area. The 

effects assessment considers the potential effects of marine shipping associated with the 

Project on the environment in the context of defined spatial boundaries. Spatial boundaries 

vary by component and potential interactions of shipping activities with that component, 

and reflect the following: 

 Natural distribution of a component or sub-component; 

 Area in which a component or sub-component functions and within which an effect 

may be experienced; and 

 Area directly affected by marine shipping activities. 

The spatial boundaries of the assessment consider the VC-specific local assessment 

area (LAA) or the regional assessment area (RAA). The LAA represents the area where 

the component and associated sub-components are likely to be affected by marine 

shipping associated with the Project. This is generally represented by a zone or corridor 

centred on the marine shipping lanes. 

The RAA provides the regional context for the assessment and, in most cases, also 

represents the area extending beyond the LAA boundary where the direct and indirect 

influence of other projects and activities could interact with specific effects of marine 

shipping associated with the Project, and cause cumulative effects. The extent of, and 

rationale for, each spatial boundary are provided in each assessment section. 

6.2.2 Temporal Boundaries 

The effects assessment considers the potential effects of marine shipping activities 

associated with the Project on the environment in the context of defined temporal 

boundaries.  
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The time frame of existing conditions is as reported in existing materials and is assumed to 

represent conditions as of 2012. Although information pertaining to existing conditions may 

have been collected in, or based on, a period other than 2012, existing conditions are 

considered to be representative of 2012 for consistency with the description of existing 

shipping activity, which is based on 2012 traffic volume data.  

The time frame of the assessment of the increased Project-associated marine vessel traffic 

includes the operation phase (i.e., the time during which increased marine vessel traffic 

operations are expected to occur). 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 is anticipated to ramp up gradually 

after start-up and could be fully operational by the mid-2020s to meet demand through 

to 2030. 

The assessment of effects of marine shipping is based on the operation phase of the Project, 

as represented by predicted activities in the year 2030, as described in Section 4.0 

Activity Description. 

6.2.3 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 marine shipping activities associated with the Project 

on an IC or VC, the nature of those administrative boundaries and their effect(s) on the 

assessment are documented.  

6.2.4 Technical Boundaries 

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

identification or assessment of potential effects of marine shipping associated with the 

Project on an IC or VC, the nature of those technical boundaries and their implications for 

the effects assessment for that IC or VC are documented. 
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6.3 DESCRIPTION OF EXISTING CONDITIONS 

A general geographic setting is provided in Section 2.0 Geographic Setting. Each IC and 

VC assessment section provides a description of the existing conditions within the relevant 

spatial boundaries. The summary of existing conditions focuses on sub-components and 

indicators1 most relevant to the assessment, based on their potential to be affected by the 

activities of marine shipping associated with the Project.  

6.4 IDENTIFICATION OF POTENTIAL INTERACTIONS AND EFFECTS 

Each IC and VC assessment includes a description of the potential interactions between the 

marine shipping activities associated with the Project, as described in Section 4.0 Activity 

Description, and the component. 

Specific activities or events associated with marine shipping were considered, as per the 

Updated EIS Guidelines. Table 6-1 below provides a summary of the specific activities or 

events that are included in the assessment, and more detail is provided in Section 4.0, 

and, for potential accidents or malfunctions, in Section 10.0. 

Table 6-1 Summary of Activities and Events Included in the Assessment 

Activity/Event Included/Excluded 

Vessel Transita 
Included 

Potential Accidents or Malfunctionsb 

Ballasting 
Excluded – Activity or event does not take place 

within the spatial boundaries of the marine 
shipping supplemental assessment (see 

Section 4.2.2 Associated Activities). These 
activities are considered and assessed, if relevant, 

as part of the RBT2 Project in the EIS. 

Bunkering 

Manoeuvring 

Loading 

Tugboat Escort 
a  Vessel transit activities include pilotage. See Section 4.2.2 for a description of pilotage. 
b  Anchorage is considered in Section 10.0 Potential Accidents or Malfunctions, as this is an 

atypical vessel activity for RBT2-associated vessels. 

The interactions between ICs and VCs and Project-associated marine vessel traffic activities 

are identified in Table 6-2.  

                                          
1  Sub-components and indicators are further described in RBT2 EIS Section 8.1.2. 
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Table 6-2 Component Interaction with Marine Shipping Associated with the 

Project 

Component 

Activity Resulting in Interaction 

(Vessel Transit, Potential Accidents 

or Malfunctions) 

Physical Environment 

Air Quality 
 Vessel Transit 

 Potential Accidents or Malfunctions 

Wave Environment  Vessel Transit 

Marine Water Quality  Potential Accidents or Malfunctions 

Atmospheric Noise  
 Vessel Transit 

 Potential Accidents or Malfunctions  

Light 
 Vessel Transit 

 Potential Accidents or Malfunctions  

Underwater Noise 
 Vessel Transit 

 Potential Accidents or Malfunctions  

Biophysical Environment 

Marine Fish and Fish Habitat 
 Vessel Transit 

 Potential Accidents or Malfunctions 

Marine Mammals 
 Vessel Transit 

 Potential Accidents or Malfunctions 

Marine Birds 
 Vessel Transit 

 Potential Accidents or Malfunctions 

Human Environment 

Human Health 
 Vessel Transit 

 Potential Accidents or Malfunctions 

Marine Commercial Use 
 Vessel Transit 

 Potential Accidents or Malfunctions 

Outdoor Recreation 
 Vessel Transit 

 Potential Accidents or Malfunctions 

Archaeological and Heritage Resources 
 Vessel Transit 

 Potential Accidents or Malfunctions 

Current Use of Lands and Resources for 
Traditional Purposes and Aboriginal and 

Treaty Rightsa 

 Vessel Transit 

 Potential Accidents or Malfunctions 

a Included in the effects assessment; however, not identified as an IC or a VC. 
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Each assessment section in Section 7.0 Physical Environment Effects Assessments, 

Section 8.0 Marine Biophysical Environment Effects Assessments, and Section 9.0 

Human Environment Effects Assessments provides a description of the potential effects 

of planned marine shipping activities associated with the Project. Section 10.0 Potential 

Accidents or Malfunctions describes the potential effects of unplanned accidents or 

malfunctions arising from marine shipping activities associated with the Project. Potential 

effects that are anticipated to be negligible (undetectable or unmeasurable) are not carried 

forward for assessment. 

6.4.1 Transboundary Effects 

Potential effects of the increased marine vessel traffic associated with the Project in U.S. 

waters, as well as effects of marine vessel traffic in Canadian waters that extend into U.S. 

waters, are discussed in each assessment section.  

6.5 SUGGESTED MITIGATION MEASURES 

Each assessment section, where applicable, describes suggested measures intended to 

mitigate potential adverse effects. Mitigation is considered to include existing regulations 

and shipping standards that are enforced by several federal and international authorities. 

See Section 3.0 Regulatory Framework and Role of Government for a description of 

relevant regulatory authorities and responsibilities. 

Mitigation measures for potential effects resulting from accidents or malfunctions are 

described in Section 10.4 Potential Accidents or Malfunctions, Mitigation Measures, 

and where applicable are referred to in the IC and VC assessments. 

6.6 RESIDUAL EFFECTS ASSESSMENT 

Adverse residual effects on VCs expected to persist after implementation of mitigation 

measures are characterised using the criteria listed and defined in Table 6-3.  
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Table 6-3 Criteria Used to Characterise Residual Effects 

Criteria Description Definition 

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 immediate vicinity of the 
shipping activity), local (limited to a specific region proximal 

to the activity), or regional (within a broader area distant from 
the area of activity). Defined on a VC-specific basis. 

Duration 

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

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

Frequency 
How often the 
residual effect is 

expected to occur.  

Typically rated as infrequent, frequent, or continuous. 
Definitions 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 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 future changes that may be caused by marine shipping 

associated with the Project, its resilience, and its ability to recover from adverse effects.  

6.6.1 Significance Determinations 

Each VC assessment section includes a determination of significance for each residual effect, 

as well as rationale for that determination, including a definition of the threshold beyond 

which a residual effect would be considered significant. The determination of significance of 

residual effects considers the residual effects of marine shipping associated with the Project 

in combination with the effects of other projects and activities that have been carried out, 

as these are reflected in the existing environmental conditions. Each section also includes a 

determination of likelihood of the residual effect and the level of confidence associated with 

both likelihood and significance. The level of confidence in each residual effect prediction 

considers the level of uncertainty associated with both the significance and likelihood 

determinations. Each VC section presents the nature and source of any uncertainty that 

lowers the level of confidence in the residual effect prediction. 



PORT METRO VANCOUVER | Roberts Bank Terminal 2 Marine Shipping Supplemental Report 

Page | 6-8  

 

6.7 CUMULATIVE EFFECTS ASSESSMENT 

Each assessment section in Section 7.0 Physical Environment Effects Assessments, 

Section 8.0 Marine Biophysical Environment Effects Assessments, and Section 9.0 

Human Environment Effects Assessments includes an assessment of potential 

additional future cumulative interactions between the residual effects anticipated for the VC 

(or residual changes for an IC), if any, and effects associated with additional marine 

shipping activity in the MSA in 2030 related to reasonably foreseeable projects and 

activities. Projected future marine shipping traffic volumes are provided in Table 4-7. These 

traffic volumes are associated with certain and reasonably foreseeable projects and 

activities listed in Appendix 6-A. The significance determination for any residual 

cumulative effects is made using the same significance threshold as defined for the 

assessment of residual effects. Potential interactions with future certain or reasonably 

foreseeable marine-based projects are limited to increases in vessel traffic associated with 

those projects.  

An assessment of cumulative effects is not conducted for residual effects associated with 

potential accidents or malfunctions, as they are unlikely to occur2. 

6.8 FOLLOW-UP PROGRAM 

The overall follow-up program for marine shipping associated with the Project is discussed 

in Section 11.0 Follow-up Program.  

                                          
2  The Canadian Environmental Assessment Act, 2012, s19(1)(a) requires an environmental assessment of a 

designated project to take into account “the environmental effects of the designated project, including the 

environmental effects of malfunctions or accidents that may occur in connection with the designated project 

and any cumulative environmental effects that are likely to result from the designated project in combination 

with other physical activities that have been or will be carried out” [emphasis added]. As accidents or 

malfunctions are not likely to occur, the effects arising from them, including cumulative effects, are also 

unlikely to occur.   
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7.0 PHYSICAL ENVIRONMENT EFFECTS ASSESSMENTS 

The following sections describe potential changes to the physical environment resulting from 

marine shipping associated with the Project within the Marine Shipping Area (MSA): 

• Air Quality (Section 7.1); 

• Wave Environment (Section 7.2); 

• Marine Water Quality (Section 7.3);  

• Atmospheric Noise  (Section 7.4); 

• Light (Section 7.5); and 

• Underwater Noise (Section 7.6). 

For each of these intermediate components, Sections 7.1 through 7.6 describe existing 

conditions and the assessment of potential changes resulting from marine shipping 

associated with the Project within the MSA, including cumulative changes. These sections, in 

part, inform the assessements in Section 8.0 Marine Biophysical Environment Effects 

Assessments and Section 9.0 Human Environment Effects Assessments. 
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7.1 AIR QUALITY EFFECTS ASSESSMENT 

This section provides an assessment of air quality, including the evaluation of incremental 

changes in air quality from container ships associated with RBT2 travelling within the Marine 

Shipping Area (MSA). This assessment relied on observation studies of the contribution of 

ship emissions to air quality at several points along this route as reported in published 

literature sources, and estimations of the relative changes to air quality from RBT2-

associated container ships as a proportion of all marine vessel emissions. Potential changes 

to air quality from potential accidents or malfunctions are described in Section 10.5.1 

Potential Accidents or Malfunctions, Air Quality. 

7.1.1 Component Overview 

Emissions from commercial ocean-going vessels (referred to as large vessels) are a major 

source of carbon monoxide (CO), nitrogen oxides (NOx), sulphur dioxide (SO2), and 

particulate matter (PM) emissions, as well as greenhouse gases such as carbon dioxide 

(CO2), methane (CH4), and nitrous oxide (N2O). The majority of the PM emitted by main and 

auxiliary engines and boilers on these vessels is emitted as respirable particulate matter 

(PM2.5), black carbon (which is relevant to climate forcing), and trace amounts of polycyclic 

aromatic hydrocarbons (PAHs). PAHs are collectively represented using the PAH having the 

highest toxicity rating, namely benzo(a)pyrene. Engines are also a source of volatile organic 

compounds (VOCs), including trace organic contaminants such as acetaldehyde, 

formaldehyde, benzene, acrolein, and 1,3-butadiene, although these contaminants are 

emitted in lesser quantities. All of these contaminants are considered to some degree in this 

assessment, but the assessment focuses on the criteria air contaminants with established 

ambient air quality objectives or standards (refer to EIS Section 9.2 for more information). 

The results of this assessment support the human health effects assessment described 

in Section 9.1.  

7.1.2 Assessment Boundaries 

The boundaries used in the assessment are described below, including temporal, spatial, 

and technical boundaries. No administrative boundaries constrained this assessment. 

7.1.2.1 Temporal and Spatial Boundaries 

The temporal boundaries for this assessment are as described in Section 6.2.2 Temporal 

Boundaries. Existing conditions is represented by the year 2012, while the assessment of 

changes related to increased vessel traffic associated with the Project is based on 

predicted activities in the year 2030, which is deemed to be representative of the RBT2 

operation phase. 
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The spatial boundaries for the assessment are summarised in Table 7.1-1 and shown in 

Figure 7.1-1. The estimate of changes in air quality in the local study area (LSA) are 

limited to areas within 10 km from the shipping routes for the following reasons:  

 A 10 km distance encompasses populated areas along the shipping routes; and  

 Results from previous modelling of ship emissions for ships underway (see EIS 

Appendix 9.2-A: Appendix F) indicate that this distance is the extent of the zone of 

influence for ships in transit.  

Changes in air quality along the shipping routes are discussed in the overall context of air 

quality in the Salish Sea area as a whole, as represented by the regional study area (RSA). 

Table 7.1-1 Spatial Boundary Definitions for Air Quality 

Spatial Boundary Description of Study Area 

Local study area  
Within the MSA, along the inbound and outbound RBT2-associated shipping 
routes extending approximately 10 km in all directions. 

Regional study 
area 

Salish Sea area, including the southern part of the Strait of Georgia, Rosario 
Strait, Middle Channel, and Juan de Fuca Strait from Buoy J to the north end 
of Puget Sound. 

7.1.2.2 Technical Boundaries 

This assessment relied upon existing information and modelling to evaluate existing air 

quality, incremental changes in air quality related to RBT2-associated vessels, and 

cumulative changes related to projected increases in future marine traffic (see Section 4.3 

Future Marine Vessel Activity for additional information on traffic projections).  

A technical boundary in this assessment includes the estimation of air quality levels from 

ships. The estimate was partially based on vessel traffic numbers, reported observations of 

air quality levels for some contaminants for ships transiting through the LSA, and prorating 

emissions of other contaminants based on emission factors data for marine vessels. No new 

air dispersion modelling was undertaken as part of this assessment. Additional information 

on technical boundaries pertaining to the uncertainty and reliability of this assessment due 

to reliance primarily on existing information is provided in Section 7.1.7. 

7.1.3 Information Sources 

As part of the assessment, a review of existing information was conducted. A summary of 

previous studies and information used to support the characterisation of existing and future 

conditions is presented in Table 7.1-2. 
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Table 7.1-2 Existing Information Used to Inform the Air Quality Assessment 

Topic Reference Study Description 

Roberts Bank 

Terminal 2 
(RBT2) 
Project 

RBT2 EIS 
EIS Section 9.2 Air Quality – air quality assessment for 

the RBT2 Project. 

RBT2 EIS 

EIS Appendix 9.2-A Air Quality Study – detailed technical 
appendix for the RBT2 Project air quality study, including 

sub-appendices: Appendix A – Emissions Inventory, 
Appendix B – Existing Air Quality, and Appendix F – Ships 
Underway Assessment. 

Particulate 

Matter 

Kotchenruther 2015 
The effects of marine vessel fuel sulfur regulations on 

ambient PM2.5 along the west coast of the U.S.A.  

Kotchenruther 2013 
A regional assessment of marine vessel PM2.5 impacts in 

the U.S. Pacific Northwest using a receptor-based source 
apportionment method. 

Kotchenruther and 
Corbett 2013 

Sources of Aerosol (PM2.5) Impacting Neah Bay, WA. 

SO2 & NOx 

McLaren et al. 2012 
A survey of NO2:SO2 emission ratios in marine vessel 

plumes in the Strait of Georgia.  

Sitnikov et al. 2009 
Evolution of NO2/NOx ratios in ship plumes with time after 

release. 

SENES 2009 Air quality monitoring at Christopher Point in 2008. 

Greenhouse 
Gases 

IPCC 2014 
Fifth Assessment Report (AR5) of the Intergovernmental 

Panel on Climate Change (IPCC). 

Bond et al. 2013 
Bounding the role of black carbon in the climate system: 

a scientific assessment. 

Air Quality in 

the Georgia 
Basin – Puget 
Sound Region 

Environment Canada 

(EC) and U.S. 
Environmental 
Protection Agency 

(EPA), 2014 

The Georgia Basin – Puget Sound Airshed 
Characterization Report 2014. 

Aboriginal traditional knowledge relevant to the air quality assessment was not available. 

7.1.4 Existing Conditions 

In 2010, marine vessel emissions accounted for 79% of the SO2 emissions, 16% of the NOx 

emissions, and 9% of the PM2.5 emissions in the Lower Fraser Valley (Metro Vancouver 

2013). In Puget Sound, marine vessel emissions accounted for 49% of the SO2 emissions, 

11% of the NOx emissions, and only about 3% of the PM2.5 emissions in 2011 (EC and EPA 

2014). Therefore, marine vessel emissions were the dominant source of SO2 emissions prior 

to the implementation of the North American Emission Control Area (ECA) in 2012 that is 

intended to reduce overall SO2 emissions from marine vessels by 96% with full 

implementation of the ECA in 2015 (as described in EIS Section 9.2.7). ECA Phase I and 

Phase II fuel standards are shown in Table 7.1-3. Ship emissions are also an important 
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source of NOx emissions, although light and heavy duty on-road vehicles and non-road 

equipment (e.g., construction equipment, locomotives, cargo handling equipment, lawn and 

garden equipment, etc.) together represent the bulk of the NOx emissions in both the 

Georgia Basin and Puget Sound. Marine vessels are a relatively small source of VOC 

emissions in both regions. 

Table 7.1-3 Fuel Sulphur Content Limits Under ECA Phase I and Phase II 

Time Period Average Sulphur Content in Marine Fuel 

Pre-ECA (Before July 1, 2012) 24,000 parts per million (ppm) 

ECA Implementation Allowable Sulphur Content in Marine Fuel 

ECA Phase I (After July 1, 2012) 10,000 ppm 

ECA Phase II (After January 1, 2015) 1,000 ppm 

Existing conditions for ambient air quality in the MSA are detailed in The Georgia Basin – 

Puget Sound Airshed Characterization Report, 2014 (EC and EPA 2014). Regional 

ship-related emissions and trends are summarised in Sections 7.1.4.1 to 7.1.4.4, and 

existing air quality conditions within the LSA are provided in Sections 7.1.4.5 and 7.1.4.6. 

Section 7.1.4.7 describes anticipated changes in air quality from the implementation 

of the ECA. 

7.1.4.1 Regional SO2 and NO2 Levels Due to Ship Emissions 

With respect to the incremental contribution of marine shipping emissions on regional air 

quality, the monitoring study by McLaren et al. (2012) provides observations of ambient 

SO2 and NO2 concentrations in ship plumes for vessels passing the southern tip of Saturna 

Island (as shown on Figure 7.1-1). Measurements made in 2005 using a DOAS system1 

during nighttime hours at a distance of 2 to 3 km from the shipping routes provide a 

measure of short-term (less than 1 hour) NO2 and SO2 concentrations for individual ship 

plumes. The reported concentrations are listed in Table 7.1-4. 

                                          
1  Differential Optical Absorption Spectroscopy (DOAS) is a method to determine concentrations of trace gases in 

the atmosphere by measuring characteristic light absorption patterns. 
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Table 7.1-4 Maximum Observed NO2 and SO2 Concentrations (ppb) for Ship 

Plumes near Saturna Island (McLaren et al. 2012) 

Wind Speed (km/h) 
Concentration (ppb) 

NO2 SO2 

5 46.5 18.2 

7 26.8 12.4 

23 10.5 3.4 

17 13.0 1.9 

16 11.6 2.5 

17 17.0 3.3 

13 26.0 7.2 

18 14.3 2.7 

26 9.6 1.6 

23 13.4 4.2 

19 13.1 4.3 

19 17.4 8.9 

20 13.7 2.9 

19 11.1 3.8 

19 10.7 2.9 

12 14.9 3.5 

15 13.0 2.5 

B.C. Interim Ambient Air  

Quality Objectives 
100a 75b 

U.S. National Ambient Air  

Quality Standards 
100c 75d 

Notes: ppb = parts per billion 
a daily 1-hour (1-h) maximum, annual 98th percentile value, over 1 year 
b daily 1-h maximum, annual 99th percentile value, over 1 year 
c daily 1-h maximum, annual 98th percentile value, over 3 years 
d daily 1-h maximum, annual 99th percentile value, over 3 years 

It should be noted that all of the observed concentrations at this distance from the shipping 

routes fell well below the interim ambient air quality objectives for 1-hour (h) NO2 and 1-h 

SO2 adopted by B.C. in 2014. Since the measurements were made in stable, nocturnal 

boundary layer conditions, concentrations of these two contaminants at distances greater 

than 3 km would also be well within the B.C. interim objectives as greater dispersion and 

dilution of the in-plume concentrations are expected farther from the source. Because the 

U.S. EPA National Ambient Air Quality Standards (NAAQS) are averaged over three years as 

opposed to one year in B.C., the observed concentrations reported by McLaren et al. would 

also meet the NAAQS. 
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McLaren et al. (2012) did not provide information on the size or type of ship associated 

with the plumes being sampled; however, the authors stated that: “Major ocean going 

vessels (bulk vessels, container ships, military ships, tankers, etc.) passing Saturna Island 

were frequently visible during the study, as were their plumes that impacted the site 

on occasion.” Furthermore, it was noted that on some occasions, several major 

vessels were present in the channel at any one time, making it difficult to attribute the 

observed in-plume concentrations to any one vessel. Therefore, the observed 

concentrations listed in Table 7.1-4 can be assumed to represent a variety of ship types 

using the shipping routes at this location. Since the measurements were made in 2005, they 

may be considered to represent upper bound estimates of concentrations prior to the 

establishment of the ECA. 

The existing effect of marine shipping emissions on daily and annual concentrations of SO2 

can also be assessed by considering data from the Environment Canada CAPMoN2 

monitoring station on Saturna Island (see Figure 7.1-1 for location), which reports 24-h 

average SO2 concentrations. Although this station continues to operate, the latest data 

available from Environment Canada are for 2010, as shown in Table 7.1-5. For the 

purposes of this assessment, the 98th percentile value from Table 7.1-5 is considered 

representative of existing worst-case 24-h concentrations of SO2 (i.e., prior to the 

establishment of the ECA); the mean 24-h value is considered representative of existing 

average annual SO2 concentrations. Given the lack of major SO2 emissions sources 

(e.g., major industry or vehicle traffic) on Saturna Island and the proximity of the island to 

the shipping route, it is reasonable to assume that emissions from marine shipping are the 

dominant contributor to the ambient SO2 measurements at the CAPMoN station. 

Table 7.1-5  24-h SO2 Concentrations at Saturna Island in 2010 

 24-h Average SO2 Concentration (μg/m³) 

Min 0.04 

Mean 1.5 

Max 8.0 

98th Percentile 5.1 

99th Percentile 6.4 

                                          
2  Canadian Air and Precipitation Monitoring Network (CAPMoN), operated by Environment Canada. 
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7.1.4.2 Regional PM2.5 Levels Due to Ship Emissions 

For longer term average air quality levels, analysis of particulate matter from IMPROVE 

monitoring sites3, specifically Neah Bay (Makah tribe, located at the western entrance to 

Juan de Fuca Strait) and Olympic National Park (at the eastern end of the strait) in 

Washington State (see Figure 7.1-1 for locations), provides additional direct evidence of 

the influence of marine vessel emissions on the air quality in the Georgia Basin-Puget Sound 

region. Kotchenruther (2013) used data from sites in the states of Washington, Oregon, and 

northern California to determine the contribution of marine vessels to monthly averaged 

PM2.5 concentrations at the IMPROVE monitoring sites over the period 2007 to 2011. The 

analysis indicated that marine vessel emissions accounted for between 0.1 µg/m3 and 

0.9 µg/m3 of average monthly PM2.5 levels throughout the region in the winter, and between 

0.3 µg/m3 and 2.7 µg/m3 in the summer. At Neah Bay, the maximum monthly average 

concentration of PM2.5 from ships was estimated at about 1.1 µg/m3 in September, with an 

average annual contribution of about 0.56 µg/m3 (Kotchenruther and Corbett 2013). On an 

annual basis, the contribution of ship emissions accounted for approximately 12% of the 

total PM2.5 concentration reported at Neah Bay, with higher contributions in summer 

(0.72 µg/m3 April to September, or 16% of total PM2.5 concentrations) and lower 

concentrations in winter (0.36 µg/m3 October to March, or 7% of total PM2.5 

concentrations). The percent contribution from ships at Olympic National Park located more 

inland than Neah Bay was estimated at about 10% of total PM2.5 concentrations in summer 

and 5% to 7% in winter.  

A follow-up study by Kotchenruther (2015) of the effects of ECA Phase I implementation 

indicated that the average PM2.5 contribution from marine vessels had been reduced 45% to 

50% at two of five sites in Washington State. At the Olympic National Park IMPROVE site, 

the average PM2.5 mass concentration from marine vessels in the period August 2009 to July 

2012 was estimated at 0.24 µg/m3, while the contribution over the period September 2012 

to August 2013 was only 0.12 µg/m3. For the Puget Sound IMPROVE monitoring site 

(although located south of the RSA, information is provided for comparison purposes), the 

reduction in PM2.5 concentrations was similar, from 0.52 µg/m3 prior to the Phase I ECA 

implementation to 0.29 µg/m3 after implementation. 

                                          
3  The Interagency Monitoring of Protected Visual Environments (IMPROVE) network is a chemically speciated 

PM2.5 monitoring program that operates throughout the U.S.A. The IMPROVE network involves a number of 

partner agencies, including the EPA, the U.S. Forest Service, the U.S. National Park Service, and various state 

and territorial agencies. 
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7.1.4.3 Trends in Regional PM2.5 Levels 

This decrease in fine particulate matter concentrations in the region from marine 

vessel emissions due to ECA implementation follows a period (2000-2011) of an overall 

improvement in PM2.5 levels (U.S. EPA and EC 2013). Thirteen of 14 monitoring stations in 

the Georgia Basin-Puget Sound region meet the Canada-Wide Standards (CWSaq) 

(30 µg/m3) and U.S. Daily Standards for fine particulate matter (35 µg/m3)4,5. A statistically 

significant (p<0.05) decreasing trend of 0.42 µg/m3 per year for 24-h average PM2.5 

concentrations has been reported for Rocky Point Park in Burrard Inlet over the period 1993 

to 2004 (EC and EPA 2014). Additional reductions from ECA Phase II implementation 

beginning in January 2015 (see Table 7.1-3) are anticipated to result in further reductions 

in ambient levels of PM2.5, as well as in further reductions of SO2 and NO2 concentrations 

(see Section 7.1.4.7). 

7.1.4.4 Trends in Regional Ozone Levels 

Ground level ozone is considered to be an environmental and health concern in the Georgia 

Basin-Puget Sound airshed. As a result of short-term variability in background sources of 

ozone and ozone precursors, it has been reported (EC and EPA 2014) that the CWSaq for 8-h 

average ozone concentrations “will occasionally be exceeded in B.C. by either background 

sources alone or the additive effect of locally-produced anthropogenic ozone and 

background levels.” Regional episodes typically occur during July and August when the 

combined effect of ultraviolet radiation, temperature, and regional air stagnation are 

highest, although exceedances may also occur in the springtime. During such episodes, the 

area over which the CWSaq may be exceeded can be quite large, although the most frequent 

locations for these exceedances are near Hope, B.C. and Enumclaw, Washington. At these 

times, hourly averaged ozone concentrations may exceed 80 ppb (156 µg/m3), and 

occasionally may rise to over 100 ppb (195 µg/m3). Three such regional ozone episodes 

occurred in the Lower Fraser Valley between 2001 and 2008. Regional ozone episodes that 

warranted Air Quality Advisories issued by Metro Vancouver also occurred in 2010 and 2012 

when peak hourly ozone levels in the Lower Fraser Valley exceeded 100 µg/m3. The highest 

reading of 135 µg/m3 occurred in 2012 (EC and EPA 2014). 

                                          
4  The previous CWSaq for PM2.5 was 30 µg/m3

 on a 24-hour basis. This standard has since been replaced by the 

Canadian Ambient Air Quality Standard for PM2.5 of 28 µg/m3 effective in 2015. Further details at 

http://www.ccme.ca/en/current_priorities/air/caaqs.html. 
5  The U.S. NAAQS for PM2.5 is 35 µg/m3

 on a 24-hour basis. Further details at  

 http://www.epa.gov/air/criteria.html. 

http://www.ccme.ca/en/current_priorities/air/caaqs.html
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Trend analyses show ozone to be increasing at Saturna Island, with a reduction in the rate 

of increase for the period between 1997 and 2006. Peak ozone concentrations at Saturna 

Island during a regional episode in May 2008 saw maximum 8-h average concentrations 

reach 68 ppb (136 µg/m3), a level higher than at stations in the Capital Regional District 

around Victoria, B.C., and elevated ozone levels at Saturna Island during this episode 

persisted at higher levels for longer periods than at the Capital Regional District stations 

(SENES 2009).  

Episodes of elevated ozone levels in the Lower Fraser Valley and Puget Sound are attributed 

to the dominant effect of local photochemical production from precursor emissions. Trend 

analysis has shown that although peak ozone concentrations have been reduced over the 

period 1991 to 2012, ozone concentrations at lower percentiles up to the 90th percentile in 

the eastern portions of the Lower Fraser Valley and up to the 95th percentile in the western 

portions of the valley have been increasing. These trends are considered to be consistent 

with photochemical ozone production in the eastern end of the valley being limited by VOC 

emissions, while that in the western end of the valley being NOx-limited. Trends towards 

increasing ozone concentrations at the lower percentiles are reported to be related to 

decreases in NOx emissions as a result of regulatory initiatives, as well as potentially due to 

an overall increase in background ozone levels globally (EC and EPA 2014). 

Ozone production in Puget Sound is also reported to be VOC-limited close to large urban 

areas in western Washington and NOx-limited elsewhere, with all monitoring sites 

(except at Mount Rainier)6 showing a trend toward increasing ozone levels at a rate of about 

0.3 ppb/year (0.58 µg/m3 per year). 

7.1.4.5 Existing Conditions - Annual Emissions of Gaseous and Particulate 

Compounds, Greenhouse Gases, and Black Carbon 

The air quality assessment for the RBT2 Project contained a detailed breakdown of 

emissions from various types of large vessels in the Strait of Georgia (EIS Appendix 9.2-A: 

Appendix A and Appendix F). By combining the emission rates for existing conditions from 

that study with the existing marine traffic activity presented in Section 4.1.1 Existing 

Marine Traffic Activity, a semi-quantitative assessment of annual emissions from large 

marine vessels (i.e., cargo or carriers, tankers, and passenger ships; see Appendix 7.1-A) 

of gaseous and particulate matter compounds under existing conditions in the 

Strait of Georgia (Segment A), Haro Strait (Segment B), and Juan de Fuca Strait (Segments 

C and D) was undertaken (see Figure 4-1 for segment locations). Results are shown in 

Table 7.1-6 to Table 7.1-8.  

                                          
6  The reduction in ozone levels at Mount Rainier is believed to be related to the elimination of a large source of 

NOx emissions with the shutdown of a thermal power plant (EC and U.S. EPA 2014). 
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Similarly, annual emissions of greenhouse gases associated with vessels are presented in 

Table 7.1-9 in tonnes per year (t/y), as well as in tonnes of carbon dioxide-equivalent 

(CO2e) emissions. Annual emissions (t/y) of black carbon associated with vessels are 

presented in Table 7.1-10. It should be noted that annual emissions of greenhouse gases 

and black carbon are presented separately since greenhouse gases have longer atmospheric 

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

in the order of a few days.  

A detailed description of the development of the emissions estimates is included in 

Appendix 7.1-A. 

Table 7.1-6 Annual Emissions of Gaseous Compounds from Large Marine 

Vessels Under Existing Conditions  

Segment 
Annual Emissions (t/y) of Gaseous Compounds 

CO NOx SO2 VOC 

A 543 7,310 2,623 229 

B 554 7,130 4,081 232 

C 411 5,335 2,831 173 

D 1,901 24,613 13,680 805 

Total 3,408 44,389 23,214 1,439 

Table 7.1-7 Annual Emissions of Particulate Matter from Large Marine Vessels 

Under Existing Conditions  

Segment 
Annual Emissions (t/y) of Particulate Matter 

PM PM10 PM2.5 DPM 

A 387 387 356 356 

B 549 549 505 505 

C 386 386 355 355 

D 1,852 1,852 1,703 1,703 

Total 3,173 3,173 2,920 2,920 

Note:  DPM = diesel particulate matter. 
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Table 7.1-8 Annual Emissions of Trace Organic Contaminants from Large 

Marine Vessels Under Existing Conditions  

Segment 

Annual Emissions (t/y) of Trace Organic Contaminants 

Acrolein Benzene 
1,3-

Butadiene 

Acetald

ehyde 

Formalde

hyde 

Napthal

ene 
Benzo(a)pyrene 

A 0.5 0.1 0.05 0.4 4.2 0.03 0.0004 

B 0.5 0.2 0.05 0.7 4.7 0.04 0.0004 

C 0.4 0.1 0.04 0.5 3.4 0.03 0.0003 

D 1.8 0.3 0.18 1.3 14.5 0.09 0.0012 

Total 3.2 0.7 0.32 2.9 26.9 0.18 0.0023 

Table 7.1-9 Annual Emissions of Greenhouse Gases from Large Marine Vessels 
Under Existing Conditions  

Segment 
Annual Emissions (t/y) of Greenhouse Gases 

CO2e (100-y)a CO2e (20-y)b CO2 CH4 N2O 

A 286,663 287,809 283,545 26.3 7.5 

B 260,808 261,879 257,893 24.6 7.0 

C 198,287 199,097 196,084 18.6 5.3 

D 890,427 894,088 880,462 84.2 23.8 

Total 1,636,185 1,642,873 1,617,983 153.7 43.5 
a IPCC (2014) 100-y global warming potentials (GWPs) for CH4 and N2O are 34 and 298, respectively. 
b IPCC (2014) 20-y GWPs for CH4 and N2O are 86 and 268, respectively. 

Table 7.1-10 Annual Emissions of Black Carbon from Large Marine Vessels Under 

Existing Conditions  

Segment Annual Emissions (t/y) of Black Carbona 

A 14 

B 8 

C 7 

D 22 

Total 51 
a Bond et al. (2013) lists the 100-y and 20-y GWPs for black carbon as 900 and 3,200, respectively. 
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7.1.4.6 Existing Conditions - Estimated Concentrations of Gaseous and 

Particulate Compounds at Various Distances from the Shipping Route 

This section presents estimated concentrations (μg/m³) of gaseous and particulate matter 

compounds at distances up to 10 km from transiting ships in the shipping routes within the 

LSA. To be consistent with requirements of the Updated EIS Guidelines and the RBT2 air 

quality assessment (EIS Section 9.2), concentrations of CO, NOx (as NO2), SO2, PM, PM10, 

PM2.5, formaldehyde, and benzo(a)pyrene were considered in this assessment. In addition, 

estimated concentrations of trace organic contaminants such as acrolein, benzene, 

1,3-butadiene, acetaldehyde, naphthalene, and diesel particulate matter were provided for 

comparison with the Washington State Department of Ecology Acceptable Source Impact 

Level (ASIL) screening criteria for toxic air pollutants in ambient air. These concentrations 

are presented in Appendix 7.1-A: Table 2-36.  

A detailed description of the development of the concentration estimates is included in 

Appendix 7.1-A. A brief description of the procedure is as follows: 

 Generic concentration versus distance curves (i.e., μg/m³ per 1 g/s emission rate) 

were extracted from the air dispersion modelling results from ships underway in the 

Strait of Georgia completed as part of the RBT2 EIS air quality assessment. The 

curves describe the concentration versus distance profile, over the interval from 1 to 

10 km from the shipping routes. This interval represents the approximate distance 

from ships in transit to the nearest land, which defines the air quality LSA boundaries 

shown in Figure 7.1-1. 

 Three worst-case curves7 (1-h, 24-h, and annual averaging times) were selected to 

represent concentrations associated with emissions from large vessels in the 

shipping routes. 

 The three worst-case curves were fitted against the measured SO2 concentrations 

discussed in Section 7.1.4.1 to derive an empirical relationship between measured 

concentrations of SO2 and distance from the shipping routes. 

 Similar empirical concentration versus distance curves for the other compounds of 

interest were developed by scaling the emissions rates of each contaminant against 

SO2 (e.g., NOx as a percentage of SO2) and then applying this relationship against 

the empirical SO2 curve. 

                                          
7  Concentration versus distance curves were derived from existing modelling by considering dispersion of 

emissions from vessels in eight wind directions (N, NE, E, SE, S, SW, W, and NW) at receptors placed at 

distances from 1 to 10 km from the shipping route. The curves with the highest predicted concentration were 

selected as representative of the worst-case. 
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The estimated maximum concentrations for 1-h, 24-h, and annual averaging periods are 

presented in Figure 7.1-2 to Table 7.1-9. Each figure compares the estimated 

concentrations of NO2, SO2, and PM2.5 for Segment A (Strait of Georgia), Segment B (Haro 

Strait), and Segments C and D (Juan de Fuca Strait). Detailed results for NO2, SO2, and 

PM2.5 and the other compounds are presented in tables in Appendix 7.1-A.  

There is reasonably good agreement between predicted and observed 1-h average NO2 and 

SO2 concentrations for Segment D with respect to pre-ECA observations at Christopher 

Point, located west of Victoria and approximately 7 km from the shipping routes. The 

highest observed 1-h average NO2 and SO2 concentrations in 2008 were 56.4 µg/m3 and 

28 µg/m3, respectively (SENES 2009). Observed and predicted 1-h and 24-h averaged NO2 

and SO2 concentrations in Segment D are presented below in Table 7.1-11. These 

predicted-to-observed concentrations are reasonably comparable. 

Table 7.1-11 Observed and Predicted 1-h and 24-h Averaged NO2 and SO2 

Concentrations in Segment D  

Parameter 
NO2 Concentration (µg/m3)  SO2 Concentration (µg/m3) 

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

Maximum Observed at 
Christopher Point (2008) 

56.4 27.5 28.0 11.7 

Mean Concentration at 
Christopher Point (2008) 

7.1 8.1 2.7 2.7 

Maximum Predicted 
Concentration in Segment D 

46.1 8.8 36.1 4.9 

The observations of NO2 concentrations reported by McLaren et al. (2012) at Saturna Island 

are also in reasonable agreement with the predicted concentrations for Segment B. McLaren 

et al. reported that the monitoring station on Saturna Island was located approximately 

2 km to 3 km from the shipping routes. The maximum observed NO2 concentration of 

46.5 ppb (89 µg/m3) is in good agreement with the predicted 1-h average concentration of 

47 µg/m to 55 µg/m3 at 2 km to 3 km from the shipping route. Therefore, both the B.C. 

2014 interim objectives and the EPA NAAQS standards for 1-h average NO2 and SO2 

concentrations would be achieved at all locations from 1 km to 10 km from the shipping 

routes. However, the 24-h average concentrations determined using the dilution curves 

appear to underestimate the maximum observed concentrations, and are closer to the 

observed mean concentrations at the Saturna Island monitoring station. 
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Whereas the predicted NO2 and SO2 concentrations in all segments appear to be in 

reasonably good agreement with oberserved concentrations, the comparison between 

predicted and observed PM2.5 concentrations indicates that the predicted concentration at 

Neah Bay, located at the western entrance to Juan de Fuca Strait at a distance of 

approximately 6 km from the shipping route (see Figure 7.1-1), is lower than reported by 

Kotchenruther and Corbett (2013). A source apportionment study conducted for the Makah 

Tribe at Neah Bay suggested that marine shipping contributed 0.56 µg/m3 to the annual 

average PM2.5 levels at this location. The predicted concentration indicated in Figure 7.1-9 

is less than 0.25 µg/m3. Therefore, the contribution of large marine vessels to total PM2.5 

concentrations may be underestimated by about a factor of two at this location. 

It should be noted that the estimated maximum concentrations of criteria air contaminants 

in Figures 7.1-2 and 7.1-3 for 1-h average NO2 and SO2 concentrations are not directly 

comparable to the B.C. 2014 interim objectives for these contaminants because the interim 

objectives are based on the 98th and 99th percentile values, respectively, not the 100th 

percentile maximum concentrations indicated in these two figures. Nevertheless, both the 

B.C. interim objectives and the EPA NAAQS standards for 1-h average NO2 and SO2 

concentrations would be achieved at all locations from 1 km to 10 km from the shipping 

routes.  

Figure 7.1-1 

Figure 7.1-2  Estimated Maximum 1-h NO2 Concentrations with Distance from 

the Shipping Route Under Existing Conditions 

 
Note:  The B.C. interim AAQO and the EPA NAAQS for 1-h NO2 is 188 μg/m³ (100 ppb), as the 98th 

percentile over one year in B.C. and over three consecutive years in the U.S.A. 
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Figure 7.1-3 Estimated Maximum 1-h SO2 Concentrations with Distance from the 

Shipping Route Under Existing Conditions 

 
Note:  The B.C. interim AAQO of 200 μg/m³ (75 ppb) is based on the 99th percentile over one year, 

while the EPA NAAQS for 1-h SO2 of 196 μg/m³ (75 ppb) is based on the 99th percentile over 

three consecutive years. 

Figure 7.1-4 Estimated Maximum 24-h NO2 Concentrations with Distance from 

the Shipping Route Under Existing Conditions 

 
Note:  As of October 21, 2014, B.C. has no AAQO for 24-h average NO2 concentrations. The EPA has 

not established a 24-h NO2 NAAQS. 
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Figure 7.1-5 Estimated Maximum 24-h SO2 Concentrations with Distance from 

the Shipping Route Under Existing Conditions 

 
Note:  As of October 21, 2014, B.C. has no AAQO for 24-h average SO2 concentrations. The EPA has 

not established a 24-h SO2 NAAQS. 

Figure 7.1-6 Estimated Maximum 24-h PM2.5 Concentrations with Distance from 
the Shipping Route Under Existing Conditions 

 
Note:  The B.C. AAQO for 24-h PM2.5 is 25 μg/m³ and the EPA NAAQS is 35 μg/m³ as the 98th 

percentile averaged over 3 consecutive years. 
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Figure 7.1-7 Estimated Annual Average NO2 Concentrations with Distance from 

the Shipping Route Under Existing Conditions 

 
Note:  The B.C. interim AAQO for annual NO2 is 60 μg/m³ and the U.S. EPA NAAQS is 100 μg/m³. 

Figure 7.1-8 Estimated Annual Average SO2 Concentrations with Distance from 

the Shipping Route Under Existing Conditions 

 
Note:  As of October 21, 2014, B.C. has no AAQO for annual average SO2 concentrations. The EPA 

has not established an annual average SO2 NAAQS. 

0

1

1

2

2

3

3

4

4

5

1 2 3 4 5 6 7 8 9 10

C
o

n
c
e
n

tr
a
ti

o
n

 (
μ

g
/

m
³
)
 

Distance from Shipping Route (km) 

Segment A Segment B Segment C Segment D

0.0

0.5

1.0

1.5

2.0

2.5

1 2 3 4 5 6 7 8 9 10

C
o

n
c
e
n

tr
a
ti

o
n

 (
μ

g
/

m
³
)
 

Distance from Shipping Route (km) 

Segment A Segment B Segment C Segment D



PORT METRO VANCOUVER | Roberts Bank Terminal 2 Marine Shipping Supplemental Report 

Page | 7.1-18  

Figure 7.1-9 Estimated Annual Average PM2.5 Concentrations with Distance from 

the Shipping Route Under Existing Conditions 

 
Note:  The B.C. AAQO for annual PM2.5 is 8 μg/m³ and the EPA NAAQS is 12 μg/m³. 

The concentration-distance plots for existing conditions show a similar relationship for NO2, 

SO2, and PM2.5 across the three averaging periods: predicted concentrations are highest 

nearest the shipping routes but decline rapidly within approximately 3 km. Predicted NO2 

concentrations are highest in Segment A due to higher activity levels (i.e., ship movements 

along this segment), while predicted SO2 and PM2.5 concentrations are highest in 

Segment D, reflecting the fuel type used in the vessels moving along this segment. Under 

existing conditions, predicted concentrations of SO2 and PM2.5 are driven by the higher 

sulphur content in the fuel of cargo and container vessels as compared with passenger 

vessels. 

Between 3 km and 10 km from the shipping routes, predicted concentrations continue to 

decrease, but at a slower rate as the distance increases from the shipping routes.  

7.1.4.7 Anticipated Changes in Air Quality from the ECA 

The introduction of the ECA to reduce emissions of NOx, SO2, and PM2.5 from marine vessels 

operating within 200 nautical miles of the coast is expected to have a beneficial effect on 

regional sulphate and nitrate deposition, PM2.5 and ozone concentrations, as well as visibility 

improvements. The description provided below of the projected benefits for each of these 

parameters relies upon information in EC and EPA (2014). 
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Regional Sulphur and Nitrogen Deposition Projections 

Full ECA implementation is expected to benefit ecosystems in the Pacific Northwest region 

as a whole by reducing sulphur deposition from 4% to 25% by 2020, and nitrogen 

deposition by 3% to 15%, in most cases, and up to 20% in some areas. Some portions of 

the region are expected to benefit more than others. For example, total sulphur deposition 

may be reduced by up to 60% in the Lower Fraser Valley and over 90% on Vancouver 

Island. The reduction in nitrogen deposition in southwestern B.C. is expected to be in the 

order of 15%. 

Regional PM2.5 Projections 

Regional scale modelling projections of the benefits of full implementation of the ECA for 

marine vessels indicates an overall reduction from 5% to more than 10% in total annual 

average PM2.5 concentrations from all sources by 2020. Reductions of 10% or more are 

predicted for all areas bordering Juan de Fuca Strait, Haro Strait, and Boundary Passage, 

and in the vicinity of Roberts Bank. The benefits of the ECA in the broader region such as 

Richmond, Vancouver, West Vancouver, and North Vancouver were predicted to be smaller, 

in the order of 2% to 5%. The reductions for Puget Sound were projected to be 5% to 15% 

for total annual average PM2.5 concentrations. 

Regional Ozone Projections 

Based on regional photochemical modelling analyses, the introduction of the ECA to reduce 

emissions of NOx, SO2, and PM2.5 from marine vessels operating within 200 nautical miles of 

the coast is expected to have a beneficial effect on regional ozone concentrations. It is 

projected that 8-h average ozone concentrations on either side of Juan de Fuca Strait may 

be reduced by up to 5% by 2020. The analysis would need to be repeated for anticipated 

emission changes to 2030 in order to determine whether these reductions would be retained 

in the longer term. Toward the eastern end of Juan de Fuca Strait and in the Strait of 

Georgia (including the region around Roberts Bank in Delta), reductions in ozone 

concentrations could be smaller, on the order of 1%. On the other hand, ozone 

concentrations in the broader region (i.e., Richmond, Vancouver, West Vancouver, and 

North Vancouver) may increase by up to 5% as a result of the reduction in NOx emissions 

from ships due to the loss of ozone titration by nitric oxide (NO) emissions.  
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Visibility 

Improvements in visibility in the Puget Sound region for the period 2000 to 2011 of about 

3.5% per year for the 20% haziest conditions have been reported (Hand et al. 2014). 

Without the ECA, up to 6% of visibility degradation in Washington State’s North Cascades 

National Park would be attributable to ship emissions by 2020 (EC and EPA 2014). With full 

ECA implementation, visibility impacts from ship emissions are expected to improve over 

existing conditions. 

7.1.5 Incremental Changes to Air Quality from Marine Shipping Associated 
with the Project 

This section considers the interactions with and potential changes in air quality due to 

marine shipping associated with the Project. Potential changes anticipated from routine 

marine shipping activity-air quality interactions are presented in Table 7.1-12.  

Table 7.1-12 Air Quality and Marine Shipping Activity Interactions  

Activity/Event 
Interaction  

(Y/N) 
Potential for Change Rationale 

Vessel Transit Y 

Short-term changes in ambient air concentration are expected 

due to individual vessel movements, and longer term changes 
to air concentrations in the region are predicted from RBT2-
associated ship movements. 

As noted previously, potential changes to air quality from potential accidents or 

malfunctions are described in Section 10.5.1 Potential Accidents or Malfunctions, Air 

Quality. 

7.1.5.1 Changes in Air Quality Related to Vessel Transit 

Estimates of incremental increases in annual emissions of gaseous and particulate matter 

compounds related to RBT2-associated vessels in the Strait of Georgia 

(Segment A), Haro Strait (Segment B), and Juan de Fuca Strait (Segments C and D) are 

shown in Table 7.1-13 to Table 7.1-15. For the gaseous trace organic compound 

emissions in Table 7.1-15, one bench scale study by Reda et al. (2014) has suggested that 

the emission of carbonyls (acetaldehyde, formaldehyde, and acrolein) may decrease in the 

future due to the use of lower sulphur fuels under the ECA requirements. However, since no 

other corroborating information has been identified, this potential reduction in emissions has 

not been taken into account in the calculation of incremental changes in emissions from 

ships in 2030. As discussed in the EIS Appendix 9.2-A: Appendix A, there remains 
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uncertainty about the effect of low sulphur fuel specifications on emissions of these 

compounds in the future. Therefore, the emissions of these trace organic compounds in 

Table 7.1-15 is conservative, and actual emissions may be lower. 

Incremental annual emissions of greenhouse gases and black carbon for RBT2-associated 

vessels are presented in Table 7.1-16 and Table 7.1-17.  

A detailed description of the development of future emissions estimates is included in 

Appendix 7.1-A.  

Table 7.1-13 Incremental Annual Emissions of Gaseous Compounds from Marine 
Vessels Associated with RBT2 

Segment 
Annual Emissions (t/y) of Gaseous Compounds 

CO NOx SO2 VOC 

A 31 324 10 13 

B 60 625 18 25 

C 40 417 12 17 

D 147 1,544 45 62 

Total 278 2,910 85 117 

Table 7.1-14 Incremental Annual Emissions of Particulate Matter from Marine 
Vessels Associated with RBT2 

Segment 
Annual Emissions (t/y) of Particulate Matter 

PM PM10 PM2.5 DPM 

A 7 7 6 6 

B 13 13 12 12 

C 9 9 8 8 

D 31 31 29 29 

Total 60 60 55 55 
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Table 7.1-15 Incremental Annual Emissions of Trace Organic Contaminants from 

Marine Vessels Associated with RBT2 

Segment 

Annual Emissions (t/y) of Trace Organic Contaminants 

Acrolein Benzene 
1,3-

Butadiene 
Acetaldehyde Formaldehyde Napthalene 

Benzo(a) 

pyrene 

A 0.03 0.01 0.003 0.04 0.3 0.001 5.591E-06 

B 0.06 0.02 0.006 0.08 0.5 0.001 1.076E-05 

C 0.04 0.01 0.004 0.05 0.3 0.001 7.188E-06 

D 0.14 0.03 0.014 0.10 1.1 0.002 2.028E-05 

Total 0.26 0.07 0.026 0.27 2.3 0.004 4.382E-05 

Table 7.1-16 Incremental Annual Emissions of Greenhouse Gases from Marine 

Vessels Associated with RBT2 

Segment 
Annual Emissions (t/y) 

CO2e (100-y) a CO2e (20-y) b CO2 CH4 N2O 

A 14,449 14,509 14,287 1.4 0.4 

B 27,817 27,932 27,505 2.6 0.7 

C 18,577 18,654 18,369 1.8 0.5 

D 67,143 67,421 66,387 6.4 1.8 

Total 127,987 128,516 126,548 12.2 3.4 
a  IPCC (2014) 100-y GWPs for CH4 and N2O are 34 and 298, respectively. 
b  IPCC (2014) 20-y GWPs for CH4 and N2O are 86 and 268, respectively. 

Table 7.1-17 Incremental Annual Emissions of Black Carbon from Marine Vessels 
Associated with RBT2 

Segment Annual Emissions (t/y) of Black Carbona 

A 0.2 

B 0.4 

C 0.3 

D 1 

Total 2 
a Bond et al. (2013) lists the 100-y and 20-y GWPs for black carbon as 900 and 3,200, respectively.  

Overall, additional RBT2-associated vessels are anticipated to result in a modest change in 

annual emissions from vessels in transit in the MSA through Segments A to D. Further 

discussion on the relative changes to air quality due to RBT2-associated container ships as a 

proportion of all large marine vessel emissions under existing and cumulative conditions are 

described in Section 7.1.6. Considering the proven and anticipated benefits to air quality 

from the ECA, no further mitigation measures are proposed. 
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7.1.5.2 Summary of Potential Transboundary Changes 

Changes to air quality from RBT2-associated vessels are expected to be similar in the U.S.A. 

and Canada, given similar marine shipping activities in Washington and B.C. 

7.1.6 Cumulative Air Quality Change Assessment  

Interactions between marine vessel transits associated with the Project and existing and 

projected future marine traffic have the potential to result in cumulative changes. An 

assessment of cumulative change was conducted based on the anticipated increase in 

marine vessel traffic (see Table 4-7) resulting from certain and reasonably foreseeable 

projects and activities in the region (refer to Appendix 6-A Certain and Reasonably 

Foreseeable Projects and Associated Activities Considered in the Marine Shipping 

Cumulative Effects Assessments for more details). A detailed description of the 

development of the concentration estimates, along with tables of results, are included in 

Appendix 7.1-A. 

7.1.6.1 Cumulative Conditions - Annual Emissions of Gaseous and Particulate 

Matter Compounds, Greenhouse Gases, and Black Carbon 

Table 7.1-19 to Table 7.1-20 present annual emissions from large marine vessels under 

cumulative conditions (including RBT2-associated vessels) for gaseous compounds, 

particulate matter, and trace organic contaminants, respectively. Estimated annual 

emissions of NO2, SO2, and PM2.5 from large marine vessels in the LSA are greatest within 

Segment D. The incremental increase in estimated concentrations due to RBT2-associated 

vessels (i.e., the difference between cumulative conditions with and without RBT2-

associated vessels) is also greatest in Segment D. This is due to greater average speed and 

a longer transit time for vessels in that segment (see Tables 4-5 and 4-6 for data by 

segment). For these reasons, Segment D is used in the comparison of emissions between 

existing and future conditions provided in the descriptions that follow the tables. 

Table 7.1-18 Annual Emissions of Gaseous Compounds from Large Marine 

Vessels Under Cumulative Conditions  

Segment 
Annual Emissions (t/y) of Gaseous Compounds 

CO NOx SO2 VOC 

A 640 4,742 131 269 

B 681 6,639 202 285 

C 496 4,554 138 208 

D 2,260 21,456 645 957 

Total 4,076 37,390 1,115 1,720 
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Table 7.1-19 Annual Emissions of Particulate Matter from Large Marine Vessels 

Under Cumulative Conditions  

Segment 
Annual Emissions (t/y) of Particulate Matter 

PM PM10 PM2.5 DPM 

A 138 138 127 127 

B 146 146 135 135 

C 107 107 98 98 

D 483 483 444 444 

Total 874 874 804 804 

Emissions of SO2 from large marine vessels within Segment D are estimated to be 

13,680 t/y under existing conditions (see Table 7.1-6). The incremental contribution due to 

RBT2-associated vessels is 45 t/y (Table 7.1-13), and the estimated annual emissions of 

SO2 from vessels in Segment D under cumulative conditions (i.e., all large marine vessels, 

including RBT2-associated ships) are 645 t/y (Table 7.1-18). The 95% decrease in the 

future under cumulative conditions compared to existing conditions is associated with the 

implementation of the ECA. Therefore, SO2 emissions under cumulative conditions in 2030 

would be much lower than under existing conditions, and the emissions from RBT2-

associated ships are predicted to account for 7% (i.e., 45 t/y out of 645 t/y) of emissions 

from all large marine vessels in 2030. 

Estimated emissions of NOx from large marine vessels within Segment D are anticipated to 

decrease by 12.8% from 24,613 t/y under existing conditions (Table 7.1-6) to 21,456 t/y 

under cumulative conditions (Table 7.1-18). The incremental contribution due to vessels 

associated with RBT2 is 1,544 t/y (Table 7.1-13). Therefore, NOx emissions from RBT2-

associated ships would account for 7% (1,544 t/y out of 21,456 t/y) of emissions from all 

large marine vessels in 2030. 

Estimated emissions of PM2.5 from large marine vessels in Segment D are expected to 

decrease by 74%, from 1,703 t/y in 2012 under existing conditions (Table 7.1-7) to 

444 t/y under cumulative conditions (including emissions from RBT2-associated ships, 

see Table 7.1-19). The incremental contribution from RBT2-associated ships of 29 t/y 

(Table 7.1-14) represents 6.5% (i.e., 29 t/y out of 444 t/y) of PM2.5 emissions from large 

marine vessels in Segment D in 2030. 
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Table 7.1-20 Annual Emissions of Trace Organic Contaminants from Large 

Marine Vessels Under Cumulative Conditions  

Segment 

Annual Emissions (t/y) of Trace Organic Contaminants 

Acrolein Benzene 
1,3-

Butadiene 
Acetaldehyde Formaldehyde Napthalene 

Benzo(a) 

pyrene 

A 0.61 0.13 0.063 0.53 5.0 0.009 0.0002 

B 0.63 0.22 0.064 0.84 5.8 0.013 0.0001 

C 0.46 0.15 0.047 0.58 4.2 0.009 0.0001 

D 2.11 0.37 0.213 1.54 17.2 0.027 0.0004 

Total 3.81 0.87 0.387 3.50 32.2 0.058 0.0008 

Because the ECA requirements do not impose emission reductions on VOC emissions from 

ships, the emissions of some trace organic contaminants listed in Table 7.1-19 for 

cumulative conditions are projected to increase by 20% over existing conditions, as listed in 

Table 7.1-8. However, the latter assumes no reduction in the emission of some 

contaminants, in contrast to possible reductions reported by Reda et al. (2014). Therefore, 

there may in fact be no increase in emissions for some VOC, and potentially a reduction in 

annual emissions under the ECA requirements. The incremental contribution of RBT2-

associated ships to cumulative VOC emissions in 2030 is less than 8%. 

Table 7.1-21 and Table 7.1-22 present estimated annual emissions of greenhouse gases 

and black carbon for cumulative conditions, respectively. Estimated annual emissions of 

these compounds also are greatest within Segment D, due to greater average vessel speed 

and a longer transit time for vessels in that segment. 

Table 7.1-21 Annual Emissions of Greenhouse Gases from Large Marine Vessels 

Under Cumulative Conditions  

Segment 
Annual Emissions (t/y) 

CO2e (100-y) a CO2e (20-y) b CO2 CH4 N2O 

A 335,501 336,845 331,847 31 9 

B 320,839 322,157 317,253 30 9 

C 239,186 240,163 236,528 22 6 

D 1,059,356 1,063,712 1,047,502 100 28 

Total 1,954,883 1,962,876 1,933,129 184 52 
a  IPCC (2014) 100-year GWPs for CH4 and N2O are 34 and 298, respectively. 
b  IPCC (2014) 20-year GWPs for CH4 and N2O are 86 and 268, respectively. 
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Table 7.1-22 Annual Emissions of Black Carbon Under Cumulative Conditions 

Segment Annual Emissions (t/y) of Black Carbona 

A 6 

B 5 

C 4 

D 15 

Total 29 
a Bond et al. (2013) lists the 100-year and 20-year GWPs for black carbon as 900 and 3,200, 
respectively. 

Table 7.1-10 shows annual greenhouse gas emissions for Segments A to D under existing 

conditions and Table 7.1-21 lists predicted emissions under cumulative conditions, 

including the incremental contribution from RBT2-associated vessels to cumulative 

conditions. As noted above, annual emissions of greenhouse gases and black carbon are 

presented separately since greenhouse gases have longer atmospheric lifetimes (in the 

order of years to decades) while the atmospheric lifetime of black carbon is in the order of a 

few days. 

As shown in Figure 7.1-10, the majority of greenhouse gas emissions in the LSA are 

associated with ship movements in Segment D. Under existing conditions, annual 

greenhouse gas emissions (100-year) from large marine vessels in Segment D are 

estimated to total approximately 890,427 t CO2e per year (Table 7.1-9). Annual 

greenhouse gas emissions from vessels in Segment D are anticipated to increase by 19% 

to approximately 1,059,356 t CO2e (100-y GWP) per year under cumulative conditions 

(Table 7.1-21). The incremental contribution due to RBT2-associated vessels is 

approximately 67,143 t CO2e (100-y GWP) per year (Table 7.1-16), or 6.3% of total 

emissions from large marine vessels in 2030. 
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Figure 7.1-10 Annual Emissions of Greenhouse Gases (100-y) for Existing and 

Cumulative Conditions 

 Existing Conditions 

tonnes of CO2e/year 

Cumulative Conditions 

tonnes of CO2e/year 

  

Figure 7.1-11 to Table 7.1-18 present estimated concentrations for 1-h NO2, 1-h SO2, 24-

h NO2, 24-h SO2, 24-h PM2.5, annual NO2, annual SO2, and annual PM2.5 for Segments A to D 

under cumulative conditions, respectively, both with (solid line) and without (dashed line) 

RBT2-associated vessels. The difference between the solid and dashed lines for each 

segment, therefore, is the incremental contribution from RBT2-associated vessels within 

that segment. For example, as shown in Figure 7.1-11, the incremental contribution of 

RBT2-associated vessels to estimated 1-h average NO2 concentrations in Segment D 

at 1 km from the shipping route under cumulative conditions is 4.8 μg/m³ 

(see Appendix 7.1-A: Table 2-20) or 7% of the total cumulative concentration 

(66.1 μg/m³, as provided in Appendix 7.1-A: Table 2-18). The incremental contribution 

of RBT2-associated vessels to estimated 1-h average SO2 concentrations under cumulative 

conditions at 1 km is 0.3 μg/m³ (see Appendix 7.1-A: Table 2-20) or 7% of total 

cumulative concentration (see Appendix 7.1-A: Table 2-18 and Figure 7.1-12 below). 

Increment due to RBT2 
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Figure 7.1-11 Estimated Maximum 1-h NO2 Concentrations with Distance from 

the Shipping Route Under Cumulative Conditions 

 
Notes: 1. The B.C. interim AAQO and the EPA NAAQS for 1-h NO2 is 188 μg/m³ (100 ppb), as the 98th 

percentile averaged over one year in B.C. and over three consecutive years in the U.S.A. 

 2. (w) indicates estimated concentrations under cumulative conditions, including the 
contribution from RBT2-associated vessels; (w/o) indicates estimated concentrations under 
cumulative conditions without the contribution from RBT2-associated vessels. 

Figure 7.1-12 Estimated Maximum 1-h SO2 Concentrations with Distance from the 
Shipping Route Under Cumulative Conditions 

 
Notes: 1. The B.C. interim AAQO of 200 μg/m³ (75 ppb) is based on the 99th percentile over one year 

in B.C. while the EPA NAAQS for 1-h SO2 of 196 μg/m³ (75 ppb) is based on the 99th 

percentile over three consecutive years. 

2. See Note 2 under Figure 7.1-11 for legend description. 
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Figure 7.1-13 Estimated Maximum 24-h NO2 Concentrations with Distance from 

the Shipping Route Under Cumulative Conditions 

 
Notes: 1. As of October 21, 2014, B.C. has no AAQO for 24-h average NO2 concentrations. The EPA 

has not established a 24-h NO2 NAAQS. 

2. See Note 2 under Figure 7.1-11 for legend description. 

Figure 7.1-14 Estimated Maximum 24-h SO2 Concentrations with Distance from 

the Shipping Route Under Cumulative Conditions 

 
Notes: 1. As of October 21, 2014, B.C. has no AAQO for 24-h average SO2 concentrations. The EPA 

has not established a 24-h SO2 NAAQS. 

2. See Note 2 under Figure 7.1-11 for legend description. 

0

2

4

6

8

10

12

14

16

18

1 2 3 4 5 6 7 8 9 10

C
o

n
c
e
n

tr
a
ti

o
n

 (
μ

g
/

m
³
)
 

Distance from Shipping Route (km) 

Segment A (w/o) Segment B (w/o) Segment C (w/o) Segment D (w/o)

Segment A (w) Segment B (w) Segment C (w) Segment D (w)

0.0

0.1

0.1

0.2

0.2

0.3

0.3

0.4

0.4

0.5

0.5

1 2 3 4 5 6 7 8 9 10

C
o

n
c
e
n

tr
a
ti

o
n

 (
μ

g
/

m
³
)
 

Distance from Shipping Route (km) 

Segment A (w/o) Segment B (w/o) Segment C (w/o) Segment D (w/o)

Segment A (w) Segment B (w) Segment C (w) Segment D (w)



PORT METRO VANCOUVER | Roberts Bank Terminal 2 Marine Shipping Supplemental Report 

Page | 7.1-30  

Figure 7.1-15 Estimated Maximum 24-h PM2.5 Concentrations with Distance from 

the Shipping Route Under Cumulative Conditions 

 
Notes: 1. The B.C. AAQO for 24-h PM2.5 is 25 μg/m³ and the EPA NAAQS is 35 μg/m³ as the 98th 

percentile averaged over 3 consecutive years. 

2. See Note 2 under Figure 7.1-11 for legend description.  

Figure 7.1-16 Estimated Annual Average NO2 Concentrations with Distance from 

the Shipping Route Under Cumulative Conditions 

 
Notes: 1. The B.C. interim AAQO for annual NO2 is 60 μg/m³ and the EPA NAAQS is 100 μg/m³. 

2. See Note 2 under Figure 7.1-11 for legend description. 
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Figure 7.1-17 Estimated Annual Average SO2 Concentrations with Distance from 

the Shipping Route Under Cumulative Conditions 

 
Notes: 1. As of October 21, 2014, B.C. has no AAQO for annual average SO2 concentrations. The EPA 

has not established an annual average SO2 NAAQS. 

2. See Note 2 under Figure 7.1-11 for legend description. 

Figure 7.1-18 Estimated Annual Average PM2.5 Concentrations with Distance from 

the Shipping Route Under Cumulative Conditions 

 
Notes: 1. The B.C. AAQO for annual PM2.5 is 8 μg/m³ and the EPA NAAQS is 12 μg/m³. 

2. See Note 2 under Figure 7.1-11 for legend description. 
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Figure 7.1-19 to Figure 7.1-26 present estimated concentrations of the same compounds 

for Segment D under existing and cumulative conditions. Segment D was selected to 

illustrate changes in air quality levels because this segment has the highest estimated 

concentrations, but is representative of similar patterns of change that would be expected in 

Segments A, B, and C. The following observations are noted: 

 The implementation of the ECA results in a decrease in SO2 and PM2.5 concentrations 

from existing to cumulative conditions.  

▫ For example, at 1 km from the shipping route in Segment D, estimated maximum 

1-h average SO2 concentrations decline from 76.6 μg/m³ under existing 

conditions to 3.6 μg/m³ under cumulative conditions (see Appendix 7.1-A: 

Table 2-18), as compared with the B.C. AAQO of 196 μg/m³ (99th percentile). 

This represents a relative reduction of 95% for 1-h average SO2. 

▫ Similarly, at 1 km from the shipping route in Segment D, 24-h average PM2.5 

concentrations decline from 1.2 μg/m³ under existing conditions to 0.3 μg/m³ 

under cumulative conditions (see Appendix 7.1-A: Table 2-25), as compared 

with the B.C. AAQO of 25 μg/m³. This represents a relative reduction of 74% for 

24-h average PM2.5.  

 Estimated concentrations of NO2 also decrease from existing to cumulative 

conditions. For example, at 1 km from the shipping route in Segment D, estimated 

1-h average NO2 concentrations decline from 75.8 μg/m³ under existing conditions 

to 66.1 μg/m³ under cumulative conditions (see Appendix 7.1-A: Table 2-18 and 

Figure 7.1-19 below), as compared with the provincial interim ambient air quality 

objective of 188 μg/m³ (98th percentile). This represents a relative reduction of 13% 

from existing conditions to cumulative conditions. 

 The results for the 24-h and annual averaging periods also show comparable declines 

in estimated concentrations of NO2, SO2, and PM2.5 from existing conditions to 

cumulative conditions. 
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Figure 7.1-19 Estimated Maximum 1-h NO2 Concentrations with Distance from 

the Shipping Route for Segment D Under Existing and Cumulative 
Conditions 

 
Notes: 1. The B.C. interim AAQO and the EPA NAAQS for 1-h NO2 is 188 μg/m³ (100 ppb), as the 98th 

percentile averaged over one year in B.C. and over three consecutive years in the U.S.A. 
 2. See Note 2 under Figure 7.1-11 for legend description. 

Figure 7.1-20 Estimated Maximum 1-h SO2 Concentrations with Distance from the 
Shipping Route for Segment D Under Existing and Cumulative 

Conditions 

 
Notes: 1. The B.C. interim AAQO for 1-h SO2 of 200 μg/m³ is based on the 99th percentile over one 

year in B.C. while the EPA NAAQS for 1-h SO2 of 196 μg/m³ is based on the 99th percentile 

over three consecutive years. 
2. See Note 2 under Figure 7.1-11 for legend description. 
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Figure 7.1-21 Estimated Maximum 24-h NO2 Concentrations with Distance from 

the Shipping Route for Segment D Under Existing and Cumulative 
Conditions 

 
Notes: 1. As of October 21, 2014, B.C. has no AAQO for 24-h average NO2 concentrations. The EPA 

has not established a 24-h NO2 NAAQS. 
2. See Note 2 under Figure 7.1-11 for legend description. 

Figure 7.1-22 Estimated Maximum 24-h SO2 Concentrations with Distance from 
the Shipping Route for Segment D Under Existing and Cumulative 

Conditions 

 
Notes: 1. As of October 21, 2014, B.C. has no AAQO for 24-h average SO2 concentrations. The EPA 

has not established a 24-h SO2 NAAQS. 
2. See Note 2 under Figure 7.1-11 for legend description.  
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Figure 7.1-23 Estimated Maximum 24-h PM2.5 Concentrations with Distance from 

the Shipping Route for Segment D Under Existing and Cumulative 
Conditions 

 
Notes: 1. The B.C. AAQO for 24-h PM2.5 is 25 μg/m³ and the EPA NAAQS is 35 μg/m³. 

2. See Note 2 under Figure 7.1-11 for legend description.  

Figure 7.1-24 Estimated Annual Average NO2 Concentrations with Distance from 

the Shipping Route for Segment D Under Existing and Cumulative 
Conditions 

 
Notes: 1. The B.C. interim AAQO for annual NO2 is 60 μg/m³ and the EPA NAAQS is 100 μg/m³. 

2. See Note 2 under Figure 7.1-11 for legend description. 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1 2 3 4 5 6 7 8 9 10

C
o

n
c
e
n

tr
a
ti

o
n

 (
μ

g
/

m
³
)
 

Distance from Shipping Route (km) 

Existing Cumulative (w/o) Cumulative (w)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

1 2 3 4 5 6 7 8 9 10

C
o

n
c
e
n

tr
a
ti

o
n

 (
μ

g
/

m
³
)
 

Distance from Shipping Route (km) 

Existing Cumulative (w/o) Cumulative (w)



PORT METRO VANCOUVER | Roberts Bank Terminal 2 Marine Shipping Supplemental Report 

Page | 7.1-36  

Figure 7.1-25 Estimated Annual Average SO2 Concentrations with Distance from 

the Shipping Route for Segment D Under Existing and Cumulative 
Conditions 

 
Notes: 1. As of October 21, 2014, B.C. has no AAQO for annual average SO2 concentrations. 

2. See Note 2 under Figure 7.1-11 for legend description. 

Figure 7.1-26 Estimated Annual Average PM2.5 Concentrations with Distance from 

the Shipping Route for Segment D Under Existing and Cumulative 
Conditions 

 
Notes: 1. The B.C. AAQO for annual PM2.5 is 8 μg/m³ and the EPA NAAQS is 12 μg/m³. 

2. See Note 2 under Figure 7.1-11 for legend description. 
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7.1.7 Uncertainty and Reliability 

The primary sources of uncertainty associated with the air quality assessment are as 

follows: 

 No ambient air quality measurements were made in the LSA to verify existing 

concentration levels for the various compounds of interest;  

 Emissions were estimated based on methodologies described in the RBT2 EIS air 

quality assessment (EIS Section 9.2) and shipping traffic details provided in Section 

4.0 Activity Description;  

 Air dispersion modelling was not undertaken for the full length of the shipping 

routes. Instead, the results of previous air dispersion modelling (i.e., from the RBT2 

EIS air quality assessment, which encompassed a portion of Segment A) were 

applied to develop a generic and semi-quantitative relationship between emissions 

from vessels and predicted concentrations of air contaminants; and 

 Predicted concentrations of air contaminants were calibrated against published 

ambient air quality data from within the RSA. 

Because of these technical limitations, the level of certainty is considered moderate with 

respect to estimated concentrations of air contaminants under existing and cumulative 

conditions. 

Despite these limitations, however, there is a high level of confidence that annual emissions 

of most compounds from large vessel sources will decline in the future under cumulative 

conditions compared to existing conditions. All maximum 1-h, 24-h, and annual average 

concentration for criteria air contaminants from large marine vessel emissions are predicted 

to be well within the ambient air quality objectives defined by the Province of B.C. and U.S. 

EPA standards. Annual emissions of trace organic contaminants for cumulative conditions 

are conservatively projected to increase by approximately 20% over existing conditions due 

to the overall increase in traffic levels for large marine vessels. However, as noted, there is 

some uncertainty about the effect of low sulphur fuels as mandated by the ECA on the 

emission of carbonyls such as acetaldehyde, formaldehyde, and acrolein, suggesting that 

the emissions of these contaminants may decrease. There is insufficient research data to 

confirm that such a decrease would occur. 
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7.1.8 Summary of Assessment 

Estimated annual emissions from large marine vessels are predicted to be greatest within 

Juan de Fuca Strait (Segment D) under existing and cumulative conditions, due to the 

longer transit time and greater average speed of ships in that segment. Estimated 

concentrations of SO2 and PM2.5 are estimated to be greatest in Segment D, and NO2 

concentrations are higher in both Segments A and D. Segment D is representative of similar 

patterns of change that would be expected in Segments A, B, and C. 

 Air quality objectives and standards for NO2, SO2, and PM2.5 will not be exceeded in 

the LSA. As a result of improved fuel standards associated with the implementation 

of the ECA, emissions of SO2 and PM2.5 from vessels within Segment D are estimated 

to decrease by 95% and 74%, respectively, in the future under cumulative 

conditions compared to existing conditions. Emissions of NO2 from vessels within 

Segment D are anticipated to decrease, for example for 1-h average NO2 

concentrations by 13% at 1 km from the shipping route in Segment D, under 

cumulative conditions compared to existing conditions.  

 Estimated average annual air concentrations of benzene, 1,3-butadiene, 

acetaldehyde, and formaldehyde increase by approximately 20% in the future under 

cumulative conditions compared to existing conditions. Similarly, the estimated 24-h 

average acrolein concentration increases by 19% under cumulative conditions 

compared to existing conditions, although emission testing by Reda et al. (2014) 

indicates that the emission of some carbonyls (i.e., acrolein, acetaldehyde, and 

formaldehyde) may in fact be reduced with the use of fuels that meet the ECA 

requirements. On the other hand, the estimated annual concentartions of 

benzo(a)pyrene, naphthalene, and diesel particulate matter decrease by 68%, 70%, 

and 74%, respectively, under cumulative conditions compared to existing conditions. 

The estimated concentrations of all trace organic contaminants considered in this 

assessment were below Washington State Department of Ecology Acceptable Source 

Impact Level screening criteria for toxic air pollutants in ambient air, except for 

diesel particulate matter.  

 Annual greenhouse gas emissions from vessels in Segment D are anticipated to 

increase 19% under cumulative conditions, compared to existing conditions. Of this 

19%, the incremental contribution due to RBT2-associated vessels is 6%, while the 

remaining 13% increase is related to emissions from other large marine vessels. 

In summary, the anticipated benefits of ECA implementation in the RSA have been well-

documented (EC and EPA 2014). The analysis presented in this assessment confirms that 

estimated concentrations of criteria air contaminants due to emissions from large marine 

vessels will be lower in 2030, with or without the contribution of RBT2-associated ship 

emissions, than in 2012 prior to the implementation of the ECA.   
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7.2 WAVE ENVIRONMENT EFFECTS ASSESSMENT 

This section discusses potential changes, including cumulative changes, to the wave 

environment due to marine vessel traffic associated with the Project. Project-associated 

marine shipping within the Marine Shipping Area (MSA) will create waves (vessel wake) that 

will emanate from the ship while in motion through the water. Ship wake is considered 

within the context of the existing wind-generated wave environment. Marine shipping wake 

has the potential to affect the physical environment of the shoreline and seabed, people, 

and the various ecological systems adjacent to shipping routes. A potential change is 

anticipated if ship wake increases the size or frequency of wind-generated waves, or if ship 

wake is generated during periods of calm such that people or wildlife would be affected by 

unexpected waves. 

7.2.1 Component Overview 

The wave environment was selected as an intermediate component (IC) for this Marine 

Shipping Supplemental Report to inform the assessments of valued components (VCs) 

identified in this assessment and consistent with the Updated EIS Guidelines, section 

17.1.1. Surface waves interact with objects in the water, as well as with the shoreline and, 

in shallower zones, the seabed. Waves can move shoreline and seabed sediments, dislodge 

plants and animals, and move floating objects, such as boats; however, there are no 

established criteria to describe the site-specific influence of waves on these various 

receptors. 

Input from Aboriginal groups also informed the selection of wave environment as an IC. 

Pacheedaht First Nation has expressed the concern that "increased tanker traffic and the 

large wakes that are created will also impact the shoreline and the marine life there, and 

the ability of Pacheedaht members to safely access the beaches and rocky areas to harvest 

the onshore seafoods we rely upon” (NEB 2015a). Moreover, Pacheedaht First Nation is 

concerned that damage to sensitive ecosystems through erosion may have a detrimental 

effect on the shoreline resources and our ability to harvest our traditional foods (NEB 

2015a). Pauquachin First Nation has also expressed concerns about increased traffic and 

vessel size in the shipping lanes related to negative effects of vessel wake and wave action 

(NEB 2015b). Aboriginal traditional knowledge informed the existing conditions of this 

assessment (Section 7.2.4.2).      
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Most of the waves present on the ocean’s surface are wind-generated waves, which form as 

wind blows across the water surface. The size of the wave is controlled by wind velocity, 

wind duration, fetch (the distance over which the wind can act on the water surface), and 

the original state of the sea surface. As a result of the chaotic nature of wind events, waves 

of various heights and wavelengths are generated simultaneously, termed the wave spectra. 

Waves are typically characterised by their height, wavelength, and period. A convenient way 

to express the height of the wave spectra is the significant wave height (Hs), which is the 

mean height of the highest third of the waves. Wave height and significant wave height are 

used to describe wake waves and wind-generated waves, respectively, in this assessment. 

Deep water waves1 impart a circular motion to particles in the water column, resulting in no 

net movement. As the wave enters shallower water, the base of the wave interacts with the 

bed and the circular form is flattened to become oval. Particles in the water column begin to 

move laterally relative to the vertical motion, which may initiate lateral transport of 

particles. Shoaling waves become steeper as the base of the wave experiences the drag of 

the seabed, and as the process continues, the wave breaks, transferring more energy to 

lateral transport. For the purposes of this assessment, only deep water waves were 

considered, from the point of generation to the near-shore area that they will potentially 

interact with.    

7.2.2 Assessment Boundaries 

The boundaries used in the assessment are described below, including temporal, spatial, 

and technical boundaries. Administrative boundaries have not been identified as a constraint 

for this assessment. 

7.2.2.1 Temporal and Spatial Boundaries 

The temporal boundaries for this assessment are as described in Section 6.2.2 Temporal 

Boundaries. Existing conditions are represented by the year 2012, while the assessment of 

changes related to increased vessel traffic associated with the Project is based on predicted 

activities in the year 2030, which is deemed to be representative of the RBT2 operation 

phase.  

The spatial boundaries for the assessment are summarised in Table 7.2-1. 

                                          
1  A deep water wave occurs when the water depth is greater than or equal to half the wavelength. 
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Table 7.2-1 Spatial Boundary Definitions for Wave Climate 

Spatial Boundary Description of Assessment Area 

Local study area 

(LSA) 

The MSA where ships are in transit within the international shipping lanes 
and where changes to the wave climate may be influenced by RBT2-

associated vessels in transit.  

Regional study 
area (RSA) 

Same as LSA. 

Three zones within the LSA have been identified as the area of focus for the assessment 

based on the inclusion of shorelines within the potential zone of influence of wake-generated 

waves. These zones are shown in Figure 7.2-1 and are described as follows, while the 

wake-related wave climate results for existing conditions are shown in Figure 7.2-2: 

1) Zone 1 – at the eastern ends of Tumbo and Saturna islands; 

2) Zone 2 – at the western end of Stuart Island; and 

3) Zone 3 – at Vancouver Island in the vicinity of Victoria, and including Discovery 

Island, and the island or islet groups of Chatham, Chain, and Trial. 

Each zone is of variable width surrounding inbound and outbound shipping routes within 

Segment B of the MSA, corresponding to the nearest shoreline, or the boundary beyond or 

outside of which ship wake would have dissipated to be 10 cm or less in height, whichever is 

closest to the vessel route.  

7.2.2.2 Technical Boundaries 

No field measurements specific to Zones 1, 2, or 3 were conducted as part of this 

assessment. The existing wave climate in the Strait of Georgia has been recorded at the 

Environment Canada Halibut Bank wave buoy (Stn. 46146), which is located between 

Nanaimo and Gibsons. Waves have also been recorded at the U.S. National Oceanographic 

and Atmospheric Administration’s New Dungeness wave buoy (Stn. 46088) located 

approximately 14 km southeast of Victoria. There are a number of wind stations within the 

Salish Sea, discussed in Appendix 7.2-A, which have been used to characterise the 

existing wave climate. 

Wake generated by a moving ship was not measured as part of this assessment. Wake 

generated by a moving ship and attenuation of vessel wake as a function of the distance 

from the ship course were calculated using empirical relationships following the 

methodology presented in Moffatt and Nichol (2011), a vessel wake study prepared for the 

proposed Kinder Morgan LNG project at Kitimat, B.C. Although this project is still under 
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review by the Natioinal Energy Board, the methodology is based on defensible, reliable wake 

science and established empirical relationships. This methodology forms the basis of the 

vessel wake studies used in Volume 8A of the Trans Mountain Expansion Project assessment 

(TMX 2013), which quantifies the size of wake-related waves, but not the number of waves 

generated. A key assumption of the Trans Mountain Expansion Project methodology, which 

has been adopted for the purposes of this assessment, is that wake that is 10 cm or less in 

height is considered to be well within the range of natural conditions and is considered to be 

within the range of conditions described as calm on the Douglas Scale (WMO 2015). Only 

Segment B is assessed further as shorelines do not fall within the zone of influence from 

vessels in transit in any other segment. This assessment considers the water depths at 

various points along the shipping route, which average approximately 170 m, but vary 

between 30 m and 350 m, in the assessment of ship wake height. Appendix 7.2-B 

provides additional discussion of the wake calculations. 

7.2.3 Information Sources 

As part of the assessment, a review of existing information was conducted, including 

technical reports, scientific literature, and publicly accessible data sources. Information 

sources are referenced throughout the text, and summarised in Section 7.2.9. Data 

sources are described within the relevant sections, as well as in Appendix 7.2-B. 

7.2.4 Existing Conditions 

This section describes the existing wind-generated and wake-related wave climates. 

7.2.4.1 Existing Wind-generated Wave Climate 

This subsection describes the existing wave climate that is experienced in open water in 

Zones 1 to 3 within the LSA. Modifications to the wave climate caused by interactions with 

the shoreline and seabed are not described, nor are they the subject of this assessment. 

The existing wind-wave climate is expected to vary greatly across the LSA in response to 

differences in local wind conditions (wind speed, direction, and duration) and variations in 

fetch length. The wave climate is described based on available existing wave measurements 

and numerical model results for 2012, which are thought to be representative of the long-

term conditions, as described in RBT2 EIS Section 9.5. 

The existing measured wave climate comprises waves originating from all sources, 

including vessel wake, local wind-generated waves, and ocean swell (i.e., waves generated 

by non-local winds). Pacheedaht First Nation has acknowledged that traffic must deal with 

strong winds, currents, and huge swells in their territorial waters, especially at Swiftsure 

Bank and along the rocky shoreline (NEB 2015c). 
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The existing wave climate characterised by the numerical model comprises only wind-

generated waves, which would tend to slightly underestimate the wave climate in terms of 

the size and frequency of occurrence of waves because it does not include ship wake or 

ocean swell arriving from offshore of Vancouver Island. The existing wave climate is 

characterised using the numerical model output for Zones 1, 2, and 3, with additional 

comparison for Zone 3 from the New Dungeness wave buoy. The location of the New 

Dungeness wave buoy and the points where wave data were extracted from the numerical 

model are shown in Figure 7.2-1. 

In Zone 1, near Saturna Island, wind-generated waves smaller than 10 cm are experienced 

about 40% of the time (described as calm conditions in Table 7.2-2). Wind-generated 

waves in the range of 10 cm to 25 cm are experienced approximately 38% of the time. 

Waves are predominantly from the northwest and southeast (Figure 7.2-3), corresponding 

to the orientation of the Strait of Georgia. The long axis of Saturna and Tumbo islands is 

oriented in an approximately east-west direction. Wind-generated waves greater than 

10 cm arriving from between southwest and east would arrive on the southerly and easterly 

shores approximately 33% of the time. Wind-generated waves greater than 10 cm from the 

north and northeast would arrive from deep water on the northerly shores approximately 

3% of the time. 

In Zone 2, near Stuart Island, wind-generated waves smaller than 10 cm are experienced 

about 46% of the time (described as calm conditions in Table 7.2-3). Wind-generated 

waves in the range of 10 cm to 25 cm are experienced approximately 39% of the time. 

Waves are predominantly from the south to southeast (Figure 7.2-4), corresponding to the 

direction of Haro Strait and consistent with the fact that this zone is largely sheltered from 

winds from the north and northwest. Wind-generated waves greater than 10 cm arriving 

from deep water at the Stuart Island shoreline from the south to southeast occur 

approximately 16% of the time, whereas waves greater than 10 cm arriving from deep 

water on the north and northwest shoreline of Stuart Island typically occur about 5% of the 

time. 

In comparison to Zones 1 and 2, Zone 3, near Discovery Island, has a much more 

energetic wave climate. Wind-generated waves smaller than 10 cm are experienced about 

26% of the time (described as calm conditions in Table 7.2-4). Wind-generated waves in 

the range of 10 cm to 25 cm are experienced approximately 28% of the time. Waves are 

predominantly from the southwest, with a smaller portion coming from east-southeast, 

southeast, and west-southwest (Figure 7.2-5), corresponding to the prevailing wind 

directions and the shorter fetch length from the north. Wind-generated waves greater than 
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10 cm arriving from deep water to the various shorelines facing generally south to east 

occur 26% of the time. Wind-generated waves greater than 10 cm arriving from deep water 

to the various shorelines facing generally west occur approximately 36% of the time. The 

model results do not consider swell generated by non-local winds, so in reality, shorelines 

facing towards the west and south-southwest in Zone 3 are exposed to swell from Juan de 

Fuca Strait almost 70% of the time, including waves exceeding 25 cm in height 

approximately 68% of the time (see Appendix 7.2-A: Figure 5). However, care must be 

taken in assessing the influence of westerly swell from Juan de Fuca Strait, as many areas 

within Zone 3 may be sheltered from these waves.gure 7.2-1Figure 7.2-2 

Figure 7.2-3 Zone 1 (near Saturna Island) Wave Rose 

 

 

Table 7.2-2 Zone 1 (near Saturna Island) Wave Frequency Distribution 

Wave 
Direction 

Wave Height (Hs) 

10 - 25 
cm 

25 - 50 
cm 

50 - 75 
cm 

75 - 
100 cm 

100 - 
150 cm 

150 - 
200 cm 

>200 
cm 

Total 

N 0.38% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.39% 

NNE 0.34% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.36% 

NE 1.80% 0.48% 0.09% 0.00% 0.00% 0.00% 0.00% 2.37% 

ENE 3.64% 3.27% 0.30% 0.00% 0.00% 0.00% 0.00% 7.21% 

E 1.24% 0.39% 0.01% 0.00% 0.00% 0.00% 0.00% 1.64% 

ESE 2.02% 0.68% 0.08% 0.00% 0.00% 0.00% 0.00% 2.78% 

SE 4.30% 4.26% 1.37% 0.32% 0.05% 0.00% 0.00% 10.29% 
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Wave 
Direction 

Wave Height (Hs) 

10 - 25 
cm 

25 - 50 
cm 

50 - 75 
cm 

75 - 
100 cm 

100 - 
150 cm 

150 - 
200 cm 

>200 
cm 

Total 

SSE 3.76% 1.30% 0.18% 0.03% 0.00% 0.00% 0.00% 5.27% 

S 3.46% 0.54% 0.00% 0.00% 0.00% 0.00% 0.00% 4.00% 

SSW 3.72% 0.41% 0.01% 0.00% 0.00% 0.00% 0.00% 4.14% 

SW 2.91% 1.67% 0.39% 0.02% 0.00% 0.00% 0.00% 5.00% 

WSW 1.33% 0.99% 0.16% 0.03% 0.00% 0.00% 0.00% 2.52% 

W 0.66% 0.35% 0.05% 0.00% 0.00% 0.00% 0.00% 1.06% 

WNW 0.51% 0.27% 0.24% 0.02% 0.00% 0.00% 0.00% 1.05% 

NW 6.03% 2.60% 0.63% 0.46% 0.08% 0.00% 0.00% 9.79% 

NNW 1.63% 0.68% 0.08% 0.00% 0.00% 0.00% 0.00% 2.39% 

Sub-
Total 

37.74% 17.92% 3.57% 0.89% 0.13% 0.00% 0.00% 60.25% 

Calms        39.75% 

Total        100.00% 

 

Figure 7.2-4 Zone 2 (near Stuart Island) Wave Rose 
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Table 7.2-3 Zone 2 (near Stuart Island) Wave Frequency Distribution 

Wave 
Direction 

Wave Height (Hs) 

10 - 25 

cm 

25 - 50 

cm 

50 - 75 

cm 

75 - 

100 cm 

100 - 

150 cm 

150 - 

200 cm 

>200 

cm 
Total 

N 0.51% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.51% 

NNE 0.38% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.38% 

NE 0.49% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.50% 

ENE 3.03% 0.96% 0.02% 0.00% 0.00% 0.00% 0.00% 4.01% 

E 1.99% 0.33% 0.00% 0.00% 0.00% 0.00% 0.00% 2.32% 

ESE 1.54% 0.65% 0.05% 0.00% 0.00% 0.00% 0.00% 2.23% 

SE 3.56% 2.15% 0.27% 0.00% 0.00% 0.00% 0.00% 5.99% 

SSE 4.68% 2.97% 1.28% 0.25% 0.05% 0.00% 0.00% 9.22% 

S 7.65% 0.35% 0.00% 0.00% 0.00% 0.00% 0.00% 8.00% 

SSW 4.10% 0.50% 0.00% 0.00% 0.00% 0.00% 0.00% 4.60% 

SW 2.62% 1.04% 0.14% 0.00% 0.00% 0.00% 0.00% 3.79% 

WSW 1.95% 1.25% 0.15% 0.02% 0.00% 0.00% 0.00% 3.37% 

W 1.15% 0.94% 0.10% 0.01% 0.00% 0.00% 0.00% 2.21% 

WNW 0.94% 0.57% 0.23% 0.08% 0.00% 0.00% 0.00% 1.82% 

NW 2.94% 0.61% 0.07% 0.00% 0.00% 0.00% 0.00% 3.62% 

NNW 1.04% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 1.06% 

Sub-
Total 

38.56% 12.36% 2.30% 0.36% 0.05% 0.00% 0.00% 53.63% 

Calms        46.37% 

Total        100.00% 

 

Figure 7.2-5 Zone 3 (near Discovery Island) Wave Rose 
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Table 7.2-4 Zone 3 (near Discovery Island) Wave Frequency Distribution 

Wave 
Direction 

Wave Height (Hs) 

10 - 25 

cm 

25 - 50 

cm 

50 - 75 

cm 

75 - 

100 cm 

100 - 

150 cm 

150 - 

200 cm 

>200 

cm 
Total 

N 1.25% 0.51% 0.00% 0.00% 0.00% 0.00% 0.00% 1.76% 

NNE 1.02% 0.34% 0.00% 0.00% 0.00% 0.00% 0.00% 1.37% 

NE 1.01% 0.17% 0.05% 0.00% 0.00% 0.00% 0.00% 1.23% 

ENE 0.75% 0.34% 0.02% 0.00% 0.00% 0.00% 0.00% 1.12% 

E 1.53% 0.96% 0.13% 0.00% 0.00% 0.00% 0.00% 2.61% 

ESE 3.07% 4.62% 2.64% 0.83% 0.22% 0.05% 0.00% 11.43% 

SE 1.40% 1.94% 1.86% 1.21% 1.53% 0.82% 0.03% 8.78% 

SSE 0.94% 0.58% 0.07% 0.00% 0.00% 0.00% 0.00% 1.59% 

S 0.91% 0.41% 0.05% 0.00% 0.00% 0.00% 0.00% 1.37% 

SSW 2.72% 2.39% 0.25% 0.00% 0.00% 0.00% 0.00% 5.36% 

SW 9.48% 11.38% 3.90% 1.25% 0.38% 0.02% 0.00% 26.42% 

WSW 1.88% 2.63% 2.23% 1.12% 0.64% 0.01% 0.00% 8.50% 

W 0.41% 0.38% 0.14% 0.02% 0.00% 0.00% 0.00% 0.94% 

WNW 0.22% 0.07% 0.00% 0.00% 0.00% 0.00% 0.00% 0.28% 

NW 0.23% 0.07% 0.00% 0.00% 0.00% 0.00% 0.00% 0.30% 

NNW 1.22% 0.22% 0.00% 0.00% 0.00% 0.00% 0.00% 1.43% 

Sub-
Total 

28.05% 27.00% 11.33% 4.43% 2.76% 0.90% 0.03% 74.50% 

Calms        25.50% 

Total        100.00% 

 

7.2.4.2 Existing Wake-related Wave Climate 

In 2012, the number of ship movements through Segment B was 8,896, including cargo or 

carrier (including container) vessels, tugs, passenger vessels, tankers, service vessels, 

fishing vessels, and other or unknown vessels (Table 4-2). For the purposes of this 

assessment, it is assumed that the wake characteristics of all vessels will be similar to that 

of the representative container ship described in Table 4-4. Appendix 7.2-B presents a 

sensitivity analysis of the wake calculations based on the PIANC (1987) formula with respect 

to variations in wake height at various distances from the vessel for different vessel types. 

The results of the sensitivity analysis demonstrate that ship wake calculations are relatively 

insensitive to hull type, and that at the typical offset distances to shorelines from the vessel 

routes that were assessed, there is only small variation in wake height. 
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The results of the wake analysis presented in Figure 7.2-2 graphically illustrate the 

potential for wake from passing ships to arrive at the shorelines within each of the identified 

zones in the LSA. Table 7.2-5 summarises the length of shoreline within each zone that is 

exposed to wake waves arriving from deep water for various wake height ranges. Shoreline 

length is based on the Coastal Resource Information System2 (CRIMS), which is mapped at 

an effective scale of between 1:10,000 and 1:15,000. Shoreline lengths within the zone of 

wake influence are greatest within Zone 3 because the ship course opposite Victoria is quite 

shallow (as little as 35 m) and because the ship route is relatively close to shore. In 

addition, there are a number of islands and island groups within Zone 3 that contribute 

additional shoreline length. The total shoreline length within the zone of existing vessel 

wake influence (Zones 1, 2, and 3) is 60.95 km, which is approximately 2% of the 

approximately 2,714 km total length of shoreline identified within the MSA, as described in 

Section 8.1.5 Marine Fish and Fish Habitat, Existing Conditions. 

The probability that the height of wind-generated waves would be equal to or greater than 

the wake wave height is also provided in Table 7.2-5. This probability is based on the 

occurrence of waves of a given height in each zone. For instance, calm conditions occur 

40% of the time in Zone 1 (based on hourly model output), so the probability that a wave 

of greater than 10 cm height will occur naturally is 60%. The results indicate that existing 

wake-related waves are well within the height range of the existing wind-generated wave 

climate. 

Except during calm conditions, ship wake would be indistinguishable from the spectrum of 

wind-generated waves at most shoreline locations in the LSA. Based on the assumption that 

there is no greater probability that ships pass through each zone when it is calm than when 

it is not, it is possible to estimate the number of ship movements (based on 8,896 vessel 

movements in 2012) that pass when it is calm (Table 7.2-5). For instance, based on the 

probability of calm conditions in Zone 1, 3,766 vessel movements would be expected during 

calm conditions. 

                                          
2  More information on CRIMS is available at http://www.geobc.gov.bc.ca/base-mapping/coastal/index.html. 
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Table 7.2-5 Length of Shoreline Interaction within the LSA by Zone and Wake 

Height 

Zone 
Wake Height 

Range (cm) 

Shoreline 

Length (km) 

Probability of Occurrence 

of Natural Wave of 

Similar or Larger Height3 
(%) 

Marine Vessel 
Movements During 

Calm Conditions4 

1 

10 cm – 12.5 cm 

12.5 cm – 15 cm 

15 cm – 20 cm 

20 cm – 25 cm 

1.73 

1.14 

0.53 

none 

60% 3,766 

2 

10 cm – 12.5 cm 

12.5 cm – 15 cm 

15 cm – 20 cm 

20 cm – 25 cm 

1.26 

0.31 

0.20 

none 

54% 4,331 

3 

10 cm – 12.5 cm 

12.5 cm – 15 cm 

15 cm – 20 cm 

20 cm – 25 cm 

21.34 

15.34 

14.96 

3.86 

75% 2,448 

>/= 25 cm 0.28 46%  

Total 60.95   

 

As summarised in Table 7.2-5, Zone 3 experiences the largest wave heights of the three 

zones. In Zone 3 at Race Rocks near Victoria, Tsawout First Nation has noted that “it is 

much rougher in winter as there are reefs there and it is shallower so it gets rougher. There 

can be 12 foot swells” (NEB 2014). Tsawout First Nation has also acknowledged that when 

tankers go by, they create a large wake, even on a calm day (NEB 2014). Table 7.2-5 

presents the results of wake arriving from deep water at the nearshore environment, but 

does not describe the height of wake at the point of wave generation in open water as this 

assessment focuses on wake-generated waves in the nearshore environment 

7.2.5 Incremental Changes to the Wave Environment from Marine Shipping 

Associated with the Project 

Conditions pertaining to the wind-generated wave climate and the influence of wake from 

RBT2-associated vessels in transit are described below. 

                                          
3  Probability that wind-generated waves of similar or greater height will occur. Based on modelled wave climate. 
4  Based on probability of calm conditions per zone and 8,896 vessel movements per year. 
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7.2.5.1 Changes in Wind-generated Wave Climate 

The wind-generated wave climate is not expected to change as a result of the passage of 

marine ships associated with the Project. 

7.2.5.2 Changes in Wave Climate Related to Vessel Transit 

The Project at design capacity will have 260 container ship calls per year at the terminal, 

which will produce 520 additional container ship movements through Segment B each year, 

or approximately three vessel movements every two days on average. Compared with the 

8,896 vessel movements of all types that transit Segment B under existing conditions 

(Table 4-2), this represents less than a 6% increase in vessel traffic. Similarly, there is less 

than a 6% increase in the number of vessel movements through each zone during calm 

conditions as compared to existing conditions as summarised in Table 7.2-5. When 

comparing to the existing passage of cargo vessels, which are more directly comparable in 

terms of the size of wake-related waves, the increase of Project-associated vessel traffic is 

expected to be 12% over existing cargo vessel movements (including existing container 

ship traffic). In all cases, wake-generated waves are well within the range of natural 

conditions and would not be perceptible except during calm conditions. 

Since Project-associated marine vessels are not anticipated to measurably or perceptibly 

increase the wave climate available to interact with shorelines within the LSA, mitigation 

measures are not suggested. 

7.2.5.3 Summary of Potential Transboundary Changes 

Potential changes to the wave environment are expected to be similar in U.S. waters as 

wake-generated waves will occur on both sides of the international boundary. The length of 

shoreline within the potential zone of influence of wake-generated waves in U.S. waters will 

not change. Zone 2 shorelines are all within U.S. waters. 

7.2.6 Cumulative Changes Assessment of Wave Environment 

Anticipated future marine vessel movements through Segment B for the year 2030 for 

all vessels is 12,113, which includes the 520 vessel movements associated with RBT2 

(Table 4-7). This represents a 36% increase in vessel movements as compared to existing 

conditions. The wind-generated wave climate is expected to be the same as for the existing 

conditions, so it is possible to estimate the number of vessel movements through each zone 

of Segment B during calm conditions as follows: 

 Zone 1 – 4,845 vessel movements; 

 Zone 2 – 5,572 vessel movements; and 

 Zone 3 – 3,149 vessel movements. 



PORT METRO VANCOUVER | Roberts Bank Terminal 2 Marine Shipping Supplemental Report 

Page | 7.2-13  

Wake height and length of shoreline within the wake zone of influence would be the same as 

predicted under existing conditions. 

7.2.7 Uncertainty and Reliability 

Ship wake has been calculated for various distance offsets from the point of origin in deep 

water in order to assess the height of wake arriving at the near-shore zone. The assessment 

does not consider interactions with the complex shoreline within the LSA such as through 

the processes of shoaling, refraction, and reflection. Although the wind-generated wave 

environment described for each of Zones 1, 2, and 3 may not be representative of 

conditions at specific locations within the LSA (due to natural coastline variability), this 

assessment provides a valid representation of the existing wave climate, as well as changes 

expected to result from marine shipping associated with the Project and cumulative 

changes. 

7.2.8 Summary of Assessment 

The conclusions of the wave climate assessment are as follows:  

 The existing wind-wave climate is expected to vary greatly across the LSA in 

response to differences in local wind conditions (wind speed, direction, and 

duration), variations in fetch length, and incoming swell from Juan de Fuca Strait; 

 Vessel wake is a small component of the existing wave climate; 

 Ship wake that is less than 10 cm in height is considered to be well within the range 

of natural conditions and is considered to be within the range of conditions described 

as calm and therefore defines the threshold for consideration in this assessment; 

 Ship wake would be indistinguishable from the spectrum of wind-generated waves 

except during calm conditions, defined by a wave height of less than 10 cm; 

 Within the MSA, ship wake waves of 10 cm or greater will only approach shoreline 

segments from deep water in Segment B, and only within three distinct zones of this 

segment; 

 In Zones 1, 2, and 3, calm conditions are experienced about 40%, 46%, and 25% of 

the time, respectively; therefore, ship wake waves are expected to be exceeded by 

natural waves 60%, 54%, and 75% of the time, respectively; 

 RBT2-associated traffic is expected to increase vessel traffic through Segment B by 

6% compared to existing traffic levels; therefore, the potential for wake-generated 

waves to occur during calm conditions is also increased by 6%; 

 Vessel wake height modelling indicates that the majority of wake-related waves 

approaching shorelines from deep water in the LSA will be between 10 cm and 

12.5 cm in height; 
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 During calm periods, the cumulative change in wake-related waves from all vessels 

transiting within the LSA that would be perceptible in deep water in the vicinity of 

the shorelines is anticipated to increase by 36% over existing conditions but wave 

height would be unchanged from existing conditions; and 

 The length of shoreline that falls within the zone of influence of existing vessel wake 

within Segment B is 2% of the total shoreline identified within the MSA; the shoreline 

length is not anticipated to change with future increases in the number of vessel 

movements. 
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7.3 MARINE WATER QUALITY EFFECTS ASSESSMENT 

This section describes the physical characteristics of all waters along the proposed shipping 

route within the Marine Shipping Area (MSA), as well as potential changes to marine 

water quality related to routine activities of RBT2-associated marine vessels. Potential 

changes to marine water quality from potential accidents or malfunctions are described in 

Section 10.5.2 Potential Accidents or Malfunctions, Marine Water Quality. 

7.3.1 Component Overview 

Marine water quality is an important component of the marine environment, providing the 

physical element that supports all aquatic plants and animals. The characterisation of 

existing and future marine water quality characteristics informs the assessments of marine 

biophysical and human environment valued components.   

Contaminants that are introduced from human activities, such as releases from vessels and 

discharges from land-based activities (e.g., industrial, municipal waste water, runoff from 

urban and agricultural areas), can alter water quality and present an increased risk of 

toxicity to marine organisms. Marine vessel activities have the potential to affect water 

quality through the release of ballast or bilge water.   

In Canadian and international waters, marine vessels are governed by the International 

Maritime Organization under the MARPOL Convention (see Section 3.2 Regulatory 

Framework for more information). Compliance with pollution prevention provisions of the 

Canada Shipping Act, 2001 and MARPOL by RBT2-associated marine vessels will prevent 

harmful changes in marine water quality by vessels during marine transportation operations 

(e.g., from discharges within the MSA of bilge water or ballast water). Therefore, routine 

marine shipping associated with the Project is not expected to adversely affect marine water 

quality. However, information about marine water quality is provided here to support the 

assessments of marine biophysical and human environment valued components. 

7.3.2 Assessment Boundaries 

The boundaries used in the assessment are described below, based on their temporal, 

spatial, and technical characteristics. Administrative boundaries have not been identified as 

a constraint for this assessment.  
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7.3.2.1 Temporal and Spatial Boundaries 

The temporal boundaries for this assessment are as described in Section 6.2.2 Temporal 

Boundaries. Existing conditions are represented by the year 2012, while the assessment of 

changes related to increased vessel traffic associated with the Project is based on predicted 

activities in the year 2030, which is deemed to be representative of the RBT2 operation 

phase.  

The spatial boundaries for the assessment are summarised in Table 7.3-1 and MSA 

segments applicable to these boundaries are shown in Figure 4-1.  

Table 7.3-1 Spatial Boundary Definitions for Marine Water Quality 

Spatial Boundary Description of Study Area 

Local study area 
(LSA) 

MSA Segments A, B, C, D, E, and G (rationale explained in 
Section 10.5.2.1 Potential Accidents or Malfunctions, Marine Water 
Quality, Assessment Boundaries).  

Regional study 
area 

The Salish Sea, including the Strait of Georgia, Puget Sound, and Juan de 
Fuca Strait. 

7.3.2.2 Technical Boundaries 

This qualitative assessment relied upon existing sources of information to inform both the 

characterisation of existing conditions and the assessment of incremental changes associated 

with RBT2-associated marine vessel activities in the LSA.  

Marine monitoring studies are typically developed for specific purposes (e.g., to document 

the effects of specific contaminant sources or to characterise a certain water quality 

parameter), and hence, existing information may not be entirely aligned with the scope of 

this assessment. Baseline water quality information is  available in the vicinity of the 

marine shipping lanes and in the broader Salish Sea, but there are no available studies 

documenting ambient contaminant levels in the area of the marine shipping lanes. Even 

though this may be a technical boundary, there is adequate available information to inform 

this assessment. 

7.3.3 Information Sources 

As part of the assessment, a review of existing information was conducted. A summary of 

previous studies and information used to support the characterisation of existing conditions 

of marine water quality is presented in Table 7.3-2. 
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Table 7.3-2 Existing Information Used to Inform the Marine Water Quality 
Assessment 

Topic Reference Study Description 

Marine Water 
Quality 

Davenne and 
Masson 2001 

Water Properties in the Straits of Georgia and Juan de Fuca – a 
synthesis of all available data from field cruises conducted in 
1999 to 2001 to characterise the masses of water and determine 
their origin and progression. 

Masson 2005 
Seasonal Water Mass Analysis for the Straits of Juan de Fuca and 
Georgia – a quantitative analysis of water masses for each of the 
four seasons for data collected from 1999 to 2003. 

Washington 
State 
Department of 
Ecology 2013 

Water quality monitoring in Puget Sound and eastern Juan de 
Fuca Strait –  m arine water quality stations sampled monthly 
since 1977 for temperature, salinity, dissolved oxygen, 
chlorophyll, and pH. 

RBT2 EIS 
RBT2 EIS Section 9.5 Coastal Geomorphology – information on 
Fraser River discharges, including sedimentation to the Strait 
of Georgia.  

TMX 2013 
Trans Mountain Pipeline Expansion Project Application: Volume 
8A: Marine Transportation – provides information on marine 
water.  

 

Aboriginal traditional knowledge relevant to the assessment of marine water quality within 

the MSA was not available.   

7.3.4 Existing Conditions 

The characterisation of marine water quality in the Strait of Georgia and Juan de Fuca Strait 

relied upon existing information as listed above in Table 7.3-2 and as referenced below. 

As described in Section 2.1 Geographic Setting, Marine Environment and illustrated in 

Figure 7.3-1, the movement of water masses in the Salish Sea is dependent on several 

factors including, but not limited to, freshwater inputs, offshore influences and tidal 

currents, winds, and bathymetry (including sills off Victoria and within Boundary Passage). 

Figure 7.3-1 represents a transect along the marine shipping lanes from the west end of 

Juan de Fuca Strait into Haro Strait where the strong mixing occurs, and into the southern 

then northern basins of the Strait of Georgia, as illustrated on Figure 7.3-2. The area 

relevant to the MSA is outlined by a dashed green box. These water mass movements 

influence water quality based on the degree of stratification of the water column, lateral 

transport velocities, and mixing especially within the first few decimetres to tens of metres 

of the sea surface. 
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Figure 7.3-1 Physical Circulation and Influences in the Salish Sea, including the 
Marine Shipping Area for RBT2-associated Vessel Activities 

 
Note:  Area of marine shipping associated with RBT2 outlined by dashed green box, and transect 

through the entire estuary from the mouth of Juan de Fuca Strait to the northern end of the 
Strait of Georgia is illustrated in Figure 7.3-2. 

Source:  Modified from Johannessen and Macdonald 2009 in Irvine and Crawford 2013. 
 

Juan de Fuca Strait 

Haro Strait 

Strait of Georgia 
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Figure 7.3-2 Line Indicating the Position of the Water Quality Distributions 
through the Salish Sea  

 
Source:  Adapted from Masson 2006.  
 

In general, water quality in the Salish Sea provides for a fertile marine ecosystem 

(Ocean Networks Canada 2015). The primary source for natural nutrients is governed by 

upwelling of nutrient-rich water from the deep Pacific Ocean along the outer edges of the 
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continental shelf along with estuarine exchange flows through Juan de Fuca Strait; the 

Fraser River provides a limited and seasonal source of nutrients to the shallow surface layer 

(Ocean Networks Canada 2015). Because of erosion, commercial agriculture in the B.C. 

interior, and industrial activity along the banks of the Fraser River, a broad mix of natural 

(e.g., sediment) and anthropogenic substances are also discharged to the environment 

(Ocean Networks Canada 2015).  

Sediments from the Fraser River settle primarily where the salty water meets freshwater in 

the near-shore delta, but sediment settling extends over an area comparable to that 

occupied by the visible plume (Ocean Networks Canada 2015; for an example of the visible 

plume see Figure 2-9 in Appendix 10-B Marine Shipping Supplemental Report: Marine 

Fate of Shipping Spill-type Accidents). For additional information on Fraser River 

discharge and sediment inputs to the Strait of Georgia, refer to RBT2 EIS Section 9.5.6.1 

and Appendix 10-B. Within the well-mixed waters of the shipping lanes, however, any 

contaminants from land-based sources and watershed inputs are likely to be diluted such 

that the concentrations are generally low relative to ecotoxicological effects thresholds. 

7.3.4.1 Temperature, Nutrients, and Dissolved Oxygen  

Water temperatures in the upper portion of the water column (depths of less than 50 m) in 

the Strait of Georgia range from 5°C to 20°C (Thomson 1994). Temperatures average 5°C 

to 6°C in February and March, and can exceed 20°C in July and August in sheltered areas 

(Thomson 1994). Water temperatures in the lower portion of the water column range from 

8°C to 10°C and are generally uniform through the year (Thomson 1994). Temperature in 

the Strait of Georgia has been lower than average since 2008 at most depths, relative to 

the 30-year average over the period 1971-2000 (Irvine and Crawford 2013). Water 

temperatures in Juan de Fuca Strait are cold year-round, ranging from 8°C to 14°C at the 

surface due to its direct exposure to the Pacific Ocean, upwelling, and mixing by strong tidal 

currents (Thomson 1994). Temperature, as well as salinity, is a primary controlling factor 

that determines the density of water.   

Based on a field program conducted along the main axis of the estuary from the 

mouth of Juan de Fuca Strait to the northern end of the Strait of Georgia, as illustrated in 

Figure 7.3-2, seasonal surveys at twenty stations were undertaken over a five-year period 

from 1999 to 2003 to measure temperature, salinity, nutrient salts (nitrate, phosphate, and 

silicate), and dissolved oxygen within the water column (Masson 2006). The five-year mean 

distributions for temperature, nitrate, phosphate, silicate, and dissolved oxygen are 
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illustrated in Figure 7.3-3 within the area pertaining to RBT2-associated marine shipping 

activities, as outlined by a dashed purple box (along the transect shown in Figure 7.3-2). 

The distributions show that dense, cold, nutrient-rich, and low dissolved oxygen waters 

enter the estuary through Juan de Fuca Strait (indicated by ‘A’ at left side of figure), and a 

fresh and relatively warm surface river plume extends over most of the surface of the Strait 

of Georgia (indicated by ‘B’ at right side). Higher oxygen levels and lower nutrient levels at 

the surface in the Strait of Georgia indicate a higher level of photosynthetic activity. Strong 

currents through Boundary Passage that result in water column mixing at the southern end 

of the Strait of Georgia reduce local stratification. The presence of shallow sills partially 

isolates deep waters, which are characterised by high nutrients and low oxygen 

concentrations.  
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Figure 7.3-3 Five-year Mean Distributions for (a) Temperature, (b) Nitrate, 
(c) Phosphate, (d) Silicate, and (e) Dissolved Oxygen 

 
Note: Distributions along transect A to B shown in Figure 7.3-2; purple dashed 
area indicates portion of transect within MSA. 

A B 

Juan de Fuca Strait Haro 
Strait 

Strait of Georgia 
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Temperatures of surface and bottom waters not only change spatially, but also temporally, 

as described by Davenne and Masson (2001), and as observed through monitoring data 

generated through the Coast Salish Tribal Journey Water Quality Project (USGS 2013). 

Since 2008, the Coast Salish nations have partnered with the U.S. Geological Survey to 

conduct mapping of surface water quality in the Salish Sea during the summer. The project 

blends western science and Coast Salish culture to study water quality and its effects on 

ecosystem dynamics in order to improve understanding of the variability of coastal waters, 

and to forecast future changes by linking measurements and models of coastal water 

responses to downscaled climate models, as well as hydrologic and circulation models. 

Dissolved oxygen is currently used by federal agencies as one measure of the overall 

quality of the marine waters in the Salish Sea (EPA and EC 2013). Dissolved 

oxygen data were collected in the Strait of Georgia between 2000 and 2009 at three depth 

ranges: 0 to 35 m, 35 to 105 m, and 105 m to the sea bottom. The data show an increasing 

trend (upward slope of red line) for the surface range, and a decreasing trend for the middle 

and bottom depth ranges (downward slope of red line), as shown in Figure 7.3-4.  

(EPA and EC 2013). When dissolved oxygen is low, it means there is less oxygen available 

in the water to support aquatic life. Oxygen levels in the Salish Sea as a whole are 

declining, which is a concern as sub-surface waters will become more acidic, and fish 

species may respond by changing their behaviour to maintain their oxygen intake.
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Figure 7.3-4 Dissolved Oxygen Concentrations in the Strait of Georgia, 2000 - 2009 

   

Source:  EPA and EC 2013. 
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7.3.4.2 Salinity 

Salinity in the Strait of Georgia in the upper layer varies depending on the season and 

distance from the Fraser River. Freshwater from the Fraser River dilutes seawater in the 

surface layer, causing a strongly stratified interface between a shallow (<10 m) brackish 

surface layer and the deeper (>10 m) more saline seawater (Ocean Networks Canada 

2015). Figure 7.3-5 illustrates the average salinity1 at spring freshet (June) when the 

influence from the Fraser River discharges on Salish Sea water quality is greatest. Higher 

salinities in the Strait of Georgia are present in the non-freshet period.  

Figure 7.3-5 Average Salinity Concentrations with Depth in June from Juan de 
Fuca Strait to the Strait of Georgia  

 
 

Source:  Masson 2015, with modifications for location references.  
Notes:  Purple dashed area indicates portion of transect within MSA and transect A to B location 

shown in Figure 7.3-2. 

7.3.5 Incremental Changes to Marine Water Quality from Marine Shipping 
Associated with the Project 

As stated previously, routine vessel transit activities associated with the Project are not 

expected to adversely affect marine water quality. Table 7.3-3 provides the rationale for 

this conclusion.  

                                          
1  Salinity measured in practical salinity units (psu). 

Juan de Fuca Strait Haro Strait Strait of Georgia 

A B 
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Table 7.3-3 Marine Water Quality and Marine Shipping Activity Interactions  

Activity/Event 
Interaction  

(Y/N) 
Potential for Change Rationale 

Vessel Transit N 

A change in water quality is not anticipated from ballast 
water discharges from vessels as these potential sources 
of contaminants are not expected to occur in the LSA as 
they are regulated (refer to Section 7.3.1 and Section 
4.2.2 Associated Activities). Bilge water must be 
treated to remove oils and grease prior to discharge as 
per regulatory requirements. Therefore, releases of 
contaminants or oily water from ballast or bilge water 
discharges are not anticipated to result from routine 
operations.  

As noted previously, potential changes to marine water quality from potential accidents or 

malfunctions are described in Section 10.5.2 Potential Accidents or Malfunctions, 

Marine Water Quality.   

7.3.5.1 Summary of Potential Transboundary Changes 

Routine marine shipping associated with the Project is not expected to result in changes to 

marine water quality in U.S. waters.  

7.3.6 Cumulative Change Assessment of Marine Water Quality  

An assessment of cumulative changes for marine water quality was not conducted as 

routine marine shipping associated with the Project is not expected to result in any change 

in marine water quality that is likely to interact cumulatively with changes caused by other 

projects or activities that have been or will be carried out.  

7.3.7 Summary of Assessment 

Marine water quality in the Salish Sea is influenced by many factors, including freshwater 

inputs, tidal currents, seasonal influences, and other physical factors that affect 

temperature, dissolved oxygen levels, salinity, and other parameters. However, given the 

robust regulatory framework for pollution prevention, routine marine shipping associated 

with the Project is not expected to adversely affect marine water quality.   
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7.4 ATMOSPHERIC NOISE EFFECTS ASSESSMENT 

This section discusses potential changes, including cumulative changes, to atmospheric 

noise due to routine marine vessel traffic associated with the Project. Project-associated 

marine shipping within the Marine Shipping Area (MSA) will create atmospheric noise that 

will interact with the existing acoustic environment. Potential changes to atmospheric noise 

from potential accidents or malfunctions are described in Section 10.5.3 Potential 

Accidents or Malfunctions, Atmospheric Noise. 

7.4.1 Component Overview 

Atmospheric noise was selected as an intermediate component (IC) for the additional factor 

of marine shipping to be considered, consistent with section 17.1.1 of the Updated EIS 

Guidelines. Atmospheric noise will be emitted from vessels travelling in the MSA associated 

with the Project, and noise has been raised as an important issue by members of the public 

and Aboriginal groups. Marine shipping noise has the potential to affect both people and 

wildlife within marine areas and on shores adjacent to shipping lanes. Ship noise and the 

sounds of ship horns has been raised as a concern by Aboriginal groups as it affects 

the “joyfulness of being on the water and engaging in ancient and essential practices” 

(NEB 2015). At and above certain levels, noise can result in annoyance and affect human 

health by interfering with essential activities such as speech and sleep. Noise is generally 

considered to begin to affect wildlife when it results in behavioural changes (Section 

8.3.6.1 Marine Birds, Negligible Effects, Atmospheric Noise and Visual 

Disturbance). The term atmospheric noise refers to minute pressure fluctuations within the 

air that propagate through the atmosphere as waves, and are perceived by the human ear-

brain system as sound. Noise is generally considered to be sound that is unwanted or 

unpleasant. To accommodate the very large range of pressure fluctuations that the ear-

brain system can process, noise levels are expressed on a logarithmic scale in decibels (dB).  

Because atmospheric noise levels can vary widely over short periods of time, and especially 

over periods of one day or longer, energy-averaged noise metrics are typically used to 

characterise exposure to environmental noise and evaluate potential health effects. For this 

assessment, the key indicators are the annual average daytime and nighttime Equivalent 

Sound Level (Leq) expressed in units of A-weighted decibels (dBA). The term “average noise 

level” is used interchangeably with Leq throughout this report. The technical definitions of 

annual average daytime and nighttime Leq
1 are those steady sound levels which, over 

                                           
1  The daytime and nighttime Leq allow for computation of the Ldn, which is discussed in the human health 

assessment (Section 9.1).  
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daytime and nighttime time periods2 respectively, would result in the same overall energy 

exposure as would the actual fluctuating sound levels. A-weighted decibels simulate the 

frequency response of human hearing, which is more sensitive to sounds at mid-range and 

higher frequencies than at lower frequencies.  

7.4.2 Assessment Boundaries 

The boundaries used in the assessment are described below, based on their temporal, 

spatial, and technical characteristics. Administrative boundaries have not been identified as 

a constraint for this assessment.  

7.4.2.1 Temporal and Spatial Boundaries 

The temporal boundaries for this assessment are as described in Section 6.2.2 Temporal 
Boundaries. Existing conditions are represented by the year 2012, while the assessment of 

effects of increased vessel traffic associated with the Project is based on predicted activities 

in the year 2030, which is deemed to be representative of the RBT2 operation phase. The 

spatial boundaries were conservatively chosen to include all areas where there is potential 

for marine shipping associated with the Project to interact with the existing noise 

environment. The spatial boundaries are summarised in Table 7.4-1. 

Table 7.4-1 Spatial Boundary Definitions for Atmospheric Noise 

Spatial Boundary Description of Assessment Area 

Local study area 
(LSA) 

The LSA consists of a 4 km zone surrounding inbound and outbound 
shipping routes within Segments A, B, C, D, and E of the MSA. The LSA 
includes marine areas, the shores of islandsa and a portion of southern 
Victoria. 

Regional study area 
(RSA) 

The RSA is the area encompassed by Segments A, B, C, D, and E of the 
MSA.  

a  Includes the following islands: Saturna, South Pender, Moresby, Sidney, Stuart, Henry, and San 
Juan. 

The LSA and RSA are shown in Figure 7.4 1. While vessel movements will take place within 

four of the five segments included in the LSA (Segments A, B, C, and D), a fifth segment 

(Segment E) is included in the LSA because noise from vessels in Segment A is anticipated 

to be experienced within a small portion of Segment E. The LSA consists of a 4 km zone 

surrounding shipping routes as noise from container ships is not expected to be audible 

beyond this distance. Shipping routes in relation to the shipping lanes are shown in Figure 
4-2. 

                                           
2  Daytime period is 7:00 am to 10:00 pm. Nighttime period is 10:00 pm to 7:00 am. 
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7.4.2.2 Technical Boundaries 

Existing noise levels within the LSA (marine areas and shorelines of islands) were obtained 
from studies and supporting materials developed as part of the Termpol Review Process for 
the Trans Mountain Expansion Project assessment (TMX 2013, Volume 8B-4). No field work 
was conducted. 

The noise levels of the various sources of noise on container ships associated with the 
Project were not measured. Since no data were available regarding the noise levels of these 
sources, methodology developed in the Trans Mountain Expansion Project assessment for 
predicting noise emissions from tanker ships (TMX 2013, Volume 8B-4) was adapted to 
predict the noise emissions of container ships associated with the Project. This methodology 
assumes that total ship noise emissions can be reasonably represented by the noise 
emissions of the main diesel engine exhaust and modelled using a formula contained in the 
Handbook of Acoustics (Crocker 1998). 

7.4.3 Information Sources 

As part of the assessment, a review of existing information was conducted. A summary of 

previous studies and information used to support the characterisation of existing and future 

conditions is presented in Table 7.4-2. 

Table 7.4-2 Existing Information Used to Inform the Atmospheric Noise 
Assessment 

Topic Reference Study Description 

Existing Noise Levels in LSA 
TMX 2013 Assessment of Marine Atmospheric Noise for the 

Trans Mountain Expansion Project Prediction of Marine Vessel 
Noise Emissions 

Aboriginal concerns pertaining to atmospheric noise informed the selection of the IC 

(Section 7.4.1) and the assessment of changes to atmospheric noise in terms of the types 

of noise sources addressed. Relevant Aboriginal traditional knowledge was not available for 

the noise and vibration assessment. 

7.4.4 Existing Conditions 

This section describes the existing acoustic environment in marine areas and on shorelines 

within the LSA. Existing atmospheric noise levels were obtained from existing information 

(TMX 2013, Volume 8B-4). The existing acoustic environment is described in terms of these 

noise levels and the sources of noise expected to be present. 



PORT METRO VANCOUVER | Roberts Bank Terminal 2 Shipping Supplemental Report 

Page | 7.4-4  

Atmospheric noise levels within the LSA and RSA are influenced by a variety of natural and 

anthropogenic sources of sound. Examples of anthropogenic sources are marine vessel 

traffic, aircraft, and on-shore sources such as road traffic or mechanical equipment. Natural 

sources of sound include waves, wind, and wildlife. Atmospheric noise levels within the LSA 

will vary depending on the numbers of these sources that are present, the intensity of the 

noise emissions of these sources, proximity to the source(s), and meteorological conditions.  

The marine noise assessment used the recommendations of the BC Oil and Gas Commission 

Noise Control Guidelines (BCOG 2009) to establish existing outdoor ambient noise levels on 

the sparsely populated shorelines adjacent to the shipping lanes. While the portion of 

southern Victoria that is within the LSA is more densely populated than other shorelines 

within the LSA, and would therefore be expected to have somewhat higher existing noise 

levels, it has been conservatively assumed to have the same ambient noise environment as 

the sparsely populated shorelines in the LSA. The daytime (7:00 am to 10:00 pm) and 

nighttime (10:00 pm to 7:00 am) Leq on the shorelines adjacent to the shipping lanes were 

estimated to be 45 and 35 dBA respectively (TMX 2013, Volume 8B-4). Existing atmospheric 

noise levels within marine areas in the LSA for this assessment would be expected to be 

similar but may be lower during periods of fair weather at locations that are well set back 

from shipping lanes and other sources of anthropogenic noise. These levels are generally 

consistent with noise levels in undeveloped or rural areas as shown in Figure 7.4-2, which 

presents typical outdoor sound levels for rural and urban noise environments. Figure 7.4-1 
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Figure 7.4-2 Outdoor Day-Night Sound Levels of Various Noise Environments 

 
Source:  Adapted from U.S. EPA 1978. 

In 2012, between 8,896 and 20,592 vessel movements were made through the various 

portions of the MSA. These volumes correspond to approximately 1 to 2 vessel movements 

per hour. Noise from these vessels is only perceptible at a given location for the relatively 

brief period that a vessel takes to pass by. Therefore, when considered in the context of 

average daily noise levels (i.e., daytime/nighttime Leq), noise from vessels transiting the 

shipping lanes is not considered to be loud enough, nor present long enough, to be a major 

contributor to the existing acoustic environment. 

Approx. existing avg. daytime noise level in LSA 

Approx. existing avg. nighttime noise level in LSA 
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7.4.5 Incremental Increases in Noise from Marine Shipping Associated with 
the Project 

Potential changes associated with interactions between identified activities and atmospheric 

noise are presented in Table 7.4-3.  

Table 7.4-3 Atmospheric Noise and Marine Shipping Activity Interactions  

Activity/Event 
Interaction  

(Y/N) 
Potential Effect Description and Rationale 

Vessel Transit Y Increase in average daytime and nighttime noise levels (Leq) 
and the rate of occurrence of transient noise events.  

As noted previously, potential changes to atmospheric noise from potential accidents or 

malfunctions are described in Section 10.5.3 Potential Accidents or Malfunctions, 

Atmospheric Noise.   

7.4.5.1 Changes in Noise Related to Vessel Transit 

The Project will result in 260 vessel calls per year. This will result in 520 additional vessel 

movements through the Strait of Georgia, Haro Strait, and Juan de Fuca Strait, and 

780 movements in the waters south of Victoria (Segment C)3. Container ships that currently 

transit the routes within the LSA emit steady sound from their diesel engines when 

underway. These ships also occasionally create transient noises (i.e., non-continuous noise) 

associated with horns or other audible ship signals. No data are available regarding the 

noise levels or frequency of container ship-related transient noise events. Container ship 

diesel engine exhaust noise emissions were not measured but rather were modelled using 

calculations as shown in Appendix 7.4-A. A formula contained in the Handbook of 

Acoustics (Crocker 1998) was used to calculate the noise emitted from a container ship’s 

main diesel engine exhaust. The formula inputs are the diesel engine capacity, the length of 

the ship’s exhaust stack, and a correction for the engine’s turbocharger. These 

specifications are provided in Table 4-4 for the container ship Maersk Algol, which is 

considered to be representative of container ships associated with the Project.  

                                           
3  The additional movements in this area are related to ships passing through Segment C multiple times to pick-

up and drop-off pilots (Section 4.0 Activity Description). 
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The methodology for this assessment assumes that overall ship noise emissions can be 

reasonably characterised by the noise emitted from the main diesel engine exhaust stack. 

While the main engine exhaust is the dominant source of ship noise (C. Baker, Herbert 

Engineering Corp., personal communication), other sources of noise on container ships 

contribute towards total noise emissions. These include the following: 

• Engine noise that is radiated from the hull of the ship; 

• Noise from the auxiliary engines; 

• Noise from the engine room fans; 

• Noise from refrigerated containers; and 

• Propeller wash noise. 

As explained in Section 7.4.2.2, these additional sources of noise were not accounted for.  

Figure 7.4-3 shows the maximum noise level at various setback distances from the 

shipping lanes created by a container ship passing by a given location operating at 40% and 

80% engine loads4. Engine load is related to the speed at which a vessel is travelling. These 

curves were calculated using the modelling software Cadna/A (version 4.4.145) and 

illustrate the decrease in container ship noise levels with distance. The software used the 

sound propagation calculation methods of International Organization for Standardization 

Standard 9613-2 (ISO 1996) to calculate sound propagation over water. This methodology 

conservatively calculates noise levels under moderately developed temperature inversion or 

downwind conditions, both of which enhance sound propagation. 

                                           
4  Container ships will operate at 80% engine load within Juan de Fuca Strait and at 40% engine load elsewhere 

within the LSA. Load factors provided via Environment Canada’s Marine Emission Inventory Tool version 4.0 
(MEIT 4.0) 
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Figure 7.4-3 Container Ship Maximum Pass-by Noise Levels at Various Setback 
Distances 

 

As shown in Figure 7.4-3, at a setback of 50 m, a container ship passing by a given 

location would be expected to briefly (approximately 10 to 25 seconds) create maximum 

noise levels of approximately 65 and 68 dBA, under 40% and 80% engine load respectively. 

At approximately 800 m setback, ship pass-by noise levels for engine loads of 40% and 

80% are predicted to be lower than the ambient daytime noise level of 45 dBA. At 

approximately 2,300 m container ship noise levels for engine loads of 40% and 80% are 

predicted to be lower than the ambient nighttime noise level of 35 dBA. Figure 7.4-4 

shows where these noise levels occur in Segment B by presenting contour lines that 

correspond to 800 m and 2,300 m setbacks from the shipping lanes. Ship pass-bys would 

not be expected to be audible beyond the 4 km assessment boundary. 
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Existing (2012) container vessel volumes are included in Table 4-2 in the vessel category 

of ‘cargo vessels’5. The percentage increases in cargo vessel movements in 2030 due to 

container ships associated with the Project were calculated relative to existing cargo vessel 

movement for Segments A, B, C, and D within the LSA (Figure 7.4-2). The increases in 

annual average noise levels (daytime and nighttime) attributable to Project-associated 

marine vessel traffic can then be estimated by scaling up noise levels relative to the 

increase in movements using the following formula: 

• Increase in average noise level (dBA) = 10*log10((CaP + EC)/EC) 

where: 

• CaP  = Container ship movements associated with the Project 

• EC  = Existing cargo ship movements 

This approach is conservative because existing noise levels were assumed to include noise 

from all vessels, not just cargo vessels. The percentage increase in noise from vessel 

movements associated with the Project would have been smaller had the noise increase 

calculation been performed relative to all existing vessel movements rather than just cargo 

vessel movements. 

Table 7.4-4 compares total existing (2012) cargo vessel movements to future (2030) 

container ship movements associated with the Project (Table 4-7) within the following 

segments of the LSA (Figure 7.4-2): 

• Segment A – Strait of Georgia; 

• Segment B – Haro Strait and Waters to the East and South of Victoria; 

• Segment C – Waters to the South of Victoria; and 

• Segment D – Juan de Fuca Strait. 

Also presented are the associated percentage increases in total cargo vessel movements 

and the corresponding predicted increases in annual average noise levels. Segment E is not 

included in the table because no vessel movements will occur within this segment. As 

discussed in Section 7.4.2.1, Segment E is included because noise from vessels in 

Segment A is anticipated to be experienced within a small portion of Segment E. 

                                           
5  With the exception of container vessels bound for terminals within PMV jurisdiction. Movements associated 

with these vessels are split out in the second row of Table 4-2. For the purposes of this assessment, 
references to existing ‘cargo’ vessel movements includes all 2012 movements of cargo and container vessels 
(the sum of the first and second rows of Table 4-2.) 
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Table 7.4-4 Increase in Average Noise Levels from Project-associated Marine 
Vessels 

Marine Area 

Cargo Vessel Movements per Year Increase relative to Existing 

Existinga 
(2012) 

Project 
Associated 

(2030) 

Existing + 
Project 

Associated  

Cargo 
Vessel 

Movements 

Annual Average Day 
or Night Leq (dBA) 

Segment A 5,301 520 5,821 10% 0.4  

Segment B 4,506 520 5,026 12% 0.5 

Segment C 6,853 780b 7,633 11% 0.5 

Segment D 6,011 520 6,531 9% 0.4 
a Includes container ships bound for terminals within PMV jurisdiction. 
b There are an additional 260 vessel movements in Segment C due to vessel calls at U.S. ports. 

The additional container ships associated with the Project represent 9% to 12% increases in 

total cargo vessel movements relative to existing conditions (Table 7.4-4). These 

additional ship movements would be expected to increase average daytime and nighttime 

noise levels by 0.4 to 0.5 dBA. It is expected that noise level increases in the southwest 

corner of Segment E will be the same as in the adjacent Segment A. If the rate of 

occurrence of transient noise events (e.g., ship horns) is assumed to increase in proportion 

to vessel movements, then such occurrences would also be expected to increase by 9% 

to 12%6. These small increases in average noise levels and rates of occurrence of transient 

events would not be expected to be perceptible. As discussed in RBT2 EIS Section 9.3, 

increases in daily average noise levels of 0 to 2 dBA are generally not perceptible. 

No mitigation measures are suggested as the Project-associated marine vessels are not 

anticipated to measurably or perceptibly affect annual average atmospheric noise levels in 

the LSA. 

7.4.5.2 Summary of Potential Transboundary Effects 

Given the similarity of marine shipping activities in Washington State and B.C., marine 

shipping activities associated with the Project are expected to have similar minor and 

imperceptible effects on atmospheric noise in the U.S.A. 

                                           
6  Since no data on existing transient noises was available, a prediction of the total number or frequency of such 

noises in 2030 was not made. 
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7.4.6 Cumulative Changes Assessment 

This section considers the potential for marine shipping associated with the Project, and 

other existing and future projects and activities, to interact with atmospheric noise levels 

and cause a cumulative change. 

7.4.6.1 Potential Cumulative Interactions and Changes 

Potential changes to atmospheric noise associated with interactions between marine 

shipping associated with the Project and atmospheric noise from other projects and 

activities within the RSA, as shown in Table 4-7 are presented in Table 7.4-5. 

Table 7.4-5 Atmospheric Noise and Marine Shipping Activity Potential 
Cumulative Changes 

Other Project/ 
Activity 

Potential Interaction Description of Potential Cumulative Change 

Future Marine 
Vessel Activity 

Increased noise from future 
vessel movements not 
associated with the Project 

• Average daytime and nighttime noise levels 
due to vessel transit are expected to increase 
by approximately 1 dBA. 

• Occurrence of transient noise events are 
expected to increase by 23% to 36%. 

Interactions between marine vessels associated with the Project and future and existing 

marine shipping have the potential to result in a cumulative increase in both average noise 

levels and the rate of occurrence of transient noise events.  

Table 7.4-6 compares the approximate numbers of existing marine vessel movements to 

both future vessel movements associated with the Project and future cumulative marine 

vessel movements within the four segments of the LSA (Figure 7.4-2). Also presented are 

the associated percentage increases in total vessel movements and the corresponding 

predicted increases in average noise levels. To calculate cumulative noise level changes, it 

was necessary to assume that the different categories of marine vessels (e.g., cargo, 

tankers, tugs, and passenger) will experience similar percentage volume increases. 
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Table 7.4-6 Cumulative Increase in Average Noise Levels from Future Marine 
Vessel Movements 

Marine 
Area 

Total Vessel Movements per 
Year 

Increase Relative to Existing 

Vessel Movements Annual Avg. Leq (dBA) 

Existing  
(2012) 

Project 
Assoc. 
(2030) 

Cum. 
(2030) 

Project 
Assoc. Cum.  Project 

Assoc. Cum. 

Segment A 20,592 520 25,315 3% 23% 0.1 0.9a 

Segment B 8,896 520 12,113 6% 36% 0.2 1.3 

Segment C 17,661 780 22,578 4% 28% 0.2 1.1 

Segment D 16,819 520 21,451 3% 28% 0.1 1.1 
a The cumulative noise effect for Segment A would also apply to the southwest corner of Segment E. 

Future cumulative marine vessel movements represent increases in vessel movements of 

23% to 36% relative to existing conditions. This increased ship traffic is expected to 

correspond to increases in average noise levels due to vessel transit of approximately 

1 dBA. Such an increase is not expected to be perceptible, but could be measurable 

depending upon the amount of day-to-day variability in average daytime and nighttime 

noise levels. The increased vessel movements are expected to result in directly proportional 

increases in transient noise events (i.e., 23% to 36% increase). It is not possible to say if 

this increase would be perceptible, as there are no data available regarding the existing 

levels or rate of occurrence of such noise events. 

Vessels associated with the Project accounted for 0.1 to 0.2 dBA of the cumulative increase 

in noise levels and 3% to 6% of the increase in the rate of occurrence of transient noise 

events. 

7.4.7 Uncertainty and Reliability 

The primary sources of uncertainty associated with the atmospheric noise assessment are 

as follows: 

• No field measurements were conducted to verify existing noise levels; and 

• No field measurements were conducted to verify estimated ship noise emission 
levels. 

Because of these technical limitations, the level of certainty is low with respect to existing 

noise levels (Section 7.4.4) and ship noise emissions (Figure 7.4-3). 
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Despite these limitations, however, there is a high level of certainty that predicted increases 

in annual average noise levels due to marine vessel traffic associated with the Project will 

be less than 1 dBA (Table 7.4-4 and Table 7.4-6) and that cumulative increases will be 

less than 2 dBA. These predictions did not rely on either the existing noise levels or the 

existing predictions of ship noise levels7. Rather, basic acoustical principles were used to 

calculate noise level increases based on the percentage increase in total cargo vessel 

volumes due to marine vessels associated with the Project. 

7.4.8 Summary of Assessment 

The conclusions of the atmospheric noise assessment are as follows: 

• Routine marine shipping activities associated with the Project, specifically vessel 
movements, have the potential to interact with the existing atmospheric noise 
environment; 

• Noise increases due to vessel movements associated with the Project are not 
expected to be measurable nor perceptibly change annual average noise levels 
(<1 dBA) or the rate of occurrence of transient noise events; and 

• Cumulative growth in all marine vessel traffic is expected to increase annual average 
noise levels due to vessel transit by approximately 1 dBA. Such a change in average 
noise levels occurring over many years will be imperceptible. There is expected to be 
a related increase in the rate of occurrence of transient noise events of 23% to 36%. 

  

                                           
7  The predictions of ship noise were used to provide an estimate of short-term noise levels during ship pass-bys. 
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7.5 LIGHT EFFECTS ASSESSMENT 

This section discusses potential changes, including cumulative changes, to light resulting 

from routine marine vessel traffic associated with RBT2. This section provides an overview 

of general light assessment methodology, results from a desktop study of the existing light 

environment, and results of an assessment of light emissions from Project-associated 

marine shipping in isolation and cumulatively with existing, approved, and potential future 

sources of light emission. Potential changes to light from potential accidents or malfunctions 

are described in Section 10.5.4 Potential Accidents or Malfunctions, Light. 

7.5.1 Component Overview 

This light assessment considers potential changes in environmental light levels attributable 

to light emissions from RBT2-associated marine shipping along the international shipping 

lanes. Light was selected as an intermediate component for the Marine Shipping 

Supplemental Report consistent with the Updated EIS Guidelines, section 17.1.1. Light 

emitted from container ships travelling close to populated areas, or areas of marine 

resource use, has the potential to affect the quality of experience of those uses (as 

considered in Section 9.5 Current Use of Lands and Resources for Traditional 

Purposes and Aboriginal and Treaty Rights). Light has been raised as an important 

issue by Aboriginal groups as “…oral traditions and sacred practices are reliant on stars and 

unimpaired visibility of the night sky” (NEB 2015). 

Consistent with the light assessment for the RBT2 EIS (Section 9.4), light trespass and sky 

glow were assessed as indicators of light conditions. These parameters are described below: 

• Light trespass refers to the effects of light or illuminance (measured in lux) that 
strays from its intended purpose directly onto neighbouring areas where lighting may 
be undesirable. This phenomenon is often considered a direct light impact since it 
involves light travelling directly from a light source to a neighbouring Point of 
Reception (POR). Light trespass effects are usually confined to PORs in the 
immediate vicinity of a light source (i.e., those PORs with direct line of sight to 
the source).  

• Sky glow refers to stray light scattering in the atmosphere, brightening the natural 
sky background level, and reducing star visibility. This phenomenon is often 
considered an indirect light impact since it involves scattering and reflection of light 
rays in the atmosphere rather than direct propagation from a light source to a POR. 
Sky glow effects are often associated with light pollution at greater distances from 
the source than light trespass effects. 
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7.5.2 Assessment Boundaries 

The boundaries used in the assessment are described below, based on their temporal, 

spatial, and technical characteristics. Administrative boundaries have not been identified as 

a constraint for this assessment.  

7.5.2.1 Temporal and Spatial Boundaries 

The temporal boundaries for the assessment are as described in Section 6.2.2 Temporal 
Boundaries. Existing conditions are represented by the year 2012, while the assessment of 

effects of increased vessel traffic associated with the Project is based on predicted activities 

in the year 2030, which is deemed to be representative of the RBT2 operation phase. 

The study area for the light assessment includes a collection of PORs selected to be 

representative of the inhabited areas closest to the shipping routes in the Marine Shipping 

Area (MSA) (i.e., occupied portions of the mainland, peninsulas, and islands adjacent to the 

international shipping lanes). The light assessment study area is large enough to capture all 

potential effects of marine shipping associated with the Project on light trespass and 

sky glow.  

Occupied areas within the study area are considered to be relevant areas that could 

potentially be affected by light emitted from marine shipping associated with the Project. 

Each occupied area is represented by a POR. Typical PORs include permanent or seasonal 

residences, hotels or motels, nursing or retirement homes, rental residences, hospitals, 

camp grounds, and buildings such as schools and places of worship, as well as light-

sensitive locations such as urban star parks. The discrete PORs considered in this light 

assessment were selected in accordance with standard practice to be representative of the 

study area as a whole.   

In the light assessment for the RBT2 EIS (Section 9.4), 12 PORs were selected to 

characterise existing light trespass and sky glow conditions based on the results of field 

measurements. Five of these 12 PORs (POR1, POR2, POR3, POR4, and POR5) are located 

within the MSA and are included in this assessment. The remaining seven PORs (POR6 

through POR12) are located outside of the MSA, and are discussed in this assessment as 

context for predictions of changes in light related to shipping associated with the Project. An 

additional 13 PORs within the MSA were selected to represent portions of the study area 

that were not included in the RBT2 light assessment. To avoid confusion with the POR 

numbers in the RBT2 light assessment, these 13 new PORs are numbered starting at POR 

13. Table 7.5-1 and Figure 7.5-1 present the 18 PORs considered in the light assessment 

for marine shipping associated with the Project—i.e., five PORs from the RBT2 EIS light 
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assessment (Section 9.4, Figure 9.4-1) plus 13 PORs representing other parts of the 

study area.  

Table 7.5-1 Points of Reception (PORs) 

POR ID Location 

UTM Coordinates  
(Zone 10U) 

Shortest 
Distance to 

Shipping 
Route (km) Easting (m) Northing 

(m) 

POR1a Galiano Island 475019 5416523 10.1 

POR2a Mayne Island 482086 5410465 9.9 

POR3a Mayne Island 478949 5413361 9.8 

POR4a Point Roberts on Tsawwassen 493819 5424530 5.0 

POR5a Tsawwassen 493381 5427976 7.0 

POR13b Saturna Island 496597 5403333 0.6 

POR14b South Pender Island 486269 5398032 1.3 

POR15b Moresby Island 478013 5394067 3.1 

POR16b Patos Island 502102 5404000 2.4 

POR17b Stuart Island 482522 5392888 0.4 

POR18b Henry Island 485098 5382522 1.6 

POR19b Sidney Island 479993 5383138 2.8 

POR20b Suburban Victoria 480390 5366814 4.1 

POR21b Discovery Island Marine Provincial 
Park 483261 5363479 0.9 

POR22b 
Cattle Point in Victoria (Royal 
Astronomical Society of Canada 
[RASC] Urban Star Park) 

478213 5365007 5.4 

POR23b East Sooke Park 451489 5351408 6.3 

POR24b Jordan River Regional Park 
Campground 421887 5363806 10.4 

POR25b Juan de Fuca Provincial Park 393256 5375727 9.6 
Note: a These PORs were included in the light assessment for RBT2 (Section 9.4). 
  b These PORs are unique to this assessment of light from marine shipping associated with 

the Project.  

7.5.2.2 Technical Boundaries 

The technical boundaries of the light assessment are summarised as follows: 

• Data on existing ambient light levels were not available; and 

• Detailed lighting designs for the container ships associated with the Project were not 
publicly available.   
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Existing light levels for the PORs (POR1 through POR5) were measured in the light 

assessment for the RBT2 EIS and the existing light levels for the other PORs (POR13 

through POR25) were estimated and assumed based on the measurement results in the 

light assessment for the RBT2 EIS (Section 9.4) (i.e., the measurement data for POR1 

through POR12 in Section 9.4 of the RBT2 EIS). This topic is discussed in more detail in 

Section 7.5.4.  

Detailed lighting designs for the container ships associated with the Project were not 

available. Light models to predict light trespass and sky glow effects due to Project-

associated shipping were developed based on the information about the lighting fixture and 

layout of a marine ship for the Woodfibre LNG Project (Golder 2014) as a proxy for the 

RBT2 representative ship (discussed further in Section 7.5.5.1).    

7.5.3 Information Sources 

A desktop assessment of existing conditions was carried out to characterise current light 

trespass and sky glow at selected PORs in the study area. Assessments for the RBT2 Project 

(Section 9.4 of the RBT2 EIS), Deltaport Third Berth Project (Vancouver Port Authority 

2005), and the Deltaport Terminal Road and Rail Improvement Project (Hemmera 2012) 

were reviewed for the purposes of this assessment. The light assessment for Woodfibre LNG 

Project (Golder 2014) was also reviewed to obtain information about light emissions from a 

ship that is similar to the representative container ship identified in Section 4.2.1.1 Type 
of RBT2 Container Vessels. A summary of previous studies and information used to 

support the characterisation of existing and future conditions is presented in Table 7.5-2. 

Table 7.5-2 Existing Information Used to Inform the Light Assessment 

Topic Reference Study Description 

Existing light levels in 
the study area 

Vancouver Port 
Authority 2005 Light Assessment for the Deltaport Third Berth Project 

Hemmera 2012 Light Assessment for the Deltaport Terminal Road and 
Rail Improvement Project 

Section 9.4 of the 
RBT2 EIS Light Assessment for RBT2 

Light emissions from 
a representative 
container ship 

Golder 2014 Light Assessment for Woodfibre LNG facility 

Commission Internationale de l’Eclairage (CIE) guidelines (CIE 1997 and CIE 2003) and 

Illuminating Engineering Society of North America guidelines (IESNA 2000) are used in the 

light assessment to examine potential light trespass and sky glow effects of shipping 

associated with RBT2 at the locations of relevant PORs. The assessment also considered 

limits previously used in literature (Narisada and Schreuder 2004).   
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Aboriginal traditional knowledge informed the selection of the intermediate component 

(Section 7.5.1). 

7.5.4 Existing Conditions 

7.5.4.1 Overview 

As part of the light assessment, existing lighting zone classifications and assumed ambient 

light levels at relevant PORs in the study area were characterised based on measurements 

provided in the RBT2 assessment or extrapolations from those measurements, depending 

on the POR. The study area is a mix of forest, open rural land, industrial, and suburban 

residential areas. The topography in the study area is generally low hills, with elevation 

decreasing along the shoreline towards the Salish Sea. The existing conditions at the PORs 

include the influence from existing light sources. There is existing marine shipping along the 

inbound and outbound shipping routes shown in Figure 7.5-1, which influences the 

environmental light in the study area and is considered in the estimation for the existing 

conditions for the light assessment.  

Light trespass results from direct propagation of light from a source to a POR. Light trespass 

is usually the result of sources in the immediate vicinity of a given POR, such as vehicle 

traffic, street lights, building lights, and potentially marine shipping lights as well. As such, 

when determining existing light trespass at PORs, the light assessment focused on local 

sources in the immediate vicinity of PORs. As in the RBT2 EIS, light trespass conditions 

were categorised for this assessment using the CIE environmental light classification as 

shown in Table 7.5-3 below (CIE 2003, Narisada & Schreuder 2004). 

Table 7.5-3 Environmental Light Classification 

CIE 
Environmental 

Light 
Classification 

Description of 
Environmental Light 

Classification 
Examples 

Maximum 
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 

Sources: CIE 2003, Narisada & Schreuder 2004. 
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Sky glow is caused by the scattering and reflection of light rays in the atmosphere and it is 

often associated with effects of light pollution at greater distances from the light sources 

than is light trespass. The lighting from cities of mainland B.C. (such as Vancouver, 

Richmond, and Delta), Vancouver Island (such as Victoria), and mainland Washington 

(such as Sequim) were considered to be the major sources influencing existing sky glow at 

PORs in the study area. The locations of PORs relative to these cities (i.e., the distance 

between the PORs and these major existing light sources) were considered when 

determining existing sky glow at the PORs. Sky glow conditions were categorised for this 

assessment using the CIE zone classifications for sky glow as shown in Table 7.5-4 below 

(CIE 1997) and were determined by sky glow levels in terms of percentage brightness 

above natural dark sky background.  

Table 7.5-4 CIE Zone Classifications for Sky Glow 

CIE Sky 
Glow Zonea Description of the Zone 

Sky Glow 
(% brightness above 

natural dark sky) 

G1 Areas of outstanding natural beauty, protected 
landscapes 0 % < x ≤ 20 % 

G2 Areas of low district brightness 20 % < x ≤ 100 % 

G3 Suburban residential area 100 % < x ≤ 200 % 

G4 Areas of high district brightness x > 200 % 
Note: a CIE 1997 classifies the zones as E1 through E4. However, to avoid confusion with light 

trespass classifications (Table 7.5-3), the zones have been re-labelled G1 through G4. 
  <: less than; ≤: less than or equal to; >: greater than. 

7.5.4.2 Existing Conditions at PORs in the Study Area 

The environmental light classification and sky glow zone (and their related illuminance 

and sky glow levels) were determined based on existing light assessment information for 

the 12 PORs that were included in the RBT2 EIS (POR1 through POR12), and based on 

professional judgement, including reasonable and conservative assumptions extrapolating 

from the RBT2 EIS, for PORs unique to this assessment (POR13 through POR25). The details 

of existing conditions at the 18 PORs for the present light assessment are described below 

and summarised in Table 7.5-5. 

Northern Gulf Islands and Point Roberts (POR1 through POR5) 

Illuminance and sky glow levels at PORs 1 through 5 were measured in accordance with CIE 

methods (CIE 1997, CIE 2003) during field visits in 2014. Existing conditions at POR1, 

POR2, POR3, POR4, and POR5, are as described in the light assessment in the RBT2 EIS 
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(Section 9.4). The CIE light trespass classification for all five PORs is E2, areas of low 

ambient brightness. The sky glow zone classifications range from G2 on Galiano Island 

(POR1), G3 on Mayne Island (POR2 and POR3), and G4 at Tsawwassen and Point Roberts 

(POR4 and POR5). These zone classifications indicate conditions associated with areas of low 

district brightness (G2), suburban residential areas (G3), and areas of high district 

brightness (G4). 

Southern Gulf Islands and San Juan Islands (POR13 through POR19) 

These PORs are located in the islands between Vancouver Island and mainland of B.C. 

Existing conditions at the PORs representing the southern Gulf Islands and San Juan Islands 

(POR13 through POR19) were assumed to be similar to the measured light environments at 

POR1, POR2, POR3, and POR12 because these PORs are believed to have similar local light 

conditions (i.e., light sources and density) and they are located at comparable distances to 

the cities (i.e., Victoria, Vancouver, Richmond, and Delta). The following specific 

assumptions were made for POR13 through POR19: 

• The existing illuminance levels at these seven PORs were assumed to lie between 
0.004 lux to 0.010 lux, based on measurements at POR1, POR2, POR3, and POR12 
(Section 9.4 of the RBT2 EIS); 

• Based on these assumed illuminance levels, existing light trespass conditions at all 
seven of these PORs fall into CIE environmental light classification category E2 
(areas of low ambient brightness); 

• The existing sky glow levels at these seven PORs were assumed to lie between 95% 
to 167% brightness above natural background, based on measurements at POR1, 
POR2, POR3, and POR12 (Section 9.4 of the RBT2 EIS); and 

• Based on these assumed sky glow levels, existing sky glow conditions at all seven of 
these PORs fall into CIE sky glow category G2 or G3 (areas of low district brightness 
or suburban residential areas respectively). 

Victoria (POR20 through POR22) 

POR20, POR21, and POR22 are located on Vancouver Island within or very close to the 

suburban areas of Victoria, and were assumed to have similar existing light trespass and 

sky glow conditions to those measured at POR4, POR5, POR6, POR7, POR8, POR9, POR10, 

and POR11 in the RBT2 EIS (Section 9.4), which are located within suburban areas of cities 

in mainland B.C. The following specific assumptions were made for POR20 through POR22:  

• The existing illuminance levels at these three PORs were assumed to lie between 
0.013 lux and 0.571 lux, based on measurements in the RBT2 EIS (Section 9.4); 
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• Based on these assumed illuminance levels, existing light trespass conditions at all 
three of these PORs fall into CIE environmental light classification category E2 (areas 
of low ambient brightness); 

• The sky glow levels at these three PORs were assumed to lie between 613% and 
5,735% brightness above natural background, based on measurements in the RBT2 
EIS (Section 9.4); and 

• Based on these assumed sky glow levels, existing sky glow conditions at all three of 
these PORs fall into CIE sky glow category G4 (areas of high district brightness). 

Sooke (POR23) 

POR23 is located in a forested area on the south side of Vancouver Island close to Victoria 

and Sooke. For these reasons, the light environment at POR23 was assumed to be brighter 

than the light environment measured at POR1, POR2, POR3, and POR12 but darker than the 

light environment measured at POR4, POR5, POR6, POR7, POR8, POR9, POR10, and POR11. 

The following specific assumptions were made for POR23: 

• The existing illuminance level at POR23 was assumed to lie between 0.010 lux and 
0.013 lux, based on the measurements at POR1 through POR12 (Section 9.4 of the 
RBT2 EIS); 

• Based on this assumed illuminance level, existing light trespass conditions at POR23 
fall into CIE environmental light classification category E2; 

• The sky glow level at POR23 was assumed to lie between 167% and 613% 
brightness above natural background, based on measurements at POR1 through 
POR12 (Section 9.4 of the RBT2 EIS); and 

• Based on this assumed sky glow level, existing sky glow conditions at POR23 fall into 
CIE sky glow category G3 or G4 (suburban residential area or areas of high district 
brightness). 

Southern Vancouver Island (POR24 and POR25) 

POR24 and POR25 are located in forested areas on the southwest side of Vancouver Island 

far away from any major cities. The light environment at these PORs was assumed to be 

slightly darker than the light environment measured at POR1, POR2, POR3, and POR12 in 

the RBT2 EIS. The following specific assumptions were made for POR24 and POR25: 

• The existing illuminance levels at these two PORs were assumed to lie between 0 lux 
and 0.0054 lux but close to 0.0054 lux, based on measurements at POR1, POR2, 
POR3, and POR12 (Section 9.4 of the RBT2 EIS); 
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• Based on these assumed illuminance levels, existing light trespass conditions at 
these two PORs fall into CIE environmental light classification category E2 (areas of 
low ambient brightness); 

• The sky glow levels at these two PORs were assumed to lie between 20% and 95% 
brightness above natural background, based on measurements at POR1, POR2, 
POR3, and POR12 (Section 9.4 of the RBT2 EIS); and 

• Based on these assumed sky glow levels, existing sky glow conditions at these 
two PORs fall into CIE sky glow category G2 (areas of low district brightness).  

Table 7.5-5 summarises the measured (POR1 through POR5) and assumed (POR13 

through POR25) existing illuminance levels and sky glow levels and CIE classifications for 

PORs within the light assessment study area.  

Table 7.5-5 Existing Illuminance Levels and Sky Glow Levels and 
Corresponding CIE Classifications 

POR ID Location 

Existing Light 
Trespass / 
Illuminance 

(lux) 

CIE Light 
Trespass 
Classific

ation 

Existing Sky 
Glow (% 

brightness 
above natural 
background) 

CIE Sky 
Glow 
Zone 

POR1a Galiano Island 0.005 E2 95 G2 

POR2a Mayne Island 0.010 E2 105 G3 

POR3a Mayne Island 0.006 E2 167 G3 

POR4a Point Roberts 0.032 E2 1,909 G4 

POR5a Tsawwassen 0.571 E2 4,440 G4 

POR13b Saturna Island 0.004 - 0.010c E2d 95 - 167c G2 or G3d 

POR14b South Pender Island 0.004 - 0.010c E2d 95 - 167c G2 or G3d 

POR15b Moresby Island 0.004 - 0.010c E2d 95 - 167c G2 or G3d 

POR16b Patos Island 0.004 - 0.010c E2d 95 - 167c G2 or G3d 

POR17b Stuart Island 0.004 - 0.010c E2d 95 - 167c G2 or G3d 

POR18b Henry Island 0.004 - 0.010c E2d 95 - 167c G2 or G3d 

POR19b Sidney Island 0.004 - 0.010c E2d 95 - 167c G2 or G3d 

POR20b Suburb of Victoria 0.013 - 0.571c E2d 613 – 5,735c G4d 

POR21b 
Discovery Island 
Marine Provincial 
Park 

0.013 - 0.571c E2d 613 – 5,735c G4d 

POR22b 

Cattle Point in 
Victoria (Royal 
Astronomical Society 
of Canada [RASC] 
Urban Star Park) 

0.013 - 0.571c E2d 613 – 5,735c G4d 
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POR ID Location 

Existing Light 
Trespass / 
Illuminance 

(lux) 

CIE Light 
Trespass 
Classific

ation 

Existing Sky 
Glow (% 

brightness 
above natural 
background) 

CIE Sky 
Glow 
Zone 

POR23b East Sooke Park 0.010 - 0.013c E2d 167 - 613c G3 or G4d 

POR24b 
Jordan River 
Regional Park 
Campground 

0 - 0.004c E2d 20 - 95c G2d 

POR25b Juan de Fuca 
Provincial Park 0 - 0.004c E2d 20 - 95c G2d 

Note: a These PORs were included in the light assessment for RBT2 (Section 9.4). 
  b These PORs were not considered in the RBT2 light assessment.  
  c Existing illuminance and sky glow levels were not available, since no field work was 

conducted at these PORs. Values were estimated based on assumptions.   
  d Light trespass classification and sky glow zone were determined based on the assumed 

existing illuminance and sky glow levels, respectively.  

7.5.5 Incremental Changes in Light from Marine Shipping Associated with the 
Project 

To characterise potential changes in light as a result of vessel transit associated with RBT2, 

predictions of light emissions from Project-associated ship pass-by and light levels (i.e., 

illuminance and sky glow levels) at the relevant PORs are provided, as well as a 

characterisation of the potential changes in light resulting from an increase in frequency of 

pass-bys, related to the additional 260 ship calls to RBT2 (Section 4.0 Activity 

Description). Light emissions from a representative RBT2 ship were characterised using 

emissions data presented for a comparable ship, described in Section 7.5.5.1 below. 

Identified activity-light interactions are presented in Table 7.5-6.  

Table 7.5-6 Light and Marine Shipping Activity Interactions  

Activity/Event 
Interaction  

(Y/N) 
Potential for Change Rationale 

Vessel Transit Y Increase in illuminance levels / light trespass and sky glow 
levels and the rate of occurrence of transient light events.  

As noted previously, potential changes to light from potential accidents or malfunctions are 

described in Section 10.5.4 Potential Accidents or Malfunctions, Light. 

7.5.5.1 Potential Changes in Light from Vessel Transit 

The RBT2 Project is anticipated to generate 260 associated container ship calls per year. 

This will result in 520 Project-associated container ship movements per year through the 



PORT METRO VANCOUVER | Roberts Bank Terminal 2   Marine Shipping Supplemental Report 

Page | 7.5-11  

Strait of Georgia, Haro Strait, and Juan de Fuca Strait, and 780 movements on the water 

body south of Victoria (the additional movements due to U.S. bound ships dropping off and 

picking up pilots). On average there will be approximately one and a half Project-associated 

ship movements per day through the MSA (or three movements every two days), 

approximately half of which are assumed to occur within daylight hours1. Container ships 

that currently transit the routes within the study area at night emit continuous light from 

their navigation light fixtures when underway, and walkway lights would only be on for 

safety reasons when personnel require them. The light emissions from Project-associated 

ship movements will also emit continuous light from their navigation light fixtures 

when underway. 

Specific information is not available about lighting for the representative container ship 

selected for this Marine Shipping Supplemental Report. Therefore, this light assessment has 

considered the RBT2-associated shipping by assuming light emissions will be consistent with 

a comparable vessel considered as part of the light assessment for the Woodfibre LNG 

facility (Golder 2014). The ships assessed for the Woodfibre LNG facility have physical 

dimensions and operations comparable to the physical dimensions of the container ships 

that will call on RBT2, and so it is assumed that lighting requirements will also be 

comparable. The current light assessment assumes propagation conditions consistent with 

those used in the RBT2 light assessment (Section 9.4 of the RBT2 EIS) to estimate light 

effects from ships associated with RBT2 at relevant PORs. 

In order to predict changes in light from marine shipping associated with the Project, light 

prediction models and their results were reviewed for two reference projects: the RBT2 

Project and the Woodfibre LNG Project. In particular, illuminance levels were estimated 

at the PORs facing the centre of the light sources and the sky glow levels were predicted at 

the PORs facing the centre of the light sources at 45° from the zenith (Section 9.4 of the 

RBT2 EIS and Golder 2014). 

The light assessment results in the RBT2 Project and Woodfibre LNG Project were reviewed 

to establish the plots of illuminance and sky glow as a function of distance from the light 

source (referred to as attenuation of light). In Figure 7.5-2, the attenuation curve for 

illuminance from a representative container ship is shown, as well as the attenuation curve 

for illuminance from the RBT2 terminal and causeway, shown for purposes of comparison. 

The attenuation curves for sky glow from a representative container ship, as well as the 

RBT2 terminal and causeway, are shown in Figure 7.5-3.  

Figure 7.5-1 
                                           
1  An analysis of 2014 arrival and departure data for Deltaport terminal shows that 56% of arrivals and 

departures took place in daylight hours. 
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Figure 7.5-2 Illuminance Level Attenuation with Distance – Representative 
Container Ship (Underway) vs. RBT2 
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Figure 7.5-3 Sky Glow Level Attenuation with Distance – Representative 
Container Ship (Underway) vs. RBT2 
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Based on Figure 7.5-2 and Figure 7.5-3, a single container ship during navigation would 

be expected to create an illuminance level of approximately 0.0037 lux and sky glow level of 

approximately 7.21% at a setback distance of 300 metres. At a 600 m setback, the 

illuminance level drops to approximately 0.0003 lux and sky glow level of approximately 

3.14%. At a 1 km setback, the illuminance level drops to approximately 0 lux and sky glow 

level to approximately 1.57%. In order to predict the change in light conditions at each POR 

during a vessel pass-by, it has been conservatively assumed that there will be two RBT2-

associated ships passing the PORs simultaneously (i.e., one inbound ship and one outbound 

ship), and that this event is sustained as a continuous rather than transient source of light. 

Based on the approaches described above, the predicted incremental illuminance levels and 

sky glow levels resulting from a pass-by event at the PORs were estimated and are 

presented in Table 7.5-7.  

Table 7.5-7 Predicted Illuminance Levels and Sky Glow Levels Resulting from 
Two Container Ship Movements 

POR ID Location 

Predicted 
Illuminance 

related to Marine 
Shipping 

Associated with 
the Project 

Predicted Sky Glow 
(% brightness above 
natural background) 

related to Marine 
Shipping Associated 

with the Project 

POR1a Galiano Island 0.0000 0.04 

POR2a Mayne Island 0.0000 0.04 

POR3a Mayne Island 0.0000 0.04 

POR4a Point Roberts on Tsawwassen 0.0000 0.18 

POR5a Tsawwassen 0.0000 0.09 

POR13b Saturna Island 0.0006 6.83 

POR14b South Pender Island 0.0000 2.08 

POR15b Moresby Island 0.0000 0.46 

POR16b Patos Island 0.0000 0.74 

POR17b Stuart Island 0.0020 12.22 

POR18b Henry Island 0.0000 1.48 

POR19b Sidney Island 0.0000 0.56 

POR20b Suburb of Victoria 0.0000 0.27 

POR21b Discovery Island Marine Provincial 
Park 0.0002 3.71 
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POR ID Location 

Predicted 
Illuminance 

related to Marine 
Shipping 

Associated with 
the Project 

Predicted Sky Glow 
(% brightness above 
natural background) 

related to Marine 
Shipping Associated 

with the Project 

POR22b 
Cattle Point in Victoria (Royal 
Astronomical Society of Canada 
[RASC] Urban Star Park) 

0.0000 0.15 

POR23b East Sooke Park 0.0000 0.11 

POR24b Jordan River Regional Park 
Campground 0.0000 0.03 

POR25b Juan de Fuca Provincial Park 0.0000 0.04 
Note: a These PORs were included in the light assessment for RBT2 (Section 9.4). 
  b These PORs were not considered in the 2014 RBT2 light assessment.  

Table 7.5-7 indicates that illuminance levels related to RBT2-associated shipping are 

expected to be no more than 0.0020 lux and the sky glow levels related to RBT2-associated 

shipping are expected to be no more than 12.22% (brightness above natural background) 

at all relevant PORs for RBT2-associated shipping. It has been conservatively assumed that 

there will be two RBT2-associated ships passing the PORs simultaneously (i.e., one inbound 

ship and one outbound ship). This assumption is conservative because in most of cases, 

there will be only one Project-associated ship passing each POR at a given time. Moreover, 

the light emitted from the ship will be transient (i.e., temporary), not continuous, as 

assumed above. The contributions of shipping associated with the Project to existing light 

trespass and sky glow levels were predicted for times when the vessels passing by are 

closest to individual PORs. In other words, the predicted contributions to illuminance and 

sky glow levels of two representative container ships passing a POR simultaneously 

represent a worst-case scenario over the course of a ship’s inbound or outbound transit 

along the shipping route.  

Furthermore, a comparison of predicted illuminance and sky glow levels for the PORs to 

existing illuminance and sky glow levels for the same PORs (see Table 7.5-5) suggests that 

the incremental light contribution from marine shipping associated with the Project is so low 

that there will be no change or very minor change to the existing CIE classifications for light 

trespass and sky glow at the PORs due to the Project-associated marine shipping. The light 

emitted from a container ship during an inbound or outbound transit, as it passes by any 

given POR, is temporary; most of the time, there will be no container ship associated with 

the Project passing a given POR. As such, light from vessel transit associated with RBT2 will 

be a very minor contributor to light levels at PORs and will have insignificant change to the 
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overall existing light environment at the PORs. There will on average be approximately one 

and a half container ship movements per day associated with the Project. These small 

increases in vessel movements and rate of occurrence of vessel pass-bys are expected to 

result in insignificant changes at the PORs in the study area for the light assessment, 

because of the following: 

• Not all Project-associated ships will pass by during nighttime when lights are 
required;  

• Table 7.5-7 shows a worst-case scenario over the course of a ship’s inbound or 
outbound transit through the navigation channel; and 

• Changes to the existing light environment due to light from Project-associated 
shipping are anticipated to be small as incremental light related to Project-associated 
shipping are predicted to be very low and Project-associated marine vessels 
constitute a small proportion of total vessel movements within the study area. 

Table 7.5-8 shows cumulative illuminance levels at the PORs due to the existing light 

sources and two simultaneous future container ship pass-bys, and the corresponding CIE 

Environmental Light Classification for light trespass.  

Table 7.5-8 Cumulative Illuminance Levels and the Corresponding Light 
Classification  

POR ID Location 

Existing 
Light 

Trespass / 
Illuminance 

(lux) 

Future 
Container 

Ships 
Contribution 

(Lux) 

Cumulative 
Light 

Trespass / 
Illuminance 

(Lux)c 

CIE Light 
Trespass 

Classification 

POR1a Galiano Island 0.005 0.0000 0.0050 E2 

POR2a Mayne Island 0.01 0.0000 0.0100 E2 

POR3a Mayne Island 0.006 0.0000 0.0060 E2 

POR4a Point Roberts on 
Tsawwassen 0.032 0.0000 0.0320 E2 

POR5a Tsawwassen 0.571 0.0000 0.5710 E2 

POR13b Saturna Island 0.004 - 
0.010 0.0006 0.0046 - 

0.0106 E2 

POR14b South Pender Island 0.004 - 
0.010 0.0000 0.004 - 0.01 E2 

POR15b Moresby Island 0.004 - 
0.010 0.0000 0.004 - 0.01 E2 

POR16b Patos Island 0.004 - 
0.010 0.0000 0.004 - 0.01 E2 
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POR ID Location 

Existing 
Light 

Trespass / 
Illuminance 

(lux) 

Future 
Container 

Ships 
Contribution 

(Lux) 

Cumulative 
Light 

Trespass / 
Illuminance 

(Lux)c 

CIE Light 
Trespass 

Classification 

POR17b Stuart Island 0.004 - 
0.010 0.0020 0.006 - 

0.012 E2 

POR18b Henry Island 0.004 - 
0.010 0.0000 0.004 - 0.01 E2 

POR19b Sidney Island 0.004 - 
0.010 0.0000 0.004 - 0.01 E2 

POR20b Suburb of Victoria 0.013 - 
0.571 0.0000 0.013 - 

0.571 E2 

POR21b Discovery Island 
Marine Provincial Park 

0.013 - 
0.571 0.0002 0.0132 - 

0.5712 E2 

POR22b 

Cattle Point in Victoria 
(Royal Astronomical 
Society of Canada 
[RASC] Urban Star 
Park) 

0.013 - 
0.571 0.0000 0.013 - 

0.571 E2 

POR23b East Sooke Park 0 - 0.004 0.0000 0 - 0.004 E2 

POR24b Jordan River Regional 
Park Campground 0 - 0.004 0.0000 0 - 0.004 E2 

POR25b Juan de Fuca Provincial 
Park 0.01 - 0.013 0.0000 0.01 - 0.013 E2 

Note: a These PORs were included in the light assessment for RBT2 (Section 9.4). 
  b These PORs were not considered in the 2014 RBT2 terminal light assessment.  
  c Cumulative illuminance level for light trespass is the sum of existing light trespass and the 

contribution from two container ships.  

The existing CIE light trespass classification for all PORs in the study is E2 (see 

Table 7.5-5). The results presented in Table 7.5-8 suggest that the CIE light trespass 

classification for all PORs in the study area is predicted to remain E2 once the RBT2-

associated shipping commences operations.  

Table 7.5-9 shows cumulative sky glow levels at the PORs due to the existing light sources 

and two simultaneous future container ship pass-bys, and corresponding classification of 

CIE sky glow zone. Comparing Table 7.5-5 and Table 7.5-9 shows that the existing CIE 

sky glow zones have no change for all the PORs, except that the sky glow zone is slightly 

changed at POR13 (Saturna Island) and POR17 (located in Stuart Island). The sky glow 

zone at POR13 and POR17 will be slightly changed from G2 or G3 (areas of low district 

brightness or suburban residential areas respectively), shown in Table 7.5-5, to G3 

(suburban residential areas), shown in Table 7.5-9.  
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However, Table 7.5-8 and Table 7.5-9 show the cumulative incremental illuminance and 

sky glow levels respectively due to the existing light levels and the contribution of two 

container ships that are simultaneously passing one POR, when the shipping route is closest 

to the POR, and during nighttime. The duration of this worst-case scenario is temporary, 

which only lasts for the time as the ships pass by a given POR. In reality, the light effect 

experienced at the PORs due to Project-associated shipping are believed to be lower than 

the results shown in Table 7.5-8 and Table 7.5-9 and it is assumed that at minimum half 

of the approximately one and a half ship movements per day will occur during the day 

rather than at night. 

Table 7.5-9 Cumulative Sky Glow Levels and the Corresponding Sky Glow Zone 

POR 
ID Location 

Existing Sky 
Glow (% 

brightness 
above natural 
background) 

Future Ships 
Contribution 

(% brightness 
above natural 
background) 

Cumulative Sky 
Glow (% 

brightness above 
natural 

background)c 

CIE Sky 
Glow 
Zone 

POR1a Galiano Island 95 0.04 95.04 G2 

POR2a Mayne Island 105 0.04 105.04 G3 

POR3a Mayne Island 167 0.04 167.04 G3 

POR4a Point Roberts on 
Tsawwassen 1,909 0.18 1,909.18 G4 

POR5a Tsawwassen 4,440 0.09 4,440.09 G4 

POR13b Saturna Island 95 - 167 6.83 101.83 - 173.83 G3 

POR14b South Pender 
Island 95 - 167 2.08 97.08 - 169.08 G2 or G3 

POR15b Moresby Island 95 - 167 0.46 95.46 - 167.46 G2 or G3 

POR16b Patos Island 95 - 167 0.74 95.74 - 167.74 G2 or G3 

POR17b Stuart Island 95 - 167 12.22 107.22 - 179.22 G3 

POR18b Henry Island 95 - 167 1.48 96.48 - 168.48 G2 or G3 

POR19b Sidney Island 95 - 167 0.56 95.56 - 167.56 G2 or G3 

POR20b Suburb of 
Victoria 613 – 5,735 0.27 613.27 – 5,735.27 G4 

POR21b 
Discovery Island 
Marine Provincial 
Park 

613 – 5,735 3.71 616.71 – 5,738.71 G4 

POR22b 

Cattle Point in 
Victoria (Royal 
Astronomical 
Society of 
Canada [RASC] 
Urban Star Park) 

613 – 5,735 0.15 613.15 – 5,735.15 G4 
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POR 
ID Location 

Existing Sky 
Glow (% 

brightness 
above natural 
background) 

Future Ships 
Contribution 

(% brightness 
above natural 
background) 

Cumulative Sky 
Glow (% 

brightness above 
natural 

background)c 

CIE Sky 
Glow 
Zone 

POR23b East Sooke Park 167 - 613 0.11 167.11 - 613.11 G3 or G4 

POR24b 
Jordan River 
Regional Park 
Campground 

20 - 95 0.03 20.03 - 95.03 G2 

POR25b Juan de Fuca 
Provincial Park 20 - 95 0.04 20.04 - 95.04 G2 

Note: a These PORs were included in the light assessment for RBT2 (Section 9.4). 
  b These PORs were not considered in the 2014 RBT2 terminal light assessment.   
  c Cumulative illuminance level for light trespass is the sum of existing light trespass and the 

contribution from two container ships simultaneously passing by.  

7.5.5.2 Summary of Potential Transboundary Changes 

POR16, POR17, and POR18 are located in the U.S.A, and predicted changes at these 

locations are shown in Table 7.5-7. The south side of Juan de Fuca Strait is in the U.S.A., 

which has a similar existing light environment as the north side of Juan de Fuca Strait in 

Canada. POR23, POR24, and POR25 can be considered representative of the U.S. side of 

Juan de Fuca Strait. Given the similarity of marine shipping activities in Washington State 

and B.C., RBT2-associated marine shipping activities are expected to have similarly low 

effects on light in the U.S.A. 

No mitigation measures are suggested as the light changes from marine shipping associated 

with the Project are anticipated to be so low that the CIE light trespass classification and sky 

glow zone at the PORs in the light assessment study area will not change or will only slightly 

change. Furthermore, mitigation options would be limited as container ship vessels are 

required to meet the safety requirements of Transport Canada, in particular, the 

requirements in the Standards for Navigating Appliances and Equipment document 

(Transport Canada 1983). 

7.5.6 Cumulative Change Assessment of Light 

This section considers the potential for light changes from routine marine shipping 

associated with the Project to interact with existing light conditions and light from future 

marine vessel movements and cause a cumulative change in the light environment.  
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7.5.6.1 Potential Cumulative Interactions and Effects 

In 2012, within the MSA, as described in Section 4.3 Future Marine Vessel Activity, the 

existing vessel movements per year were approximately 9,000 to 20,500 depending on the 

segment. In 2030, additional vessel movements are anticipated within the MSA, resulting in 

totals of approximately 12,000 to 25,000 vessel movements per year depending on the 

segment (see Table 4-7). Potential effects on light associated with interactions between 

marine shipping associated with the Project and future marine vessel activity within the 

study area are presented in Table 7.5-10. 

Table 7.5-10 Light and Marine Shipping Activity Potential Cumulative Effects 

Other 
Project/Activity Potential Interaction Description of Potential Cumulative Effect 

Future Marine 
Vessel Activity 

Increased light from 
additional vessel movements 

Illuminance levels and sky glow levels due to 
vessel transit are expected to increase. 

The cumulative light levels (i.e., illuminance and sky glow levels) at the PORs consist of the 

existing light levels and incremental light from RBT2-associated shipping, and the 

contribution of approved and/or proposed facilities, including incremental marine shipping 

associated with those facilities, in the light assessment study area. Existing light levels were 

summarised in Table 7.5-5. The light contribution from RBT2-associated shipping was 

presented in Table 7.5-7. The light contribution from RBT2-associated shipping shown in 

Table 7.5-7 reflects two container ships passing one POR simultaneously when the ships 

are at the closest location along the shipping routes to the given POR. Although there will be 

more future shipping than the Project-associated ship movements, the assessment has 

already assumed a cumulative scenario of two ships passing at the same time, which is a 

conservative assumption. There may be other smaller vessels passing at the same time, but 

not in the shipping lanes. Therefore, the cumulative illuminance levels and sky glow levels 

due to existing ship movements, incremental marine shipping associated with the Project, 

and future marine vessel activity at the PORs within the study area would be the same as 

the results shown in Table 7.5-8 and Table 7.5-9, respectively. The conclusions remain 

the same that, in the future (i.e., in 2030 and beyond), the CIE light trespass classification 

for all PORs in the study area is predicted to be unchanged due to incremental shipping, and 

the CIE sky glow zones have very slight changes for POR13 and POR17 and remain 

unchanged for the other PORs in the study area. The change is temporary, which only 

occurs during the time two ships simultaneously pass by a given POR. 
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7.5.7 Uncertainty and Reliability 

Since no field work was conducted to measure the existing illuminance levels and sky glow 

levels at PORs not included in the light assessment for the RBT2 terminal (Section 9.4 of the 

RBT2 EIS), existing conditions associated with these PORs were determined based on 

desktop review. As such, there is some uncertainty associated with existing conditions at 

these PORs (POR13 through POR25). This uncertainty has been addressed by relying on 

measurements of existing light conditions at similar PORs in the RBT2 light assessment 

(Section 9.4).  

There is no detailed lighting design information available for the container ships associated 

with the Project. Light trespass and sky glow effects due to Project-associated shipping were 

estimated based on the information about the lighting fixture and layout of a marine ship for 

the Woodfibre LNG Project (Golder 2014) as a proxy for the RBT2 representative ship.    

The reasonable and conservative assumptions made during the light assessment combined 

with the temporary and transient nature of light emissions from RBT2-associated shipping 

provide a high level of confidence in the prediction of potential changes to the light 

environment presented in this report. 

7.5.8  Summary of Assessment 

The conclusions of the light assessment are as follows: 

• Routine marine shipping activities associated with RBT2, specifically vessel 
movements, have the potential to change the existing light environment (i.e., 
increase illuminance levels and sky glow levels); however, the contribution due to 
RBT2-associated shipping was found to be low and temporary so that there is no 
change or slight and temporary change on the existing light environment at the 
PORs, and the existing CIE light classifications will remain the same or are slightly 
and temporarily changed; and 

• Cumulative growth in marine vessel traffic would not increase illuminance levels and 
sky glow levels at the PORs above the cumulative scenario assessed for marine 
shipping associated with the Project.    
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7.6 UNDERWATER NOISE EFFECTS ASSESSMENT 

This section discusses potential changes, including cumulative changes, to underwater noise 

due to marine vessel traffic associated with the Project. Project-associated marine shipping 

within the Marine Shipping Area (MSA) will create underwater noise that will interact with 

the existing underwater acoustic environment. Changes to the acoustic environment have 

been used to support the effects assessment of marine fish and fish habitat (Section 8.1), 

marine mammals (Section 8.2), and marine birds (Section 8.3).  

The majority of the information presented in this section was obtained from studies 

undertaken as part of the development of the RBT2 EIS. The underwater noise assessment 

for RBT2 established existing noise levels and effects associated with marine shipping both 

within and outside of PMV jurisdiction to the north, including the southern Strait of Georgia 

to Texada Island, and west through Juan de Fuca Strait to the 12 nautical mile territorial 

boundary. The results from the RBT2 EIS are therefore directly applicable to this 

assessment. Where appropriate, the reader is directed to RBT2 EIS Section 9.8 for further 

information on methodologies and background. 

Potential changes to underwater noise from potential accidents or malfunctions are 

described in Section 10.5.5 Potential Accidents or Malfunctions, Underwater Noise. 

7.6.1 Component Overview 

Underwater noise was selected as an intermediate component for this Marine Shipping 

Supplemental Report to inform the assessments of valued components (VCs) identified in 

this assessment and consistent with the Updated EIS Guidelines, section 17.1.1. Underwater 

noise will be emitted from vessels associated with the Project travelling in the MSA, and 

underwater noise has been raised as an important issue by members of the public and 

Aboriginal groups. Underwater noise currently exists in the Salish Sea from natural 

biophysical processes (i.e., wind, rain, waves, marine mammal and fish vocalisations), 

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 hydrophones, projections of future commercial vessel traffic, 

and acoustic modelling. Shipping associated with the Project will produce underwater noise 

that has the potential to interact with the existing acoustic environment.  
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7.6.2 Assessment Boundaries 

Temporal, spatial, and technical boundaries used in this assessment are described below. 

Administrative boundaries have not been identified as a constraint for this assessment. 

7.6.2.1 Temporal and Spatial Boundaries 

The temporal boundaries for this assessment are as described in Section 6.2.2 Temporal 

Boundaries. To be consistent with the RBT2 EIS, existing conditions are represented by the 

year 2012, while the effects assessment of increased vessel traffic associated with the 

Project is based on predicted activities in the year 2030, which is deemed to be 

representative of the RBT2 operation phase.  

The spatial boundaries for the assessment are summarised in Table 7.6-1. The local study 

area (LSA) was established to encompass the area within which underwater noise produced 

from marine shipping associated with Project operation may interact with and potentially 

have an effect on relevant VCs (see Figure 7.6-1). The regional study area is the same 

as the LSA.  

Table 7.6-1 Spatial Boundary Definitions for Underwater Noise 

Spatial Boundary Description of Study Area 

Local Study Area 

The LSA includes Segments A to G in the MSA (see Figure 4-1), the Canadian 
and U.S. southern resident killer whale (SRKW) critical habitat, excluding 
Puget Sound, and portions of North Pacific humpback whale critical habitat. 
This includes the southern Strait of Georgia to the western end of Juan de 
Fuca Strait, extending 4.2 km west of the 12 nautical mile territorial sea limit. 
The 4.2 km extension represents the extent of potential behavioural effects 
for marine mammals (see Section 8.2 Marine Mammals). 

Regional Study 
Area Same as the LSA. 

7.6.2.2 Technical Boundaries 

Underwater noise levels in the LSA were established by two different scales of acoustic 

modelling conducted as part of the RBT2 EIS: the Regional Monthly Cumulative Noise 

Exposure Study Area (Regional Model Area; RMA) with a spatial resolution of 800 m x 

800 m that includes almost all of the LSA and a smaller Focused Daily Temporal Noise 

Exposure Study Area (Focused Model Area; FMA) with a finer resolution of 200 m x 200 m 

that partially covers the LSA (Figure 7.6-2). The FMA was at a finer scale of resolution to 

inform subsequent models examining potential effects of underwater noise to SRKW 

(see Section 8.2 Marine Mammals and Section 14.0 of the RBT2 EIS).  
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As well as RBT2-associated vessels transiting through the LSA, underwater noise modelling 

also considered RBT2 operational activity within PMV jurisdiction, including container ship 

approach, departure, berthing, and unberthing (hereafter referred to Project-associated 

shipping). However, the contribution of underwater noise from small recreational or 

commercial vessel traffic, including whale watching vessels, was not included in the 

underwater noise model (RBT2 EIS Section 9.8). Modelling of existing underwater noise 

levels was produced by applying known source levels measured or obtained from literature 

to Vessel Traffic Operations Support System (VTOSS)1 data. VTOSS tracks 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, were sparsely represented in VTOSS, and were therefore incompletely captured. 

Small vessels have much lower source levels than large merchant ships; therefore, their 

noise contribution along major shipping routes is expected to be negligible in the model. 

However, the model may underestimate noise levels in some geographic areas where vessel 

traffic consisted of high concentrations of small boats. These errors cannot be quantified, at 

present, due to lack of reliable data on small vessel movements.  

As noted above, existing vessel data were based on VTOSS data of tracked commercial 

vessel traffic, including container ships, oil tankers, tugs, ferries, bunkers, and other 

commercial vessel traffic (RBT2 EIS Appendix 9.8-B). Existing conditions for the marine 

traffic in the MSA for the marine shipping assessment (Section 4.0 Activity Description) 

were based on Automatic Identification System (AIS) 2012 data. The two data sets have 

some differences but are comparable as VTOSS incorporates AIS data. The main difference 

is that VTOSS data do not include some government vessels (e.g., Canadian Coast Guard, 

military). The number of government vessels is small compared to the total number of 

vessels in the RMA and furthermore, these vessel types are not as loud as merchant ships 

and ferries. Therefore, the omission of these vessels is not expected to be a large source of 

error. 

To predict the spatial extent of underwater noise from container ships for this assessment, a 

transmission loss model was used in four locations where container ships transit in 

commercial shipping lanes within the LSA (see Appendix 7.6-A for more information). In 

this model, measured source levels for the largest class of container ship (Triple E-class) 

were not available and were estimated using measurements of smaller container ships 
                                           
1  VTOSS represents the regional vessel traffic management system for Canadian Coast Guard Marine 

Communications and Traffic Services in use up until 2010. 
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(up to 367 m) with a 1.67 decibel (dB) adjustment to account for the larger size 

(see Section 7.6.3.1 and Appendix 7.6-A for more information). The adjustment for the 

modelled ship was done to account for the larger ships predicted to call at RBT2 by 2030. 

However, the modelled ship is larger than the representative container ship described in 

Section 4.2.1.1 Type of RBT2 Container Vessels (Table 4-4) which has a length overall 

(LOA) of 338 m. The source level for the representative ship would be equivalent to the 

source level without the 1.67 dB adjustment. The modelling therefore represents a 

conservative approach (i.e., a larger and therefore, louder ship).  

To inform the RBT2 EIS, underwater noise data were collected with hydrophones in multiple 

locations. However, measurements were localised and did not capture the acoustic 

environment in the wider LSA for this supplemental assessment. 

7.6.3 Information Sources 

As part of the assessment, a review of existing underwater noise information was 

conducted. A summary of previous studies and information used to support the 

characterisation of existing and future conditions, including studies conducted to inform the 

RBT2 EIS (Section 9.8), is presented in Table 7.6-2. These studies were used to provide a 

historical perspective of underwater noise levels within the LSA and informed underwater 

noise predictions for this assessment. Aboriginal traditional knowledge relevant to the 

assessment of underwater noise was not available. 

Table 7.6-2 Existing Information Used to Inform the Underwater Noise 
Assessment 

Topic Reference Study Description 

Ambient Underwater 
Noise 

Austin et al. 2007a,b, 
Zykov et al. 2007, Li 
and Warner 2010 

Studies to inform the Deltaport Third Berth 
Project Environmental Assessment from 2007-
2010. 

Austin et al. 2006 
Ambient noise measurements in the Strait of 
Georgia conducted by BC Hydro for a 
transmission line corridor. 

Commercial Vessels  

Ross 1976, Urick 
1983, Bassett et al. 
2012, McKenna et al. 
2012 and 2013 

Container ship source levels and operational 
parameters affecting source levels (i.e., 
operational speed). 

Erbe et al. 2012 Underwater noise from commercial vessel traffic 
on the B.C. coast. 

Ambient Underwater 
Noise Study (RBT2 EIS 
Study) 

SMRU et al. 2014a 
Field studies to obtain ambient underwater noise 
measurements in the vicinity of RBT2 and 
regionally in the MSA. 
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Topic Reference Study Description 

Ship Sound Signature 
Analysis (RBT2 EIS 
Study) 

Hemmera et al. 2014a 
Field study to measure container ship and tug 
vessel sound source levels and signatures at 
different speeds, as well as transmission loss. 

Regional Commercial 
Vessel Traffic 
Underwater Noise 
Modelling Study (RBT2 
EIS Study) 

RBT2 EIS Appendix 
9.8-B 

A model to predict underwater noise levels 
regionally from existing and future commercial 
vessel traffic in the Salish Sea. Appendix A of this 
document includes a maritime traffic analysis for 
underwater noise modelling in the regional area. 

Trans Mountain 
Expansion Project 
assessment 

TMX 2013, Volume 
8B, Appendix A 

Modelled underwater noise from tankers and tugs 
in four representative scenarios transiting 
through the Strait of Georgia, Haro Strait, Juan 
de Fuca Strait, and north of Cape Flattery. 
Audiogram weighting was used to estimate sound 
levels above hearing threshold for killer whales, 
humpback whales, harbour porpoises, and Steller 
sea lions. 

Note:  a These studies can be found on the RBT2 website: 
http://www.portmetrovancouver.com/RBT2/environmentalassessment. 

7.6.3.1 RBT2 Underwater Noise Studies 

A number of studies were conducted by JASCO Applied Sciences (Canada), SMRU Ltd. 

(Canada), and Hemmera Envirochem Inc. to inform the RBT2 EIS. The RBT2 studies 

measured (with hydrophones) or predicted (with models) underwater noise levels in the 

Salish Sea. These studies characterised RBT2-related construction and operation underwater 

noise that could have an effect on relevant VCs. However, due to the endangered status of 

SRKW, underwater noise studies were also conducted in designated Canadian and U.S. 

critical habitat for SRKW to provide ecological and regulatory context to the RBT2 EIS (see 

RBT2 EIS Figure 9.8-1). Studies in this area included characterisation of the existing 

underwater noise levels, prediction of underwater noise levels for future conditions with 

marine shipping traffic associated with the Project, and 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.  

The results of these studies have therefore been used to establish existing and future 

conditions within the LSA and are further described below. 

Underwater Noise Field Studies with Hydrophones 

To inform the RBT2 EIS, underwater noise data were collected with hydrophones in multiple 

locations (Figure 7.6-2).  
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From July 19 to September 24, 2012, a real-time cabled hydrophone recorded ambient 

underwater noise levels at Lime Kiln State Park, Washington, U.S.A.  

In 2012 and 2013, an autonomous multichannel acoustic recorder 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 autonomous multichannel acoustic recorders were deployed in 

the following locations (SMRU et al. 2014): 

• Roberts Bank; 

• The Strait of Georgia;  

• Haro Strait (one in Canadian and one in U.S. waters);  

• The Victoria pilot station; and 

• U.S. waters off of Lime Kiln State Park on San Juan Island. 

During these studies, sound pressure levels (SPLs) and power spectral density levels were 

recorded and analysed to determine ambient underwater noise levels over several 

frequency bands and time scales (SMRU et al. 2014). All these locations are within the 

marine shipping underwater noise LSA and were used to inform underwater noise models 

conducted for the RBT2 EIS and reported in this assessment. 

Underwater Noise Modelling Study 

To inform the RBT2 EIS, a modelling study was conducted to predict the underwater noise 

produced from tracked commercial vessel traffic, including container ships, oil tankers, tugs, 

ferries, bunkers, and other commercial vessel traffic. The acoustic model accounted for 

sound speed profile, transmission loss, seabed geoacoustics, bathymetry, and ambient 

underwater noise from wind. A number of field studies were conducted to provide 

information used in the acoustic models, including site-specific transmission loss studies, 

vessel source levels (unique noise signatures of different vessels and classes) (Hemmera et 

al. 2014), and ambient weather-driven underwater noise measurements (SMRU et al. 

2014). Vessel source levels were also determined from an extensive dataset of underwater 

noise recordings of commercial vessel traffic collected at Lime Kiln State Park, Washington 

(Hemmera et al. 2014), and were supplemented by acoustic measurements obtained from 

previous PMV studies at Roberts Bank and best available literature. The same source levels 
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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). For more information and 

detailed methods see Figure A-2 in RBT2 EIS Appendix 9.8-B.  

For this assessment, mean monthly SPLs for winter and summer (January and July) were 

extracted from the regional noise modelling conducted for the RBT2 EIS at locations 

transecting the shipping lanes throughout the LSA (see Figure 7.6-3). SPLs were predicted 

for existing underwater noise levels, future conditions with marine shipping traffic 

associated with the Project, and incremental cumulative changes with the influence of other 

certain and reasonably foreseeable projects and activities that will be carried out. 

7.6.3.2 Additional Marine Shipping Underwater Noise Studies 

To inform this marine shipping assessment, additional underwater noise modelling was 

conducted to further characterise potential changes to the underwater acoustic environment 

along the shipping lanes in the full extent of the LSA. The spatial propagation of underwater 

noise from a transiting container ship was modelled in four locations along the shipping 

lanes (see Figure 7.6-4 and Appendix 7.6-A). This modelling does not include existing 

shipping traffic and used the lowest 5th percentile of ambient noise measurements (i.e., 

noise from wind and very distant shipping) for estimating the zone of audibility (see 

Section 8.2 Marine Mammals). Therefore, the model outputs represent the worst-case 

scenario, with respect to changes in unweighted sound levels. 

7.6.4 Existing Conditions 

This section describes the existing underwater noise environment in the LSA. The 

assessment has largely been drawn from work undertaken to inform the RBT2 EIS 

(Section 9.8), where underwater noise was modelled on a regional scale which included 

most of the LSA for this assessment. Where appropriate, the reader is directed to relevant 

sub-sections of the RBT2 EIS for further information.gure 7.6-1Figure 7.6-2Figure 7.6-3Figure 7.6-4 

7.6.4.1 Hydrophone Measured Underwater Noise Levels in the Local Study Area 

As explained in Section 7.6.3.1 and shown in Figure 7.6-2, underwater noise data from 

seven hydrophones deployed as part of the RBT2 environmental assessment were used to 

characterise ambient sound levels at locations in the LSA. 
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Ambient underwater noise levels at all locations in the LSA 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 locations where ambient underwater noise was measured in the LSA, 

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 location, which is 

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 (SMRU et al. 2014). Mean broadband noise levels were 

highest at Roberts Bank (i.e., 120.2 dB re 1 microPascal (μPa) [0.01 to 48 kilohertz (kHz)] 

from the 2012 deployment and 119.5 dB re 1μPa [0.12 to 100 kHz] from the 2013 to 2014 

deployment). In comparison, the mean broadband noise level at Lime Kiln was 112.1 dB re 

1μPa [0.02 to 96 kHz]. 

For the other locations, the overall spectral trend of median ambient levels, measured as 

power spectral density (PSD), was consistent (Figure 7.6-5). Differences below 200 hertz 

(Hz) were primarily due to varying levels of tidally-induced pseudo-noise (i.e., high velocity 

water flow noise on hydrophones) between sites. 

Figure 7.6-5 Ambient Noise Levels Measured at Roberts Bank, the Strait of 
Georgia, Haro Strait, Lime Kiln, and Juan de Fuca Strait in 2013 
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7.6.4.2 Modelled Existing Underwater Noise Levels in the Local Study Area  

Figure 7.6-6 shows the mean predicted existing noise levels for the LSA in winter 

(represented by January) and summer (represented by July). Summary statistics extracted 

from the modelled outputs shown on Figure 7.6-6 are as follows: 

• Mean SPL for the LSA; 

• Mean SPL for each shipping segment; and 

• Mean SPL at 48 locations along transects intersecting the international shipping 
lanes. 

The mean SPL in the LSA was 122.14 dB re 1 µPa in winter and 117.54 dB re 1 µPa in 

summer. Mean SPL within 4 km of the RBT2-associated transit routes (from Roberts Bank in 

the international shipping lanes to the entrance of Juan de Fuca Strait) was 121.75 dB re 

1 µPa in winter and 119.32 re 1 µPa in summer. 

Underwater noise levels were greater on average in the winter due to increased propagation 

of sound in colder water. Mean SPL for Segments A, B, C, and D were 124.05, 116.79, 

121.74, and 119.63 dB re 1 µPa, respectively, in winter and 112.75, 114.17, 117.71, and 

114.16 dB re 1 µPa, respectively, in summer (Appendix 7.6-B: Table 7.6-B1).  

Forty-eight locations were selected along transects from the shipping lanes to shore to 

characterise existing monthly mean received levels throughout the LSA within the limit of 

the modelling area (Figure 7.6-3). SPLs ranged from 106.92 dB re 1 µPa to 129.98 dB 

re 1 µPa in the winter and 93.07 dB re 1 µPa to 128.66 dB re 1 µPa in the summer 

(Appendix 7.6-B: Table 7.6-B2). SPLs were generally the highest within the main 

commercial shipping lanes and decrease towards shore (Appendix 7.6-B: Table 7.6-B2; 

Figure 7.6-3; Figure 7.6-6).  

7.6.5 Incremental Increases in Underwater Noise from Marine Shipping 
Associated with the Project  

Potential changes associated with interactions between identified activities and underwater 

noise are presented in Table 7.6-3.  
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Table 7.6-3 Underwater Noise and Marine Shipping Activity Interactions  

Activity/Event 
Interaction  

(Y/N) 
Potential for Change Rationale 

Vessel Transit Y Increase in underwater noise along the shipping routes within 
the LSA. 

Changes in underwater noise due to future vessel traffic associated with the Project are 

described in Section 7.6.5.1, and in combination with other certain and reasonably 

foreseeable projects and activities in Section 7.6.6.  

As noted previously, potential changes to underwater noise from potential accidents or 

malfunctions are described in Section 10.5.5 Potential Accidents or Malfunctions, 
Underwater Noise. 

7.6.5.1 Changes in Underwater Noise from Vessel Transit Associated with the 
Project 

Vessel traffic associated with the Project will include 260 vessel calls per year (520 

additional vessel movements) through the Strait of Georgia, Haro Strait, and Juan de Fuca 

Strait, and 780 movements in the waters south of Victoria (Segment C)2. Container ships 

that currently transit the routes within the LSA produce underwater noise when underway 

from their diesel engines, propellers, and onboard machinery.   

Changes in underwater noise from transiting vessels in the LSA were predicted using 

acoustic models developed and described in RBT2 EIS Appendix 9.8-B. Activities that were 

modelled together and described include container ship approach and departure, berthing 

and unberthing within PMV jurisdiction, and transiting vessels outside of PMV jurisdiction. 

Figure 7.6-6 shows the mean predicted noise levels for marine shipping associated with 

the Project in the LSA during winter (January) and summer (July). Summary statistics 

extracted from the modelled outputs shown on Figure 7.6-6 are as follows: 

• Mean SPL for the LSA; 

• Mean SPL for each shipping segment; 

• Mean SPL at 48 locations along transects intersecting the international shipping 
lanes; and 

• Spatial propagation of underwater noise from four locations in the LSA 
(Figure 7.6-4). 

                                           
2  The additional movements in this area are related to ships passing through Segment C multiple times to pick-

up and drop-off pilots (Section 4.0 Activity Description). 
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Mean monthly SPLs were calculated for future marine traffic with shipping associated with 

the Project for January and July in the LSA (Figure 7.6-6). In 2030, the predicted mean 

SPL of marine shipping associated with the Project in the LSA was 122.17 dB re 1 µPa in 

winter and 117.56 dB re 1 µPa in summer, which represents a change from existing 

conditions of 0.03 dB re 1 µPa and 0.02 dB re 1 µPa, respectively, as a result of Project-

associated shipping.  

Mean SPLs of marine shipping associated with the Project in the winter for Segments A, B, 

C, and D were 124.07 dB re 1 µPa, 116.87 dB re 1 µPa, 121.77 dB re 1 µPa, and 119.74 dB 

re 1 µPa, respectively (Appendix 7.6-B: Table 7.6-B1), representing changes of 0.01 dB 

re 1 µPa, 0.08 dB re 1 µPa, 0.04 dB re 1 µPa, and 0.11 dB re 1 µPa, respectively, as a result 

of Project-associated shipping. In the summer, mean SPLs of marine shipping associated 

with the Project for Segments A, B, C, and D were 112.78 dB re 1 µPa, 114.19 dB re 1 µPa, 

117.72 dB re 1 µPa, and 114.22 dB re 1 µPa, respectively (Appendix 7.6-B: 

Table 7.6-B1), representing a change of 0.03 dB re 1 µPa, 0.03 dB re 1 µPa, 0.01 dB re 

1 µPa, and 0.07 dB re 1 µPa, respectively, as a result of Project-associated shipping. 

Predicted underwater noise levels extracted from the 48 locations (Figure 7.6-3) ranged 

from 106.92 dB re 1 µPa to 129.98 dB re 1 µPa in the winter and 93.08 dB re 1 µPa to 

128.66 dB re 1 µPa in the summer (Appendix 7.6-B: Table 7.6-B2). Compared to existing 

underwater noise levels, SPLs of marine shipping associated with the Project in these 

locations were similar with changes ranging from no change in locations 47 and 48 in 

eastern Juan de Fuca Strait in U.S. waters to a maximum increase of 0.48 dB re 1 µPa at 

location 11 in Boundary Passage (Appendix 7.6-B: Table 7.6-B2; Figure 7.6-6). 

The results of the spatial propagation modelling are shown in Figure 7.6-7 to Figure 

7.6-10. The figures show the unweighted SPL for a single container ship in four locations at 

transiting speed (for more information see Appendix 7.6-A). Figure 7.6-11 shows the 

marine mammal behavioural response threshold of 120 dB; for Location 4, the maximum 

extent of underwater noise from the transiting container ship is predicted to be about 

4.2 km (see also Appendix 7.6-A: Table 2). This modelling does not include existing 

shipping traffic and used the lowest 5th percentile of ambient noise measurements 

(Appendix 7.6-A). Therefore, this represents a conservative approach; in estimating the 

zone of audibility of marine mammals or fish, 95% of the time the ambient noise will be 

louder and the zone of audibility will be smaller. Sound propagation was predicted 

with JASCO’s Marine Operations Noise Model (Li and MacGillivray 2014), as detailed in 



PORT METRO VANCOUVER | Roberts Bank Terminal 2 Marine Shipping Supplemental Report 

Page | 7.6-12  

Appendix 7.6-A. For this study, the transmission loss model was updated with seabed 

geoacoustics and sound speed profiles based on historical temperature and salinity data 

from Fisheries and Oceans Canada for January (Appendix 7.6-A). January sound speed 

profiles represent the most conservative sound propagation conditions in the study area 

because the January (winter) sound speed profile traps energy near the sea surface (i.e., in 

a surface duct), and favours longer-range propagation. For discussion on the potential 

effects on VCs see Section 8.1 Marine Fish and Fish Habitat, Section 8.2 Marine 

Mammals, and Section 8.3 Marine Birds. 

7.6-6 
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Figure 7.6-7 Isopleth Map of Unweighted SPL for a Single Container Ship in the Strait of Georgia Modelled at 
Transiting Speed (Location 1) 
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Figure 7.6-8 Isopleth Map of Unweighted SPL for a Single Container Ship in Haro Strait Modelled at Transiting 
Speed (Location 2) 
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Figure 7.6-9 Isopleth Map of Unweighted SPL for a Single Container Ship in Juan de Fuca Strait Modelled at 
Transiting Speed (Location 3) 
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Figure 7.6-10 Isopleth Map of Unweighted SPL for a Single Container Ship in the West of Juan de Fuca Strait 
Modelled at Transiting Speed (Location 4) 
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Figure 7.6-11 Isopleth Map of Marine Mammal Behavioural Response Threshold for a Single Container Ship 
Modelled at Transiting Speed in Two Locations (3 and 4) 
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7.6.5.2 Summary of Potential Transboundary Changes 

Changes to underwater noise are expected to be similar in U.S. and Canadian waters, given 

the similar types of marine shipping activities in Washington and B.C. Other certain and 

reasonably foreseeable projects and activities occurring in U.S. waters have been included 

in the regional noise modelling as described in RBT2 EIS (Appendix 9.8-B). 

7.6.6 Cumulative Change Assessment  

This section considers the potential for underwater noise from marine shipping associated 

with the Project, and from other existing and future projects and activities, to interact and 

cause a cumulative change.  

7.6.6.1 Potential Cumulative Interactions and Changes 

Potential interactions between certain or reasonably foreseeable projects and activities 

assessed are described in Table 7.6-4. For more information on these projects and the 

rationale for not including other future projects see Appendix 6-A Certain and 

Reasonably Foreseeable Projects and Associated Activities Considered in the 

Marine Shipping Cumulative Effects Assessments.  

Table 7.6-4 Underwater Noise and Marine Shipping Activity Potential 
Cumulative Effects  

Other Project/Activity Potential Interaction Description of Potential 
Cumulative Effecta 

Neptune Terminals Coal 
Handling Capacity 
Expansion 

Underwater noise from 
bulker traffic. 

Increase in underwater noise 
from increase of 60 Panamax 
bulkers annually. 

Richardson International 
Grain Storage Capacity 
Project 

Underwater noise from 
bulker traffic. 

Increase in underwater noise 
from increase of 12 Panamax 
bulkers annually. 

Pacific Coast Terminals 
Expansion and Improvement 
Project  

Underwater noise from 
chemical carrier traffic. 

Increase in underwater noise 
from increase of 104 chemical 
carriers annually. 

Fraser Surrey Docks 
Direct Coal Transfer 
Facility 

Underwater noise from 
barge and bulker traffic. 

Increase in underwater noise 
from increase of 500 cargo 
barges and 80 Panamax bulkers 
annually. 

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

Underwater noise from 
bulker traffic. 

Increase in underwater noise 
from increase of 318 Panamax 
and 169 Capesize bulkers 
annually. 
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Other Project/Activity Potential Interaction Description of Potential 
Cumulative Effecta 

Trans Mountain Expansion 
Project 

Underwater noise from 
tanker traffic. 

Increase in underwater noise 
within the Strait of Georgia 
from increase of 360 tankers 
(with tugs) annually. 

Vancouver Airport Fuel 
Delivery Project 

Underwater noise from 
tanker and barge traffic. 

Increase in underwater noise 
within the Strait of Georgia 
from increase of 12 tankers and 
48 barges annually. 

Incremental marine 
vessel traffic associated 
with RBT2 (Deltaport 
Terminal Road and Rail 
Improvement Project) 

Underwater noise from 
container vessel traffic. 

Increase in underwater noise 
within the Strait of Georgia 
from increase of 43 container 
ships annually.  

a Source information: From Appendix 6-A and RBT2 EIS Appendix 30-A, Table B-3. 

7.6.6.2 Modelled Underwater Noise Levels in the Local Study Area 

Underwater noise levels were predicted in the LSA from marine shipping associated with 

RBT2 and other commercial vessel traffic projected in 2030. Sources of underwater noise 

from commercial vessel traffic during existing conditions, as well as shipping traffic 

associated with other projects and activities that are certain or reasonably foreseeable were 

considered. See Appendix 6-A and RBT2 EIS Appendix 30-A for current and projected 

number of vessel calls by vessel type and project.  

Figure 7.6-6 shows the mean predicted Project-associated underwater noise levels for the 

LSA during winter and summer. Summary statistics extracted from the modelled outputs 

shown on Figure 7.6-6 are as follows: 

• Mean SPL for the LSA; 

• Mean SPL for each shipping segment; and 

• Mean SPL at 48 locations along transects intersecting the international shipping 
lanes. 

The mean SPL in the LSA from all future commercial vessel traffic, including marine shipping 

associated with RBT2 and other projects and activities that are certain or reasonably 

foreseeable, was 122.22 dB re 1 µPa in winter and 117.60 dB re 1 µPa in summer, 

representing a 0.08 dB re 1 µPa and 0.06 dB re 1 µPa increase over existing conditions, 

respectively.  
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Mean SPLs in the winter for Segments A, B, C, and D were 124.09 dB re 1 µPa, 117.00 dB 

re 1 µPa, 121.94 dB re 1 µPa, and 119.92 dB re 1 µPa, respectively (Appendix 7.6-B: 

Table 7.6-B1). This represents changes of 0.04 dB re 1 µPa, 0.21 dB re 1 µPa, 0.20 dB re 

1 µPa, and 0.29 dB re 1 µPa, respectively, as a result of shipping from future projects and 

activities, including Project-associated shipping. In the summer, mean SPLs of marine 

shipping associated with future projects and activities, including Project-associated shipping 

for Segments A, B, C, and D, were 112.80 dB re 1 µPa, 114.26 dB re 1 µPa, 117.82 dB re 

1 µPa, and 114.33 dB re 1 µPa, respectively (Appendix 7.6-B: Table 7.6-B1), 

representing changes of 0.05 dB re 1 µPa, 0.09 dB re 1 µPa, 0.11 dB re 1 µPa, and 0.18 dB 

re 1 µPa, respectively. 

Predicted cumulative underwater noise levels extracted at 48 specific locations ranged from 

106.94 dB re 1 µPa to 129.98 dB re 1 µPa in winter and 93.08 dB re 1 µPa to 128.66 dB re 

1 µPa in summer (Figure 7.6-3; Appendix 7.6-B: Table 7.6-B2). Compared to existing 

underwater noise levels, SPLs of marine shipping associated with the Project, in combination 

with future projects and activities, were similar, with changes ranging from a decrease of 

0.002 dB re 1 µPa to a maximum increase of 1.12 dB re 1 µPa at location 21 in the eastern 

part of Juan de Fuca Strait in U.S. waters (Appendix 7.6-B: Table 7.6-B2). Location 21 is 

within commercial shipping lanes through Rosario Strait. This route is predicted to be used 

by vessels from future projects such as bulkers from Gateway Pacific Bulk Terminal at 

Cherry Point, but not RBT2-associated ships. 

Future increases in commercial vessel traffic, including Project-associated shipping, are 

expected to make a relatively small contribution to overall underwater noise levels in the 

LSA due to the high density of existing commercial vessel traffic (see Appendix 7.6-B: 

Tables 7.6-B1 and 7.6-B2; Figure 7.6-6). The prediction that commercial vessel traffic in 

the LSA 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 underwater noise from commercial vessel traffic to the acoustic environment. 

7.6.7 Uncertainty and Reliability 

This marine shipping supplemental assessment utilised much of the data and modelling 

conducted for the RBT2 EIS. Uncertainties, sensitivities, and reliability of field work and 

underwater noise propagation modelling and mapping are detailed below and in RBT2 EIS 

Section 9.8.10. Conservative assumptions incorporated into the underwater noise modelling 

are also discussed.  
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7.6.7.1 Noise Propagation Modelling and Mapping 

Existing Underwater Noise Conditions 

Acoustic modelling conducted for the RBT2 EIS (Appendix 9.8-B) and used in this 

assessment 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 LSA (Mouy et al. 2012, SMRU 

et al. 2014). 

Modelling of existing underwater noise levels 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, which are sparsely represented in VTOSS, are therefore incompletely captured. 

Prediction of Underwater Noise From Marine Shipping Associated with the Project 

Conservative assumptions were incorporated into the modelling of underwater noise from 

marine shipping associated with the Project conducted for the RBT2 EIS (Appendix 9.8-B) 

and used in this assessment. 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 (i.e., sound travels further). In addition, the inclusion of 

berthing and transits within PMV jurisdiction are also considered conservative for this 

assessment. Furthermore, modelling of RBT2-associated vessel traffic included increases in 

vessel traffic associated with Westshore Terminals and Deltaport Terminal (associated 

with the Deltaport Terminal Road and Rail Improvement Project). Therefore in addition to 

520 vessel movements associated with RBT2, a further 86 vessel movements were included 

for the modelling scenario for RBT2-associated shipping. 

Container Ship Noise Propagation Modelling 

The spatial propagation of underwater noise from a transiting container ship modelled for 

this assessment in four locations along the shipping lanes did not include underwater noise 

produced by existing commercial vessel traffic or other human-generated noise sources. 

Therefore, this represents a conservative approach; in estimating the zone of audibility of 

marine mammals or fish, 95% of the time the ambient noise will be louder and the zone of 

audibility will be smaller. 
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Also, no source levels are available for Triple E-class container ships, so SPLs were 

estimated by scaling measurements of somewhat smaller container ships by the length 

ratio. In the absence of source level measurements for this class of vessel, it is unknown 

how the scaled measurements accurately represent their noise emissions. 

Cumulative Commercial Vessel Traffic Modelling 

Vessel Traffic Projections 

The VTOSS database used as underlying vessel data for the RBT2 EIS underwater noise 

modelling (Appendix 9.8-B) and in informing this assessment may underestimate existing 

ship density and consequently existing underwater noise at some locations inside the study 

area. Small vessels (typically less than 20 m to 30 m in length), including whale watching 

vessels, were not included in the VTOSS data.  

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. 

Source Levels 

Accurate source-level estimates are necessary for modelling underwater noise from 

commercial vessel traffic from different vessel types, including the underwater noise 

modelling conducted for RBT2 EIS (Appendix 9.8-B) and used to inform this assessment. 

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 Whale Museum Beam Reach dataset and encompasses 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. Source levels of 

category 10 were derived principally from measurements of ocean-going support vessels 

50 m to 100 m LOA; it is unknown how well they represent other category 10 vessels in the 

study area. Also, very few published measurements exist for vessels smaller than 25 m 

(categories 12 and 13) and VTOSS tracking data for those categories were limited.  
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Transmission Loss 

Accurate model predictions of underwater sound propagation (transmission loss) are 

necessary for estimating commercial vessel traffic noise in the LSA. Prior to conducting the 

underwater noise modelling for the RBT2 EIS (Appendix 9.8-B) and used to inform this 

assessment, considerable effort was made to validate the numerical acoustic models with 

data from field studies (see Hemmera et al. 2014). Numerical transmission loss models are 

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 RMA; however, 

seabed geoacoustic data 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 the eastern part of 

Juan de Fuca Strait). 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. 

7.6.8 Summary of Assessment 

Overall, average underwater noise predicted for the future with the addition of Project-

associated shipping is expected to be comparable to average existing levels of underwater 

noise, but will at times exceed existing conditions. During future conditions with marine 

shipping associated with the Project, and other existing and future projects and activities, 

cumulative changes to the mean underwater noise levels in the LSA during winter (January) 

and summer (July) were 122.22 dB re 1 µPa and 117.60 dB re 1 µPa, respectively, 

representing a 0.08 dB re 1 µPa and 0.06 dB re 1 µPa increase, respectively, over existing 

conditions, respectively. Mean SPLs in winter in Segments A, B, C, and D were 124.09 dB 

re 1 µPa, 117.00 dB re 1 µPa, 121.94 dB re 1 µPa, and 119.92 dB re 1 µPa, respectively 

(Appendix 7.6-B: Table 7.6-B1), representing changes of 0.04 dB re 1 µPa, 0.21 dB re 

1 µPa, 0.20 dB re 1 µPa, and 0.29 dB re 1 µPa, respectively, as a result of shipping from 

future projects and activities. In summer, mean SPLs of marine shipping associated with 

future projects and activities for Segments A, B, C, and D were 112.80 dB re 1 µPa, 

114.26 dB re 1 µPa, 117.82 dB re 1 µPa, and 114.33dB re 1 µPa, respectively 

(Appendix 7.6-B: Table 7.6-B1), representing changes of 0.05 dB re 1 µPa, 0.09 dB re 

1 µPa, 0.11 dB re 1 µPa, and 0.18 dB re 1 µPa, respectively. 
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Sound pressure levels extracted at 48 specific locations from regional noise modelling 

conducted to inform the RBT2 EIS ranged from 106.94 dB re 1 µPa to 129.98 dB re 1 µPa 

in winter and 93.08 dB re 1 µPa to 128.66 dB re 1 µPa in summer (Figure 7.6-3; 

Appendix 7.6-B: Table 7.6-B2). SPLs for future projects and activities were similar to 

existing SPLs; changes ranged from a decrease of 0.002 dB re 1 µPa to a maximum 

increase of 1.12 dB re 1 µPa at location 21 in the eastern part of Juan de Fuca Strait in U.S. 

waters (Appendix 7.6-B: Table 7.6-B2). The similar sound levels from existing to future 

scenarios are also represented in Figure 7.6-6. 

Future increases in commercial vessel traffic are expected to make a relatively small 

contribution to overall underwater noise levels in the LSA, due to the high density of 

existing commercial vessel traffic (see Appendix 7.6-B: Tables 7.6-B1 and 7.6-B2; 

Figure 7.6-6). 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.   
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8.0 MARINE BIOPHYSICAL ENVIRONMENT EFFECTS ASSESSMENTS 

The following sections describe potential marine biophysical effects resulting from marine 

shipping associated with the Project within the Marine Shipping Area (MSA): 

 Marine Fish and Fish Habitat (Section 8.1); 

 Marine Mammals (Section 8.2); and 

 Marine Birds (Section 8.3). 

For each of these marine biophysical valued components (VCs), Sections 8.1 through 8.3 

describe existing conditions and the assessment of potential effects, including cumulative 

effects. These assessments, in part, draw on the assessment of anticipated changes to 

intermediate components described in Section 7.0 Physical Environment Effects 

Assessments.   

The selection of marine biophysical VCs and associated sub-components and representative 

species considered federally and provincially listed species at risk and species of special 

status that have the potential to be affected by RBT2-associated vessel activities. The 

provincial and federal rankings of marine mammal species with the potential to occur within 

the MSA are provided in Table 8.2-3, and information is not repeated in this introduction. A 

list of marine fish and marine bird species that have the potential to occur in the MSA was 

developed according to the following process:  

1) The B.C. Conservation Data Centre (CDC) database1 was queried to establish a list of 

all species at risk or of conservation concern occurring within B.C. Status rankings 

from Schedule 1 of the Species at Risk Act (SARA), B.C. status listings, as well as 

status rankings by the Committee on the Status of Endangered Wildlife in Canada 

(COSEWIC) were incorporated into the list. Searches were conducted for the known 

occurrence of these species within B.C., and filters were not applied to avoid the 

potential exclusion of species.  

                                          

1
   B.C. Conservation Data Centre database available at: http://www.env.gov.bc.ca/cdc/ 
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2) To refine the list of species for B.C. to those species with the potential to occur in the 

MSA, databases including Hectares BC2 and B.C. Marine Conservation Analysis Atlas3  

were queried, species at risk information on the Government of Canada’s Species at 

Risk Public Registry (Schedule 1)4 was reviewed, and species range maps, habitat 

associations, and records of documented occurrences were referenced. Records of 

documented occurrence were derived from the B.C. Coastal Waterbird Survey Data 

database5, eBird database6, E-Fauna BC database7, E-Flora BC database8, the 

Boundary Bay bird species checklists9, published records of species occurrences, and 

spatial records derived from the CDC. 

3) For marine fish species, depth ranges and habitat preferences were also considered 

to refine the list, as some listed species are only found along the continental slope 

(e.g., darkblotched rockfish) or at depths that exceed those within the MSA 

(e.g., longspine thornyhead). 

A complete list of species at risk and species of conservation concern is provided in 

Appendix 8.0-A: Tables 8.0-A1 and 8.0-A2 for marine fish and marine birds, 

respectively. For each species, the provincial and federal risk designations as well as 

COSEWIC ranking are provided as applicable. Sub-component and representative species on 

which the VC assessments focus are provided for each species where applicable, along with 

the rationale for selection of representative species or groups. The rationale for the 

exclusion of particular species or groups from the assessment of marine shipping associated 

with the Project is also provided, and if warranted, VC sections provide additional rationale. 

Table 8.0-A2 also provides a summary of relevant habitat, documented occurrence in the 

local assessment area, abundance by season, and species relative abundances for each 

marine bird species likely to occur within the MSA.  

                                          

2
   Hectares BC database available at: http://www.hectaresbc.org/app/habc/HaBC.html 

3
   B.C. Marine Conservation Analysis atlas database available at: http://bcmca.ca/ 

4
   Species at Risk Public Registry available  

 at: http://www.registrelep-araregistry.gc.ca/species/schedules_e.cfm?id=1 
5
  Coastal Waterbird Survey database available at: http://www.birdscanada.org/volunteer/bccws/index.jsp?targetpg=bccwsdata 

6
  eBird database available at: http://ebird.org/content/ebird/ 

7
  E-Fauna BC database available at: http://ibis.geog.ubc.ca/biodiversity/efauna/ 

8
  E-Fauna BC database available at: http://ibis.geog.ubc.ca/biodiversity/eflora/ 

9
  Boundary Bay bird species checklists available at: http://www.natureguidesbc.com/Bird_checklists.html 



PORT METRO VANCOUVER | Roberts Bank Terminal 2 Marine Shipping Supplemental Report 

Page | 8.1-1  

8.1 MARINE FISH AND FISH HABITAT EFFECTS ASSESSMENT 

This section provides a broad description of the marine fish species (including marine 

invertebrates) and habitat types, including shorelines and marine vegetation, found within 

the Marine Shipping Area (MSA) (shown in Figure 8.1-1).  

Marine fish and fish habitat were selected as a valued component (VC) in this assessment 

because they are critical components of estuarine and marine food webs, influence the 

structure and function of nearshore and offshore ecosystems, and contribute to overall 

ecosystem health (Frid and Marliave 2010, Liedtke et al. 2013). Marine fish and fish habitat 

also hold social, economic, and cultural importance to local communities and Aboriginal 

groups that use the Salish Sea and adjacent waters.  

This assessment is consistent with the Updated EIS Guidelines, section 17.1.1 that requires 

that fish and fish habitat be assessed for potential changes related to routine marine 

shipping associated with RBT2, and section 17.3.1 that requires a description of marine 

environments, including habitat use and species presence, identification and description of 

species at risk, and description of sensitive habitats along the shipping routes. Potential 

effects on marine fish and fish habitat from potential accidents or malfunctions are 

described in Section 10.5.6 Potential Accidents or Malfunctions, Marine Fish and 

Fish Habitat. 

8.1.1 Component Overview 

Four sub-components of marine fish and fish habitat were chosen to structure and 

streamline the assessment. These sub-components are considered representative of a 

broader range of species that are similar in nature, occupy comparable habitats, play similar 

ecological roles, or may be affected by RBT2-associated marine vessels in analogous ways 

and are thus considered proxies for assessment. Sub-components chosen for marine fish 

and fish habitat are intertidal habitat, Pacific salmon, Pacific herring, and shellfish (including 

clams and Dungeness crabs). A summary of their representation, and the rationales for 

selection, are presented in Table 8.1-1. 

Note that benthic and demersal fish, such as rockfish, sharks, and flatfish, are not directly 

assessed.  This is because the depth ranges they commonly occupy are unlikely to largely 

ovelap with the area of potential effects; in other words, interaction with RBT2-associated 

marine vessels is considered extremely limited. Because Pacific salmon and Pacific herring 

are pelagic, and spend time near or at the surface, they are more likely to interact with 
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RBT2-associated vessels.  Pathways of effects are expected to be similar for all fish, such 

that descriptions of potential effects for Pacific salmon and Pacific herring are considered 

sufficient to broadly characterise effects for other species, despite differences in life histories 

and habitat use. 

Table 8.1-1 Sub-components for Marine Fish and Fish Habitat 

Sub-component Representative of  Rationale for Selection 

Intertidal habitat 

Shorelines  
Eelgrass 
Intertidal marsh 
Macroalgae 
Biofilm 

• Ecological and Aboriginal importance; 
• Located near the shipping lanes from Roberts Bank 

to the mouth of Juan de Fuca Strait; and 
• Supports commercial, recreational, and Aboriginal 

(CRA) fisheries. 

Pacific herring  
(Clupea pallasii) 

Forage fish 

• Social, economic, cultural, and Aboriginal 
importance, and contribution to the ongoing 
productivity of CRA fisheries; 

• Critical link between zooplankton and top marine 
predators (e.g., piscivorous fish, including species 
that support CRA fisheries, coastal birds, and 
marine mammals); and 

• Representative of species of conservation concern, 
including eulachon and Pacific sardine. 

Pacific salmon 
(Oncorhynchus sp.) 

Anadromous fish 

• Social, economic, cultural, and Aboriginal 
importance, and contribution to the ongoing 
productivity of CRA fisheries; 

• Ecologically dependent on areas of Salish Sea and 
consistently present in relatively high numbers; 

• Includes populations of conservation concern 
(Okanagan Chinook; Fraser coho; Cultus and 
Sakinaw sockeye); and 

• Chinook salmon are an important prey species for 
southern resident killer whale (SRKW). 

Shellfish 
Bivalves 
Dungeness crab 

• Social, economic, cultural, and Aboriginal 
importance, and contribution to the ongoing 
productivity of CRA fisheries; 

• Indicator of toxicity and ecosystem health; and 
• Includes species of conservation concern (northern 

abalone and Olympia oyster). 

8.1.2 Indicators 

Indicators are measurable parameters and provide a means of determining change to a VC. 

The indicators chosen for marine fish and fish habitat and the rationale for their selection 

are outlined in Table 8.1-2. 
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Table 8.1-2 Indicators for Marine Fish and Fish Habitat 

Indicator Rationale for Selection of Indicator 

Vessel wake-related wave 
height (m) 

• Predicted RBT2-associated increase in vessel wake can be 
compared to existing wave climate; and  

• Practical and measurable parameter that will reflect potential 
changes to VC in response to RBT2-associated marine vessels. 

Underwater sound levels for 
behavioural disturbance: 
90 dBht (species) (i.e., decibels 
(dB) above a species’ hearing 
threshold) 

• Predicted noise levels from increased vessel traffic can be 
compared to guidelines for behavioural effects; and 

• Practical and measurable parameter that will reflect potential 
changes to VC in response to RBT2-associated marine vessels. 

Productivity (biomass; t) 

• Ecosystem-level and area-wide approach to assessing changes 
due to RBT2-associated marine vessels; 

• Indicates ecosystem health and contributes to ongoing 
productivity; and 

• Practical and measurable parameter that will reflect potential 
changes to VC in response to RBT2-associated marine vessels. 

8.1.3 Assessment Boundaries 

The boundaries used in the assessment are described below, including temporal, spatial, 

and technical boundaries. Administrative boundaries have not been identified as a constraint 

for this assessment. 

8.1.3.1 Temporal and Spatial Boundaries 

The temporal boundaries for this assessment are as described in Section 6.2.2 Temporal 

Boundaries. Existing conditions are represented by the year 2012, while the assessment of 

effects of increased vessel traffic associated with the Project is based on predicted activities 

in the year 2030, which is deemed to be representative of the RBT2 operation phase. The 

spatial boundaries for the assessment are summarised in Table 8.1-3 below and shown in 

Figure 8.1-1, along with MSA segment areas. 

Table 8.1-3 Spatial Boundary Definitions for Marine Fish and Fish Habitat 

Spatial Boundary Description of Assessment Area 

Local assessment 
area (LAA) 

Same as MSA outlined in Section 4.1 Marine Shipping Area, comprised 
of Segments A, B, C, D, E, and F. Includes the inbound and outbound 
marine shipping lanes and surrounding marine habitat extending to the high 
water mark from PMV jurisdiction through the southern part of the Strait of 
Georgia, Boundary Passage, Haro Strait, and westward through Juan de 
Fuca Strait out to the 12 nautical mile limit of Canada’s territorial sea, 
corresponding to the line of longitude of Buoy J.  

Regional 
assessment area 
(RAA) 

Same as LAA. 
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8.1.3.2 Technical Boundaries 

This assessment has relied upon existing sources of information to inform both the 

characterisation of existing conditions and the assessment of incremental changes arising 

from RBT2-associated marine vessel activities in the LAA. The limitation with using existing 

data is that studies are typically developed for specific purposes that may not be entirely 

aligned with the objectives of this assessment, which can limit the effectiveness of the 

data’s use in determining existing conditions and assessing effects within the LAA. 

Additionally, there is a lack of understanding concerning the underwater hearing abilities of 

invertebrates, and limited literature exists on the effects of underwater noise on 

invertebrate behaviour. It is therefore difficult to directly assess potential effects of 

underwater noise on marine invertebrates found in the LAA. Published literature concerning 

specific injury and behavioural thresholds for invertebrates from underwater noise is lacking 

and best management practices currently do not exist. 

8.1.4 Information Sources 

As part of the assessment, a review of existing information was conducted. The following 

sources were used to inform the assessment: 

• Publicly available Aboriginal traditional knowledge; 

• Scientific literature, including books, academic journals, and technical reports (both 
consultant and government); 

• Databases and websites, including the B.C. Conservation Data Centre (CDC), the 
Species at Risk Act (SARA) Registry, the Committee on the Status of Endangered 
Wildlife in Canada (COSEWIC) Wildlife Species Database, Fisheries and Oceans 
Canada (DFO) Canadian Science Advisory Secretariat publications, DFO WAVES 
Online Catalogue, DFO Mapster v3, DFO Herring Geographical Bulletin, government-
administered databases for marine fish catch information, National Oceanic and 
Atmospheric Association (NOAA), Washington State Coastal Atlas (Washington State 
Department of Ecology), B.C. Coastal Resource Information Mapping System, and 
B.C. Marine Conservation Atlas; and 

• Previous environmental assessments and their supporting documents, such as 
monitoring reports, including the Deltaport Third Berth Project, Trans Mountain 
Expansion Project, in addition to the RBT2 EIS and associated technical reports. 

Given the availability and suitability of information on marine fish and fish habitat in the 

literature, reports, and online resources, no specific field studies were completed in support 

of this assessment. However, modelling work was undertaken for intermediate components 
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that have the potential to influence marine fish and fish habitat, including i) vessel wake 

modelling to predict potential changes to the wave environment due to RBT2-associated 

marine vessel activities (described in Section 7.2 Wave Environment) and ii) underwater 

noise modelling to determine whether noise from RBT2-associated vessels exceeds 

behavioural thresholds for Pacific herring and Pacific salmon. 

Aboriginal traditional knowledge informed the description of existing conditions for the 

marine fish and fish habitat assessment (Section 8.1.5.4 and Section 8.1.5.5). 

8.1.5 Existing Conditions 

This section provides a description of marine fish and fish habitats present within the LAA. 

Fish is defined in Section 2(1) of the Fisheries Act as “(a) parts of fish, (b) shellfish, 

crustaceans, marine animals and any parts of shellfish, crustaceans or marine animals, and 

(c) the eggs, sperm, spawn, larvae, spat and juvenile stages of fish, shellfish, crustaceans 

and marine animals.” Fish habitat is defined under Section 2(1) of the Fisheries Act as 

“spawning grounds and any other areas, including nursery, rearing, food supply, and 

migration areas, on which fish depend directly or indirectly in order to carry out their life 

processes”.  

8.1.5.1 Ecological Overview 

The Salish Sea is a highly productive inland sea that includes Puget Sound, the Strait of 

Georgia, and Juan de Fuca Strait, which provides habitat for approximately 247 species of 

fish and thousands of invertebrate species (Gaydos et al. 2008). Abundance and distribution 

of some species vary throughout the year, particularly migratory species such as Pacific 

salmon and Pacific herring, while others are more resident with limited home ranges, such 

as rockfish. 

In addition to playing a key role in healthy marine ecosystems and food webs, a number 

of fish species are targeted in CRA fisheries, including salmon, groundfish (e.g., halibut, 

lingcod, rockfish), pelagics (e.g., herring, eulachon), and shellfish (e.g., crab, prawn, 

shrimp).   

8.1.5.2 Species of Conservation Concern  

A total of 14 marine fish and two invertebrate species or populations of conservation 

concern have been identified as potentially occurring within the LAA (Table 8.1-4; see also 

Appendix 8.0-A) based on a review of COSEWIC assessments and status reports, the 

federal SARA public registry list (Schedule 1), the B.C. CDC Red and Blue lists, and the U.S. 

Endangered Species Act list under NOAA jurisdiction.  
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Table 8.1-4 Marine Fish and Invertebrates of Conservation Concern Potentially 
Occurring in the Local Assessment Area 

Species Name and 
Population SARA Status COSEWIC Status B.C. Status  U.S. Status 

Basking shark 
Cetorhinus maximus 

Endangered 
Schedule 1 

Endangered No Status Species of 
Concern 

Bluntnose sixgill shark 
Hexanchus griseus 

Special Concern 
Schedule 1 

Special Concern No Status No Status 

Bocaccio 
Sebastes paucispinis 

No Status Threatened No Status Endangered 

Canary rockfish 
Sebastes pinniger 

No Status Threatened No Status Threatened 

Chinook salmon  
Oncorhynchus tshawytscha 
(Okanagan population) 

No Status Threatened Yellow No Status 

Coho salmon  
Oncorhynchus kisutch  
(Interior Fraser population) 

No Status Endangered Yellow No Status 

Eulachon 
Thaleichthys pacificus 
(Fraser River population) 

No Status Endangered Blue Threatened 

Green sturgeon 
Acipenser medirostris 

Special Concern 
Schedule 1 

Special Concern Red Threatened 

North Pacific spiny dogfish 
Squalus suckleyi 

No Status Special Concern No Status No Status 

Northern abalone 
Haliotis kamtschatkana 

Endangered 
Schedule 1 

Endangered Red Species of 
Concern 

Olympia oyster 
Ostrea lurida 

Special Concern 
Schedule 1 

Special Concern Blue No Status 

Quillback rockfish 
Sebastes maliger 

No Status Threatened No Status No Status 

Sockeye salmon 
Oncorhynchus nerka 
(Cultus and Sakinaw 
populations) 

No Status Endangered Yellow No Status 

White sturgeon 
Acipenser transmontanus 
(Lower Fraser River 
population) 

No Status Threatened Red No Status 

Yelloweye rockfish 
Sebastes ruberrimus 

Special Concern 
Schedule 1 

Special Concern No Status Threatened 

Sources:  B.C. CDC (2015), Government of Canada (2015), NOAA (2015). 
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8.1.5.3 Intertidal Habitat 

Intertidal habitat is present along the shoreline in the zone between the higher high water 
mark and the mean lower low water line for spring tides (Williams 1993). Distributions of 
intertidal habitat types and associated species depend on a variety of physical and biological 
factors, such as substrate type, slope, wave exposure, shore width, tidal range, salinity, 
light, and temperature (Burd et al. 2008, Levings et al. 1983, Williams 1993). Intertidal 
habitats in the LAA are commonly characterised and formed by several species of marsh 
plants, seagrasses, and algae, and serve as spawning, rearing, migration, and foraging 
habitat for many species of invertebrates and fish (Williams 1993).  

Shorelines 

In B.C., a Biophysical Shore-Zone Mapping System has been developed to describe 
characteristics of the shoreline (Howes et al. 1997, Searing and Frith 1997). Shore units for 
the coastline have been defined through interpretation of aerial imagery (Howes et al. 
1997). These shore units are used to describe intertidal habitat along the approximately 
2,714 km of shoreline in the LAA (Figure 8.1-2, with greater detail shown for the different 
segments in Figures 8.1-3 to 8.1-6). Table 8.1-5 displays the length and relative 
proportion of each shoreline type. Taken together, sand and gravel beaches are the most 
common shoreline type, accounting for 950 km and 35% of the LAA total, followed closely 
by hardened shorelines (805 km; 30%) and rocky shorelines (712 km; 26%). Shoreline 
characterisation indicates the LAA is largely a dynamic area; typically, rocky shores are 
associated with higher energy environments (Lindberg 2007) compared to sand and 
mudflats, which are characterised by low wave and tidal action and considered low energy 
environments (DFO 1996). 

Table 8.1-5 Length and Relative Proportion of Shoreline Types within the Local 
Assessment Area 

 Shore Type Length (km) % Total Length 

S
of

t 
S
ho

re
lin

es
 Channel 1.26 0.05 

Estuary Wetland 154.38 5.69 

Mudflat 90.69 3.34 

Total 246.33 9.08 

S
an

d 
an

d 
G

ra
ve

l 
B
ea

ch
es

 

Gravel Beach 47.23 1.74 

Gravel Flat 12.59 0.46 

Sand and Gravel Beach 345.08 12.72 

Sand and Gravel Flat 205.10 7.56 

Sand Beach 108.26 3.99 

Sand Flat 232.16 8.55 

Total 950.42 35.02 
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 Shore Type Length (km) % Total Length 
H

ar
de

ne
d 

S
ho

re
lin

es
 Man-made 136.74 5.04 

Rock Cliff 581.28 21.42 

Rock Platform 87.34 3.22 

Total 805.37 29.68 

R
oc

ky
 

S
ho

re
lin

es
 Rock with Gravel Beach 275.25 10.14 

Rock with Sand and Gravel Beach 359.36 13.24 

Rock with Sand Beach 77.18 2.84 

Total 711.8 26.23 

 TOTAL 2,713.91 100.00 

Marine Vegetation 

Several types of marine vegetation occur within the LAA, including eelgrass, kelp, and 

marsh species, some of which have been historically harvested and are culturally important 

to Aboriginal groups; for example, kelp has traditionally been harvested for use as a 

medicine (NEB 2014c). Biofilm is also present in the LAA and considered in this section. 

Most marine macrophytes (aquatic plants) are restricted to coastal areas of the LAA, given 

that most of the seabed is below the photic zone (i.e., where sunlight penetrates water). 

Baseline vegetation surveys of the LAA have not been completed, but information sources 

are abundant (see Section 8.1.4 above), and indicate that typical Northwest Pacific 

vegetation features, such as eelgrass beds, intertidal marshes, macroalgae, and biofilm, will 

be present throughout the study area; Figures 8.1-7 to 8.1-10 show eelgrass and kelp 

beds mapped1 within the LAA.  

Eelgrass beds are common within the LAA and are particularly prevalent along shorelines in 

the Gulf Islands, including Pender and Salt Spring islands (Wright et al. 2014). Eelgrass 

prefers muddy or sandy substrates and its distribution seaward into the subtidal zone is 

limited by light availability (a function of light attenuation caused by absorption and 

scattering), while landward it is limited by desiccation and wave energy (Hemminga and 

Duarte 2000, Stevens and Lacy 2012). Because shoots are susceptible to scour, eelgrass is 

typically found in more sheltered areas, such as bays and inlets. Eelgrass is important 

habitat to many commercially and ecologically important invertebrate and vertebrate 

species, such as Dungeness crab and juvenile Pacific salmon (Hemminga and Duarte 2000, 

Wyllie-Echeverria and Ackerman 2003). Loss of coastal habitat from shoreline development 

                                           
1  Mapping data was sourced from the Coastal Resource Information Mapping System. 



PORT METRO VANCOUVER | Roberts Bank Terminal 2 Marine Shipping Supplemental Report 

Page | 8.1-9  

and land use is thought to have played a major role in shaping current eelgrass distribution 

in the Salish Sea; in particular, dredging and filling activities, logging, and agricultural 

runoff have resulted in the loss of a number of historic eelgrass communities in the Strait of 

Georgia and Puget Sound (Levings and Goda 1991). 

Intertidal marshes are found in the high intertidal zone and are characterised by exposure 

to air at low tide and submersion at high tide. While the Fraser River estuary to the north of 

the LAA supports extensive intertidal marsh systems, they are not widely distributed in the 

LAA, largely because they require low energy environments, which allow for the sediment 

deposition and accumulation necessary for plant growth and development (DFO 1996). 

Distribution is dependent on various abiotic factors, such as substrate, salinity, and 

elevation (Seliskar and Gallagher 1983, Van Wesenbeeck 2007). Intertidal marshes perform 

a number of important functions in coastal ecosystems, including sustaining detritus food 

webs (Kistritz 1978, Levings 2004), providing fish refuge from predation (Levings and 

Nishimura 1996), supporting waterfowl grazing (Boyd 1995), and nutrient and geochemical 

cycling. Some Aboriginal group ancestors (e.g., Ditidaht First Nation) held that the 

harvesting of marsh grasses, such as Carex obnupta, would cause fog (Ditidaht First Nation 

2015). Intertidal marshes face similar threats as eelgrass from coastal land development; 

Levings and Thom (1994) reported that all marshes that they measured around the Strait of 

Georgia had lost area since the 1880s. 

Marine algae, including rockweed and kelp, are common throughout the LAA and require 

hard substrates to attach. Both rockweed and kelp create complex, three-dimensional 

habitat that can support a greater diversity of higher trophic levels relative to bare substrate 

of similar areas, such as mudflats (Menge and Sutherland 1976, Heck and Wetstone 1977), 

and provide food, habitat, and refuge for juvenile and adult stages of invertebrates and fish, 

larvae recruitment habitat, and foraging habitat for birds (Duarte and Cebrian 1996, Duffy 

and Hay 2000). Rockweed is ubiquitous and is considered the predominant alga in the mid 

to high intertidal regions on the Pacific coast (Druehl 2001). Bull kelp forms extensive beds 

on bedrock, reefs, and boulder fields three to twenty metres deep (Springer et al. 2007). 

Major declines in floating kelp abundance have been documented throughout Puget Sound 

and declines are also reported generally from the rest of the Salish Sea, likely due to a 

number of factors including climate change (increasing ocean temperatures), stormwater, 

sedimentation, and grazing from sea urchins (Puget Sound Restoration Fund 2015).  
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Biofilm, which is found on intertidal estuarine sediments, is defined as a thin (0.01 mm to 

2 mm) yet dense layer of microphytobenthos, microbes, organic detritus, and sediment in a 

three-dimensional mucilaginous matrix of extracellular polymeric substances (Kuwae et al. 

2008). It is an important primary producer, providing a substantial source of energy for 

grazers, deposit feeders, and filter feeders (Cahoon 1999). Biofilm typically occurs on 

muddy substrates and requires quiescent conditions to establish. As noted above, only 3.3% 

of the LAA is characterised as “mudflat”, hence biofilm habitat in this area is limited. Studies 

at Roberts Bank show biofilm can achieve natural densities within nine days following a 

disturbance event, illustrating the high resiliency of biofilm with an ability to rapidly colonise 

and grow when environmental conditions are suitable (WorleyParsons 2014). 

8.1.5.4 Marine Invertebrates 

Shellfish  

Several groups of shellfish occur within the LAA, including clams, cockles, oysters, and 

mussels, some of which have been historically harvested and are culturally important to 

Aboriginal groups, as evidenced by the development of massive shell middens along the 

coast (Tsawwassen First Nation Elders 2012, Musqueam First Nation 2013, Wilson et al. 

2013, Candler et al. 2014, Métis Nation BC 2014, Semiahmoo First Nation 2014).  

Two species, northern abalone and Olympia oyster, are considered to be of conservation 

concern. There are very few published occurrences of northern abalone in the southern 

Strait of Georgia (Egli and Lessard 2011), though there is some evidence to suggest there 

are some populations distributed in the area (Campbell 2000), particularly along the south 

coast and tip of Vancouver Island (Lessard et al. 2007), including within the territories of 

Ditidaht First Nation and Scia’new First Nation (Beecher Bay First Nation) (NEB 2015a,b). 

Populations in B.C. waters are generally found at higher densities than Washington stocks 

(COSEWIC 2009), where they historically ranged from Admiralty Inlet to the San Juan 

Islands and Juan de Fuca Strait (Bouma 2007), but are now considered functionally extinct 

(Puget Sound Restoration Fund 2015). Intense commercial fishing pressure is thought to 

have caused the decline and, despite a complete moratorium on harvest (implemented in 

1990), abalone have not rebounded; continued illegal harvest as well as poor recruitment 

are among the major impediments to recovery (Egli and Lessard 2011).  

Sites of historic importance to Olympia oysters in the Strait of Georgia and Juan de Fuca 

Strait do not currently support large, if any, populations, including Boundary Bay, Esquimalt 

Harbour, and Sooke Inlet (Stanton et al. 2011); however, they are locally common at 
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several sites on the west coast of Vancouver Island, outside the LAA (Gillespie 1999). The 

decline of Olympia oysters is attributed to a combination of environmental (particularly 

temperature) extremes, disease, pollution, habitat alteration, and overharvesting; 

specialised habitat requirements and relatively low fecundity and dispersal impede recovery 

(Gillespie 1999). 

Bivalve shellfish are broadcast spawners, releasing great numbers of sperm and eggs into 

the water column (Quayle and Bourne 1972, DFO 2013a). Larvae remain in the plankton for 

several weeks and, consequently, they have the potential to disperse long distances (Caddy 

1967, Van Colen et al. 2009). Age at sexual maturity varies depending on the species, and 

can range from one year in mussels (Newell and Moran 1989) and oysters (Pauley et al. 

1988) to several years (i.e., 2 to 3) for littleneck clams and cockles (Quayle 1943, Gallucci 

and Gallucci 1982). 

Bivalves are benthic and either live within soft sediments, or are attached to the surfaces of 

hard substrates such as rocks, pilings, or marine vegetation. In many estuaries and shallow 

water coastal ecosystems, including the Strait of Georgia, bivalves are dominant 

invertebrate species in highly oxygenated, shallow mud or sand-silt habitats (Levings et al. 

1983, Burd et al. 2008). Mid-depth sandy sediments close to the Fraser River delta that are 

commonly characterised by fluctuating water oxygen levels and high sedimentation levels 

also support a broad range of burrowing bivalve species (Burd et al. 2008).  

Bivalve shellfish are predominantly filter feeders (Levings et al. 1983), whereby they 

selectively process particulate organic materials, such as phytoplankton and zooplankton, 

from the water column, reducing water turbidity and enhancing vegetative growth 

(e.g., eelgrass) (Newell 2004). However, filter feeding leaves bivalves susceptible to 

contamination, and they are often used as biological indicators of ecosystem health 

(Newell 2004). Nearly 886 km2 of shellfish beds are currently closed to harvesting in the 

Salish Sea (i.e., including the Georgia Basin and Puget Sound) (U.S. EPA 2015); primary 

sources of pollution that led to closure of shellfish harvesting areas are not related to 

marine shipping traffic but, rather, polluted runoff from urban areas and farms, and 

uncontrolled sources of sewage and septic wastes (U.S. EPA 2015). Contamination and 

beach closures have impacted the access of Aboriginal groups to harvest bivalves; for 

example, razor clams and geoducks were once plentiful along the north shore of Harris Cove 

and harvested by Pacheedaht First Nation, but are no longer harvested because of concern 

regarding the sewage treatment plant (NEB 2015c). The Lummi, a U.S. Aboriginal group, 

indicate they rely heavily on a big reef at Point Roberts because it is one of the cleanest 

places to harvest shellfish in the Salish Sea (NEB 2014a). 
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Dungeness Crabs 

Dungeness crabs (Metacarcinus magister) occur throughout the LAA from the low intertidal 

to depths of −230 m chart datum (DFO 2014a). Dungeness crabs are valuable as a CRA 

fishery and important to coastal Aboriginal peoples for food and cultural identity (Salas et 

al. 1988, Tsawwassen First Nation Elders 2012, Wilson et al. 2013, Candler et al. 2014, 

Métis Nation BC 2014, Woolman 2014); for example, to Tsartlip First Nation, Taylor Point on 

Saturna Island is traditionally named ÁM,MEĆEN, which means “to wade for crabs” (NEB 

2014b). 

Dungeness crabs exhibit distinct patterns of depth distribution, habitat use, and activity 

related to life history stage (Stone and O’Clair 2002). Larvae are planktonic and spend three 

to four months in the water column before migrating to nearshore areas to settle 

(Rasmuson 2013). Recruitment to nearshore areas is tremendously variable (Dumbauld and 

Armstrong 1987, Armstrong et al. 1989), and thought to be influenced by both density-

dependent biological mechanisms (e.g., competition, predation, cannibalism) and 

environmental mechanisms (e.g., changes in water temperature, ocean currents, wind 

stress) (Johnson et al. 1986, Berryman 1991, McConnaughey et al. 1992, Botsford 2001). 

Recruitment has also been linked to oceanic processes affecting deep-water estuarine 

exchanges influencing timing of spring phytoplankton blooms (e.g., North Pacific Gyre 

Oscillation, warm currents produced by El Niño Southern Oscillation events) (Hobbs et al. 

1992, Mackas et al. 2013, Rasmuson 2013), making this species vulnerable to the effects of 

climate change. 

Juvenile crabs rely heavily on estuaries with mixed sand or gravel areas that feature 

vegetated cover as nurseries (Fernandez et al. 1993, Armstrong et al. 2003, Holsman et al. 

2006). Areas that offer a complex refuge (e.g., shell middens, vegetation) harbour greater 

densities of juvenile Dungeness crabs than less complex habitats (e.g., flat mud, sand) 

(Henrys et al. 1986, Fernandez et al. 1993, McMillan et al. 1995). Juvenile crabs emigrate 

from intertidal areas into subtidal channels once a carapace width of approximately 30 mm 

is reached (Henrys et al. 1986, Dumbauld and Armstrong 1987).  

Adult Dungeness crabs are most common on subtidal sand or mud bottoms, and are 

frequently found near eelgrass beds (Cleaver 1949, Dunham et al. 2011). They tend to 

remain inactive and buried in the soft sediment during the day (McGaw 2005), but migrate 

to shallow intertidal flats to forage during nocturnal high tides (Holsman et al. 2006, Curtis 

and McGaw 2012). The major source of adult Dungeness crab mortality in the Strait of 
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Georgia are CRA fisheries; each year, over 90% of legal-sized males are harvested in 

fisheries within the Fraser River estuary (Zhang et al. 2002, Zhang and Dunham 2013).  

8.1.5.5 Marine Fish 

Pacific Herring 

Pacific herring is considered the dominant forage fish not just in the Salish Sea, but 

throughout B.C.’s coastal waters (Schweigert et al. 2010). Herring, along with other forage 

fish species such as eulachon and Pacific sand lance, represent a vital link between the 

bottom and top of the foodweb (Pikitch et al. 2012). As a major prey species, Pacific herring 

support upper level predators, including marine birds (e.g., gulls and ducks), mammals 

(e.g., Steller sea lions), and fishes (e.g., salmon) (Therriault et al. 2009, Nichol et al. 

2013); in fact, Elders from Lyackson First Nation can tell when the herring are coming by 

the excitement of the birds and harbour seals (PMV 2015).  

Adult Pacific herring form large schools in the water column and range from the surface to 

depths of approximately 400 m (NOAA 2012). Herring populations in the Salish Sea can be 

characterised as both migratory and non-migratory (Taylor 1964, Therriault et al. 2009). 

Migratory populations move from foraging grounds on the west coast of Vancouver Island to 

spawning grounds in Juan de Fuca Strait and the Strait of Georgia from October through 

December (DFO 2013b). Upon reaching deeper channels near their spawning sites, Pacific 

herring will school for several weeks before transitioning to sheltered, shallower areas such 

as bays or estuaries where they spawn in mass aggregations (DFO 2013b). In contrast, 

non-migratory populations stay inshore year round, particularly in Puget Sound and inlets of 

the eastern coastline of the Strait of Georgia (DFO 2008a, Therriault et al. 2009).  

In the Strait of Georgia, Pacific herring spawn in late winter, peaking in March (DFO 2013b, 

Hay and McCarter 2013). Spawn is deposited on marine vegetation, including red algae, 

eelgrass, rockweed, brown algae, and kelp (Haegele et al. 1981, Therriault et al. 2009). Egg 

masses are very sticky and may vary in density from several thinly scattered eggs to more 

than 20 layers (Hay and Fulton 1983). Incubation takes 10 to 21 days, depending on water 

temperature (Hourston and Haegele 1980). In many locations throughout B.C., the bulk of 

herring spawn is deposited subtidally (Hay and Miller 1982); most deposition occurs at 

depths shallower than 10 m below high water (Hay et al. 2009) but spawn has been 

observed to ‒12 m chart datum (Haegele et al. 1981).  
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Mapping of herring spawning areas and DFO Important Areas2 in the Strait of Georgia 

shows spawning activity primarily focused on the east coast of Vancouver Island, 

particularly near Denman Island, based on records from 1940 to 2013 (Hay and McCarter 

2013; Figure 8.1-11). Boundary Bay is also considered an important site, with spawning 

activity returning to the area in 2015 for the first time since 1992 (Hay and McCarter 2013). 

However, it should be noted that with the exception to spawning grounds, there is a limited 

knowledge base regarding Pacific herring distribution and important habitats within the 

Salish Sea. 

Herring larvae are typically found in shallow nearshore waters (Hay and McCarter 1997). 

The first few weeks of their lives are spent within the top 12 m of the water column 

(Snauffer 2013). Larvae are dispersed primarily by winds and surface currents (Snauffer 

2013). Because of variability in those factors, larval distribution and abundance varies 

among years (Therriault et al. 2009). Larvae metamorphose into juveniles by May or June 

(Therriault et al. 2009) and spend their first summer congregating into increasingly large 

schools in protected bays and inlets (Hourston and Haegele 1980). These schools gradually 

move to offshore wintering grounds by fall and inhabit depths of 150 m to 200 m (Hourston 

and Haegele 1980). Juveniles from migratory populations do not migrate until after their 

second summer (Therriault et al. 2009). Pacific herring reach sexual maturity at age three 

to four years, and have a lifespan of ten years or less (Hay and McCarter 1999, Schweigert 

et al. 2010). 

Herring biomass estimates are often highly uncertain, with large confidence intervals 

(DFO 2014b). Recent trends of spawning biomass in the Strait of Georgia are characterised 

by erraticism, with increases from the mid-1980s to the late 1990s, declines in the 2000s, 

and increases since 2007 (DFO 2014b); it should be noted that archaeological data and oral 

history both suggest that Pacific herring has declined in abundance over much of its range 

relative to levels seen in the mid-20th century, including the Salish Sea (McKechnie et al. 

2014). The commercial fishery in B.C. collapsed in the 1960s due to overharvesting and 

unfavourable environmental conditions resulting in consecutive weak year classes and low 

spawning biomass (DFO 2014b). Further, size-at-age has declined since the late 1980s, 

which indicates that fishing removes individuals before they reach maximum growth and 

productivity (Therriault et al. 2009). The current commercial fishery operates at 15% to 

30% of historic levels (Beamish et al. 2004). Over the last 30 years, a shift in the spawning 

                                           
2  DFO Important Areas are considered relevant to a species in terms of uniqueness, aggregation, and/or fitness 

(DFO 2004). 
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distribution to the northwest of the Strait of Georgia and concurrent decrease in southern 

and eastern areas has been observed, though the reasons for this shift are unclear 

(Therriault et al. 2009).   

Environmental variability and climatic changes affect survival and recruitment of Pacific 

herring stocks, resulting in inter-annual biomass fluctuations, in addition to ecological 

changes in distribution of predators and prey (Ware and Schweigert 2001, Beamish 2008). 

For example, these conditions bring cooler water temperatures, which also restrict Pacific 

hake (Merluccius productus) distribution and therefore reduce their predation on herring 

(Ware 1991, Schweigert 1995, Beamish 2008). Higher water temperatures may be linked to 

a higher rate of diseases in Pacific herring (Hershberger et al. 2013). Additionally, climate 

change, in the form of rising sea levels and increases in the number of storm events, will 

likely affect herring spawning in nearshore environments (Beamish 2008). 

Pacific Salmon 

The coastal waters and watersheds of the Salish Sea support five species of anadromous 

salmon, including Chinook (Oncorhynchus tshawytscha), chum (Oncorhynchus keta), pink 

(Oncorhynchus gorbuscha), sockeye (Oncorhynchus nerka), and coho (Oncorhynchus 

kisutch). In addition to their high socio-economic value, Pacific salmon are of great 

ecological importance, providing a valuable food source to numerous predators and 

scavengers, and forming a critical link between aquatic, terrestrial, and marine ecosystems 

(Willson and Halupka 1995). Fishing for salmon is also an important cultural and communal 

event for many coastal Aboriginal groups; a hallmark of Coast Salish culture is the First 

Salmon ceremony, celebrating the first salmon caught each year as a mark of respect to 

these key species and to honour their great gift to the people (Wilson et al. 2013, 

NEB 2015d). 

Generally, between 5 and 20 million adult salmon return each year to the Salish Sea’s 

Canadian rivers (mostly to the Fraser), though annual fluctuations are large. Not including 

the Fraser River, 380 salmon-bearing streams and rivers drain from Vancouver Island, the 

Gulf Islands, and B.C.’s mainland coast into the Canadian side of the Salish Sea 

(DFO NUSEDS). These waterways support more than 1,000 spawning populations of salmon 

that are grouped into 48 Conservation Units3 (CUs; Holtby and Ciruna 2007, DFO 2008b, 

                                           
3  A conservation unit, or CU, is defined in the Wild Salmon Policy as “a group of wild salmon sufficiently isolated 

from other groups that, if extirpated, is very unlikely to recolonize naturally within an acceptable timeframe” 
(DFO 2008b). In other words, a CU is an aggregate of populations that have similar ecology, life history, and 
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DFO 2013c); when added to the Fraser’s 56 CUs, a total of 104 unique Canadian lineages of 

salmon rely on the Salish Sea and its watersheds for spawning, rearing, staging, and 

migration (Logan et al. 2015). 

Pacific salmon are anadromous, meaning they spend the majority of their lives in marine 

waters but return to freshwater to spawn. Salmon generally spend two to six years in 

marine waters before migrating back to their natal streams; migration routes and timing 

depend on species and stock (Quinn 2005, Dittman and Quinn 1996). There is considerable 

Aboriginal traditional knowledge around the timing of salmon migrations; for example, to 

Tsawout First Nation members, the flowering of ocean spray is an indicator which signals 

when sockeye is at its peak (NEB 2014c), while Pacheedaht First Nation has indicated that 

green algae is an indicator of the arrival of salmon up the creek after the first fall rains wash 

the algae away (NEB 2015c). Some U.S. Aboriginal groups reported using monarch 

butterflies (yuyubәc) as the indicator of the arrival of king salmon (yubәc), stating that 

“before the butterfly comes, the salmonberry starts to bloom and come out… we start to 

prepare, we know to get ready… but it was when yuyubәc comes that we know the time is 

right” (NEB 2014a).  

Newly hatched salmon either live in freshwater for several months to several years, or 

migrate directly to the ocean (Groot and Margolis 1991). Estuaries and coastal waters are 

used as rearing and feeding habitat that offer rich food sources and protection from 

predators (Healey 1982, Levy and Northcote 1982, Aitkin 1998), and act as transition zones 

that allow juveniles to gradually adjust to more saline conditions (Healey 1982, Waldichuk 

1987). Chinook are considered to be the species most dependent on estuaries for rearing 

(Macdonald et al. 1988, Aitkin 1998), followed by chum (Salo 1991, Aitkin 1998) and pink 

(Waldichuk 1987, Aitkin 1998), while coho and sockeye are considered less estuarine 

dependent (Aitkin 1998).  

Migration routes and DFO Important Areas for salmon are depicted in Figure 8.1-12. 

The Fraser River system, which drains into the LAA, is considered the largest single salmon 

production system in the world (Northcote and Larkin 1989) and accounts for, on average, 

about 50% of salmon production in B.C. (Henderson and Graham 1998). Salmon rearing 

habitats in the LAA include marshes, tidal flats and tidal channels, and sloughs (Dunford 

1975, Levy et al. 1979, Anderson et al. 1981, Levy and Northcote 1981, 1982).  

                                                                                                                                        
genetic structure; for example, for the Lower Fraser River, spring timing CU for Chinook is comprised of three 
individual populations, from the Green, Coquitlam, and Ryan rivers. 
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Pacific salmon are sensitive to changes in both marine and freshwater ecosystems 

(DFO 2013c). Historic overfishing, loss of habitat and degradation of habitat quality from 

anthropogenic activities, and new predators and competitors such as non-native fishes have 

all contributed to the current depleted state of many salmon populations and remain key 

threats today (COSEWIC 2002, 2003a,b, 2006; DFO 2013c). There are four populations of 

Pacific salmon that have been designated as species of conservation concern by COSEWIC, 

including one coho population (interior Fraser), one Chinook population (Okanagan), and 

two sockeye populations (Cultus Lake, Sakinaw), though none are currently listed under 

SARA (see Table 8.1-4). Other factors that have limited Pacific salmon productivity include 

shifting climatic and oceanographic conditions that can influence growth, reproduction, 

survival, food web interactions, and prey availability. Productivity of Pacific salmon in the 

northeast Pacific Ocean has been related to large- and local-scale environmental factors, 

such as the Pacific Decadal Oscillation, the Aleutian Low Pressure Index, and sea surface 

temperature variability (Hare and Francis 1994, Beamish and Folkes 1998, Hare and Mantua 

2000, Mueter et al. 2002, Beamish et al. 2004, Stachura et al. 2014).  

8.1.6 Potential Interactions and Effects 

This section considers the interactions and potential effects of marine shipping associated 

with the Project on marine fish and fish habitat. Potential effects associated with identified 

activity-VC interactions are presented in Table 8.1-6. Those potential effects anticipated to 

be negligible are described in Section 8.1.6.1, and are not carried forward in the 

assessment.  

Table 8.1-6 Marine Fish and Fish Habitat and Marine Shipping Activity 
Interactions  

Activity/Event 
Interaction  

(Y/N) 
Potential Effect Description and Rationale 

Vessel Transit Y 

Effect of vessel wake is rated negligible because i) only 2% of 
LAA coastline is within the wake-related zone of influence and ii) 
modelled wake heights at shorelines are well within the range of 
natural wave conditions to which fish and fish habitat are already 
adapted, and therefore not distinguishable from existing 
conditions.  
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Activity/Event 
Interaction  

(Y/N) 
Potential Effect Description and Rationale 

Vessel Transit  Y 

Effect of underwater noise is rated negligible because i) noise 
associated with Project-associated marine vessel traffic will not 
exceed injury thresholds for fish species, even adjacent to the 
container ships; ii) behavioural changes are possible for Pacific 
herring, but only within less than 20 m of the source and for a 
short duration as the ship passes by, and are thus unlikely to 
affect the integrity of Pacific herring populations in the LAA, and 
iii) modelled noise will not exceed the 90 dBht (species) 
behavioural threshold for salmon, even in close proximity to the 
container ships, and will therefore not affect the integrity of 
Pacific salmon populations in the LAA.  

 

Potential effects on marine fish and fish habitat from potential accidents or malfunctions are 

described in Section 10.5.6 Potential Accidents or Malfunctions, Marine Fish and 

Fish Habitat. 

8.1.6.1 Negligible Effects 

Negligible potential effects are those effects before mitigation that are so small that they are 

not detectable or measureable and are not anticipated to affect the integrity of the VC or 

sub-components.  

Vessel Wake 

Intertidal habitats located within the LAA may be subject to increased wave action due to 

vessel wake produced by marine shipping traffic associated with the Project. Wake 

generated by vessels, particularly those travelling at high speeds, can contribute to the 

energy budget of shorelines along vessel routes and change the sediment budget dynamics 

of adjacent beaches (Soomere et al. 2009). Specifically, increased vessel wake has the 

potential to contribute to shoreline erosion, uproot marine vegetation, and dislodge sessile 

organisms or life history stages (e.g., fish eggs).  

The magnitude of any environmental change caused by wake depends on how the wake-

generated wave climate differs from the natural wind-generated wave climate, as well as 

the features of the coastal environment (Didenkulova and Rodin 2013). Naturally sheltered 

environments and soft sedimentary shores (i.e., those dominated by fine-grained sediments 

like mud) are more likely to be adversely affected than naturally exposed environments with 

rocky shores (International Navigation Association 2003). The coastal environment is 

naturally dynamic and undergoes constant change; therefore, it can be difficult to 

distinguish between effects that result from different causes including the spectrum of wind-
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generated waves, vessel wake-generated waves, and other human activities (International 

Navigation Association 2003). 

Potential changes to the wave environment due to marine vessel traffic associated with the 

Project are described in Section 7.2 Wave Environment. Under existing conditions, 

approximately 2% of the shoreline within the LAA is within the wake-related zone of 

influence from vessels transiting the shipping lanes. This area, which was sub-divided into 

three zones for the purposes of the wave environment assessment, borders the coastline of 

Boundary Passage and Haro Strait in Segment B (Figure 7.2-1). The zone of wake-wave 

influence is not expected to change with the number of vessel movements, meaning that 

98% of LAA coastline will remain unaffected by wake-related waves from Project-associated 

vessels or cumulative increases in vessel traffic. 

Modelling of existing wake-generated wave heights indicates that the majority of wake-

related waves reaching the nearshore area in Zones 1, 2, and 3 are between 10 cm and 

12.5 cm such that, except during calm conditions, ship wake would be indistinguishable 

from the spectrum of wind-generated waves at most shoreline locations within these zones. 

As described in Section 7.2.4 Wave Environment, Existing Conditions, vessel-wake 

waves arriving in the vicinity of a shoreline are expected to be similar or exceeded in height 

by natural waves 60%, 54%, and 75% of the time in Zones 1, 2, and 3, respectively. 

Within Segment B, RBT2-associated traffic is expected to increase by 6% which, by 

extension, means that there will be a 6% increase in wake-generated waves during calm 

conditions, while incremental cumulative marine vessel traffic represents a 36% increase 

compared to existing conditions. Under both of these cases, however, wake wave heights 

are predicted to be within the natural range of wind-generated wave heights, represent only 

a small percentage of the annual wave climate, and affect the same length of shoreline as 

under existing conditions (see Section 7.2 Wave Environment).  

The effects of vessel wake on intertidal habitat associated with increased Project-associated 

shipping traffic are unlikely to be distinguishable from existing conditions. This is because 

the spectrum of waves generated by ship wake does not exceed the spectrum of waves 

generated by wind in the LAA. Intertidal habitat is exposed regularly to wind-generated 

waves that exceed the energy and potential erosive effects of wake-generated waves. In 

addition, the majority of LAA shoreline within the wake zone of influence is composed of 

coarser substrates (i.e., hardened or armoured shorelines), which are more resistant to the 
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physical forces generated by waves and typically indicative of a higher energy environment 

(see Figures 8.1-3 to 8.1-5 for shoreline classification). 

Because wake wave heights from RBT2-associated vessels remain within the lower range of 

the existing wind-wave environment, wake-generated waves are unlikely to dislodge marine 

vegetation (e.g., eelgrass, kelp) or sessile invertebrates (e.g., mussels, oysters) from their 

substrate, as these organisms have adapted to withstand higher energy waves. Numerous 

studies have indicated that organisms are able to respond to increased wave action by 

becoming stronger or more streamlined, making them less susceptible to dislodgement 

(Carrington 2002); for example, mussels vary their attachment strength seasonally (Hunt 

and Scheibling 2001), sponges produce stiffer tissues in response to increased water motion 

(Palumbi 1986), and macroalgae passively prune themselves when transplanted to exposed 

shores (Blanchette 1997) and are streamlined in high flow environments (Johnson and 

Koehl 1994; Shaughnessy et al. 1996). As mentioned above, predicted wake wave heights 

are well within the natural wind-generated wave spectrum and, therefore, despite an 

increase in frequency of wake-generated waves, intertidal habitats are not expected to be 

measurably affected by changes in the wake-wave environment caused by Project-

associated marine vessel traffic.  

Vessel wake is not anticipated to measurably affect Pacific herring. The LAA encompasses 

some of the busiest shipping lanes in B.C., as well as DFO Important Areas for Pacific 

herring (Jamieson and Levesque 2012), yet herring continue to spawn throughout the Salish 

Sea and there are no instances of stranding or egg loss due to vessel wake documented in 

the literature. Because predicted wake-related waves are well within the height range of the 

existing wind-generated wave climate—to which Pacific herring and their eggs are already 

adapted—strandings or dislodgement of eggs are not expected to be measurably different 

from natural conditions. Further, evidence suggests that a moderate amount of wave action 

actually improves hatching success; as Taylor (1955) noted, spawn survival is highest near 

the zero tide level and in locations partially protected from wave action, and lowest in both 

exposed and well-protected areas. Additionally, Hay and Miller (1982) noted that, in many 

locations throughout B.C., the bulk of herring spawn is deposited subtidally and is, 

therefore, somewhat naturally protected from wave action.  

Similarly, while waves, including natural wind-generated waves and vessel wake-generated 

waves, may have the potential to strand juvenile Pacific salmon foraging or migrating along 

shoreline habitats, measurable effects due to Project-associated marine vessel traffic wake 



PORT METRO VANCOUVER | Roberts Bank Terminal 2 Marine Shipping Supplemental Report 

Page | 8.1-21  

waves are unlikely and not anticipated. Strandings have been documented on low relief 

beaches in sheltered or riverine environments (Pearson and Skalski 2011), but are 

considered less likely in marine environments characterised by steep rocky shorelines, such 

as those that dominate the LAA because there is less potential for run-up4. As with Pacific 

herring, there are no reports of vessel wake-induced juvenile salmon strandings in the 

literature. Predicted wake-related waves are well within the spectrum of the existing wind-

generated waves to which Pacific salmon are already adapted and hence strandings are not 

anticipated to be measurably different from those experienced during natural conditions. 

Further, because only 2% of shoreline in the LAA falls within the zone of influence of 

vessel wake, adverse effects on juvenile salmon from Project-associated vessel wake waves 

are unlikely.  

 

In summary, available data suggest that predicted wake wave heights arriving at shorelines 

within the LAA are well within the range of natural wave conditions, and are not 

distinguishable from the spectrum of wind-generated waves, except in non-calm conditions. 

Therefore, regardless of increased frequency of wake-related waves, any disturbance to 

marine fish and fish habitat will not be distinguishable from existing conditions and, 

consequently, is considered to be negligible. 

Underwater Noise 

Sound can be classified as impulsive or non-impulsive (or continuous). Impulsive sound is 

high intensity, of short duration, and generated from activities such as impact pile driving. 

Continuous sound is less intense but longer lasting, and results in increasing ambient or 

background noise; it is generated from activities such as vessel movement and dredging 

(Richardson et al. 1995). This assessment focuses solely on continuous sound created by 

transiting vessels within the LAA.  

As mentioned above, the Project will be associated with 520 vessel movements through 

the Strait of Georgia, Haro Strait, and Juan de Fuca Strait (Segments A, B, C, and D; 

Figure 8.1-1). Future increases in commercial vessel traffic are expected to make a 

relatively small contribution to overall underwater noise levels in the LAA due to the high 

density of existing commercial vessel traffic; cumulatively, changes to the mean underwater 

noise levels in the LAA due to RBT2-associated traffic, plus other existing and future 
                                           
4  Wave run-up is the maximum vertical extent of wave uprush on a beach or structure above the still water level 

(Sorenson 1997). 
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projects and activities, represent a 0.08 and 0.06 dB re 1 µPa5 average increase over 

existing conditions in January and July, respectively (Section 7.6.8 Underwater Noise, 

Summary of Assessment). 

Few studies have investigated effects of underwater noise on marine invertebrates (Popper 

2003, Moriyasu et al. 2004). Because invertebrate body density is comparable to 

surrounding water, high-intensity impulsive sounds that cause physical injury or mortality in 

fish or mammals (e.g., underwater explosions, seismic air guns, or pile driving) are less 

likely to do so in marine invertebrates (Rulifson and Schoning 1963, Webb and Kempf 

1998). Nonetheless, anthropogenic underwater noise may affect marine invertebrates 

through physiological (e.g., stress) and behavioural (e.g., habitat avoidance) mechanisms 

(Moriyasu et al. 2004).  

Research on European green crabs (Carcinus maenas) suggests that ship noise has the 

potential to disrupt foraging and anti-predator behaviour (Wale et al. 2013a) as well as 

increase oxygen consumption (Wale et al. 2013b); however, crabs also showed signs of 

rapid habituation, indicating that effects may be extremely short-lived (Wale et al. 

2013a,b). Overall, while effects of underwater noise on marine invertebrates were 

considered, a lack of scientific literature confounds full assessment. Based on limited 

existing data, responses appear to be behavioural and short-lived, such that measurable 

effects of underwater noise on invertebrate populations are unlikely. 

While anthropogenic underwater noise has the potential to cause physical injury or mortality 

in marine fish (Hastings and Popper 2005, Moriyasu et al. 2004, Popper and Hastings 

2009a,b), such effects are almost exclusively associated with impulsive sounds, which are 

not generated by shipping activities. Existing information indicates that noise levels from 

transiting ships are unlikely to cause physical injury or mortality to marine fish (Popper and 

Hastings 2009b); therefore, the potential for physical injury or mortality of marine fish due 

to underwater noise from marine vessel traffic is not considered further. However, it is 

possible that exposure to continuous noise may result in the masking of biologically 

important sounds, cause some hearing loss, trigger behavioural responses, and/or increase 

stress levels (Popper and Hastings 2009b); behavioural responses include, but are not 

                                           
5  Sound pressure level (SPL) is expressed on a logarithmic scale in decibels (dB). For underwater sound, the 

reference pressure level is 1 micro Pascals (μPa). Source level is a measure of the intensity of sound that a 
source emits at a standard 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. 
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limited to, startle or alarm, habitat avoidance or displacement, and changes to natural 

movements (Fay and Popper 2000, Vabø et al. 2002, Handegard et al. 2003). 

At present, the nature and extent of behavioural effects of underwater noise on marine fish 

are not well understood (Popper and Hastings 2009a, Slabbekoorn et al. 2010, Halvorsen et 

al. 2011); no standard behavioural criteria or thresholds have been established in Canada or 

elsewhere, mainly due to a lack of scientific data on harmful exposures (Thomsen et al. 

2006), especially on a species-by-species basis (Popper et al. 2014). Nearly all studies to 

date on behavioural responses of fish to sound have been conducted in a laboratory setting, 

which does not provide accurate insight as to how they might behave in their natural habitat 

(Popper and Hastings 2009a,b). Differences in the hearing capabilities of fish, and in how 

species respond to stimuli in general (e.g., swim away, bury in the substrate) can affect 

whether sound at a given level will elicit a response. Further, responses to sound can vary 

within a species depending on factors such as sex, age, and motivation (e.g., whether a 

species is feeding, mating, etc.) (Popper et al. 2014).  

Almost all fish species will avoid sound levels approximately 90 dB above their hearing 

threshold (i.e., fish will avoid an area if sounds in that area are 90 dB greater than the 

quietest sound levels they can hear), which is abbreviated as 90 dBht (species) (Nedwell et 

al. 2007). While there are limitations to using this generalised guideline, in the absence of 

an accepted quantitative threshold, 90 dBht (species) was used in this assessment as an 

indicator threshold for potential behavioural effects resulting from underwater noise.  

As a species that is highly sensitive to sound pressure levels, behavioural (i.e., avoidance) 

and physiological (i.e., secretion of stress hormones) changes in Pacific herring are possible 

(Wysocki et al. 2006; Slabbekoorn et al. 2010); however, scientific literature on behavioural 

responses of Pacific herring to vessel noise is sparse. One study by Schwarz and Greer 

(1984) documented a mildly negative response of net-penned Pacific herring to the sound of 

large fishing vessels. More generally, Whitfield and Becker (2014) reported that sounds 

generated by recreational boat motors can influence the communication and behaviour of 

certain fish species; Vabø et al. (2002) and Handegard et al. (2003) documented horizontal 

and vertical movements away from vessels for Atlantic herring and Atlantic cod, 

respectively; and Sara et al. (2007) showed that schools of bluefin tuna were less coherent 

in the presence of boat noise. 

While behavioural effects are possible, it should be noted that the scale of overlap between 

disturbance radii from transiting vessels and schools of Pacific herring is considered 

minimal, as is the duration of exposure, based on a projected increase of 520 Project-
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associated container ship movements per year. Acoustic modelling indicates that sound 

levels from transiting vessels are not expected to reach levels beyond which herring initiate 

avoidance behaviour (i.e., 90 dBht), except within the immediate vicinity of the vessel 

(i.e., less than 20 m) (Appendix 7.6-A Container Ship Underwater Noise Modelling). 

Because displacement would be localised, within 20 m of the vessel, and extremely short-

lived as the ship passes by, such behavioural disturbance is not expected to cause 

measurable changes to the productivity of Pacific herring populations in the LAA. 

Further, monthly mean underwater noise levels at locations in the vicinity of herring 

spawning areas reveal minor changes (i.e., <1 dB) between existing conditions and future 

scenarios accounting for RBT2-associated vessels. For example, location 17 in Figure 7.6-3 

is adjacent to herring spawning areas near Victoria (see Figure 8.1-11) and, according to 

Appendix 7.6-B: Table 7.6-B2, future scenarios with RBT2-associated vessels will cause a 

0.02 dB increase in January and no change in July over existing conditions; additionally, 

future scenarios with all new projects plus RBT2-associated vessel traffic will result in a 

0.06 dB increase in January and a 0.01 dB increase in July, over existing conditions. Since 

herring are spawning at these areas under existing conditions, it is unlikely that such small 

increases in noise would induce behavioural changes that prevent them from spawning in 

the future scenarios considered for this assessment. 

Behavioural effects to Pacific salmon from increased vessel traffic are also expected to be 

negligible. Salmon are much less sensitive to sound pressure than species such as herring, 

and modelling results indicate that sound levels generated by ship movements are not 

predicted to reach the behavioural threshold for salmon (i.e., 90 dBht), even within close 

proximity to sound-source activities (Appendix 7.6-A Container Ship Underwater 

Noise Modelling).  

While individual fish may respond to underwater noise by moving away from the sound 

source for the duration of the disturbance, there is no evidence in the literature that vessel 

traffic will result in the large-scale displacement of fish populations from foraging, spawning, 

rearing, or migration areas or will otherwise affect their distribution or abundance. This is 

evidenced by the existing overlap of areas of high shipping activity and Pacific herring and 

Pacific salmon migration areas, such as Haro Strait and the Fraser and Columbia rivers.  

In summary, effects of underwater noise are considered negligible for marine fish and fish 

habitat because i) RBT2-associated shipping represents a minimal increase over existing 

conditions (i.e., 520 additional container ship movements per year); ii) modelled cumulative 
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incremental changes in sound, which includes all new projects plus RBT2-associated vessel 

traffic, is slight (i.e., 0.08 and 0.06 dB re 1 µPa increase over existing conditions in January 

and July, respectively); iii) vessel noise is not impulsive and will not cause injury or 

mortality to marine fish; and iv) vessel noise will not reach the behavioural avoidance 

threshold (i.e., 90 dBht) for Pacific salmon and will only exceed 90 dBht for Pacific herring 

within the immediate vicinity of the vessel (i.e., within 20 m of the vessel) and for short 

durations (i.e., as the ship passes).  

8.1.6.2 Summary of Potential Transboundary Changes 

Routine marine shipping associated with the Project is not expected to result in changes to 

marine fish or fish habitat in U.S. waters.  

8.1.7 Suggested Mitigation Measures 

As routine marine shipping associated with the Project is not expected to result in any 

measurable change in marine fish or fish habitat, no mitigation measures are suggested. 

8.1.8 Residual Effects Assessment and Significance Determintation 

Routine marine shipping associated with the Project is not expected to result in any residual 

adverse effects on marine fish or fish habitat. 

8.1.9 Cumulative Effects Assessment  

An assessment of cumulative effects on marine fish and fish habitat was not conducted as 

routine marine shipping associated with the Project is not expected to result in any 

measurable change in marine fish or fish habitat that is likely to interact cumulatively with 

changes caused by other projects or activities that have been or will be carried out. 

8.1.10   Summary of Assessment 

Routine marine shipping associated with the Project is not expected to result in any 

measurable change in marine fish or fish habitat.  

8.1.11   Follow-Up Program 

As routine marine shipping associated with the Project is not expected to result in any 

measurable change in marine fish or fish habitat, a follow-up program in the marine 

shipping LAA is not warranted at this time. 
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8.2 MARINE MAMMALS EFFECTS ASSESSMENT 

This section presents the results of the assessment of potential effects of marine shipping 

associated with the Project on marine mammals and their habitat in the Salish Sea within 

the Marine Shipping Area (MSA) (shown in Figure 8.2-1). The potential effects of marine 

shipping associated with the Project on marine mammals was previously assessed in Section 

14.0 of the RBT2 EIS, primarily to provide valuable information regarding the potential 

effects of marine shipping on the features of federally designated critical habitat of the 

endangered southern resident killer whale (SRKW; Orcinus orca). The assessment for SRKW 

examined potential effects of the Project and Project shipping on critical habitat features, 

including the acoustic environment, the availability of prey, and water and sediment quality, 

and how changes in critical habitat features could potentially affect SRKW life functions of 

foraging, mating, resting, and socialising.  

The marine mammal assessment for the RBT2 Project assessed effects associated with 

marine shipping both within and outside of PMV jurisdiction to the north, including the 

southern Strait of Georgia to Texada Island, and west through Juan de Fuca Strait to the 12 

nautical mile territorial boundary. The results described in RBT2 EIS Section 14.0 are 

therefore directly applicable to this marine shipping assessment. Where appropriate, the 

reader is directed to Section 14.0 of the RBT2 EIS for further information on methodologies 

and background. 

This assessment is consistent with Updated EIS Guidelines section 17.1.1 that requires that 

marine mammals and their habitats be assessed for potential changes related to Project-

associated marine vessels, and section 17.3.1 that requires the identification and 

description of any federally and provincially listed species at risk and species of special 

status. While the RBT2 EIS assessment examined potential effects in a large portion of the 

MSA, this assessment includes additional information on the potential effects of marine 

shipping associated with the Project on baleen whales, toothed whales, seals and sea lions, 

including listed species at risk. Potential effects on marine mammals from potential 

accidents or malfunctions are described in Section 10.5.7 Potential Accidents or 

Malfunctions, Marine Mammals. Aboriginal traditional knowledge informed the selection 

of marine mammals as a valued component (Section 8.2.1) and the characterisation of 

existing conditions for marine mammals (Section 8.2.5.1 to Section 8.2.5.4). 
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8.2.1 Component Overview 

Marine mammals were considered a valued component (VC) in the RBT2 EIS because they 

occur in or near the RBT2 Project area and associated marine shipping lanes, are top 

predators in the Salish Sea marine ecosystem, are the focus of a substantial wildlife viewing 

and ecotourism industry, and hold important cultural value to the public and Aboriginal 

groups. In the RBT2 EIS, three sub-components of marine mammals were chosen to 

structure and streamline the assessment that are similar in nature, occupy comparable 

habitats, play similar ecological roles, or may be affected by marine shipping associated 

with the Project in analogous ways. Due to the differences in life history, prey preferences, 

and hearing sensitivities, toothed whales, baleen whales, and seals, sea lions, and sea 

otters have been selected as sub-components for the effects assessment of marine 

mammals. As described in RBT2 EIS Section 14.2.1, one representative species was 

selected to represent each sub-component group—southern resident killer whale, North 

Pacific humpback whale (Megaptera novaeangliae), and Steller sea lion (Eumetopias 

jubatus). Killer whales, in particular, were identified as holding strong cultural value to 

Aboriginal groups. Ditidaht First Nation stated that killer whales are considered sacred 

beings and are guardians of the ocean (NEB 2014a). Tsartlip First Nation stated that Stuart 

Island is traditionally named ḰENNES, which means "whale", and that whales hold strong 

cultural value and were used for food (NEB 2014b). Tsawwassen First Nation stated that 

killer whales have cultural significance to its nation and members (PMV 2015a). The 

approach used in the RBT2 EIS was considered applicable and appropriate for this marine 

shipping assessment and has been applied here. 

8.2.2 Indicators 

Indicators are measurable parameters and provide a means of determining change to a VC. 

The indicators chosen for marine mammals and the rationale for their selection are 

presented in Table 8.2-1. Indicators selected for this assessment are the same as those 

used in the RBT2 EIS (see RBT2 EIS Table 14-4). 
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Table 8.2-1 Indicators for Marine Mammals 

Indicator Rationale for Selection of Indicator 

Acoustic environment: level, 
frequency, and duration of 
underwater noise 

• Underwater noise can result in acoustic injury or affect a 
marine mammal’s ability to forage, mate, rest, or socialise; 

• Models of acoustic masking and behavioural disturbance can 
predict lost foraging opportunities;  

• Models can predict potential effects of underwater noise to 
individual vital rates (i.e., growth, death, reproduction) and 
population growth; and 

• For some species, effects from underwater noise could result in 
a population-level effect. 

Availability of prey: quantity 
and quality of prey 

• Indirect effects of underwater noise can affect marine mammal 
prey. 

Physical disturbance: number of 
individuals struck by vessels 

• Physical disturbance from vessel strikes can result in injury or 
mortality to individual marine mammals, which for some 
species could result in a population-level effect.  

8.2.3 Assessment Boundaries 

The boundaries used in the assessment are described below, including temporal, spatial, 

and technical boundaries. Administrative boundaries have not been identified as a constraint 

for this assessment. 

8.2.3.1 Temporal and Spatial Boundaries 

The temporal boundaries for this assessment are as described in Section 6.2.2 Temporal 

Boundaries. As in the RBT2 EIS, the characterisation of existing conditions is reflective of 

the year 2014, when marine mammal studies were completed in the local assessment area 

(LAA). Studies and models to characterise existing conditions for marine mammals and 

underwater noise (Section 7.6 Underwater Noise) were conducted from 2012 to 2014. 

The assessment of effects from increased vessel traffic associated with the Project is based 

on predicted activities in the year 2030, which is deemed to be representative of the RBT2 

operation phase. 

The spatial boundaries for the assessment are summarised in Table 8.2-2 and shown in 

Figure 8.2-1.  
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Table 8.2-2 Spatial Boundary Definitions for Marine Mammals 

Spatial Boundary Description of Assessment Area 

Local Assessment 
Area 

The LAA includes Segments A to G in the MSA (see Figure 4-1), the 
Canadian and U.S. SRKW critical habitat, excluding Puget Sound, and 
portions of North Pacific humpback whale critical habitat. This includes the 
southern Strait of Georgia to the western end of Juan de Fuca Strait, 
extending 4.2 km west of the 12 nautical mile territorial sea limit. The 
4.2 km extension represents the limit of potential behavioural effects for 
marine mammals in response to underwater noise within the MSA. 

Regional 
Assessment Area  Same as LAA. 

8.2.3.2 Technical Boundaries 

This assessment has mostly relied on existing sources of information to inform both the 

characterisation of existing conditions and the identification and assessment of changes 

arising from RBT2-associated marine vessel activities in the LAA. The majority of 

information was obtained from studies undertaken as part of the RBT2 environmental 

assessment. The RBT2 assessment modelled operational marine vessel noise for the 

following activities: 

• Vessels transiting, manoeuvring, and berthing within PMV jurisdiction; and 

• Vessels associated with RBT2 transiting beyond PMV jurisdiction to the 12 nautical 
mile territorial boundary. 

The studies, results, and conclusions described in the EIS with respect to underwater noise 

and marine mammals are directly applicable to this marine shipping assessment. Technical 

boundaries for the marine mammal effects assessment detailed in Section 14.3.3 of the 

RBT2 EIS are therefore relevant to this marine shipping effects assessment. An existing 

vessel encounter risk study in the region (Stantec 2015) was used to inform the risk of 

vessel strikes from shipping associated with RBT2. This study considered the frequency with 

which a vessel and marine mammals were expected to co-occur in the same place at the 

same time, assuming random whale movements of predicted densities. A technical 

boundary pertaining to the use of this study is that it did not factor in any behavioural 

responses of the whale (i.e., movement out of the area as the vessel approaches), nor any 

avoidance response (e.g., dives, bursts of speed, changes of course).  
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8.2.4 Information Sources 

This assessment has relied primarily on existing sources of information, which includes the 

following: 

• Aboriginal traditional knowledge; 

• Section 14.0 of the RBT2 EIS, to inform both the characterisation of existing 
conditions and the identification and assessment of effects from marine shipping 
associated with RBT2; 

• The Kinder Morgan Trans Mountain Expansion Project EIS (TMX 2013) and Review 
Panel information request responses, including a Quantitative Vessel Strike Analysis 
(Stantec 2015); 

• Previous environmental assessments and their supporting documents, such as 
monitoring reports (e.g., Deltaport Third Berth Project); 

• Scientific literature, including books, academic journals, and technical reports (both 
consultant and government); and 

• Databases (e.g., B.C. Conservation Data Centre (CDC), Committee on the Status of 
Endangered Wildlife in Canada (COSEWIC), Wildlife Species Database, Species at 
Risk Public Registry, B.C. Cetacean Sightings Network (BCCSN), and OrcaMaster 
Sighting Network).  

A summary of SRKW studies undertaken for the RBT2 environmental assessment that 

support this assessment are provided in RBT2 EIS Section 14.0 (Tables 14-6 and 14-7). 

For this assessment, additional datasets were analysed to understand the occurrence of 

SRKW in the western portion of Juan de Fuca Strait and to predict additional potential 

behavioural responses from underwater noise from marine shipping associated with RBT2 in 

this region (Appendix 8.2-A). These datasets were as follows:  

• Satellite tracking studies by the U.S. National Oceanic and Atmospheric 
Administration (NOAA) during winter and spring (NOAA 2014); and 

• Year-round passive acoustic monitoring studies by Fisheries and Oceans Canada 
(DFO) at Swiftsure Bank (Riera 2012) and by NOAA in U.S. waters (Hanson et al. 
2013). 

Underwater noise levels and zones of potential behavioural disturbance to marine mammals 

were predicted at four representative locations along the international outbound shipping 

lanes in the LAA for container ship transit associated with RBT2 (Appendix 7.6-A 

Container Ship Underwater Noise Modelling). 
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As mentioned previously, the results of an existing vessel encounter risk study (Stantec 

2015) were used to assess the risk of vessel strikes to marine mammals from shipping 

associated with RBT2. Density and distribution data of marine mammals used in this study 

included the following: 

• Commercial whale watching data (Hauser et al. 2007); 

• Published line transect surveys (Best and Halpin 2011, Williams and Thomas 2007); 

• Habitat-based occurrence studies (Gregr et al. 2006, Ford et al. 2010a, Dalla Rosa et 
al. 2012, Gregr and Trites 2001); and 

• BCCSN opportunistic sightings (BCCSN 2013 in Stantec 2015). 

8.2.5 Existing Conditions 

This section provides a description of existing conditions for marine mammals present in the 

LAA. Where appropriate, the reader is directed to relevant sub-sections of the RBT2 EIS for 

further information.  

8.2.5.1 Ecological Overview 

A total of 33 species of marine mammals can be found in B.C., and 22 of these have been 

observed in the LAA on at least one occasion (Table 8.2-3). Many of these species are 

observed year-round, some are seasonal or migratory, while others are considered only 

rare or accidental sightings. The most commonly observed species of toothed whales in 

the LAA include SRKW, harbour porpoise (Phocoena phocoena), Dall’s porpoise 

(Phocoenoides dalli), and large aggregations of Pacific white-sided dolphin (Lagenorhynchus 

obliquidens). The most commonly observed baleen whale is the humpback whale, although 

the minke whale (Balaenoptera acutorostrata) and grey whale (Eschrichtius robustus), as 

well as the occasional fin whale (Balaenoptera physalus), are also observed. Maa-nulth First 

Nations stated that grey and humpback whales were the most common species historically 

and migrated in spring and fall (NEB 2015a). The most common pinniped is the harbour seal 

(Phoca vitulina richardsi), followed by the Steller and California (Zalophus californianus) sea 

lions. Northern fur seal (Callorhinus ursinus) and northern elephant seal (Mirounga 

angustirostris) may be seen in small numbers in the western extent of the LAA. Sea otters 

(Enhydra lutris), mostly from the Washington State population, are also observed in small 

numbers in the western part of Juan de Fuca Strait and Gulf Islands, though do not appear 

to have established permanently in the LAA at this time. Other species that occur less 

frequently in the LAA are described in Table 8.2-3. 
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8.2.5.2 Species of Conservation Concern 

A total of 13 marine mammal species of conservation concern have been identified as 

potentially occurring in the LAA based on a review of COSEWIC assessments and status 

reports, the federal Species at Risk Act (SARA) public registry list (Schedule 1), the B.C. 

CDC Red and Blue Lists, and the U.S. Endangered Species Act list under NOAA jurisdiction 

(Table 8.2-3). 

A number of marine mammal species in B.C. that could occur in the LAA experienced 

population declines in the past, primarily due to historical commercial whaling that ended in 

Canada in 1972 or live capture for aquaria, and are now protected under SARA and the 

Fisheries Act. Critical habitat for both SRKW and humpback whale1 occur in the LAA, and 

numerous Steller sea lion haulout sites are located along shoreline habitats adjacent to the 

shipping route. DFO is conducting research to identify other areas to be designated as 

critical habitat for Endangered and Threatened marine mammal species, including fin whale. 

In particular, DFO has proposed inner-coast transient killer whale critical habitat as three 

nautical miles (5.56 km) from shore for all of B.C. (DFO 2013a); however, this critical 

habitat has not been formally designated. 

                                           
1  North Pacific humpback whales were listed as Special Concern by COSEWIC in 2011. Given the reassessment 

by COSEWIC, the Minister of the Environment, on the advice of the Minister of Fisheries and Oceans, 
recommended in April 2014 to the Governor in Council to make a regulatory amendment to Schedule 1 of 
SARA in order to change the status of the species from Threatened to Special Concern. 
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Table 8.2-3 Marine Mammals Potentially Occurring in the Local Assessment Area 

Common and 
Scientific 
Names 

Status Current Threats Listed in DFO 
Recovery Strategies 

Predicted 
Occurrence In and 

Use of the LAA COSEWIC SARA B.C. List U.S. Status 

Toothed Whales 

Pacific White-
sided Dolphin 
Lagenorhynchus 
obliquidens 

Not at Risk No Status Yellow No Status Not applicable (n/a) 

Regular sightings in the 
Strait of Georgia. Likely 
use area for foraging. 
When observed, often 
in large schools. 

Killer Whale – 
Northeast Pacific 
Southern 
Resident 
Population  
Orcinus orca 

Endangered 
Endangered 
Schedule 1 

Red Endangered 

• Acoustic disturbance 
• Reduced prey availability 
• Environmental contaminants (i.e., 

persistent bioaccumulating toxins, 
oil spills and other toxic spills) 

• Physical disturbance (i.e., 
presence, vessel strike) 

• Incidental mortality in fisheries 
• Climate change 

Common and regular 
sightings, particularly 
during summer and 
fall, but some presence 
in all months. LAA 
overlaps the majority 
of the identified critical 
habitat. 

Killer Whale – 
Northeast Pacific 
Northern 
Resident 
Population  
Orcinus orca 

Threatened 
Threatened 
Schedule 1 

Red No Status 

• Acoustic disturbance 
• Reduced prey availability 
• Environmental contaminants (i.e., 

persistent bioaccumulating toxins, 
oil spills and other toxic spills) 

• Physical disturbance (i.e., 
presence, vessel strike) 

• Incidental mortality in fisheries 
• Climate change 

Occasional visitors, 
particularly in western 
extent of LAA; 
however, less common 
than SRKWs, given this 
population’s generally 
more northern B.C. 
distribution. 
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Common and 
Scientific 
Names 

Status Current Threats Listed in DFO 
Recovery Strategies 

Predicted 
Occurrence In and 

Use of the LAA COSEWIC SARA B.C. List U.S. Status 

Killer Whale – 
Northeast Pacific 
Transient (Bigg’s) 
Population  
Orcinus orca 

Threatened 
Threatened 
Schedule 1 

Red No Status 

• Acoustic disturbance 
• Reduced prey availability 
• Environmental contaminants (i.e., 

persistent bioaccumulating toxins, 
oil spills and other toxic spills) 

• Physical disturbance (i.e., 
presence, vessel strike) 

• Climate change 

Regular sightings; 
however, less 
predictable than 
SRKWs. Present year-
round primarily for 
hunting. Wide-ranging, 
hunt and breed 
throughout large area. 

Killer Whale – 
Offshore 
Population  
Orcinus orca 

Threatened 
Threatened 
Schedule 1 

Red No Status 

• Acoustic disturbance 
• Reduced prey availability 
• Environmental contaminants (i.e., 

oil spills and other toxic spills) 
• Physical disturbance (i.e., 

presence, vessel strike) 
• Interactions with commercial 

fisheries (i.e., entanglement) 
• Climate change 

Not well understood. 
May be occasional 
visitors; however, 
uncommon given 
generally more 
offshore distribution. 

Harbour Porpoise 
Phocoena 
phocoena 

Special 
Concern 

Special 
Concern 

Schedule 1 
Blue No Status Recovery strategies not developed 

for species of Special Concern. 

Common, use area for 
foraging and calving. 
Likely year-round 
residents. Most 
commonly found in 
shallow (<200 m) 
nearshore areas. 

Dall’s Porpoise 
Phocoenoides 
dalli 

Not at Risk No Status Yellow No Status n/a 

Common, use area for 
foraging and calving. 
Likely year-round 
residents. 

False Killer Whale 
Pseudorca 
crassidens 

Not at Risk No Status Accidenta
l No Status n/a Very low, generally an 

offshore species. 
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Common and 
Scientific 
Names 

Status Current Threats Listed in DFO 
Recovery Strategies 

Predicted 
Occurrence In and 

Use of the LAA COSEWIC SARA B.C. List U.S. Status 

Baleen Whales 

Eastern Pacific 
Grey Whale 
Eschrichtius 
robustus 

Special 
Concern 

Special 
Concern 

Schedule 1 
Blue Delisted due 

to recovery 
Recovery strategies not developed 
for species of Special Concern. 

Fairly common but not 
generally abundant in 
LAA. Most common to 
western Vancouver 
Island; some whales 
remain resident 
throughout summer to 
forage. May also be 
observed at other 
times of year during 
migration. 

Western Pacific 
Grey Whale 
Eschrichtius 
robustus 

No Status No Status No Status Endangered n/a 

Rare during spring/fall 
migration along 
Canada-U.S.A. west 
coast. 

North Pacific 
Humpback Whale 
Megaptera 
novaeangliae 

Special 
Concern 

Threatened 
Schedule 1 
(Proposed 
for listing 
as Special 
Concern) 

Blue 

Endangered  
(Proposed 

for delisting 
to 

Threatened) 

 
• Acoustic disturbance 
• Reduced prey availability 
• Physical disturbance (i.e., 

presence, vessel strike) 
• Entanglement 

 

Relatively common and 
abundant, especially 
during summer and 
fall. Some presence 
year-round. The 
western-most portion 
of the LAA overlaps 
critical habitat for this 
species. Use area 
primarily for foraging. 
Individuals may remain 
resident for several 
months while others 
migrate through. 
Numbers have been 
increasing in this area 
in recent years. 
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Common and 
Scientific 
Names 

Status Current Threats Listed in DFO 
Recovery Strategies 

Predicted 
Occurrence In and 

Use of the LAA COSEWIC SARA B.C. List U.S. Status 

Minke Whale 
Balaenoptera 
acutorostrata 

Not at Risk No Status Yellow No Status n/a 

Fairly common but not 
generally abundant. 
Likely a year-round 
resident. Most 
frequently found in 
nearshore waters and 
passages around Haro 
Strait. 

Fin Whale 
Balaenoptera 
physalus 

Threatened 
Threatened 
Schedule 1 

Red Endangered 

• Acoustic disturbance 
• Reduced prey availability 
• Environmental contaminants (i.e., 

oil spills and other toxic spills) 
• Physical disturbance (i.e. 

presence, vessel strike) 
• Climate change 
• Entanglement 

Rare sightings in Juan 
de Fuca Strait. May 
occasionally use 
western portion of LAA 
for foraging. Historical 
distribution and 
preferred habitat is 
primarily offshore. 

Sei Whale 
Balaenoptera 
borealis 

Endangered Endangered  Red Endangered 

• Acoustic disturbance 
• Reduced prey availability 
• Environmental contaminants (i.e., 

oil spills and other toxic spills) 
• Physical disturbance (i.e., 

presence, vessel strike) 
• Climate change 
• Entanglement 

Very low, generally an 
offshore species. 

Blue Whale  
Balaenoptera 
musculus 

Endangered Endangered Red Endangered 

• Acoustic disturbance 
• Reduced prey availability 
• Environmental contaminants (i.e., 

oil spills and other toxic spills) 
• Physical disturbance (i.e., 

presence, vessel strike) 
• Climate change 
• Entanglement 

Very low, generally an 
offshore species. 
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Common and 
Scientific 
Names 

Status Current Threats Listed in DFO 
Recovery Strategies 

Predicted 
Occurrence In and 

Use of the LAA COSEWIC SARA B.C. List U.S. Status 

North Pacific 
Right Whale  
Eubalaena 
japonica 

Endangered 
Endangered 
Schedule 1 

Red Endangered 

• Acoustic disturbance 
• Environmental contaminants (i.e., 

oil spills and other toxic spills) 
• Physical disturbance (i.e., 

presence, vessel strike) 
• Entanglement 

 

One recent sighting in 
western portion of LAA; 
otherwise, no recorded 
presence. Unlikely, 
given historical 
distribution and 
preferred habitat (i.e., 
primarily offshore). 
Now extremely rare 
throughout B.C. waters 
due to historical over-
exploitation. 

Seals, Sea Lions, and Sea Otters 

California Sea 
Lion 
Zalophus 
californianus 

Not at Risk No Status Yellow No Status n/a 

Not abundant, but 
regular sightings off 
Victoria and at Race 
Rocks. More common 
than Steller sea lion in 
Washington waters. 
Most likely from 
September through 
May when males and 
sub-adults migrate 
north while females 
remain near rookeries 
off California and 
Mexico. 
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Common and 
Scientific 
Names 

Status Current Threats Listed in DFO 
Recovery Strategies 

Predicted 
Occurrence In and 

Use of the LAA COSEWIC SARA B.C. List U.S. Status 

Steller (Northern) 
Sea Lion 
Eumetopias 
jubatus 

Special 
Concern 

Special 
Concern 

Schedule 1 
Blue Delisted due 

to recovery 
Recovery strategies not developed 
for species of Special Concern. 

Common. Year-round 
presence. Peak 
numbers in LAA during 
fall and winter. No 
rookeries in LAA. One 
major year-round 
haulout (i.e., 
Carmanah Point) and 
numerous major winter 
haulouts, including one 
at Race Rocks, which is 
protected within a 
Marine Protected Area. 
Use area to forage and 
haul out (e.g., to rest, 
socialise). 

Harbour Seal 
Phoca vitulina 

Not at Risk No Status Yellow No Status n/a 

Common and 
abundant. Year-round 
resident. Use area to 
forage and breed. 

Northern 
Elephant Seal  
Mirounga 
angustirostris 

Not at Risk No Status Yellow No Status n/a 

Uncommon. Recent 
sightings of small 
numbers at Race Rocks 
and other locations in 
the LAA. Foraging 
occurs offshore in 
northern waters—
individuals may be 
seen hauled out within 
LAA during migration. 
Winter breeding 
rookeries and moulting 
sites in Mexico and 
California. 
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Common and 
Scientific 
Names 

Status Current Threats Listed in DFO 
Recovery Strategies 

Predicted 
Occurrence In and 

Use of the LAA COSEWIC SARA B.C. List U.S. Status 

Northern Fur Seal 
Callorhinus 
ursinus 

Threatened No Status Red Not Listed n/a 

Uncommon. Occasional 
sightings in LAA. 
Historical distribution 
overlaps western-most 
portion of LAA. 
Summer is spent at 
rookeries in Alaska. 
Winter is spent in the 
open water off 
continental shelf and 
shelf break, though 
some overwinter up 
inlets. 

Sea otter  
Enhydra lutris 

Special 
Concern 

Special 
Concern 

Schedule 1 
Blue Threatened Recovery strategies not developed 

for species of Special Concern. 

Occasional. Most likely 
in western-most 
portion of LAA. Year-
round residents of 
central and 
northwestern 
Vancouver Island. 
Washington population 
has known sightings 
around Tatoosh and 
Waadah islands. 

Sources:  Adapted from TMX 2013, Table 4.2.7.1. Principal sources of information include the following: COSEWIC Status Reports; DFO 
Recovery Strategies, Management Plans, and Canadian Science Advisory Secretariat Reports; BCCSN; B.C. CDC; DFO; U.S. 
National Marine Fisheries Service; Washington Department of Fish and Wildlife; government websites and reports; and TMX 2013. 
Refer to Appendix 8.0-A Marine Fish and Marine Bird Federally and Provincially Listed Species at Risk and Species of 
Conservation Concern in the Marine Shipping Area for risk designation definitions. 
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8.2.5.3 Southern Resident Killer Whale 

There are two communities of resident killer whales in B.C.: the northern residents, which 

rarely occur in the LAA, and the southern residents, which regularly occur in the LAA. SRKW 

are classified as Endangered under SARA due to their small population size of 82 individuals 

as of September 15, 2015 (CWR 2015), low reproductive rate, and potential anthropogenic 

threats (DFO 2011). The Recovery Strategy for the Northern and Southern Resident Killer 

Whales (Recovery Strategy) was released by DFO in 2008 and amended in 2011 (DFO 

2011). A Draft Action Plan for SRKWs was released in early 2014 (DFO 2014). The Recovery 

Strategy outlines potential threats to resident killer whales and describes designated critical 

habitat. For more information on existing conditions for SRKW, including life history, 

abundance, distribution, past and current threats, critical habitat features, and life 

functions, see Sections 14.1.1.1 and 14.5.1 of the RBT2 EIS. 

8.2.5.4 North Pacific Humpback Whale 

Humpback whales are listed by SARA as Threatened and critical habitat has been designated 

at a number of locations in B.C. (DFO 2009, DFO 2013b). Critical habitat has been 

designated under SARA along southwest Vancouver Island for a potentially distinct sub-

population of humpback whales (DFO 2013b) (Figure 8.2-2). Recent genetics and photo-

identification studies estimate that 200 to 400 humpbacks feed in the waters around 

northern Washington and southern Vancouver Island (COSEWIC 2011, DFO 2009, 2013b, 

Ford et al. 2009, 2010a, Rambeau 2008, Calambokidis et al. 2004, 2008, Nichol et al. 

2010). Critical habitat that overlaps the LAA is based primarily on summer observations of 

small-scale concentrations of humpback whales near the mouth of Barkley Canyon and over 

Swiftsure Bank (Calambokidis et al. 2004, Ford et al. 2010a), though most of these large 

concentrations are outside the LAA. Pacheedaht First Nation stated that humpback whales 

have been observed feeding on herring near Swiftsure Bank with bubble-netting methods 

(Pacheedaht 2015). Solitary humpback whales are sighted regularly in the LAA during the 

summer months, including waters near Victoria, B.C. However, as sightings from the BCCSN 

have not been corrected for effort, it is difficult to determine what areas are preferred 

habitat within the LAA. 

In the North Pacific, humpback whales appear to be successfully recovering from a period of 

heavy exploitation by commercial whaling (Gregr et al. 2000, Calambokidis et al. 2008, 

COSEWIC 2011, Williams and Thomas 2007). The population is growing at a rate of 4.9% to 

6.8% annually, with recent estimates of 18,302 humpbacks in the North Pacific and 2,145 in 
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B.C. (Calambokidis et al. 2008, DFO 2013b). For the purposes of the RBT2 EIS and the 

marine shipping assessment, and as defined in the Recovery Strategy for North Pacific 

Humpback Whales, critical habitat includes the biophysical features and attributes that are 

necessary for the species to carry out specific functions associated with life processes (DFO 

2013b, Table 8.2-4). The federal recovery strategy also outlines potential threats, including 

physical disturbance (e.g. vessel strikes), entanglement, environmental contamination (i.e., 

toxic spills), declines in availability of prey (i.e., quality and quantity), and acoustic 

disturbance (DFO 2013b).  

Table 8.2-4 Humpback Whale Life Functions and Biophysical Features and 
Attributes of Critical Habitat2 

Humpback Whale 
Life Functions Critical Habitat Feature Critical Habitat Attribute 

Foraging, resting, 
and socialising 

Acoustic environment Suitable sound attributes required for life 
functions. 

Availability of prey Quantity, quality, and distribution of preferred 
prey, both spatially and temporally. 

Water and air Water and air quality that does not cause 
adverse health effects. 

Physical space Unimpeded physical space around a whale and 
in the path of a travelling whale. 

For more detailed information on the life history and ecology of humpback whales in the 

LAA, see Section 14.5.2 of the RBT2 EIS. 

8.2.5.5 Steller Sea Lion 

Steller sea lion is listed as Special Concern under Schedule 1 of SARA and is the only 

pinniped species at risk likely to occur on a regular basis in the LAA. Steller sea lions use 

both marine and terrestrial habitats, with marine environments used for foraging and 

terrestrial locations used to haul out (rest on land). Sea lions can haul out on a variety of 

surfaces, including rocky outcrops, log booms, floats, docks, and piers. Three categories of 

haulouts have been defined by DFO: 1) rookeries, used for breeding and rearing pups; 2) 

winter haulouts, primarily used during the breeding season; and 3) year-round haulouts, 

which are occupied continuously (DFO 2010).  

                                           
2  Definitions of North Pacific humpback whale life functions and critical habitat features and attributes are from 

the Recovery Strategy for the North Pacific Humpback Whale in Canada (DFO 2013b). 
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Currently, there are 24 major haulout sites (defined as a haulout site with more than 50 sea 

lions) in B.C. (Pitcher et al. 2007) and eight occur in the LAA (Figure 8.2-3). Several major 

Steller sea lion winter haulout sites have been identified around southern Vancouver Island, 

including Race Rocks in Juan de Fuca Strait, Trial Island off Victoria in Haro Strait, the Belle 

Chain area, the Gulf Islands, and Baynes Sound in northwestern Strait of Georgia 

(Jeffries et al. 2000, Olesiuk 2009). In addition to one year-round haulout at Carmanah 

Point, and several major winter haulouts, there are six minor haulouts located in the LAA 

(major year-round and winter haulouts near the LAA are shown in Figure 8.2-3). 

Numerous Steller sea lion haulouts around B.C. are also protected within national or 

provincial parks, such as Pacific Rim and Gulf Islands National Park Reserves and Race 

Rocks Ecological Reserve (Figure 8.2-3). The maximum number of Steller sea lions 

observed at one time on Race Rocks increased from seven individuals in 1965 to 680 

individuals in 2009 (Edgell and Demarchi 2012).   

Current threats to Steller sea lions include displacement from habitat, underwater acoustic 

disturbance in aquatic habitat, disturbance at terrestrial habitat, environmental 

contamination, toxic spills, predator control at fish farms, incidental mortality from fishing 

gear and other sources, and shifts in prey abundance and distribution (DFO 2010). 

Additional information regarding Steller sea lions, including life history, abundance, local 

assessment area distribution, and threats, can be found in Section 14.5.3 of the RBT2 EIS. 

8.2.6 Potential Interactions and Effects 

This section considers the interactions and potential effects of marine shipping associated 

with the Project on marine mammals. Potential interactions are presented in Table 8.2-5. 

Potential effect ratings and a preliminary evaluation of the potential effects on marine 

mammals associated with these interactions is also provided, to focus the assessment on 

those interactions of greatest importance. Those potential effects anticipated to be 

negligible are described in Section 8.2.6.1, and are not carried forward in the assessment. 

Potential adverse effects relevant to marine mammals that are expected to be measurable 

(i.e., not negligible) include changes to the acoustic environment from vessel traffic 

(see Section 8.2.6.2), potentially resulting in behavioural disturbance and acoustic 

masking, and the potential for strike by, or collision with, ships (see Section 8.2.6.3). 
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Table 8.2-5 Marine Mammals and Marine Shipping Activity Interactions  

Activity/Event 
Interaction 

(Y/N) 
Potential Effect Description and Rationale 

Vessel Transit Y 

The potential effect of changes to the acoustic environment from 
vessel traffic could affect individual marine mammals 
(behavioural disturbance and acoustic masking) and is rated as 
high. Behavioural and acoustic masking effects could potentially 
result in measurable population-level effects for some sub-
components and/or representative species. 
The potential effect of changes to the acoustic environment from 
vessel traffic resulting in reduced availability of prey is rated as 
negligible because increases in RBT2-associated container ships 
and other commercial vessel traffic are not predicted to 
contribute to levels of underwater noise that result in effects to 
marine mammal prey. 
The potential effect of physical disturbance (i.e., vessel strike) is 
rated as high because vessel strikes could result in injury or 
mortality to individual marine mammals, which could result in 
measurable population-level effects for some sub-components 
and/or representative species. 
The potential effects from increases in atmospheric noise and 
decreases in air quality are rated as negligible because it is likely 
that the addition of approximately three RBT2-associated 
container ships every two days to the existing volume of vessel 
traffic will have an unmeasurable effect on marine mammal sub-
components and representative species. 
The potential effect of vessel wake on marine mammal sub-
components and representative species is rated as negligible 
because modelled wave heights are well within the range of 
natural wave conditions and are considered insufficient to 
measurably alter nearshore habitats, or disturb hauled out seals 
or sea lions.  

As noted previously, potential effects on marine mammals from potential accidents or 

malfunctions are described in Section 10.5.7 Potential Accidents or Malfunctions, 

Marine Mammals. 

8.2.6.1 Negligible Effects 

Negligible potential effects are those effects before mitigation that are so small that they are 

not detectable or measureable and are not anticipated to affect the VC or sub-component 

populations. Negligible effects for marine mammals include the following:  

• Increases in underwater noise from container ships potentially resulting in reduced 
availability of prey; 

• Increases from atmospheric noise to the acoustic environment from container ships 
resulting in potential behavioural effects;  
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• Increases in environmental contamination from air pollution resulting in potential 
health effects; and 

• Increases in wave height from vessel wake from container ships resulting in potential 
habitat degradation or disturbance to hauled out seals and sea lions. 

Acoustic Environment – Reduced Availability of Prey Due to Underwater Noise 

Marine mammals considered in this assessment either feed exclusively on fish (i.e., SRKW) 

or a combination of fish and invertebrates (i.e., humpback whale, Steller sea lion). Shipping 

associated with the Project will result in 520 additional vessel movements through the Strait 

of Georgia, Haro Strait, and Juan de Fuca Strait (Segments A, B, and D; Figure 8.2-1) and 

780 movements in the waters south of Victoria (Segment C) over existing annual vessel 

traffic. To put this into context, in Segment B there are predicted to be 8,896 vessel 

movements per year under existing conditions (see Figure 4-3). Future increases in 

commercial vessel traffic are expected to make a relatively small contribution to overall 

underwater noise levels in the LAA due to the high density of existing commercial vessel 

traffic; cumulatively, changes to the mean underwater noise levels in the LAA due to RBT2-

associated traffic, plus other existing and future projects and activities, represent a 

0.08 (6.55%) and 0.06 dB re 1 µPa3 (5.10%) increase over existing conditions in 

January (existing 122.17 dB re 1 µPa) and July (existing 117.56 dB re 1 µPa), respectively 

(Section 7.6.8 Underwater Noise, Summary of Assessment). 

Existing information indicates that noise levels from transiting ships are unlikely to cause 

reduction in the availability of marine mammal prey from physical injury or mortality to 

marine fish (Popper and Hastings 2009a). The nature and extent of potential behavioural 

effects of underwater noise on marine fish and invertebrates (e.g., zooplankton) are not 

well understood (Popper and Hastings 2009b, Slabbekoorn et al. 2010, Halvorsen et al. 

2011). While behavioural effects are possible, it should be noted that the scale of overlap 

between disturbance radii from transiting vessels and marine mammal prey (i.e., marine 

fish and invertebrates) is short-term and within 20 metres of a transiting vessel based on a 

projected increase of 520 Project-associated container ship movements per year. 

                                           
3  Sound pressure level (SPL) is expressed on a logarithmic scale in decibels (dB). For underwater sound, the 

reference pressure level is 1 micro Pascals (μPa). Source level is a measure of the intensity of sound that a 
source emits at a standard 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. 
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Effects of underwater noise on the availability of prey are considered negligible because of 

the following: 

• Modelled cumulative incremental changes in sound, which includes all new projects 
plus RBT2-associated vessel traffic, is slight (i.e., 0.08 and 0.06 dB re 1 µPa increase 
over existing conditions in January and July, respectively);  

• Incremental vessel noise is not impulsive and will not cause injury or mortality to 
marine fish or invertebrates;  

• Vessel noise will reach the behavioural avoidance threshold (i.e., 90 dBht) for marine 
fish only within the immediate vicinity of the vessel (i.e., within 20 m of the vessel) 
and for short durations (i.e., as the ship passes); and 

• Behavioural effects on invertebrates are unlikely. 

Any changes to the quantity, quality, or distribution of prey species from underwater noise 

associated with Project shipping and cumulative vessel traffic are not anticipated 

to adversely affect the availability of prey for marine mammal foraging. For more 

information on potential effects of marine shipping associated with the Project on marine 

fish and fish habitat, see Section 8.1.6 Marine Fish and Fish Habitat, Potential 

Interactions and Effects. 

Acoustic Environment – Atmospheric Noise 

Atmospheric noise from marine shipping associated with the Project and future commercial 

vessel traffic, as described in Section 7.4 Atmospheric Noise, will not propagate into 

waters in the LAA at levels that could result in injury or behavioural effects to marine 

mammals. However, atmospheric noise could be audible to seals and sea lions hauled out 

on land.  

Behavioural responses of seals and sea lions to physical and acoustic disturbance range 

from increased alertness and sometimes threat displays to moving towards and flushing into 

the water. Some species have been observed to be more habituated to human disturbance 

(e.g., sea lions), while other species are more sensitive to disturbance (e.g., harbour seals). 

Studies of the distance of the disturbance source, whether land or water-based, from 

hauled-out harbour seals have found that the closer the disturbance, the more likely seals 

are to flush into the water. The actual distance at which most flushing to the water occurs 

has varied from study site to study site, but has been given as approximately <100 m from 

disturbance, including vessels and pedestrian traffic (Allen et al. 1984, Jackson and Wilson 

1990, Calambokidis et al. 1991, Brown and Prior 1998, Suryan and Harvey 1998, Henry and 
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Hammill 2001, Johnson and Acevedo-Gutiérrez 2007, Fox 2008, Jansen et al. 2010). 

However, the distance at which seals become alert and begin to move towards the water 

can be as much as 500 to 800 m at some sites (Henry & Hammill 2001, Wilson et al. 2011), 

and some seals begin to move into the water at 200 to 300 m for all vessels (Suryan and 

Harvey 1998), 300 to 500 m for cruise ships (Calambokidis et al 1991), 300 m for tour 

boats (Young 1998), 140 m for kayaks (Henry and Hamill 2001), and 137 m and 371 m for 

kayaks and stopped power boats respectively (Johnson and Acevedo-Gutiérrez 2007). 

RBT2-associated container ships will not pass seal and sea lion haulouts at distances at 

which disturbance is anticipated (see Table 8.2-9). 

As described in Section 7.4 Atmospheric Noise, additional movements from RBT2-

associated ships would be expected to increase average daytime and nighttime noise levels 

by 0.4 to 0.5 A-weighted decibels (dBA) in the shipping lanes, and these small increases in 

average noise levels and rates of occurrence of transient events would not be expected to 

be perceptible by seals and sea lions from existing conditions. Potential behavioural effects 

to hauled-out Steller sea lions on land are not expected to occur or be short-term due to the 

distance between transiting ships and haulout sites, and are not anticipated to result in 

population-level effects due to the predicted low levels of noise. Increased ship traffic is 

expected to correspond to increases in average noise levels due to vessel transit of 

approximately 1 dBA in the shipping lanes (see Section 7.4 Atmospheric Noise). Such an 

increase is not expected to be perceptible to marine mammals (i.e., hauled out seals and 

sea lions). Therefore, potential effects of atmospheric noise are negligible for marine 

mammals and are not assessed further. 

Environmental Contamination – Air Pollution 

The gaseous and particulate phases of exhaust from marine diesel and gasoline engines 

contain hundreds of chemical compounds, the most abundant of which are carbon oxides 

(COx), sulfur oxides (SOx), nitrogen oxides (NOx), hydrocarbons (HC), and particulate 

matter (PM) (see Section 7.1 Air Quality). Animal studies have shown that there is 

potential for synergistic, additive, and/or antagonistic interactions between the individual 

components in fuel exhaust and current persistent organic pollutants (Ritchie et al. 2001 

and Kagawa 2002 in Lachmuth et al. 2011). There are no established ambient air quality 

objectives or standards for marine mammals.  

Overall, additional RBT2-associated vessels are anticipated to result in a modest change in 

annual emissions from vessels in the LAA through Segments A to D (see Tables 7.1-13 
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to 7.1-15). Further discussion on the relative changes to air quality due to RBT2-associated 

container ships as a proportion of all large marine vessel emissions under existing and 

cumulative conditions are described in Section 7.1.6 Cumulative Air Quality Change 
Assessment. In 2012, the North American Emission Control Area (ECA) was implemented 

with the intention to reduce overall SO2 emissions from marine vessels by 96% with full 

implementation of the ECA in 2015 (as described Section 7.1.4 Air Quality, Existing 
Conditions). The introduction of the ECA to reduce emissions of NOx, SO2, and respirable 

particulate matter (PM2.5) from marine vessels operating within 200 nautical miles of the 

coast is expected to have a beneficial effect on regional sulphate and nitrate deposition, 

PM2.5 and ozone concentrations, as well as visibility improvements. Estimated 

concentrations of criteria air contaminants due to emissions from large marine vessels will 

be lower in 2030, with or without the contribution of RBT2-associated ship emissions, than 

in 2012 prior to the implementation of the ECA. For example, the implementation of the ECA 

results in a predicted decrease in nitrogen dioxide (NO2)4, sulfur dioxide (SO2)5, and 

particulate matter6 concentrations from existing to cumulative conditions. 

Incremental effects to marine mammals over existing conditions from air emissions 

generated by Project-associated vessel and future commercial vessel traffic are therefore 

not anticipated, and this interaction is not considered further. 

Habitat Degradation – Vessel Wake 

Potential changes to the wave environment due to marine vessel traffic associated with the 

Project are described in Section 7.2 Wave Environment. Under existing conditions, 

approximately 2% of the shoreline within the LAA is within the wake-related zone of 

influence from vessels transiting the shipping lanes. The area potentially affected by wake 

waves from RBT2-associated marine vessel traffic, which was sub-divided into three zones 

for the purposes of the wave environment assessment, borders the coastline of Boundary 

Passage and Haro Strait in Segment B (Figure 7.2-1). The zone of wake-wave influence is 

not expected to change with the number of vessel movements, meaning that 98% of LAA 

coastline will remain unaffected by wake-related waves from Project-associated vessels or 

cumulative increases in vessel traffic. 

                                           
4  At 1 km from the shipping route in Segment D, estimated 1-hour average NO2 concentrations decline from 

75.8 μg/m³ under existing conditions to 66.1 μg/m³ under cumulative conditions. 
5  At 1 km from the shipping route in Segment D, estimated maximum 1-hour average SO2 concentrations 

decline from 76.6 μg/m³ under existing conditions to 3.6 μg/m³ under cumulative conditions. 
6  At 1 km from the shipping route in Segment D, 24-hour average PM2.5 concentrations decline from 1.2 μg/m³ 

under existing conditions to 0.3 μg/m³ under cumulative conditions. 



PORT METRO VANCOUVER | Roberts Bank Terminal 2 Marine Shipping Supplemental Report 

Page | 8.2-23  

Effect of vessel wake is rated negligible because predicted wave heights at shorelines 

(i.e., approximately 10.0 to 12.5 cm) are well within the range of natural wave conditions 

(e.g., up to 2 m in height in MSA Segment B) and would not result in alteration of shoreline 

habitat for seal and sea lion haulouts. 

8.2.6.2 Potential Effect #1 – Behavioural and Acoustic Masking Effects Due to 
Underwater Noise from Marine Shipping Associated with the Project 

Transiting marine vessels associated with the Project have the potential to increase noise 

levels in marine mammal habitat, including critical habitat for SRKW and humpback whale 

(see Section 7.6 Underwater Noise). Marine mammals use sound as a primary means for 

communication and sensing. A considerable number of reviews have been undertaken in the 

last decade to describe the effects of anthropogenic noise on marine organisms (Richardson 

et al. 1995, Holt 2008, Okeanos 2008, NRC 2003, NRC 2005) (see also Section 14.6.2.1 of 

the RBT2 EIS). These potential acoustic effects include behavioural effects, including 

potential displacement or avoidance of a portion of habitat and acoustic masking of 

communication calls or feeding echolocation.  

Underwater Noise Impact Criteria 

There are currently no specific regulations or policies regarding underwater noise thresholds 

and marine mammals in Canada. However, there are two widely acknowledged yet different 

sets of injury and behaviour disturbance criteria for sound exposure that are commonly 

used for environmental assessments in Canada, as presented below: 

• Regulatory criteria applied by the U.S. NOAA7; and 

• Recommended criteria of Southall et al. (2007). 

As shipping noise does not produce underwater noise levels known to result in injury, for 

the purposes of this assessment, two behavioural thresholds were applied: 

• NOAA behavioural disturbance criteria for humpback whales and Steller sea lion; and 

• Killer whale-specific behavioural disturbance criteria developed for the RBT2 EIS for 
SRKW (see SMRU 2014 and Section 14.4.4.1 of the RBT2 EIS). 

For more information on marine mammal underwater noise behavioural effects and effect 

thresholds, refer to Section 14.6.2.1 and Table 14-10 of the RBT2 EIS. 

                                           
7  http://www.westcoast.fisheries.noaa.gov/protected_species/marine_mammals/threshold_guidance.html 
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Southern Resident Killer Whale 

Underwater noise from shipping associated with the Project could potentially result in effects 

to SRKW and the acoustic environment within critical habitat when needed for essential life 

functions. These potential acoustic effects include the following:  

• Behavioural effects, including potential displacement or avoidance of a portion of 
habitat; and  

• Acoustic masking of communication calls or feeding echolocation.  

For a review of previous studies examining underwater noise disturbance of SRKW, see 

Section 14.6.2.1 of the RBT2 EIS.  

Spatial Extent of Predicted Behavioural Responses 

To inform this marine shipping assessment, underwater noise levels and zones of potential 

behavioural disturbance to SRKW were predicted at four representative locations along the 

international outbound shipping lanes in the LAA for container ship transit associated with 

RBT2 (see Figure 7.6-4 and Appendix 7.6-A Container Ship Underwater Noise 

Modelling for more information on methods and assumptions). SRKW-specific dose-

response behavioural disturbance thresholds (SMRU 2014) were modelled for 5%, 50%, and 

95% probability of moderate-severity behavioural responses to underwater noise from a 

transiting container ship with thresholds ranging from 126 dB re 1 µPa (5% of population) 

to 153 dB re 1 µPa (95% of population) Figure 8.2-48. Moderate-severity behavioural 

responses were predicted to occur from 0.04 km (95% of population) to 2.1 km (5% of 

population) from a transiting container ship (Figure 8.2-4, Table 8.2-6). 

                                           
8  Moderate-severity behavioural responses have been predicted to last 25 minutes and have a higher likelihood 

of affecting foraging, reproduction, and subsequent long-term vital rates of individual whales (Southall et al. 
2007, SMRU 2014). No high-severity behavioural responses were predicted. 



PORT METRO VANCOUVER | Roberts Bank Terminal 2 Marine Shipping Supplemental Report 

Page | 8.2-25  

Table 8.2-6 Zones of Disturbance for Moderate-severity Behavioural Responses 
from a Transiting Container Ship Associated with the Project at 
Four Locations along the Outbound Shipping Lane  

Transit Location  

Moderate-severity Response 
(rms SPL9 dB re 1 µPa) 

Disturbance Radius (m) and % 

(5%a) 126 (50% a) 137 (95% a) 153 

1 1,181 350 45 

2 2,100 456 45 

3 1,600 397 40 

4 1,655 40 40 
Note: a. Percentage value refers to the percent of the SRKW population predicted to have a 

behavioural response. 

Number of Predicted Behavioural Responses 

The RBT2 EIS assessed the potential behavioural and acoustic masking effects from Project-

associated shipping to SRKW with an underwater noise exposure and acoustic masking 

model in the Focused Model Area (FMA), a subset of the LAA (Figure 8.2-5, also see 

Appendix 14-B in the RBT2 EIS). In this model, behavioural and masking effects were 

predicted for three temporal scenarios: existing conditions, existing conditions with vessels 

associated with the Project, as well as existing conditions with future vessel traffic 

associated with other projects and activities. Model inputs included the spatial overlap in the 

FMA between 1) the probability of SRKW occurring (see Hemmera 2014); 2) SRKW-specific 

behavioural underwater noise effects thresholds (see SMRU 2014); and 3) estimates of 

echolocation masking (Appendix 14-B of the RBT2 EIS). This model assumed that 

individuals would not successfully forage during predicted behavioural responses because 

echolocation clicks would be masked, resulting in predictions of lost foraging time. Based on 

studies of behavioural responses of northern resident killer whales and SRKW to underwater 

noise, low- and moderate-severity behavioural responses were estimated to last five and 25 

minutes, respectively (SMRU 2014). As foraging is the primary activity of SRKW in its 

critical habitat, the number of predicted behavioural responses could be used to predict the 

potential amount of lost foraging time for Chinook salmon due to acoustic masking.10 

                                           
9  Sound pressure level (SPL) is the root mean square (rms) of the Instantaneous Sound Pressures over a 

specified period of time. 
10   Acoustic masking of communication calls or feeding echolocation of SRKW from shipping associated with the     

Project when behavioural effects are not predicted are discussed in Section 14.6.2 and Appendix 14-B of the 
RBT2 EIS. 
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As described above, in the RBT2 EIS, studies and models examining the potential effects on 

SRKW included a large area (the FMA) where sightings from the BCCSN were available to 

calculate densities (Figure 8.2-5). For this marine shipping assessment, new information 

on SRKW usage in western Juan de Fuca Strait, termed the Extended Region (ER), was 

required to predict potential behavioural responses to marine vessel traffic transiting in this 

area. Information from satellite tagging and hydrophone detections can confirm that the 

animals travel through the area, but do not provide information on whether or not 

individuals are feeding, travelling, resting, or socialising (Hanson et al. 2013, NOAA 2014). 

Additional behavioural effects in the ER were calculated using satellite tag detections, 

acoustic detections, and sightings to predict the number of days that SRKW could occur 

(see Appendix 8.2-A for more information). SRKW were estimated to be present in the ER 

between 45 and 60 days per year depending on pod, resulting in a median of 780 low-

severity (65.00 hours) and 220 moderate-severity (91.67 hours) behavioural responses per 

whale per year in the ER during existing conditions. Marine shipping associated with the 

Project in the ER added an additional 12 low-severity (1.00 hour) and five moderate-

severity (2.83 hours) behavioural responses and potential masking of echolocation clicks 

per whale per year over existing conditions. 

To determine the effects of marine shipping associated with the Project in the LAA, the 

number of median low-severity and moderate-severity behavioural responses in the FMA 

and ER were combined (Table 8.2-7). In the entire LAA, the potential lost foraging time 

during existing conditions is 540.17 hours (22.5 days) per year per individual. With the 

addition of shipping associated with the Project, an additional 20.1 hours (0.84 days) of 

foraging time is potentially lost in the LAA to behavioural disturbance and acoustic masking 

of echolocations clicks due to increased underwater noise. While methods to predict the 

number of behavioural responses differ between the FMA and ER, both are a reasonable 

estimation of habitat use and potential behavioural effects. Predicted numbers of 

behavioural responses by individual SRKW in the FMA as reported in the RBT2 EIS, and in 

the ER for this marine shipping supplement, are both reported together below. 
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Table 8.2-7 Number of Behavioural Responses and Median Hours of Behavioural Disturbance per Year per 
Whale in the Local Assessment Area 

Assessment 
Area 

Model 
Area 

Predicted 
Behavioural 
Responses 

Behavioural Severity Response a 
Low  Moderate  

Existing 

Existing + 
Shippingb 

Associated 
with RBT2 

Contribution 
of RBT2-

associated 
Shipping 

Existing 

Existing + 
Shippingb 

Associated 
with RBT2 

Contribution of 
RBT2-

associated 
Shipping 

LAA 

Focused 
Model 
Area 

Median number of 
responses per 
whale per year 

1,482 
(1,082; 
2,680) 

1,556  
(1,144; 
2,801) 

74 
624  

(417; 
1,100) 

650  
(438; 1,141) 26 

Median predicted 
hours of 
disturbance per 
whale per year 

123.50 129.67 6.17 260.00 270.83 10.83 

Extended 
Region 

Median number of 
responses per 
whale per year 

780  
(465; 
1,239) 

792  
(472; 1,264) 12 220  

(128; 325) 
225  

(131; 335) 5 

Median predicted 
hours of 
disturbance per 
whale per year 

65.00 66.00 1.00 91.67 93.75 2.08 

Entire 
LAA 

Median number of 
responses per 
whale per year 

2,262c 2,348 86 844 875 31 

Median predicted 
hours of 
disturbance per 
whale per year 

188.50 195.67 7.17 351.67 364.58 12.91 

Median predicted 
days of 
disturbance per 
whale per year 

7.85 8.15 0.30 14.65 15.19 0.54 

Notes: a. Numbers in brackets indicate 95% confidence intervals. 
 b. Includes vessel activity both within and outside PMV jurisdiction as shown in Figure 8.2-1. Also includes increases in vessel traffic 

at Westshore and Deltaport terminals (i.e. Deltaport Terminal Road and Rail Improvement Project – 43 container ships annually) 
 c. Total number of behavioural responses in the LAA are calculated by combining the median values calculated in the FMA and ER 

using different methods and therefore does not include confidence intervals (see Appendix 14-B of the RBT2 EIS and Appendix 7.6-A 
Container Ship Underwater Noise Modelling).
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Population Consequence of Disturbance Model 

In the RBT2 EIS, a full application of the population consequences of disturbance (PCOD) 

framework (see King et al. 2015) to SRKW was not possible given current data limitations in 

linking lost foraging time to potential health effects. As recommended by the SRKW 

Technical Advisory Group (TAG), a simplified version of the PCOD approach was used to 

predict the potential effects of any loss of foraging opportunities on an individual’s vital 

rates due to its response to acoustic disturbance. Since SRKW survival and reproduction are 

known to be correlated with Chinook availability, SRKW’s primary food source (Ward et al. 

2009, Ford et al. 2010b, Ward et al. 2013), effects of acoustic disturbance on vital rates 

were modelled by reducing the value of an index indicating the availability of Chinook 

salmon to an individual.  

The PCOD model calculated the number of lost foraging minutes for each SRKW individual 

during behavioural responses and masking in the FMA. Predicted lost foraging time, inter-

annual salmon availability, and natural demographic variability was inputted into a 

simulated model run across 20 years for a SRKW population size of 80. For a full 

description of the PCOD model and model results, see Section 14.4.4.3 and Appendix 14-C 

of the RBT2 EIS.  

The PCOD model was not re-run to take into account the additional behavioural responses 

predicted in the ER. Sensitivity analyses undertaken on the PCOD results in the FMA as part 

of the RBT2 assessment give an indication as to how the additional behavioural responses in 

the ER would have affected the PCOD results. The effect of disturbance and masking on the 

Chinook index was increased by 50% and 100% (see Table 13 in Appendix 14-C of the 

RBT2 EIS). These changes did not alter the conclusion that the effects of acoustic 

disturbance on population growth rate are likely to be very small compared to existing 

conditions. Therefore, additional behavioural responses in the ER would not change the 

conclusions of the PCOD model.  

North Pacific Humpback Whale 

Baleen whales, such as the humpback whale, lack the high-frequency echolocation systems 

of odontocetes, and are believed to be more sensitive to the low to medium underwater 

noise frequencies in which they sing and vocalise (Au et al. 2006, Richardson et al. 1995). 

Baleen whales are more likely than toothed whales to hear the low frequencies of 

commercial shipping vessels. Commercial vessel traffic is a major contributor to low-

frequency chronic underwater noise, and the effects of this disturbance on humpback 
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whales are currently unknown (DFO 2013b). Humpback whales have demonstrated 

avoidance behaviour in response to SPLs of 160 dB to 170 dB (DFO 2013b). However, for 

the purposes of this assessment, NOAA behavioural disturbance criteria of 120 dB re 1uPa 

were conservatively applied to humpback whales. Potential acoustic masking of 

communication calls was not assessed for humpback whales11. 

Spatial Extent of Predicted Behavioural Responses 

Expected underwater noise levels and zones of potential behavioural disturbance to 

humpback whales were predicted at four representative locations along the international 

outbound shipping lanes in the LAA for container ship transit related to RBT2 

(Figure 8.2-4) (see Section 7.6 Underwater Noise and Appendix 7.6-A Container 

Ship Underwater Noise Modelling for more information on methods and assumptions).  

Behavioural responses were predicted to occur 2.41 km to 4.79 km from a transiting 

container ship (Table 8.2-8). At this time, no scientific study has established a causal link 

between increased vessel noise and population-level effects on humpback whales, but 

studies in B.C. have discussed lost communication space (Wartzok et al. 2005, Williams et 

al. 2013). Under existing conditions, underwater noise in the LAA often exceeds 120 dB re 

1 µPa, particularly in winter when underwater sound propagates farther due to colder water 

temperatures (see Section 7.6 Underwater Noise). Despite levels of existing vessel 

traffic, the population of humpback whales in B.C. is not only stable, but has been growing 

at an annual rate of approximately five percent (DFO 2013b). 

Underwater noise from marine shipping associated with RBT2 represents a small increase 

over existing conditions (see Section 7.6 Underwater Noise). Furthermore, while 

behavioural effects are possible, it should be noted that the scale of overlap between 

predicted behavioural disturbance radii (see Table 8.2-8) from transiting vessels and 

humpback whales is considered small, as is the frequency of exposure, based on a projected 

increase of approximately three ship movements every two days.  

 

 

                                           
11  Acoustic masking of communication calls of North Pacific humpback whales is not identified as a potential 

threat in the Recovery Strategy for the North Pacific Humpback Whale in Canada (DFO 2013b). Furthermore, 
baleen whales, such as the North Pacific humpback whale, do not use echolocation to location their prey and 
acoustic masking will not directly affect the ability of individuals to forage. 
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Table 8.2-8 North Pacific Humpback Whale Zone of Behavioural Disturbance 
from a Transiting Container Ship Associated with the Project at 
Four Locations along the Outbound Shipping Lane  

Transit Location  
Behavioural Response 

(120 dB re 1 µPa) 
Disturbance Radius (km) 

1 2.41 

2 4.79 

3 3.12 

4 4.22 

Steller Sea Lion 

Commercial vessel traffic is a major contributor to low-frequency chronic underwater noise, 

and the effects of this disturbance on Steller sea lions are currently unknown (DFO 2010). 

For the purposes of this assessment, NOAA behavioural disturbance criteria of 120 dB re 

1 µPa were applied to Steller sea lions. Potential acoustic masking of communication calls 

was not assessed for Steller sea lions12. 

Expected underwater noise levels and zones of potential behavioural disturbance to Steller 

sea lions were predicted at four representative locations along the international outbound 

shipping lanes in the LAA for container ship transit associated with RBT2 (see Section 7.6 

Underwater Noise and Appendix 7.6-A Container Ship Underwater Noise Modelling 

for more information on methods and assumptions). Behavioural responses were predicted 

to occur 2.41 km to 4.79 km from a transiting container ship (Table 8.2-9). 

Table 8.2-9 Steller Sea Lion Zone of Behavioural Disturbance from a Transiting 
Container Ship Associated with the Project at Four Locations along 
the Outbound Shipping Lane 

Transit Location  
Behavioural Response 

(120 dB re 1 µPa) 
Disturbance Radius (km) 

1 2.41 

2 4.79 

3 3.12 

4 4.22 

                                           
12  Acoustic masking of communication calls of Steller sea lion is not identified as a potential threat in the 

Management Plan for the Steller Sea Lion in Canada (2010). Furthermore, seals and sea lions do not use 
echolocation to location their prey and acoustic masking will not directly affect the ability of individuals to 
forage. 
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8.2.6.3 Potential Effect #2 – Physical Disturbance from Vessel Strikes  

Marine shipping associated with the Project will result in 520 additional vessel movements 

through the Strait of Georgia, Haro Strait, and Juan de Fuca Strait, and 780 movements in 

the waters south of Victoria (Segment C)13. Marine shipping associated with the Project 

could result in vessel strikes of marine mammals along shipping lanes in the LAA, resulting 

in injury or mortality. Most injuries sustained by marine mammals due to vessel strikes 

involve either blunt force trauma from impact on the bow of the vessel or lacerations from 

contact with propellers (Laist et al. 2001). The likelihood of a vessel strike causing serious 

or fatal injury to a marine mammal depends on the probability of encounter, the probability 

of a strike occurring, and the probability that the strike results in severe or fatal injuries 

(Stantec 2015). Areas of overlap between high shipping traffic (e.g., near major ports and 

along shipping lanes) and high marine mammal aggregation or concentration areas 

(e.g., critical habitat, major feeding or breeding grounds, etc.) are at higher relative risk of 

an encounter (see for example Williams and O’Hara 2010, Stantec 2015). Larger ships are 

far less likely to detect the physical impact of a collision than smaller vessels, and this could 

account for the low number of reported strikes. In addition, struck whales often sink before 

they are detected (Laist et al. 2001, Douglas et al. 2008).  

Vessel speed has been correlated with the probability and severity of vessel strikes. Vessels 

travelling at speeds of more than 14 knots (26 km per hour) provide the greatest threat of 

collision with cetaceans, and strikes are rare at vessel speeds less than 10 knots (Laist et al. 

2001, Jensen and Silber 2003, Vanderlaan and Taggart 2007). Another study showed that 

the probability of lethal injury decreases from 79% at 15 knots to 31% at 10 knots and 

21% at 8.6 knots (Vanderlaan and Taggart 2007). 

DFO has recently recommended the use of a structured framework to assess the potential 

effects of vessel strikes on marine mammals in Canada (Lawson and Lesage 2013, DFO 

2015a). Quantitative assessments of vessel strike risk for marine mammals in the Salish 

Sea have been completed in recent years (Williams and O’Hara 2010, Stantec 2015).  

Previous quantitative assessments in B.C. modelled the possibility of a whale-vessel 

encounter (encounter risk) when a whale and a vessel shared the same physical space at 

the same time. Factors incorporated into models included predicted distribution and density 

of whale species and the proportion of time an animal is predicted to be in surface waters 
                                           
13  The additional movements in this area are related to ships passing through Segment C multiple times to pick-

up and drop-off pilots (Section 4.0 Activity Description). 
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where a vessel could make contact with the whale, similar to other vessel strike risk studies 

(e.g., David et al. 2011, Lawson and Lesage 2013). The most recent model (Stantec 2015) 

assumed an increase of 348 Aframax class tanker vessel calls per year (696 annual 

movements), as well as associated escort tugs. While this study included more vessels in its 

encounter model than are anticipated for marine shipping associated with RBT2 

(520 movements), the representative container ships associated with RBT2 travel on 

average 20 knots, approximately double the speed as the Aframax class tankers used in the 

model, potentially increasing the rate of encounter and/or likelihood of strike in some areas 

of the LAA, depending on vessel speed (see Table 4-4). Despite the differences between 

the container and tanker traffic, the quantitative analysis provides a reasonable estimation 

of the potential vessel-whale encounter risk and a proxy for strike risk. The results of this 

model are presented here for each representative species as a quantitative assessment of 

potential effects of vessel strikes from marine shipping associated with the RBT2 Project. 

Southern Resident Killer Whale 

Smaller cetaceans may be less vulnerable to collisions with large vessels than larger baleen 

whales, given the combination of their greater overall manoeuvrability relative to large 

whales, echolocation capabilities, and social behaviour (groups of individuals travelling 

together) that may enhance vessel detection and escape (Lawson and Lesage 2013). Strikes 

with toothed whales have been confirmed or deemed likely to have occurred in B.C. 

(Williams and O’Hara 2010).  

Vessel strikes are not identified by DFO as a primary threat to killer whales in B.C. in their 

recovery strategies and recovery strategy progress reports (DFO 2007, 2011, 2015b,c). 

Killer whales are not as commonly struck by vessels compared to baleen whales, likely 

because they are fast swimming and agile, enabling them to avoid approaching vessels 

(Laist et al. 2001, Jensen and Silber 2003). Collisions between vessels and resident killer 

whales (including SRKW), transient killer whales, and offshore killer whales do occur 

occasionally and result in injury or death (Ford et al. 2000, Lusseau et al. 2009, Williams 

and O’Hara 2010).  

At least 10 killer whales are known or suspected to have been struck by vessels off the 

Canadian west coast since 1995, judging by observed incidents, scarring, or recovery of 

carcasses (Williams and O’Hara 2010). The types of vessels involved range from small high-

speed skiffs (6 to 8 m length) to larger ferries (DFO unpublished data, Laist et al. 2001). In 

1995 and 2005, a northern resident killer whale was struck by an unknown small vessel but 
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survived (Williams and O’Hara 2010, DFO 2011). In 2006, four northern resident killer 

whales were struck by vessels and two did not survive (Williams and O’Hara 2010). In 2007, 

an offshore killer whale was struck (dorsal fin cut off) but not killed. In August 2015, a 

northern resident killer whale was observed with non-lethal superficial injuries in Johnstone 

Strait that may have been caused by a propeller (Vancouver Aquarium 2015).  

Results of quantitative assessments of vessel strike risk indicated that killer whales have the 

highest probability of encounter along the shipping lanes in the study area (i.e., the extent 

of the Salish Sea up to the 12 nautical mile limit of Juan de Fuca Strait) (Williams and 

O’Hara 2010, Stantec 201514). This high encounter risk is due to the relatively high use of 

the LAA by killer whales compared to other marine mammal species and does not reflect 

actual strike risk. In both 1998 and 2005, an individual SRKW was struck but not killed. The 

only known vessel strike mortality to SRKW occurred in 2006 when a juvenile SRKW, 

separated from its mother and living in isolation in Nootka Sound, was killed by a tugboat 

by being sucked into the ship propeller (Williams and O’Hara 2010). This death was likely 

due to the juvenile whale pursuing vessels for social interaction, and not a vessel strike. 

There are no reported incidents or mortalities from container ship strikes of SRKW. As 

SRKW are very well studied, it is unlikely that injuries and mortalities from ship strikes 

would not be detected and go unreported (Williams and O’Hara 2010). 

Few, if any, encounters (co-occurrences) will result in actual physical contact between a 

vessel and a SRKW. Vessel strikes may be fatal to a SRKW, or an individual may recover. 

The chance of a Project-associated container ship striking a SRKW within the LAA and 

resulting in injury or mortality is qualitatively determined to be unlikely. This conclusion is 

supported by the following: 

• Vessel strikes are not identified by DFO as a primary threat to killer whales in B.C. in 
their recovery strategies and recovery strategy progress reports;  

• Large vessel strikes of SRKW are uncommon and no mortalities from container ships 
have been reported; and 

• The probability of a vessel strike of a SRKW individual is low considering the agile 
behaviour of SRKW and the addition of three movements of container ships 
associated with RBT2 every two days over existing conditions. To put this into 
context, under existing conditions there are predicted to be 8,896 vessel movements 
per year. 

                                           
14  These studies did not distinguish between different ecotypes of killer whales and included probability of 

encounter of northern residents, southern residents, transient (Bigg’s) killer whales, and offshore killer whales. 
The studies also did not factor in any behavioural responses of the whale (i.e., movement out of the area as 
the vessel approaches), nor any avoidance response (e.g., dives, bursts of speed, changes of course). 
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North Pacific Humpback Whale 

Baleen whales are struck more commonly than toothed whales or pinnipeds, and the species 

most likely to be struck off the west coast of B.C. are humpback whales and fin whales, 

which are both listed under SARA (Laist et al. 2001, Williams and O’Hara 2010, Jensen and 

Silber 2003, DFO 2013b; see Table 8.2-3 for species at-risk ranking). Other species at risk 

that could potentially be struck in the LAA include North Pacific right whales, blue whales, 

sei whales, grey whales, and killer whales. However, there were no sightings of blue whales, 

sei whales, fin whales, or North Pacific right whales during density surveys in the Salish Sea 

(Williams and O’Hara 2010, Best and Halpin 2011). Furthermore, there were fewer than four 

sightings in 38 years of opportunistic BCCSN data in the LAA (0 sightings each for blue, sei, 

and right whales; four sightings of fin whales) (BCCSN 2013 in Stantec 2015). Whaling 

records do not suggest that these species are likely to occur in this area or that they 

occurred here historically (although large numbers of catches were recorded off the 

continental shelf) and effort by whaling vessels is unknown in the LAA (Gregr et al. 2000, 

Nichol et al. 2002). On June 9, 2013, for the first time in over 60 years, a North Pacific right 

whale was spotted in B.C. waters off the coast of Haida Gwaii and a second right whale was 

seen off the entrance to Juan de Fuca Strait in October of the same year (Pynn 2013). Aside 

from these recent sightings, only six records of North Pacific right whales have been 

observed in Canadian waters over the past century, and all were killed by whalers, the last 

in 1951. Fewer than 50 individuals are thought to currently exist in the eastern North Pacific 

Ocean (DFO 2013c). Other records of baleen whale strike events include four records of 

grey whales, one fin whale, and three unidentified whales. On May 10, 2015, a cruise ship 

entered Burrard Inlet with a fin whale attached to its bow. It is not known if the whale was 

dead or alive when it was struck by the vessel, or where it was struck during the vessel’s 

journey. 

Humpback whales spend considerable time resting and feeding at the surface, and this 

places them at increased risk of vessel strikes. Research suggests that sound levels are 

lower near the surface, potentially explaining why baleen whales are often unresponsive to 

approaching vessels (Richardson et al. 1995). On the U.S. Atlantic coast between 1985 and 

1992, 30% of all stranded humpback whale carcasses that were examined had injuries from 

vessel strikes and a high proportion of struck humpback whales appeared to be calves or 

juveniles (Laist et al. 2001).  
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In B.C., humpback whales are the most common species of cetaceans struck by vessels, 

and humpback whales are more likely to be hit in shipping lanes (Laist et al. 2001, Williams 

and O’Hara 2010, DFO 2013b, Stantec 2015). DFO identified Juan de Fuca Strait and the 

critical habitat in that location as an area with a high probability of humpback whale-vessel 

interaction in B.C. (DFO 2013b). The B.C. Marine Mammal Incident Database (up to October 

2012) includes 19 records of humpback whale strike events, all of which occurred in B.C. 

between 2004 and 2011. Ford et al. (2009) reported 21 vessel strikes involving humpback 

whales. Reported humpback whale‒vessel strike incidents in B.C. waters have mainly 

involved small vessels between 10 to 75 m long, typically capable of speeds from 25 to 

30 knots (46 to 55 km per hour). There are no confirmed reports of humpback whale 

collisions in B.C. waters attributed to commercial shipping, cruise ship, or B.C. Ferries 

traffic. However, larger ships are far less likely to detect the physical impact of a collision 

than smaller vessels, and this could account for the lack of reported strikes (Laist et al. 

2001). In the recovery strategy of the North Pacific humpback whale, DFO describes the 

relative risk of vessel strikes as moderate for individual whales, but low for the population 

(DFO 2013b). Furthermore, it states that effects of vessel strikes can be severe, but the 

current population growth trends for humpback whales and apparent frequency of vessel 

strikes in B.C. indicate that vessel strikes are not affecting overall population viability at this 

time (DFO 2013b). 

A Project-associated container ship could potentially strike a humpback whale within the 

LAA resulting in injury or mortality. The addition of approximately three container ship 

movements every two days over existing conditions is not predicted to result in population-

level effects to the population of humpback whales in B.C as the population is growing at a 

rate of approximately five percent (DFO 2013b). 

Steller Sea Lion 

Only one record of a pinniped strike has been reported in B.C. in 2009, involving a whale 

watching vessel at Race Rocks Marine Reserve (DFO Marine Mammal Incident Database 

1973 to October 2012). Vessel strikes were not identified as a potential threat in the DFO 

Management Plan for Steller sea lions (DFO 2010). The likelihood of a container ship 

associated with the Project striking a seal or sea lion within the LAA and resulting in injury 

or mortality to individuals that result in a population-level effect is very low.  
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8.2.6.4 Summary of Potential Transboundary Effects 

No differences in potential effects in the U.S. and Canadian portions of the LAA were 

identified that would change the nature of the effects assessment. Therefore, the potential 

effects are expected to be similar in Canadian and U.S. waters. 

8.2.7 Suggested Mitigation Measures  

Measures to mitigate behavioural and acoustic masking effects from acoustic disturbance 

and physical disturbance from vessel strikes, if suggested, are described below. 

8.2.7.1 Acoustic Disturbance 

A detectable or measureable potential adverse effect on marine mammals is 

anticipated from underwater noise generated by marine shipping associated with the 

Project. No specific mitigation measures are proposed to reduce underwater noise from 

marine shipping associated with the Project that may result in residual behavioural and 

acoustic masking effects.  

8.2.7.2 Vessel Strikes 

Mitigation measures are not proposed in the LAA to reduce the risk of vessel strikes to 

marine mammals from RBT2-associated container ships. However, as part of proposed 

mitigation for RBT2 operation in its jurisdiction, PMV will distribute a marine mammal 

awareness pamphlet to marine pilots calling on the RBT2 terminal with container ships 

associated with the Project. While PMV does not have jurisdiction of container ships 

associated with the Project in the MSA, education and awareness of pilots could reduce 

vessel strike risk outside of PMV jurisdiction. 

8.2.8 Residual Effects Assessment and Significance Determination 

Residual effects are those that are predicted to remain after mitigation measures have been 

applied. This section provides a characterisation of residual effects carried forward for 

assessment. Definitions for ratings applied to residual effects criteria, developed with 

specific reference to marine mammals, are presented in Table 8.2-10.  
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The potential residual effects on marine mammals related to increased Project-associated 

marine vessel traffic are as follows: 

• Behavioural and acoustic masking effects due to underwater noise from marine 
shipping associated with the Project; and 

• Physical disturbance (i.e., injury or mortality) from vessel strikes. 

The threshold for determining the significance of adverse residual effects was defined 

separately for endangered SRKW / threatened North Pacific humpback whales with critical 

habitat contained in the LAA, and special concern Steller sea lions based on the current 

SARA listing, viability, resilience, and biological sensitivity of each representative species 

population. The determination of the significance of each residual effect, along with the 

likelihood of the residual effect occurring and the level of confidence associated with the 

determinations of both significance and likelihood are discussed. Likelihood of the residual 

effect was based on professional judgement, with unlikely effects defined as those having a 

low probability of occurring, and likely effects having a higher probability of occurring. A low 

level of confidence is assigned to effects predictions with little or no empirical site-specific 

data, whereas a moderate level of confidence is assigned to predictions that are based on 

site-specific data sources such as predictive model outputs and published literature. A high 

level of confidence is assigned to predictions that have direct, site-specific quantitative data 

to support the prediction. 

A significant adverse residual effect to SRKW and North Pacific humpback whale is one that: 

1. Affects one or more individuals; or 

2. Results in a change to critical habitat such that a feature would not be available 
when needed for a life function,  

either to the extent which could jeopardise survival or recovery of the species. 

A significant adverse residual effect to Steller sea lion is one that would jeopardise the 

survival or recovery of the species. 
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Table 8.2-10 Criteria Used to Characterise Residual Effects on Representative Species 

Criteria Description 
Definition of Rating 

Behavioural and Acoustic Masking Effectsa Vessel Strikesb 

Magnitude 
Expected size or 
severity of the 
residual effect. 

Low – Corresponds to measurable change within the 
range of natural variability that includes low-severity 
behavioural disturbance responses to continuous noise, 
and is unlikely to affect population viability or recovery 
(including life functions or critical habitat features of 
SRKW or humpback whale). 
Moderate – Corresponds to measurable change beyond 
the range of natural variability that includes moderate-
severity behavioural responses to continuous noise, and 
is unlikely to affect population viability or recovery 
(including life functions or critical habitat features of 
SRKW or humpback whale). 
High – Corresponds to measurable change beyond the 
range of natural variability that includes moderate- and 
high-severity behavioural responses to continuous noise, 
and is likely to affect population viability or recovery 
(including life functions and critical habitat features of 
SRKW and humpback whale). 

Low – Effects are sub-lethal, potentially 
leading to short-term behavioural 
changes or transient degradation of 
habitat; unlikely to affect population 
viability or recovery (including life 
functions or critical habitat features of 
SRKW or humpback whale). 
Moderate – Effects result in chronic 
physiological and/or behavioural changes 
or degradation of habitat; may have 
some effect on long-term population 
viability (including life functions and 
critical habitat of SRKW or humpback 
whale). 
High – Effects are lethal or affect 
population viability or recovery (including 
life functions and critical habitat of SRKW 
or humpback whale). 

Extent 

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

Site-specific – Limited to locations along the shipping lanes within the LAA. 
Local – Effects within the LAA. 
Regional – Effects within the regional assessment area (= LAA). 

Duration 

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

Short-term – Confined to a period of minutes up to a day. 
Medium-term – Confined to a period of days or months. 
Long-term – Confined to a period of months or years. 
Permanent – Effects present indefinitely. 
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Criteria Description 
Definition of Rating 

Behavioural and Acoustic Masking Effectsa Vessel Strikesb 

Frequency 
How often the 
residual effect is 
expected to occur. 

Infrequent – Effect is acute, occurring only once or infrequently. 
Frequent – Effect occurs regularly, possibly unpredictably, not on an annual or seasonal basis. 
Seasonal – Effect occurs only at certain time of the year, or species is migratory. 
Continuous – Effect is ongoing throughout the year. 

Reversibility 

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

Fully reversible – Indicator(s) will return to existing conditions after effects cease. 
Partially reversible – Indicator(s) will trend toward, but may not return to existing conditions. 
Irreversible – Indicator(s) will not return to existing conditions. 

Notes: a. These criteria definitions were also used to characterise residual effect of underwater noise on marine mammals in the RBT2 EIS 
and are used here. 
b. These criteria definitions were adapted from the North Pacific Humpback Whale Recovery Strategy (DFO 2013b). 
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A description of each residual effect is provided below. 

8.2.8.1 Residual Effect #1 – Behavioural and Acoustic Masking Effects Due to 
Underwater Noise from Marine Shipping Associated with the Project 

Marine shipping associated with the Project will result in 520 additional vessel movements 

through the Strait of Georgia, Haro Strait, and Juan de Fuca Strait, and 780 movements in 

the waters south of Victoria (Segment C)15. Marine mammals, if and when they occur in the 

LAA, may be exposed to underwater noise from marine shipping associated with the Project. 

This interaction between marine mammals in the LAA and Project-associated shipping has 

the potential to result in behavioural and acoustic masking effects. Characterisation of the 

residual effect using the rating criteria and supporting rationale for the criteria rating for this 

residual effect are summarised in Table 8.2-11. The significance of this acoustic 

disturbance effect is discussed for each representative species below, along with the 

likelihood of the residual effect, and the level of confidence associated with the 

determinations of significance and likelihood. 

                                           
15  The additional movements in this area are related to RBT2-destined ships passing through Segment C en route 

to one of the U.S. ports of Seattle or Tacoma as part of their voyage (Section 4.2.1 Activity Description -
Type, Frequency, Routing, Speed, and Transit Time of Vessels).  
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Table 8.2-11 Summary of Criteria Ratings for Behavioural and Acoustic Masking Effects from Marine Shipping 
Associated with the Project  

Criteria Criteria Rating Rationale for Criteria Rating 

Magnitude 

Moderate 

SRKW: The LAA includes the designated critical habitat of this endangered species, and underwater 
noise from marine shipping associated with the Project will result in a measurable change including 
low- and moderate-severity behavioural responses and acoustic masking from continuous noise. These 
changes are unlikely to affect SRKW life functions, critical habitat features, population viability, or 
recovery.  
While effects of the Project-associated shipping in combination with existing conditions are not 
predicted to be substantially different from existing conditions, the magnitude is conservatively rated 
as moderate due to the conservation status of SRKW and the possibility of chronic physiological and/or 
behavioural changes. 
North Pacific humpback whale: The LAA overlaps a small portion of designated critical habitat, and 
underwater noise from marine shipping associated with the Project will exceed behavioural effect 
thresholds within portions of the LAA and/or critical habitat. The predicted incremental increases in 
behavioural responses over existing conditions are unlikely to affect humpback whale life functions, 
critical habitat features, population viability, or recovery. 
While effects of Project-associated shipping in combination with existing conditions are not predicted to 
be substantially different from existing conditions, the magnitude is conservatively rated as moderate 
due to the conservation status of humpback whales and the possibility of chronic physiological and/or 
behavioural changes. 

Low 

Steller sea lion: There are no rookeries or critical habitat for Steller sea lions in the LAA, and 
introduced noise from marine shipping associated with the Project will be small in comparison to 
existing conditions. Little if any detectable behavioural and acoustic masking effects are predicted as a 
result of the increase in traffic in the shipping lanes. 

Extent Local 
All representative species: Residual effects of behavioural disturbance and acoustic masking of 
marine mammals will be concentrated along the shipping lanes in the LAA and will decrease with 
distance from the transiting container ship. 

Duration Long-term 
All representative species: Underwater noise from marine shipping associated with the Project will 
extend for the life of the Project; therefore, the behavioural and acoustic masking effects are also 
expected to be long-term. 

Frequency Frequent/ 
Seasonal 

All representative species: Marine shipping associated with the Project will include 520 additional 
vessel movements through the Strait of Georgia, Haro Strait, and Juan de Fuca Strait, and 780 
movements in the waters south of Victoria (Segment C). It will take RBT2-associated marine vessels 
approximately 7.0 hours to complete one transit of the LAA, and there are approximately three vessel 
movements every two days. In the case of humpback whales and some pods of SRKW, the residual 
effect will be frequent during the times of the year that species are seasonally present in the LAA. 
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Criteria Criteria Rating Rationale for Criteria Rating 

Reversibility Fully reversible 

SRKW: Analysis of killer whale behavioural studies suggest moderate-severity behavioural responses 
last approximately 25 minutes and return to existing conditions after this time.  
North Pacific humpback whale: Duration of behavioural effects is expected to be similar to SRKW 
(less than 0.5 hours for moderate-severity response) and return to existing conditions after this time. 
Steller sea lion: Steller sea lions in the LAA are expected for the most part to be habituated to 
regular traffic movements along the shipping lanes, and a large part of the underwater noise produced 
by marine shipping associated with the Project and existing underwater noise from vessel traffic is 
expected to be inaudible to Steller sea lions. The addition of underwater noise associated with the 
increase in Project-associated traffic that is audible to Steller sea lions is small in comparison to 
existing conditions. While individuals in the water are expected to move away from vessels, large-scale 
disturbance around the haulouts is not expected, and individuals are likely to recover from the direct 
effects of sensory disturbance immediately. 
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Southern Resident Killer Whale 

Underwater noise levels and zones of potential behavioural disturbance and acoustic 

masking to SRKW were predicted for marine shipping associated with the Project 

(Appendix 14-B of the RBT2 EIS and Appendix 8.2-A). Studies predicted that behavioural 

responses to incremental Project shipping noise will be frequent and seasonal, and this 

small amount of behavioural responses and acoustic masking over those occurring during 

existing conditions will be of short duration and reversible. During existing conditions, the 

potential lost foraging time of Chinook salmon in the LAA due to behavioural disturbance 

and acoustic masking due to underwater noise is 22.5 days, and the incremental addition of 

shipping associated with the Project adds an additional 0.84 days of lost foraging time.  

Predicted behavioural responses and acoustic masking from incremental marine shipping 

associated with the Project are not predicted to harm an individual or adversely affect the 

life functions of individual animals, including foraging, mating, resting, or socialising. The 

difference between existing conditions and conditions with incremental marine shipping 

associated with the Project are unlikely to result in effects to individuals that could 

adversely affect their ability to survive or reproduce. Modelling also predicted that, although 

individuals will experience behavioural effects or acoustic masking, these effects are not 

substantially different from existing conditions and are not predicted to affect the population 

growth rate from existing conditions (see Appendix 14-C of the RBT2 EIS). As a result, the 

magnitude is conservatively rated as moderate, rather than low, due to the conservation 

status and the possibility of chronic physiological and/or behavioural changes.  

Residual adverse acoustic disturbance to SRKWs from marine shipping associated with the 

Project is expected to be not significant. Confidence in this determination is considered 

moderate. This rating is based on the extensive site- and SRKW-specific studies 

(e.g., SRKW-specific behavioural effect thresholds), modelling, and conservative 

assumptions incorporated into this assessment.  

North Pacific Humpback Whale 

A small portion of humpback whale critical habitat occurs in the westernmost portion of the 

LAA. However, concentrations of humpback whales are not common in the majority of the 

LAA. If a humpback whale does occur in the LAA seasonally during the summer months, it 

may be exposed to underwater noise from marine shipping associated with the Project, 

which could potentially result in behavioural responses up to 4.79 km from a transiting 
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vessel16. Some of this underwater noise from incremental marine shipping associated with 

the Project may extend into the designated critical habitat of humpback whales along 

Vancouver Island seasonally during the summer months as a container ship passes, 

resulting in behavioural responses in that area. These responses are anticipated to be of 

short duration and reversible. While effects are not predicted to be substantially different 

from existing conditions, and will not affect population recovery or viability, the magnitude 

is conservatively rated as moderate, rather than low, due to the conservation status of 

humpback whales, the presence of critical habitat within a small portion of the LAA, and the 

possibility of chronic physiological and/or behavioural changes. 

Under past and existing levels of underwater noise, humpback whales have made a 

dramatic recovery with a growth rate of 4.9% to 6.8% annually (DFO 2013b). Potential 

residual behavioural effects from marine shipping associated with the Project will likely not 

jeopardise the survival or recovery of this species in B.C. Predicted behavioural responses 

and acoustic masking from marine shipping associated with the Project are not predicted to 

harm an individual or adversely affect the life functions of individual animals, including 

foraging, resting, or socialising. Potential behavioural effects are not anticipated to affect 

the humpback whale population and its recovery in B.C.; therefore, residual effects from 

marine shipping associated with the Project on humpback whales are considered not 

significant. Confidence in this determination is moderate, and is based on the known use of 

the LAA by humpback whales and recent increases in this population. 

Steller Sea Lion 

Underwater noise from marine shipping associated with the Project could result in potential 

behavioural effects to Steller sea lions. However, pinnipeds in the water have typically been 

shown to tolerate close vessel approaches, even congregating around fishing vessels 

(Richardson et al. 1995). Steller sea lions have poor underwater hearing sensitivity below 

1,000 hertz (Kastelein et al. 2005), and most underwater noise from marine shipping 

associated with the Project in the LAA will not be audible to Steller sea lions. If behavioural 

responses occur, they will likely be of short duration and reversible. No rookeries occur in 

the LAA, and major and winter haulouts will not be exposed to underwater noise levels 

predicted to result in behavioural effects. Under past and existing levels of underwater 

noise, Steller sea lion have made a dramatic recovery, with a growth rate of 3.2% annually 

(DFO 2010). Potential residual behavioural effects from incremental Project-associated 

marine shipping will likely not jeopardise the survival or recovery of this species. Effects are 

                                           
16  The distance that a humpback whale could be affected by underwater noise from marine shipping was 

modelled at four locations along the outbound shipping route in the LAA and this distance may be greater in 
other unmodelled locations. 
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not predicted to be substantially different from existing conditions and will not affect 

population recovery or viability, and the magnitude is rated as low. Therefore, residual 

effects from incremental marine shipping associated with the Project are considered not 

significant. Confidence in this determination is high, and is based on the lack of observed 

effects from existing marine vessel traffic and the recent increases in this population. 

8.2.8.2 Residual Effect #2 – Physical Disturbance from Vessel Strikes 

Marine mammals, if and when they occur in the LAA, have the potential to be struck by 

container ships associated with the Project as they transit along shipping lanes. This 

interaction between Project-associated vessels and marine mammals has the potential to 

result in injury or mortality. The significance of the effect of physical disturbance from 

vessel strike is discussed for each representative species below, along with the likelihood of 

the residual effect, and the level of confidence associated with the determinations of 

significance and likelihood. Characterisation of the residual effect using the rating criteria 

and supporting rationale for the criteria rating for this residual effect are summarised in 

Table 8.2-12. 

Table 8.2-12 Criteria Ratings for Physical Disturbance from Vessel Strikes  

Criteria Criteria Rating Rationale for Criteria Rating 

Magnitude 

Low 

SRKW and Steller sea lion: Injury or mortality from vessel 
strikes by incremental marine shipping associated with the 
Project is considered unlikely due to small number of vessel 
movements and the agile nature of SRKW and Steller sea lion. 
Physical disturbance is not expected to affect the survival of an 
individual or population viability. 

Moderate 

North Pacific humpback whale: Could range from minor 
injuries that do not affect the survival of an individual to severe 
injuries resulting in mortality to an individual, but not affecting 
population recovery or viability. 

Extent Site-specific 
All representative species: Vessel strikes would only occur if 
individuals are in the path of a container ship transiting in the 
shipping lane. 

Duration Short-term to 
Permanent 

All representative species: An effect from a vessel strike 
may be short-term and result in no injury to an individual, 
medium-term if an injury take days to months to heal, long-
term if an injury is more serious and takes months or years to 
heal, or permanent if injury results in the mortality of an 
individual. 

Frequency Infrequent/ 
Seasonal 

All representative species: Injury or mortality from vessel 
strikes would likely occur infrequently during times of year that 
species are present over the life of the Project. 

Reversibility Fully reversible 
to Irreversible 

All representative species: An effect from a vessel strikes 
could be fully reversible if it does not result in injury or 
irreversible (permanent) if mortality occurs. 
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Southern Resident Killer Whale 

Southern resident killer whales are very common in the LAA and there is a potential risk of 

vessel strike along shipping lanes from incremental container ship traffic associated with 

RBT2. However, although the risk has not been fully quantified, the likelihood of a container 

ship strike is low due to the agile nature of toothed whales such as SRKW and also 

considering the rare occurrence of SRKW vessel strikes from past and existing shipping 

traffic. Furthermore, DFO does not identify vessel strikes as a primary threat to the recovery 

of the SRKW population.  

Injury or mortality due to vessel strikes from incremental marine shipping associated with 

the Project (i.e., approximately three vessel movements every two days) is considered not 

significant. This rating is based on knowledge of the life history of SRKW, literature on 

marine mammal vessel strikes, the DFO Recovery Strategy, and quantitative modelling. 

Such an event is also considered unlikely. Confidence in this determination is considered 

moderate.  

North Pacific Humpback Whale 

Solitary humpback whales occur frequently in LAA, but critical habitat has been designated 

at the westernmost portion of the LAA and along western Vancouver Island, where small 

concentrations occur regularly during the summer months. Disturbance to the critical 

habitat attribute of physical space is possible, and there is a risk of vessel strike of 

humpback whales along shipping lanes in the LAA from container ships associated with 

RBT2. The magnitude of effect could range from minor, reversible injuries that do not affect 

the survival of an individual to severe injuries resulting in mortality to an individual, but 

neither would affect population recovery or viability in B.C. As a result, the magnitude is 

conservatively rated as moderate, rather than low, due to the conservation status and the 

potential of reduced reproduction or survival of individuals. Vessel strike could potentially 

harm an individual or adversely affect the life functions of individual animals, including 

foraging, resting, or socialising. While effects to individual whales can be severe, current 

population growth trends for humpback whales indicate that vessel strikes under existing 

conditions are not affecting overall population viability at this time (DFO 2013b) and risk to 

the population is considered to be low due to vessel strikes from the addition of incremental 

Project-associated shipping traffic. Therefore, residual effects from incremental marine 

shipping associated with the Project are considered not significant. Confidence in this 

determination is moderate, and is based on the recent increases in this population 

throughout B.C despite the existing shipping traffic volume. 
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Steller Sea Lion 

Vessel strikes involving any species of seal or sea lion are rare and DFO’s Management Plan 

for Steller sea lions does not include vessel strikes as a potential threat (DFO 2010). If a 

vessel strike did occur, the magnitude of effect could range from minor injuries that do not 

affect the survival of an individual to severe injuries resulting in mortality to an individual, 

but neither would affect population recovery or viability. Therefore, residual effects from 

marine shipping associated with the Project are considered not significant. Confidence in 

this determination is high, and is based on the rarity of vessel strikes of seals and sea lions 

and the recent increases in this population. 

8.2.8.3 Context of Residual Effects 

Southern resident killer whales are endangered and their population has fluctuated since the 

end of live capture of approximately 47 individuals in the 1960s and 1970s. The population 

was 78 individuals as of January 5, 2015 but increased to 82 individuals with the birth of 

four new calves as of September 7, 2015 (CWR 2015). The causes for fluctuations in the 

population and lack of recovery are unknown. DFO has identified a number of historical and 

current threats, including physical and acoustic disturbance, the availability of prey, and 

environmental contamination (see Section 14.5.1.4 of the RBT2 EIS for more information). 

The role of past activities, such as live capture, and the ongoing effects of existing 

conditions, including the threats identified by DFO on the lack of recovery of SRKW 

population, is uncertain. Due to this lack of recovery, SRKW have low resiliency to changes 

in their environment. For more information on context for SRKW, see Section 14.8.2.1 of 

the RBT2 EIS. 

Under past and existing levels of underwater noise, humpback whale has made a dramatic 

recovery with a growth rate of 4.9% to 6.8% annually (DFO 2013b). Due to this recovery, 

humpback whales are resilient to disturbance and potential residual effects from shipping 

associated with the Project will likely not jeopardise the survival or recovery of this species. 

Under past and existing levels of underwater noise, Steller sea lion has made a dramatic 

recovery, with a growth rate of 3.2% annually (DFO 2010). Steller sea lions occur in the 

LAA with major haulouts located in these areas. Due to the strong population growth in the 

population, Steller sea lions are resilient to disturbance and potential residual effects from 

marine shipping associated with the Project will likely not jeopardise the survival or recovery 

of this species. 
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8.2.8.4 Summary of Residual Effects and Significance 

The significance of residual effects is summarised for each representative species below in 

Table 8.2-13, along with the likelihood of the residual effect, and the level of confidence 

associated with the determinations of significance and likelihood. 

Table 8.2-13 Summary of Significance Determination of Residual Effects for 
Marine Mammals 

Residual Effect 
Significance  
(significant /  

not significant) 

Likelihood 
Determination 

(likely / unlikely) 

Level of Confidence 
(low / moderate / 

high) 

Southern Resident Killer Whale 
Behavioural and acoustic 
masking effects from underwater 
noise 

Not significant Likely Moderate 

Physical disturbance from vessel 
strikes Not significant Unlikely Moderate 

North Pacific Humpback Whale 

Behavioural disturbance from 
underwater noise Not significant Likely Moderate 

Physical disturbance from vessel 
strikes Not significant Likely Moderate 

Steller Sea Lion 

Behavioural disturbance from 
underwater noise Not significant Likely High 

Physical disturbance from vessel 
strikes Not significant Unlikely High 

Likely residual effects are carried forward in the cumulative effects assessment 

(Section 8.2.9). 

8.2.9 Cumulative Effects Assessment 

This section considers the potential for residual effects associated with Project-associated 

vessel traffic to combine with effects experienced from past projects and activities and 

effects from other certain and reasonably foreseeable projects and activities, as the affected 

animal travels through the LAA, resulting in a cumulative effect. 
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The likely residual effects to marine mammals to be evaluated in the cumulative effects 

assessment are as follows: 

• Behavioural and acoustic masking effects resulting from increases in underwater 
noise17; and 

• Injury or mortality of North Pacific humpback whales due to physical disturbance 
from vessel strikes. 

8.2.9.1 Potential Cumulative Interactions and Effects 

A behavioural or acoustic masking effect from underwater noise produced from shipping 

associated with RBT2 could combine with effects from underwater noise produced by other 

commercial vessel traffic or activities to result in a cumulative effect throughout the entire 

LAA. Furthermore, the residual effects to a humpback whale due to a vessel strike from a 

transiting container ship in the LAA associated with the Project could combine with other 

adverse effects, resulting in a potential cumulative effect (Table 8.2-14). 

Appendix 6-A Certain and Reasonably Foreseeable Projects and Associated 

Activities Considered in the Marine Shipping Cumulative Effects Assessments 

identifies the other certain (including expected projects) and reasonably 

foreseeable projects and activities that could interact with a residual effect on marine 

mammals from marine shipping associated with the Project and result in a cumulative effect 

(Table 8.2-14). 

Table 8.2-14 Marine Mammals and Marine Shipping Activity Potential Cumulative 
Effects 

Other Project / Activity Potential Interaction Description of Potential Cumulative 
Effect 

Past Projects and 
Activities and Future 
Certain and Reasonably 
Foreseeable Projects and 
Activities 

Increased underwater 
noise. 

Behavioural and acoustic masking 
effects. 

Increased probability of 
vessel strike. Injury or mortality. 

                                           
17  Potential acoustic masking of communication calls or echolocation was only assessed for SRKW in the      

cumulative effects assessment. 
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Cumulative Effect #1 – Behavioural and Acoustic Masking Effects Due to 
Underwater Noise  

Southern Resident Killer Whale 

To examine the potential cumulative effects of acoustic disturbance (behavioural effects and 

echolocation masking) on SRKW from marine shipping associated with the Project and 

future commercial vessel traffic, several acoustic models were conducted in the LAA (see 

Appendix 8.2-A, and Appendices 14-B and 14-C of the RBT2 EIS). 

A SRKW could experience a behavioural effect in the LAA from underwater noise produced 

during shipping associated with the Project. This residual effect could potentially combine 

with behavioural effects from underwater noise produced by commercial vessel activities, 

resulting in a cumulative effect occurring within the LAA. When the number of median low-

severity and moderate-severity behavioural responses in the FMA and ER are combined, the 

potential lost foraging time in the LAA during existing conditions is 22.5 days 

(540.17 hours).18 With the addition of future vessel traffic, including shipping associated 

with the Project, an additional 1.29 days (30.90 hours) of foraging time is potentially 

lost in the LAA to behavioural disturbance and acoustic masking due to underwater noise 

(Table 8.2-15). Due to high levels of variability in predictions (i.e., 95% confidence 

intervals), the difference between the numbers of low- and moderate-severity behavioural 

responses between the temporal scenarios was difficult to determine (see RBT2 EIS 

Appendix 14-B). 

                                           
18  Note that this estimate of behavioural effects does not include small vessel traffic, including whale watching 

traffic. 
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Table 8.2-15 Number of Behavioural Responses and Median Hours of Behavioural Disturbance per Year per 
Whale in the Local Assessment Area 

Assessment 
Area 

Predicted 
Behavioural 
Responses 

Behavioural Severity Responsea 

Low  Moderate  

Existing 

Existing + 
Project-

associated 
Shippingb  

Existing + 
Project-

associated 
Shipping + All 

Existing 

Existing + 
Project-

associated 
Shippingb 

Existing + 
Project-

associated 
Shipping + All 

Focused 
Model Area 

Median number of 
responses per whale 
per year  

1,482  
(1,082; 2,680) 

1,556  
(1,144; 2,801) 

1,587  
(1,167; 2,855) 

624  
(417; 1,100) 

650  
(438; 1,141) 

657  
(444; 1,154) 

Predicted hours of 
disturbance per 
whale per year 

123.50 129.58 132.25 260.00 270.83 273.75 

Extended 
Region 

Median number of 
responses per whale 
per year 

780  
(465; 1,239) 

792  
(472; 1,264) 

811  
(483; 1,303) 

220  
(128; 325) 

225  
(131; 335) 

234  
(136; 351) 

Predicted hours of 
disturbance per 
whale per year 

65.00 66.00 67.58 91.67 93.75 97.50 

Entire LAAc 

Median number of 
responses per whale 
per year 

2,262 2,348 2,398 844 870 891 

Predicted hours of 
disturbance per 
whale per year 

188.5 195.58 199.83 351.67 364.58 371.25 

Predicted days of 
disturbance per 
whale per year 

7.85 8.15 8.33 14.65 15.19 15.47 

Notes: a. Values in brackets are 95% confidence intervals. 
 b. Includes vessel activity both within and outside PMV jurisdiction as shown in Figure 8.2-1. Also includes increases in vessel traffic 

at Westshore and Deltaport terminals (i.e. Deltaport Terminal Road and Rail Improvement Project – 43 container ships annually) 
 c. Total number of behavioural responses in the LAA are calculated by combining the median values calculated in the FMA and ER 

using different methods and therefore does not include confidence intervals. 
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In addition to behavioural responses, acoustic masking of SRKW echolocation clicks was 

assumed to occur if a low- or moderate-severity behavioural response was predicted; 

however, levels of underwater noise may at times not result in a direct behavioural effect to 

SRKWs, but acoustic masking of echolocation signals can occur. The amount of time was 

estimated that masking of SRKW echolocation clicks would occur in the FMA, in addition to 

acoustic masking during low-severity and moderate-severity behavioural responses from 

underwater noise produced during existing conditions and during future conditions with 

marine shipping associated with the Project and commercial vessel traffic from certain and 

reasonably foreseeable projects and activities. For information on acoustic masking and 

acoustic masking modelling in the FMA see Section 14.10.1.1 and Appendix 14-B of the 

RBT2 EIS. 

To examine the potential effects of cumulative underwater noise on SRKW from marine 

shipping associated with RBT2 and future shipping traffic in SRKW designated critical 

habitat, a PCOD model was conducted in the FMA for the RBT2 EIS. For more information on 

the PCOD model and its results, see Section 14.10.1.1 and Appendix 14-C of the RBT2 EIS.  

Potential cumulative effects of underwater noise on critical habitat features during shipping 

associated with the Project include changes to the acoustic environment, which resulted in 

predicted behavioural effects and acoustic masking. However, the difference in acoustic 

environment changes from existing conditions and cumulative effects from Project-

associated shipping, as well as future certain and reasonably foreseeable projects, did not 

result in harm to an individual SRKW or behavioural effects or acoustic masking that are 

likely to affect features of SRKW critical habitat or SRKW life functions. Modelling of PCOD 

determined that there was no statistically significant difference in survival, fecundity 

(reproduction rate), or population growth of SRKWs between existing and future conditions 

with the Project and future certain and reasonably foreseeable projects and activities. 

North Pacific Humpback Whale 

The residual effect on humpback whales from marine shipping associated with the Project 

could combine with the effects of other projects and activities within the LAA resulting in a 

cumulative behavioural effect due to underwater noise. While humpback whales are 

common during the summer months in B.C. and along Vancouver Island, and portions of 

critical habitat are located along the western edge of the LAA, humpback whales are less 

common throughout the entire LAA. 
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Underwater noise modelling in the LAA indicates that underwater noise levels during 

existing conditions can exceed the behavioural effects threshold of 120 dB in the LAA, 

particularly during the winter months when sound travels farther due to colder water 

temperatures. Predicted underwater noise levels throughout the LAA from shipping 

associated with the Project in combination with existing conditions do not differ substantially 

from underwater noise levels predicted from marine shipping associated with the Project 

combined with existing shipping and marine shipping from other certain and foreseeable 

projects (see Section 7.6 Underwater Noise).  

Under past and existing levels of underwater noise, humpback whales have made a 

dramatic recovery in B.C. with a growth rate of 4.9% to 6.8% annually (DFO 2013b). 

Potential cumulative effects from underwater noise are therefore not anticipated to affect 

the humpback whale population and its recovery. 

Steller Sea Lion 

The residual effect on Steller sea lions from marine shipping associated with the Project 

could combine with the effects of other projects and activities within the LAA resulting in a 

cumulative behavioural effect due to underwater noise. Underwater noise modelling in the 

LAA indicates that underwater noise levels during existing conditions can exceed the 

behavioural effects threshold of 120 dB in the LAA, particularly during the winter months 

when sound travels farther due to colder water temperatures. Predicted underwater noise 

levels throughout the LAA from shipping associated with the Project in combination with 

existing conditions did not differ substantially from underwater noise levels predicted from 

marine shipping associated with the Project combined with existing shipping and marine 

shipping from other certain and foreseeable projects (see Section 7.6 Underwater 

Noise).  

However, pinnipeds in the water have typically been shown to tolerate close vessel 

approaches, even congregating around fishing vessels (Richardson et al. 1995). Steller sea 

lions have poor underwater hearing sensitivity below 1,000 hertz (Kastelein et al. 2005), 

and most underwater noise from marine shipping will not be audible to Steller sea lions. 

Steller sea lions occur in the LAA and will be regularly exposed to underwater noise from 

marine shipping. If behavioural responses occur, they will likely be short-term, of short 

duration, and reversible. No rookeries occur in the LAA, and haulouts will not be exposed to 

underwater noise levels predicted to result in behavioural effects. Under past and existing 

levels of underwater noise, Steller sea lion have made a dramatic recovery, with a growth 
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rate of 3.2% annually (DFO 2010). Potential residual behavioural effects from Project-

associated marine shipping in combination with other existing and future marine shipping 

will likely not jeopardise the survival or recovery of this species. 

Cumulative Effect #2 – Physical Disturbance from Vessel Strikes 

North Pacific Humpback Whale 

See Section 8.2.6.3 for a full discussion of potential vessel strikes of humpback whales in 

B.C. While encounter risk is higher for humpback whales compared to the other species, this 

is to be expected given the higher predicted densities of these species in the study area 

(Williams and O’Hara 2010, Stantec 2015). During existing conditions, humpback whales 

have an encounter risk of 7.03% along the shipping lanes. With the addition of all future 

marine shipping traffic, the encounter risk increased to 9.06%. These predicted encounter 

rates are considered conservative, as they do not factor in any behavioural responses of the 

whale (i.e., movement out of the area as the vessel approaches), nor any avoidance 

response (e.g., dives, bursts of speed, changes of course). 

Potential effects of vessel strikes on humpback whales (e.g., mortality, injury, stress, 

infection, habitat avoidance) could interact cumulatively with other potential effects of past 

and future project and activities, including increased risk of strikes, behavioural disturbance 

from underwater noise, entanglement, toxic spills, and prey reduction (DFO 2013b). DFO 

stated that while these identified threats are not likely affecting population viability, some 

individuals may be affected and cumulative effects could occur. However, potential future 

cumulative effects are not well understood. Risk to the population from cumulative effects is 

considered low but could increase as shipping traffic increases. Potential residual 

behavioural effects from Project-associated marine shipping in combination with other 

existing and future marine shipping will likely not jeopardise the survival or recovery of this 

species in B.C. See Section 8.2.9.2 regarding mitigation and current initiatives to address 

data gaps and uncertainty of potential cumulative effects from vessel strikes. 

8.2.9.2 Mitigation Measures for Cumulative Effects 

Measures, if proposed,  to mitigate cumulative behavioural and acoustic masking effects 

from acoustic disturbance and physical disturbance from vessel strikes are described below. 
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Acoustic Disturbance 

No specific mitigation recommendations are proposed to reduce noise from marine shipping 

associated with the Project and shipping associated with future traffic because predicted 

potential effects do not differ substantially from those occurring during existing conditions.  

The Enhancing Cetacean Habitat and Observation (ECHO) Program has been initiated by 

PMV and involves shipping stakeholders, scientific and technical experts, and regulators 

working to develop a better understanding of potential effects of existing and future 

commercial shipping traffic to at-risk cetaceans. The ECHO Program is currently supporting 

or considering support of a number of studies to understand the potential effects and 

management approach to underwater noise (as well as other potential threats, such as 

vessel strike). 

Studies currently under consideration by the ECHO Program relating to underwater noise 

include the following: 

• Monitoring existing regional ambient underwater noise conditions through a network 
of hydrophones; 

• Identifying and quantifying the underwater noise contributions from various vessel 
sectors to overall regional ocean noise; 

• Assessing the effects of different underwater noise levels on SRKW and other marine 
mammals; 

• Use of computer modelling to predict how various mitigation methods will reduce 
underwater noise, and subsequent field studies of proposed mitigation methods; 

• A partnership with Transport Canada to install a vessel underwater noise listening 
station in the Strait of Georgia where ships will “weigh in” as they transit over the 
station, providing a better understanding of the underwater noise levels of different 
vessels; and 

• A partnership with Transport Canada to test an in-water hull cleaning technology and 
measure underwater noise levels of vessels before and after cleaning, to understand 
whether hull cleaning can reduce underwater noise emissions. 

The goal of these studies is to inform potential mitigation options and develop innovative 

solutions to reduce the potential effects of underwater noise to marine mammals in the 

region. Mitigation measures may include incentives or recognition for the use of green 

vessel technology, changes to operational activities of ocean-going vessels, a certification 

program for quiet vessels, and/or the development of underwater noise criteria for vessels 

entering the port. PMV’s incentive program, EcoAction, or the Green Marine program may 

be avenues for implementing proposed mitigation options. 
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Vessel Strike 

As described in Section 8.2.7.2, mitigation measures are not proposed in the LAA to 

reduce the risk of vessel strikes to marine mammals from RBT2-associated container ships. 

However, as part of proposed mitigation for RBT2 operation in its jurisdiction, PMV will 

distribute a marine mammal awareness pamphlet (Marine Mammals of the Roberts Bank 

Area) to marine pilots calling on the RBT2 terminal with container ships associated with the 

Project. While PMV does not have regulatory authority outside of its navigational 

jurisdiction, education and awareness of pilots and vessel crews could reduce vessel strike 

risk outside of PMV jurisdiction. No additional mitigation are proposed to reduce potential 

cumulative effects to North Pacific humpback whales. 

While specific mitigation is not being proposed here, the ECHO Program is currently 

supporting DFO’s work to survey large whale distribution (including humpback whales) off 

southwestern Vancouver Island using aerial surveys, to help identify large whale habitat. 

The ECHO Program will continue to support this effort through the next phase of their work, 

which will use the aerial surveys and whale sighting data, in conjunction with information on 

vessel locations and movement, to identify key areas where the risk of physical disturbance 

or collision is greatest. This information will help determine which, if any, mitigation 

measures may be required to reduce the risk of physical disturbance. 

Other initiatives being considered under the ECHO Program19 for the physical disturbance 

threat category include development of a vessel notification system of whales in the area, 

development of an educational guide for mariners to identify marine mammals, and 

exploration of new technologies to identify whale locations in real-time. 

8.2.9.3 Assessment of Residual Cumulative Effects and Significance 
Determination 

This section provides a characterisation of residual cumulative effects carried forward for 

assessment. Definitions for ratings applied to residual effects criteria, developed with 

specific reference to marine mammals, are presented in Table 8.2-16. See Section 8.2.8 

for definitions of the thresholds for determining the significance of residual adverse effects.  

                                           
19   Further information on the ECHO Program can be found at 

http://www.portmetrovancouver.com/environment/water-land-wildlife/marine-mammals/. 



PORT METRO VANCOUVER | Roberts Bank Terminal 2 Marine Shipping Supplemental Report 

Page | 8.2-57  

Residual Cumulative Effect #1 – Behavioural and Acoustic Masking Effects Due to 
Underwater Noise  

The residual cumulative effect pertaining to behavioural and acoustic masking 

effects associated with underwater noise is described below for each representative species. 

Table 8.2-16 summarises the criteria rating for the predicted residual cumulative effect. 

Table 8.2-16  Summary of Criteria Ratings for Behavioural and Acoustic Masking 
Effects Due to Underwater Noise 

Criteria Criteria 
Rating Rationale for Criteria Rating 

Magnitude 

Moderate 

SRKW: The LAA includes the designated critical habitat of SRKW and 
underwater noise from marine shipping associated with the Project in 
combination with past, existing, and certain and reasonably 
foreseeable projects will result in a measurable change, including low- 
and moderate-severity behavioural responses and acoustic masking 
from continuous noise. The predicted incremental increases in low- 
and moderate-severity behavioural responses and acoustic masking 
are unlikely to affect SRKW life functions, critical habitat features, 
population viability, or recovery. While effects are not predicted to be 
substantially different from existing conditions, the magnitude is 
conservatively rated as moderate due to the conservation status of 
SRKW and the possibility of chronic physiological and/or behavioural 
changes. 
North Pacific humpback whale: The LAA overlaps a small portion 
of designated critical habitat, and underwater noise from marine 
shipping associated with the Project in combination with past, 
existing, and certain and reasonably foreseeable projects will exceed 
behavioural effect thresholds within portions of the LAA and/or critical 
habitat. The predicted incremental increases in behavioural responses 
over existing conditions are unlikely to affect humpback whale life 
functions, critical habitat features, population viability, or recovery. 
While effects are not predicted to be substantially different from 
existing conditions, the magnitude is conservatively rated as 
moderate due to the conservation status of North Pacific humpback 
whale and the possibility of chronic physiological and/or behavioural 
changes. 

Low 

Steller sea lion: There are no rookeries or critical habitat for Steller 
sea lions in the LAA, and introduced noise from marine shipping 
associated with the Project in combination with past, existing, and 
certain and reasonably foreseeable projects will be within the range of 
existing conditions. Little, if any, detectable effects are predicted as a 
result of the increase in current traffic, which will occur in the shipping 
lanes. 

Extent Regional 
All representative species: Residual effects of behavioural 
disturbance and acoustic masking of marine mammals could occur in 
the entire LAA. 
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Criteria Criteria 
Rating Rationale for Criteria Rating 

Duration Long-term 
All representative species: Underwater noise from marine shipping 
associated with the Project in combination with certain and reasonably 
foreseeable projects will extend for the life of the Project. 

Frequency Frequent/ 
Seasonal 

All representative species: Cumulative effects of underwater noise 
could potentially be frequent from marine shipping associated with the 
Project and other certain and reasonably foreseeable projects during 
the times of the year that species are seasonally present.  

Reversibility Fully 
reversible 

SRKW: Analysis of killer whale behavioural studies suggests 
observable moderate-severity behavioural responses last 
approximately 25 minutes and return to behaviour occurring during 
existing conditions after this time.  
North Pacific humpback whale: Duration of behavioural effects is 
expected to be similar to SRKW (less than 0.5 hour for moderate-
severity response) and return to existing conditions after this time. 
Steller sea lion: Steller sea lions in the LAA are expected for the 
most part to be habituated to regular traffic movements along the 
shipping lanes, and a large part of the underwater noise produced by 
marine shipping associated with the Project in combination with 
certain and reasonably foreseeable projects is expected to be 
inaudible. The addition of cumulative underwater noise associated 
with the increase in marine vessel traffic that is audible to Steller sea 
lions is small in comparison to existing conditions. While individuals in 
the water are expected to move away from vessels, large-scale 
disturbance around the haulouts is not expected, and individuals are 
likely to recover from the direct effects of sensory disturbance 
immediately. 

Southern Resident Killer Whale 

Studies were conducted to inform the assessment of cumulative effects of underwater noise 

to SRKW from marine shipping associated with the Project in combination with certain and 

foreseeable projects and activities. The difference between existing conditions and future 

conditions with marine shipping associated with the Project, and other certain and 

reasonably certain projects and activities, are unlikely to result in effects to individuals that 

could adversely affect their ability to survive or reproduce. As a result, the magnitude is 

conservatively rated as moderate, rather than low, due to the conservation status and the 

possibility of chronic physiological and/or behavioural changes.  

Due to the endangered status of SRKWs under SARA and a lack of recovery of the 

population, it is reasonable to assume that past projects and activities that have been 

carried out have had a significant adverse effect on SRKW. Therefore, the cumulative effect 

on SRKW of acoustic disturbance from marine shipping associated with the Project in 

combination with the effects of past projects and activities that have been carried out and 

certain and reasonably foreseeable projects that will be carried out, are expected to remain 
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significant. The confidence in this prediction is high. However, the contribution of Project-

associated shipping to the cumulative effect is very small and critical habitat will not be 

affected by the Project-associated shipping when needed by individuals for their life 

functions of foraging, mating, resting, or socialising.  

North Pacific Humpback Whale  

Solitary humpback whales (and other baleen whales) occur regularly in the LAA but 

concentrations are not common. However, a small portion of designated humpback whale 

critical habitat occurs in the westernmost portion of the LAA. Therefore, cumulative 

behavioural effects from past projects and activities, underwater noise from marine shipping 

associated with the Project, combined with effects from other certain and reasonably 

foreseeable projects, are possible. While gaps exist in the understanding of cumulative 

effects on humpback whales (see DFO 2013b), these potential cumulative effects to 

individuals are not anticipated to affect the humpback whale population and its recovery, as 

the population has been stable and recovering at an annual rate of approximately five 

percent. Therefore, cumulative effects of underwater noise on humpback whales are 

considered not significant. Confidence in this determination is moderate, and is based on 

the relatively low use of humpback whales of the LAA and the recent increases in this 

population under existing conditions. However, the contribution of Project-associated 

shipping to the cumulative effect is very small and critical habitat will not be affected by 

Project-associated shipping when needed by individuals for their life functions of foraging, 

resting, or socialising. 

Steller Sea Lion, and Toothed Whales (Other than SRKW) 

Cumulative effects on Steller sea lion (and other pinnipeds and seals) and toothed whales 

other than SRKW will be long-term over the length of the Project and reversible, and will not 

result in residual cumulative effects that will threaten the survival of the population. Such 

effects are not anticipated to affect the population; therefore, cumulative effects are 

considered not significant. Confidence in this determination is high, and is based on the 

known use of the LAA and stability in populations. 

Past projects and activities that have been carried out are not considered to have had a 

significant adverse effect to toothed whales other than SRKW. Therefore, the contribution of 

acoustic disturbance from marine shipping associated with the Project, in combination with 

past projects and activities that have been carried out, and certain and reasonably 

foreseeable projects that will be carried out, is not anticipated to result in a significant 

cumulative effect to toothed whales other than SRKW. 
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Residual Cumulative Effect #2 – Physical Disturbance from Vessel Strikes  

The residual cumulative effect pertaining to physical disturbance from vessel strikes is 

described below for North Pacific humpback whales. Table 8.2-17 summarises the criteria 

rating for the predicted residual cumulative effect. 

Table 8.2-17 Summary of Criteria Ratings for Physical Disturbance to North 
Pacific Humpback Whales from Vessel Strikes 

Criteria Criteria 
Rating Rationale for Criteria Rating 

Magnitude Moderate 
Could range from minor injuries that do not affect the survival of 
an individual to severe injuries resulting in mortality to an 
individual, but not affecting population recovery or viability. 

Extent Site-specific Vessel strikes would only occur if individuals are in the path of 
marine shipping traffic transiting in the shipping lanes. 

Duration Short-term to 
Permanent 

Vessel strikes may be short-term and result in no injury to an 
individual, medium-term if an injury take days to months to heal, 
long-term if an injury is more serious and takes months or years 
to heal, or permanent if injury results in the mortality of an 
individual. 

Frequency Infrequent/ 
Seasonal 

Injury or mortality from vessel strikes would likely occur 
infrequently over the life of the Project during the times of the 
year that North Pacific humpback whales are seasonally present. 

Reversibility 
Fully 

Reversible to 
Irreversible 

Vessel strikes could result in fully reversible effects if it does not 
result in injury to a potential for irreversible effects if resulting in 
mortality to the individual. 

Solitary humpback whales (and other baleen whales) occur but concentrations are relatively 

uncommon throughout the entire LAA. However, a small portion of designated humpback 

whale critical habitat occurs in the LAA and approximately 200 to 400 humpback whales use 

critical habitat just outside the LAA along Vancouver Island during the summer months. 

Therefore, cumulative effects from vessel strikes resulting from marine shipping associated 

with the Project, combined with effects from other certain and reasonably foreseeable 

projects, are possible. Potential effects of vessel strikes on humpback whales (i.e., injury or 

mortality) could interact cumulatively with other potential effects of past and future project 

and activities, including increased risk of strikes, behavioural disturbance from underwater 

noise, entanglement, toxic spills, and prey reduction (DFO 2013b).  

While gaps exist in the understanding of cumulative effects on humpback whales (see DFO 

2013b), these potential cumulative effects to individuals are not anticipated to affect the 

humpback whale population and its recovery in B.C., as the population has been stable and 

recovering at an annual rate of approximately five percent. Therefore, cumulative effects of 

vessel strikes on humpback whales are considered not significant. Confidence in this 
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determination is moderate, and is based on the relatively low use of humpback whales of 

the LAA and the recent increases in this population under existing conditions. However, the 

contribution of Project-associated shipping to the cumulative effect is very small and critical 

habitat will not be affected by the Project-associated shipping when needed by individuals 

for their life functions of foraging, resting, or socialising. 

8.2.9.4 Summary of Cumulative Effects to Marine Mammals 

Due to the determination of significant effects to SRKW from past projects and activities 

that have been carried out, in combination with future Project-shipping activities and other 

certain and foreseeable activities, this assessment concludes that for the marine mammal 

VC, there is an overall significant residual cumulative effect. The likelihood of this residual 

cumulative effect and level of confidence in the determinations of significance and likelihood 

are summarised in Table 8.2-18. 

Table 8.2-18 Summary of Significance Determination of Residual Cumulative 
Effects for Representative Species 

Residual Cumulative Effect 
Significance  
(significant / 

not significant) 

Likelihood of 
Residual 

Cumulative Effect 
(likely / unlikely) 

Level of 
Confidence (low / 
moderate / high) 

Southern Resident Killer Whale 

Change in acoustic environment 
resulting in behavioural and 
acoustic masking effects from 
shipping associated with the 
Project, and past and certain and 
foreseeable projects and activities 

Significant  Likely High 

North Pacific Humpback Whale 

Change in acoustic environment 
resulting in behavioural effects 
from shipping associated with the 
Project, and past and certain and 
foreseeable projects and activities 

Not significant Likely Moderate 

Physical disturbance from vessel 
strikes from marine shipping 
associated with the Project and 
past and certain and foreseeable 
projects and activities 

Not significant  Likely Moderate 

Steller Sea Lion and Toothed Whales (Except SRKW) 

Change in acoustic environment 
resulting in behavioural effects 
from shipping associated with the 
Project, and past and certain and 
foreseeable projects and activities 

Not significant Likely High 
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8.2.10 Summary of Assessment 

Potential residual effects on marine mammals, which include behavioural disturbance and 

masking due to changes to the acoustic environment and physical disturbance from vessel 

strikes, from Project-associated vessel transit activities are expected to be not significant for 

marine mammals. Incremental marine shipping associated with the Project is not 

anticipated to have an adverse effect on either SRKW or North Pacific humpback whale 

critical habitat features when needed for life functions, or on the survival or recovery of 

southern resident killer whales, North Pacific humpback whales, or Steller sea lions.  

Cumulative effects are expected to be not significant for seals, sea lions, baleen whales and 

toothed whales other than SRKW. The assessment concludes that since past activities and 

projects have had a significant adverse effect on SRKW, Project-associated vessel activities 

in combination with existing and future vessel activity are expected to result in a significant 

cumulative effect to marine mammals. Regional efforts are underway through the Port 

Metro Vancouver-led Enhancing Cetacean Habitat and Observation Program to better 

understand and manage the potential effects of marine shipping on marine mammals 

throughout the southern coast of British Columbia. 

Table 8.2-19 provides a summary of potential residual effects and residual cumulative 

effects on marine mammals from marine shipping activities associated with the Project. 

Table 8.2-19 Summary of Residual Effects for Marine Mammals 

 Residual Effects Residual Cumulative Effects 

Residual Effect 

Magnitude, Extent, 
Duration, 

Frequency, 
Reversibility 

Significance 

Magnitude, 
Extent, Duration, 

Frequency, 
Reversibility 

Significance 

Southern Resident Killer Whales 

Behavioural and 
acoustic masking 
effects from 
underwater noise 

Moderate, Local, 
Long-term, 

Frequent/Seasonal, 
Fully reversible 

Not significant 

Moderate, Regional, 
Long-term, 

Frequent/Seasonal, 
Fully reversible 

Significant 

Physical 
disturbance from 
vessel strikes 

Low, Site-specific, 
Short-term to 

Permanent 
Infrequent/Seasonal, 

Fully reversible to 
Irreversible 

Not significant N/a N/a 
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 Residual Effects Residual Cumulative Effects 

Residual Effect 

Magnitude, Extent, 
Duration, 

Frequency, 
Reversibility 

Significance 

Magnitude, 
Extent, Duration, 

Frequency, 
Reversibility 

Significance 

North Pacific Humpback Whale 

Behavioural effects 
from underwater 
noise 

Moderate, Local, 
Long-term, 

Frequent/Seasonal, 
Fully reversible 

Not significant 

Moderate, Regional, 
Long-term, 

Frequent/Seasonal, 
Fully reversible 

Not significant 

Physical 
disturbance from 
vessel strikes 

Moderate, Site-
specific, Short-term 

to Permanent, 
Infrequent/ Seasonal, 

Fully reversible to 
Irreversible 

Not significant 

Moderate, Site-
specific, Short-term 

to Permanent, 
Infrequent/ 

Seasonal, Fully 
reversible to 
Irreversible 

Not significant 

Steller Sea Lion and Toothed Whales (Other than SRKW) 

Behavioural effects 
from underwater 
noise 

Low, Local, Long-
term, Frequent/ 
Seasonal, Fully 

reversible 

Not significant 

Low, Regional, 
Long-term, 

Frequent/Seasonal, 
Fully reversible 

Not significant 

Physical 
disturbance from 
vessel strikes 

Low, Site-specific, 
Short-term to 
Permanent, 

Infrequent/ Seasonal, 
Fully reversible to 

Irreversible 

Not significant N/a N/a 

8.2.11 Follow-up Program 

A follow-up program in the marine mammal LAA is not suggested. However, PMV will work 

with stakeholders, Aboriginal groups, regulators, and the ECHO Program to monitor the 

distribution and abundance of marine mammals within the LAA to identify, prevent, and 

adaptively manage potential effects of underwater noise and vessel strikes on marine 

mammals, if they occur. 
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8.3 MARINE BIRDS EFFECTS ASSESSMENT 

This section presents the results of the assessment of potential effects of routine marine 

shipping associated with the Project on marine birds in the Salish Sea within the Marine 

Shipping Area (MSA) (shown in Figure 4-1). The MSA encompassed marine shipping 

associated with the Project outside PMV jurisdiction to the 12 nautical mile limit of the 

territorial sea. Potential effects on marine birds from potential accidents or malfunctions are 

described in Section 10.5.8 Potential Accidents or Malfunctions, Marine Birds. 

Consistent with the valued component (VC) selection rationale used in RBT2 EIS Section 

15.0, marine birds (defined in this assessment as sea ducks, pelagic birds, waterfowl, 

shorebirds, and gulls and terns) were selected as a VC because they are critical components 

of estuarine and marine food webs, influence the structure and function of nearshore and 

offshore ecosystems, and contribute to overall ecosystem health (Burger and Gochfeld 

2004, Mallory et al. 2006). Marine birds also hold social, economic, and cultural importance 

to local communities and Aboriginal groups that use the Salish Sea and adjacent waters. 

Aboriginal groups value marine birds for social and ceremonial purposes, and several 

species are hunted by Aboriginal and non-Aboriginal hunters (TFN Hunters 2014a, b, PMV 

2015a, b, c, d, e, f). Additionally, large numbers of birdwatchers are attracted to the region. 

Based on studies in other jurisdictions, contributions to the regional economy are likely 

considerable (Kerlinger 1993, USFS 2004). For example, results from a survey conducted by 

the U.S. Forest Service concluded that approximately 40% of the population 16 or older 

participate in either the viewing or photographing of birds annually (USFS 2004). Other 

studies estimate that the average annual spending by active birders was between $1,500 

and $3,400 per year, with travel being the major expenditure (Kerlinger 1993). No 

comparable figures exist for Canada, but it is reasonable to think a similar statistic applies.  

Container vessels destined for, or leaving from, Roberts Bank terminals travel along marine 

shipping routes that traverse portions of the Strait of Georgia, Boundary Passage, Haro 

Strait, and Juan de Fuca Strait, all of which are contained within the Salish Sea, which 

stretches from Olympia, Washington, north to Campbell River, approximately 170 km 

northwest of Vancouver, B.C. The areas and habitats in the vicinity of transiting vessels 

support an abundance of seasonally present marine bird species, internationally recognised 

conservation areas, reserves, Important Bird Areas (IBAs), and bird breeding colonies. 

Population numbers range from the tens of thousands (e.g., Pacific dunlin) to occurrences of 

a few individuals annually for some species (e.g., yellow-billed loon). Habitats used by birds 

can be broadly defined as coastal terrestrial, intertidal, nearshore, and marine (pelagic). 
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This assessment is consistent with the Updated EIS Guidelines that require the assessment 

of federally and provincially listed species at risk and species of special status (collectively 

referred to as “species at risk”). 

8.3.1 Component Overview 

To structure and streamline the assessment, avian species were assembled into five sub-

components. These sub-components are groups that are similar in nature, occupy 

comparable habitats, play similar ecological roles, or may be affected by marine shipping 

associated with the Project in analogous ways (Table 8.3-1). Sub-components were further 

refined by selecting one to two representative species to represent the diverse assemblage 

of resident and migrant marine birds within the component. The sub-components and 

representative species listed in Table 8.3-1 therefore represent a suite of marine birds 

(including species at risk) occupying a similar ecological niche upon which effects from 

marine shipping associated with the Project can be assessed.   

Consistent with RBT2 EIS Section 15.0, representative species were selected that fit most or 

all of the following criteria:  

 They are a species of conservation concern or are associated with a sensitive 

ecological community; 

 They are of cultural or Aboriginal value; 

 They are resident in or seasonally use marine habitats within the MSA; 

 There are existing data available to describe their biology, population abundance, 

and distribution; 

 They have life requisites shared by a broad group of other marine bird species; 

 They are susceptible to potential effects from RBT2-associated marine vessels; and 

 They have been the focus of academic and/or regulatory studies within the local 

assessment area (LAA). 
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Table 8.3-1 Sub-components and Representative Species for Marine Birds 

Sub-
component 

Representative 
Species 

Rationale for Selection 

Sea Ducks 

Surf scoter 

(Melanitta 
perspicillata) 

 Species is of conservation concern provincially (Blue-listed); 

 Existing data available regarding bird biology, population 
abundance, and distribution;  

 Potential to be affected by RBT2-associated marine vessels; 
and 

 Similar requirements to, and represents, other invertebrate 

consuming species, including white-winged scoter and species 
of conservation concern, such as black scoter and long-tailed 
duck. 

Pelagic Birds 
(and other 

piscivorous 
diving 
species) 

Marbled murrelet 
(Brachyramphus 
marmoratus) 

and fork-tailed 
storm-petrel 
(Oceanodroma 

furcata) 

 Marbled murrelet is of conservation concern provincially 
(Blue-listed) and federally (Threatened under the Species at 
Risk Act (SARA)); 

 Marbled murrelet is a resident breeder; 

 Existing data available regarding bird biology, population 
abundance, and distribution for both species;  

 Storm-petrels are of the order Procellariiformes that have 
been documented as sensitive to effects from artificial light 
from vessels and anthropogenic structures;  

 Potential to be affected by RBT2-associated marine vessels; 
and 

 Similar requirements to, and represents, other groups and 
species of pelagic birds, such as jaegers, other alcids, and 

shearwaters, as well as other piscivorous species, including 
species of conservation concern, such as western grebe, 
common murre, and Cassin’s auklet. 

Waterfowl 
Brant (Branta 

bernicla) 

 Species is of conservation concern provincially (Blue-listed); 

 Existing data available regarding bird biology, population 

abundance, and distribution;  

 Potential to be affected by RBT2-associated marine vessels; 
and  

 Similar requirements to, and represents, other primarily 

herbaceous, nearshore foraging, waterfowl species (e.g., 
dabbling ducks). 

Gulls and 
Terns 

Glaucous-winged 
gull (Larus 

glaucescens) 

 Existing data available regarding bird biology, population 
abundance, and distribution;  

 Is a resident breeder with nesting locations on islands 

adjacent to shipping lanes;  

 Potential to be affected by RBT2-associated marine vessels; 
and  

 Represents other tern and gull species, including species of 
conservation concern, such as Caspian tern.  

Shorebirds 
Red knot 
(Calidris canutus 
roselaari) 

 Red knot is of conservation concern provincially (Red-listed) 

and federally (Threatened under SARA);  

 Existing data available regarding bird biology, population 
abundance, and distribution;  

 Potential to be affected by RBT2-associated marine vessels; 
and  

 Represents other shorebird species (e.g., western sandpiper 

and dunlin), including species of conservation concern, such 
as short-billed dowitcher. 
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The selection of a representative species for each sub-component considered a number of 

factors. These factors included the species’ federal and provincial conservation status, its 

likelihood to interact with and experience effects from RBT2-associated vessels, and the 

reason(s) for a species’ federal and/or provincial listing. Also, a species’ overall listing status 

in Canada (e.g., federal and provincial) was used to inform the final selection of 

representative species, with the conservation status under SARA taking precedence over the 

provincial status. For example, marbled murrelet was selected to represent pelagic birds 

because of its high conservation status (Threatened under SARA, Blue-listed provincially), 

its year-round presence in the MSA and potential to interact with transiting vessels, and the 

primary reason for listing being suspected population declines (see Section 8.3.5.4). It was 

selected over common murre (Red-listed provincially) and Cassin’s auklet (Blue-listed 

provincially) because of its higher federal conservation status and greater prevalence in the 

MSA. Furthermore, the reason for listing common murre and Cassin’s auklet was due to the 

restricted distribution of their nesting locations, which increases the vulnerability of 

breeding colonies to stochastic events such as oil spills; the rationale for listing therefore 

directly relates to the vulnerability of nest locations, which will not be affected by potential 

marine-shipping related effects as they are all located outside the MSA.  

Surf scoter was selected to represent sea ducks as it possessed an identical 

conservation status (i.e., Blue-listed provincially) as other candidate species (e.g., black 

scoter and long-tailed duck), but was much more prevalent in the MSA and judged to be 

more likely to experience marine shipping-related effects. Similarly, brant was selected to 

assess potential effects to waterfowl as the only other listed waterfowl species, tundra 

swan, possessed the same conservation status (i.e., Blue-listed provincially), but brant was 

judged more likely to experience marine shipping-related effects due to its prevalence and 

distribution in the MSA.  

Red knot (Threatened under SARA, Red-listed provincially) was selected as the 

representative species for shorebirds and wading birds because it possessed the highest 

conservation status of all listed shorebirds (see Appendix 8.3-A: Table 8.3-A3) occurring 

in the MSA and the reason for listing the species was due to large population declines 

(~60% since 1981) (Government of Canada 2015a). Red knot is also used as a 

representative species for birds that use intertidal nearshore habitats such as great blue 

heron and American bittern, as potential marine-shipping related effects to such species are 

anticipated to be similar. 
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Glaucous-winged gull is not considered a species at risk, but was selected over other 

species, such as California Gull (Blue-listed provincially), as glaucous-winged gull 

populations have experienced declines since the 1980s (Blight et al. 2015), and there are 

numerous breeding colonies within the MSA located close to shipping lanes, increasing the 

likelihood of the species to be affected by RBT2-associated vessels. Additionally, the primary 

reason for California gull being provincially listed is due to the species nesting in only six to 

seven locations in B.C., making it susceptible to human disturbance. All of these nesting 

sites are located inland, well outside the MSA. This factor contributed to the rationale for the 

selection of glaucous-winged gull as a representative species. 

Fork-tailed storm-petrels are not listed as being of conservation concern, but were selected 

as a second pelagic bird representative species to assess potential effects within the MSA to 

storm-petrels and other species of the order Procellariiformes that are known to be sensitive 

to effects from artificial light from vessels and anthropogenic structures (Dee Boersma and 

Silva 2001, Rich and Longcore 2013).  

No interactions were identified between raptors (e.g., peregrine falcon, anatum subspecies, 

gyrfalcon), passerines (e.g., barn swallow, purple martin), and Project-associated marine 

shipping. This was due to their largely nearshore habitat use that places them away from 

transiting vessels and their aerial foraging mode, which further separates them from 

potential changes to the marine environment.  

8.3.2 Indicators 

Indicators are measurable parameters and provide a means of determining change to a VC. 

The indicators chosen for marine birds and the rationale for their selection are consistent 

with those used in RBT2 EIS Section 15.0 and are outlined in Table 8.3-2. 
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Table 8.3-2 Indicators for Marine Birds 

Indicator Rationale for Selection of Indicator 

Vessel wake-related 
wave height (m)  

 Predicted RBT2-associated increase in vessel wake can be compared 
to existing wave climate; 

 May affect marine bird species behaviour, habitat usage, and habitat 
availability; and  

 Practical and measurable parameter that will reflect potential changes 
to VC in response to RBT2-associated marine vessels. 

Visual presence of 

vessels 

 Predicted RBT2-associated increase in vessels using shipping lanes 
can be compared to existing vessel traffic; 

 May affect marine bird species behaviour, habitat usage, and habitat 

availability; and  

 Practical and measurable parameter that will reflect potential changes 
to VC in response to RBT2-associated marine vessels. 

Abundance, species 
diversity, and 

distribution 

 Incorporates local and regional data used in other environmental 
assessments;  

 Practical, measurable, and predictable parameters that will reflect 

potential changes to VC; and 

 Contributes to overall productivity within the LAA. 

Productivity (biomass; t) 

 Ecosystem-level and area-wide approach to assessing changes due to 
RBT2-associated marine vessels; 

 Indicates ecosystem health and contributes to ongoing productivity; 

and 

 Practical and measurable parameter that will reflect potential changes 
to VC in response to RBT2-associated marine vessels. 

8.3.3 Assessment Boundaries 

The boundaries used in the assessment are described below, including temporal, spatial, 

and technical boundaries. Administrative boundaries have not been identified as a constraint 

for this assessment. 

8.3.3.1 Temporal and Spatial Boundaries 

The temporal boundaries for this assessment are as described in Section 6.2.2 Temporal 

Boundaries. Existing conditions are represented by the year 2012, while the assessment of 

effects of increased vessel traffic associated with the Project is based on predicted activities 

in the year 2030, which is deemed to be representative of the RBT2 operation phase.  

The spatial boundaries for the assessment are summarised in Table 8.3-3, and shown in 

Figure 8.3-1. The LAA and regional assessment area (RAA) are centred on the inbound and 

outbound marine shipping lanes. Effects resulting from marine shipping could extend over a 

larger area. Therefore the LAA and RAA were scoped to the same larger boundary 

(hereafter, collectively referred to as the LAA). They encompass the area within which 
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marine shipping is expected to interact with and potentially affect marine birds. In 

determining LAA and RAA boundaries, consideration was given to the nature and 

characteristics of the VC (e.g., foraging mode, habitat usage), historical and current 

traditional use activities, and documented distribution and abundance.   

Table 8.3-3 Spatial Boundary Definitions for Marine Birds 

Spatial Boundary Description of Assessment Area 

Local assessment 
area 

Includes the inbound and outbound marine shipping lanes and surrounding 
marine habitat extending to the high-water mark from PMV jurisdiction 
through the southern part of the Strait of Georgia, Boundary Passage, Haro 

Strait, and westward through Juan de Fuca Strait out to the 12 nautical mile 
limit of Canada’s territorial sea, corresponding to the line of longitude of 
Buoy J and the area encompassed by Segments A through G of the MSA, as 

outlined in Section 4.1 Marine Shipping Area. Puget Sound is excluded. 

Regional 

assessment area 
Same as the LAA. 

8.3.3.2 Technical Boundaries 

This assessment has relied upon existing sources of information to inform both the 

characterisation of existing conditions and the assessment of incremental changes arising 

from RBT2-associated marine vessel activities in the LAA. The limitation with using existing 

data is that studies are typically developed for specific purposes that may not be entirely 

aligned with the objectives of this assessment, which can limit the effectiveness of the 

data’s use in determining existing conditions and assessing effects within the LAA.  

Also, there is a lack of understanding concerning the underwater hearing abilities of birds, 

and limited literature exists on the effects of non-impulsive (or continuous) ambient 

underwater noise on bird behaviour. It is therefore difficult to directly assess potential 

effects of underwater noise on marine birds found in the LAA. Published literature 

concerning specific injury and behavioural thresholds for birds from underwater noise is 

lacking and best management practices currently do not exist. Nonetheless, effects on 

marine birds were considered and assessed using the body of available qualitative 

information found within the scientific literature.  
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8.3.4 Information Sources 

As part of the assessment, a review of existing information was conducted. The following 

information sources were used to characterise the ecology, habitat preferences, abundance 

and distribution, and prediction of effects to marine birds in the LAA: 

 Publicly available Aboriginal traditional knowledge (e.g., (Blakley et al. 2012, LGL 

Limited and Tsawwassen Fisheries Department 2012, 2013, NEB 2015a, 2014, 

2015b, c, d, e, f, g, PMV 2015a, b, c); workshops with Tsawwassen First Nation and 

Musqueam First Nation; and Aboriginal traditional knowledge from Project-specific 

studies related to Current Use (described in RBT2 EIS Section 32.0); 

 Books, academic journals, scientific literature, and consultant and government 

technical reports; 

 Databases (e.g., Fisheries and Oceans Canada (DFO) WAVES Catalogue; B.C. 

Conservation Data Centre (CDC); the Committee on the Status of Endangered 

Wildlife in Canada (COSEWIC) Wildlife Species Database; Coastal Resource 

Information Mapping System; B.C. Marine Conservation Atlas; SARA registry; 

NatureCounts data sources compiled by Bird Studies Canada (BC Breeding Bird Atlas, 

BC Coastal Waterbird Surveys, BC Marine Bird Atlas); Washington State Coastal 

Atlas (Washington State Department of Ecology)); and  

 Previous environmental assessments and monitoring programs (e.g., RBT2, 

Deltaport Third Berth, and Trans Mountain Expansion Project).  

No specific field studies were completed in support of this assessment. However, vessel 

wake modelling to predict potential changes to the wave environment due to RBT2-

associated marine vessel activities (described in Section 7.2 Wave Environment) was 

conducted. The results from this work were used to predict likely effects on marine birds. 

8.3.5 Existing Conditions 

This section characterises the existing conditions of marine birds within the LAA, and 

describes the surrounding environment and factors influencing this VC. For detailed 

descriptions of Aboriginal historic and current traditional use of marine birds, refer to 

Section 9.5 Current Use of Land and Resources for Traditional Purposes and 

Aboriginal and Treaty Rights Effects Assessments.  

Each subsection below provides an overview of the conservation management boundaries 

that exist for marine birds within the LAA and a brief description for each VC sub-

component, including their ecological value, life history, and population abundance. 
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8.3.5.1 Ecological Overview 

The Salish Sea is an inland sea that includes Puget Sound, the Strait of Georgia, and Juan 

de Fuca Strait. At least 184 bird species rely on the Salish Sea marine ecosystem (Gaydos 

and Pearson 2011, Rodway 1991), which includes year-round resident, breeding, 

overwintering, and migrating species (Butler and Campbell 1987). Of those, 73 species are 

thought to be highly dependent and 74 are moderately dependent on marine or intertidal 

habitat when present (Gaydos and Pearson 2011). Within the LAA, 49 avian species are 

designated at either the Canadian or U.S. federal and/or provincial or state level as a 

species of conservation concern. Marine birds utilise terrestrial and coastal resources within 

and adjacent to the Salish Sea that are within or in close to proximity to active shipping 

lanes (Figure 8.3-2). These include breeding colonies and staging areas for a variety of 

species (Wahl et al. 1981, Speich and Wahl 1989, Chatwin et al. 2002). 

Marine bird abundance and distribution of each sub-component vary throughout the year. 

Many sub-components are most abundant either during northward (April to May) and 

southward (July to November) migratory periods or during winter (November to March). For 

most groups, summer (June to August) represents a time of lowest use of the area (Gaydos 

and Pearson 2011). Exceptions are herons, some gulls and terns, and some diving bird 

species, which are more common during the summer breeding season, with a large 

proportion concentrated in breeding colonies within the LAA (Figure 8.3-3). 

The LAA supports large populations of sea ducks, dabbling ducks, and geese, including 

American wigeon, northern pintail, mallard, green-winged teal, and brant (IBA Canada 

2014, Bird Studies Canada 2015). Populations are largest in the fall and winter when mixed 

species flocks of tens of thousands of birds can be documented. Various locations within the 

LAA are noted as primary waterfowl use areas, both historically and in present day, by 

various Aboriginal traditional knowledge studies (Métis Nation BC and Metis Youth British 

Columbia 2014, Semiahmoo First Nation 2014, Tsawwassen First Nation Elders 2014, 

Tsawwassen First Nation Hunters 2014a, Woolman 2014). Aboriginal peoples have 

traditionally hunted, traded, and bartered waterfowl. Such activities strengthened and 

affirmed traditional relationships between Aboriginal individuals, families, and even entire 

communities (NEB 2015h). Tseycum First Nation has described ducks as once so plentiful 

they could not be counted, but current populations are less abundant. Tseycum First Nation 

has attributed the decline in bird numbers to pollution (Tseycum First Nation, Lyackson First 

Nation 2014). The densest waterfowl populations are associated with the Fraser River 

estuary and nearshore habitats on eastern Vancouver Island within Haro Strait (Bird Studies 
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Canada 2015). As waterfowl (e.g., dabbling ducks and geese) do not dive and primarily feed 

on aquatic vegetation, seeds, and associated invertebrates, deeper waters receive 

relatively little use by this sub-component. Sea ducks, however, will use both intertidal and 

subtidal habitats. 

8.3.5.2 Conservation Areas 

The LAA includes ecological reserves, IBAs, Marine Protected Areas (MPAs), provincial and 

national parks, and wetlands of international importance (RAMSAR) (Figure 8.3-4, 

Appendix 8.3-A: Table 8.3-A1). Federal protection designations include Migratory Bird 

Sanctuaries (administered by Canadian Wildlife Service), MPAs (administered by DFO), 

National Marine Conservation Areas (administered by Parks Canada), National Parks of 

Canada (administered by Parks Canada), National Wildlife Areas (administered by Canadian 

Wildlife Service), and critical habitat (designated pursuant to SARA). 

The Washington State Department of Fish and Wildlife has designated areas of Puget Sound 

for the protection and preservation of marine species and/or habitats. These are generally 

known as MPAs and include nine conservation areas, 16 marine preserves, and two Sea 

Cucumber and Sea Urchin Commercial Harvest Exclusion Zones. Most of the U.S. MPAs 

occur within the San Juan archipelago, which is encompassed by the LAA. Several state 

parks, IBAs, federal historical parks, and national marine sanctuaries are also present in 

Puget Sound (Van Cleve et al. 2009, WDFW 2013), as are MPAs administered by other 

agencies, such as the Washington State Department of Natural Resources. 

B.C. and Washington Important Bird Areas 

Important Bird Areas are discrete sites that provide essential habitat for threatened birds, 

large groups of birds sometimes numbering into the hundreds of thousands, and birds 

restricted by range or by habitat (Birdlife International 2015a). There are 17 IBAs present 

within the marine bird LAA (Figure 8.3-4, Appendix 8.3-A: Table 8.3-A2), and they 

range in size from 138 hectares (ha) to 544,000 ha. Seven IBAs occur within the B.C. 

portion of the LAA, while 10 occur within Washington. IBAs in B.C. closest to international 

shipping lanes within the LAA are Active Pass, Boundary Bay and Roberts Bank, Sidney 

Channel, Chain Islet and Great Chain Island, and Amphitrite and Swiftsure Banks. In 

Washington, IBAs closest to shipping lanes are the North Olympic Marbled Murrelet, Olympic 

Continental Shelf, Port Angeles Marbled Murrelet, and Port Harbor or Ediz Hook IBAs. The 

distances the above IBAs are located from shipping lanes varies from directly adjacent to 

ships departing from the Deltaport Terminal (i.e., the Boundary Bay and Roberts Bank IBA) 
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to approximately 12 km away (i.e., the Amphitrite and Swiftsure Banks IBA). 

IBA information was gathered from Bird Studies Canada (IBA Canada 2012) and 

Birdlife International (2015a). 

8.3.5.3 Species of Conservation Concern 

Within Canada, the federal SARA public registry list (Schedule 1), COSEWIC, and the B.C. 

CDC Red and Blue lists were reviewed as part of this assessment. Forty species of federally 

or provincially listed marine birds have been identified as potentially occurring within the 

LAA (Appendix 8.3-A: Table 8.3-A3). Twelve of the 40 species are listed both provincially 

and federally and include ancient murrelet, marbled murrelet, great blue heron, long-billed 

curlew, red knot, pink-footed shearwater, and western grebe. Of the marine birds that could 

potentially occur within the LAA, 27 are provincially Blue-listed and 13 are Red-listed. Nine 

species are identified on Schedule 1 of SARA (four are Threatened and five are of Special 

Concern) (Appendix 8.3-A: Table 8.3-A3). Factors affecting these species include loss or 

degradation of coastal habitats, loss of breeding habitats, and potential declines in prey 

such as forage fish. 

Within the U.S.A., three species are considered federal Species of Concern (American 

bittern, American white pelican, bald eagle), one species is considered Threatened (marbled 

murrelet), and one is considered Endangered (short-billed dowitcher). In Washington, bald 

eagle and Clarke’s grebe are considered Sensitive, marbled murrelet is considered 

Threatened, and American white and brown pelicans are considered Endangered 

(WDFW 2015).  

8.3.5.4 Sub-components 

Five marine bird sub-components were identified on which potential effects would be 

assessed within the LAA (see Table 8.3-1). The sub-components are sea ducks, pelagic 

birds, waterfowl, gulls and terns, and shorebirds. To further structure and streamline the 

assessment, one or more representative species were identified within each sub-component 

on which effects were assessed for the remaining species in the group (Table 8.3-1). This 

is a standard approach commonly used in environmental assessments. All of the selected 

species are highly mobile and can be widely distributed throughout the LAA. Life history 

characteristics of representative species are described below. 
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Sea ducks 

Surf Scoter 

Surf scoters are a common sea duck along shallow coastal habitats of B.C., but are of 

conservation concern (i.e., Blue-listed) within B.C. Scoters are traditionally known as black 

ducks, and the presence and offshore harvest of this species has been noted by various 

Aboriginal groups (Musqueam Band Council 1984, Candler et al. 2014, DFN 2015, Woolman 

2014, PMV 2015a, b, c, f). Surf scoters overwinter from Baja, California to the Aleutian 

Islands in Alaska (Savard et al. 1998). They occur within the LAA during wintering, 

migration, and moulting periods (late summer to late spring) when rafts of foraging birds 

are present in nearshore areas where food resources are abundant (Vermeer 1981, Vermeer 

and Bourne 1984) (Figure 8.3-5). During spring and fall migration, surf scoters usually 

migrate overland at night. They breed during late spring to late summer on inland 

freshwater lakes in northern B.C., Yukon, and Alaska (Bellrose 1980, Savard et al. 1998). 

Surf scoters were placed on the provincial Blue List because there are few known nesting or 

breeding sites in B.C. (CDC 2015a).  

Surf scoters actively feed during the day, usually foraging within 1 km of shore where they 

dive for prey (e.g., mussels, clams, herring spawn, crustaceans, and polychaetes) along the 

ocean floor (Vermeer 1981, Savard et al. 1998). In winter, they are rarely encountered 

beyond 9 m depth for feeding, often within the zone of breaking waves (Savard et al. 

1998). They can be seen feeding in large aggregations from a few hundred to several 

thousand individuals (Campbell et al. 1990). Surf scoters fly low over water in everyday 

movements, but to considerable heights during migration (Savard et al. 1998). Although 

bivalves are known to be a primary food source of scoters, De La Cruz et al. (2014) found 

herring roe was the strongest predictor of overwintering bird locations in San Francisco Bay. 

Similarly, Lok et al. (2008, 2012) documented an association between surf scoter use of 

stopover sites during northward migration and the timing of herring spawning which was 

theorised to be related to scoters capitalising on this energy-rich resource.  

Over the past 40 years, Christmas Bird Count (CBC) data indicate a decline in surf 

scoter numbers for sites within 65 km of the Roberts Bank terminals (see RBT2 EIS 

Appendix 15-E: Figure 15-E18, National Audubon Society 2014). This is in agreement with 

information provided by Tsawout First Nation and Ditidaht First Nation (DFN 2015, PMV 

2015f). However, Crewe et al. (2012) report no population trend from 1999 to 2011 based 

on standardised counts across more than 200 sites for the Strait of Georgia. Factors 
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affecting scoter and other sea duck populations include hunting, a high vulnerability to oil 

spills, climate change, habitat degradation, and changes in prey availability (Vermeer and 

Anweiler 1975, Savard et al. 1998, Simenstad et al. 2011, Drever et al. 2012). In some 

locations, surf scoters appear to depend heavily on herring spawn, and declines in herring 

stocks and associated declines in surf scoters may be linked (Savard et al. 1998, Lok et al. 

2012). Factors potentially affecting scoter abundance and use of the LAA include the 

collapse of the commercial herring fishery in B.C. in the 1960s due to overharvesting 

(DFO 2014). The current commercial herring fishery operates at 15% to 30% of historic 

levels (Beamish et al. 2004). Additionally, over the last 30 years, there has been a shift in 

the spawning distribution of herring to the northwest of the Strait of Georgia and concurrent 

decrease in southern and eastern areas has been observed associated with the LAA 

(Therriault et al. 2009), which could also affect scoter use of the LAA. 

Pelagic Birds 

Marbled Murrelet 

The marbled murrelet is a small seabird (length 24 to 25 cm) that spends most of its life on 

the ocean and comes on land only to breed (Nelson 1997). Marbled murrelets nest in 

solitary pairs at low densities, do not begin breeding until they are 2 to 3 years of age, and 

they have low reproductive output, with one murrelet generation equalling roughly 10 years 

(Environment Canada 2014). Nests are typically found in old-growth coniferous trees.  

Marbled murrelets are found in coastal waters and adjacent inland areas from the Aleutian 

Islands through southern Alaska, B.C., Washington, Oregon, and central California. Birds 

inhabiting the area between the eastern Aleutians through northern California are 

considered a distinct population (Piatt et al. 2006). For management proposes, the marble 

murrelet’s B.C. range has been divided into seven conservation regions (CMMRT 2003, 

Environment Canada 2014). The LAA is largely encompassed by the East Vancouver Island 

region, with the western portion of the Juan de Fuca Strait falling into the West and North 

Vancouver Island region. The current population estimate for B.C. is approximately 99,100 

birds, approximately 28% of the global population (COSEWIC 2012, Bertram et al. 2014, 

Environment Canada 2014). The East Vancouver Island and West and North Vancouver 

Island regions are estimated to support approximately 1,500 and 21,150 birds, respectively 

(Environment Canada 2014). 
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The marbled murrelet is believed to have experienced large population declines since 

European settlement. Historic population estimates do not exist for coastal B.C. making the 

determination of the extent of population declines difficult. Estimates in marbled murrelet 

population declines therefore have been inferred from the extent of loss of potential nesting 

habitat throughout B.C. (COSEWIC 2012). More recent surveys indicate some populations 

may be continuing to decline while others appear to be stable (COSEWIC 2012). It is 

unclear whether more recent evidence of potential population declines in the East 

Vancouver Island region is due to habitat loss or a change in ocean conditions (Environment 

Canada 2014). Due to the loss of nesting habitat and associated declines the marbled 

murrelet was listed as Threatened on Schedule 1 of SARA (Government of Canada 2015b). 

Within B.C., it is on the provincial Blue List (CDC 2015b). 

Marbled murrelets require terrestrial habitats to nest and marine habitats on 

which to forage and moult. Murrelets nest within 30 to 50 km of the ocean within stands of 

old-growth forest (Nelson 1997, Burger 2002). Their affinity for old-growth forests is 

considered a biologically limiting factor to their recovery due to the length of time it takes 

for the development of the features that support nesting (Environment Canada 2014).  

Within marine habitats, murrelets tend to remain close to shore, and are generally found 

within 0.5 km of the shore in exposed open water settings and within 2 km of the shore in 

more sheltered waters (Burger 2002, Piatt et al. 2006) (Figure 8.3-6). Studies conducted 

along the southwest coast of Vancouver Island noted that the mean distance to shore for 

juveniles was 449 m (± 296 SD1) and for adults was 575 m (± 318 SD) (Wong et al. 2008). 

Marbled murrelet are relatively rare in open pelagic water or in the centres of broad straits 

(Burger 1995).  

Marbled murrelet forage during the day and are most active in the morning and late 

afternoon hours, with some foraging occurring at night (Strachan et al. 1995). Marbled 

murrelets forage by diving, using their wings for underwater propulsion in pursuit of prey. 

They usually forage at depths between 20 and 80 metres (Strachan et al. 1995). Within the 

marine environment, murrelets feed on small schooling fish such as Pacific sand lance, 

surf smelt, and Pacific herring, but also consume krill, other shrimp-like crustaceans, and 

macro-zooplankton (Nelson 1997, Burger 2002).  

                                          
1
  SD = standard deviation. 
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During the breeding season, murrelets transit daily between marine foraging habitats and 

nest sites (Burger 1995, Stumpf et al. 2011). Murrelets start returning to nest sites along 

terrestrial flyways approximately 90 minutes prior to sunrise, with a peak in landward return 

flights 35 to 60 minutes before sunrise (Burger 1995, 1997, Stumpf et al. 2011). Returning 

seaward flights range from 30 minutes before sunrise to 90 minutes after sunrise (Burger 

1997). During these flights the species flies at speed usually greater than 60 km/h 

(Environment Canada 2014).  

The largest historic causes and continued threats to marbled murrelets include loss of 

nesting habitat, forest fragmentation, and increased predation risk (rated as a high level of 

concern, Environment Canada 2014), followed by entanglement in fishing gear and ocean 

climate variability affecting food resources (rated medium). Novel threats having potential 

to affect murrelet populations include acute and chronic effects from an oil spill(s) 

(rated medium), disturbance by boat traffic, aquaculture and foreshore development, and 

collision with wind turbines and power lines on land or in nearshore waters (rated low).   

Nesting habitat is lost primarily as a result of forestry operations, with urbanisation and 

agricultural development also contributing to habitat loss (Environment Canada 2014). 

Estimates of B.C. coastal old-growth habitat loss since European settlement range from 

35% to 53% (COSEWIC 2012). Between 1978 and 2008, suitable forest nesting habitat is 

estimated to have declined by approximately 22% (COSEWIC 2012). Marbled murrelet are 

among the seabirds most vulnerable to oil spills, as they remain at sea most of their lives in 

nearshore areas near shipping lanes and other sources of oil (Burger 2002, Environment 

Canada 2014). 

Fork-tailed Storm-petrel 

Fork-tailed storm-petrels occur in the North Pacific Ocean from California to Alaska and nest 

in colonies on islands where they are better protected from predators (Dee Boersma and 

Silva 2001). Mating pairs frequently nest in burrows they excavate. The only known 

breeding colony near the LAA (approximately 13 km west of the LAA’s western boundary) is 

at Seabird Rocks within Pacific Rim National Park Reserve (Carter et al. 2012, 

BCMCA 2015). Outside the LAA, the storm-petrel population in B.C. numbers in the 

hundreds of thousands (Dee Boersma and Silva 2001). 
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The fork-tailed storm-petrel is common to abundant over the continental shelf and offshore 

waters of B.C. between April and November. For the remainder of the year, they are 

uncommon to rare in nearshore and offshore waters (Kenyon 2009, Environment Canada 

2015). They are active both during the day and night and feed on crustaceans, fish, and 

bioluminescent prey at the water’s surface. Fork-tailed storm-petrels rarely dive. Individuals 

when at sea rest on the surface when not flying (Dee Boersma and Silva 2001). During the 

breeding season, arrival and departure times from colonies are timed to the darkest 

portions of the night (Simons 1981). It is thought that this behaviour is used to avoid 

attracting predators to nest sites (Watanuki 1986). Fork-tailed storm-petrel migration 

largely consists of dispersing from breeding grounds to adjacent deeper oceanic waters 

and does not involve large latitudinal movements between northern breeding and 

southern wintering grounds (Dee Boersma and Silva 2001). It is estimated that 300,000 to 

400,000 individuals occur in B.C. (Environment Canada 2015). Data are insufficient to 

determine whether the population within Canada has changed since 1970 (Kenyon 2009).   

Available data indicate that fork-tailed storm-petrels occur at low (0% to 2% of 

documented occurrences) frequency throughout the LAA during the entire year (eBird 2015) 

(Figure 8.3-7). They occur most frequently (10% to 25% of documented occurrences) at 

the western edge of the LAA at the mouth of Juan de Fuca Strait. Storm-petrels and other 

pelagic species of the order Procellariiformes are known to be sensitive to effects from 

artificial light from vessels and anthropogenic structures (Dee Boersma and Silva 2001, Rich 

and Longcore 2013). Many Procellariiformes species are attracted to lights on offshore 

platforms and vessels, particularly during foggy nights. Attraction appears to be greatest for 

species that feed on bioluminescent prey, such as storm-petrels. Newly fledged juveniles of 

some species of storm-petrel, petrel, and shearwater seem particularly susceptible 

(Rich and Longcore 2013). Potential effects include colliding with structures and light 

entrapment, causing individuals to circle lights continuously, resulting in exhaustion 

(Rich and Longcore 2013).  

Waterfowl 

Brant 

Overwintering brant are fairly common locally and are widely distributed across the LAA 

(eBird 2015) (Figure 8.3-8). Peak numbers of brant occur in April during the northward 

migration (Moore et al. 2004; Hemmera 2009, 2014a). Their main areas of concentration 

are associated with the Fraser River estuary and Boundary Bay, where the overwintering 
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and migratory populations number 1,000 to 2,000 individuals (Moore 2004; Hemmera et al. 

2009, 2010, 2011). Brant are widely distributed through the remainder of the LAA, 

occurring in smaller groups in sheltered nearshore habitats through Boundary Passage, Haro 

Strait, and Juan de Fuca Strait (eBird 2015). Brant are absent from the LAA from roughly 

June through October. Eelgrass is the primary food for brant, but Ulva, sea cabbage 

(Enteromorpha spp.), Pacific herring (Clupea pallasii) roe, crustaceans, and molluscs are 

also eaten (Derksen and Ward 1993, CDC 2013). Activity during the non-breeding season is 

influenced by the tidal cycle and is dominated by feeding and resting (Lewis et al. 2013). 

Adults can spend up to 80% of the diurnal period feeding, but will also feed nocturnally 

depending on tidal conditions.  

Migrating brant follow coastlines and fly at altitudes between <100 to 1,000 m. Migratory 

flights have been documented to be initiated during both the morning and late evening, 

indicating the potential for brant to migrate both during the day and evening. Similar to 

other waterfowl, during spring, brant are believed to follow and feed on a green wave of 

new, highly nutritious plant growth northward from overwintering areas to breeding grounds 

(Lewis et al. 2013).    

Brant are listed as being of conservation concern (i.e., Blue-listed) within B.C. due to 

historic declines in the wintering population (CDC 2015c). Declines resulted from loss of 

staging areas due to human development, habitat degradation, and harassment from 

hunting. Boundary Bay, in the northeast corner of the LAA, historically supported a large 

wintering population; however, current use of the area is much lower, resulting from 

development and habitat degradation (CDC 2015c). Declines in brant numbers were also 

noted by Semiahmoo First Nation members beginning in the late 1950s (PMV 2015e). 

Declines in the B.C. wintering populations have levelled off in recent decades and some 

areas have experienced increases. Based on CBC data for the last 40 years, the brant 

population overwintering within 65 km of the Fraser River estuary, within the LAA, has been 

increasing since the mid-1980s (RBT2 EIS Appendix 15-E: Figure 15-E9, National Audubon 

Society 2014). The overwintering population within the LAA is estimated to be 

approximately 500 to 1,000 birds (Hemmera et al. 2010, 2011; CDC 2015c). Population 

increases are likely due to the increased availability of eelgrass within the Fraser River 

estuary (Derksen and Ward 1993, CDC 2013). For example, the native eelgrass area at 

Roberts Bank has been increasing since the early 1970s and continues to increase. 

Increases are likely due to the construction of the Roberts Bank and B.C. Ferries Terminal 

causeways that reduced turbidity (and increased light availability) and created a wave 
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shadow that likely facilitated native eelgrass colonisation in the inter-causeway area. 

Similarly, the alteration of physical parameters resulting from the presence of the Roberts 

Bank causeway have likely been a factor in the 15-fold increase in native eelgrass in that 

area since 1994 (Woolman 2014), increasing the ability of the system to support brant. 

Within the above system, brant appear to be habituated to anthropogenic disturbance, as 

they did not appear to have been affected by recent activities associated with the 

construction of Deltaport Third Berth or the operation of the Deltaport, Westshore, or B.C. 

Ferries Terminals (Hemmera et al. 2012).  

Gulls and Terns 

Glaucous-winged Gull 

The glaucous-winged gull is an abundant year-round resident along the coast of B.C. and 

Washington (Hayward and Verbeek 2008). It is a gregarious bird found within both 

terrestrial and marine environments, where it feeds on a wide variety of fish, marine 

invertebrates, garbage, and carrion. Relatively dense concentrations of birds reside in all 

areas of the Salish Sea. Glaucous-winged gulls frequent nearshore habitats, but will also 

feed in the pelagic environment off the continental shelf, often being drawn to fishing 

vessels (Hayward and Verbeek 2008, eBird 2015). Glaucous-winged gulls are active 

diurnally. Age of first reproduction by gulls ranges from four to seven years in B.C. and 

Washington, with adult survival averaging approximately 85% per year (Reid 1988).  

Within the LAA, there exist over 50 known breeding colonies (Figure 8.3-3), with nesting 

occurring from roughly May through August. Nests are typically constructed on small, 

treeless islands close to the mainland; however, glaucous-winged gulls will also nest on 

anthropogenic structures, such as bridges, pylons, and rooftops.  

Prior to the passage of the Migratory Birds Convention Act in 1917 (since superseded by the 

Migratory Birds Convention Act, 1994), glaucous-winged gull populations were negatively 

affected by human egg predation at nest sites in B.C. and Washington, particularly within 

Juan de Fuca Strait and the Strait of Georgia (Reid 1988). With the decline of this practice, 

populations of this species began to increase in the 1920s. The BC Coastal Waterbird Survey 

found that wintering populations of glaucous-winged gull have remained stable between 

1999 and 2004 (Badzinski et al. 2008), but CBC data from seven areas within 65 km of the 

Fraser River estuary, within the LAA, indicate a statistically significant decline in abundance 

from 1973 to 2012 (RBT2 EIS Appendix 15-E: Figure 15-E27, National Audubon Society 

2014). The cause of the potential decline is unknown, but has been theorised to be related 
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to declining salmon runs and increasing bald eagle populations (a predator of gulls) over the 

past 20 to 30 years (Reid 1988, Galusha and Hayward 2002, Sullivan et al. 2002). The 

glaucous-winged gull is not of federal, provincial, or state conservation concern, but was 

chosen as a representative species due to its prevalence within the LAA (Figure 8.3-9), the 

presence of numerous nesting colonies, and the ability to use the species to assess effects 

to similar protected species. 

Shorebirds 

Red Knot 

Shorebirds are found within the southern Strait of Georgia and Juan de Fuca Strait primarily 

during spring and fall migration and in the winter. Approximately 23 species of shorebirds 

are regularly found within the LAA (Bird Studies Canada 2015). Although a large proportion 

of shorebirds using the Pacific Flyway during migration are associated with the Fraser River 

estuary (Drever et al. 2014) and Boundary Bay, mudflats throughout the LAA are also used 

by smaller numbers of birds (Pomeroy et al. 2008, Bird Studies Canada 2015, eBird 2015).   

Red knots are long-distance migrants, travelling up to 15,000 km between high arctic 

breeding areas to marine and saltwater habitat at temperate and tropical latitudes. 

Migration is broken into segments, which can span up to 8,000 km of continuous flight over 

several days (Niles et al. 2010, 2012). To optimise their energy, time, and water budgets, 

long-distance migrants will avoid wind drift by selecting conditions offering a tail-wind and 

choosing to fly at optimal (often high) altitudes (Liechti 2006). 

The Pacific Flyway population of red knot (Calidris canutus roselaari) breeds in northern 

Alaska and on Wrangel Island, and winters along the Pacific coast of Mexico and California, 

passing through coastal B.C. on migration (COSEWIC 2007). Similar to other shorebirds, 

during migration red knots feed in coastal intertidal areas and roost on nearby beaches, 

marshes, or fields where open undisturbed habitat is available. An important aspect of 

habitat quality is the proximity of suitable roosting areas that provide an undisturbed area 

safe from ground or aerial predators. On migration, the most common predators of red 

knots are falcons, harriers, accipiters, owls, and large gulls (COSEWIC 2007).  

The Fraser River estuary has been identified as important red knot habitat by the Western 

Hemisphere Shorebird Reserve Network. Red knots are observed within the LAA during 

spring (May) and fall (June to November) migration (Baker et al. 2013) (Figure 8.3-10), 

when they use coastal areas with extensive intertidal mudflats and sandflats to feed on 
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bivalves and other invertebrates (COSEWIC 2007). The primary purpose of birds, including 

red knots, using stopover sites during migration is to feed and put on fat to fuel the next leg 

of their annual journey (Alerstam and Lindström 1990, Lindstrom and Alerstam 1992).  

Red knots have low fecundity, but high annual survival rates (Baker et al. 2013). Modelling 

results show that species with these characteristics are strongly influenced by adult survival, 

recruitment rates, and food supplies at non-breeding and stopover sites (Hitchcock and 

Gratto-Trevor 1997, Baker et al. 2013). Similar to other shorebird species, red knot 

populations were heavily hunted for market and sport during the 19th and first quarter of 

the 20th centuries (Baker et al. 2013). Although systematic surveys are lacking, available 

evidence suggests that the current population of C. c. roselaari is estimated to be 

approximately 13,000 adults (COSEWIC 2007, Government of Canada 2015a). Current 

estimates indicate at the Pacific roselaari population has declined by about 60% since 1981 

(Government of Canada 2015a). The annual population of red knots documented within the 

LAA is small, numbering from a few individuals to dozens of birds (Bird Studies Canada 

2015, eBird 2015). 

Ongoing threats to red knots include habitat loss and degradation on wintering sites, the 

unpredictability of weather conditions experienced during migration, global climate change, 

and the possible contraction of arctic breeding habitat (COSEWIC 2007, Baker et al. 2013). 

Red knots are listed as being of conservation concern (i.e., Red-listed) in B.C. and were 

listed on SARA Schedule 1 as Threatened/Endangered in 2010 (B.C. CDC 2015b).    

8.3.6 Potential Interactions and Effects 

This section considers the interactions and potential effects of increased marine shipping 

traffic associated with the Project on marine birds. Potential interactions and effects 

associated with an identified activity and marine birds are presented in Table 8.3-4. 

Primary effects relevant to marine birds include visual and auditory disturbance that may 

cause individuals to flush and avoid open water and nearshore foraging habitats, the 

creation of an increased wave environment resulting from vessel wake that could disrupt 

bird roosting or habitat use, and the potential strike or collision with ships associated with 

disorientation from night lighting or during inclement weather. Potential effect ratings and a 

preliminary evaluation of the potential effects on marine birds associated with these 

interactions is also provided, to focus the assessment on those interactions of greatest 

importance.  
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Table 8.3-4 Marine Birds and Marine Shipping Activity Interactions  

Activity/ 

Event 

Interaction  

(Y/N) 
Potential Effect Description and Rationale 

Vessel Transit 

(Vessel Wake) 
Y 

The effect of vessel wake on marine bird populations and 

productivity is rated negligible because modelled wave heights at 

the shoreline are well within the range of natural wave conditions 
and are considered insufficient to measurably alter nearshore 
habitats, or disturb feeding or roosting birds. 

Vessel Transit 

(Atmospheric 
Noise and 
Visual 
Disturbance) 

Y 

The effect of atmospheric noise and visual disturbance is rated 

negligible because, given the volume of existing large marine 
vessel traffic within the LAA, their restriction to designated 

shipping lanes, and the demonstrated ability of marine birds to 
adapt to regular, predictable events, it is likely that marine bird 
populations within the vicinity of shipping lanes have habituated 
to the presence of vessels. It is likely that the addition of 

approximately 1.5 RBT2-associated container ships per day to the 
existing volume will have an unmeasurable effect on marine bird 
sub-components and representative species populations or 

productivity. 

Vessel Transit 

(Underwater 

Noise) 

Y 

The effect of underwater noise is rated negligible because 
increases in underwater noise resulting from Project-associated 

marine vessel traffic are expected to make a small contribution to 
overall existing underwater noise levels in the LAA due to the high 
density of existing commercial and private vessel traffic. Noise 
levels of vessels associated with the Project and other future 

projects are predicted to increase 0.06 and 0.08 decibels (dB) in 
summer and winter, respectively. 

Published literature concerning injury or behavioural thresholds 

for marine birds from underwater noise is lacking and best 
management practices currently do not exist. The small increase 

in underwater noise is not expected to result in a measurable 
change in the productivity or populations of marine birds (as a VC 
or sub-components). This conclusion is based on observational 
data from studies that do not report changes in marine birds 

behaviour or habitat use from underwater noise under a wide 
range of conditions. 

Vessel Transit 

(Bird Collision 
with Transiting 

Vessels) 

Y 

Effect of bird collisions with Project-associated marine vessel 
traffic on marine birds (as a VC or sub-components) is rated low 

because of the likely infrequent occurrence of such events 
occurring within the LAA.  

Visual and auditory disturbance was qualitatively assessed for each representative species 

based on potential flushing or disturbance, and behaviour alterations or habitat avoidance 

that might result from marine vessel noise and activity. The likelihood of injury or mortality 

was qualitatively assessed for each of the representative species based on the potential for 

strikes or collisions with Project-associated marine vessels. Modelling results illustrating 

changes in the wave environment resulting from wakes generated by Project-associated 

vessels were compared to naturally occurring and existing conditions to evaluate potential 

effects to marine birds. The predicted degree of change in these parameters was used to 
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characterise, and determine the significance of, potential direct and cumulative 

environmental effects from marine shipping associated with the Project. Those potential 

effects anticipated to be negligible are described in Section 8.3.6.1, and are not carried 

forward in the assessment. Non-negligible potential adverse effects are described in 

Section 8.3.6.2. 

As noted previously, potential effects on marine birds from potential accidents or 

malfunctions are described in Section 10.5.8 Potential Accidents or Malfunctions, 

Marine Birds. 

8.3.6.1 Negligible Effects 

Negligible potential effects are those effects before mitigation that are so small that they are 

not detectable or measureable, and are not anticipated to affect the short-term or long-term 

viability of the VC or sub-components. Discussion is provided below for the negligible 

potential effect ratings indicated in the table above for potential effects resulting from vessel 

wake, atmospheric noise and visual disturbance, and underwater noise. 

Vessel Wake 

Potential changes to the wave environment due to marine vessel traffic associated with the 

Project are described in Section 7.2 Wave Environment. Under existing conditions, 

approximately 2% of the shoreline within the LAA is within the wake-related zone of 

influence from vessels transiting the shipping lanes. This area, which was sub-divided into 

three zones for the purposes of the wave environment assessment, borders the coastline of 

Boundary Passage and Haro Strait in Segment B (Figure 7.2-1). The zone of wake-wave 

influence is not expected to change with the number of vessel movements, meaning that 

98% of LAA coastline will remain unaffected by wake-related waves from Project-associated 

vessels or cumulative increases in vessel traffic. 

Modelling of existing wake-generated wave heights indicates that the majority of wake-

related waves reaching the nearshore area in Zones 1, 2, and 3 are between 10 cm and 

12.5 cm such that, except during calm conditions, ship wake would be indistinguishable 

from the spectrum of wind-generated waves at most shoreline locations within these zones. 

As described in Section 7.2.4 Wave Environment, Existing Conditions, vessel-wake 

waves arriving in the vicinity of a shoreline are expected to be similar or exceeded in height 

by natural waves 60%, 54%, and 75% of the time in Zones 1, 2, and 3, respectively. 
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Within Segment B, RBT2-associated traffic is expected to increase by 6% which, by 

extension, means that there will be a 6% increase in wake generated waves during calm 

conditions, while incremental cumulative marine vessel traffic represents a 36% increase 

compared to existing conditions. Under both of these cases, however, wake wave heights 

are predicted to be within the natural range of wind-generated wave heights, represent only 

a small percentage of the annual wave climate, and affect the same length of shoreline as 

under existing conditions (see Section 7.2 Wave Environment).  

The effects of vessel wake on intertidal habitat associated with increased Project-associated 

shipping traffic are unlikely to be distinguishable from existing conditions. This is because 

the spectrum of waves generated by ship wake does not exceed the spectrum of waves 

generated by wind in the LAA. Intertidal habitat is exposed regularly to wind-generated 

waves that exceed the energy and potential erosive effects of wake-generated waves. In 

addition, the majority of LAA shoreline within the wake zone of influence is composed of 

coarser substrates (i.e., hardened or armoured shorelines), which are more resistant to the 

physical forces generated by waves and typically indicative of a higher energy environment 

(see Figures 8.1-3 to 8.1-6 for shoreline classification). 

Vessel wake is not anticipated to measurably affect marine bird populations or productivity, 

as wave heights from wake waves resulting from Project-associated marine vessel traffic are 

expected to be within the range of natural wave conditions. Therefore, vessel wake from 

marine vessel traffic associated with RBT2 is not expected to measurably change marine 

and nearshore habitats from existing conditions (see Section 7.2.4 Wave Environment, 

Existing Conditions) and resulting effects to foraging or roosting birds and their 

populations are not anticipated. Additionally, modelling indicates similar results for 

nearshore locations within Haro Strait, the shoreline area closest to existing shipping lanes. 

Because wake wave heights are predicted to be within the range of natural conditions, 

nearshore effects to bird nesting colonies within the LAA are not anticipated. Any increased 

wave heights resulting from Project-associated vessels in offshore environments are also 

predicted to be within the variability of natural conditions and not anticipated to adversely 

affect marine birds. As such, there are no anticipated potential effects of vessel wake on 

marine birds and it is not discussed further.  
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Atmospheric Noise and Visual Disturbance 

Birds often consider sources of sensory disturbance to be a threat, evoking physiological 

and behavioural responses similar to those associated with responses to predation risk 

(Frid and Dill 2002, Kerlinger et al. 2013). A typical response is to take flight to escape 

“danger”, termed a fright-flight response, which causes birds to expend energy 

unnecessarily if the perceived danger is not real. Repeated disturbance events can take time 

away from important activities such as feeding, caring for young, resting, and courtship 

(Agness et al. 2008, Birdlife International 2015b). Such events can affect an individual’s 

survival and reproduction.  

Marine birds have been documented to be sensitive to various types of human-related 

disturbance (Carney and Sydeman 1999, Ronconi and Clair 2002, Ruddock and Whitfield 

2007, Birdlife International 2015b). Studies have shown that atmospheric noise and visual 

disturbances can cause a fright-flight response near colonies and can result in avoidance of 

habitats or abandonment of nests (Gladwin et al. 1988). For example, foraging by Kittlitz’s 

murrelets in nearshore habitats was documented to be temporarily suppressed after 

disturbance by passing vessels (Agness et al. 2008). Similarly, Ronconi and Clair (2002) 

documented disturbance by boats to foraging black guillemots adjacent to breeding 

colonies. Human presence within nesting colonies and the associated disturbance has also 

been documented to have detrimental effects on a number of marine bird species 

(see Carney and Sydeman (1999, 2000) and Nisbet (2000) for a literature review and 

discussion on the topic).  

Response to disturbance is complex and varies with the type of disturbance, species, flock 

size, season, and location (Brown 1990, Hockin et al. 1992, Burger 1998, Rodgers and 

Schwikert 2002, Ronconi and Clair 2002, Schwemmer et al. 2011, Ortega 2012). Responses 

can also vary, and range from leaving an area to making short movements to avoid the 

source of the disturbance (Hentze 2006, Bellefleur et al. 2009, Schwemmer et al. 2011). 

Based on existing literature, the most likely response to potential effects of noise and visual 

disturbance (i.e., the physical presence of a ship) on marine bird foraging behaviour is that 

the birds would move a short distance and/or suspend feeding to avoid the ship as it moves 

through a feeding area. Schwemmer et al. (2011) found the median flush distances for 

four species of sea duck varied from 208 m to 804 m, with 0% to 29% of birds of the 

four species not eliciting fright-flight responses from approaching vessels. However, Hentze 

(2006) found that for three of four species studied off southwestern Vancouver Island 

(i.e., marbled murrelets, common murres, and rhinoceros auklets) the majority 
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(60% to 84%) of birds did not react to approaching vessels. Mean distances the species 

reacted to vessels were 42.1 m ± 0.5 (SE2), 37.4 m ± 1.0 (SE), and 43.0 m ± 1.7 (SE), 

respectively. The fourth species studied, pelagic cormorant, flushed or dove more readily 

with 73.3% of birds reacting at a mean distance of 73.9 m ± 2.8 (SE). Hentze (2006) and 

Schwemmer et al. (2011) both found that increased sea state and decreased group size 

were the important parameters in determining how a bird would respond, and not distance 

to an approaching vessel. Increases in group size, distance, and vessel speed decreased 

probability of reaction (Hentze 2006).    

With regular exposure, marine birds have been shown to become habituated to numerous 

types of disturbance (Cutts et al. 2009). It has been hypothesised that American 

black duck, American wigeon, gadwall, and green-winged teal had become habituated to 

low-flying military aircraft in North Carolina, since only 2% of individuals exhibited a 

response and less than 1.4% of their daily time-activity budget was spent reacting to these 

disturbances (Conomy 1993 cited in Conomy et al. 1998). In subsequent controlled 

experiments, black ducks were exposed to six different recordings of jet noise (Conomy et 

al. 1998). The proportion of times black ducks reacted to noise decreased significantly by 

two-thirds from the first day of exposure (25%) to the last day (i.e., day 4; 8%). Wood 

duck did not demonstrate the same habituation rates, suggesting that habituation to 

disturbance may be species-specific (Conomy et al. 1998). As well, habituation may be less 

likely to occur when the nature of disturbance continually changes (Smit and Visser 1993, 

Burger 1998, Ronconi and Clair 2002, Schwemmer et al. 2011). For example, Burger (1998) 

found common terns were more liable to elicit a flight-fright response when boats raced at 

high speeds or were outside established travel channels. Similarly, Schwemmer et al. 

(2011) found indications of habituation in sea ducks within areas of channelled vessel 

traffic, but questioned whether similar habituation to free-ranging ships was likely to occur 

because of their unpredictable nature. Burger (1998) also documented lower numbers of 

loons within shipping lanes, but was unable to determine if this result was due to an 

avoidance of vessel traffic or possibly lower prey abundance.   

The disturbance by passing ships can cause a temporal loss of foraging time and resting 

habitat availability for marine birds. Data suggest that habituation (at least in some species) 

is only possible in response to consistent channelled ship traffic. In multiple cases, 

researchers have recommended the establishment of lanes to channel vessel traffic or 

                                          
2  SE = standard error. 
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buffer zones to avoid sensitive areas to facilitate predictability of movements, allow 

habituation, and therefore reduce potential effects (Rodgers and Schwikert 2002, Ronconi 

and Clair 2002, Hentze 2006, Bellefleur et al. 2009, Schwemmer et al. 2011). For example, 

Hentze (2006) estimated a buffer zone ranging from 150 m to 200 m would be required to 

reduce effects to sea duck species studied off southwestern Vancouver Island and Ronconi 

and Clair (2002) recommended a set-back distance of 600 m from shore to avoid nearshore 

habitats close to breeding colonies.   

Although no controlled disturbance or habituation experiments have been conducted within 

the shipping lanes in the LAA, observations of bird distribution, abundance, and flight 

patterns in other areas frequented by vessels indicate that the marine bird community can 

become habituated to regular and predictable visual and auditory disturbance. An example 

of this comes from surveys conducted for the Deltaport Third Berth Adaptive Management 

Strategy program (Hemmera et al. 2008, 2009, 2010, 2011) and surveys conducted in 

support of RBT2 (Hemmera 2009, 2013, 2014a,b) that indicate high use by most marine 

bird species within 100 m to 250 m of existing facilities, including during Deltaport Third 

Berth construction activities. It was speculated that this habituation behaviour was likely the 

result of the extent of disturbance that regularly occurred in the area from the operation of 

the terminal and tug facilities.  

The likelihood that species will be disturbed by transiting vessels within shipping lanes is 

directly related to their habitat use preferences and whether they frequent nearshore 

environments removed from transiting vessels or more marine environments. Throughout 

the entire LAA, only 3.7% of the length of the shipping lanes comes within 1.5 km of shore, 

removing many marine birds from interactions with transiting vessels. With the exception of 

the Boundary Bay and Roberts Bank IBA, which is adjacent to ships arriving and departing 

the Deltaport Terminal, all other IBAs are at least 2.5 km from shipping lanes, with 15 of 

the 17 IBAs located in the LAA being at least 4 km away.  

As mentioned above, a species’ habitat use preferences and whether they frequent 

nearshore or more marine environments influences the likelihood of birds interacting with 

vessels. Species within the shorebird, waterfowl, and gull and tern sub-components largely 

use nearshore habitats and are physically removed from interactions with transiting vessels. 

Habitat use by species within the sea duck and pelagic bird sub-components can vary in 

their usage with some more likely to react than others. For example, Hentze (2006) found 

that 60% of marbled murrelets and 84% of common murres demonstrated no reaction to 

approaching vessels in waters adjacent to Pacific Rim National Park in Juan de Fuca Strait. 

In contrast, pelagic cormorants were highly reactive and flushed 73% of the time. 
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Above-water noise generated from passing Project-associated vessel transit will temporarily 

increase noise levels at a specific location. At a setback of 50 m, it is estimated that a 

container ship passing by a given location would be expected to briefly (for approximately 

10 to 25 seconds) create maximum noise levels of between approximately 65 and 68 A-

weighted decibels (dBA) (60 dBA is equivalent to noise levels in a busy office and 70 dBA is 

equivalent to the noise level on the sidewalk by a passing car). At a setback of 800 m, 

container ship pass-by noise levels are predicted to be lower than the ambient daytime 

noise level of 45 dBA (i.e., between the noise level of a library and a typical suburban area 

background). Additional ship movements are expected to increase average daytime and 

nighttime noise levels by 0.4 to 0.5 dBA above existing conditions. These small increases in 

average noise levels are not expected to be perceptible (Section 7.4 Atmospheric Noise).  

Current 2012 estimates indicate that between 4,897 to 8,892 container, bulk cargo, or 

tanker vessel movements occur through cross sections 1, 2, and 3 in Segments A, B, and C 

in the Strait of Georgia, Haro Strait, and past Victoria, B.C. annually (see Section 4.1.1 

Existing Marine Traffic Activity). Given the frequency and regularity of movements, the 

restriction of large vessels to established shipping lanes, and with consideration of the 

research cited above, it is likely that marine bird populations within the vicinity of shipping 

lanes have habituated to the presence of vessels. When operating at full capacity, it is 

anticipated that RBT2 will generate an additional 260 container ship calls per year. This will 

result in 520 Project-associated container ship movements per year through Segments A 

and B, or on average approximately 3 ships every 2 days during the 358 operating days per 

year of RBT2, and 780 movements through Segment C. Therefore, RBT2-associated traffic 

is expected to increase the frequency of ship movements up to 6%, while there will be a 

36% increase associated with all future vessel traffic (including RBT2-associated traffic) 

compared to existing conditions. Given the current level and regularity of shipping traffic 

within shipping lanes, and the small increase in average daytime and nighttime noise levels, 

it is considered likely that the addition of RBT2-associated container ships to the existing 

volume will have a negligible unmeasurable effect on the populations and productivity of 

marine bird sub-components and representative species within the LAA. Therefore, potential 

effects from atmospheric noise and visual disturbance on marine birds are not discussed 

further in this assessment. 
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Underwater Noise 

There is little information in the literature to evaluate marine bird response to, and effects 

from, disturbance from underwater noise. Underwater vessel noise varies as a function of 

vessel size, speed, and design. In general, large vessels create louder and lower frequency 

sounds than smaller vessels (Richardson et al. 1995). Diving birds likely possess sensory 

adaptations that facilitate underwater swimming and foraging. Although variation among 

species is likely (e.g., differences in species disturbance thresholds, and recovery times or 

resilience from disturbance) and can vary depending on environmental conditions, previous 

research indicates that birds may habituate to low noise levels that are continuous or 

predictable (Gladwin et al. 1988, Conomy et al. 1998). Effects from noise disturbance in 

birds are well documented on land, but less so in underwater environments. Effects most 

likely vary depending on how often and deeply marine bird species dive, their tendency to 

be disturbed by noise, and their adaptability to excess noise (Dooling 1980). With the lack 

of understanding concerning the underwater hearing abilities of birds, and limited literature 

on the effects of underwater noise on bird behaviour, it is difficult to directly assess 

potential effects of underwater noise on marine birds found in the LAA. Published literature 

concerning injury thresholds for birds from underwater noise are lacking and best 

management practices currently do not exist. 

That said, behavioural studies to assess the effects of underwater noise on marine diving 

birds have generally found few effects. A 1980 to 1982 study by Stemp (1985) in Hudson 

Strait examining the effects of seismic surveys (i.e., chemical explosives and airguns) on 

northern fulmar, black-legged kittiwake, and thick-billed murre found no differences in 

numbers of birds using areas with or without seismic activity. In their review of the Stemp 

(1985) study, Turnpenny and Nedwell (1994) concluded that there was no evidence of harm 

caused by air guns, and even chemical explosives, unless the birds ventured very close to 

detonation. A subsequent study on the effects of underwater seismic surveys on moulting 

male long-tailed ducks in the Beaufort Sea found no effect on movements and diving 

behaviour (Lacroix et al. 2003). Finally, Leopold and Camphuysen (2009) found negligible 

effects of pile-driving (during wind farm installation) on marine birds off the Dutch coast, 

although the study was conducted in April through July, when seabird numbers were already 

low. None of the studies documented effects of underwater noise on birds, and survey 

timing, lack of quantification of the magnitude of underwater noise, and study design were 

consistent study limitations.  
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Future increases in commercial vessel traffic associated with the Project are expected to 

make a relatively small contribution to overall underwater noise levels in the LAA due to the 

high density of existing commercial vessel traffic. Mean monthly underwater noise levels 

(measured as sound pressure levels (SPLs)) were calculated for future marine traffic with 

shipping associated with the Project for January (winter) and July (summer) in the LSA 

(see Section 7.6.8 Underwater Noise, Summary of Assessment, Figure 7.6-6). 

In 2030, the mean SPL of marine shipping associated with the Project in the LSA was 

122.17 dB re 1 µPa3 in winter and 117.56 dB re 1 µPa in summer, which represents a 

change from existing conditions of 0.03 dB re 1 µPa and 0.02 dB re 1 µPa, respectively, as a 

result of Project-associated shipping. Mean SPLs of marine shipping associated with 

the Project in the winter for Segments A, B, C, and D were 124.07 dB re 1 µPa, 116.87 dB 

re 1 µPa, 121.77 dB re 1 µPa, and 119.74 dB re 1 µPa, respectively (see Appendix 7.6-B: 

Table 7.6-B1), representing changes of 0.01 dB re 1 µPa, 0.08 dB re 1 µPa, 0.04 dB 

re 1 µPa, and 0.11 dB re 1 µPa as a result of Project-associated shipping. In the summer, 

mean SPLs of marine shipping associated with the Project for Segments A, B, C, and D were 

112.78 dB re 1 µPa, 114.19 dB re 1 µPa, 117.72 dB re 1 µPa, and 114.22 dB re 1 µPa, 

respectively, representing a change of 0.03 dB re 1 µPa, 0.03 dB re 1 µPa, 0.01 dB re 

1 µPa, and 0.07 dB re 1 µPa as a result of Project-associated shipping.  

Given 1) the number of container ships, tankers, and bulk cargo vessels moving through 

existing shipping lanes in the LAA is very high (i.e., 4,897 to 8,892 movements annually, 

see Section 4.1.1 Existing Marine Traffic Activity); 2) Project-associated marine vessel 

traffic is estimated to only add approximately three container ship movements every 

two days; and 3) there is only a small incremental increase in mean underwater noise levels 

due to RBT2-associated traffic, the small increase in underwater noise is not expected to 

result in a measurable change in the productivity or populations of marine birds (as a VC or 

sub-components). Therefore, potential effects from underwater noise on marine birds are 

not discussed further in this assessment.  

                                          
3
  Sound pressure level (SPL) is expressed on a logarithmic scale in decibels (dB). For underwater sound, the 

reference pressure level is 1 micro Pascals (μPa). Source level is a measure of the intensity of sound that a 

source emits at a standard 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. 
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8.3.6.2 Potential Effect – Loss of Productivity from Collisions with Transiting 

Vessels 

In this assessment, productivity is defined broadly as an organism’s ability to persist or 

thrive within a system. It includes growth, an individual’s performance, survival, movement, 

and reproduction (Bradford et al. 2014). Mortality or injury may be caused by collision of 

marine birds with container vessels while transiting through shipping lanes. During daylight 

hours, marine birds likely see and avoid approaching vessels; however, during nighttime, 

birds may become disoriented, causing potential collisions (Merkel and Johansen 2011). 

Although most marine bird families avoid nocturnal feeding due to the difficulty of locating 

fast-swimming, agile prey in darkness (Mougeot and Bretagnolle 2000), some nocturnal 

feeding marine birds are attracted to artificial light sources, such as ship lighting, in 

otherwise dark environments (e.g., open ocean; Montevecchi et al. 2006). Thousands of 

marine bird mortalities have been reported at offshore oil platforms and artificially 

illuminated coastal sites (Reed et al. 1985, Montevecchi et al. 2006, Rodriguez and 

Rodriguez 2009). Birds attracted to artificial light sources sometimes fly around illuminated 

areas for hours or days with energetic costs that can lead to mortality (Montevecchi et al. 

2006). Nocturnal seabirds of the order Procellariiformes (i.e., albatrosses, petrels, 

shearwaters, storm-petrels, and diving petrels) most commonly suffer from such large-scale 

fatal effects, often with effects falling disproportionately on young, newly-fledged birds 

(Montevecchi et al. 2006, Swindle 2015). Although some of the largest cases of light 

attraction-induced mortalities have come from petrels and shearwaters, the phenomenon 

has also been documented in other species.  

In southwest Greenland, Merkel (2010) estimated that more than 2,000 birds were killed 

annually due to light-induced collisions with vessels, with the majority occurring within 4 km 

of shore. The disorientation leading to collisions was thought to be due to the powerful 

searchlights used to navigate icy waters off Greenland. Species most susceptible to 

collisions were low-flying flocking species, with sea ducks comprising 99% of collisions. 

Similar focused searchlights are not required on container vessels, which are classified as 

“power driven vessels” under the International Regulations for Preventing Collisions at Sea, 

1972 with Canadian Modifications, within the LAA. Therefore, the potential for their use and 

an associated effect from vessel light is expected to be less. The number of bird collisions is 

expected to increase under poor weather conditions that reduce visibility (e.g., snow, fog, 

drizzle, or rain) (Merkel 2010). Many species of marine bird migrate at night. However, this 

behaviour is typically conducted at higher altitudes, well above transiting vessels. The 

superstructure of container ships associated with the Project tend to be less complex than 

other vessels, largely consisting of stacked containers and lacking numerous masts, towers, 

cables, and wires that could be difficult to see and pose greater risk of avian strikes. 
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Marine bird susceptibility to collisions with container vessels varies by species and age, with 

some sub-components being much more susceptible to collisions than others. As 

previously stated, some sea ducks (e.g., common eiders; Merkel 2010) and pelagic birds 

(e.g., storm-petrels, shearwaters) are known to be more susceptible than other groups of 

birds to vessel collisions due to their activity patterns and susceptibility to be attracted to 

artificial lighting. Within the LAA, most pelagic birds (e.g., some alcids and species of the 

order Procellariiformes) tend to occur at low abundances due to the sub-component’s 

preference to occupy continental shelf waters and waters far offshore. The nearshore waters 

characterised by the straits and passes of the LAA are typically avoided by most pelagic 

species (Kenyon 2009). As an example, fork-tailed storm-petrels breed widely on islands in 

the North Pacific from northern California through B.C., but there are few documented 

occurrences within the confines of the LAA (Figure 8.3-7). Therefore, even though they 

actively forage at night, the likelihood of fork-tailed storm-petrels encountering, striking, or 

interacting with container vessels in the LAA is expected to be extremely low. In contrast, 

marbled murrelets frequent nearshore coastal and marine waters and are active diurnally 

and nocturnally within the LAA. The LAA population of murrelets, consisting of both resident 

and migratory or dispersing birds, has a higher likelihood of interacting with vessels 

transiting shipping lanes. However, their propensity to use nearshore habitats, similar to 

other representative species such as surf scoter and brant, should reduce the potential for 

interactions with container vessels throughout much of the LAA, where the distance to the 

shoreline averages almost 6 km. Potential exceptions to this are in locations where shipping 

lanes come close to shore, such as in portions of Boundary Passage and Haro Strait 

(in Segment B). These narrow channels are also associated with a number of marine bird 

breeding colonies (Figure 8.3-3) that could put inexperienced, recently fledged, juvenile 

birds at higher risk of strikes with container vessels. Within Segment B, the distance from 

shipping lanes to the shoreline averages approximately 2.8 km, with the closest distance to 

shipping lanes being approximately 0.7 km. 

Similar to other sea ducks, surf scoters are typically found using nearshore habitats within 

1.5 km from shore (Brown and Fredrickson 1997, Savard et al. 1998). Surf scoters actively 

feed during the day (rarely nocturnally, (Lewis et al. 2005)) and roost on the water at night. 

Lewis et al. (2005) found that the mean distance surf scoter were from shore varied by day 

and night, with daytime distances (231 ± 8.4 m SE) being considerably closer than night 

(704 ± 44.0 m SE). As with other species and sub-components discussed above, these 

behaviours place them outside the majority of the shipping lanes within the LAA and 

minimises their interaction with container vessels and the possibility of strikes or collisions. 
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Throughout the entire LAA, only 3.7% of the length of the shipping lanes comes within 

1.5 km of shore, and these closer approaches all occur in Segment B. Unlike common 

eiders, surf scoters have not been documented to be attracted to artificial lighting.   

Although generally found close to shore, the glaucous-winged gull will also use offshore 

habitats, where it is often associated with fishing vessels in search of fish bycatch. Gulls 

tend to roost on or near shore at night. Therefore, nocturnal interactions with container 

vessels are considered unlikely, as is the attraction to night-lighting emitted from container 

ships in offshore shipping lanes. Collisions with container vessels are expected to be rare 

and would most likely occur under adverse weather conditions that cause decreased 

visibility and impair flight.  

Shorebirds such as the red knot are at the lowest risk of interacting or colliding with 

transiting container vessels due to their use of intertidal mudflats for foraging and terrestrial 

habitats for roosting, both of which are well removed from established shipping lanes. 

Shorebirds have not been documented to be attracted to artificial lighting emitted by 

vessels and their behaviour of migrating at high altitudes places them above vessels and 

minimises the chance of an accidental collision with ships. 

Currently, there are no known reports of marine bird collisions with container vessels 

transiting shipping lanes through the LAA. Marine vessel transportation in Canadian 

territorial waters is regulated through the Canada Shipping Act, 2001 administered by 

Transport Canada and the Canadian Coast Guard. Currently, there is no requirement under 

the Act requiring vessel operators to report bird strikes or collisions, so the lack of 

knowledge of an incident does not mean none has occurred. However, the lack of 

knowledge of any collisions occurring in the LAA is considered to indicate the issue is not 

widespread and collisions with vessels are most likely infrequent and, if they occur, do so on 

a small scale. For information on suggested mitigation measures and follow-up programs, 

see Sections 8.3.7 and 8.3.11, respectively.   

Table 8.3-5 summarises the potential for marine birds to interact with vessels using the 

shipping lanes within the LAA.  
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Table 8.3-5 Summary of Potential Exposure of Marine Birds to Interact with 

Transiting Vessels 

Sub-

component 

Representative 

Species 

Summary of Potential for Interaction with Transiting 

Vessels 

Sea Ducks Surf scoter 

 Both overwintering and migrant populations exist within the 

LAA.  

 Frequents nearshore coastal and marine waters within the 
LAA, which tend to be removed from shipping lanes and 

transiting container vessels.  

 Nocturnal activities (when the chance of accidental collisions 
is greatest) are dominated by on-water roosting and not 
flying, reducing the likelihood of bird/vessel interactions.  

 Areas of Boundary Passage and Haro Strait are closer to 
nearshore habitats with a higher likelihood of birds interacting 
with vessels using shipping lanes.  

 If birds are disturbed, the most likely effect will be temporary 
relocation to adjacent habitat. 

 Potential for collisions with transiting Project-associated 

vessels judged to be low.  

Pelagic Birds 

Marbled murrelet 

 Both resident and migrant populations exist within the LAA.  

 Frequents nearshore coastal and marine waters within the 
LAA that tend to be removed from shipping lanes and 
transiting container vessels.  

 Areas of Boundary Passage and Haro Strait are closer to 

habitats potentially used by murelets with a higher likelihood 
of birds to interact with vessels using shipping lanes.  

 If birds are disturbed, the most likely effect will be temporary 

relocation to adjacent habitat. 

 Potential for collisions with transiting Project-associated 
vessels judged to be moderate. 

Fork-tailed 

storm-petrel 

 Species of the order Procellariiformes (e.g., storm-petrels) 
have been documented to be sensitive to effects from artificial 
light from vessels and anthropogenic structures.  

 Actively forages at night.  

 Suitable habitat within Juan de Fuca Strait, Haro Strait, and 
Boundary Passage for storm-petrels and other 

Procellariiformes species is very low, leading to few 
occurrences within LAA.   

 If birds are disturbed, the most likely effect will be temporary 

relocation to adjacent habitat. 

 Potential for collisions with transiting Project-associated 
vessels judged to be moderate. 
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Sub-

component 

Representative 

Species 

Summary of Potential for Interaction with Transiting 

Vessels 

Waterfowl Brant 

 Both overwintering and migrant populations exist within the 

LAA.  

 Frequents nearshore coastal and marine waters within the 

LAA, which tend to be removed from shipping lanes and 
transiting container vessels.  

 Areas of Boundary Passage and Haro Strait are closer to 
nearshore habitats with a higher likelihood of birds to interact 
with vessels using shipping lanes.  

 Forages diurnally and to a lesser extent nocturnally in 
intertidal habitat.  

 Largely roosts on land (e.g., mudflats, gravel spits) or on 

nearshore waters. Will roost in ocean environment largely in 
response to nearshore disturbance. 

 If birds are disturbed, the most likely effect will be temporary 
relocation to adjacent habitat. 

 Potential for collisions with transiting Project-associated 
vessels judged to be low. 

Gulls and 
Terns 

Glaucous-winged 
bull 

 Diurnally uses both nearshore and offshore habitats where it 
is often associated with fishing vessels.  

 Nocturnal time spent roosting in sheltered waterbodies and 

tidal flats. Not active at night when collision risks with vessels 
tends to be greatest. 

 If birds are disturbed, the most likely effect will be temporary 
relocation to adjacent habitat. 

 Potential for collisions with transiting Project-associated 

vessels judged to be low. 

Shorebirds Red knot 

 Present in the LAA during northward and southward 
migrations. 

 Uses nearshore, intertidal habitats, removing it from 

interactions with transiting vessels. 

 Potential for collisions with transiting Project-associated 
vessels judged to be very low. 

8.3.6.3 Summary of Potential Transboundary Effects 

Potential effects to marine birds are expected to be similar in U.S. and Canadian waters, 

given the similarity between bird communities and similar marine shipping activities in 

Washington and B.C.. 

8.3.7 Suggested Mitigation Measures  

Mitigation measures are not proposed in the LAA to reduce the risk of vessel strikes to 

marine birds from RBT2-associated container ships. 
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8.3.8 Residual Effects Assessment and Significance Determination 

Residual effects are those that are predicted to remain after mitigation measures have been 

applied. This section provides a characterisation of residual effects carried forward for 

assessment. Definitions for ratings applied to residual effects characterisation criteria, 

developed with specific reference to marine birds, are presented in Table 8.3-6. The 

potential residual effect on marine birds related to increased Project-associated marine 

vessel traffic is loss of productivity from collisions with transiting vessels.   

Table 8.3-6 Criteria Used to Characterise Residual Effects on Marine Birds 

Criteria Description Definition of Rating 

Magnitude 
Expected size or severity 

of the residual effect.  

Low – A measurable change within the natural variability 
of the population. Will not affect marine bird population 

viability. 

Moderate – A measurable change outside the range of 

natural variability but not posing a risk to marine bird 
population viability. 

High – A measurable change that exceeds the limits of 
natural variability and may affect long-term marine bird 
population viability. 

Extent 
Spatial scale over which 
the residual effect is 

expected to occur. 

Site-specific – Effect limited to area within shipping 

lanes. 

Local – Effect occurs within 1 km of the shipping lanes. 

Regional – Effect occurs beyond 1 km of the shipping 

lanes.  

Duration 
Length of time over 
which the residual effect 

is expected to persist. 

Short-term – Effect present for weeks to months. 

Long-term – Effect present for months to years. 

Permanent – Effect present indefinitely. 

Frequency 

How often the residual 

effect is expected to 
occur. 

Infrequent – Extremely low or rare expected frequency 
of occurrence. 

Frequent – Effect occurs repeatedly. 

Continuous – Effect occurs continuously throughout the 
RBT2 operations phase. 

Reversibility 

Whether or not the 

residual effect can be 
reversed once the 

physical work or activity 
causing the effect 
ceases. 

Fully reversible – Indicator(s) will return to existing 

conditions a period of time after Project-associated 
marine shipping effects cease. 

Partially reversible – Indicator(s) will trend toward but 
not fully return to existing conditions. 

Irreversible – Indicator(s) will not return to existing 
conditions. 

The Salish Sea is a dynamic and diverse system that is seasonally and annually influenced 

by changes in the abiotic environment, including climate change, variations in freshwater 

inputs, and the Pacific Decadal Oscillation and El Niño-Southern Oscillation events. 

Therefore, occurrence of marine birds and their prey are extremely variable in space and 



PORT METRO VANCOUVER | Roberts Bank Terminal 2 Marine Shipping Supplemental Report 

Page | 8.3-36  

time. For example, El Niño events result in elevated water temperatures and decreased 

abundance of prey species, which can lead to reduced reproductive output and survival 

rates for marine birds. This high degree of natural variability was considered when 

characterising changes induced by RBT2-associated vessels. Further, the biological 

sensitivity and resilience of marine birds were also taken into account during the rating 

process, based on existing conditions identified within the LAA and species’ life histories. 

Resilience can be defined as the ability to adapt or respond to adverse activities or 

circumstances to mitigate potential effects. For example, species with diverse diets that are 

able to switch between prey are considered more resilient to shifts in food availability 

compared to species with specialised diets, and species of conservation concern are less 

resilient to mortalities of individuals than species with abundant healthy populations. 

A description of the residual effect is provided below. 

8.3.8.1 Residual Effect – Loss of Productivity from Collisions with Transiting 

Vessels 

Effects on marine birds, sub-components, and species resulting from collisions with 

transiting vessels are possible. Effects criteria ratings are summarised in Table 8.3-7. 

Magnitude is rated as low based on the following rationale: 

 There are no known reports of marine bird collisions with container vessels transiting 

shipping lanes through the LAA. The lack of knowledge of any collisions occurring in 

the LAA is considered to indicate the issue is not widespread and collisions with 

vessels are most likely infrequent and, if they occur, do so on a small scale, only 

affect one or a few individuals (if it occurs), and therefore affect a very small 

proportion of the population. Therefore, the magnitude of a potential effect is judged 

to be within the natural variability of marine bird populations, sub-components, and 

representative species (i.e., less than the number of deaths due to other natural 

causes) and therefore are not anticipated to affect the viability of marine bird 

populations within the LAA; 

 Species of marine birds from the order Procellariiformes (e.g., fork-tailed storm-

petrel) that are known to be attracted to nocturnal light sources and are more prone 

to collisions with vessels than other birds occur in very low numbers in the LAA; and 

 The average distance the shipping lanes are to the shoreline and nearshore habitats, 

where large numbers of birds tend to congregate, is approximately 5.8 km, with 

95% of the lanes being greater than 2 km from shore. This distance far away from 

the majority of nearshore habitat, and the flight and activity patterns (e.g., habitat 

usage patterns, the lack of susceptibility to light attraction (for most species), and 

flight elevations above the heights of ships) of sub-components discussed above, 

should minimise interactions and effects between marine birds and container vessels.   
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Extent is rated as site-specific based on the following rationale: 

 If a collision does occur, it will be confined to the shipping lanes, experienced by an 

individual bird, and not have a population level productivity effect, as only a small 

part of the range of the population would be affected. 

Duration is rated as short-term to long-term based on the following rationale: 

 If a collision is minor and does not impair a bird’s ability to thrive, the duration of the 

effect will be short-term. If there is bird mortality due to a collision, the effect will 

potentially last until the individual can be replaced through recruitment or 

immigration, equalling approximately one generation time.  

Frequency was rated as infrequent to continuous based on the following rationale: 

 There are no known reports of marine bird collisions with container vessels transiting 

shipping lanes through the LAA. The lack of knowledge of any collisions occurring in 

the LAA is considered to indicate the issue is not widespread and collisions with 

vessels and associated effects are most likely infrequent and, if they occur, do so on 

a small scale;  

 If there is an injury or mortality from a collision, the effect is considered continuous, 

until the bird returns to health or can be replaced, and 

 The large distance shipping lanes are from most staging areas and other areas where 

marine birds congregate should minimise the frequency of interactions between the 

majority of marine birds and container vessels. 

Reversibility is rated as fully reversible based on the following rationale: 

 The effect of individual bird mortality on the population will be restored in one 

generation of recruitment and maturity for the affected species. 
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Table 8.3-7 Criteria Ratings for Loss of Productivity from Collisions with 

Transiting Vessels  

Criteria Criteria Rating Rationale for Criteria Rating 

Magnitude Low 

The lack of knowledge of any collisions occurring in the LAA 

is considered to indicate the issue is not widespread and 

collisions with vessels are most likely infrequent and, if they 
occur, do so on a small scale, and only affect one or a few 
individuals, and therefore affect a very small proportion of 

the population. Therefore, due to likely low number of 
suspected occurrences, the magnitude of a potential effect is 
judged to be within the natural variability of marine bird 
populations, sub-components, and representative species. 

Extent Site-specific 

Bird mortalities resulting from collisions are confined to 
within the shipping lanes and experienced by an individual 

bird, and do not have a population level productivity effect, 
as only a small part of the range of the population could be 
affected. 

Duration 
Short-term to 

Long-term 

If a collision is minor and does not impair a bird’s ability to 
thrive, the duration of the effect will be short-term. If there is 

bird mortality due to a collision, the effect will potentially last 
until the individual(s) can be replaced, equalling 
approximately one generation time.  

Frequency 
Infrequent to 
Continuous 

There are no known reports of marine bird collisions with 
container vessels transiting shipping lanes through the LAA. 
The lack of knowledge of any collisions occurring in the LAA 

is considered to indicate the issue is not widespread and 
collisions with vessels and associated effects are most likely 

infrequent. If there is an injury or mortality from a collision, 

the effect is considered continuous, until the bird returns to 
health or can be replaced. 

Reversibility Fully reversible 
A mortality resulting from a collision with a container vessel 
will be restored in one generation of recruitment and 
maturity for the affected species. 

8.3.8.2 Context of Residual Effects 

Potential effects from RBT2-associated container vessels on marine birds should be 

considered within the context of the dynamic and changing environment within the Pacific 

Northwest. Weather and ocean conditions are affected by broad-scale phenomena, such as 

the Pacific Decadal Oscillation and El Niño-Southern Oscillation events. Since the 1970s, El 

Niño events have become more frequent (Trenberth and Hoar 1997), and several times over 

the last 50 years, broad-scale oceanic and atmospheric shifts in the northern Pacific have 

affected species distribution, community composition, and food chains that have resulted in 

changes to marine bird populations (Francis and Hare 1994, Francis et al. 1998, Anderson 

and Piatt 1999, Peterson and Schwing 2003, Piatt et al. 2007). These events can result in 

large fluctuations in both species’ population abundance and distribution that can be 
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observed through time and are a part of species’ natural history. As such, marine birds are 

adapted to living in a dynamic environment and are able to respond to favourable 

environmental conditions, and are resilient to many types of natural and anthropogenic 

disturbances. 

Within the LAA there currently exists a large volume of shipping traffic that marine birds are 

exposed to on a daily basis (i.e., 4,897 to 8,892 container, bulk cargo, or tanker vessel 

movements annually (see Section 4.1.1 Existing Marine Traffic Activity). Given the 

frequency and regularity of movements and the restriction of large vessels to established 

shipping lanes, it is likely that many marine bird species within the vicinity of shipping lanes 

have habituated to the transiting of large vessels through the LAA.   

8.3.8.3 Determination of Significance of Residual Adverse Effects 

A significant adverse residual effect to marine birds is one that causes a decline in 

abundance or distribution to a level at which a species cannot maintain itself, and long-term 

population or habitat integrity is compromised within the LAA. For a significant residual 

adverse effect, re-establishment through natural recruitment (e.g., reproduction) or 

immigration to a level where populations are consistent with long-term averages is not 

achievable within 10 years. This time horizon was selected as marine bird species are 

typically long-lived and this would equate to roughly two generations for many species.    

For the reasons outlined above, the effect of mortality from collisions with transiting vessels 

on marine birds is determined to be not significant. This determination is made with 

moderate confidence based on the above assessment information, including the absence of 

reported incidents of marine bird/vessel collisions for the LAA in the literature, and on 

professional judgement. 

8.3.8.4  Summary of Residual Effects and Significance 

The determination of the significance of the residual effect is provided in Table 8.3-8, along 

with the likelihood of the residual effect occurring, and the level of confidence associated 

with the determinations of both significance and likelihood.  
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Table 8.3-8 Summary of Significance Determination of Residual Effects for 

Marine Birds 

Residual Effect 

Significance  

(significant /  

not significant) 

Likelihood 

Determination 

(likely / unlikely) 

Level of 

Confidence (low / 

moderate / high) 

Loss of productivity from 
collisions with transiting vessels 

Not significant Unlikely Moderate 

The level of confidence in the significance determination was rated as moderate. As stated 

in Section 8.3.5.2, there are no known reports of marine bird collisions with container 

vessels transiting shipping lanes through the LAA. As stated previously, the lack of 

knowledge of any collisions occurring in the LAA was used (in addition to other data related 

to the position of shipping lanes in relation to areas of known high bird usage) as an 

indication that the issue was not widespread and collisions with vessels are most likely 

infrequent and, if they occur, do so on a small scale. However, under the Canada Shipping 

Act, 2001, there is no requirement for vessel operators to report bird strikes/collisions, so 

the lack of knowledge of an incident does not mean none has occurred. Because of this data 

gap, a confidence rating of high was not possible. 

The lack of a formal process and mandate for reporting and managing marine bird-vessel 

collision data was recently cited as an issue of concern as part of the Trans Mountain 

Expansion Project environmental assessment (TMX 2015).   

8.3.9 Cumulative Effects Assessment 

As the effect of loss of productivity from collisions with transiting vessels is considered 

unlikely, no cumulative effects are likely to occur.  

8.3.10 Summary of Assessment 

Potential effects to marine birds from vessel wake-generated waves, and vessel-related 

auditory and visual disturbance were characterised as negligible, as effects would be 

localised and of short duration (as the ship passes by), and birds have habituated to 

existing conditions.  

Collisions with transiting vessels resulting in bird injury or mortality are anticipated to result 

in a loss of productivity that would not compromise long-term population integrity. The 

residual effect is expected to be not significant and unlikely to occur, and cumulative effects 

are also unlikely to occur.  
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Table 8.3-9 provides a summary of potential residual effects and residual cumulative 

effects on marine birds from marine shipping activities associated with the Project. 

Table 8.3-9 Summary of Residual Effects for Marine Birds 

 Residual Effects Residual Cumulative Effects 

Residual Effect 

Magnitude, Extent, 
Duration, 

Frequency, 
Reversibility 

Significance 

Magnitude, 
Extent, Duration, 

Frequency, 
Reversibility 

Significance 

Loss of 
productivity from 

collisions with 

transiting vessels 

Low, Site-specific, 
Short-term to Long-
term, Infrequent to 

Continuous, Fully 
reversible 

Not significant Not applicable Not applicable 

8.3.11   Follow-up Program 

As routine marine shipping associated with the Project is not expected to result in any 

measurable change in marine birds, a follow-up program in the marine shipping LAA is not 

warranted at this time. 
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