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Appendix 9.2-A  Pacific Fishery Management Area Overlap with the Marine 

Shipping Area 

Pacific Fishery Management Area Area (ha) Overlap with the Marine Shipping Area 

PFMA 17 4,162.9 

Subarea 17-1 1,909.0  

Subarea 17-2 1,691.7  

Subarea 17-9 562.2  

PFMA 18 58,242.8 

Subarea 18-1 20,449.4  

Subarea 18-10 742.8  

Subarea 18-11 2,663.3  

Subarea 18-2 2,213.6  

Subarea 18-3 3,162.0  

Subarea 18-4 7,522.3  

Subarea 18-5 8,142.8  

Subarea 18-6 7,462.2  

Subarea 18-7 4,416.0  

Subarea 18-8 1,246.0  

Subarea 18-9 222.3  

PFMA 19 80,825.2 

Subarea 19-1 15.7  

Subarea 19-10 369.7  

Subarea 19-11 612.7  

Subarea 19-12 163.0  

Subarea 19-3 35,970.7  

Subarea 19-4 11,934.3  

Subarea 19-5 25,659.0  

Subarea 19-6 188.3  

Subarea 19-7 1,424.3  

Subarea 19-8 4,350.3  

Subarea 19-9 137.1  
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Pacific Fishery Management Area Area (ha) Overlap with the Marine Shipping Area 

PFMA 20 105,944.0 

Subarea 20-1 23,330.9  

Subarea 20-2 1,471.7  

Subarea 20-3 16,901.4  

Subarea 20-4 32,670.5  

Subarea 20-5 31,438.9  

Subarea 20-6 130.7  

PFMA 21 5,025.9 

Subarea 21-0 5,025.9 

PFMA 22 9.5 

Subarea 22-0 9.5 

PFMA 29 24,368.3 

Subarea 29-4 8,875.8  

Subarea 29-5 3,911.8  

Subarea 29-8 11,580.8  

PFMA 121 33,956.5 

Subarea 121-1 27,868.4  

Subarea 121-2 6,088.1  
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Appendix 9.2-B Fishery Season for 2012 

Fishery PFMAs Months 

Salmon troll 18, 20, 29, 121 None 

Salmon seine 
21, 121 October 

18 November 

Salmon gillnet 21, 29, 121 October 

Groundfish trawl 18, 19, 20, 29 January through December 

Groundfish hook and line 18, 19, 20, 29 January through December 

Halibut 19, 20, 121 March through November 

Roe herring 18 None 

Herring special use 18, 19, 29 May through November 

Herring food and bait 18, 29-5 November through February 

Crab 
28, 29 June through November 

18, 19, 20, 121 March through December 

Prawn trap 18, 19, 20, 28, 29, 121 May and June 

Shrimp trawl 
20, 28, 29 June through December 

121 April through December 

Green urchin 18, 19 January through December 

Red urchin 18, 19, 29 January through December 

Octopus 19, 20 January through December 

Geoduck 19 August through December 

Surf smelt – gillnet 28, 29 April through December 

Source:  TMX 2013b:3 
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Appendix 9.2-C Commercial Fishing Licence Information 

Fishery Licence 
Area 

Description 
Number of 

Commercial 
Licences 

Number of ‘F’ 
Licences held 

by DFO 

Number of ‘F’ 
Licences held by 

Aboriginal Groups 
‘F’ Licences by Aboriginal Group 

Crab Area E  
Areas 20 to 27, 

121, and 123 to 
127 

36 0 3  Pacheedaht First Nation (1) 

Crab Area H  
Areas 14, 16 to 19, 
and Subarea 29-5 

51 0 7 

 Cowichan Tribes (2) 

 Salish Strait Seafoods Association 
(2) 

 Hul’q’umi’num Fisheries Societya 
(1) 

Crab Area I  

Areas 28 and 29, 

excluding Subareas 
29-5 and 29-8 

32 0 6 

 Tsleil-Waututh Nation (2) 

 Tsawwassen First Nation (2) 

 Malahat First Nation (1) 

 Salish Seas Fisheries Societyb (1) 

Crab Area J  Subarea 29-8 20 0 0 0 

Geoduck and 

Horse Clam 
Coast-wide 55 0 5 0 

Green Sea Urchin Coast-wide 49 1 0 0 

Groundfish Trawl Coast-wide 138 0 3 - 

Halibut Coast-wide 428 5 79 

 T'Sou-ke Nation (2) 

 Ucluelet First Nation (2) 

 Toquaht Nation (2) 

 Pacheedaht First Nation (1) 

 Huu-ay-ht First Nations (1) 

 Uchucklesaht Tribe (1) 

 Hul’q’umi’num Fisheries Societya 
(1) 

 Cowichan Tribes (1) 

 Salish Seas Fisheries Societyb (1) 

 Salish Strait Seafoods Associationc 

(1) 
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Fishery Licence 

Area 
Description 

Number of 

Commercial 
Licences 

Number of ‘F’ 

Licences held 
by DFO 

Number of ‘F’ 

Licences held by 
Aboriginal Groups 

‘F’ Licences by Aboriginal Group 

Herring - Food & 
Bait 

Coast-wide 353* 0 0 0 

Herring Spawn on 

Kelp 
Coast-wide 46 0 12 0 

Pacific Oysters Coast-wide 279* 10 5 

 Huu-ay-aht First Nations (1) 

 Toquaht Nation (1) 

 Uchucklesaht Tribe (1) 

 Ucluelet First Nation (1) 

Pacific Sardine Coast-wide 50 0 0 0 

Prawn and 
Shrimp by Trap 

Coast-wide 250 1 55 

 Cowichan Tribes (5) 

 Salish Strait Seafoods Associationc 

(3) 

 Hul’q’umi’num Fisheries Societya 
(2) 

 Toquaht Nation (2) 

 Salish Seas Fisheries Societyb (2) 

 Tseycum First Nation (1) 

 Huu-ay-aht First Nations (1) 

 Tsawout First Nation (1) 

 Penelakut Tribe (1) 

 Tsleil-Waututh Nation (1) 

Red Sea Urchin 

Area S 

Areas 11 through 

29 and 123 
46 0 11 

 Cowichan Tribes (3) 

 Malahat First Nation (1) 

 Salish Strait Seafoods Associationc 

(1) 

Rockfish Area 

Inside  

Areas 13 to 19, 28, 
and 29, and 

Subareas 12-1 to 
12-13, 12-15 to 12-
48, and Subareas 

20-4 to 20-7  

71 1 16 

 Hul’q’umi’num Fisheries Societya 
(2) 

 Salish Strait Seafoods Associationc 
(2) 

 Tseycum First Nation (1) 

 Cowichan Tribes (1) 
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Fishery Licence 

Area 
Description 

Number of 

Commercial 
Licences 

Number of ‘F’ 

Licences held 
by DFO 

Number of ‘F’ 

Licences held by 
Aboriginal Groups 

‘F’ Licences by Aboriginal Group 

Rockfish Area 

Outside  

Areas 1 to 11, 21, 
23 to 27, 101 to 
111, 121, 123 to 
127, 130 and 142, 

and Subareas 12-
14 and 20-1 to 
20-3  

190 9 23 

 Pacheedaht First Nation (2) 

 T'Sou-ke Nation (1) 

 Huu-ay-aht First Nations(1) 

Roe Herring Gill 
Net 

Coast-wide 1,173 1 173 

 Hul’q’umi’num Fisheries Societya 
(13) 

 Salish Seas Fisheries Societyb (12) 

 Cowichan Tribes (10) 

 Tsleil-Waututh Nation (9) 

 Salish Strait Seafoods Associationc 

(7) 

 Toquaht Nation (7) 

Roe Herring Seine Coast-wide 252 0 11 

 Hul’q’umi’num Fisheries Societya 

(1) 

 Toquaht Nation (1) 

 Salish Strait Seafoods Associationc 
(1) 

Sablefish Coast-wide 48 1 6 
 T'Sou-e Nation (1) 

 Lyackson First Nation (1) 

Salmon Area B 

Seine  

Areas 11 to 29 and 

121 
154 11 12  Cowichan Tribes (2) 

Salmon Area E 
Gill Net  

Areas 16 to 22, 28, 
29, and 121 

371 50 27 

 Tsawwassen First Nation (6) 

 Hul’q’umi’num Fisheries Societya 
(5) 

 Tsleil-Waututh Nation (2) 

 Tseycum First Nation (1) 

 Cowichan Tribes (1) 

 Ditidaht First Nation (1) 
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Fishery Licence 

Area 
Description 

Number of 

Commercial 
Licences 

Number of ‘F’ 

Licences held 
by DFO 

Number of ‘F’ 

Licences held by 
Aboriginal Groups 

‘F’ Licences by Aboriginal Group 

Salmon Area G 

Troll  

Areas 11, 20 to 27, 
111, 121, 123 to 

127, and Subareas 
12-5 to 12-16 

116 10 14 

 T'Sou-ke Nation (2) 

 Pacheedaht First Nation (1) 

 Cowichan Tribes (1) 

 Ucluelet First Nation (1) 

 Ditidaht First Nation (1) 

 Toquaht Nation (1) 

 Huu-ay-aht First Nations (1) 

Salmon Area H 
Troll 

Areas 12 to 19, 28, 
and 29 

75 19 3  Cowichan Tribes (1) 

Shrimp by Trawl Coast-wide 233 10 7 - 

Source:  DFO 2015a 
* Some licences have a status of ‘expired’. 
a Hul’q’umi’num Fisheries Society includes Lyackson First Nation, Stz'uminus First Nation, Halalt First Nation, Penelakut Tribe, and 
Lake Cowichan First Nation. 
b Salish Seas Fisheries Society includes Tsleil-Waututh First Nation, Musqueam First Nation, and Sliammon First Nation. 
c Salish Strait Seafoods Association includes Snaw-naw-as (Nanoose) First Nation, Malahat First Nation, T’sou-ke Nation, Scia-new 

First Nation, and Tsawout First Nation. 
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ACRONYMS 

AIS  Automatic Identification System 

DFO  Fisheries and Oceans Canada 

EBA EBA Engineering Consultants Ltd. 

EIS Environmental Impact Statement 

FSA Formal Safety Assessment 

GL Germanischer Lloyd (ship classification organisation) 

HEC Herbert Engineering Corp. 

HNS Hazardous and noxious substances 

IACS International Association of Classification Societies 

IHS Information Handling Services hosts the Sea-web database (formerly Lloyd’s 
Fairplay database) 

IMO International Maritime Organization 

MARPOL IMO International Convention for the Prevention of Pollution from Ships 

MSA Marine Shipping Area 

NM Nautical mile 

PMV  Port Metro Vancouver  

QRA Quantitative Risk Assessment 

RBT2  Roberts Bank Terminal 2 Project  

TEU Twenty foot equivalent unit, an industry standard measure of container ship 
capacity 

TMX Trans Mountain Expansion Project 

TSB Transportation Safety Board of Canada 

VEAT Vessel Entries and Transits 

VTOSS Canadian Coast Guard Vessel Traffic Operations Support System 

USCG United States Coast Guard 

WSC World Shipping Council 
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GLOSSARY 

Accident: a sudden event that is not planned or intended and that causes damage to, or 
puts at risk, life, environment or property. 

Aframax Tanker: a tanker with a oil carrying capacity between 80,000 and 120,000 DWT 

Allision: an event in which a moving object strikes a stationary object (e.g., a vessel hitting 
a pier or a moored vessel). 

Automatic Identification System (AIS): an automatic tracking system used on ships 
and by vessel traffic services for identifying and locating vessels by electronically 
exchanging data with other nearby ships and AIS base stations. While the purpose of these 
communications is primarily for vessel traffic control, collision avoidance, and other 
maritime safety and security applications, the aggregate data of vessel traffic also provides 
an extremely detailed history of vessel traffic movements that can be used in determining 
patterns of vessel movement and establishing numbers of vessels in traffic lanes, port 
areas, and regions by vessel type. 

Barrel (bbl): the equivalent of 42 US gallons, 35 Imperial gallons, 159 L or 0.159 cubic 
metres. There are 6.29 barrels of oil per cubic metre. 

Casualty: an incident reported to a marine authority. 

Collision: an event in which two moving objects strike each other (e.g., two vessels in 
transit or maneuvering striking each other). 

Crude Tanker: category of tank ship (tanker) that is generally over 90,000 DWT and 
usually carries crude oil. 

Deadweight tonnage (DWT): the maximum amount of weight a ship or vessel can safely 
carry as expressed in metric tonnes. 

Deltaport Terminal: the existing container terminal at Roberts Bank. 

Drift grounding: an incident in which a vessel makes contact with the bottom because of 
mechanical failure or other factors not attributable to human error. 

Equipment failure: the failure in any of a vessel’s systems that may lead to the spillage of 
oil or other pollutants. 

Exposure factor: a correction factor applied to incident rates in probability per ship-year to 
account for the portion of a year when the accident type under consideration is possible. 

Fuel capacity: the maximum bunker fuel capacity of a vessel, including distillate and/or 
residual fuels. 

Foundering: sinking as a result of heavy weather, vessel springing leaks or breaking in 
two. 
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Heavy fuel oil: Heavy fuel oil (HFO) is a residual oil from distillation and/or the cracking 
system of natural gas processing and serves as fuel for marine diesel engines with primary 
oil combustion. The international trading description of such oil is: Marine (Residual) Fuel Oil 
(MFO) sometimes also the US description Bunker C. 

Incident: an unexpected event involving a vessel or facility that could potentially result in 
damage to life, environment or property. 

Incident rate: the number of incidents per vessel transit or ship call. 

Maximum credible discharge: the largest spill volume or number of containers lost based 
upon non-neglible probability of occurrence. 

Powered grounding: an incident in which the vessel makes contact with the bottom 
generally due to a human error in navigation, steering, or piloting. 

PMV jurisdiction: refers to the area in which Port Metro Vancouver (PMV) has been 
delegated authority regarding marine navigation.  Navigation Jurisdiction extends from Point 
Roberts at the Canada / U.S. border through Burrard Inlet to Port Moody and Indian Arm, 
excluding False Creek, and from the mouth of the Fraser River, eastward to Kanaka Creek, 
north along the Pitt River to Pitt Lake, and includes the north and middle arms of the Fraser 
River.  

Return period: the inverse of the expected number of occurrences in a year. 

Roberts Bank: the intertidal mudflats, marshes and surrounding waters located west of 
Delta B.C., ranging from Canoe Passage to the north to Point Roberts to the south. 

Roberts Bank terminals: the container and coal terminals at Roberts Bank, including 
Deltaport Terminal, Westshore Terminals, and potentially, Roberts Bank Terminal 2. 

Serious: incidents are defined by the International Association of Classification Societies 
(IACS) as “serious” based on these criteria: total loss (vessel ceasing to exist after casualty 
due to it being unrecoverable or being broken up); breakdown resulting in the ship being 
towed or requiring assistance from ashore; flooding of any compartment; or structural, 
mechanical, or electrical damage requiring repairs before the ship can continue trading. 

Ship year: one ship operating for one year, or a combination of ships operating for shorter 
time periods, all of which add up to one year. 

Structural failure: an event in which the structural integrity of a vessel’s hull, bunker 
tanks, or cargo tanks is compromised causing the potential for pollutant leakage or actual 
leakage. Damage can cause the vessel to sink. 

Transit: a one way voyage through the region of interest. 

Updated IMO rates: accident rates for container ships based upon Germanischer Lloyd 
(GL) updates of IMO statistics (GL 2013). 
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Vancouver region: Vancouver ports and other nearby Canadian ports south of Latitude 50 
degrees N and the adjacent waters where the majority of ships transiting those waters are 
travelling to or from those ports. 

Westshore Terminals: the existing coal terminal at Roberts Bank. 

Worst-Case Discharge: the spill volume based on US Coast Guard regulations as the total 
capacity of the cargo and/or bunker fuel tanks of the vessel. This volume varies from 10 
barrels (bbl) for small recreational vessels to 1.9 million bbl for fully-loaded crude tankers. 
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1 INTRODUCTION 

1.1 PROJECT BACKGROUND 

Port Metro Vancouver (PMV) proposes to build a new three-berth container terminal at 
Roberts Bank in Delta, British Columbia (B.C.) (PMV 2013a). The proposed Roberts Bank 
Terminal 2 Project (RBT2 or 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 is undergoing a federal environmental assessment by an independent review 
panel, under the Canadian Environmental Assessment Act, 2012 and is also undergoing a 
provincial review under the British Columbia Environmental Assessment Act.  In March 
2015, Port Metro Vancouver submitted the Environmental Impact Statement for the Project 
that included in Appendix 30-A,  Marine Vessel Incidence Prediction Inputs to the 
Quantitative Risk Assessment by Herbert Engineering Corp1. (HEC) that provided marine 
vessel incidence predictions used as part of the assessment of potential accidents and 
malfunctions for the Project. 

On April 17, 2015, the Canadian Environmental Assessment Agency issued to PMV Updated 
Guidelines for the Preparation of an Environmental Impact Statement (Updated EIS 
Guidelines) which required consideration of potential effects of marine shipping associated 
with the Project outside PMV’s jurisdiction to the 12 nautical mile limit of the Canadian 
territorial sea (referred to as the Marine Shipping Area or MSA).  

2 METHODS 

2.1 STUDY AREA 

The study area for this report considers accident predictions through the MSA, from the 
point off Roberts Bank outside of PMV jurisdiction where container ships transiting to/from 
the proposed Project transit to Buoy J at the 12 nautical mile limit of Canada’s territorial 
sea. Figure 2-1 shows the MSA, established international shipping lanes, Project-associated 
inbound and outbound shipping routes, as well as segmentation of the MSA for the purposes 
of this assessment.  

2.1.1 Route Description and Approach Characteristics 

Deep sea vessels, including container ships bound for RBT2, enter and exit the Juan de Fuca 
Strait at Buoy J (see Figure 2-1). The route to RBT2 follows the main shipping lanes for 
deep sea vessels travelling to Vancouver and other regional ports. The main restriction on 
vessel navigation is sufficient draught. While potential new container ships are some of the 
longest vessels in the world, even ultra-large container ships have relatively low draughts 

                                           

1 This will be referred to as RBT2 EIS Appendix 30-A in the remainder of the report 
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(14.5 m to 15.5 m), compared to large tankers and bulk carriers (17 m to 18 m). Container 
ships travelling at normal transit speeds have good manoeuvrability compared to bulk 
carriers and tankers, and will not have difficulty navigating these routes. Container ships 
travelling to Roberts Bank along these routes will not create, nor be exposed to, hazards 
different from other vessels in the region. 

Once in the Juan de Fuca Strait, inbound ships proceed eastward, travelling in vessel traffic 
lanes under the management of the Canadian Coast Guard operated Cooperative Vessel 
Traffic Service (CVTS), until they are south of Race Rocks at the southern end of Vancouver 
Island, see Segment D of Figure 2-1. There they separate from US-bound traffic within 
Segment C and head north towards Victoria, again in lanes managed under the CVTS. South 
of Victoria, at the Brotchie Ledge pilot station, inbound ships pick up a Canadian marine 
pilot for the onward journey through Segment B. The ships travel east, then north through 
Haro Strait, turn northeast at Turn Point, a Precautionary Area2 where tidal currents are 
considerable, into Boundary Passage where they travel approximately 10 NM to enter the 
southern Strait of Georgia between East Point on Saturna Island in Canada and Patos Island 
to the south in the United States. The voyage is primarily in protected waters as ships pass 
through the channels of the Canadian Gulf Islands and U.S. San Juan Islands. Wind and 
wave conditions are generally mild, but tidal currents, especially near Race Rocks and in the 
vicinity of Turn and East Points, are large enough to influence deep sea vessel operations 
(Pacific Pilotage Authority 2010). 

Once past East Point the ship enters Segment A where the waters open up and container 
ships bound for Roberts Bank start to deviate from the general deep-sea vessel traffic 
bound for terminals in the Fraser River, Burrard Inlet, and points north and west. Historical 
Automatic Identification System (AIS) data (MarineTraffic 2012) shows that container ships 
typically head straight towards Roberts Bank terminals, while other vessels align with the 
vessel traffic lanes. 

Similar patterns are found for vessels departing Roberts Bank. Utilising a direct route to 
Boundary Passage permits a more gentle turn as the pass is entered, which is preferred by 
container ship masters to minimise heel (PMV 2013b). After entering Boundary Passage, 
outbound vessels travel a parallel route to the inbound vessels, located on the northern and 
western sides of the traffic lanes. This puts them closer to Canadian shores in general than 
the inbound vessels. 

As the container ships bound for RBT2, or Deltaport Terminal, and the bulk carriers bound 
for Westshore Terminals approach Roberts Bank, they enter Port Metro Vancouver 
navigational jurisdiction and pass the BC Ferries Terminal at Tsawwassen. BC Ferries 
operate on routes that travel southwest to Active Pass and northwest to Duke Point on 
Vancouver Island. Once past the ferry traffic, the container ships and bulk carriers are met 
by tugs approximately 1 NM (1.85 km) offshore to begin berthing manoeuvres. 

 

                                           

2 In the CVTS definitions a precautionary area is a routing measure comprising an area within defined limits where 
ships must navigate with particular caution and within which the direction of traffic flow may be recommended. 
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Figure 2-1 Marine Shipping Area, Shipping Lanes, and Locations of Interest 
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2.2 TEMPORAL SCOPE 

This study’s main focus is the potential change in incidence of accidents associated with the 
incremental increase in ship movements related to RBT2 within the Marine Shipping Area as 
defined in Figure 2-1. A basis of comparison is necessary to assess these changes. Thus, 
existing conditions representing current vessel traffic is used to establish current accident 
incidence and the immediate consequences of these accidents. A horizon year must also be 
designated that defines when the new terminal is anticipated to be fully operational so the 
changes can be assessed in the context of a future year with and without the Project, to 
determine the incremental change that can be attributed to RBT2. 

Changes to marine risk related to RBT2 are predicted and characterised for the year 2030, 
the horizon year selected to assess the changes once RBT2 is anticipated to be fully 
operational. Although RBT2 would have full container handling capacity by 2024, other 
projects in the Vancouver region will be completed in the 2028 to 2030 period (PMV 2013a). 
As the incidence of accidents is related not only to RBT2 bound traffic, but also to the 
impact of changes in other traffic, the year 2030 was chosen as it is anticipated that all 
foreseeable improvements and expansions to marine facilities would be functioning by then. 

2.3 STUDY METHODS 

2.3.1 Ship Movement Estimation 

The increased demand for ship-based trade introduces new vessels into the marine vessel 
traffic in the region. This impact is felt by the marine vessel traffic travelling to and from all 
terminals and ports in the Vancouver and Washington regions. The steps in the projection of 
the vessel traffic affected were: 

1. Projection of Container Ship Movements at Roberts Bank Terminals. A 
detailed projection of the ship movements related to RBT2 was performed in RBT2 
EIS Appendix 30-A. 

2. Definition of Vessel Types of Interest. AIS data and PMV ship call (PMV 2013c) 
data were used to determine the vessel types interacting with RBT2 container ships; 

3. Development of 2012 Existing Conditions. Existing published data were used as 
the basis for vessel populations within each segment of the Marine Shipping Area. 
Where more detailed vessel counts were needed, additional data sources were 
utilised. 

4. Prediction of Vessel Movements in 2030. This step involved the projection of 
historical vessel movements, along with incorporation of predictions of future vessel 
movements associated with potential marine facilities and activities. The predictions 
were based on published predictions of vessel population increases per annum. 

Vessel movements were calculated for each of the relevant Segments within the Marine 
Shipping Area as well as for the three cross sections identified in Figure 2-2. 
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Figure 2-2 Cross sections used in vessel population estimation 
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2.3.2 Development of Accident Frequencies and Return Periods 

Accident frequencies are based upon global accident rates expressed in frequency per ship-
year and then adjusted for the portion of a ship-year that the ship is exposed to the 
accident type. These accident frequencies and exposure factors are developed in RBT2 EIS 
Appendix 30-A. Using this information the accident frequencies and return periods for the 
MSA are developed and then proportioned into the segments using the following approach: 

1. Transit times for each segment are based upon the mean speeds for each segment and 
then summed to get the total transit time. 

2. Apply the adjusted global accident rates to the total transit time in the MSA. The global 
accident rates include all the phases of the voyage during the period of exposure to the 
accident type. Thus they are applicable to the entire MSA transit but not so applicable on 
a segment by segment basis without correction factors. 

3. Rate each segment relative to each other for each accident type. This rating is based 
upon engineering judgment that factors in time, course changes, shore proximity, etc. 

4. Distribute the risk for each accident type to the segments based upon these ratings, and 
compute the frequencies and return periods for each segment for each accident type. 

5. Apply a correction factor for the Vancouver Region to the global accident rates. Figure 3-
3 from RBT2 EIS Appendix 30-A illustrates Vancouver Region accident rates in 
comparison to global rates. The relative factors are conservatively applied. Factors of 0.5 
for collisions and groundings, and 1.0 for other accident types are used. 

2.3.3 Development of Frequencies of Oil Spills from Container Ships 
In Transit 

Not all collisions result in spills. Historical data shows that damage to the stiking ship is 
genrally limited to the bow area in which there are no fuel oil tanks.  For a collision where 
the container ship is the struck ship, there must first be hull penentration and second the 
penetration must reach a fuel oil tank. 

Spill frequencies from collisions have been modelled using the following: 

• Cra: Annual collision rate adjusted for exposure factor (i.e. the portion of ship-year 
exposed to accident type) and 0.5 factor for being the struck ship; 

• Ppc: Probability of hull penetration; and 

• Pbc: Probability of bunker tank impact given a hull penetration. 

The frequency of a spill from a grounding Fcs is given by:  bcpcracs PPCF ⋅⋅=  

For collisons the probability of hull penetration, Ppc, is 0.423 and the conditional probability 
of a bunker tank impact given a hull penetration, Pbc, is 0.061 (see RBT2 EIS Appendix 30-
A). 
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Similarly, once a ship grounds there are further events that must happen before a spill 
happens. For rock bottoms it is assumed that the probability of hull penetration is 80% per 
grounding. For soft bottoms the penetration rate is assumed to be 10%. Spill quantities are 
estimated for bunker spills using conditional spill probability functions given a penetration. 

Spill frequencies from groundings have been modelled using the following: 

• Gra: Annual grounding rate adjusted for exposure factor (i.e. the portion of ship-
year exposed to accident type); 

• Ppg: Probability of hull penetration; and 

• Pbg: Probability of bunker tank impact given a hull penetration. 

The frequency of a spill from a grounding Fgs is given by:  bgpgrags PPGF ⋅⋅=  

For groundings the probability of hull penetration, Ppg, is 0.8 for hard groundings and 0.1 for 
soft groundings. Hard groundings are estimated to represent 80% of groudnings. The 
conditional probability of a bunker tank impact given a hull penetration, Pbg, is 0.0965 (see 
RBT2 EIS Appendix 30-A). 

2.3.4 Characterisation of the Highest Probability of an Accident in the 
Transit Area 

Collisions and subsequent spills in the Marine Shipping Area will have the highest probability 
of occurrence where the encounter probability is highest. These locations are likely to occur 
where separation zones between the shipping lanes are not possible due to geography and 
channel width, or where shipping lanes cross. 

Groundings are expected to occur most frequently where channels are narrow and 
prevailing wind directions push vessels to nearby shores. Analysis of high probability 
locations included the following: 

• Comparison of  wind levels and shore proximity along established shipping lanes. Use of 
Canadian Coast Guard Vessel Traffic Operations Support System (VTOSS) and AIS data 
to develop ship distribution across traffic lane; 

• Estimation of time to drift to shore based upon a nominal maximum wind speed (EBA 
2013, prepared for the Trans Mountain Expansion Project) for the location and 6% of 
wind speed drift rate for selected locations using combined wind level frequency and 
distance to shore to determine most likely drift grounding direction; 

• Estimation of the frequency of collision or grounding along the route for a RBT2 
container ship based upon rate per nautical mile developed from accident rates 
implemented in RBT2 EIS Appendix 30-A;  and 

• Estimation of the increase in shipping represented by RBT2 container ships based upon 
mileage and on relative number of ships; and relating that to overall increase in accident 
risk.  
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2.4 DATA SOURCES AND ANALYSIS 

2.4.1 2012 Ship Movement Calculation 

The 2012 commercial ship movement estimate for the Marine Shipping Area was based on 
published vessel movements from the Trans Mountain Expansion Project (TMX) TERMPOL 
Reports (TMX 2013). In order to quantify the PMV bound (i.e. those bound for Roberts Bank 
Terminals and other facilities under PMV jurisdiction) container ships in the region, the 
general cargo portion of the existing data was further analysed in order to determine the 
number of container ship movements in the region using the following sources: 

• HEC AIS data (North of 48° 40’N); 
• PMV vessel call data; 
• Vessel Entries and Transits(VEAT) (Washington State Dept. of Ecoloy 2007-2012) 

data for Juan de Fuca Strait; and 
• VTOSS data for 2010. 

The calculation of the PMV bound container ships is further documented in RBT2 EIS 
Appendix 30-A and summarised below in Table 2-1. 

Table 2-1 Population of PMV Bound Container Ships 

Vessel Population 

 

Year 2012 Year 2030 

  
Without 
RBT2 With RBT2 

Container ships not at RB 

under 6,000 TEUs 375 352 352 

6,000-10,000 TEUs 146 151 151 

>10,000 TEUs 0 0 0 

Container Ships at Roberts Bank terminals 

under 8,000 TEUs 67 42 84 

8,000-10,000 TEUs 202 187 322 

>10,000 TEUs 0 83 166 

The ferry traffic within Segment A was analysed using the BC Ferries schedules in order to 
create an accurate count of the ferries transiting through that segment versus the ferries 
that largely bypassed it by heading north towards the Duke Point terminal near Nanaimo, 
BC.  Details of the analysis of ferry movements can be found in Appendix A. 
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2.4.2 2030 Ship Movement Estimation 

The 2030 ship movements are estimated by applying a growth rate to the 2012 data each 
year until 2030. The growth rates used in this study were from the published projections 
from Seaport Consulting Canada (2013) in a report prepared for the Trans Mountain 
Expansion Project. A summary of these growth rates is shown in Table 2-2. 

Table 2-2 Growth Rates to 2030 

 Growth Rate (%/year) 

 
2013-
2020 

2021-
2030 

Cargo/Carrier (Bulk and Container) 1.0 1.0 

Tanker 2.0 2.0 

Passenger 1.0 1.0 

Ferry 0.0 1.0 

Tug 1.0 1.0 

Service 1.0 1.0 

Other/Unknown 1.0 1.0 

Fishing 0.0 0.0 

Increasing ship sizes in nearly all traffic segments may reduce these growth rates. 

2.4.3 Global Estimates of Accident Rates 

In this analysis, an event is classified as an incident when there is the possibility of damage 
to life, environment, or property, and thus, is reported to various authorities. Worldwide 
databases, such as the IHS Sea-web database, classify these events as casualties. If an 
incident does result in damage to life, environment, or property then it is also an accident. 
Unfortunately, the use of these terms is not consistent within the industry and thus some 
judgment in interpretation of the terms incident and accident must be exercised. RBT2 EIS 
Appendix 30-A details the analysis of accident rates and the determination of the accidents 
and rates used in this study. 

The following broad categories of in-transit accidents based upon hazard identification done 
by IMO, and other sources as described in RBT2 EIS Appendix 30-A, were considered: 

• Allisions; 
• Collisions; 
• Fire/Explosions; 
• Drift groundings; 
• Powered groundings; and 
• Founderings and Structural failures. 

The accident rates utilised for each of these categories are summarised below in Table 2-3. 
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Table 2-3 Implemented Global Accident Rates 

Implemented Accident Rates per Ship Year 
Accident Type Lower Bound Mean Upper Bound 
Collision 10.0 x 10-3 27.7 x 10-3 38.3 x 10-3 
Allision 1.5 x 10-3 11.5 x 10-3 22.5 x 10-3 
Grounding 15.5 x 10-3 49.1 x 10-3 65.5 x 10-3 
Fire/Explosion 1.0 x 10-3 1.9 x 10-3 3.3 x 10-3 
Founder 0.0 0.1 x 10-3 0.6 x 10-3 
 

2.4.4 Comparison of Vancouver Region  to Global Estimates of 
Accident Rates 

In RBT2 EIS Appendix 30-A incident and accident rates for the Vancouver region were 
compared to global accident rates for container ships developed by Germanischer Llyod (GL) 
for the International Maritime Organization (IMO) (GL 2013). 

Figure 2-3 shows the comparison between the mean, lower-bound, and upper-bound 
accident rates calculated for the Vancouver region from the updated IMO rates, based on 
the incident rate analysis from actual incident data as presented earlier in this report. 
Overall the comparison to world rates indicates that the Vancouver regional rates are similar 
to the lower end of global container ship rates.  

This comparison forms the basis for reducing the rates for collisions and grounding within 
the Vancouver region as applied to the MSA in comparison to global rates. For the purposes 
of this assessment, the mean global accident rates were utilized and a conservative 
reduction of 0.5 has been applied to collisions and groundings recognizing the sparseness of 
the Vancouver regional data. 
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Figure 2-3 Comparison Between Adjusted Updated IMO Rates and Regional Accident Rates 
(RBT2 EIS Appendix 30-A) 

2.4.5 Underreporting and Uncertainty in Incident and Accident Rates 

Marine shipping incidents are widely considered to be underreported; for example, Hassel 
(2010) concluded that real rates are higher than those reported. Recent updates of IMO 
Formasl Safety Assessment (FSA) container ship accident rates have evaluated the issue of 
underreporting for serious accidents in the fully cellular container ship fleet. Reported 
serious accident rates have increased since 2002 (as indicated in Figure 2-15 of RBT2 EIS 
Appendix 30-A). Investigations of the reported data by GL and the National Technical 
University of Athens (Eliopoulou et al. 2013) indicate that this is in part due to more 
accident types being considered serious. Secondly, the issue of underreporting for 
International Association of Classification Societies (IACS) classed container ships has been 
investigated and is considered small. Confidence intervals on the accident rates were 
developed. In RBT2 EIS Appendix 30-A the reported 95% confidence intervals are 
reproduced and converted into ratios of the base rate. The 95% confidence bounds average 
+/-15%. 
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2.4.6 Approaches to Assessing Data Sparseness, Uncertainty and 
Sensitivity  

The incidence of accidents evaluated here are low and this is reflected in the low numbers of 
incidents over extended time periods recorded both locally and globally. In developing the 
incidence predictions, therefore, it was necessary to use sparse data and to further make 
assumptions based on expert judgment.  

This study has made use of consultation with marine experts to inform the analysis team 
about local marine traffic and risk issues performed in support of RBT2 EIS appendix 30-A. 
Such consultations included a web-based panel including pilots and tug operators (PMV 
2013b), feedback from stakeholders at a workshop (PMV 2013d), and direct communication. 
As prior data analysis in RBT2 EIS Appendix 30-A indicated, local incident and accident rates 
are consistent with worldwide rates. In the application of a Vancouver Region Factor, see 
Section 2.4.4., a conservative estimate of the reduction in collision and grounding rates 
has been applied based upon information gathered from marine experts familiar with local 
and international shipping. 

All numbers in this study can be considered uncertain, primarily due to the sparseness of 
data regarding incident and accident frequencies and inherent uncertainty in the prediction 
future marine traffic patterns. Unforeseen events may change marine transportation 
practices dramatically. However, it is expected that uncertainty in the numerical estimates 
can be best captured using the experience cited above (Section 2.4.5) for accident rate 
confidence bounds and by assessing the sensitivity to impact of the Vancouver Region 
Factor.  

3 RESULTS 

3.1 VESSEL MOVEMENT ESTIMATES FOR MARINE SHIPPING AREA 

Vessel movements are provided for Segments A through D and Cross Sections 1 through 3. 
Segments E and F are not expected to have any increased traffic due to the RBT2 Project 
and thus, are not discussed further in this study. Segment G is entirely within US waters 
and thus is not included in this study.  
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Table 3-1 Segment A Movements 

Vessel Type 2012 2030  
Without RBT2 

2030 
With RBT2 

Cargo/Carrier (excludes PMV 
bound container ships) 

3,721 4,191 4,191 

Inner Harbour Container Ships 1,042 1,006 1,006 

Deltaport Container Ships 538 624 624 

RBT2 Container Ships 0 0 520 

Tug 3,237 4,592 4,592 

Service 1,316 1,574 1,574 

BC Ferries 8,252 9,115 9,115 

Passenger 380 455 455 

Tanker 385 1,270 1,270 

Other/Unknown 1,262 1,509 1,509 

Fishing 459 459 459 

Total 20,592 24,795 25,315 
 

Table 3-2 Segment B Movements 

Vessel Type 2012 
2030  

Without 
RBT2 

2030 
With RBT2 

Cargo/Carrier (excludes PMV 
bound container ships) 

2,926 3,240 3,240 

Inner Harbour Container Ships 1,042 1,006 1,006 

Deltaport Container Ships 538 624 624 

RBT2 Container Ships 0 0 520 

Tug 975 1,886 1,886 

Service 850 1,017 1,017 

Passenger 506 605 605 

Tanker 391 1,278 1,278 

Other/Unknown 1,368 1,637 1,637 

Fishing 300 300 300 

Total 8,896 11,593 12,113 
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Table 3-3 Segment C Movements 

Vessel Type 2012 
2030  

Without 
RBT2 

2030 
With RBT2 

Cargo/Carrier (excludes PMV 
bound container ships) 

4,431 4,800 4,800 

Inner Harbour Container Ships 1,563 1,509 1,509 

Deltaport Container Ships 651 780 780 
Deltaport Split Service Container 
Ships 208 208 208 

RBT2 Container Ships 0 0 780 

Tug 2,294 3,464 3,464 

Service 2,189 2,618 2,618 

Passenger 2,146 2,567 2,567 

Tanker 1,197 2,430 2,430 

Other/Unknown 2,240 2,680 2,680 

Fishing 742 742 742 

Total 17,661 21,798 22,578 
 
Table 3-4 Segment D Movements 

Vessel Type 2012 
2030  

Without 
RBT2 

2030 
With RBT2 

Cargo/Carrier (excludes PMV 
bound container ships) 

4,431 4,800 4,800 

Inner Harbour Container Ships 1,042 1,006 1,006 

Deltaport Container Ships 434 520 520 
Deltaport Split Service Container 
Ships 104 104 104 

RBT2 Container Ships 0 0 520 

Tug 2,294 3,464 3,464 

Service 2,189 2,618 2,618 

Passenger 2,146 2,567 2,567 

Tanker 1,197 2,430 2,430 

Other/Unknown 2,240 2,680 2,680 

Fishing 742 742 742 

Total 16,819 20,931 21,451 
 



Port Metro Vancouver    - 15 -    Herbert Engineering Corp. 
RBT2 – Marine Vessel Incidence Prediction Inputs to the QRA Supplement          August 2015 

Table 3-5 Cross Section 1 Movements 

Vessel Type 2012 
2030  

Without 
RBT2 

2030 
With RBT2 

Cargo/Carrier (excludes PMV-
bound container ships) 

4,431 4,800 4,800 

Inner Harbour Container Ships 2,084 2,012 2,012 

Deltaport Container Ships 868 1,040 1,040 
Deltaport Split Service Container 
Ships 312 312 312 

RBT2 Container Ships 0 0 1,040 

Tug 2,294 3,464 3,464 

Service 2,189 2,618 2,618 

Passenger 2,146 2,567 2,567 

Tanker 1,197 2,430 2,430 

Other/Unknown 2,240 2,680 2,680 

Fishing 742 742 742 

Total 18,503 22,665 23,705 
 
Table 3-6 Cross Section 2 Movements 

Vessel Type 2012 
2030  

Without 
RBT2 

2030 
With RBT2 

Cargo/Carrier (excludes PMV 
bound container ships) 

2,926 3,240 3,240 

Inner Harbour Container Ships 1,042 1,006 1,006 

Deltaport Container Ships 538 624 624 

RBT2 Container Ships 0 0 520 

Tug 975 1,886 1,886 

Service 850 1,017 1,017 

Passenger 506 605 605 

Tanker 391 1,278 1,278 

Other/Unknown 1,368 1,637 1,637 

Fishing 300 300 300 

Total 8,896 11,593 12,113 
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Table 3-7 Cross Section 3 Movements 

Vessel Type 2012 
2030  

Without 
RBT2 

2030 
With RBT2 

Cargo/Carrier (excludes PMV 
bound container ships) 

3,721 4,191 4,191 

Inner Harbour Container Ships 1,042 1,006 1,006 

Deltaport Container Ships 538 624 624 

RBT2 Container Ships 0 0 520 

Tug 3,237 4,592 4,592 

Service 1,316 1,574 1,574 

BC Ferries 8,252 9,115 9,115 

Other Passenger 380 455 455 

Tanker 385 1,270 1,270 

Other/Unknown 1,262 1,509 1,509 

Fishing 459 459 459 

Total 20,592 24,795 25,315 
 

3.2 RECONCILIATION WITH OTHER POPULATION ESTIMATES 

The RBT2 Quantitative Risk Assessment by Herbert Engineering Corp (HEC) included in 
Appendix 30-A of the EIS considered ‘In-Port’ and ‘In-Transit’ areas.  The ‘In-Port’ 
evaluation region included the immediate vicinity of RBT2 within PMV’s jurisdiction, while 
the ‘In-Transit’ evaluation region extended outside PMV’s jurisdiction to include large 
portions of the Strait of Georgia, Boundary Passage and the north end of Haro Strait (Figure 
2-1).  The rationale for the ‘In-Transit’ area within Appendix 30-A of the RBT2 EIS was to 
provide a regional context to inform the probability of potential incidents within PMV’s 
jurisdiction.  The area considered in the MSA for this report overlaps the ‘In-Transit’ area of 
Appendix 30-A of the RBT2 EIS and other data sources were required to characterize the 
larger MSA area.  A reconciliation of the differences between the two population models is 
included in Appendix A. 

3.3 ESTIMATION OF ACCIDENT FREQUENCIES IN THE MARINE SHIPPING AREA 

3.3.1 Ship Transit Time 

Ship transit times in each segment were estimated by analysing the movements of 
container ships bound to and from the Port Metro Vancouver area along the established 
shipping lanes. The estimated time in each segment is shown in Table 3-8 based upon 
2012 AIS and 2010 VTOSS adjusted to 2012 data sets (as used in Table 4-5 of the Marine 
Shipping Supplemental Report to which this technical work is appended). 
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Table 3-8 Estimated Ship Transit Times 

 

Average 
Distance 

(NM) 

Range 
Median 
Speeda 
(Knots) 

Time 
(Hours) 

RBT2 
Ships/Year 

in 2030 

Segment A 10.9 11.0 0.99 520 
Segment B 45.3 17.5 2.59 520 
Segment C 12.3 15.5 0.79 780 
Segment D 59 18.5 3.19 520 

a Range median speed was calculated using only the high and low speeds observed within a segment in order to 
have a conservative time calculation for transit through the segment. The resulting calculated time may thus be 
longer than observed times within the dataset on hand. 
 
3.3.2 RBT2 Ship Accident Frequencies in 2030 

By utilising the calculated accident rates shown in Table 2-3 and the transit times and 
movements from Table 3-8, the annual accident frequency can be calculated for RBT2 
container ships.  

Table 3-9 MSA Accident Frequencies and Return Period for RBT2 Vessels in 2030   
 
Marine Shipping Area Annual Accident Frequency 

Combined Rates Frequency Return Period (years) 

Collision 1.3 x 10-2 76 

Grounding 2.3 x 10-2 43 
Fire/Explosion 9.0 x 10-4 1,115 
Founder 1.9 x 10-5 52,858 

 

In the second step of the process, the contributions from each segment are evaluated. A 
review of several factors including; other traffic, presence of cross traffic, course change 
requirements, prevailing wind and current directions, and proximity to shore was used to 
distribute the accident rates for each accident type. In Table 3-10 below, each row is 
independent and the contribution factors sum to one. 

Table 3-10 Relative Contribution by Transit Segment for Each Accident Type 
 
Relative Contributions From Each Segment for Each Accident Type 

Accident Type Segment A Segment B Segment C Segment D 
Collision 0.31 0.31 0.31 0.07 

Grounding 0.16 0.60 0.12 0.12 

Fire/Explosion 0.13 0.35 0.15 0.37 

Foundering 0.00 0.00 0.00 1.00 
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Once the contribution factors are developed, the effective return periods for each segment 
and accident type are determined as shown in Table 3-11. The corresponding accident 
frequencies are shown in Table 3-12. 

Table 3-11 Effective Return Periods by Segment for Each Accident Type 
 

Effective Return Periods by Segment for Each Accident Type 
Accident Type Segment A Segment B Segment C Segment D 
Collision 247 247 247 1,097 

Grounding 263 72 357 369 

Fire/Explosion 8,319 3,185 7,483 3038 

Foundering 0.00 0.00 0.00 52,858 

Return periods are converted to annual accident frequencies by taking their inverse. 

Table 3-12 Estimated Annual Accident Frequencies by Segment 
 

Estimated Annual Accident Frequency by Segment for Each Accident Type 
Accident Type Segment A Segment B Segment C Segment D 
Collision 2.03 x 10-3 2.03 x 10-3 2.03 x 10-3 4.56 x 10-4 

Grounding 1.90 x 10-3 6.93 x 10-3 1.40 x 10-3 1.36 x 10-3 

Fire/Explosion 1.20 x 10-4 3.14 x 10-4 1.34 x 10-4 3.29 x 10-4 

Foundering 0.0 0.0 0.0 1.89 x 10-5 

The calculated accident rates in Table 2-3 and implemented in Table 3-9  represent global 
rates with no adjustment for local effects. As noted in the original report, these rates are 
considered appropriate and conservative based upon comparison to Vancouver region 
incident data. However, for the segments considered in this supplement, adjustments can 
be made. Using the Vancouver Region Factor developed in Section 2.4.4 the return periods 
are as shown in Table 3-13. 

Table 3-13 Effective Return Periods by Segment for Each Accident Type Including 
Vancouver Region Factor 
 

Effective Return Period Including Vancouver Region Factor 
 

Accident Type 
Segment 

A 
Segment 

B 
Segment 

C 
Segment 

D Combined 

Vancouver 
Region 
Factor 

Collision 493 493 493 2,194 153 0.5 

Grounding 527 144 713 738 86 0.5 
Fire/Explosion 8,319 3,185 7,483 3,038 1,115 1 
Foundering 0 0 0 52,858 52,858 1 
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Combining the accident types leads to a comparison of the segments. In Table 3-14 it can 
be seen that Segment B has the lowest return period. This is primarily due to the higher 
frequency of grounding for this segment. 

Table 3-14 Combined Return Periods by Segment for All Accident Types Including 
Vancouver Region Factor 
 
Effective Return Period Including Vancouver Region Factor  

Accident Type Segment A Segment B Segment C Segment D Combined 
Combined 247 108 281 463 53 

 

3.4 DISCUSSION OF ACCIDENT FREQUENCIES AND SEGMENT APPORTIONMENT 
FACTORS 

3.4.1 Collisions Acccident Frequency 

Collison accident frequencies for the 4 segments were developed by proportioning the 
overall rate to each segement as shown in the first row of Table 3-10. The rational for the 
segement contribution factors included: 

• Segment A includes crossing traffic enroute to the terminal; 
• Segment B is narrow, requires course changes and includes crossing traffic near 

Victoria; 
• Segment C includes crossing traffic to and from Puget Sound; and  
• Segment D has well defined and spaced traffic lanes requiring minimal course 

changes. 

3.4.2 Allisions Accident Frequency 

An allision occurs when a vessel strikes a stationary object.  Given that there are no 
stationary objects within the international shipping lanes, the frequency was not considered 
as there is no opportunity for the event to occur. 

3.4.3 Groundings (drift and powered) Frequency 

As shown in Table 3-9, the largest accident rate is associated with grounding. For 
grounding risk the geography and the wind must be considered. Table 3-15 compares the 
geography and wind conditions within the Marine Shipping Area. 
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Table 3-15 Grounding Geography 

 
Primary Wind Direction Largest Grounding Risk 

  Wind Speed 
(m/s) 

Wind 
Direction 

Distance to 
Shore (NM) 

Drift Time to 
Ground (hrs) 

Wind 
Speed 
(m/s) 

Wind 
Direction 

Distance 
to Shore 

(NM) 

Drift Time 
to Ground 

(hrs) 

Percent of 
Year in 

This 
Direction 

Segment A                   
     Off Point Roberts 12 W 20.0 14.29 8 ESE 6.0 6.43 25.5% 
Segment B                   
     Boundary Passage 17 SSW 0.74 0.37 17 S 0.58 0.29 30.8% 
     Haro Strait 15 SSE 2.45 1.40 9 W 0.60 0.57 12.0% 
Segment C                   
     Race Rocks 17 W 27.1 13.67 6 S 2.2 3.14 4.8% 
Segment D                   
     Off Sheringham Point 13 WNW 10.0 6.60 13 WNW 10.0 6.60 50.4% 
     Neah Bay 14 E N/A N/A 11 SW 4.6 3.59 16.0% 
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Utilising the minimum Drift Time to Ground for the Largest Grounding Risk, which is 
based upon a combination of distance to ground and wind direction as a metric, the highest 
grounding risk due to geography is within Segment B in Boundary Passage.  

Based on the voyage duration alone, the largest grounding risk would occur within Segment 
D. However, the Juan de Fuca Strait traffic is far offshore and prevailing winds are aligned 
with the Strait. This geography is not indicative to a high grounding risk. Further, grounding 
risk in Segment D is considered only to be due to drift grounding as the vessel traffic lanes 
are far enough offshore, the channel is wide enough, and the requirements for course 
changes small enough, to consider the chance of powered grounding to be negligible. 
Grounding accident data indicates that about 20% of groundings are drift groundings (RBT2 
EIS Appendix 30-A). 

Similarly, Segment A risk in grounding is reduced relative to Segments B and C due to 
larger distance off shore minimising the rate of powered grounding. Further, Segment A is 
close to the RBT2 terminal where tugs are available to assist in cases of loss of power or 
steerage.  

3.4.4 Foundering Frequency 

Foundering risk is considered negligible in Segments A, B, and C because they are in 
protected waters. Global rates were applied to Segment D. 

3.4.5 Fire and Explosions Frequency 

Since 1995, there have been 148 fires and explosions recorded for container ships 
worldwide (IHS 2013), of which 33 were in port. Twelve were in the cargo holds, three were 
in unspecified locations, and the rest were in accommodation, engine, or machinery spaces. 

Rates developed based upon international data in RBT2 EIS Appendix 30-A result in a mean 
return period of 199 years for fires and explosions while at or near the terminal assuming 
each ship spent 1% of a ship-year in the Vancouver region. This includes time at the 
terminal. The mean return period of a fire/explosion while underway during transit by a 
RBT2 bound container ship through segments A to D is approximately 1100 years.  

Rates were proportioned to the route segments based primarily on transit time with a slight 
bias towards Segments A and B due to the changes in speed associated with the start/end 
of the voyage and pilot boarding. 

3.5 COLLISIONS WITH SMALL FISHING VESSELS AND OTHER SMALL CRAFT 

RBT2 EIS Appendix 30-A estimates of rates of collisions with fishing vessels and other small 
craft were based upon two sources. One was the Transportation Safety Board (TSB) marine 
incident database for the Canadian waters south of Latitude 50 deg. N, and the second was 
based upon Fisheries and Oceans Canada (DFO) data and a collision rate was calculated from 
the spatial density of fishing vessels (Judson, 1992). RBT2 EIS Appendix 30-A noted that 
the second approach was approximate and considered conservative. 
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The TSB incident data included all Canadian waters out to the territorial limit, and includes 
reported collision incidents for vessels of all sizes. There were a small number of collisions 
(three if not including ferries and eight if ferries are included) between larger vessels and 
small vessels including fishing vessels over 18 years. Two involved deep-sea vessels, of 
which one was with a fishing vessel. One approach would be to scale the frequency with the 
number of deep-sea vessel transits.  However, although we can estimate how many deep-
sea vessel transits occurred during this period, most of these collisions are associated with 
ferries and thus it is not clear that using deep-sea vessel transits is the appropriate scaling 
factor. It is also likely that a number of near-misses (or more correctly near-hits) are not 
reported. Nonetheless, this information indicates the contribution of RBT2 bound container 
ships will have a small effect regardless of the study area considered.  

The use of DFO data is not as applicable for the extension to the territorial boundary 
because the DFO sub-areas for the portions of the route southwest of East Point include 
island archipelagoes in which the fishing activities are irregularly distributed.  Additionally, a 
significant area of the shipping route is within U.S. waters for which DFO does not have any 
data available. 

Other studies, e.g. Gateway Pacific (The Glosten Associates et al, 2014a) and BP Cherry 
Point Vessel Traffic Analysis (The Glosten Associates et al, 2014b), have distinguished 
between fishing vessels sizes. Large fishing vessels are effectively those that carry AIS 
transmitters and are considered as part of the general deep-sea vessel traffic. Rates for 
collisions with small craft were not developed in those studies. 

It is recommended that frequency of collision with small craft, whether fishing or 
recreational, be considered proportional to the increase in traffic due to RBT2 container 
ships. The relative contribution of RBT2 bound traffic to overall deep-sea vessel traffic for 
the extended area to the territorial boundary is smaller than for the region near the terminal 
itself. The TSB incident data indicates this increase will lead to a negligible increase in 
collisions with fishing vessels or small craft. The additional contribution of RBT2 bound 
container ships and other changes to vessel traffic to the frequency of collisions with fishing 
vessels is well within the uncertainty in these assumptions and the projected rate is 
considered indistinguishable from the historical rate.  

The TSB data indicates that the return period for a collision between a larger vessel and a 
small vessel is approximately 4 years, approximately evenly divided between fishing vessels 
and other small vessels. The introduction of RBT2 bound container ship traffic will have no 
quantifiable effect on this rate. 

RBT2 EIS Appendix 30-A estimated the return period for a RBT2 bound container ship 
collision with a fishing vessel in the waters adjacent to the Roberts Bank Terminals to be 
approximately 60 years. Taking into consideration the conservative nature of that estimate, 
and the TSB data, the rate for the MSA is estimated to be approximately 50 years. As in 
RBT2 EIS Appendix 30-A the return period for collisions with small vessels is judged to be of 
the same order of magnitude as for fishing vessels. 
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3.6 HIGHER INCIDENT RISK AREA 

On the basis of the return periods for all accident types combined and specifically for 
groundings it can be seen that Segment B is the higher incident risk area. Within Segment 
B, the portion in Haro Strait and Boundary Passage is considered the highest risk area as 
the channel is narrowest, is bounded by a rocky shore, and is across the prevailing wind 
direction. An outline of the higher incident risk area is shown in Figure 3-1.  

 

Figure 3-1 Approximate Higher Incident Risk Area 
 

Boundary Passage 

Haro Strait 
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3.7 FREQUENCIES OF OIL SPILLS FROM CONTAINER SHIPS 

As outlined in Section 2.3.3 the occurrence of a spill once a collision or grounding has 
occurred requires additional events that lead to penentration of the fuel oil tanks. The low 
proabailities of these events reduce the rate of spills. In Table 3-16 these factors are used 
to develop the spill annual frequencies by segment and the corresponding return periods are 
shown in Table 3-17. These frequencies and return periods are for a spill of any size. 
Frequencies will be lower, and return periods higher, for larger spills. 

Table 3-16 Annual Frequency for a Fuel Oil Spill from a Container Ship by Segment 

Spill Annual Frequencies Including Vancouver Region Factor 

Accident Type Segment A Segment B Segment C Segment D 
Collision 2.03 x 10-3 2.03 x 10-3 2.03 x 10-3 4.56 x 10-4 

Collison Spill 2.62 x 10-5 2.62 x 10-5 2.62 x 10-5 5.88 x 10-6 

Grounding 1.90 x 10-3 6.93 x 10-3 1.40 x 10-3 1.36 x 10-3 

Grounding Spill 1.15 x 10-4 4.18 x 10-4 8.46 x 10-5 8.18 x 10-5 

Combined Spill 1.41 x 10-4 4.44 x 10-4 1.11 x 10-4 8.76 x 10-5 

 

Table 3-17 Mean Return Periods for Container Ship Fuel Oil Spills by Segment 

Mean Return Periods Including Vancouver Region Factor 

Accident Type Segment A Segment B Segment C Segment D 
Collision 490 490 490 2,190 

Collison Spill 38,200 38,200 38,200 170,000 

Grounding 530 140 710 740 

Grounding Spill 8,700 2,400 11,800 12,200 

Combined Spill 7,100 2,300 9,000 11,400 
 

As noted in Section 2.4.6 accident frequencies are uncertain parameters and this 
uncertainty is captured using +/- 15 percent variability on the mean rates. Here the +15 
percent factor is used to establish an upper limit. Minimum return periods using this 
approach are presented in Table 3-18. 
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Table 3-18 Minimum Return Periods for Container Ship Fuel Oil Spills by Segment 

Minimum Return Periods Including Vancouver Region Factor 

Accident Type Segment A Segment B Segment C Segment D 
Collision 430 430 430 1,910 

Collison Spill 33,200 33,200 33,200 148,000 

Grounding 460 130 620 640 

Grounding Spill 7,600 2,100 10,300 10,600 

Combined Spill 6,200 2,000 7,900 9,900 

The minimum return period for a spill of any size is approximately 10,000 years from a 
collision  and 1,240 years from a grounding. Combining these, the minimum return period 
for a spill of any size from a collision or grounding in the MSA is estimated to be 
approximately 1,110 years. The return period for a spill from a foundering is over 50,000 
years. Fuel oil spill risk from fires and explosions is considered neglibile. 

In Table 3-16 the estimated annual grounding frequency in the higher incident risk area, 
Segment B, is 6.9 x 10-3 (a 144 year return period). As noted in Section 3.6, the highest 
risk within the segment is assigned to the Haro Strait and Boundary Passage portion. For 
the purpose of spill frequency estimation, 75% of the Segment B grounding risk is assigned 
to Haro Strait and Boundary Passage. For the rocky shores in Haro Strait and Boundary 
Passage the probability of hull penentration of 80% is used. In RBT2 EIS Appendix 30-A the 
probability of bunker tank being penetrated given a hull penetration is determined to be 
9.7% in 2030 taking into account the use of protective fuel tank location.  

The estimated mean annual frequency of a fuel oil spill in Haro Strait and Boundary Passage 

is 43 100.4097.080.0109.675.0 −− =×××= xxFgs . The corresponding return period is 

approximately 2,500 years. As noted above, this is the annual frequency of a spill of any 
size. Frequency of a large spill such as that in the plausible worst case accident (see 
Section 3.9) will be lower.  

3.7.1 Frequencies of Oil Spills from Collisions with Other Container 
Ships or Laden Crude Oil Tankers 

In RBT2 EIS Appendix 30-A the ratios of container ship collisions with other ship types are 
developed for the waters adjacent to Roberts Bank. In that region, 51.7% of potential 
collisions are estimated to occur with other containerships primarily due to the proximity of 
routes. Collisions with crude tankers are estimated to be 1.2% of the potential collisions. 
Analysis of collisions at this level is not available for the MSA. If the percentages above are 
applied to the MSA then the following is applicable: 

• Minimum return period (at 95% confidence level) for collisions of RBT2 bound container 
ships with other traffic in the MSA of 133 years;  

• Container ship-tanker collision return periods are over 10,000 years and those for laden 
crude oil tankers are even lower due to the fact that only outbound crude oil tankers are 
expected to be laden with crude oil, and  
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• Minimum return period for a container ship collision with another container ship is 
approximately 250 years. 

3.8 MAXIMUM CREDIBLE DISCHARGE: SPILL SIZE OR NUMBER OF CONTAINERS 
LOST 

In planning for response capabilities the U.S. Coast Guard (USCG) uses the concept of 
worst-case discharge. This spill volume, based on USCG regulations, is the total capacity 
of the cargo and/or bunker fuel tanks of the vessel. This volume varies from 10 barrels for 
small recreational vessels to 1.9 million barrels (300,000 m3) for fully-loaded, very large, 
crude tankers. 

In planning for response capabilities, the concept of worst-case discharge is usually taken as 
the total capacity of the cargo and/or fuel tanks of the vessel involved. In assessing risk, 
this is not necessarily the appropriate amount if the probability of such a spill is minute, on 
the order of 1 x 10-6 per annum. Scenarios that would result in total loss would almost 
invariably take time long enough for a response to be initiated. In the event of a spill, a 
clean-up would be mounted, whether the spill consisted of containers or their contents, and 
whether the spill originated from the container ship or another ship involved in a collision. 
Evaluation of the exposure of the environment to the maximum credible discharge 
should take these factors into account. On the other hand, planning for the response should 
take into account the amount that would need to be removed from being in a position to 
cause environmental damage, i.e., the worst-cast discharge. 

Note that the estimates below for maximum credible spill size are not different for RBT2 
than for current container ship traffic to Deltaport and other PMV terminals as the maximum 
fuel oil tanks sizes for container ships calling at all terminals is the same. 

3.8.1 Maximum Credible Loss Overboard of Containers from a 
Container Ship in Transit 

Loss of containers overboard in semi-protected or protected waters is assumed to result 
from a collision or grounding.  Risk of loss from foundering or loss overboard from ship 
motions in semi-protected water is considered negligible. This is based on the WSC (2013) 
estimate that there are 350 containers lost per year from non-catastrophic events 
associated with ship seaway motions. There are typically about 100 million laden containers 
moved per year (WSC 2013) equal to approximately 175 million laden TEUs of which RBT2 
would represent less than one percent. Thus, the loss rate is less 1 x 10-7 per year for 
container movements to RBT2 due to foundering or severe weather. This incidence is 
considered negligible.   

Containers may be lost overboard in the event of a collision or grounding and could 
conceivably release hazardous and noxious substances (HNS) to the environment. In the 
absence of any established procedure for determining maximum numbers of containers lost 
in collisions or groundings, the IHS Sea-web casualty database was reviewed for containers 
lost in collisions in or near ports. Of the 19 events provided in the database, 12 events did 
not involve a reported loss overboard of containers. The largest number of overboard 
containers reported was 290 containers from the MSC Chitra (2,314 TEUs capacity) in 2010, 
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about 25% of the capacity based upon typical 40 ft. containers. In the case of the MV Rena 
grounding accident, there was a loss of 360 of 1,368 containers, representing 26% of the 
containers onboard. It is noted that this loss was mitigated by an aggressive salvage 
operation to remove containers from the ship before it eventually slid off the reef and sank. 

Based upon this limited historical data the maximum credible loss overboard of containers 
from a container ship in transit is estimated at 25% of the vessel capacity. While removal of 
the containers lost overboard would involve a salvage operation, the combination of low 
collision or grounding accident frequencies with the low percentage of HNS containers at 
risk of being lost overboard (approximately 0.7% for Deltaport in 2012; see RBT2 EIS 
Appendix 30-A), and the requirement for the container being compromised to release its 
contents, leads to the assessment that the frequency of spills of HNS substances from 
containers lost overboard is low enough to not require further consideration. 

HNS substances are carried in containers in a number of forms. One form that represents a 
maximum credible discharge for a single container is an ISO bulk liquid container that 
carries 26,000 litres. Not all HNS substances are carried in this form. 

3.8.2 Maximum Credible Fuel Oil Spill Size from a Container Ship 

Fuel tanks on container ships are usually widely distributed throughout the vessel, and the 
chance of damage causing all to lose all their contents is minute given the accident rates 
and types for the region. For this assessment, the largest assumed oil spill release was 
based upon one or two of the largest fuel tanks losing their contents. International Maritime 
Organization (IMO 2008 ) statistics used to formulate the fuel tank protective locations 
show no damage penetrations beyond 0.3 times ship beam, including all side penetrations, 
from impacts at all speeds. Bunker tanks on container ships meeting the requirements for 
protective location (IMO 2010) are designed such that the boundary into a second tank is 
beyond the limit of the IMO distribution, and the tanks are not located adjacent to one 
another longitudinally. Each tank is less than or equal to 2,500 m3 in size as limited by IMO. 
Thus, this study recommends that the maximum credible spill for a collision, allision or soft 
grounding would be the size of the largest single fuel tank allowed under the regulation. 

Simulation of grounding damage analysis using the IMO probability distributions via HEC 
software indicates a greater probability of hitting three tanks across. For grounding 
scenarios therefore, it is assumed that the maximum credible spill size for a hard grounding 
is three times the maximum tank size, or 7,500 m3. 

3.8.3 Maximum Credible Spill Size from a Crude Oil Tanker Involved 
in a Collision with a RBT2 Bound Container Ship 

Analysis of collisions where a container ship strikes a 90% full laden Aframax tanker similar 
to the current and proposed tanker traffic from the KM terminal in Burrard Inlet using the 
IMO Accidental Oil Outflow damage probability distributions (IMO 2010) has been done 
(RBT2 EIA Appendix 30-A). A double hulled tanker will have a cargo region where the oil 
tanks are surrounded by an envelope typically 2.5 m in thickness. This analysis indicates 
that the tanker will always survive the collision. For collisions that cause hull penetration, 
the probability of striking an oil tank (whether fuel or cargo) is 0.292 using this approach. 
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The IMO statistics used show no damage penetrations beyond 0.3 times ship beam, 
including all side penetrations, from impacts at all speeds thus, limiting the amount of oil 
possibly spilled. The maximum amount of oil spill in a damage scenario under these 
assumptions is just under 40,000 m3. 

3.9 PLAUSIBLE WORST CASE ACCIDENT 

Using results presented in this report, RBT2 EIS Appendix 30-A and RBT2 EIS Appendix 
30-B  Estuarine/Marine Fate of Spill Type Accidents, a plausible worst-case incident 
scenario was determined based on the analysed frequencies and likely locations of 
occurrence.  
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Table 3-19 Rationale for Selection of Worst-Case Scenario Characteristics 

 

Plausible Worst-
case Scenario 
Characteristic 

Rationale for Selection of this 
Characteristic 

Type of 
ship Container ship Only container ships call at RBT2. 

Type of 
accident Powered grounding Most probable accident type with potential for 

highest environmental consequence. 

Substrate Hard bottom 

Most likely substrate, given estimates that 75% 
of the MSA is considered to be bounded by 
rock, not soft bottom. For groundings in rocky 
substrate, the probability of hull penetration is 
assumed to be 80%. 

Material 
spilled Heavy fuel oil 

Though container ships typically carry light and 
heavy fuel oil, when spilled to the environment, 
heavy oil is more persistent, evaporates less, is 
more likely to travel farther, and is more likely 
to wash ashore. 

Month of 
accident May 

Spring freshet flows from the Fraser River 
increase the likelihood of a spill’s transport 
away from the accident site, notably from 
Boundary Passage into Haro Strait. 

Weather 
conditions 
at time of 
the spill 

Moderate 
southeasterly winds 

In May, winds are typically moderate, variable 
in speed and direction, though frequently 
southeasterly and southwesterly. 

Volume 
spilled  7,500 m3 

For a grounding scenario, it is assumed that the 
maximum credible spill size for a hard 
grounding is three times the maximum IMO-
regulated tank size (2,500 m3), which totals 
7,500 m3. 

Location 
of spill 

South end of South 
Pender Island in 

Boundary Passage 
and Moresby Island. 
Unmitigated, the spill 
would extend north 

into MSA Segments A 
and E and south into 
Segments C, D, and 

G. 

Boundary Passage is considered a higher 
collision or grounding risk area due to the 
relative narrow passage, potential navigational 
hazards, and prevailing wind directions 
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4 SUMMARY 

This report considers potential effects of marine shipping associated with the Project outside 
PMV’s jurisdiction to the 12 nautical mile limit of the Canadian territorial sea (referred to as 
the Marine Shipping Area or MSA). The assessment is for the year 2030 as it is anticipated 
that all foreseeable improvements and expansions to marine facilities would be functioning 
by then. 

The MSA was divided into 7 segments (see Figure 2-1), 4 of which included marine traffic 
contributions in Canadian waters from RBT2 bound containers ships. Vessel movements 
were calculated for each of the relevant Segments within the Marine Shipping Area as well 
as for the three cross sections identified in Figure 2-2. 

This report supplements the information contained in RBT2 EIS Appendix 30-A and draws on 
that report for data and methodology. Although the EIS has to date concentrated on the 
area within PMV jurisdiction, RBT2 EIS Appendix 30-A took a wider view looking at the 
marine traffic in the waters adjacent to the terminal outside PMV’s jurisdiction to provide 
context for the assessment. As such there is some overlap in the inputs to the quantitiative 
risk assessment from these two analyses. 

The 2012 commercial ship movement estimate for the Marine Shipping Area was based on 
published vessel movements from the Trans Mountain Expansion Project (TMX) TERMPOL 
Reports (TMX 2013). The 2030 vessle movements are estimated by applying a growth rate 
to the 2012 data each year until 2030. The growth rates are typically about 1% a year. 
Increasing ship sizes in nearly all traffic segments may reduce these growth rates. A 
comparison and reconcilitation of the vessel movements and growth rates with RBT2 EIS 
Appendix 30-A is included in Appendix A. Overall the vessel movement projections are 
similar. Vessel momevments are presented in Section 3.1. 

Accident frequencies for the major categories of in-transit accidents based upon hazard 
identification done by IMO, and other sources as described in RBT2 EIS Appendix 30-A, 
were considered: 

• Allisions; 
• Collisions; 
• Fire/Explosions; 
• Drift groundings; 
• Powered groundings; and 
• Founderings and Structural failures. 

Accident frequencies are based upon global accident rates for container ships (GL 2013) 
adjusted for exposure to the hazards and applied to the transits within the MSA. The 
reliative contribution to the total risk for each route segment is developed through a 
combination of transit time and engineering judgement that takes into account relative 
traffic density, route course change requirements and local geography. Allisions were 
removed from consideration in the MSA as the opportunity for striking a stationary object in 
the route segments is negligible. A final, Vancouver Region Factor, is applied to collisions 
and groundings based upon investigation of incidents in the region since 1995. Accident 
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frequencies and return periods are presented in Section 3.3.2. The return periods for each 
accident type by segment (Table 3-13) are reproduced here in Table 4-1. 

Table 4-1 Return Periods by Segment for Each Accident Type Including Vancouver 
Region Factor 
 

Effective Return Period Including Vancouver Region Factor (years) 
 

Accident Type 
Segment 

A 
Segment 

B 
Segment 

C 
Segment 

D Combined 

Vancouver 
Region 
Factor 

Collision 493 493 493 2,194 153 0.5 

Grounding 527 144 713 738 86 0.5 
Fire/Explosion 8,319 3,185 7,483 3,038 1,115 1 

Foundering 0 0 0 52,858 52,858 1 
 

Collisions with small craft including fishing vessels were investigated. It is concluded that 
RBT2 container ships will have an unnoticeable influence on existing, low collision 
frequencies. 

Based upon the return periods for the accident types investigated Segment B was identified 
as a higher incident risk area, with the Boundary Passage portion rated the highest risk 
area. 

One goal of the study was to identify a plausible worst case accident. To assist in this the 
maximum credible spill size and number of containers lost overboard were identified. For 
the case of a collision the maximum oil spill is associated with damage to one, maximum 
sized under IMO regulations, fuel tank at 2,500 m3. Similarly for a grounding the maximum 
credible fuel oil spill is the contents of three of these tanks, or 7,500 m3. A review of 
historical data shows that a significant number of containers can be lost overboard during a 
collision or grounding. Recent grounding experience with a smaller container ship has shown 
there is the chance of losing all containers if a container ship sinks after grounding. 
Aggressive salvage efforts can mitigate this, and thus the maximum credible number of 
containers lost approaches 25% of the vessel capacity. 

Estimates of accident rates are uncertain with international research indicating that the 95% 
confidence intervals on these rates are +/- 15 percent of the mean rates. Sensitivity to key 
paramaters is captured in these uncertainties and by recognizing the role of the Vancouver 
Region Factor. The Vancouver Region Factor was conservatively selected. Changes in this 
selection would linearly affect estimates for collision and grounding rates. 

Estimation of the frequency of oil spills is presented in Section 3.7 and the results are 
reproduced here in Table 4-2. The minimum return period, for a spill of any size, from a 
collision or grounding in the MSA is estimated to be approximately 1,110 years. The return 
period for a spill from a foundering is over 50,000 years. Fuel oil spill risk from fires and 
explosions is considered neglibile. 
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Table 4-2 Minimum Return Periods for Container Ship Fuel Oil Spills by Segment 

Minimuml Return Periods Including Vancouver Region Factor 

Accident Type Segment A Segment B Segment C Segment D 
Collision 430 430 430 1,910 
Collison Spill 33,200 33,200 33,200 148,000 
Grounding 460 130 620 640 
Grounding Spill 7,600 2,100 10,300 10,600 
Combined Spill 6,200 2,000 7,900 9,900 

Return periods are an indication of the mean time between events. The time until the next 
event could be shorter or longer than the return period. For rare events, such as these, an 
exponential distribution for the time between events is applicable. 

The above analysis indicated that a grounding is likely to be the accident type associated 
with a plausible worst case accident. A plausible worst case is identified involving a 
grounding in Boundary Passage where the container ship comes ashore on South Pender or 
Moresby Islands and spills 7,500 m3 of fuel oil. The rationale for this selection is included in 
Table 3-19. 
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A. VESSEL POPULATION RECONCILIATION 

The vessel population used in this study differs from the vessel populations used in the 
RBT2 EIS Appendix 30-A. RBT2 EIS Appendix 30-A calculated the number of round-trip 
voyages of cargo vessels rather than the vessel movements used in this report.  The RBT2 
EIS Appendix 30-A data was doubled to account for the arrival and departure movement of 
each vessel.  This appendix provides details about the differences between the movement 
estimations. A summary of the vessel movements utilised in each report is provided in 
Table A-1. RBT2 EIS Appendix 30-A included a region that overlapped Segment A. 

Table A-1  Vessel Movements for Segment A 

 
2012 2030 

Vessel Type RBT2 EIS 
30-A 

RBT2 
Supplemental 

Report 

RBT2 EIS 
30-A 

RBT2 
Supplemental 

Report 

Cargo/Carrier 4,408 5,301 6,372 6,341 

Tug 4 3,237 8 4,592 

Service 1,608 1,316 1,608 1,574 

Passenger 15,550 8,632 15,472 9,570 

Tanker 542 385 1,576 1,270 

Fishing 376 459 376 459 

Other/Unknown N/A 1,262 N/A 1,509 

Total 22,488 20,592 25,412 25,315 
 

A-1. DATA SOURCES 

A-1.1. RBT2 EIS APPENDIX 30-A 

The vessel population utilised in RBT2 EIS Appendix 30-A was produced by Herbert 
Engineering Corp. (HEC) and was intended to include all traffic operating in the vicinity of 
Roberts Bank and was not limited to the traffic within Segment A. The population was 
primarily based on the Automated Information System (AIS) data obtained from 
www.MarineTraffic.com (2013) for vessel traffic from April 2011 to June 2013 in a one 
degree, latitude and longitude, square centred on Roberts Bank. Most commercial vessels 
have an AIS transponder which broadcasts information on vessel GPS location, speed, 
heading, and a unique vessel identifier called the Maritime Mobile Service Identity (MMSI). 
These data are broadcasted every 3 to 6 minutes. MMSI numbers within the AIS data were 
cross-referenced with a database of vessel information that included the vessel’s type, 
dimensions, and capacity. 

AIS data includes many erroneous data points due to a number of factors and thus, requires 
screening and removal of bad data points. To facilitate its use in encounter modelling, the 
tracks for vessels were manipulated to provide location, speed, and vessel characteristics at 
common time stamps; every five minutes throughout the approximately two-year period 
covered by the data. 
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Where possible, the AIS data was cross-referenced with data from Port Metro Vancouver, 
Pacific Pilotage Authority, and BC Ferries traffic from personal communications and online 
schedules. 

The 2030 traffic prediction was based on an analysis of the cargo throughput and vessel size 
trends in the area as well as an analysis of all the proposed expansion projects in the area 
for which data was publicly available at the time of the report. The details of the 2030 
prediction can be found in RBT2 EIS Appendix 30-A. 

A-2. VESSEL TYPES 

AIS data does not provide information about the type of vessel. In order to figure out the 
vessel type, the MMSI number that is broadcast with the AIS data must be cross-referenced 
with a database of vessels organised by type. The classification of vessel types is the 
responsibility of the individual interpreting the data. As the RBT2 EIS Appendix 30-A 
population and the population used in this report are both based on AIS data from the same 
time-period, it is believed that the differences in the 2012 population are primarily a result 
of differences in vessel type classification. Table A-2 redistributes the movements from 
RBT2 EIS Appendix 30-A to the categories that are utilised by this report. Detailed analysis 
of the vessel categories is provided in the sections below. 
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Table A-2  Distributed Vessel Movements for Segment A 

 
2012 2030 

Vessel Type RBT2 EIS 
30-A 

RBT2 
Supplemental 

Report 

RBT2 EIS 30-
A 

RBT2 
Supplemental 

Report 
    Cargo/Carrier 4,408 5,301 6,372 6,341 
          Ro-Ro/Passenger +622   +544   
          Cargo Service +292   +292   
          Cargo Barges   -1,000  

Cargo/Carrier (Adjusted) 5,322 5,301 6,208 6,341 

    Tug BG* + 4 3,237 BG* + 8 4,592 
           Cargo Barges   +1,000  
           Tank Barges +72  +192  

Tug (Adjusted) BG* + 76 3,237 BG* + 1,200 4,592 
   Service 1,608 1,316 1,608 1,574 
          Cargo Service -292   -292   

Service (Adjusted) 1,316 1,316 1,316 1,574 
   Passenger 15,550 8,632 15,472 9,570 
          BC Ferries (Removed) -14,548 -8,252 -14,548 -9,115 
          Ro-Ro/Passenger -622   -544   

Passenger (Adjusted) 380 380 380 455 
     Tanker 542 385 1,576 1,270 
         Tank Barges 

  
-72   -192   

Tanker (Adjusted) 470 385 1,384 1,270 
Fishing 376 459 376 459 
Other/Unknown  (Removed) BG* 1,262 BG* 1,509 

* The number of Tugs and Other/Unknown vessel types in the RBT2 QRA were not counted 
but are present in the background (BG) 2012 AIS data used in the analysis. 

A-2.1. CARGO/CARRIERS 

This is a very broad category that includes all types of commercial cargo vessels such as 
container ships, dry bulk carriers, heavy lift, car carriers, etc. RBT2 EIS Appendix 30-A 
further divides this category to separate out the container ships and bulk carriers for further 
analysis. Three adjustments were made to this category to reconcile the populations: 

1. 622 Ro-Ro/Passenger (non-ferry) movements were moved from the passenger 
vessel category to the cargo/carrier category in 2012 and 544 movements were 
moved in 2030. This category covers long distance vehicle transportation and 
primarily includes the Alaska Marine Highway vessels.   

2. 292 movements were moved from the Service category to the cargo/carrier 
category. The transfer of these vessels brings the adjusted count for both categories 
in line with each other. The service category in RBT2 EIS Appendix 30-A included 
vessels such as buoy tenders and offshore supply vessels, both of these vessel types 
may have been categorised as cargo vessels. 
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3. 1,000 cargo barge movements were moved from the 2030 cargo/carrier category to 
the tug category. These cargo barges are from the proposed Texada Coal project. In 
this report barge/tug combinations are included in the Tug category rather than the 
cargo vessel category used in RBT2 EIS Appendix 30-A. 

A-2.2. TUGS 

RBT2 EIS Appendix 30-A did not count the number of tugs in the region; these vessels were 
included in the raw background data within the 2012 AIS data.  However, tug/barge 
combinations were identified where possible and categorized by the cargo they were 
carrying.  The background tug population was not increased for 2030, but specific cargo 
barge projects were identified and included. 

Effectively, the RBT2 EIS Appendix 30-A population included an increase of 1,124 tug 
movements.  This report utilized the growth rate in Table 2-2 and calculated an increase of 
1,355 tug movements.    

A-2.3. SERVICE 

Service vessels included vessel types such as government, coast guard, pilot, research, and 
dredging. The service vessels were adjusted by removing 292 movements of unspecified 
vessels as described in the cargo/carrier section above. 

A-2.4. PASSENGER 

As noted in the cargo/carrier section, the ro-ro/passenger vessels were removed from the 
passenger category, which leaves only cruise ships and passenger ferries. 

The Tsawwassen Ferry Terminal is a major Vancouver area terminal for the BC Ferries 
system. The terminal is located approximately 500 metres north of Segment A of the Marine 
Shipping Area. Due to the close proximity with the border of Segment A, a more detailed 
analysis of the ferry transits in the region was required to have an accurate count of the 
ferries within Segment A. 

From the Tsawwassen terminal there are two major routes, one north and one south, for 
the BC Ferries. The northern route connects the terminal to Duke Point near Nanaimo, BC. 
The ferries on the northern route depart the terminal and enter the shipping traffic lanes 
heading north. These ferries typically enter Segment A very briefly as they are departing 
the terminal, but the route does not transit through the central area of Segment A and thus 
these voyages are not counted in the Segment A movements. The southern route connects 
the terminal to Swartz Bay, near Victoria, BC and to the Southern Gulf Islands through 
Active Pass. The ferries on this route cross through the centre of Segment A directly across 
the shipping lanes. These ferries are counted in Segment A as they interact with the regular 
vessel traffic.  

The BC Ferries movements were counted by two methods. The HEC AIS data was analysed 
to determine the total ferry movements that enter the shipping lanes in the area. This count 
was then cross-referenced to the published BC Ferries schedules. The count of ferry 
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movements in the AIS data was consistently higher than the scheduled ferry movements by 
about 10%. This difference was attributed to normal ship operations such as service, 
fuelling, transfers, and the shifting of ferries from the offloading terminal at Tsawwassen to 
the loading terminal. The shift from the offloading to the loading terminal happens one to 
two times per day and often results in the vessel traveling far enough south to interact with 
the shipping lanes. A summary of the BC Ferries movements from Tsawwassen, as well as 
the other passenger ship movements in the area, can be found in Table A-3. 

Table A-3 BC Ferries Movements in 2012 near Segment A 

 

BC Ferries 
Movements 

South Route (Segment A) 8,252 
North Route 5,640 
Non-scheduled Ferry Transfers 656 
Total 14,548 

 

As RBT2 EIS Appendix 30-A covers all of the traffic around Roberts Bank, the BC Ferries 
included in that study were not limited to the ferries that head south through Active Pass. 
RBT2 EIS Appendix 30-A included all 14,548 BC Ferries movements out of the Tsawwassen 
terminal. 

In order to reconcile the populations, all BC Ferries traffic was eliminated from the 
populations leaving only cruise ships in the passenger ship populations. HEC’s data sources 
indicated that the cruise ship population in the region was declining, partially due to the 
increase in size of cruise ships. HEC chose to keep the cruise ship movement count constant 
for 2030. The Seaport Consultants report indicates an expected cruise ship movement 
growth of 1% per year, which was used for this report. Growth rates applied to the Marine 
Shipping study (see Table 2-2) were based on available information from Seaport 
Consultants (2013) in the Transmountain Termpol Report.  This growth factor of 1% per 
year after 2021 is considered conservative because personal communications with BC 
Ferries (PMV 2013d) conducted as part of the RBT2 assessment suggested no growth is 
anticipated in 2030. 

A-2.5. TANKER 

The number of present day tanker movements reported in RBT2 EIS Appendix 30-A is 
considerably higher than the number of tanker movements used in this report. A small 
portion of this difference is due to tank barges which were included in the Tug category. 
After this correction, the RBT2 EIS Appendix 30-A figure is still 22% higher. HEC has cross-
referenced the calculated AIS data with data from Port Metro Vancouver and the 
Washington State Vessel Entries and Transits (VEAT) 2012 report. The figures used in the 
RBT2 EIS Appendix 30-A are consistent among these sources. The difference is attributed to 
differing definitions of a “tanker”, which in the VEAT data and RBT2 EIS Appendix 30-A 
include vessels carrying chemicals in bulk liquid form while the definition for this report is 
focused on oil transport. 
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Despite the discrepancy in the present day figures, the estimates for 2030 differ by less 
than 10%. The estimate for tanker movements in 2030 for this report utilised the growth 
estimate from Table 2-2 plus the additional tanker movements added by the Trans 
Mountain Expansion Project.  

A-2.6. FISHING 

The RBT2 EIS Appendix 30-A fishing vessel count only included ocean-going fishing vessels 
and it did not include any vessels operating out of Boundary Bay. The differences in the 
populations may be a result of local fishing vessels, or vessels that head out of Boundary 
Bay and through Active Pass. All sources indicated no growth in the fishing population for 
2030. 

A-2.7. OTHER/UNKNOWN 

RBT2 EIS Appendix 30-A did not count the number of other/unknown vessel movements in 
the region. These vessels were included in the raw background data within the 2012 AIS 
data used for the collision frequency modelling.  The unknown vessels were analysed 
thoroughly by HEC and it was determined that most of these vessels were private pleasure 
craft. These boats are generally small and are not considered a significant hazard to 
commercial ships as a collision is not likely to result in a hull breech of the commercial ship. 
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EXECUTIVE SUMMARY 

Port Metro Vancouver (PMV) retained RPS Applied Science Associates, Inc (RPS ASA) to conduct a 

qualitative assessment of the general transport and behaviour of an oil spill in the marine environment 

from a hypothetical shipping-related accident and malfunction of a Roberts Bank Terminal 2 Project 

(RBT2)-associated vessel.   

Appendix 10-A Marine Vessel Incidence Prediction Inputs to the Quantitative Risk Assessment of 

the Marine Shipping Supplemental Report provides marine vessel incidence predictions for the Marine 

Shipping Area (MSA), inclusive of Juan de Fuca Strait, Haro Strait, Boundary Passage, and the Southern 

Strait of Georgia. Haro Strait and Boundary Passage are identified as a higher incident risk area for 

container ship spills resulting from vessel collisions or groundings. This report focuses on transport and 

fate of fuel oils spilled in the higher incident risk area within MSA Segment B.  

This report describes the physical chemical properties and likely behaviour of both light and heavy fuel oil 

and summarises prevailing environmental conditions for two different seasonal scenarios in the higher 

incident risk area. The plausible worst case scenario for an accident involving a spill within the higher 

incident risk area involves a hard or powered grounding of a container ship resulting in a spill of 

approximately 7,500 m
3 

of heavy fuel oil in the early spring (e.g., May) when discharges from the Fraser 

River are greatest.  

Heavy fuel oils are highly viscous and mostly insoluble. Compared to light oils, heavy fuel oils have 

minimal fraction of volatiles and hence are less dispersible in water and may be more persistent in the 

environment (water surface and shorelines). The lighter fractions of heavy fuels may evaporate to the 

atmosphere or dissolve in water column, but some heavy residual fuel oils may undergo little or 

no evaporation because of minimal light fraction constituents. The heaviest fractions of the oil may float or 

sink, depending on the density relationships with the ambient water. Weathered heavy fuel oil may also 

become incorporated into near shore sediments, where sufficiently high amounts of suspended 

particulate matters are present. Polycyclic aromatic hydrocarbons (PAHs) are the primary soluble 

constituents of oil that can dissolve into the water column and cause toxicity and biological exposure. The 

concentration and composition of PAHs among the heavy fuel oils can vary greatly.  

The general transport and behaviour of the hypothetical plausible worst case spill in the higher incident 

risk area within the MSA was qualitatively evaluated considering site specific seasonality of environmental 

conditions. In the spring, peak discharges from the Fraser River would likely carry an oil spill originating in 

the higher incident risk area south through Boundary Passage into Haro Strait. Moderate southeasterly 

winds (typically observed in the spring) and currents would increase the potential of heavy fuel oil 

dispersion into the Juan de Fuca Strait.  However, due to the confines of Boundary Passage and Haro 

Strait (i.e., proximity of the land in the higher incident risk area) it is predicted that a good portion of the oil 
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spilled in the hypothetical event would make landfall, especially along the southern shores of Saturna and 

South Pender Islands, before reaching the Juan de Fuca Strait. Higher PAH concentrations could last 

days to weeks depending on the exact environmental conditions, total movement of the slicks, and the 

composition of the heavy fuel oil. Since thick patches of viscous oils on the water surface may show little 

tendency to disperse even with the addition of dispersants, floating oil masses could be observed for 

several months after the incident depending on the exact environmental conditions, total movement of the 

slicks, and the composition of the heavy fuel oil. 
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GLOSSARY 

Adherence Entrained oil droplets combine with solid particles in the water column. 

Adsorption 
The process by which dissolved chemical components of oil adhere to suspended 
sediments without penetrating their internal structure. 

Advection Movement of oil with the flow of water caused by wind drift and currents. 

Aliphatic hydrocarbon 
Category of organic compounds in which carbon atoms form open chains, that 
includes alkanes, alkenes, and alkynes. 

Allision 
An event in which a moving object strikes a stationary object (e.g., a vessel hitting 
a pier or a moored vessel). 

API gravity 
A measure of how heavy or light a petroleum liquid is compared to water. If >10, it 
is lighter and floats on water; if <10, it is heavier and sinks. Mathematically, it is 
unitless but is referred to as being in ‘degrees’.  

Aromatic hydrocarbon 
Category of organic compounds in which carbon atoms form planar ring systems, 
that includes benzene and toluene. 

Biodegradation 
The chemical dissolution (see Dissolution) of materials by bacteria or other 
biological means. 

Bioturbation The disturbance of sedimentary deposits by living organisms. 

Brackish A slightly salty mixture of fresh river water and seawater in estuaries. 

Collision 
An event in which two moving objects strike each other (e.g., two vessels in 
transit or maneuvering striking each other). 

Cracking 
The process whereby complex organic molecules (heavy hydrocarbons) are 
broken down into simpler molecules (light hydrocarbons) by breaking carbon-
carbon bonds. 

Crest 
The point on a wave with the maximum upward displacement (highest point) 
within a cycle. 

Diffusion The intermingling of substances by the natural movement of their particles.  

Dispersion 
The distribution of spilled oil into the water column by natural wave action or 
application of chemical dispersants. 

Dissolution The act or process of dissolving one substance in another. 

Distillation The act of purifying a liquid through heating and cooling. 

DMA 
Fuel grade; also called marine gas oil; general purpose marine distillate free from 
residual fuel traces used in Category 1 engines. 

DMB 
Fuel grade; also called marine diesel oil; can contain traces of residual fuel used 
in Category 2 and 3 engines. 

DMC 
Fuel grade; may contain residual fuel and is often a blend that can be used in 
Category 2 and 3 engines. 

DMX Fuel grade; special light distillate intended for use in emergency engines. 

Emulsification 
The process whereby one liquid is dispersed into another liquid in the form of 
small droplets. Water-in-oil emulsions can be referred to as ‘mousse’. 

Entrainment The movement of one fluid by another.  

Environmental 
compartment 

Different sections of the environment including biota, air, water, land, and aquatic 
sediments. 

Evaporation 
The process whereby a substance is converted from a liquid state and becomes 
part of the surrounding atmosphere in the form of a vapor. 
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Fetch The distance traveled by wind or waves across open water. 

Freshet The flood of a river from heavy rain or melting snow. 

Hard grounding 
A grounding occurring a higher speeds (e.g., at normal operating speeds) or on 
rocky shorelines likely to cause damage to more than one tank. 

Heavy fuel oils 
Examples include bunker fuel, residual fuel oil, and intermediate fuel oil 
comprised of residuals left over from distillation process. 

Lateral shear 
The pulling force of a fluid moving in one direction as it passes by a fluid or object 
moving in another direction due to the horizontal velocity gradient. 

Light fuel oils Examples include marine diesel and distillate-derived fuels. 

Maximum credible 
discharge 

The largest spill that has a probability of occurrence that is not minute based upon 
engineering judgment for the particular event being considered. 

Olefinic hydrocarbon 
Category of unsaturated organic compounds containing one or more pairs of 
carbon atoms linked by a double bond, such as alkenes. 

Percolation 
The process during which oil is carried into the spaces within shoreline sediments 
by receding waves and tides. 

Photolysis The decomposition or separation of molecules by the action of light. 

Polycyclic An organic compound having several rings of atoms in the molecule.  

Pour point 
The pour point of a liquid is the temperature at which it becomes semi-solid and 
loses its flow characteristics. 

Rip A strong current. 

Soft grounding 
A grounding occurring a lower speeds (e.g., at maneuvering speeds in port) or on 
soft (sand, mud) shorelines likely to cause damage to no tanks or only one tank. 

Sedimentation The process by which oil compounds become incorporated into the sediment. 

Significant wave height 
The mean wave height (trough to crest) of the third highest waves valid for the 
indicated period. 

Trough 
The point on a wave with the minimum upward displacement (lowest point) within 
a cycle. 

Turbulent dispersion 
is the mixing caused by “sub-scale” currents (not included in the current data), 
also known as turbulent eddies, that move oil and mix it both horizontally and 
vertically. 

Weathering 
The processes by which crude oil is broke` down in the environment, includes 
spreading, evaporation, dispersion, emulsification, dissolution, oxidation, 
sedimentation, and biodegradation. 
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1.0 INTRODUCTION 

1.1 PROJECT BACKGROUND 

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

Roberts Bank in Delta, B.C. that could provide 2.4 million TEUs (twenty-foot equivalent unit containers) of 

additional container capacity annually. The Project is part of Port Metro Vancouver’s Container Capacity 

Improvement Program, a long-term strategy to deliver projects to meet anticipated growth in demand for 

container capacity to 2030. 

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 a requirement for PMV to assess the potential 

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

(PMV jurisdiction) to the 12 nautical mile limit of the territorial sea, referred to as the Marine Shipping Area 

(MSA) (Figure 1.1). 

This technical report provides a qualitative assessment of the transport and fate of a hypothetical oil spill 

in the higher incident risk area, as described in Appendix 10-A Marine Vessel Incidence Prediction 

Inputs to the Quantitative Risk Assessment: Marine Shipping Supplemental Report and shown in 

Figure 1-1.  
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1.2 MARINE FATE OF SHIPPING SPILL-TYPE ACCIDENTS OVERVIEW  

The primary objective of this study is to qualitatively evaluate the general transport and behaviour 

of hypothetical spill events in the higher incident risk area (where accidents and accident-related 

spills have the highest probability of occurrence due to increased encounter probability) while considering 

site-specific environmental conditions, seasonality, predicted oil types and quantities released, and 

identification of the physical environmental compartment(s) (i.e., water column, water surface, and 

shoreline) potentially vulnerable to spill events.  

The hypothetical spill scenarios evaluated in this study were based on the higher incident risk area 

(recognising that there is a low probability of occurrence overall), spill volumes (maximum credible 

discharge (MCD)), oil types, and incident types as identified in Appendix 10-A. For this study, the higher 

incident risk area occurs within MSA Segment B, or more specifically within Haro Strait and Boundary 

Passage (Figure 1-1).  

It is important to note that the higher incident risk area for a collision or grounding that may result in a spill 

may not coincide with areas deemed to be of greater sensitivity or pose the greatest environmental risk. 

For the selected plausible worst case scenario, however, the geographic complexity of the higher incident 

risk area supports one of the more ecologically rich marine and intertidal environments within the MSA 

(see Marine Shipping Supplemental Report, Table 4-8 Rationale for Selection of Worst-case Scenario 

Characteristics). 
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2.0 REVIEW OF AVAILABLE LITERATURE AND DATA ANALYSIS: 
ENVIRONMENTAL CONDITIONS 

Wind and currents, especially in coastal areas, are the primary driving forces that dictate the transport of 

spilled pollutants. Currents that are wind, tidal, or density (freshwater discharge) driven can affect where 

spilled fuels or chemicals go and how long they may persist in the environment. In addition to transport, 

wind stress, wind/wave induced water mixing, and suspended sediment levels have major influence over 

fate processes such as evaporation, entrainment, dissolution, emulsification and sedimentation. Several 

fates processes are also dependent on the temperature and salinity in the water column.       

The following sections present a review of existing published articles, technical reports and publicly 

available data records to characterise the environmental conditions (winds, currents, tides, waves, and 

water column structure) in the higher incident risk area (Figure 1-1). Evaluating long-term records was 

essential for assessing general seasonal and annual trends used to qualitatively predict the general fate 

of an oil spill occurring in the higher incident risk area.      

2.1 GEOGRAPHIC LOCATION AND ENVIRONMENTAL DATA STATIONS  

Roberts Bank is located on the eastern shore of the Strait of Georgia in Delta, B.C., south of Vancouver. 

The Strait of Georgia lies between the Coast Mountains of mainland B.C. to the east and Vancouver 

Island to the west. The Strait of Georgia is linked to the Pacific Ocean via several narrow, long channels 

at the northern end and via the Juan de Fuca Strait at the southern end. The eastern shore is 

characterised by deep and long fjords, while the western shoreline is less dynamic and contains several 

inlets. The Strait of Georgia is 222 km long and 28 km wide with an average depth of 155 m and 

maximum depths greater than 400 m in the central basin (Stronach 2006).  

The Fraser River is the largest river in B.C. and the largest freshwater discharge into the Strait of Georgia. 

The main channel splits into several arms 35 km upstream from the river mouth, with the southernmost 

arm discharging directly into the Roberts Bank tidal flats (RBT2 EIS Appendix 9.5-A Coastal 

Geomorphology Study). The Fraser River estuary is an example of a river-dominated estuary, which 

means that the river deposits sediment at a deposition rate that overwhelms the rate of re-working and 

removal due to marine processes (RBT2 EIS Appendix 9.5-A Coastal Geomorphology Study).   

Data for the environmental conditions analysis were collected from several Environment Canada and 

National Oceanic and Atmospheric Administration stations in the study area (Figure 2-1). Long-term 

wind data records were obtained from the Saturna Island and New Dungeness stations (Table 2-1, 

Figure 2-1). Wave data were obtained from the Roberts Bank and New Dungeness buoys (Table 2-2, 

Figure 2-1). Water level data were collected at the Point Atkinson, Tsawwassen, and Patos Island 

stations (Table 2-3, Figure 2-1). 



Port Metro Vancouver - 5 - RPS ASA 
RBT2 Marine Shipping Supplemental Report: Marine Fate of Shipping Spill-type Accidents August 2015 

Figure 2-1 Locations of Stations from which Wave, Water Level, and Wind Data were 
Collected 
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Table 2-1 Wind Buoy Location and Frequency and Duration of Analysed Data 

Wind Station 
Station 
Number 

Time Period Location 
Elevation 

(m) 

Saturna Island 1017101 Hourly; January 2012 to December 2013 48.78N, 123.04W 24.4 

New Dungeness 46088 Hourly; January 2012 to December 2013 48.34N, 123.16W n/a 

Table 2-2 Wave Buoy Location and Frequency and Duration of Analysed Data 

Wave Station  
Station 
Number 

Time Period  Location 

Roberts Bank meds108 February 1974 to April 1976 49.02N, 123.27W 

New Dungeness 46088 January 2012 to January 2013 48.34N, 123.16W 

Table 2-3 Water Level Station Location and Frequency and Duration of Analysed Data  

Water Level Station Station Number Time Period Location 

Tsawwassen  7590 Hourly; September 1967 to December 1977 49.00N, 123.13W 

Point Atkinson 7795 Hourly; January 2000 to December 2009 49.34N, 123.25W 

Patos Island 7505 Hourly; December 1967 to May 1969 48.78N, 122.97W 

2.2 WINDS 

Based on data analysis from two wind stations (Saturna Island and New Dungeness as shown in Figure 

2-1, Table 2-1), winds are variable in both direction and magnitude throughout the year.  

The prevailing winds in the main channel of the Strait of Georgia are predominantly from the northwest in 

summer and from the southeast in winter (Davenne and Masson 2001). However, overall wind patterns in 

the Strait of Georgia are affected by the surrounding topography in the Juan de Fuca Strait, Puget Sound, 

and Fraser Valley. For example, southeasterly prevailing winds could become easterlies off the Fraser 

River (Davenne and Masson 2001).  

In general, easterly (seaward) winds are predominant in winter, while westerly (landward) winds are more 

frequent in summer (Cannon et al. 1978). The winter season (December to February) is dominated by 

cyclonic storms moving over the region that are typically associated with the anticyclone in southern 

Alaska (Figure 2-2, Panel A). Another common storm type with strong westerly components has 

disturbances that form in the central Pacific with an east-northeasterly trajectory and make landfall over 

Vancouver Island (Figure 2-2, Panel B). Typically, an upper level ridge of high pressure will develop over 

northwest Canada in between low pressure systems (Figure 2-2, Panel C) and corresponds with easterly 

winds that increase in magnitude from east to west. Summer is typically characterised by the offshore 

build-up of the eastern Pacific high pressure system (Figure 2-2, Panel D), resulting in a dry season with 

prevailing winds from the west to northwest. 
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Figure 2-2 Typical Storm Patterns Affecting the Northwest Coast  

Note: Source Cannon et al. 1978. 

Monthly wind speed statistics were compiled from data collected at Saturna Island wind station closest to 

Boundary Passage at the northeastern end of higher incident risk area. Monthly wind speed statistics 

(average, maximum, and 95
th
 percentile) for 2012 and 2013 (average of both years) are provided in 

Figure 2-3. The average wind speed patterns for April through October had slower speeds (11 to 

14 km/h) and November through March exhibited faster wind speeds (16 to 22 km/h). The average 

monthly wind speed was highest (over 20 km/h) in December, while the average monthly wind speed was 

lowest in May (12 km/h). Monthly wind roses for years 2012 and 2013 (average of both years) for Saturna 

Island showed that wind direction throughout the year was primarily from the southwest with a yearly 

mean speed of 15 km/h (Figure 2-4). The strongest winds occurred in late autumn with a peak maximum 

of 89 km/h in December. During winter, winds had an easterly flow and were more variable.  

For the New Dungeness buoy to the south of the higher incident risk area, the monthly statistics (Figure 

2-5) illustrated a slightly different trend in the seasonality of wind speeds. The monthly mean wind speeds 

were higher in July (21 km/h) and decreased sharply to a minimum in September (12 km/h). After 

October, monthly averages increased and hovered around 20 km/h throughout the winter. From March to 

June, wind speeds were around 16 km/h. The maximum monthly wind speed was over 70 km/h 

during March. Monthly wind roses for years 2012 and 2013 (average of both years) for New Dungeness 

showed that the wind direction was primarily from the southwest with a yearly mean speed of 17 km/h 

(Figure 2-6). Although the predominant direction was southwesterly, the monthly wind roses showed that 

there was clear seasonality in wind direction. From May through September, winds were from the 

southwest, while winds were more variable in direction from October through April. October showed the 

most variability. By February, the pattern was more consistently southeasterly or westerly and then 

became primarily southwesterly by May.  

For each of the two weather stations winds less than 30 km/h were removed from the analysis in order to 

gain a better understanding of the stronger winds occurring in the region. Saturna Island showed 

predominantly southerly winds and New Dungeness winds were typically westerly. Plots showing yearly 

wind speed and direction >30 km/h at Saturna Island station are presented in Appendix A: Figure A-2.  
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Figure 2-3 Wind Station Speed Statistics: Monthly Mean, 95
th

 Percentile, and Monthly 
Maximum Wind Speeds at Saturna Island Wind Station for 2012 and 2013 (average 
of both years) 
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Figure 2-4 Monthly Wind Roses at Saturna Island for 2012 and 2013 (average of both years). 
Wind Direction is in the Traditional Convention (i.e., direction coming from) 
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Figure 2-5 Wind Station Speed Statistics: Monthly Mean, 95
th

 Percentile, and Monthly 
Maximum Wind Speeds at New Dungeness Wind Station for 2012 and 2013 
(average of both years) 
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Figure 2-6 Monthly Wind Roses at New Dungeness for 2012 and 2013 (average of both years). 
Wind Direction is in the Traditional Convention (i.e., direction coming from) 

 



Port Metro Vancouver - 12 - RPS ASA 
RBT2 Marine Shipping Supplemental Report: Marine Fate of Shipping Spill-type Accidents August 2015 

2.3 PHYSICAL OCEANOGRAPHY OF THE REGION 

This section provides a description of oceanographic circulation, currents, and tides in and around the 

higher incident risk area. 

2.3.1 Circulation and Currents 

The marine environment of the Strait of Georgia is influenced by several dominant physical 

characteristics, such as wind, tidal currents and freshwater discharge. The northern basin of the Strait of 

Georgia exhibits a mean anticlockwise circulation, driven largely by the winds from the northwest. The 

mean currents in the southern part of the Strait of Georgia are influenced by both the wind and buoyancy 

flux of freshwater input, with currents circulating in a clockwise direction (Victoria Experimental Network 

Under the Sea 2014). The mean currents are slow (0.1 to 0.2 m/s) with stronger, mainly semi-diurnal tides 

superimposed upon them. The flood tides, entering primarily from the south (Boundary Pass), drive 

currents northward, while ebb tides drive currents southward (Victoria Experimental Network Under the 

Sea 2014). On the shallower eastern side of the Strait of Georgia, surface waters show a weaker mean 

current flowing northwestward with a well-mixed water column (Cannon et al. 1978). 

The Fraser River is the largest freshwater discharge into the Strait of Georgia which flows approximately 

perpendicular to the direction of tidal currents and winds in the Strait of Georgia. Consequently, the wave 

field in the vicinity of the river mouth is changed considerably due to wave-current interactions. The 

largest discharge occurs in the beginning of summer (May to June), and minimum discharge occurs 

during winter (December to March) (Figure 2-7Error! Reference source not found.). During the freshet 

period of river flood due to heavy rain or melted snow (May to June), the river discharges as a “jet” near 

Steveston (located near the mouth of the Fraser River, Figure 2-8) and causes the current to flow in a 

south-westward direction. Currents near the river mouth can reach 2.5 m/s during freshet conditions and 

low tides, and average 1 m/s during mean tide conditions (RBT2 EIS Appendix 9.5-A Coastal 

Geomorphology Study).  

The mean flow during late winter and early spring on the western side of the Strait of Georgia is 

predominantly driven by the Fraser River discharge (Cannon et al. 1978). The discharge is strong enough 

to cross the Strait and flows along the western side in a southeast direction. North of the Boundary Pass 

(between Saturna and Patos Islands), bathymetry causes a portion of the less saline surface waters to 

bifurcate, where one portion flows east-southeastward along the San Juan Archipelago and the 

remainder flows seaward through Boundary Pass and the Haro Strait. On the eastern side of the Strait of 

Georgia, winds play a dominant role in circulation. Cannon et al. (1978) found that 71% of the variation in 

the current velocity could be accounted by the wind field when winds exceeded 10 m/s. The western side 

of the Strait of Georgia is influenced by strong estuarine flow, thus reducing the relative impact of the 

winds on circulation.  
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Figure 2-7 Seasonal Variation of the Fraser River Discharge in 2000  

 
Note: Source: Davenne and Masson 2001 

Two Acoustic Wave and Current Meter (AWAC) data collection devices were deployed during 2004 and 

2011 near the proposed RBT2 berth face, located to the south of the lower arm of the Fraser River that 

discharges through Canoe Passage (Figure 2-8) (WorleyParsons Canada 2011). This AWAC data 

provided valuable in situ data in the Roberts Bank area. Table 2-4 lists the site location, time and currents 

data collected during these periods. The maximum flood current between March 2004 and March 2005 

was 2.5 knots (1.3 m/s) west-northwestward, and a maximum ebb current southward at 1.8 knots 

(0.9 m/s). From January to March 2011, the maximum flood current was westward at 1.9 knots (1.0 m/s), 

and maximum ebb current southward at 1.5 knots (0.8 m/s).  
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Figure 2-8 Site Locations of AWAC Instruments (Pink Diamonds) deployed by WorleyParsons 
Canada (2011) and General Area near Steveston where Fraser River Discharge 
forms a “Jet” during the Summer Freshet 
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Table 2-4 Measured Maximum Tidal Currents from WorleyParsons Canada (2011) 

Device 
Identifier 

Location Depth Time Period 
Max Flood Current- 
direction (deg) and 

speed (knots) 

Max Ebb Current- 
direction (deg) and 

speed (knots) 

AWAC 2004 
49.02 N, 
123.18 W 

7 m 
3/13/2004- to 

3/14/2005 
290°, 2.5 knots 170°, 1.8 knots 

AWAC 2011 
49.02 N, 
123.20 W 

16 m 
1/18/2011 to 

3/7/2011 
270°, 1.9 knots 90°, 1.5 knots 

Where the Fraser River plume meets the saline water, there is an abrupt change marked by a visible 

edge between the sediment-laden river water and darker sea water (Figure 2-9). The water masses 

separated by this frontal surface also have differing velocities, thus where the surface velocities are 

convergent, there is downward movement at the front (Cannon et al. 1978). Baker et al. (1978) studied 

the Fraser River plume using remotely-sensed LANDSAT images from 1972 to 1977. They found that 

during summer the southward flows of the Fraser River were so strong that the resultant plume 

maintained its identity for a considerable distance and, in some instances, traversed the length of the 

Strait of Georgia. The plume extended southeast or southwest from the mouth of the river, depending on 

the changes in tidal currents. The tidal effects on the dispersion of the river plume were also studied using 

satellite images. Results indicated that during the ebb tide, distinct sediment plumes originating from the 

main arm flowed to the southwest and were then diverted to the southeast by the ebb flow in the Strait of 

Georgia.  
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Figure 2-9 LANDSAT Image of the Strait of Georgia Illustrating the Extent of the Fraser River 
Plume during a Summer Ebbing Tide in 1999 (source: RBT2 EIS Appendix 9.5-A 
Coastal Geomorphology Study) 

 

2.3.2 Tides 

Tides in the Strait of Georgia are primarily driven by forcing and resonance with the tide cycles of the 

Pacific Ocean, which are mixed but mainly semi-diurnal (RBT2 EIS Appendix 9.5-A Coastal 

Geomorphology Study). Except in passes and narrows, the tidal streams in the Strait of Georgia are 

typically weak, with the more dominant circulation forces being wind-generated currents, river runoff, and 

internal tidal effects (Stronach 2006). A mixed tidal system, diurnal and semi-diurnal, exists around the 

area of interest. The main direction of the inflow is towards the northwest, more or less parallel to the 

coast, with speeds of 75 to 130 cm/s attained during spring tides (Davenne and Masson 2001). The 

Fraser River freshwater input induces a flow of surface water towards the west in the Juan de Fuca Strait 

and towards the southeast in the Strait of Georgia, causing a weaker, reverse current in deep water 

(Davenne and Masson 2001). The resulting westward near-surface current in the Juan de Fuca Strait has 

typical speeds of 10 to 20 cm/s, but during summer can reach speeds of 40 cm/s concentrated in the 

middle of the channel. In deep water, the reverse current flows toward the east, predominantly on the 
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sides of the channel, with slower speeds around 10 cm/s (Davenne and Masson 2001). In the central 

Strait of Georgia, the tidal stream is predominantly northwest to north during the flooding tide, and south 

to southeast during the ebbing tide (RBT2 EIS Appendix 9.5-A Coastal Geomorphology Study). Typically, 

the maximum flood velocity occurs 2 to 4 hours before high water, while the maximum ebb velocity occurs 

2 to 4 hours before low water (RBT2 EIS Appendix 9.5-A Coastal Geomorphology Study). Speeds of 

offshore currents generally reach 60 cm/s during flooding and ebbing conditions. Cannon et al. (1978) 

found the ebb current to be stronger with increased lateral shear. The water levels from three stations 

(locations for Tsawwassen, Point Atkinson and Patos Island stations shown in Figure 2-1) were obtained 

from Environmental Canada (Table 2-3) to examine tidal currents around the study area. 

Data was included in this study from the Pt. Atkinson station, although located to the north of the higher 

incident risk area, because it was the closest water level station with a more contemporary time series of 

data (2000-2009). The tidal ranges at the Pt. Atkinson station are four to five metres and vary seasonally. 

The largest difference in sea water height occurs typically during the summer and winter months. The two 

high tides are more pronounced from September to December, with the height difference increasing. 

During January to March and June to August, a single high and low tide is more noticeable.  

The Tsawwassen water station, also located to the north of the higher risk incident area, had historic data 

available from 1967 to 1977 only. The tidal range is 4 m with larger changes in the summer and winter 

months, a pattern consistent with the Pt. Atkinson station. The daily tides show a different pattern at the 

Tsawwassen station as compared with the Pt. Atkinson station. There is a more noticeable semi-diurnal 

tide throughout the year, with May showing the largest difference. To look at tidal ranges in the Boundary 

Passage area, data were also obtained from the Patos Island station. Similar to the Tsawwassen Station, 

the data is older but covered a shorter time frame (1968 to early 1969). The daily and monthly tidal 

ranges are very similar in magnitude and pattern to the Tsawwassen station. Because the data from the 

Patos Island station was shorter and older, it was necessary to include and analyse other stations even 

though further away from the higher incident risk area. Figures of water level plots from each station are 

in Appendix A of this report.     

2.3.3 Waves 

The wave heights in the Strait of Georgia are more limited by fetch than by wind strength and duration. 

There was a program north of Roberts Bank in Burrard Inlet to gather wave statistics for the area near 

Point Atkinson (Stronach 2006). The majority of the waves in the open Strait of Georgia off the Fraser 

River had periods in the range of 2 to 4 s (Thompson 1981). Previous studies have found that the largest 

offshore waves were generated by winds from the southeast, south, and northwest directions, with the 

majority from the southeast (RBT2 EIS Appendix 9.5-A Coastal Geomorphology Study). The highest and 
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steepest waves in the Strait of Georgia occurred where strong currents opposed waves generated by 

gale force winds over long fetches. One such rip occurred seaward of Steveston Jetty and North Arm 

Jetty off the Fraser River during west to northwest gales. In addition, extremely dangerous rips 

were created during the summer freshet or near low tide when river currents could reach 2.5 m/s in the 

main channel.  

Significant wave heights and trends have been evaluated near the higher incident risk area. Significant 

wave height is traditionally defined as the mean wave height (trough to crest) of the third highest waves 

valid for the indicated period. Significant wave heights greater than 2 m are typically indicative of turbulent 

or storm-like conditions. Significant wave height data from Roberts Bank and New Dungeness stations to 

the north and south of the higher incident risk area were obtained for analysis (Table 2-2, Error! 

Reference source not found.Figure 2-1). Both stations were analyzed due to lack of data from a wave 

station closer to the higher incident risk area (e.g., Saturna Island).  

Data was only available for February 1974 to April 1976 from the Roberts Bank buoy and was used in this 

analysis. Time series of wind and wave from New Dungeness (Figure 2-10) were plotted for 2012 

through early 2013. In general, wave height and wind speed correlated, with higher wind speeds resulting 

in larger wave heights. Wind speeds were higher during winter and early spring at these stations.  
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Figure 2-10 Wind Speed and Wave Height at New Dungeness, 2012 – early 2013 

 

The most frequent significant wave heights fall in the 0.1 m to 0.3 m bin for all stations (Table 2-5 and 

Table 2-6). Significant wave height is defined as the mean wave height (trough to crest) of the third 

highest waves valid for the indicated period. For Roberts Bank, over 79 percent of significant wave 

heights were in the 0 to 0.5 m range, with percentages decreasing as heights increase. The maximum 

heights were 2.2 m at Roberts Bank with mean heights slightly over 0.3 m. The majority of significant 

wave heights at the New Dungeness station fell between 0 and 0.25 m and only 0.4 percent of waves had 

heights over 2 m. The maximum height for the time period recorded at New Dungeness was 2.7 m with a 

mean of 0.4 m.  

In order to look at more substantial wave events, significant wave heights equal to or exceeding 2 m 

during the time period were evaluated. New Dungeness exhibited wave heights over 2 m occurring 

predominantly through winter and early spring. Conversely, Roberts Bank only showed one instance of 

recorded wave heights over 2 m in its older and shorter dataset. This wave event occurred during May 

and its duration was less than 1 hour. When data were analysed with events less than 2 hours duration 
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removed, no significant events at Roberts Bank remained. Additional figures (Figures A-14 and 

Figure A-15) showing wave height distribution and monthly frequency of significant wave heights for each 

station are provided in Appendix A. 

Table 2-5 Significant Wave Height Distribution for Roberts Bank (1974 to 1976) 

Roberts Bank, Hourly data 1974 to 1976 

(0.25 m bins) 
Percentages # of Occurrences in Bin 

0 to 0.25 53.0 2171 

0.25 to 0.5 26.7 1094 

0.5 to 0.75 11.3 462 

0.75 to 1 5.4 219 

1 to 1.25 2.2 88 

1.25 to1.5 1.1 45 

1.5 to 1.75 0.3 11 

1.75 to 2 0.1 3 

>2 <0.1 1 

Table 2-6 Significant Wave Height Distribution for New Dungeness (2012 to early 2013) 

New Dungeness, Hourly data 2012 to 2013 

(0.25 m bins) 
Percentages # of Occurrences in bin 

0 to 0.25 47.2 14881 

0.25 to 0.5 26.9 8470 

0.5 to 0.75 12.6 3984 

0.75 to 1 6.5 2033 

1 to 1.25 3.4 1066 

1.25 to 1.5 1.6 516 

1.5 to 1.75 0.9 297 

1.75 to 2 0.4 136 

>2 0.4 125 

2.3.4 Water Column Structure 

The temperature and salinity in the Strait of Georgia are primarily governed by the Fraser River and other 

freshwater inputs as well as oceanic water from the Pacific. The Fraser River also dominates surface 

circulation, particularly in the summer months. From December to April, there is typically low river 

discharge and frequent strong wind mixing, which results in the salinity of the upper layer increasing with 

depth from 27 or 28 ppt to 29.5 ppt. The Fraser River freshet in late May creates a layer of brackish water 

with salinity less than 15 ppt in the top few metres in most of the central and southern Strait of Georgia 
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(Stronach 2006). Surface temperatures warm from 5 or 6°C during winter to 15°C in May. The increased 

stability created by the brackish layer which forms during the freshet allowed further warming so that 

water temperatures in the Strait of Georgia can exceed 20°C in July. By the end of summer, the Fraser 

River runoff decreases and subsequently, the salinity values increase again. As the Fraser River plume 

spreads predominantly to the north, it mixes with the adjacent underlying water which forms an 

intermediate layer. This layer shows preferential seaward movement which carries water of intermediate 

salinity (~29 ppt or less) south. This flow opposes the saline inflow from Juan de Fuca, thus causing a 

salinity maximum in the lower waters in July (Crean et al. 1988).  

Water temperature data was analysed for the New Dungeness buoy. The New Dungeness site is located 

in the Juan de Fuca Strait and measures water temperature 0.6 m below the surface.  This data showed 

a range in temperature between 7 and 15°C. However, there was an evident seasonal pattern with 

temperatures the highest in summer and lowest in winter.  
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3.0 REVIEW OF AVAILABLE LITERATURE: PROPERTIES AND FATE OF 
SPILLED SUBSTANCES 

3.1 OILS 

The oil types that might be spilled in the study area depend on the type of oil being transported and used 

as a ship fuel. Fuel oils are the most common spills in marine environments due to their frequent 

transportation as cargo and their widespread use as fuels in marine diesel engines. In the maritime 

industries, fuel oils are generally classified as “light oil” and “heavy oil” according to their densities. The 

light oils in marine systems commonly include marine gas oil (MGO) or marine diesel oil (MDO). MGO is a 

high-quality distillate diesel fuel that contains no residual oil blending components--roughly equivalent to 

No. 2 fuel oil, and is made from distillate only (Table 3-1). MDO is a blend of gas oil and residual oil, but 

still has relatively low kinematic viscosity (≤ 12 cSt or mm
2
/s at 40

o
C), so it can be used in the internal 

combustion engine without the pre-heating required for pumping and handling purposes. The heavy oils 

most commonly used in maritime industry are intermediate fuel oil 180 (IFO180) and 380 (IFO 380), 

names referring to their permissible maximum viscosities of 180 and 380 cSt at 50
o
C, respectively. The 

nomenclature system of “bunker fuel” has been commonly used in the maritime industry. In this naming 

system, Bunker A is generally equivalent to No. 2 fuel oil and Bunker B is synonymous with No.4 fuel oil. 

Both Bunker A and B are “light” oil. Bunker C is essentially No. 6 “heavy” fuel oil.  

Table 3-1 Common Diesel Fuel Types for Commercial Marine Use 

Fuel type Fuel grades Other Common Industry Names 

Light (Distillate-derived) DMX, DMA, DMB, DMC Gas Oil (GO) or Marine Gas Oil (MGO) 

Heavy (Comprised substantially of 
residuals left from distillation process) 

IFO 180, IFO 380 
Marine Diesel Fuel (MDF) or Intermediate 
Fuel Oil (IFO) 

Most of the transported oil in the marine waters in the MSA would be refined petroleum products (RBT2 

EIS Appendix 30-A Marine Vessel Incidence Prediction Inputs to the Quantitative Risk Assessment), 

which may include jet fuel, diesel, and heavy fuel oil. Oil used as fuel for vessels will vary from diesel fuel 

to heavy fuel oil (Bunker C or intermediate fuel oil IFO) and smaller recreational vessels may run on 

gasoline. In general, heavy fuel oil usage in the marine industry is currently higher than light fuel usage. 

Due to international regulations aimed at reducing air pollution from ships in the port area, there would be 

a gradual shift from the use of heavy fuel oil to diesel fuel in port areas; the proportion of diesel fuel to 

heavy fuel oil is expected to increase in the future, increasing the possibility that spills will involve diesel 

rather than heavier fuel oils (RBT2 EIS Appendix 30-A). Vessels would likely continue to use heavy fuel 

oil while enroute at sea due to lower costs.  
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Appendix 10-A states that the MCD for a collision, allision, or soft grounding would be the size of the 

largest single fuel tank allowed by the regulation (i.e., less than or equal to 2,500 m
3
). The MCD for a hard 

grounding would be three times the maximum tank size (i.e., 7,500 m
3
), or three tanks rupturing).  

The next two sub-sections provide a review of the physical and chemical properties of light and heavy 

fuels oil types, along with their fate and behaviour in the marine environment. The review in Section 4.0 

provides contextual information for the fate and transport of these products in the marine waters.  

3.1.1 Light Fuels 

3.1.1.1 Physical and Chemical Properties of Light Fuels 

Light fuels have slightly different physical properties within each category of fuel specifications from 

different organisational standards. Most of the major producers of marine fuel manufacture to 

International Standardization Organization (ISO) standards. The present standards (ISO 2010: 8217) 

recognise four distillate (light fuel) grades: DMX, DMA, DMZ, and DMB, and 11 residual (heavy fuel) 

grades (see Section 3.1.2). In these standard fuel grades, DMX is a special light distillate intended 

mainly for use in emergency engines. DMA (also called marine gas oil, MGO) is a general purpose 

marine distillate that must be free from traces of residual fuel. DMX and DMA fuels are primarily used in 

Category 1 marine engines (< 5 litres per cylinder). DMB (marine diesel oil, MDO) can have traces of 

residual fuel typically used for Category 2 (5 to 30 litres per cylinder) and Category 3 (≥ 30 litres per 

cylinder) engines. DMC is a grade that may contain residual fuel and is often a residual fuel blend and 

can be used in Category 2 and Category 3 marine diesel engines. Vessel operators and fuel suppliers 

tend to use an ASTM standard (D975) for diesel fuel and add requirements for sulfur content, stabilisers, 

and adjustment of the fuel for temperature conditions. ASTM D975 standard covers three grades of 

diesel: No1-D, No2-D, and No4-D.  

Most of the physical and chemical properties of the common marine light fuel refinery products (Table 

3-2) are maintained to meet the standardised specifications that are required for their onboard engine 

performance. Nevertheless, several of these properties (i.e., density, viscosity and pour point, vapor 

pressure, and aqueous solubility) are especially important when considering the fate and behaviour of 

these petroleum products in the marine environment (National Research Council 2003).  

Density of oil is measured in mass per unit volume and is reported in kg/m
3
 at 15

o
C at fuel oil standard 

specifications. It is often expressed in dimensionless specific gravity (SG) or American Petroleum Institute 

(API) gravity (API G). The specific gravity of oil is the ratio of the density of oil to the density of pure water 

at 60
o
F (~15.5

o
C). The API gravity is calculated from the specific gravity of oil by using the formula (API G 

= 141.5/SG – 131.5). The density of pure water is 1,000 kg/m
3 

and the density of seawater is 

approximately 1,030 kg/m
3
. Thus, most oils, which range in density from 700 to 990 kg/m

3
, will float on 

water. In API gravity, the value is scaled such that oil with API gravity greater than 10 will float on water, 

and less than 10 will sink. Lower API gravity values indicate heavier oils. Typical API gravity ranges are 

defined as heavy (<22.3), medium (22.3 to 31.1), and light (>31.1). 
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Table 3-2 Physical Chemical Properties of Common Marine Light Fuel Oils 

Characteristics MGO (DMX, DMA, DMZ) MDO (DMB,DMC) 

Density (g/ml @ 15˚C) 0.83 to 0.90 0.85 

API gravity (dimensionless) 26 to 38 34 

Viscosity @ 40˚C (mPa·s) 1.4 to 5.5 2 to11 

Surface Tension (mN/m) 27 27 

Pour Point (˚C) - 42 to - 6 - 36 

Note: Data from Environment Canada Oil Property Database (available online at http://www.etc-

cte.ec.gc.ca/databases/OilProperties/oil_prop_e.html), and ISO 2101:8217. 

Density of oil plays an important role in the fate of spilled oil. The density difference between oil and water 

determines: 1) the extent to which the oil slick is submerged; and 2) the residence time of the oil droplets 

that may be entrained in the water column. Density of spilled oil increases as evaporation process 

removes the lighter constituents. Light fuel oils, however, do not have substantial density increases as a 

result of evaporation (usually one percent [%] increase in density with 20% loss of oil mass during 

evaporation). More substantial density increases of oil slicks are attributable to either the formation of 

water-in-oil emulsion (“mousse”) or association with suspended sediments (mineral fines or organic 

matter) to form oil-mineral aggregates. 

Viscosity is the resistance of a liquid to flow. Kinematic viscosity of oil relates the shear stress and strain 

rate of oil; it is reported in units of mm
2
/s (or cSt) at a certain temperature and shear in (s

-1
). Viscosity of 

oil is an important fluid property as it directly measures the fluidity (i.e., pumping and handling capability 

of the product) at different temperatures and operational conditions. When spilled in the marine 

environment, viscosity of oil controls the spreading rate of surface slicks in the gravity-viscous regime and 

the minimum sheen thickness as it spreads under surface tension-viscous regime. It is also a key factor 

determining the entrained oil droplet size distribution under breaking waves and therefore the natural and 

chemical dispersion. The viscosity of spilled oil increases with the weathering processes and decreases 

as temperature rises. Weathering processes, such as evaporative removal of light constituents and 

formation of water-in-oil emulsification, tend to increase the viscosity dramatically for crude oil and heavy 

fuel oils. The viscosities of light fuels are much lower than most crude oil and other heavy fuel oils; they 

are highly dispersible in the water column as dissolved components and dispersed small droplets. The 

increase of viscosity of light fuels is not as strongly influenced by evaporation. Due to the particularly low 

concentrations or non-existence of residual oil fractions (e.g., resins and asphaltenes), light fuels usually 

do not form water-in-oil emulsion; therefore, the increase of viscosity due to uptake of water is also at 

a minimum.    
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Fuel oils No. 1 and No. 2 are distillate fuels which consist of distilled process streams. Residual fuel oils 

such as fuel oil No. 4 are residues remaining after distillation or cracking, or blends of such residues with 

distillates. All fuel oils consist of complex mixtures of aliphatic and aromatic hydrocarbons. Fuel oil No. 1 

(straight run kerosene) is a light distillate which consists primarily of hydrocarbons in the C9 to C16 range; 

fuel oil No. 2 is a heavier, usually blended, distillate with hydrocarbons in the C9 to C25 range. Diesel fuel 

No. 2 is similar in chemical composition to fuel oil No. 2, with hydrocarbons in the C9 to C27 range, but 

with additional additives. Diesel fuels predominantly contain a mixture of C10 through C19 hydrocarbons, 

which include approximately 64% aliphatic hydrocarbons, 35% aromatic hydrocarbons, and 1 to 2% 

olefinic hydrocarbons. All of the above fuel oils contain less than 5% polycyclic aromatic hydrocarbons. 

Fuel No. 4 (marine diesel fuel) is less volatile than diesel fuel No. 2 and may contain up to 15% residual 

process streams, in addition to more than 5% polycyclic aromatic hydrocarbons.   

Boiling distribution of marine fuel oils has direct impact on two other critical properties that affect the fate 

and behaviour of fuel oils spilled in the marine environment: 1) vapor pressure; and 2) water solubility.  

These two properties are critically important to the primary weathering processes of evaporation and 

dissolution and affect the chemical composition of spilled oil from hours to days following an oil spill. 

Vapor pressure controls the rate and ultimate extent of hydrocarbon evaporation in oil, although other spill 

site-specific conditions such as water and air temperature, wind speed, and turbulent conditions also 

affect the evaporation rate of hydrocarbons. Petroleum compounds that boil at temperatures below 

270
o
C, or have vapor pressures greater than 0.1 mm Hg (or 13.3 Pa), tend to evaporate rapidly from the 

surface slick of spilled oil. Compounds within these ranges include alkanes up to n-C15 and one- to two-

ring aromatics ranging from benzene though alkyl naphthalenes. In general, compounds with boiling 

points below 200
o
C (~C12) tend to evaporate within 24 hours, with additional semi-volatiles evaporating 

within 48 hours. Marine light fuels have high rates and extents of evaporative loss once spilled into the 

marine environment. Most of the No. 1 fuels can evaporate within one or two days after their spill into the 

environment; diesel oils lose 30 to 40% of their mass within a couple of days, as well. Heavy fuel oils 

(IFO180 and IFO 380), however, are very limited in their mass of evaporation (see Section 3.1.2). 

In summary, the physical chemical properties of fuel oils are highly relevant to their fate, behaviour, and 

subsequent transport and dispersion in the environment. In the next section, the fate and transport of 

marine light fuels will be reviewed and discussed.  

3.1.1.2 Fate and Transport of Light Fuels in the Marine Environment 

Major processes that determine the fate and behaviour of oil in the marine environment include those 

involving physical transport within a given environmental compartment (spreading of free-phase mixtures, 

entrainment, advection), transfers between environmental compartments (evaporation, dissolution, 

sedimentation), changes in physical-chemical properties (emulsification (water-in-oil emulsion or mousse 

formation)) and destruction/degradation (photolysis and  biodegradation) (Figure 3-1).  Each of these is 

defined and described in more detail below. 
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Figure 3-1 Fate, Transport, and Dispersion Processes of Oil in the Environment 
(source: International Tanker Owners Pollution Federation 2011) 

 

Following an initial free-phase introduction, oil would move via spreading and surface transport due to 

tidal and wave currents. Spreading is the thinning and broadening of surface oil slicks caused by 

gravitational forces and surface tension that occurs rapidly after oil is spilled. For a spill on the water 

surface, the gravitational spreading occurs within hours to a minimum thickness. The spreading rate of 

marine light fuels is fast because the oil viscosity is low. The minimum thickness of marine light fuels, 

according to the estimation based on their low viscosity, can be as thin as 0.01 to 0.10 µm, visible as 

rainbow or silver-gray sheens in the calm open water. The area exposed to evaporation is high relative to 

the oil volume. 

As the oil spreads and transported at the surface, the volatile fractions of oil partition into air (evaporation) 

and soluble fraction partitions into the water (solubilisation and entrainment). Evaporation is the process 

by which volatile components of the oil diffuse from the oil and enter the gaseous phase in the 

atmosphere. Evaporation from surface and shoreline oil increases as the oil surface area, temperature, 

and wind speed increase. As lighter components evaporate off, the remaining “weathered” oil becomes 

more viscous. For light oils, since a large fraction of oil is volatile and semi-volatile, evaporation plays a 

very important role in the removal of spilled light fuel oil. The rate of evaporation increases as the wind 

speed increases. However, above wind speeds of 6 m/s, white caps form and the breaking waves entrain 

oil as droplets into the water column. The higher the wind speed (and turbulence), the more entrainment 

and the smaller the droplet sizes. Dissolution is the process by which water-soluble components diffuse 

from the oil phase into the water column. The dissolution rate increases with higher surface area of the oil 

relative to its volume; the smaller the spherical droplets, the greater the surface area to oil ratio and the 
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higher the dissolution rate. Dissolution from entrained small droplets is much faster than from flat surface 

slicks due to the greater surface area of small droplets in contact with ambient water. Surface slicks are in 

maximum contact with ambient air which has much higher mass transfer coefficients than those in 

ambient water. Light fuel oils have a large portion of components that are both soluble components and 

volatile, and evaporation from their surface slicks is faster than dissolution into the underlying water. 

Thus, the processes of evaporation and dissolution are competitive, with evaporation as the dominant 

process for the light fuel oil spilled at the surface. Evaporation proceeds faster than dissolution. Thus, 

most of the volatiles and semi-volatiles evaporate, with a smaller fraction dissolving into the water. 

Advection is the process by which oil moves with the flow caused by wind drift and currents. Currents are 

generated by several forces, including tidal, river (freshwater) flow, wind, waves, pressure gradients, etc. 

Advection transport is a vector sum of all current components affecting the oil. Empirical studies have 

determined that subsurface oil will move as the bulk water moves, and surface oil moves at about 2.5 to 

4% of the wind speed. A common value is 3.5 %, assuming light winds and no breaking waves.  

Turbulent dispersion is the mixing caused by “sub-scale” currents (not included in the current data), also 

known as turbulent eddies, that move oil and mix it both horizontally and vertically. Numerous causes 

may exist in near shore and coastal environments that introduce turbulent mixing, such as: wind blowing 

over a basin of variable depth causing rotational current, friction of tidal flow running over the channel 

bottom generating turbulence, interaction of the tidal wave with the bathymetry generating larger scale 

currents, the shear effect in estuaries and tidal rivers, tidal pumping and trapping, and mixing caused by a 

river outflow (Fischer et al. 1979). Turbulent dispersion will have a greater effect on the dissolved and 

dispersed components of light fuel oils through acceleration of their dilution rates. Dilution occurs when 

water of lower concentration is mixed into water with higher concentration by turbulence, currents, or 

shoreline groundwater.  

Entrainment (dispersion) occurs when waves break over surface oil and carry it as droplets into the water 

column. Entrainment becomes increasingly important (higher rate of mass transfer to the water column) at 

higher wind speeds because higher speeds increase wave height and wave breaking. As wind and 

turbulence increase, the oil droplet sizes become smaller. Application of chemical dispersant increases 

the entrainment rate of oil and decreases droplet size at a given level of turbulence. Some wave energy is 

required for dispersant-treated oil to actually entrain. Light fuel oils are easier to break up into small 

droplets than crude oil and heavy fuel oil because of their relatively low viscosity and greater volatile and 

soluble fractions. Dispersant application is often unnecessary because the natural dispersion of light fuel 

oils is sufficient to cause significant entrainment and dispersion after evaporative loss of the bulk of oil.  

Resurfacing of entrained oil rapidly occurs for larger oil droplets. Smaller droplets resurface when the 

wave turbulence decreases. The smallest droplets do not resurface, as typical turbulence levels in the 

water keep them in suspension indefinitely. Resurfaced oil typically forms sheens. As surface slicks are 
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usually blown downwind faster than the underlying water, resurfacing droplets come up behind the 

leading edge of the oil, effectively spreading the slicks in the downwind direction. Light fuel oils tend to 

form thin sheens very fast, which in turn enhances the formation of small droplets in the water column 

with subsequent entrainment under breaking waves. 

Emulsification is the process by which water is mixed into the oil, such that the oil makes a matrix with 

embedded water droplets. The resulting mixture is commonly called mousse and is technically referred to 

as a water-in-oil emulsion. The rate of emulsification increases with increasing wind speed and turbulence 

on the surface of the water. Viscosity increases as oil emulsifies and the relative water concentration 

increases. For the light fuel oils, emulsification is unlikely to occur due to the lack of residual oil 

components such as resins and asphaltenes.  

In near shore and coastal environments, transport and dispersion of oil becomes much more complex 

due to the additional processes that affect the fate and transport of oil (Figure 3-2). Besides the major 

processes that affect fate and transport of oil in open water, other processes that must be considered in 

the near shore environment include: adsorption, adherence, sedimentation, diffusion, bioturbation, burial, 

and percolation. 

Figure 3-2 Fate, Transport, and Dispersion Model of Processes of Oil in the Coastal and Near 
Shore Environment (RPS ASA 2010) 
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Adsorption of dissolved components to suspended sediments in the water column occurs particularly 

when the organic carbon content of the suspended particulate matter is high.  

Entrained oil droplets may also combine with particles in the water through adherence process. If the 

particles are suspended sediments, and the combined oil/suspended sediment agglomerate is heavier 

than the water, the oil-sediment agglomerates may settle to the sediment phase. Adherence and 

sedimentation can be an important pathway of oil in near shore areas when waves are strong and 

subsequently subside. Re-suspension of settled oil-sediment particles and diffusion of the adsorbed semi-

soluble components may occur if current speeds and turbulence exceed threshold values where adhesive 

forces can be overcome.  

Other natural attenuation processes of oil in near shore environment include percolation, flushing, 

stranding, erosion, and degradation. Percolation is the process by which oil is carried into shoreline 

sediments by receding waves and tides. Shoreline sediments may be mixtures of a range of particle sizes 

from silt to cobbles and boulders.  

Flushing of shoreline sediments occurs naturally by freshwater flow (rivers, streams, rain runoff, and 

groundwater) and by tidal and wave activity.  

Stranding of oil on shorelines occurs when incoming tides and waves bring floating oil ashore that is not 

subsequently flushed. Re-floatation occurs when an incoming tide or waves wet the shoreline where 

stranding had previously occurred and where the oil is sufficiently mobile to be floated off. Erosion by 

waves and currents can remove oiled sediments from shorelines. The oiled sediment may remain in 

suspension and be transported some distance or be deposited in the near shore subtidal habitat.  

Degradation is the process through which oil components are changed either chemically or biologically 

(biodegradation) into another compound. It includes breakdown to simpler organic carbon compounds by 

bacteria and other organisms, photo-oxidation by solar energy, and other chemical reactions. Higher 

temperature and higher light intensity (particularly ultraviolet wavelengths) increase the rate of 

degradation.  

3.1.2 Heavy Fuels 

3.1.2.1 Physical and Chemical Properties of Heavy Fuels 

Heavy fuel oils, or marine residual fuel oils, are a group of high viscosity, high density oils containing 

residuals from various refining processes blended with a distillate fraction in order to obtain a required 

viscosity. 
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Heavy fuel oils (Table 3-1) are classified according to IFO grade system, where the viscosity is specified 

at 50°C, as an indicator of the oil pumping capability and handling properties during storage. For 

example, an IFO-180 has a specified kinematic viscosity (≤180 cSt) at 50°C, while IFO-380 should have a 

specified viscosity (≤380 cSt). At ambient temperature, however, the viscosities of these oils are 

dramatically increased. At 15
o
C, the IFO 180 viscosity ranges from 1500 to 3000 cSt, and the IFO 

380 viscosity may range between 5,000 and 30,000 cSt (International Tanker Owners Pollution 

Federation 2011). 

The physical and chemical properties of various residual fuel oils within the same IFO grade may 

therefore differ due to differences in the refining processes, the quality of the feed oil in the refining 

process, and variable addition of distillate to give a viscosity at 50°C in accordance with the 

specifications. This variation in physicochemical properties influences the properties of the heavy fuel oil 

at realistic spill temperatures.  

The principle features that distinguish the 11 grades of residual marine fuel oils (Table 3-3) include 

density, viscosity, pour point, sulfur, residual carbon, and metals residual content (ISO 2010: 8217). In 

practice, only 5 of the 11 residual grades of marine fuels are commonly used for marine transportation 

(Uhler et al. 2007). These five commonly-used residual fuels are classified in two groups: 1) intermediate 

fuel oil 180 (IFO180s); and 2) intermediate fuel oil 380 (IFO380s).   

Table 3-3 Physical Chemical Properties of Common Marine Heavy Fuel Oils 

Characteristics RME-180 RMG-180  RMG-380 RMK-380 

Density (g/ml @ 15
o
C) 0.99 0.99 0.99 1.01 

API gravity (dimensionless) 11 11 11 9 

Viscosity @ 50
o
C (mPa·s) 180 180 380 380 

Surface Tension    (mN/m) 25 to 30 25 to 30 25 to 30 25 to 35 

Pour Point (
o
C) 30 30 30 30 

Water content (max vol %) 0.5 0.5 0.5 0.5 

Carbon residual (mass %) 15 18 18 20 

Vanadium (max mg/kg) 150 350 350 450 

Note: Data from Environment Canada Oil Property Database (available online at http://www.etc-
cte.ec.gc.ca/databases/OilProperties/oil_prop_e.html), and ISO 2101:8217 

3.1.2.2 Fate and Transport of Heavy Fuels in the Marine Environment 

Heavy fuel oils spilled at sea may go through the same weathering processes as those processes 

affecting light oils, including: spreading, evaporation, emulsification, natural and chemical dispersion, 

dissolution of water soluble components, photo-oxidation, and biodegradation. The extent of the various 

processes depends on the oil properties, including specific gravity, distillation characteristics, vapor 

pressure, viscosity, and pour point. While many refined products (light oils) tend to have well-defined 

properties irrespective of the original crude oil from which they are derived, heavy fuel oils, which contain 

varying proportions of the residuals of the refining process blended with lighter refined products, may vary 

considerably in their properties. 
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When heavy fuel oils are spilled into the marine environment, the lighter fractions (< C20) of heavy fuels 

may evaporate to the atmosphere or dissolve in water. Heavy fuel oils may undergo little evaporation 

because of the low constituents of light fractions. 

Heavy fuel oils typically have low API gravity and densities approaching, and sometimes exceeding, that 

of water (National Research Council 1999, Neff et al. 2003). Therefore, heavy fuels may float on water, 

sink, or resurface after they sink, depending on meteorological and oceanographic conditions (Michel and 

Galt 1995, National Oceanic and Atmospheric Administration 1997). It is possible for heavy fuel oil to 

submerge beneath the sea surface under appropriate conditions, including: 1) the density of oil (or 

emulsion) close to the ambient water; 2) the viscosity of oil (or emulsion) low enough so that it breaks into 

mm to m patches or mats; and 3) the energy of waves sufficiently high to submerge the oil. When a 

dense oil mass is weathered to the extent that its density approaches that of the ambient water, the oil 

becomes suspended under the water surface and subject to appreciable over-washing as a result of 

wind-driven waves, buoyancy-driven cross-shore currents, and along-shore geostrophic currents in the 

near surface region. Weathered oil may also become incorporated into near shore sediments in estuaries 

and coastal areas, where sufficiently high amounts of suspended particulate matters are present to cause 

oil to sink. Although oil sedimentation is one of the key long-term processes leading to the accumulation 

of spilled oil in the marine environment, sinking of bulk oil is rarely observed beyond areas of near shore 

shallow waters, and only occurs primarily as a result of shoreline interaction. The interaction of stranded 

oil with shorelines depends primarily on the levels of energy to which the shoreline is exposed and the 

nature and size of the shoreline substrate (Michel and Hayes 1992). 

At lower atmospheric and sea water temperatures, it is typical to see reduced fluidity for heavy fuel oils. 

For example, IFO 180 has viscosity ranging from 1,500 to 3,000 cSt, and IFO 380 typically has viscosity 

between 5,000 and 30,000 cSt at 15˚C. With high viscosity at low temperature, semi-solid or highly 

viscous heavy fuel oils may fragment into millimetre to centimetre thick patches which move apart, rather 

than spreading as a thin, continuous layer over the surface.  

As heavy fuel oils experience weathering at sea, their properties such as viscosity can change 

considerably. For example, during the Prestige incident (Cedre 2006), oil samples that were taken at sea 

during the three-month oil spill response operation were systematically characterised. The sea 

temperature during the time period was 12 to 15°C. After one month at sea, the viscosity at 15°C was 

approximately 100,000 cSt (at 10 s
-1

), after two months it was approximately 200,000 cSt, and after three 

months it was approximately 300,000 cSt. These very high viscosities explain the increasing difficulty of 

recovering and handling the emulsified oil during the response operation period.  
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Several important processes contribute to natural attenuation of oil spilled in the environment, including 

photo-oxidation and biodegradation. Some compounds can be transformed through direct photolytic 

reactions if they receive sufficient irradiation from sunlight to affect the photo-oxidation chemical 

reactions. Others may undergo indirect photo-degradation with photo-sensitised light absorbers such as 

the chromophores present in dissolved organic material (Schwarzenbach et al. 1993). Biodegradation 

rates are related to molecular weight and structural conformation, with the lower molecular weight 

fractions being used first by microbes due to their relatively higher bioavailability. The biodegradation 

rates are also influenced by temperature, dissolved oxygen, and available nutrients. Although 

biodegradation is clearly not capable of removing bulk oil accumulations, it is one of the main long term 

mechanisms for the natural removal of the final traces of oil from shorelines that are frequently over-

washed by tidal or wind-driven action. 
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4.0 POTENTIAL TRANSPORT OF SPILLED SUBSTANCES IN THE HIGHER 
INCIDENT RISK AREA 

The following sections qualitatively evaluate the potential transport and fates of spilled substances for 

releases originating from the higher incident risk area during different seasons (Figure 1-1). Findings and 

conclusions from the analysis of environmental conditions (Section 2.0) and from the review of the oil 

properties and fate (Section 3.0) were used to predict general fate and transport of spills originating from 

this higher incident risk area. The fate and transport of any light or heavy fuel oil spilled in this region will 

depend on the specific environmental conditions present at the time of the release and in the subsequent 

hours and days. The analysis provided in this section is meant as a general guide as to where the oil 

would most likely go in the event of a release, and was evaluated in the context of the seasonal forcing 

trends reviewed in Section 2.0. Actual transport and fate may differ from what is predicted or suggested 

herein due to uncertainties associated with the independent variables and interactions.  

Figure 4-1 provides a reference map for locations and water bodies mentioned in the transport evaluation 

in the following sections, as well as the location of the higher incident risk area, and the location of a 

study site (Location E) from a past modelling study (EBA 2013, Stantec 2013) reviewed in Section 4.1. 
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Oil fate and transport in the marine environment is primarily controlled by the environmental conditions 

and the physical properties of the spilled product. Based on Appendix 10-A Marine Vessel Incidence 

Prediction Inputs to the Quantitative Risk Assessment: Marine Shipping Supplemental Report, 

light and heavy fuel oils were the two groups of petroleum products most likely to be discharged into the 

marine environment from RBT2-associated shipping traffic. Section 3.0 in Appendix 30-B reviewed the 

physical properties of “light fuel oils”, including marine gas oil (MGO) and marine diesel oil (MDO); and 

“heavy fuel oils”, including RME-180, RMG-180, 380, and RMK-380. 

Appendix 10-A concluded that the MCD volume for a collision, soft or hard grounding in the higher 

incident risk area could be either 2,500 m
3
 or 7,500 m

3 
depending on the scenario and accident type. It 

was assumed that this MCD was suitable for both light and heavy fuel oil types, as both fuel types are 

used or carried by vessels associated with RBT2 traffic. In general, the bulk of the light oil products 

potentially released from a RBT2-associated vessel as a result of a collision or grounding event in the 

higher incident risk area should spread to its minimum thickness and evaporate within a couple of days 

throughout the year. In particular, warm temperatures in summer would likely further speed up 

evaporation rates relative to other times of the year. Similarly, colder temperatures during winter would 

likely slow evaporation rates relative to other times of the year. If the spill occurred during a period of high 

winds, wave action would likely entrain the oil and disperse it throughout the wave mixed layer, increasing 

the dissolution and/or dispersion of oil in the water column. The peak concentration and amount of 

dissolved hydrocarbon contaminants in the water column would depend on how wide the oil spreads 

horizontally and how deep the oil penetrates into the water column. Given the circulation potential of the 

region and the MCD volumes, it is expected that residence time of any resulting in-water contamination 

would be relatively short (hours to days) for light fuel oils.   

The environmental compartment (e.g., water column, sea surface, shoreline) most likely to be affected by 

a spill of light fuel oil will depend on the environmental conditions at the time of the spill. High waves 

would potentially increase hydrocarbon concentration in the water column, while light winds would cause 

an increased concentration of volatile organic compounds in the immediate vicinity of the ambient air of 

the spill site. However, the impacts to air quality are expected to be localised given the tremendous 

dilution capacity under the ambient meteorological conditions.     

The bulk of the heavy fuel oil products that could potentially be released from RBT2 associated vessel 

traffic as a result of a collision or grounding event in the higher incident risk area would have limited 

removal through evaporation, and would likely form either emulsions or wash ashore. Degradation 

(biodegradation and photo-oxidation) would occur given sufficient dissolved oxygen and nutrient supply, 

and bioavailability of part of the oil compounds. If a spill occurred during a period of high winds, then 

wave action would cause some entrainment and dispersion, and potentially formation of water-in-oil 

emulsions and/or oil-sediment agglomerates if a spill occurred at a time and place where higher volumes 

of suspended particulate matter were present in the water column.  
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4.1 PAST MODELLING STUDY NEAR THE HIGHER INCIDENT RISK AREA 

Past oil spill modelling studies conducted in or near the higher incident risk area were reviewed and 

incorporated where applicable into the fate and transport evaluation and analysis herein. The reviewed 

report pertaining to this higher incident risk area analysis will be referenced in the following sections as 

Study 1 (EBA 2013, Stantec 2013). Study 1 consisted of two reports building off the same modelling 

effort. The first, entitled “Modelling the Fate and Behavior of Marine Oil Spill for the Trans Mountain 

Expansion Project Summary Report”, was prepared by EBA in November 2013 for Stantec (EBA 2013). 

EBA (2013) discussed the modelling methodology and provided some results. The second, entitled 

“Ecological Risk Assessment of Marine Transportation Spills”, was prepared by Stantec in December 

2013 for Trans Mountain Pipeline Expansion Project (Stantec 2013). Stantec (2013) focused a release 

site in the general region of interest: Location E at Arachne Reef at the western end of Boundary Passage 

(Figure 4-1). For this analysis of spills in the higher incident risk area, the focus will be on Location E. 

Study 1 (EBA 2013, Stantec 2013) used surface currents derived from the three-dimensional 

hydrodynamic model H3D, wind data gathered from the Meteorological Service of Canada, the National 

Oceanic and Atmospheric Administration, Metro Vancouver, and B.C. Ministry of Environment moored 

buoys and stations, and wave data from the wave model SWAN. Inputs from these three sources were 

fed into the Oil Spill Model SPILLCALC. These simulations used Cold Lake Winter Blend Bitumen as the 

spilled oil. Stochastic simulations predicting the probability of oiling were run for four seasons: winter, 

spring, summer, and autumn.  

Study 1 (EBA 2013, Stantec 2013) found for spills originating at Location E, there was a high to very high 

probability that shoreline oiling would occur. It is important to note that for a light fuel oil spill scenario, the 

oil used for the modelling in Study 1 (EBA 2013, Stantec 2013) was heavier and potentially more 

persistent than the light fuel oil discussed regarding potential release from RBT2-associated vessels; 

thus, the overall extents of the light fuel oil releases for RBT2-associated vessels are expected to be 

smaller than shown in Study 1. On the other hand, the heavy fuel oil used for the modelling in Study 1 

(EBA 2013, Stantec 2013) has similar physical chemical properties as heavy fuel oils considered in this 

analysis, and thus the extents of the heavy fuel oil releases from RBT2-associated vessel traffic are 

expected to be similar if the same amount of oil were released in the environment. Overall, Study 1 (EBA 

2013, Stantec 2013) release volumes modelled were slightly higher than the MCDs predicted for RBT2-

associated vessels (8,250 m
3
 verses 2,500 or 7,500 m

3
). Study 1 found that the potential for 

contamination of the water column was low due to low dissolved polycyclic aromatic hydrocarbon (PAH) 

concentrations. Since the chemical composition of the oil type (diluted bitumen cold lake winter blend or 

CLWB) in Study 1 and the heavy fuel oils carried by RBT2-associated vessel traffic (IFO180 and IFO380) 

have similar levels of PAH composition (Environment Canada, Fisheries and Oceans Canada, and 

Natural Resources Canada 2013), it is predictable that the potential contamination to the water column 

would also be low in the case of potential release from RBT2-associated vessels. 
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In the review of Study 1 (EBA 2013, Stantec 2013), Location E at Arachne Reef on the western end of 

Boundary Passage showed the bulk of the transport during all seasons would be primarily to the south. A 

slightly higher probability of transport to the east and north during the spring and summer periods was 

observed. It was probable that oil would travel to the south down the Haro Strait and into the Juan de 

Fuca Strait, with the highest probability of shoreline oiling observed along the northern shoreline of San 

Juan Island and the eastern shoreline of Vancouver Island. If a spill occurred on the eastern end of the 

Boundary Passage, there would likely be less transport down Haro Strait and more shoreline oiling along 

the islands south of Boundary Passage, along with a higher potential for oil to spread into the Strait of 

Georgia.     

4.2 SPILLS ORIGINATING FROM THE HIGHER INCIDENT RISK AREA 

Based on the environmental conditions analysis (Section 2.0) focusing on the Saturna Island station 

(Figure 2-1) wind record and the available current data, two seasons were defined to facilitate the 

characterisation of possible oil spills in the higher incident risk area. For the Saturna Island wind record, 

months were grouped into seasons 1 and 2. The first season (season 1) was defined as April through 

September coinciding with the late spring, summer, and early autumn months. The circulation in the area 

during the beginning of the season is influenced by less saline water from the Fraser River outflow. This 

outflow pushes southward along the coastline, bifurcates north of Saturna and Patos Islands, and 

continues seaward through Boundary Passage and Haro Strait. Throughout the remainder of the season, 

tidal and wind driven circulation dominates the transport of surface waters. The ebb tide moves water 

seaward through Boundary Passage in a west-southwest direction after the water wraps around the 

eastern end of Saturna Island. The flood tide moves water to the east-northeast through Boundary 

Passage before turning north and then northwest upon reaching the Strait of Georgia. Winds are 

predominantly out of the west-southwest throughout season 1. Northwest winds are also observed, 

especially in the beginning and end of season 1. There are occasional measurements out of the east and 

the south, corresponding with storm activity in early and late season 1. Water temperatures range from 

approximately 10°C in April to approximately 20°C in July and August, and then fall to approximately 16°C 

in September.  

The second season (season 2) was defined as October through March coinciding with the late autumn, 

winter, and early spring months of the region. Circulation in the higher incident risk area is dominated by 

tidal movement and wind forcing as discharge from the Fraser River is at its lowest rate during this period. 

The tidal flow follows the general movement described for the non-freshet months of the season 1, going 

west-southwest on the ebb tide and east-northeast on the flood tide. More variability in wind direction is 

observed during this time period. Northwest and southwest winds are dominant, but easterly and 

southerly winds are also observed during the low pressure systems that impact the area during the winter 

months. Water temperatures range from approximately 12°C in October to approximately 6°C in 
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December, January, and February, and then rise to approximately 8°C in March. These two seasons 

(April through September and October through March) are used to characterise the possible transport 

and fate of light and heavy fuel oil spills in the higher incident risk area.   

The overall consequences (e.g., shoreline oiling, surface oil concentrations, water column contamination, 

and persistence in the environment) of spills originating from the higher incident risk area are dependent 

on season and oil type.         

4.2.1 Light Fuel Oil 

4.2.1.1 Season 1 (April through September) 

The Fraser River discharge, which is at its peak in the first half of season 1, would strongly influence a 

release in the higher incident risk area. The river outflow would most likely carry oil to the west through 

Boundary Passage and into Haro Strait. Due to the proximity of land, some shoreline oiling would be 

expected, especially along the southern shores of Saturna and South Pender Islands and the eastern 

shores of Moresby and Sidney Islands. It is also possible that oil would be pushed into the area between 

Waldron and the Gossip Islands, with oiling possible along the northern and northwestern shores of those 

and the San Juan Islands. This would likely be exacerbated during periods of northwest winds.  

As the discharge from the Fraser River decreases over the season, its influence on the transport of a 

potential spill diminishes. Tidal currents and winds will become the more dominant transport mechanism, 

but shoreline oiling would still be expected due to the proximity of the land in Boundary Passage. Similar 

to the early months of season 1, northwest winds would likely push any spilled oil into the islands south of 

Boundary Passage, including Waldron, Shipjack, and Bare Islands. If the spill occurred during a period of 

southwest winds, the southern shorelines of South Pender and Saturna Islands would likely be oiled. The 

location of shoreline oiling will be highly dependent on the origin of the spill. If the spill occurred at the 

eastern end of Boundary Passage, oiling would be less likely on the islands mentioned previously, but 

would increase the chance of oiling along Patos Island and the Sucia Islands.     

A spill within the higher incident risk area would likely result in some light fuel oil reaching the surrounding 

shorelines. This occurred in Study 1 (EBA 2013, Stantec 2013) due to the close confines of the region. 

However, the bulk of the light fuel oil being discussed should spread rapidly to a thin layer of oil sheen 

and evaporate quickly, perhaps within a couple of days. High waves (greater than 2.0 m) are not typically 

present within the higher incident risk area due to the limited fetch resulting from the close confines of the 

surrounding land, so dispersion and entrainment was not expected to be as high as compared to a spill 

occurring in more open waters. Effects of the volatile organic compounds on air quality in the immediate 

vicinity of the effects area would be minimal, given the large dissipation capacity of the ambient 

meteorological conditions.         
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4.2.1.2 Season 2 (October through March) 

A spill in the higher incident risk area during this period would be less influenced by the Fraser River as 

the river’s flow into the area is at its lowest during this season. Tidal currents and winds would be the 

dominant transport mechanisms. Due to the proximity of the land in the higher incident risk area, 

shoreline oiling will still be expected. Oiling will primarily depend upon wind direction and spill location. If 

the spill occurred at the eastern end of the higher incident area during a period of southerly winds, oiling 

could be expected along Saturna and Patos Islands, with some oil potentially entering the Strait of 

Georgia. If the spill occurred on the eastern end of the pass during a period of easterly winds, oil would 

likely transit through Boundary Pass and reach the shores of South Pender and Moresby Island, as well 

as the southern shores of Saturna Island. If the spill occurred during a period of northwesterly or northerly 

winds, oiling would be possible along the northern coasts of Waldron, Freeman, Sucia, and Patos Islands. 

Spills occurring at the western end of the higher incident risk area would likely cause shoreline oiling 

along the northern shores of the Gossip Islands during periods of northwesterly winds, along the eastern 

shores of Moresby Island and the islands around Prevost Passage during periods of easterly winds, and 

along the shorelines of South Pender Island and Bedwell Harbour during periods of southerly winds.       

A spill within the higher incident risk area would result in some light fuel oil reaching the surrounding 

shorelines, as occurred in Study 1 (EBA 2013, Stantec 2013) due to the close confines of the region. 

However, the bulk of the light product being discussed should spread rapidly to its minimum thickness 

and evaporate within a couple of days. The cooler temperatures in Season 2 would probably slow the 

spreading and evaporation rate slightly, but the rates would still be relatively fast given the low viscosity 

and high vapor pressure of the light fuel oil. High waves are not typically present within the higher incident 

risk area due to the limited fetch resulting from the close confines of the surrounding land, so dispersion 

and entrainment would not be as high as a spill in more open waters. Evaporation may cause some 

minimal changes to the air quality in the immediate vicinity of a fresh oil spill.         

4.2.2 Heavy Fuel Oil 

4.2.2.1 Season 1 (April through September) 

Similar to the light fuel oil spills, a release in the higher incident risk area in the early months of season 1 

would be strongly influenced by the Fraser River discharge which generally peaks in May or June. The 

river outflow would likely carry oil to the west through Boundary Pass and into Haro Strait, with oil 

reaching as far south as the Juan de Fuca Strait. Due to the proximity of land and physical traits of heavy 

fuel oil, substantial shoreline oiling would be expected. The southern shores of Saturna and South Pender 

Islands and the eastern shores of Moresby and Sidney Islands, as well as the shorelines of Vancouver 

Island that border Haro Strait, would be at the highest risk for oiling during these months. It is also likely 

that oil would be pushed into the San Juan Islands located south of Boundary Passage, which would be 

exacerbated during periods of northwest winds.  
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In the later months of season 1 discharge from the Fraser River eases and its influence on the transport 

of a potential spill would diminish. However, due to its narrow confines, shoreline oiling would likely occur 

along the islands bordering Boundary Passage, and oil would transit through Haro Strait into the Juan de 

Fuca Strait; thus causing shoreline oiling along Moresby and Sidney Islands and the coast of Vancouver 

Island near Gordon Head. As during the early months of this season, a northwest wind would push spilled 

oil into the islands south of Boundary Passage, with oil potentially reaching shorelines along the majority 

of the islands in this area. If the spill occurred during a period of southwest winds, the southern shorelines 

of South Pender and Saturna Islands would likely be oiled. Southwest winds could also cause oil to reach 

shore on the eastern side of the Strait of Georgia, with oil reaching as far north as Point Roberts if the 

winds persisted over a few days. The location of shoreline oiling would be less dependent upon the origin 

of the spill due to the nature of heavy fuel oil. If the spill occurred at the eastern end of Boundary 

Passage, oiling would likely still occur but to a lesser extent than on the islands mentioned previously. 

However, a spill at this end of the pass would increase the amount of oil beaching along Patos Island and 

the Sucia Islands and increase the chance of oil entering the Strait of Georgia, thus potentially affecting 

the coastline along its eastern side.  

A spill of heavy fuel oil within the higher incident risk area would result in substantial shoreline oiling along 

the islands bordering the area. There would also be the chance of oil reaching shorelines not in the 

immediate vicinity of the spill area due to the persistence and nature of heavy fuel oil and close confines 

of the region. This was confirmed in Study 1 (EBA 2013, Stantec 2013). The warmer temperatures 

observed during this season would decrease the viscosity of the heavy fuel products, thus increasing their 

potential dispersibility in the water column. Wave action is not expected to be strong enough to cause 

much entrainment and dispersion within the higher incident risk area; however, if the spill dispersed 

beyond Segment B and experienced turbulence through higher wave heights, entrainment, as well as the 

formation of water-in-oil emulsions, would be expected. During storm conditions heavy fuel oil may 

interact with the suspended sediments and re-suspended sediments from the sea bed, which would 

cause the oil-sediment flocculants to sink to the sea floor due to their increased density. The higher 

current velocities seen early in this season would likely increase the amount of turbulence within the 

higher incident risk area, which would in turn increase entrainment, sedimentation, and water column 

contamination. Any increase in dispersion and entrainment would enhance the amount of biodegradation 

as the amount of surface area available for consumption would increase with the formation of smaller 

droplets. A spill of heavy fuel oil occurring early in Season 1 would most likely result in the worst case 

oiling and impact scenario. 

4.2.2.2 Season 2 (October through March) 

A spill in the higher incident risk area would be less influenced by the Fraser River during season 2 due to 

the observed low flow conditions. Tidal currents and winds would be the dominant transport mechanisms. 

Due to the proximity of the land in the area, shoreline oiling is likely to occur. Shoreline oiling due to a 
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heavy fuel spill would be more widespread and less dependent upon spill location than spills of light fuel 

oil. If the spill occurred at the eastern end of the pass during a period of southerly winds, heavy oiling 

would occur along Saturna and Patos Islands, with oil likely to enter the Strait of Georgia, possibly 

reaching the western shores from Lummi Bay north to Point Roberts. If the spill occurred on the eastern 

end of the pass during a period of easterly winds, oil would likely transit through Boundary Pass and 

reach the shores of South Pender and Moresby Island, as well as the southern shores of Saturna Island. 

Transport south through Haro Strait and into the Juan de Fuca Strait would also be possible. If the spill 

occurred during a period of northwesterly or northerly winds, oiling would be likely along the northern 

coasts of Waldron, Freeman, Sucia, and Patos Islands. Oil could potentially continue south from this point 

and spread through the entire San Juan Islands due to the persistence of heavy fuel oil. Spills occurring 

at the western end of the pass would likely cause shoreline oiling along the northern shores of the Gossip 

Islands and the San Juan Island during periods of northwesterly winds. Again, due to the persistence of 

the oil type, it could spread throughout the San Juan Islands if the wind direction was persistently 

northwest. A spill at the western end of the pass during periods of easterly winds would cause oiling along 

the eastern shores of Moresby Island, the Pender Islands, and the islands bordering Prevost Passage. Oil 

could also spread south through Haro Strait and into the Juan de Fuca Strait. The shorelines of Pender 

Island and Bedwell Harbour would likely be heavily oiled by a spill in the western end of the pass during 

periods of southerly winds, with oil likely spreading north into Otter Bay and along the shorelines of 

Moresby and Portland Islands.      

A spill of heavy fuel oil within higher incident risk area would result in substantial shoreline oiling along the 

islands bordering the area. There would also be the chance of oil reaching shorelines not in the 

immediate vicinity of the spill area due to the persistence and nature of heavy fuel oil and the close 

confines of the region, as confirmed in Study 1 (EBA 2013, Stantec 2013). The cold temperatures during 

this season would further increase the viscosity of the heavy fuel products, therefore, decreasing the 

spreading of oil. Within the area, wave action was not expected to be strong enough to cause much 

entrainment and dispersion. However, if the spill left the confines of this space and was subjected to 

higher wave heights, entrainment and the formation of water-in-oil emulsions could occur. It is also 

possible that this heavy fuel oil would interact with suspended sediments in some of the shallow water 

areas during storm conditions, causing the oil-sediment flocculants to sink to the sea bed due to their 

increased density. Any periods of high current velocities within the pass would likely cause more 

turbulence, which would enhance entrainment and water column contamination. Any increase in 

dispersion and entrainment would also enhance the amount of biodegradation as the amount of surface 

area available for consumption would be increased by the formation of smaller droplets.    
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5.0 ANALYSIS OF PLAUSIBLE WORST CASE SCENARIO 

Section 4.4.4 Identification of a Plausible Worst-case Accident or Malfunction Scenario describes a 

plausible worst case scenario as follows: 

A container ship associated with RBT2 experiences a hard grounding while under power in 

Boundary Passage near South Pender Island. The ship’s hull is breached and structural damage 

extends through three heavy fuel oil tanks in the ship’s interior. As a result of the damage, 

7,500 m
3
 of heavy fuel oil discharges to the surrounding marine environment, assuming all three 

tanks are full. The period in which the grounding occurs is on an afternoon in May, when winds 

are moderate southeasterlies, such that the initial spill makes landfall on the southern shores of 

South and North Pender islands. 

Given that high spring flows from the Fraser River create a southwest current in the Strait of Georgia, it is 

anticipated the spill would be pushed across and into Swanson Channel, oiling the eastern shores of 

Moresby Island. As suggested by spill modelling undertaken in Study 1 described above (EBA 2013, 

Stantec 2013) unmitigated spill in Segment B could disperse into MSA Segments A and E to the north 

and into Segments C, D, and G to the south.  

When heavy fuel oils are spilled, different weathering processes alter the properties of the oil depending 

on the time period and weather conditions. As previously outlined in Section 3.1.2.2, these processes 

include: spreading, evaporation, emulsification, natural and chemical dispersion, dissolution of water 

soluble components, photo-oxidation, and biodegradation. The extent of the various weathering 

processes highly depends on the oil’s properties. Heavy fuel oils typically contain lower fractions of the 

lighter volatile components of oil and are very viscous and, therefore, heavy fuel oils may undergo little 

evaporation from surface and dissolution in the water column as compared to other oil types. Heavy fuel 

oils may persist as slick oil or as weathered viscous masses on the sea surface and on shorelines for 

extended periods of time as described below.  

5.1 WATER COLUMN CONTAMINATION 

If the oil is released in turbulent conditions (moderate to high winds, currents, and waves) like those 

described for the worst case scenario, the lighter volatile fraction may quickly dissolve into the water 

through the entrainment process. PAHs are the primary soluble constituents of oil that can dissolve into 

the water column and cause toxicity and biological exposure, If the environment remains dynamic and 

turbulent, the PAH water column concentrations resulting from the worst case scenario would peak 

shortly after the spill at potentially high levels but would most likely dissipate in a matter of hours to days.  
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If this peak in concentration occurs in shallow well mixed waters (e.g., up against a dynamic shoreline or 

beach) near the spill site and is not subjected to significant transport, water column contamination 

(although most likely short-lived) could potentially reach toxic levels (>1 ppb) affecting the pelagic and the 

benthic habitat (Trudel 1989, French McCay 2004, French McCay 2002, and French McCay et al. 2012). 

A similar scenario occurred along the coast of Rhode Island during the North Cape spill of home heating 

oil (French McCay 2003). If the oil is initially transported across open deeper water (e.g., Swanson 

Channel) before making landfall (e.g., eastern shores of Moresby Island), this concentration peak would 

be observed in the upper mixed layer of the water column affecting only the pelagic environment. In 

cases where turbulence is high enough to entrain a significant portion of particulate oil as oil droplets in 

the water column (although heavy fuel oil is not that easily entrained), and the sediment load from the  

Fraser River freshet is high, it is possible that some deposition of oil-sediment flocculants on the sea bed 

is possible during this time of year in the higher incident risk area.   

Conversely, if the release occurs in less turbulent conditions and transport is not swift, evaporation of the 

lighter volatiles and dissolution into the water column may become competitive processes. This would 

result in overall lower PAHs concentrations in the water column, but a leaching effect of low 

concentrations of constituents gradually dissolving over a longer period of time may occur while slicks are 

floating around. Concentrations may never exceed a toxic threshold at any given point, but the cumulative 

or repeated exposure to low doses may result in sub-lethal or even lethal effects especially if a certain 

species or habitat is particularly sensitive to PAHs. Higher PAH concentrations could last days to weeks 

depending on the exact environmental conditions, total movement of the slicks, and the composition of 

the heavy fuel oil.    

5.2 SURFACE AND SHORELINE OIL 

In the case of heavy fuel oil, the most influential weathering processes governing the fate and persistence 

of oil occur to the surface slicks (e.g., dispersion, emulsification). Heavy fuel oils typically have low 

densities approaching, and sometimes exceeding, that of water (National Research Council 1999, Neff et 

al. 2003). As heavy fuel oils experience weathering at sea, their properties such as viscosity can change 

considerably. Therefore, heavy fuels may float on water, sink, or resurface after they sink (Michel and 

Galt 1995, National Oceanic and Atmospheric Administration 1997). For example, during the Prestige 

incident (Cedre 2006), it was observed that from oil samples that were taken at sea during the three-

month oil spill response operation viscosity consistently increased over time. Oil persisted in the 

environment for many months and increased viscosity lead to difficult recovery and handling during the 

response operation. Weathered oil mats were observed to sink in shallow areas covering the seabed, 

float just below the surface where over-washing occurred, and made landfall coating and smothering 

beaches and rocky shorelines.   



Port Metro Vancouver - 44 - RPS ASA 
RBT2 Marine Shipping Supplemental Report: Marine Fate of Shipping Spill-type Accidents August 2015 

The persistence of heavy fuel oil on the sea surface causes it to likely travel further than light fuel oils 

resulting in more sea surface area affected and shoreline oiling. Surface oil could potentially get 

transported outside the higher incident risk area and into the Juan de Fuca Strait in the worst case 

scenario given the stronger currents and wind direction in the spring. However, due to the confines of 

Boundary Passage and Haro Strait it is predicted that a good portion of the oil spilled in a worst case 

scenario would make landfall before reaching the Juan de Fuca Strait. Floating oil masses could be 

observed for several months after the incident depending on the exact environmental conditions, total 

movement of the slicks, and the composition of the heavy fuel oil.  

Weathered dense oil may also become incorporated into near shore sediments and shorelines in the 

higher incident risk area (e.g., eastern shores of Moresby Island). Fresher heavy fuel oil that washes 

ashore may be subjected to more shore-washing or washing back into the water if in the intertidal zone. If 

deposited on shorelines as dense weathered oil or as fresher oil but higher up on the beach or shoreline, 

shoreline washing would be less prevalent. Once deposited on shore the weathering process may still 

continue through evaporation. Persistence of oil on the shoreline, if left uncleaned can be in the order of 

months to years.     

Slicks and weathered oil masses (inside and outside the higher incident risk area) may maintain a 

thickness at the sea surface and on the shoreline known to affect wildlife (>0.01 mm) (French et al. 

1996a,  French McCay et al. 2009, French McCay et al. 2011, French McCay et al. 2012). Marine 

organisms most vulnerable to a heavy fuel oil spill are those that interact with the sea surface 

(e.g., marine mammals, seabirds, and neuston) and are found along shorelines and in intertidal zones.  
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6.0 CONCLUSIONS 

A discussion of the major results and conclusions from this assessment are provided in this section. 

6.1 DISCUSSION OF KEY FINDINGS AND CONCLUSIONS 

6.1.1 Summary of the Analysis of Environmental Conditions 

Existing meteorological and oceanographic literature, wind, wave, and tidal data were summarised (from 

several Environment Canada and National Oceanic and Atmospheric Administration monitoring stations 

for the environmental conditions analysis of the higher incident risk area. Wind direction throughout the 

year is variable in direction and magnitude. Saturna Island is a coastal station near Boundary Pass in the 

higher incident risk area of interest (Figure 2-1). Yearly mean winds are most frequently from the 

southwest, averaging 14 km/h with peaks over 70 km/h. Trends in wind data across all stations are 

summarised in Table 6-1. Overall, the review of environmental conditions data showed that wind changes 

in direction and strength over the seasons, with stronger winds in winter, and weaker winds from spring to 

autumn. 

Table 6-1  Summary of General Trends in Seasonality of Wind Data Across all Stations 

Season/Period Winds 

Summer (June to August) 
Generally weaker winds, 12 to 20 km/h 

Dominant directions are southwesterly and southeasterly 

Fall (September to November) 
Variable speed and direction, 12 to 20 km/h 

Most frequently northwesterly and east-southeasterly 

Winter (December to February) 
Stronger winds,  18 to 22 km/h 

Variable, but predominantly easterly/southeasterly 

Spring (March to May) 
Variable speed and direction, 12 to 22 km/h 

Most frequently southeasterly and southwesterly 

The mean water flow in the northern basin of the Strait of Georgia is anticlockwise circulation driven 

largely by the winds from the northwest, and the buoyancy flux of freshwater input. The mean currents 

are slow (0.1 to 0.2 m/s) with stronger, mainly semi-diurnal tides superimposed upon them. The flood 

tides, entering primarily from the south (Boundary Passage), drive currents northward, while ebb tides 

drive currents southward (Victoria Experimental Network Under the Sea 2014). The Fraser River is the 

largest freshwater discharge into the Strait of Georgia and flows approximately perpendicular to the 

direction of tidal currents and winds in the Strait of Georgia. During the freshet period of river flood and 

due to heavy rain or snow melt (predominantly in May to June), the river discharges as a “jet” near 

Steveston and causes the current to flow in a south-westward direction. 
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6.1.2 Summary of Oil Properties and Fate 

The physical chemical properties of the two most common products, namely light fuel oil and heavy fuel 

oil, have been reviewed and are summarised in RBT2 EIS Appendix 30-B (PMV 2015). Light oils were 

found to have the more volatile fraction making light oils more evaporative and also more soluble in the 

water column. Light fuel oil is more likely to break up into small droplets that entrain in the water column 

due to wind and wave forcing, as compared to heavier fuel oils or crudes. In turbulent conditions, this can 

lead to high concentrations of water column contamination, although usually short-lived. Marine light fuels 

contain a substantial amount of lower-molecular-weight aromatics (e.g., BTEX and naphthalenes) that 

could be dissolved in the water column and cause toxicity and biological exposure. Gas oil and diesel oil 

are among the list of oils that are most likely to cause water column toxicity when spilled in shallow water 

and create high concentrations of aromatics in localised areas. Overall, spilled light fuel oil is less 

persistent in the environment and dissipates quicker than heavier oils. The bulk of the light oil 

products released into the marine environment should spread to its minimum thickness and evaporate 

relatively quickly.  

While many refined products tend to have well-defined properties irrespective of the original crude oil 

from which they are derived, heavy fuel oils may vary considerably in their properties. Heavy fuel oils are 

highly viscous and mostly insoluble. Compared to light oils, heavy fuel oils have minimal fraction of 

volatiles and hence are less dispersible in water and may be more persistent in the environment (water 

surface and shorelines). The heaviest fractions of the oil may float or sink, depending on the density 

relationships with the ambient water. Weathered heavy fuel oil may also become incorporated into near 

shore sediments in estuaries, where sufficiently high amounts of suspended particulate matters are 

present. The lighter fractions of heavy fuels may evaporate to the atmosphere or dissolve in water 

column. PAHs are the primary soluble constituents of oil that can dissolve into the water column and 

cause toxicity and biological exposure, PAH concentration and composition among the heavy fuel oils can 

vary greatly. Some heavy residual fuel oils may undergo little or no evaporation because of the low 

constituents of light fractions. The thick patches of viscous oils on the water surface may show little 

tendency to disperse even with the addition of dispersants. 

6.1.3 Summary of Transport of Spilled Substances in the Higher Incident Risk Area 

The general transport and behaviour of potential spills in the higher incident risk area of interest was 

qualitatively evaluated considering site specific seasonality of environmental conditions. The year was 

broken up into two “seasons”. Based on the environmental conditions analysis focusing on the Saturna 

Island wind station, season 1 of the higher incident risk area was defined as April through September. 

The circulation in the area during the beginning of the season is influenced by less saline water from the 

Fraser River outflow. This outflow pushes southward along the coastline and continues seaward through 

Boundary Passage and Haro Strait. Throughout the remainder of season 1, tidal and wind driven 

circulation dominates the surface waters. Winds are predominantly out of the west-southwest throughout 

season 1. Northwest winds are also observed, especially in the beginning and end of season 1. 
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The second season (season 2) at the higher incident risk area was defined as October through March. 

Circulation in the higher incident risk area is dominated by tidal movement and wind forcing as discharge 

from the Fraser River is at its lowest rate during this period. The flow follows the general movement 

described for the non-freshet months of the previous season, going west-southwest on the ebb tide and 

east-northeast on the flood tide. Northwest and southwest winds are dominant, but easterly and southerly 

winds are also observed.  

The Fraser River outflow would likely carry an oil spill in the higher incident risk area to the south through 

Boundary Passage into Haro Strait during the spring months. Due to the proximity of land, shoreline oiling 

would be expected, especially along the southern shores of Saturna and South Pender Islands. This 

would likely be exacerbated during periods of northwest winds. As the discharge from the Fraser River 

decreases in the summer, its influence on the transport of a potential spill diminishes. Tidal currents and 

winds will become the more dominant transport mechanism, but shoreline oiling would still be expected 

due to the proximity of the land in the higher incident risk area. In the fall and winter, spill transport would 

be primarily dependent on winds, which are typically stronger in the winter months. 

In general, some light fuel oil could affect the shorelines due to the close confines of the southern Strait of 

Georgia and the Boundary Passage/Haro Strait regions. However, the bulk of the light oil should spread 

to its minimum thickness and evaporate within a few days. Turbulent conditions resulting in high 

entrainment of light fuel oil types may cause short-lived acute water column contamination, especially in 

shallower waters.  

The persistence of heavy fuel oil on the sea surface causes it to likely travel further than light fuel oils 

resulting in more sea surface area affected and shoreline oiling. Water column contamination is less likely 

from heavy fuel oils, but is possible in very turbulent conditions. Marine organisms most vulnerable to a 

heavy fuel oil spill are those that interact with the sea surface (e.g., marine mammals, seabirds, and 

neuston) and are found along shorelines and in intertidal zones.  

A modelling study for another development project in the region of interest (EBA 2013, Stantec 2013) 

found that there was a high to very high probability that shoreline oiling would occur. The oil used for the 

modelling study had similar physical chemical properties as heavy fuel oils considered in this analysis, 

although release volumes were higher than the MCDs predicted for RBT2-associated vessels (8,250 m
3
 

verses 7,500 m
3
). The modelling study found that the potential for negative effects to the water column 

was low due to low dissolved PAH concentrations.  

Heavy fuel oils may undergo little evaporation and dissolution in the water column as compared to other 

oil types. Slick oil or weathered viscous masses on the sea surface and on shorelines, therefore, may 

persist for extended periods of time (e.g., weeks to months). If the environment remains dynamic and 

turbulent, the PAH water column concentrations resulting from the worst case scenario spill would peak 

shortly after the spill (possibly at high levels) but would most likely dissipate in a matter of hours to days. 
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9.0 STATEMENT OF LIMITATIONS 

This report was prepared by RPS ASA for Port Metro Vancouver, based on other studies conducted by 

other subcontractors, for the sole benefit and exclusive use of Port Metro Vancouver. The material in it 

reflects RPS ASA’s best judgment in light of the information available to it at the time of preparing this 

Report. Any use that a third party makes of this Report, or any reliance on or decision made based on it, 

is the responsibility of such third parties. RPS ASA accepts no responsibility for damages, if any, suffered 

by any third party as a result of decisions made or actions taken based on this Report. 

RPS ASA has performed the work as described above and made the findings and conclusions set out in 

this Report in a manner consistent with the level of care and skill normally exercised by members of the 

environmental science profession practicing under similar conditions at the time the work was performed. 

This Report represents a reasonable review of the information available to RPS ASA within the 

established Scope, work schedule and budgetary constraints. The conclusions and recommendations 

contained in this Report are based upon applicable legislation existing at the time the Report was drafted. 

Any changes in the legislation may alter the conclusions and/or recommendations contained in the 

Report. Regulatory implications discussed in this Report were based on the applicable legislation existing 

at the time this Report was written. 

In preparing this Report, RPS ASA have relied in good faith on information provided by others as noted in 

this Report, and has assumed that the information provided by those individuals is both factual and 

accurate. RPS ASA accept no responsibility for any deficiency, misstatement or inaccuracy in this Report 

resulting from the information provided by those individuals. 
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Figure A-1 Yearly Wind Rose at Saturna Island for 2012 and 2013 (average of both years). 
Wind Direction is in the Traditional Convention (i.e., direction coming from) 

 
Figure A-2 Yearly Wind Rose at New Dungeness for 2012 and 2013 (average of both years). 

Wind Direction is in the Traditional Convention (i.e., direction coming from) 
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Figure A-3 Wind Speed and Direction for Speeds >30 km/h at Saturna Island for 2012 and 2013 
(average of both years) 

 
 

Figure A-4 Wind Speed and Direction for Speeds >30 km/h at New Dungeness for 2012 and 
2013 (average of both years) 
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Figure A-5 Water Level Data at the Pt. Atkinson Station for 2000 to 2010 
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Figure A-6 Water Level Data at the Pt. Atkinson Station for 2008 (top) and Daily for May 2008 
(bottom)  
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Figure A-7 Monthly Water Level for a Specific Day (shown is the 15th) at Pt. Atkinson Station 
(2008) 
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Figure A-8 Water Level Data at the Tsawwassen Station for 1967 to 1977 (top) and 1976 
(bottom) 
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Figure A-9 Water Level for Tsawwassen for May 1976 
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Figure A-10 Monthly Water Level for a Specific Day (shown is the 15th) at Tsawwassen Station 
(1976) 
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Figure A-11 Daily Water Level Data at the Patos Island Station for 1967 to 1969 (top) and 1968 
(bottom) 
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Figure A-12 Water Level for Patos Island for May 1968 
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Figure A-13 Monthly Water Level for a Specific Day (shown is the 15th) at Patos Island Station 
(1968) 
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Figure A-14 Significant Wave Height Distribution for Roberts Bank, 1974 to 1976 

 

Figure A-15 Significant Wave Height Distribution for New Dungeness, 2012 to 2013 
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Appendix 12-A Changes to Components of the Environment within Federal Jurisdiction

Environmental Component Valued 
Component

Potential Effect (before 
mitigation) Suggested Mitigation Residual Effect (after 

mitigation) Significance Cumulative Effect Significance

Marine Fish and 
Fish Habitat 
(Section 8.1)

All potential effects are expected 
to be negligible Not applicable Not applicable Not applicable Not applicable Not applicable

Marine Mammals  
(Section 8.2)

Behavioural and acoustic 
masking effects due to 
underwater noise from marine 
shipping associated with the 
Project

No specific mitigation measures to reduce underwater noise from 
marine shipping associated with the Project are suggested.

Behavioural and acoustic 
masking effects due to 
underwater noise from 
marine shipping associated 
with the Project

Not significant Residual cumulative effect 
expected

Significant for Southern resident killer 
whale (SRKW) (considering past, 
present, and future cumulative effects)

Not significant for North Pacific 
humpback whale, Steller sea lion, and 
toothed whales (other than SRKW)  

Marine Mammals 
(Section 8.2)

Physical disturbance from vessel 
strikes from RBT2-associated 
vessels

No specific mitigation measures to reduce the risk of vessel strikes 
to marine mammals from RBT2-associated vessels are suggested.

Physical disturbance from 
vessel strikes from RBT2-
associated vessels

Not significant
Residual cumulative effect 
expected for North Pacific 
humpback whale only

Not applicable for SRKW and Steller sea 
lion

Not significant for North Pacific 
humpback whale

"Migratory birds" as defined in 
the Migratory Birds Convention 
Act, 1994 

Marine Birds 
(Section 8.3)

Loss of productivity from 
collisions with transiting vessels 
associated with the Project  

No specific mitigation measures to reduce the risk of vessel strikes 
to marine birds from RBT2-associated vessels are suggested. 

Loss of productivity from 
collisions with transiting 
vessels associated with the 
Project  

Not significant
Not applicable, as 
cumulative effects are not 
likely to occur 

Not applicable

Residual Effects Incremental Cumulative Effects

"Fish" and "fish habitat" as 
defined in the Fisheries Act and 
"aquatic species" as defined in 
the Species at Risk Act
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Appendix 12-B Changes to the Environment on Federal or Transboundary Lands (Intermediate Components)

Intermediate Component Project-related Change (Before Mitigation)
On 

Federal 
Lands

On Trans-
boundary 

Lands

Suggested 
Mitigation 
Measures

Nature and Characteristic of Transboundary Residual Change

Air Quality (Section 7.1)

The emissions of criteria air contaminants, including nitrogen dioxide, sulphur dioxide, and fine particulate matter, from Project-associated 
ships are expected to represent less than 8% of the total annual cumulative emissions from large marine vessels along the vessel routes, 
and approximately 6% of total annual cumulative greenhouse gas emissions. Emissions of these criteria air contaminants are not expected 
to exceed air quality objectives and standards, and levels are predicted to be lower than existing conditions due to the implementation of 
fuel and technology standard improvements through the North American Emission Control Area (ECA). 

Trace particulate organic matter emissions associated with particulate matter are also expected to decrease substantially compared to 
existing conditions. The emissions of other trace organic gases are expected to increase by more than 20% with future large marine vessel 
activity, including Project-associated vessels. Vessel traffic associated with the Project is expected to represent 8% of this 20% increase. 
Concentrations of diesel particulate matter within the MSA area are currently above Acceptable Source Impact Limits for Washington State 
and they are projected to remain above this limit in the future. The levels of other trace organics are projected to be below air quality 
objectives and limits in the future. 

Yes Yes

Considering the 
proven and 
anticipated 
benefits to air 
quality from the 
ECA, no further 
mitigation 
measures are 
suggested.

Same as described in Project‐related Change column, noting that: 
1) The 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; and
2) The estimated concentrations of all trace organic contaminants considered in this 
assessment were below Acceptable Source Impact Limits for Washington State for toxic air 
pollutants in ambient air, except for diesel particulate matter. 

Wave Environment  (Section 
7.2)

Ship wake waves are expected to be exceeded by natural waves 60%, 54%, and 75% of the time in Zone 1, Zone 2, and Zone 3 in MSA 
Segment B, respectively. Project-associated traffic is expected to increase vessel traffic through Segment B by 6% compared to existing 
conditions; therefore, the potential for wake-generated waves to occur during calm conditions is also increased by 6%. 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. Vessel wake height modelling indicates that the majority of wake-related waves approaching shorelines in the three zones will 
be between 10 cm and 12.5 cm in height. The length of shoreline that falls within the zone of influence of existing vessel wake within 
Segment B is not anticipated to change with future increases in the number of vessel movements.

Yes Yes None
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, noting that 
Zone 2 (Stuart Island) shorelines are all within U.S. waters.

Marine Water Quality  
(Section 7.3)

No change. Due to federal and international pollution prevention provisions, discharges of bilge water or ballast water are not expected to 
alter marine water quality within the MSA. No No Not applicable No change.

Atmospheric Noise  (Section 
7.4)

The additional container ships associated with the Project would be expected to increase average daytime and nighttime noise levels by 0.4 
dBA to 0.5 dBA (depending on MSA segment traffic projections). The rates of occurrence of transient noise events (e.g., ship horns) are 
expected to increase by 9% to 12% (depending on MSA segment traffic projections), assuming that such occurrences increase in 
proportion to vessel movements. These small increases in average noise levels and rates of occurrence of transient events would not be 
expected to be perceptible. 

Yes Yes None Same as described in Project‐related Change column

Light  (Section 7.5)

Light trespass classifications are not expected to change from incremental light from Project-associated vessel transit activities. Sky glow 
classifications are expected to change at two points of reception at nighttime, Saturna Island and Stuart Island; however, these predicted 
changes are considered to be overestimated based on the conservative assumptions of two ships passing at the same time, which is 
unlikely, and approximately half of Project-associated container ships will transit the study area during the day. These anticipated 
incremental changes in light conditions are representative of a cumulative case of two ships passing at the same time since there is only 
one inbound and one outbound shipping lane. 

Yes Yes None Same as described in Project‐related Change column

Underwater Noise  (Section 
7.6)

During future conditions with Project-associated vessels, and other existing and future vessel activity in the MSA, cumulative changes to 
the mean underwater noise levels are expected to increase between 0.08 dB re 1 µPa in winter  and 0.06 dB re 1 µPa in summer over 
existing conditions, which averages 122.14 dB re 1 µPa in winter and 117.54 dB re 1 µPa in summer. Thus, future increases in commercial 
vessel traffic are expected to make a relatively small contribution to overall underwater noise levels in the MSA due to 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.

Yes Yes None Same as described in Project‐related Change column
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Appendix 12-C Changes to the Environment on Federal or Transboundary Lands (Valued Components)

Environmental 
Component

Potential Effect 
(Before Mitigation) On Federal Lands On Trans-

boundary Lands
Nature and Characteristic of 

Transboundary Change Suggested Mitigation Residual Effect (after 
mitigation) Significance Cumulative Effect Significance

Marine Fish and Fish Habitat 
(Section 8.1)

All potential effects are 
negligible Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Marine Mammals  (Section 
8.2)

Behavioural and acoustic 
masking effects due to 
underwater noise from marine 
shipping associated with the 
Project

Yes Yes

Marine vessels associated with the Project have the 
potential to increase noise levels in marine mammal 
habitat. Marine mammals effects could include 
behavioural effects such as potential displacement or 
avoidance of a portion of habitat and acoustic 
masking of communication calls or feeding 
echolocation. The effects are expected to be similar 
in Canadian and U.S. waters as the shipping lanes 
occur in both jurisdictions.

No specific mitigation measures to reduce underwater noise from marine shipping associated 
with the Project are suggested.

Behavioural and acoustic 
masking effects due to 
underwater noise from 
marine shipping 
associated with the 
Project

Not significant Residual cumulative 
effect expected

Significant for Southern resident killer 
whale (SRKW) (considering past, 
present, and future cumulative 
effects)

Not significant for North Pacific 
humpback whale, Steller sea lion, and 
toothed whales (other than SRKW)  

Marine Mammals (Section 
8.2)

Physical disturbance from vessel 
strikes from RBT2-associated 
vessels

Yes Yes

Marine shipping associated with the Project could 
result in vessel strikes of marine mammals along 
shipping lanes, resulting in injury or mortality. The 
effects are expected to be similar in Canadian and 
U.S. waters as the shipping lanes occur in both 
jurisdictions.

No specific mitigation measures to reduce the risk of vessel strikes to marine mammals from 
RBT2-associated vessels are suggested.

Physical disturbance 
from vessel strikes from 
RBT2-associated vessels

Not significant

Residual cumulative 
effect expected for 
North Pacific 
humpback whale 
only

Not applicable for SRKW and Steller 
sea lion

Not significant for North Pacific 
humpback whale

Marine Birds (Section 8.3)
Loss of productivity from 
collisions with transiting vessels 
associated with the Project  

Yes Yes

Injury or mortality of marine birds may be caused by 
collision with container vessels while transiting 
through shipping lanes. The effects are expected to 
be similar in Canadian and U.S. waters as the 
shipping lanes occur in both jurisdictions

No specific mitigation measures to reduce the risk of vessel strikes to marine birds from RBT2-
associated vessels are suggested. 

Loss of productivity from 
collisions with transiting 
vessels associated with 
the Project  

Not significant

Not applicable, as 
cumulative effects 
are not likely to 
occur 

Not applicable

Residual Effects Incremental Cumulative Effects
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Appendix 12-D Effects of Changes to the Environment on Aboriginal Peoples

Aspect Potentially Affected Related VC Potential Effect 
Related Change to the Environment, as defined in 
s. 5 of the Canadian Environmental Assessment 

Act, 2012
Suggested Mitigation Residual Effect (after 

mitigation) Significance Cumulative Effect Significance

Health and socio-economic 
conditions Human Health (Section 9.1) All potential effects are expected to be negligible Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Health and socio-economic 
conditions

Marine Commercial Use (Section 
9.2)

All potential effects are expected to be negligible Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Health and socio-economic 
conditions

Outdoor Recreation (Section 
9.3) All potential effects are expected to be negligible Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Physical and cultural heritage

Any structure, site, or thing 
that is of historical, 
archaeological, paleontological, 
or architectural significance

Archaeological and Heritage 
Resources (Section 9.4) All potential effects are expected to be negligible Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Current use of lands and 
resources for traditional 
purposes

Current Use of Lands and 
Resources for Traditional 
Purposes and Aboriginal or 
Treaty Rights (Section 9.5)

Effects to access to preferred Current Use locations due 
to Project-associated container ship pass bys, and on 
cultural practices tied to the affected use of locations 
and resources

Effect of marine shipping not directly linked to a change 
in the environment

Consultation on the development of a potential marine shipping 
activities communication plan that would provide potentially 
affected Aboriginal groups with real-time information regarding the 
movement of Project-associated shipping traffic through the MSA

Consultation with the affected Aboriginal groups to identify 
measures that would reduce the impact of the international 
shipping lanes to fishing by Aboriginal groups

No adverse residual effects 
anticipated Not applicable Not applicable Not applicable

Residual Effects Incremental Cumulative Effects
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