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EXECUTIVE SUMMARY 
This document is a Preliminary Quantitative Ecological Risk Assessment (PQERA) Technical Report 
prepared as supporting information for the Section 52 Application for the Trans Mountain Expansion 
Project (referred to as “TMEP” or “the Project”). Stantec Consulting Ltd. was retained by the project 
consultant, TERA Environmental Consultants, to evaluate ecological risks that could arise following 
accidental crude oil spills along the marine transportation route for loaded vessels leaving the Westridge 
Marine Terminal (WMT), between the Port of Vancouver and international waters west of Juan de Fuca 
Strait. The primary focus of this PQERA is the evaluation of the potential negative environmental effects 
to marine ecological receptors that could result from a hypothetical accidental crude oil spill during marine 
transportation. Cold Lake Winter Blend (CLWB) was identified as a representative diluted bitumen for this 
purpose. The PQERA includes evaluation of six hypothetical spill scenarios: a credible worse case (CWC) 
spill of 16,500 m3, and a smaller spill of 8,250 m3, which could occur along the marine transportation route 
as a result of an accidental collision or grounding, with consideration of these two oil spill volumes at each 
of three potential accident locations. The selection of the accident locations was informed by 
consideration of navigational hazards, as well as ecological and socio-economic values in their vicinity. 
Stochastic oil spill fate modeling that was carried out to support the PQERA provides consideration of a 
range of weather and marine conditions that could prevail during an accidental oil spill, including season-
specific behaviour, trajectories, and fate. 

Spatial boundaries for this PQERA included the geographic extent where potential effects are expected to 
be measurable and considered the oil spill footprint, as well as a Regional Study Area (RSA) surrounding 
the marine shipping lanes, which extend from the WMT through Burrard Inlet, south through the southern 
part of the Strait of Georgia, the Gulf Islands and Haro Strait, westward past Victoria and through the 
Juan de Fuca Strait, to the 12 nautical mile limit of Canada‟s territorial sea. The northern boundary of the 
RSA is limited to the southern portion of the Strait of Georgia. Six hypothetical oil spill scenarios were 
evaluated as part of this PQERA. These include scenarios representing two crude oil spill volumes at 
each of three potential spill locations (Strait of Georgia, Arachne Reef in the Gulf Islands, and Race 
Rocks in the Juan de Fuca Strait). The CWC oil spill volume for each of the marine transportation 
locations was estimated to be 16,500 m3 (i.e., P90) which is equal to the complete loss of two cargo tanks 
in an Aframax tanker. The smaller oil spill volume was estimated to be 8,250 m3 (P50), or one cargo tank 
of an Aframax tanker.  

Each hypothetical spill scenario was evaluated using stochastic fate and transport modeling under a 
range of environmental conditions, representing winter, spring, summer and fall. CLWB was selected as 
the representative crude oil because it is already transported by Trans Mountain, and is expected to 
remain a major product transported by the new line. In addition, the diluent in CLWB is condensate (a 
light hydrocarbon mixture derived from natural gas liquids). As such CLWB was considered to be a 
conservative choice for the PQERA because the volatile and relatively water-soluble hydrocarbons 
associated with the condensate would present a higher level of risk than would synthetic oil, which is also 
used as a diluent, but contains fewer volatile and less water soluble constituents. 

Separate exposure assessments were conducted for each hypothetical spill scenario. The exposure and 
hazard/effects assessment steps involved considering first, what the probability of oiling would be for any 
given location within the RSA. The potential risks of negative environmental effects from crude oil 
exposure from each spill scenario were evaluated for four main ecological receptor group/habitat 
combinations including, shoreline and near shore habitats, marine fish and supporting habitat, marine 
birds and supporting habitat, and marine mammals and supporting habitat. Each of the four ecological 
receptor groups contains a variety individual receptor types and/or habitats of differing sensitivity to crude 
oil exposure, ranked by the application of Biological Sensitivity Factor (BSF) on a scale of low (BSF = 1) 
to very high (BSF = 4). The potential ecological consequence of crude oil exposure at any given location 
was considered to be defined by the overlap of the probability of crude oil presence following an oil spill, 
and the sensitivity of ecological receptors or habitat that may be present at that location. 

Potential Effects on and Recovery of Shoreline and Near Shore Habitats 

The PQERA indicated that while shoreline habitats would be affected by spilled oil along the marine 
transportation route, the affected areas generally represent a small fraction of total amount of shoreline 
belonging to each shoreline sensitivity class within the RSA.  
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In the case of a 16,500 m3 spill, the maximum spatial extent of affected shorelines with a high to very high 
probability of oiling from spill locations at Strait of Georgia, Arachne Reef and Race Rocks, respectively, 
range from 3.4% to 15% of the available habitat of that type in the RSA for BSF = 1; 1.3% to 8.7% of the 
available habitat in the RSA for BSF = 2; 0.2% to 6.6% of the available habitat in the RSA for BSF = 3; 
and 0.5% to 1.6% of the available habitat in the RSA for BSF = 4. For an 8,250 m3 spill, the maximum 
spatial extent of affected habitat with a high to very high probability of oiling for Strait of Georgia, Arachne 
Reef and Race Rocks, respectively, range from 1.1% to 8.2% of the available habitat of that type in the 
RSA for BSF = 1; 0.9% to 4.5% of the available habitat in the RSA for BSF = 2; 0.1% to 4.1% of the 
available habitat in the RSA for BSF = 3; and 0.0% to 0.2% of the available habitat in the RSA for 
BSF = 4.  

Very little of the potentially affected shoreline habitat is of a type that would tend to sequester spilled 
crude oil (e.g., deep gravel or cobble-boulder substrates that are not underlain by fine substrates that will 
remain saturated at low tide). Although salt marsh and eelgrass habitats are considered to be highly 
sensitive to crude oil exposure, these habitats have a very low probability of oiling. Shoreline classes with 
low exposure cobble/boulder veneer over sand would be most affected, but shorelines of this type are 
more readily restored if oiled, and would recover in a relatively short period of time. 

Therefore, it is expected that shoreline clean-up and assessment techniques (SCAT) would be applied to 
the spilled crude oil that reached the shore, and that most of this oil would be recovered. Areas where 
harm occurred to shoreline communities would experience a High effect magnitude. Biological recovery 
from spilled oil, where shoreline communities were contacted by and harmed by the oil or by subsequent 
clean-up efforts, would be expected to lead to recovery of the affected habitat within two to five years.  

Potential Effects on and Recovery of Marine Fish and Supporting Habitat  

The PQERA indicates that fish habitat would be affected by spilled oil along the marine transportation 
route for all scenarios and seasonal conditions. The areas with the greatest spatial extent with a high to 
very probability of oiling can represent a substantial fraction of total amount of each habitat type with up to 
46% of the habitat affected in comparison to the overall habitat present within the RSA. Not all fish 
habitat, however, is of equal sensitivity to oiling.  

In the case of a 16,500 m3 spill, the maximum spatial extent of affected habitat with a high to very high 
probability of oiling for Strait of Georgia, Arachne Reef and Race Rocks, respectively, ranges from  
36% to 46% of the available habitat of that type within the RSA for BSF = 1; 26% to 42% of the available 
habitat within the RSA for BSF = 2; 13% to 30% of the available habitat within the RSA for BSF = 3; and 
4% to 16% of the available habitat within the RSA for BSF = 4. For an 8,250 m3 spill, the maximum spatial 
extents of affected habitat with a high to very high probability of oiling for Strait of Georgia, Arachne Reef 
and Race Rocks, respectively, are 29% to 39% of the available habitat of that type within the RSA for 
BSF = 1; 22% to 29% of the available habitat within the RSA for BSF = 2; 9.8% to 22% of the available 
habitat within the RSA for BSF = 3; and 2.8% to 13% of the available habitat within the RSA for BSF = 4.  

The potential for negative effects to the marine fish community is generally low, due to the low potential 
for dissolved hydrocarbon concentrations in water to reach thresholds that would cause mortality of fish or 
other aquatic life. The spilled crude oil has a relatively high viscosity, and this increases with weathering, 
so that the formation of oil droplets in the water column, that would enhance the dissolution of more toxic 
hydrocarbon constituents such as BTEX and light PAHs requires high wind speeds and rough water 
conditions, and even then this affects only the surface water layer in deep water environments. The 
potential for dissolved hydrocarbon concentrations to reach toxic levels would be greatest in shallow 
water areas, under weather conditions that caused spilled oil to be driven into shallow areas with wave 
action, leading to localized high concentrations of dissolved hydrocarbons in the water. This could result 
in the death of fish and invertebrates as a result of narcosis, or could cause abnormalities or death in 
developing embryos if spawn was present. Areas where harm occurred to fish, embryos, or marine 
invertebrate communities would experience a High effect magnitude.  

Due to the generally low potential for the spill scenarios to cause wide-spread mortality of fish, recovery of 
the marine fish community would be expected to be rapid. Even under a worst-case outcome event where 
localized fish kills might be observed, it is expected that the lost biological productivity would be 
compensated for by natural processes within one to two years.  
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Potential Effects on and Recovery of Marine Birds and Supporting Habitat 

The PQERA indicates that marine bird habitat would be affected by spilled oil along the marine 
transportation route for all scenarios and seasonal conditions. The areas with the greatest spatial extent 
with a high to very probability of oiling can represent a substantial fraction of total amount of each habitat 
type with up to 42% of the habitat affected in comparison to the overall habitat present within the RSA. 

In the case of a 16,500 m3 spill, the maximum spatial extent of affected habitat with a high to very high 
probability of oiling for Strait of Georgia, Arachne Reef and Race Rocks, respectively, ranged from 0.5% 
to 11% of the available habitat of that type in the RSA for BSF = 1 (shorebirds); and from 23% to 42% of 
the available habitat in the RSA for BSF = 2, 3 or 4 (gulls and terns, ducks and cormorants, or auks and 
divers, respectively). For an 8,250 m3 spill the maximum spatial extent of affected habitat with a high to 
very high probability of oiling for Strait of Georgia, Arachne Reef and Race Rocks, respectively, ranged 
from 0.4 to 6% of the available habitat in the RSA for shorebirds; and from 15% to 35% of the available 
habitat in the RSA for the other seabirds. 

There is high potential for oiling of marine bird habitat following an accidental spill of crude oil along the 
marine transportation route. The extent to which this potential could be realized would depend upon the 
size of the oil spill, the efficacy of measures intended to promptly contain and recover spilled oil, the 
ability of oil spill responders to capture and treat oiled animals, and the intrinsic sensitivity of the animals 
to exposure. Shorebirds have generally low sensitivity to oiling, and it is noteworthy that the Fraser River 
Delta is not predicted to be highly exposed to spilled crude oil in the event of a marine transportation 
accident.  

It is likely, however, that some shorebirds would be sufficiently oiled to result in mortality of adult or 
juvenile birds, or that eggs would become oiled as a result of oil in the feathers of the parent birds during 
the breeding season, resulting in embryo mortality. There is also a high probability of exposure for other 
seabirds (including but not limited to gulls and terns, ducks and cormorants, and auks and divers) in the 
unlikely event of a crude oil spill. Some level of negative effect would be expected for birds exposed to 
crude oil, up to and including death as a result of hypothermia, loss of buoyancy, and/or oil ingestion. 
While the actual effects would depend upon the season, as well as other factors related to the oil spill and 
response activities, an effect magnitude rating of High would result under most if not all combinations of 
exposure scenarios and seabird guilds or sensitivity classes for the CWC and smaller spills. 

Oil exposure could also extend to affect a large number of known breeding or colony sites for seabirds, as 
well as a large number of IBAs in the Strait of Georgia, Gulf Islands, and Juan de Fuca Strait region. This 
exposure is also considered likely to result in mortality of seabirds associated with the nesting sites during 
the spring and summer, and the IBAs at any time of the year. Again, an effect magnitude rating of High 
would result. It is reasonable to expect recovery at a population level for many bird species within  
2 to 5 years following a large oil spill. Populations of alcid birds, which are considered to be most 
sensitive to spilled oil, could take longer to recover, on the order of 10 years or longer.  

Potential Effects on and Recovery of Terrestrial and Marine Mammals and Supporting Habitat 

The PQERA indicates that mammal habitat would be affected by spilled oil along the marine 
transportation route for all scenarios and seasonal conditions. The areas with the greatest spatial extent 
with a high to very probability of oiling can represent a substantial fraction of total amount of each habitat 
type with up to 60% of the habitat affected in comparison to the overall habitat present within the RSA. 

In the case of a 16,500 m3 spill, the maximum spatial extent of affected habitat with a high to very high 
probability of oiling for Strait of Georgia, Arachne Reef and Race Rocks, respectively, ranged from 2.2% 
to 11% of the available habitat of that type in the RSA for BSF = 1; 20% to 36% of the available habitat in 
the RSA for BSF = 2; 42% to 60% of the available habitat in the RSA for BSF = 3; and 13% to 30% of the 
available habitat in the RSA for BSF = 4. For an 8,250 m3 spill the maximum spatial extent of affected 
habitat with a high to very high probability of oiling for Strait of Georgia, Arachne Reef and Race Rocks, 
respectively, ranged from 0.8 to 6% of the available habitat of that type in the RSA for BSF = 1;  
16% to 26% of the available habitat in the RSA for BSF = 2; 27% to 39% of the available habitat in the 
RSA for BSF = 3; and 9.8 to 22% of the available habitat in the RSA for BSF = 4. 
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There is clearly potential for oiling of marine mammal habitat following an accidental spill of crude oil 
along the marine transportation route. The degree to which this potential is realized would depend upon 
the size of the oil spill, the efficacy of measures intended to promptly contain and recover spilled oil, the 
ability of oil spill responders to capture and treat oiled animals, and the intrinsic sensitivity of the animals 
to exposure. An effect magnitude of High would result in areas where the death of marine mammals 
occurred. 

Animals that are essentially terrestrial species (BSF = 1) that could be exposed to crude oil that 
accumulated along shorelines have generally low sensitivity to oiling, and it is unlikely that oiled 
individuals would die as a result of exposure. It is very unlikely that such exposure would result in a 
measurable effect at the population level.  

While there is a high probability of exposure for seals and sea lions (BSF = 2) in the unlikely event of a 
crude oil spill, and some level of negative effect would be expected for animals exposed to crude oil, the 
effects would not likely be lethal, except in the case of weaker animals such as pups or older and 
diseased animals. There is also a high probability of exposure for whales (BSF = 3). Again, while some 
level of negative effect would be expected for animals exposed to crude oil, the effects would not likely be 
lethal, except in the case of weaker animals such as calves or older and diseased animals, or animals 
that were exposed to heavy surface oiling and inhalation of vapours from fresh crude oil, as could occur in 
the immediate vicinity of the spill location.  

For mammals with very high sensitivity to oil exposure such as otters (BSF = 4) there is a high probability 
of exposure along the marine transportation route in the unlikely event of an accidental crude oil spill. 
Some level of negative effect would be expected for animals exposed to crude oil and exposure during 
the winter season would be more stressful than exposure during the summer, but in either case, the 
combination of hypothermia and damage to the gastro-intestinal system caused by crude oil ingested 
through grooming the fur would have the potential to cause death.  

Recovery of marine mammals would depend upon the nature of the injuries received. For some mammal 
species, recovery may occur at a population level within two to five years. However, for populations such 
as southern resident killer whale, the loss of a single animal would constitute an effect at the population 
level, and recovery could take a decade or longer. 
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DEFINITIONS AND ACRONYM LIST 

Definition/Acronym Full Name 

ADEC State of Alaska Department of Environmental Conservation 

AIRA Aleutian Islands Risk Assessment 

ATK Aboriginal Traditional Knowledge 

Avoidance a means to prevent a potential negative effect through routing/siting of the project, changes to project design or construction timing 

BC British Columbia 

BC CDC British Columbia Conservation Data Centre 

BCCP British Columbia Coast Pilots 

BC CSN British Columbia Cetacean Sightings Network 

BC MCA British Columbia Marine Conservation Analysis 

BC MOE British Columbia Ministry of Environment  

BC MWLAP British Columbia Ministry of Water, Land and Air Protection 

BIEAP Burrard Inlet Environmental Action Program 

BSD Blue Sac Disease 

BTEX Benzene, Toluene, Ethylbenzene and Xylenes 

CCG  Canadian Coast Guard 

CCME Canadian Council of Ministers of the Environment 

CEA Canadian Environmental Assessment  

CEA Act Canadian Environmental Assessment Act 

CEA Agency Canadian Environmental Assessment Agency  

CEPA Canadian Environmental Protection Act 

CLWB Cold Lake Winter Blend 

Compensation a means intended to compensate unavoidable and potentially significant or unacceptable effects any may consist of offsets (no net 
loss), research, education programs, and financial compensation (considered only when all other options have been exhausted) 

COPC Chemical of Potential Concern 

COSEWIC Committee on the Status of Endangered Wildlife in Canada 

CPCN Certificate of Public Convenience & Necessity 



Trans Mountain Pipeline ULC Volume 8B, Marine Transportation Technical Reports 
Trans Mountain Expansion Project Ecological Risk Assessment of Marine Transportation Spills 
 

 
December, 2013  REP-NEB-TERA-00031 

Page xii 
 
 

Definition/Acronym Full Name 

CSAS Canadian Science Advisory Secretariat 

CWS Canadian Wildlife Services 

dibit diluted bitumen 

DFO Fisheries and Oceans Canada 

DNV Det Norske Veritas  

DQERA Detailed Quantitative Ecological Risk Assessment  

DWT Dead Weight Tons 

EBA EBA Engineering Consultants Ltd., operating as EBA, A Tetra Tech Company 

Element a technical discipline or discrete component of the biophysical or human environment identified in the NEB Filing Manual. 

EPP Environmental Protection Plan 

ERA Ecological Risk Assessment 

ERM  

ESA Environmental and Socio-economic Assessment  

EVOS Exxon Valdez Oil Spill 

EVOSTC Exxon Valdez Oil Spill Trustee Committee 

GHG greenhouse gas  

GIS geographic information system 

HHRA Human Health Risk Assessment 

HHWM Higher High Water Mark 

IBA Important Bird Area 

Indicator a biophysical, social, or economic property or variable that society considers to be important and is assessed to predict Project-related 
changes and focus the effects assessment on key issues. One or more indicators are selected to describe the present and predicted 
future condition of an element. Societal views are understood by the assessment team through published information such as 
management plans and engagement with regulators, public, Aboriginal, and other interested groups. 

KMC Kinder Morgan Canada Inc. 

MAH Monocyclic Aromatic Hydrocarbon 

Measurement 
Endpoint 

one or more 'measurement endpoints' are identified for each indicator to allow quantitative or qualitative measurement of potential 
Project effects. The degree of change in these measurable parameters is used to characterize and evaluate the magnitude of Project-
related environmental and socio-economic effects. A selection of the measurement endpoints may also be the focus of monitoring and 
follow-up programs, where applicable. 
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Definition/Acronym Full Name 

Mitigation measures mean measures for the elimination, reduction or control of a project’s adverse environmental effects, including restitution for any 
damage to the environment caused by such effects through replacement, restoration, compensation or any other means. 

MLLW Mean Lower Low Water 

MRA  Movement Restricted Area 

NEB National Energy Board 

NEB Act National Energy Board Act 

NOAA ESI National Oceanic and Atmospheric Administration Environmental Sensitivity Index 

OD outside diameter 

PAH Polycyclic Aromatic Hydrocarbon 

PMV Port Metro Vancouver 

PNCIMA Pacific North Coast Integrated Management Area 

RSA (Regional Study 
Area) 

The area extending beyond the Local Study Area boundary where the direct and indirect influence of other activities could overlap with 
project-specific effects and cause cumulative effects on the environmental or socio-economic indicator. 

PQERA Preliminary Quantitative Ecological Risk Assessment 

SARA Species at Risk Act 

SOA Special Operating Area 

Stantec Stantec Consulting Ltd. 

Supplemental studies Supplemental studies - studies to be conducted post submission of the application to confirm the effects assessment conclusions and 
gather site-specific information for the implementation of mitigation from the Project-specific environmental protection plans 

TEK Traditional Ecological Knowledge 

TEX Toluene, Ethylbenzene, Xylenes 

the Project the Trans Mountain Expansion Project  

TMEP Trans Mountain Expansion Project 

TMPL system Trans Mountain pipeline system 

TSS Traffic Separation Scheme 

Trans Mountain Trans Mountain Pipeline ULC 

US CG United States Coast Guard 

US EPA United States Environmental Protection Agency 
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Definition/Acronym Full Name 

US NFWF United States National Fish & Wildlife Foundation 

US NRC United States National Research Council 

WCMRC Western Canada Marine Response Corporation 

WMT Westridge Marine Terminal 

VTS Vessel Traffic Services 

YVR Vancouver International airport 
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1.0 INTRODUCTION 
1.1 Project Overview 

Trans Mountain Pipeline ULC (Trans Mountain) is a Canadian corporation with its head office located in 
Calgary, Alberta. Trans Mountain is a general partner of Trans Mountain Pipeline L.P., which is operated 
by Kinder Morgan Canada Inc. (KMC), and is fully owned by Kinder Morgan Energy Partners, L.P. Trans 
Mountain is the holder of the National Energy Board (NEB) certificates for the Trans Mountain pipeline 
system (TMPL system). 

The TMPL system commenced operations 60 years ago and now transports a range of crude oil and 
petroleum products from Western Canada to locations in central and southwestern British Columbia (BC), 
Washington State and offshore. The TMPL system currently supplies much of the crude oil and refined 
products used in BC. The TMPL system is operated and maintained by staff located at Trans Mountain‟s 
regional and local offices in Alberta (Edmonton, Edson, and Jasper) and BC (Clearwater, Kamloops, 
Hope, Abbotsford, and Burnaby). 

The TMPL system has an operating capacity of approximately 47,690 m3/d (300,000 bbl/d) using 
23 active pump stations and 40 petroleum storage tanks. The expansion will increase the capacity to 
141,500 m3/d (890,000 bbl/d). 

The proposed expansion will comprise the following: 

 Pipeline segments that complete a twinning (or “looping”) of the pipeline in Alberta and BC with about 
987 km of new buried pipeline. 

 New and modified facilities, including pump stations and tanks. 

 Three new berths at the Westridge Marine Terminal in Burnaby, BC, each capable of handling 
Aframax class vessels. 

The expansion has been developed in response to requests for service from Western Canadian oil 
producers and West Coast refiners for increased pipeline capacity in support of growing oil production 
and access to growing West Coast and offshore markets. NEB decision RH-001-2012 reinforces market 
support for the expansion and provides Trans Mountain the necessary economic conditions to proceed 
with design, consultation, and regulatory applications. 

Application is being made pursuant to Section 52 of the National Energy Board Act (NEB Act) for the 
proposed Trans Mountain Expansion Project (referred to as “TMEP” or “the Project”). The NEB will 
undertake a detailed review and hold a Public Hearing to determine if it is in the public interest to 
recommend a Certificate of Public Convenience and Necessity (CPCN) for construction and operation of 
the Project. Subject to the outcome of the NEB Hearing process, Trans Mountain plans to begin 
construction in 2016 and go into service in 2017. 

Trans Mountain has embarked on an extensive program to engage Aboriginal communities and to consult 
with landowners, government agencies (e.g., regulators and municipalities), stakeholders, and the 
general public. Information on the Project is also available at www.transmountain.com. 

While Trans Mountain does not own or operate the vessels calling at the Westridge Marine Terminal, it is 
responsible for ensuring the safety of the terminal operations. In addition to Trans Mountain‟s own 
screening process and terminal procedures, all vessels calling at Westridge must operate according to 
rules established by the International Maritime Organization, Transport Canada, the Pacific Pilotage 
Authority, and Port Metro Vancouver. Although Trans Mountain is not responsible for vessel operations, it 
is an active member in the maritime community and works with BC maritime agencies to promote best 
practices and facilitate improvements to ensure the safety and efficiency of tanker traffic in the Salish 
Sea. Trans Mountain is a member of the Western Canada Marine Response Corporation (WCMRC), and 
works closely with WCMRC and other members to ensure that WCMRC remains capable of responding 
to spills from vessels loading or unloading product or transporting it within their area of jurisdiction. 
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Currently, in a typical month, five vessels are loaded with heavy crude oil (diluted bitumen) or synthetic 
crude oil at the terminal. The expanded system will be capable of serving 34 Aframax class vessels per 
month, with actual demand driven by market conditions. The maximum size of vessels (Aframax class) 
served at the terminal will not change as part of the Project. Similarly, the future cargo will continue to be 
crude oil, primarily diluted bitumen or synthetic crude oil. Of the 141,500 m3/d (890,000 bbl/d) capacity of 
the expanded system, up to 100,200 m3/d (630,000 bbl/d) may be delivered to the Westridge Marine 
Terminal for shipment. 

In addition to tanker traffic, the terminal typically loads three barges with oil per month and receives one 
or two barges of jet fuel per month for shipment on a separate pipeline system that serves Vancouver 
International Airport (YVR). Barge activity is not expected to change as a result of the expansion. 

1.2 Context of this Preliminary Quantitative Ecological Risk Assessment  

The evaluation of environmental effects arising from potential accidents and malfunctions resulting from 
the Project is required for the NEB Application. Section A.2.6 of the NEB Filing Manual outlines the 
requirements for the Effects Assessment and includes the following:   

1. Describe the methods used to predict the effects of the project on the biophysical and socioeconomic 
elements, and the effects of the environment on the project. 

2. The Application must also predict the effects associated with the proposed project, including those 
that could be caused by construction, operations, decommissioning or abandonment, as well as 
accidents and malfunctions. 

Additional Application filing requirements related to the potential environmental and socio-economic 
effects of increased marine shipping activities were also outlined in correspondence from the NEB to 
Trans Mountain in a letter dated September 10, 2013, as presented below: 

“The assessment of accidents and malfunctions related to the increase in marine shipping 
activities must include an assessment of potential accidents and malfunctions at the Terminal 
and at representative locations along the marine shipping routes. Selection of locations 
should be risk informed considering both probability and consequence. The assessment must 
include a description of: 

 measures to reduce the potential for accidents and malfunctions to occur, including an 
overview of relevant regulatory regimes; 

 credible worst case spill scenarios and smaller spill scenarios; 
 the fate and behaviour of any hydrocarbons that may be spilled; 
 potential environmental and socio-economic effects of credible worst case spill scenarios 

and of smaller spill scenarios, taking into account the season-specific behaviour, 
trajectory, and fate of hydrocarbons spilled, as well as the range of weather and marine 
conditions that could prevail during the spill event; 

 ecological and human health risk assessments for credible worst case spill scenarios and 
smaller spill scenarios, including justification of the methodologies used; and 

 preparedness and response planning and measures, including an overview of the 
relevant regulatory regimes. 

The assessment of accidents and malfunctions must also provide a description of the liability 
and compensation regime that would apply in the case of a spill.” 

This Preliminary Quantitative Ecological Risk Assessment (PQERA) is intended to evaluate and report on 
the range of environmental effects from hypothetical spills which could potentially occur as a result of 
spills during marine transportation along the shipping lanes. The nature of the hypothetical spills (location 
and release volume) evaluated is based on the hazards and risks identified along the sailing route by 
Det Norske Veritas (DNV 2013) – General Risk Analysis and Intended methods of Reducing Ricks – 
TERMPOL Report, Volume 8C). The results of the assessment are based on oil spill fate and transport 
modelling completed by EBA Engineering Consultants Ltd. (EBA 2013) Modeling the Fate and Behaviour 
of Marine Oil Spills for the Trans Mountain Expansion Project – TERMPOL Report, Volume 8C). The oil 
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spill scenarios presented here consider both credible worst case (CWC) spills and smaller spills, as well 
as season-specific behaviour, weather, marine conditions and trajectories. 

This report exclusively presents the evaluation of effects to ecological resources resulting from spills 
during marine transportation at specific locations along the shipping lanes. The effects from spills 
originating at the Westridge Marine Terminal (WMT) have also been evaluated and are provided under a 
separate cover.  

1.3 Scope of the Preliminary Quantitative Ecological Risk Assessment 

This PQERA presents an effect assessment consistent with the approach used for the Aleutian Islands 
Risk Assessment (AIRA, ERM 2011). The PQERA discusses the range of potential effects to various 
ecological resources by considering the probability of exposure to predicted surface oil slicks and affected 
aquatic and shoreline habitats within the study area. This interpretation is realized by overlaying GIS data 
layers containing information on biological resources, sensitive habitats and other areas of ecological 
importance with the results of stochastic oil spill modelling completed for each of four seasons including 
winter (January to March), spring (April to June), summer (July to September) and fall (October to 
December). Each set of stochastic modelling results represents over 360 individual simulations for each 
season, and considers season specific behaviour (wind direct and speed, temperature, etc.), trajectories, 
and oil fate.  

A Detailed Quantitative Ecological Risk Assessment (DQERA) for a CWC spill and a smaller spill for one 
selected spill location will be filed as a supplemental study in early 2014. The DQERA will evaluate the 
toxicologically-induced changes in health of biological resources that might be exposed to chemicals of 
potential concern (COPC) from a spill of CLWB. 

1.4 Objectives 

This PQERA is designed to meet the requirements of Trans Mountain‟s Application under Section 52 of 
the NEB Act, as outlined in the NEB Filing Manual (2013), and the other specified filing requirements 
outlined above. 

The specific objectives of the PQERA are to: 

 Evaluate the potential environmental effects of hypothetical spills of a crude oil which is expected to 
be transported by ship. In this case, Trans Mountain has selected Cold Lake Winter Blend (CLWB) as 
a representative product for the purposes of the assessment of an accidental crude oil spill 

 Evaluate the effects of a range of hypothetical spill scenarios including a credible worse case (CWC) 
spill and smaller spills which could potentially occur in aquatic receiving environments and conditions 
during marine transportation within the Canadian shipping lanes 

 Evaluate the effects of each hypothetical spill under a range of weather and marine conditions that 
could prevail during the spill event including season-specific behaviour, trajectories, and fate 

 Support the Human Health Risk Assessment (HHRA - being completed by others) as required 
 Advise the Environmental and Socio-Economic Assessment (ESA) document and support the NEB 

Application filing process. 

1.5 Regulatory Standards 

The NEB Filing Manual does not outline specific requirements or methodologies to be completed for the 
ERA to evaluate spills and malfunctions. Therefore, the general methodologies utilized in this PQERA 
follow the accepted guidance published by National standards and regulatory authorities, including the 
Canadian Council of Ministers of Environment (i.e., CCME 1996, 1997) and the United States 
Environmental Protection Agency (USEPA 1998).  

The specific approach used for the evaluation of effects based on stochastic oil spill analysis is consistent 
with the methodology established in the AIRA (ERM 2011). This methodology was developed by the 
United States National Research Council (USNRC 2008). 
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1.6 Organization of the ERA Report  

This Ecological Risk Assessment of Marine Transportation Spills is organized into the sections described 
in Table 1.1. 

TABLE 1.1 ORGANIZATION OF THE MARINE TRANSPORTATION ERA TECHNICAL DATA 
REPORT 

Report Section Content 

Executive Summary A non-technical summary of key findings to assist the reader in quickly understanding the most important 
aspects of this PQERA. 

Section 1 – Introduction An introductory section that provides an overview of the Project and describes the context, scope and 
objectives of the PQERA in the Environmental and Socio-economic Assessment (ESA) process. Also 
introduces regulatory standards used in the PQERA. 

Section 2 – Consultation and Engagement A description of the regulatory and stakeholder consultation and engagement process. 

Section 3 – Ecological Risk Assessment 
Framework 

A description of ERA framework and methods. 

Section 4 – Ecological Risk Assessment – 
Problem Formulation 

A description of various components related to problem formulation. Includes a description of marine 
transportation route, the spatial boundaries of the assessment and the Regional Study Area, the 
environmental setting, identification of community-level resources being assessed, and the aboriginal 
traditional use of marine resources in the RSA. 

Section 5 – Ecological Risk Assessment - 
Exposure and Hazard/Effects Assessments  

An outline of the exposure and hazard/effects assessments including approach to determine exposure and 
effects of the spilled crude oil.  

Section 6 – Risk Characterization Results –  
Strait of Georgia 

The risk characterization step integrates the exposure and hazard/effects assessments to provide a 
conservative assessment of effects for spills originating in the Strait of Georgia.  

Section 7 – Risk Characterization Results – 
Arachne Reef  

The risk characterization step integrates the exposure and hazard/effects assessments to provide a 
conservative assessment of effects for spills originating in the Arachne Reef. 

Section 7 – Risk Characterization Results – 
Race Rocks 

The risk characterization step integrates the exposure and hazard/effects assessments to provide a 
conservative assessment of effects for spills originating in the Race Rocks. 

Section 8 – Ecological Risk Assessment – 
Certainty and Confidence 

A qualitative discussion of the implications of uncertainties and conservatism in the PQERA. 

Section 9 – Marine Oil Spill Recovery An outline of potential environmental effects and recovery for community-level resources evaluated in the 
PQERA. 

Section 10 – Certainty and Confidence  Certainty and confidence in the predictions made in the ecological risk assessment. 

Section 11 – Summary of Potential 
Environmental Effects  

Summary of the potential environmental effects. 

Section 12 – Closure Closure statement 

Section 13 – References  A list of references cited throughout the PQERA. 
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2.0 CONSULTATION AND ENGAGEMENT 
Trans Mountain and its consultants have conducted a number of engagement activities to inform 
Aboriginal communities, stakeholders, the public and regulatory authorities about the approach to 
assessing potential environmental and socio-economic effects of the Project, and to seek input 
throughout the Project planning process.  

2.1 Public Consultation, Aboriginal Engagement and Landowner Relations 

Trans Mountain has implemented and continues to conduct open, extensive and thorough public 
consultation and Aboriginal engagement programs. These programs were designed to reflect the unique 
nature of the Project as well as the diverse and varied communities along the proposed pipeline and 
marine corridors. These programs were based on Aboriginal communities, landowner and stakeholder 
groups‟ interests and inputs, knowledge levels, time and preferred methods of engagement. In order to 
build relationships for the long-term, these programs were based on the principles of accountability, 
communication, local focus, mutual benefit, relationship building, respect, responsiveness, shared 
process, sustainability, timeliness, and transparency.  

Feedback related to marine transportation that was raised through various Aboriginal engagement and 
public consultation activities including public open houses, ESA Workshops, and one-on-one meetings, is 
summarized below and was considered in the development of this technical report, and the description of 
effects from marine transportation spills in Volume 8A: 

 effects of spills on water, fish and wildlife 

In addition, concerns related to the spills in the marine environment (e.g., spill response times and 
proportion of product that can be cleaned up; WCMRC equipment locations and response capacity; 
liability regime in Canada in the event of a spill; and ability to fund the cost of a spill) were also raised and 
detailed information on marine spills is provided in Volume 8A. 

The full description of the public consultation, Aboriginal engagement and landowner relations programs 
are located in Volumes 3A, 3B and 3C, respectively. Section 3.0 of Volume 8A summarizes the 
consultation and engagement activities that have focused on identifying and assessing potential issues 
and concerns related to spills during marine transportation which may be affected by the construction and 
operation of the Project. Information collected through the public consultation, Aboriginal engagement and 
programs for the Project was considered in the development of this technical report, and the assessment 
of marine transportation spills in Volume 8A. 

2.2 Regulatory Consultation 

Regulatory consultation with the applicable subject matter experts was conducted to present and discuss 
the proposed assessment methods and approaches for the various ERA studies. Consultation was 
completed in two phases with various expert groups including 1) consultation on the selection of 
ecological receptors for the ERA studies, and 2) consultation on the proposed oil spill fate modelling and 
assessment methods for assessing hypothetical spills. 

Consultation on the selection of Key indicators for the ESA, and receptors for the ERA was completed in 
conjunction with the other ESA disciplines during a meeting held on April 16, 2013. The TMEP project 
team met with representatives from Environment Canada including members of the Canadian Wildlife 
Service (CWS) and the Environmental Assessment Office, as well as one external advisor to CWS. No 
specific comments or concerns were identified by the regulators during the consultation sessions, or 
through subsequent follow-up discussions. 
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3.0 ECOLOGICAL RISK ASSESSMENT FRAMEWORK  
3.1 Overview  

The primary focus of this PQERA was the evaluation of the potential effects to marine ecological 
receptors resulting from hypothetical accidental crude oil spills of a representative diluted bitumen 
(CLWB) during marine transportation. The assessment has been completed by overlaying GIS data 
layers containing information on biological resources, sensitive habitats and other areas of ecological 
importance with the results of seasonal stochastic crude oil spill modelling.  

The PQERA was conducted according to accepted methodologies and guidance published by regulatory 
authorities, including the Canadian Council of Ministers of Environment (CCME 1996, 1997) and the 
United States Environmental Protection Agency (US EPA 1998), and in addition is patterned on an 
approach that was developed to support the Aleutian Islands Risk Assessment (ERM 2011). 

The PQERA followed a standard protocol that is composed of the following steps:  

 Problem formulation 
 Exposure assessment 
 Hazard assessment 
 Risk characterization 
 Discussion of certainty and confidence in the predictions. 

The terminology and methodology of this framework followed that laid out by CCME (1996). The 
framework and methodology for the PQERA are described in Figure 3.1 and in the following sub-sections. 

  

FIGURE 3.1 CONCEPTUAL DIAGRAM OF THE PQERA FRAMEWORK 

3.2 Problem Formulation 

The problem formulation stage is an information gathering and interpretation stage that focuses the study 
on areas of primary concern for the Project. Problem formulation defines the nature and scope of the 
work to be conducted, and enables practical boundaries to be placed on the overall scope of work, so that 
the PQERA is directed at the key areas and issues of concern. The gathered data provides information 
regarding the general characteristics of the study area, the crude oil products being considered, possible 
accidents leading to the identification of credible release points and mechanisms for the crude oil, 
potential ecological receptors and any other specific areas or issues of concern to be addressed. 
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Problem Formulation 

Are there Project-related chemicals in the environment that could cause health 
effects?  What are the ecological receptors that could be exposed?  How would 

they come into contact with the chemicals? 

Risk Characterization 

Do the predicted exposure levels present an increased risk? 

Hazard/Effects Assessment 

What amount of chemical exposure 
is linked to health effects? 

Exposure Assessment 

To what degree are receptors 
exposed to these chemicals? 
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The key components of the problem formulation step include:  

 Characterization of the geographic areas where the PQERA is being conducted 
 Identification of representative crude oil products, and mechanisms of release to the environment 
 Identification of exposure media and pathways 
 Identification and characterization of representative ecological receptors. 

The outcome of these components forms the basis of the PQERA.  

3.3 Exposure Assessment 

The purpose of the exposure assessment step is to evaluate data related to the crude oil product, 
ecological receptors and exposure pathways identified during the problem formulation phase. Using site-
specific data and a series of conservative assumptions, the exposure assessment predicts the behaviour 
and distribution of crude oil in the environment, and the extent to which ecological receptors would be 
exposed via exposure scenarios and pathways identified in the problem formulation. The magnitude of 
exposure depends on the interaction(s) of a number of parameters, including: 

 Extent of oiling in various environmental media following a hypothetical spill 
 Physical-chemical characteristics of the crude oil, which affect their environmental fate and transport 

and determine such factors as efficiency of absorption into the body and rate of metabolic breakdown 
or excretion 

 Influence of site-specific environmental characteristics (e.g., shoreline geology, sediment type, 
topography, hydrology, and hydrogeology on the crude oil‟s behaviour within environmental media) 

 Physiological and behavioural characteristics of the ecological receptors which affect their exposure 
and susceptibility to crude oil exposure. 

Separate exposure assessments are conducted for each hypothetical spill scenario. Exposure 
assessments result from stochastic crude oil spill modelling and are based on the properties of the 
representative hydrocarbons, and an assumed release volume for each scenario.  

3.4 Hazard/Effects Assessment 

The purpose of the hazard/effects assessment step is to identify the physical and/or toxic effects of spilled 
crude oil. The ecological effects of crude oil exposure depend on the amount of oiling and/or the amount 
taken into the body (the dose) and the duration of exposure (i.e., the length of time the receptor is 
exposed). The toxicity of the oil is dependent on: 

 Inherent properties of the oil that cause a biochemical or physiological effect 
 Ability of the components of the oil to reach the site of action 
 Unique sensitivities associated with the species being evaluated, its life-stage, and/or interactions 

with other environmental or physiological conditions. 

This PQERA is based on stochastic modeling that provides information on how spilled crude oil would 
behave in the environment under a range of environmental conditions. Ecological receptors are assumed 
to be exposed to spilled crude oil if they occupy habitat where crude oil may be present. However, the 
stochastic modelling provides little information about the chemical characteristics of spilled crude oil, or 
concentrations of individual chemical constituents of the spilled crude oil in environmental media (i.e., air, 
water, soil, sediment, or biological tissues). Although the acute effects of spilled crude oil can be 
predicted on the basis of direct exposure, the more subtle and chronic effects of spilled crude oil on 
ecological receptors will be addressed in a detailed quantitative ecological risk assessment to be 
submitted as a supplemental study in 2014.  

3.5 Risk Characterization 

The risk characterization step integrates the exposure and hazard/effects assessments with the 
biophysical characteristics of the marine environment to provide a conservative assessment of effects on 
each ecological receptor type. The potential negative effects of crude oil exposure are evaluated for four 
main ecological receptor group/habitat combinations including: shoreline and near shore habitats; marine 
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mammals and supporting habitat; marine birds and supporting habitat; and marine fish and supporting 
habitat. Each of the four main receptor groups contains a variety of ecological receptors of differing 
sensitivity to crude oil exposure. The risk estimates are expressed in terms of the likely spatial extent, 
magnitude (or degree of injury), direction and reversibility of the environmental effects for each ecological 
receptor type. Potential risks are characterized through a comparison of the predicted exposures derived 
from applicable case studies (from the Exposure Assessment) to the exposure information detailed in the 
Hazard Assessment. The potential ecological consequence of crude oil exposure at any given location 
was considered to be defined by the overlap of the probability of crude oil presence, and the sensitivity of 
ecological habitat or receptors that may be present at that location. In the preliminary quantitative ERA, 
the assumption is that exposure may result in negative environmental effects and results are considered 
through probability ranges for exposure. 

Accidental oil spills are evaluated using a slightly different approach than most other Project 
environmental effects, in the sense that environmental effects of construction or operation of the Project, 
and their duration, can usually be described with a high level of confidence. Accidents, on the other hand, 
may or may not occur, and serious accidents such as a marine oil spill are expected to have a very low 
probability of occurring. All of the residual environmental effects of an accident leading to a crude oil spill 
will be construed as being negative in aspect. The effects assessment framework used in risk 
characterization will therefore focus on the following aspects of the effects of accidents: 

 Spatial Extent and Boundaries - oil spills do not fit within a conventional framework of Project 
Footprint, Local Study Area and Regional Study Area, as spilled oil could easily be transported a 
considerable distance. For this reason, the assessment of various oil spill scenarios will consider the 
spatial extent to which negative residual environmental effects could be expected to occur following a 
crude oil spill accident under a range of environmental conditions. 

 Effect Magnitude - residual environmental effects will be considered in a qualitative manner, with 
rankings of Negligible, Low, Medium or High. Note that under the conditions of an oil spill, an 
environmental effect could be negligible or Low in one area, but high in another nearby area; and that 
effects on one ecological receptor could be Low, while effects on another ecological receptor in the 
same or a nearby environment could be High. Effect magnitude definitions are as follows:  

o Negligible (a change from existing conditions that is difficult to detect; or a very low probability 
that an ecological receptor will be exposed to spilled oil) 

o Low (a change that is detectable, but that remains well within regulatory standards; or a 
situation where an ecological receptor is exposed to spilled oil, but the exposure does not 
result in serious stress to the organism) 

o Medium (a change from existing conditions that is detectable, and approaches without 
exceeding a regulatory standard; or a situation where an ecological receptor is stressed, but 
does not die as a result of exposure to spilled oil) 

o High (a change from existing conditions that exceeds an environmental or regulatory 
standard such as a situation where a species of management concern dies as a result of 
exposure to spilled oil).  

The temporal context of environmental effects is also important. In contrast to other Project environmental 
effects, which typically have defined duration (e.g., one year of construction), the duration of an accident 
as an initiator of environmental effects may be very short, and accidents by definition are unlikely events. 
Therefore, rather than focusing on the duration of accidents, the effects assessment will consider the 
reversibility, and in particular to the expected time to recovery for each ecological receptor in the event of 
exposure to spilled crude oil as a result of a collision or grounding accident involving a loaded tanker. 

Limitations associated with the administrative boundaries and uncertainties of the risk assessment, in 
addition to conservative assumptions used in the modelling, are identified and discussed to provide 
perspective on the certainty and confidence that should be placed on the predictions. 

3.6 Discussion of Certainty and Confidence 

This ERA step includes a qualitative assessment of the level of confidence that can be placed in the 
analysis and results. Risk assessments normally include elements of uncertainty, and these uncertainties 
are addressed by incorporating conservative assumptions (i.e., assumptions that are likely to over-state 
rather than under-state the actual adversity of outcomes) into the analysis. Discussion of certainty and 
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confidence in the analysis is provided in order to put these considerations into context, and to 
demonstrate that the conclusions are either not sensitive to key assumptions, or that the assumptions 
used are conservative. The assumptions and uncertainty associated with the PQERA are discussed in 
Section 11. 
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4.0 PROBLEM FORMULATION 
4.1 Overview of Expanded Marine Shipping Operations  

The proposed expansion of the Trans-Mountain Pipeline system will result in increased number of tankers 
calling at the WMT to load crude oil (including diluted bitumen) cargo. Currently, in a typical month, five 
vessels are loaded with heavy crude oil (diluted bitumen) or synthetic crude oil at the terminal.  The 
expanded system will be capable of serving 34 Aframax class vessels per month, with actual demand 
driven by market conditions. Vessels are partly loaded, not fully loaded, because of draft and channel 
width limitations at the Second Narrows. The tankers will navigate Canadian and US waters on passage 
through the Salish Sea and the Juan de Fuca Strait. The marine shipping lanes include the normal tanker 
transit patterns from the Westridge Marine Terminal to the 12 nautical mile limit, through the 
internationally designated marine shipping lanes as described below. 

4.2 Description of the Marine Transportation Sailing Route 

The sailing routes to and from the WMT to the open sea are well established and familiar to the British 
Columbia Coast Pilots Ltd. (BCCP). The whole sailing route from English Bay to the territorial border 
outside the Juan de Fuca Strait has a Traffic Separation Scheme (TSS) with outbound traffic north and/or 
west of the traffic separation, and inbound traffic east and/or south of the separation. The traffic 
separation is supervised by the Canadian Coast Guard (CCG) in Vancouver and Victoria, and those 
sections of the traffic scheme in US waters are enforced by the US Coast Guard (USCG). For the 
purposes of the marine risk assessment, DNV divided the sailing route into 7 segments as shown in 
Figure 1. Each of the segments as described by DNV is summarized in the following sections (DNV 2013) 
- General Risk Analysis and Intended methods of Reducing Ricks – TERMPOL Report, Volume 8C).  

 

FIGURE 4.1 MARINE SHIPPING ROUTE FROM WESTRIDGE MARINE TERMINAL TO JUAN DE 
FUCA STRAIT 



Trans Mountain Pipeline ULC Volume 8B, Marine Transportation Technical Reports 
Trans Mountain Expansion Project Ecological Risk Assessment of Marine Transportation Spills 
 

 
December, 2013  REP-NEB-TERA-00031 

Page 4-2 
 
 

4.2.1 Segment 1: Westridge Terminal to Berry Point 

The sailing route of Segment 1 starts at the WMT in Burnaby, east of Second Narrows in Burrard inlet, 
and goes to Berry Point just before the Second Narrows. The channel in this section is between 900 and 
1,600 m wide.  

4.2.2 Segment 2: Vancouver Harbour Area 

The sailing route through Segment 2 passes Second Narrows, the harbour area and through the First 
Narrows out to English Bay. The Second Narrows is a Movement Restricted Area (MRA) enforced by Port 
Metro Vancouver (PMV). In addition PMV requires a “Clear Narrows” during the passage of Tankers 
through First Narrows. There are seven designated anchorage locations between the First and Second 
Narrows. PMV requires that laden tankers are escorted by 2 to 4 tethered tugs while transiting the 
Vancouver Harbour area. 

4.2.3 Segment 3: English Bay into the Strait of Georgia 

Segment 3 goes from west of First Narrows in English Bay out into the Strait of Georgia, west of the 
Fraser River Delta. This is an open and wide area with some crossing traffic from the north arm and main 
arm of the Fraser River. There are 16 dedicated anchoring locations in English Bay. The entire coastline 
around the Fraser River Delta is shallow with a soft sediment seabed. 

4.2.4 Segment 4: Strait of Georgia 

In Segment 4, the sailing route goes South-Southeast through the Strait of Georgia. It is a wide strait with 
relatively low traffic density and no navigational challenges. The sailing route crosses two major ferry 
routes from Tsawwassen Ferry Terminal to Vancouver Island as well as deep sea and coastal traffic 
entering or leaving the Fraser River, and deep sea traffic (coal and container) moving to and from the 
Roberts Bank coal and container terminals. Vessel traffic from Puget Sound (US) also connects to the 
Strait of Georgia traffic lanes in this segment. 

4.2.5 Segment 5: Boundary Pass and Haro Strait 

The sailing route through Segment 5 goes through Boundary Pass and Haro Strait. At East Point, Saturna 
Island, the route turns more westerly and enters Boundary Pass. Boundary Pass connects to Haro Strait 
at Turn Point. Boundary Pass and Haro Strait are the most navigationally challenging portions of the 
sailing route. The route transitions across the Canada/US border and these waterways are jointly 
managed by CCG and USCG. The area, from approximately 6 km north of East Point, Saturna Island, to 
abeam of Race Rocks, Vancouver Island, requires a number of significant alterations of course involving 
relatively tight turns implemented in otherwise restricted waters. Laden tankers are escorted by a tethered 
tug through Boundary Pass and Haro Strait. The area bounded by approximately 3.7 km north and south 
of Turn Point is covered by a Special Operating Area (SOA) and Vessel Traffic Services (VTS) enforces a 
one way traffic policy. Large vessels are not allowed to meet or overtake within the SOA. 

4.2.6 Segment 6: Race Rocks 

Segment 6 is a short segment that constitutes the traffic crossing area with traffic to and from the United 
States Race Rocks is a shallow reef area which often generates relatively higher wave action due to wind 
and current conditions. 

4.2.7 Segment 7: Juan de Fuca Strait 

From Race Rocks there is a wide, open and straight passage (Segment 7) through Juan de Fuca Strait to 
the extent of the territorial waters. The outbound traffic uses the TSS lane in the Canadian side of the 
Juan de Fuca Strait and the inbound traffic uses the TSS lane on the U.S. side. The traffic lanes in the 
area are widely separated. 

4.3 Spatial Boundaries of the PQERA 

Spatial boundaries for evaluating the environmental effects of spills originating from marine transportation 
accidents include the geographic domain where potential environmental effects of spilled crude oil are 
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expected to be measurable i.e., the modelling domain for the stochastic oil spill model. The areas 
considered in the PQERA are identified as follows: 

 Oil spill footprint - the area predicted to be directly affected by floating oil resulting from a release at 
various locations along the shipping lanes 

 Regional Study Area (RSA) - The area of ecological relevance where environmental effects could 
potentially result from accidents and malfunctions. This area is effectively established by the limits of 
the domain for the stochastic oil spill modelling. The RSA is generally centered on the marine 
shipping lanes, which extend from the WMT through Burrard Inlet, south through the southern part of 
the Strait of Georgia, the Gulf Islands and Haro Strait, westward past Victoria and through the Juan 
de Fuca Strait out to the 12 nautical mile limit of Canada‟s territorial sea as described above. The 
western boundary of the RSA extends further out to sea than the western boundary of the Salish Sea 
and the northern boundary of the RSA is limited to the southern portion of the Strait of Georgia. Puget 
Sound is excluded from the RSA. 

The boundaries of the RSA were selected to encompass the regional distribution of the receptors and 
habitats present along the shipping lanes. Pacific herring and Pacific salmon are highly mobile and are, at 
times, widely distributed throughout the RSA. Many species of marine mammals are migratory, with 
ranges that may cover tens of thousands of kilometres and encompass large sections of the North 
Pacific. The spatial boundaries of the RSA were not selected to cover the entire range of all marine fish 
and marine mammal species found there. The RSA encompasses diverse populations of resident and 
seasonally-present fish species, seasonally important foraging areas, spawning habitat, and migration 
routes. The RSA also encompasses diverse populations of resident and seasonally-present marine 
mammals, seasonally important foraging areas, breeding habitat, terrestrial haulout sites for pinnipeds, 
and designated Critical Habitat for southern resident killer whales. 

The Regional Study Area for the PQERA is shown in Figure 4.2. 
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FIGURE 4.2 REGIONAL STUDY AREA FOR THE MARINE TRANSPORTATION PRELIMINARY 
QUANTITATIVE ERA 

4.4 Summary of Hypothetical Oil Spill Scenarios 

Det Norske Veritas (DNV) was retained by Trans Mountain to conduct a marine quantitative risk 
assessment (QRA) of the effects of the increased tanker traffic resulting from the Project as part of the 
Marine Terminal Systems and Trans-shipment (TERMPOL) review process. The QRA examined the 
probability of certain types of accidents occurring en route to the marine terminal or during marine 
terminal transhipment operations, and the likelihood of an accident causing an uncontrolled release of 
crude oil cargo. The outcome of the QRA provided the probability for accidental oil discharges and the 
potential amount of crude oil discharged, which in turn has provided input to oil spill modelling, and both 
the ecological and human health risk assessments. 

The QRA was based on the potential for five types of accidents along the sailing route, including collision, 
structural failure, fire/explosion, powered grounding and drift grounding. The probability of an oil spill due 
to an accident considered the traffic density in the region, the navigational difficulty, the risk reducing 
measures and the weather and oceanographic conditions along the sailing route. The resulting oil spill 
volumes for a range of potential accidents was estimated for an Aframax vessel by simulating the 
damages to an example vessel outer and inner hull for various damage penetration depths and sizes of 
openings. The spill sizes were calculated based on the number of tanks that could be damaged given the 
various penetration depths and hole sizes. The QRA model used Monte Carlo simulation and applied 
50,000 random computer generated damages (penetration depth and hole sizes) to estimate the 
conditional probability for different spill sizes.  

Figure 4.3 shows representative locations where hypothetical oil spill accidents could occur. These 
locations were established after joint review by the navigational risk assessment team, the oil spill 
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modeling team, and the environmental and socioeconomic risk assessment teams. Nine original locations 
were reduced to five in a prioritization process which included experts in navigation, oil spill response, 
environmental effects and socioeconomics. The prioritization was based on overlap of socioeconomic and 
environmental resources as well as assessment of navigational challenges, so that the final identification 
of hypothetical spill locations was risk-informed and took into consideration both spill probability and 
potential consequences in terms of ecological, human, and socio-economic sensitivities. 

 

FIGURE 4.3 HYPOTHETICAL OIL SPILL LOCATIONS 

Table 4.1 briefly summarizes each oil spill location considered by DNV, and indicates in which study 
segment it is located. 

TABLE 4.1 HYPOTHETICAL OIL SPILL LOCATIONS AND SCENARIOS 

ID 
Study 

Segment 

Possible Location of 
Accident with 

Possibility of Oil Spill  
Representative Hypothetical Incident  

Identified Hypothetical Spill 
Scenario and Location 

(Latitude/Longitude:  

North / West) 

A 1 
Westridge Marine 

Terminal 
Oil spill from loading operation or flow line damage. 

160 m3 operational CWC spill 
at berth with 20% escaping the 

pre-deployed oil spill boom 
(Lat/Long: 49.29150/ 

-122.95050) 

D 4 
Main ferry route 

crossing 
Collision with crossing traffic from Fraser River and ferries, low probability, 

but considered because of higher number of crossings per day 

Collision 
16,500 m3 CWC spill 
8,250 m3 mean spill 
(Lat/Long: 48.94303/ 

-123.21739) 

E 5 
Turn Point SOA – 

Arachne Reef 

Powered Grounding. Low probability due to tethered tug, but with greatest 
level of navigation complexity for the entire passage. Location also has 

highest environmental value for the route. 

Powered grounding 
16,500 m3 CWC spill 

8,250 m3 mean size spill 
(Lat/Long: 48.6850/ 

-123.2930) 
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TABLE 4.1 HYPOTHETICAL OIL SPILL LOCATIONS AND SCENARIOS 

ID 
Study 

Segment 

Possible Location of 
Accident with 

Possibility of Oil Spill  
Representative Hypothetical Incident  

Identified Hypothetical Spill 
Scenario and Location 

(Latitude/Longitude:  

North / West) 

G 6 

Juan de Fuca Strait - 
South of Race Rocks 
(alternatively at Race 

Rocks) 

Collision with crossing traffic from Puget Sound and Rosario Strait or 
grounding at Race Rock low probability, but considered because ships in 

this location do not have pilot onboard. 

Collision 
16,500 m3 CWC spill 

8,250 m3 mean size spill 
(Lat/Long: 48.25257/ 

-123.52687) 

H 7 Buoy J 

Collision with other vessel. This is a location where there is a confluence 
of traffic but with good TSS approach model. This is also an area that is 

extremely well monitored by CCG/USCG for adherence to traffic rules thus 
considered with having very low probability for an oil spill 

Collision 
16,500 m3 CWC spill 

8,250 m3 mean size spill 
(Lat/Long: 48.49401/ 

-124.99440) 

Source:  Marine Risk Assessment – Marine Transportation Technical Report (Volume 8C) 

 

Locations A, D, E, G, H were evaluated using stochastic oil spill modelling, with location A – Segment 1 
(Westridge Marine Terminal) being reported separately.  

The CWC oil spill volume for each of the marine transportation locations was estimated to be 16,500 m3 
(i.e., P90) which is equal to the complete loss of two cargo tanks in an Aframax tanker. The smaller oil spill 
volume was estimated to be 8,250 m3 (P50), or one cargo tank of an Aframax tanker. 

The discharge rates for the CWC, and smaller case discharge scenario were calculated based on the 
assumption that 25% of the cargo in the breached tank flows out within the first hour in case of a collision 
and that 20% of the cargo flows out within the first hour in case of a grounding, and that the rest of the 
volume flows out during the next 12 hours (Marine Risk Assessment – Marine Transportation Technical 
Report (Volume 8C)). 

A total of eight (8) hypothetical spill scenarios were modelled by EBA. These included spills at four 
locations along the marine transportation route, two spill volumes including CWC and smaller spills, as 
well as the climatic and oceanographic conditions represented by the four seasons. All simulations 
considered the physical and chemical properties of the CLWB as the representative hydrocarbon product 
for the effects assessment (refer to Section 4.5). Each hypothetical spill scenario is summarized in the 
following Table 4.2. While stochastic modelling was completed at Buoy J, the results have not been 
considered in this PQERA as the modelling predicted oiling beyond the boundaries of the RSA.   

TABLE 4.2 SUMMARY OF HYPOTHETICAL OIL SPILL SCENARIOS FOR STOCHASTIC 
MODELLING 

Scenario 
Seasonal 
Condition 

Incident Description Spill Volume (m3) 
Representative Crude Oil 

Product 

Strait of Georgia 

1 

Winter 

Main ferry crossing. Collision with crossing traffic from 
Fraser River and ferries, low probability, but considered 
because of higher number of crossings per day 

16,500 m3 Cold Lake Winter Blend 
Spring 

Summer 

Fall 

2 

Winter 

8,250 m3 CLWB 
Spring 

Summer 

Fall 

Arachne Reef 

3 

Winter 

Powered Grounding. Low probability due to tethered tug, 
but with greatest level of navigation complexity for the 
entire passage. Location also has highest environmental 
value for the route. 

16,500 m3 CLWB 
Spring 

Summer 

Fall 

4 

Winter 

8,250 m3 CLWB 
Spring 

Summer 

Fall 
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TABLE 4.2 SUMMARY OF HYPOTHETICAL OIL SPILL SCENARIOS FOR STOCHASTIC 
MODELLING 

Scenario 
Seasonal 
Condition 

Incident Description Spill Volume (m3) 
Representative Crude Oil 

Product 

Race Rocks 

5 

Winter 

Collision with crossing traffic from Puget Sound and 
Rosario Strait or grounding at Race Rock low 
probability, but considered because ships in this location 
do not have pilot onboard.  

16,500 m3 CLWB 
Spring 

Summer 

Fall 

6 

Winter 

8,250 m3 CLWB 
Spring 

Summer 

Fall 

Buoy J 

7 

Winter 

Collision with other vessel. This is an area that is 
extremely well monitored by CCG/USCG for adherence 
to traffic rules thus considered with having very low 
probability for a crude oil spill 

16,500 m3 CLWB 
Spring 

Summer 

Fall 

8 

Winter 

8,250 m3 CLWB 
Spring 

Summer 

Fall 

 

Selected modelling results for each scenario as provided by EBA are presented in Appendix A (16,500 m3 
CWC spills) and Appendix B (8,250 m3 - smaller spills) for reference. 

4.5 Selection of Representative Hydrocarbons 

For the purposes of the various ERA studies, a sample of the representative diluted bitumen (i.e., Cold 
Lake Winter Blend, abbreviated CLWB) was provided by Trans Mountain, and subjected to detailed 
physical and chemical analysis in order to gain an understanding of the particular hydrocarbon fractions 
present. CLWB was selected because it is already transported by Trans Mountain, and is expected to 
remain a major product transported by the new line. In addition, the diluent in CLWB is condensate (a 
light hydrocarbon mixture derived from natural gas liquids). As such the CLWB was considered to be a 
conservative choice for the ecological and human health risk assessments as the volatile and relatively 
water-soluble hydrocarbons associated with the condensate would present a higher level of risk due to 
inhalation of volatiles or exposure to dissolved hydrocarbons than would synthetic oil, which is also used 
as a diluent, but contains fewer volatile and less water soluble constituents. 

4.5.1 Physical and Chemical Properties of Representative Hydrocarbons 

The measured physical properties and chemical characteristics of fresh CLWB are provided in Tables 6.1 
and 6.2 of the Qualitative Ecological Risk Assessment of Pipeline Spills Technical Report, Volume 7. 
Additional information on the characteristics of weathering CLWB is provided by Witt O‟Brien‟s et 
al. (2013). All transported hydrocarbons will meet Trans Mountain pipeline quality specifications as 
outlined in NEB Tariff No. 92 (KMC 2013). 

4.6 Environmental Setting 

The following descriptions of the physical and biological setting of the marine transportation shipping 
lanes have been extracted from the ESA - Volume 8A. 

4.6.1 Physical Setting 

The designated marine shipping lanes run through the Strait of Georgia, and the Haro and Juan de Fuca 
straits. These waterways are all located within the Salish Sea, an inland sea that extends from Olympia, 
Washington State (WA) in the United States of America northward to the Campbell River, BC. The Salish 
Sea has an areal extent of approximately 17,000 km2, and represents approximately 7,500 km of 
coastline (Gaydos and Pearson 2011). Major bodies of water within the Salish Sea include the Strait of 
Georgia, Juan de Fuca Strait and Puget Sound. The inland waterways are partially separated from the 
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open Pacific Ocean by Vancouver Island and the Olympic Peninsula and are, therefore, partially shielded 
from Pacific Ocean storms. These waters encompass a bi-national (Canada-US) ecosystem that is home 
to the first inhabitants of the region, the Coast Salish. Oceanographic processes, such as freshwater 
inflows and wind driven surface currents, exchange biota, sediments and nutrients throughout the larger 
ecosystem.  

To the east, shipping lanes are bounded by the mainland coasts of British Columbia and Washington 
State, and the Fraser River Delta which drains into the Strait of Georgia. The Olympic Peninsula in 
Washington State is to the southwest. The shipping lanes transit among the numerous islands and islets 
belonging to either the Gulf Islands or San Juan Islands, forming an archipelago of diverse marine 
habitats (ESA - Volume 8A). Additional information on the physical setting of the marine shipping lanes is 
provided in the Marine Resources - Marine Transportation Technical Report (Volume 8B).  

4.6.2 Existing Water and Sediment Quality 

The following descriptions of existing water and sediment quality along the marine shipping lanes have 
been extracted from the ESA - Volume 8A. 

Marine water and sediment quality are influenced by general oceanographic processes and, in some 
areas, by freshwater inputs. In the Strait of Georgia, the Fraser River contributes a large sediment load 
annually within its Delta, and the freshwater plume (surface lens) extends well into the Strait, particularly 
during spring freshet. There are similar but more localized influences around the numerous smaller rivers 
that enter the Salish Sea. 

There is some baseline water and sediment quality information available in the vicinity of the marine 
shipping lanes and in the broader Georgia Basin Marine Eco-region. Marine monitoring studies are 
typically developed for specific purposes, for example, to document the effects of specific contaminant 
sources, so that the approach, parameters of interest and results can vary, depending on the study 
purpose. There are no available studies documenting ambient contaminant levels over the marine 
shipping lanes. Results from the following long term monitoring programs indicate good water quality, 
particularly in well mixed areas. 

 University of British Columbia Oceanography Department, Stratogem Project three-year  
study (2001-2004) of oceanography (currents, salinity, temperature, oxygen) and productivity 
(phytoplankton chlorophyll a, zooplankton) of the Strait of Georgia. The study investigated the role of 
natural physical variability and changing human influences (climate change, nutrient regimes) in 
regulating biological production and factors influencing salmon populations (University of British 
Columbia 2004). 

 Washington State Department of Ecology (2013) long term marine water quality dataset (several 
stations sampled monthly since 1977 in Puget Sound and eastern Juan de Fuca Strait for 
temperature, salinity, dissolved oxygen, chlorophyll and pH). 

 Coast Salish Tribal Journey Water Quality Project (2013), the Coast Salish Nation and Swinomish 
Indian Tribal Community in partnership with US Geological Survey have collected temperature, 
salinity, dissolved oxygen, pH and turbidity data since 2008 on summer canoe journeys along the 
coast of the Salish Sea (United States Geological Survey 2013). 

 Puget Sound Georgia Basin Ecosystem Initiative (undated), a partnership of Environment Canada 
and the US Environmental Protection Agency, which included seasonal surveys of water stratification 
(temperature and salinity) at numerous locations from 1999 to 2004, to identify areas with potential 
sensitivity to human activities. 

Within the Georgia Basin Marine Eco-region, there are major population centres (Vancouver and Victoria, 
British Columbia and Seattle, Washington State) and smaller communities where human activities can 
contribute contaminants to marine water. Within the well-mixed waters of the shipping lanes, however, 
any contaminants are likely to be diluted. The shipping lanes through the Strait of Georgia and out 
through Juan de Fuca Strait are generally not adjacent to human activities. The major exception is 
Burrard Inlet. Industrial activities around Burrard Inlet include railways, wood treatment, concrete and 
cement manufacture, marinas, port terminals and operations, pulp mills, cruise ships, fishing and boat 
maintenance, shipyards, metal and auto recycling, fish processing, animal by-product rendering and 
aquaculture. These activities can be sources of pesticides, fertilizers, nutrients, bacteria, metals, 
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hydrocarbons, and chlorinated organic compounds. Point (e.g., treated and untreated sewage) and non-
point (e.g., recreational vessels, road runoff) source discharges also contribute contaminants.  

Baseline water quality data were collected on Roberts Bank for the Deltaport Third Berth Project 
environmental assessment (Hemmera Envirochem 2005). The Fraser River Action Plan included 
numerous studies of contaminant levels and effects of human activities on conditions in the Fraser River 
watershed that provide historical context (to the mid 1990s) for sediment conditions in the river and the 
delta (Fraser River Action Plan, EC undated). Sediment surveys have been conducted in the southern 
Strait of Georgia and Juan de Fuca Strait for the Washington State Department of Ecology since 1989 
(Dutch et al. 2008, Partridge et al. 2013). This includes monitoring at ten locations at a five-year interval 
for particle size, total organic carbon, metals, butyl tins, organic compounds including polycyclic aromatic 
hydrocarbons (PAHs), chlorinated pesticides, polychlorinated biphenyls (PCBs) and polybrominated 
dichloroethylene (PBDE) in sediment, with results presented in Washington State Department of 
Ecology (2013).  

4.7 Seasonal Distribution and Variability of Biological Resources in the RSA  

This section describes the major biological resources present within the RSA, in order to support the 
development of a consolidated set of Ecological Receptors for the ERA, in Section 5.3 of this report.  

The shipping lanes extend across the Strait of Georgia and the Juan de Fuca Marine Eco-districts within 
the Georgia Basin Marine Eco-region. The physiographic, oceanographic and biological characteristics of 
these classifications described in Harding (1997) are summarized in the following Table 4.3. 

TABLE 4.3 CHARACTERISTICS OF MARINE ECO-REGION AND ECO-DISTRICTS WITHIN THE 
RSA 

Marine 
Ecoregion/Ecodistrict 

Physiographic Characteristics Oceanographic Characteristics Biological Characteristics 

Georgia Basin Marine 
Ecoregion 

Large strait characterized by numerous 
channels, fjords, islands and adjacent 

coastal lowlands. 

Enclosed basin with large freshwater 
input (including Fraser River); high 

turbidity; generally well stratified with 
“estuarine-like” circulation patterns. 

Neritic, estuarine plankton species. 
Productive and protected habitats for 
juvenile fish and invertebrates, some 
productive benthic invertebrate areas. 
Marine mammals such as seals are 
abundant. Feeding area for marine 

birds (shorebirds, waterfowl and 
seabirds). 

Strait of Georgia Ecodistrict 
Broad shallow basin surrounded by 

coastal lowlands (Georgia Depression). 

Warm, protected coastal waters with 
substantial freshwater input, high 

turbidity;seasonally stratified. 

Neritic plankton community. Nursery 
area for Pacific salmon and herring. 

Abundant shellfish habitat. 

Juan de Fuca Marine 
Ecodistrict 

Deep trough, a major structural feature 
accentuated by glacial scour. 

Semi-protected coastal waters with 
strong estuarine circulation (coast-

hugging, buoyancy-driven current to 
north) and major water exchange 

conduit with "inland sea". 

Mixture of neritic and oceanic plankton 
species; migratory corridor for 
anadromous fish; moderately 

productive. 

Source: ESA - Volume 8A 

The biological features of the RSA characterized throughout this report were based on a variety of 
information sources and databases. Table 4.4 lists the data sources and types of data used for each 
resource. 
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TABLE 4.4 DATA SOURCES FOR BIOLOGICAL RESOURCE EVALUATION 

Resource / Receptor Data Source Data Type 

Marine Fish and Marine Fish Habitat 

Bathymetry NOAA National Geophysics Data Centre GIS Raster, converted to polygon 

Herring Spawning Areas (Canada) BC Marine Conservation Analysis GIS Raster, converted to polygon 

Rock Fish Conservation Area (Canada) BC Land and Resources Data Warehouse GIS Polygon 

Herring Spawning and Holding Areas (US) Washington Department of Fish and Wildlife GIS Polygon 

Eulachon Critical Habitat (US) NOAA Fisheries GIS Polygon 

Marine Birds and Marine Bird Habitat 

Important Bird Areas (Canada) Canada Wildlife Services GIS Polygon 

Important Bird Areas (US) Audubon Society GIS Polygon 

Shorebird nesting/breeding sites (Canada) Bird Studies Canada GIS Point 

Shorebird nesting/breeding sites (US) Washington Department of Fish and Wildlife GIS Point 

Migratory Bird Sanctuary (Canada) Environment Canada GIS Polygon 

Marine Mammals and Marine Mammal Habitat 

Bathymetry NOAA National Geophysics Data Centre GIS Raster, converted to polygon 

Northern and Southern Resident Killer whale critical habitat Department of Fisheries and Oceans GIS Polygon 

Humpback whale proposed protected habitat for Humpback whale Department of Fisheries and Oceans GIS Polygon 

Haulouts (Canada) BC Marine Conservation Analysis GIS Point 

Haulouts (US) Washington Department of Fish and Wildlife GIS Point 

Shoreline Littoral (Intertidal) Habitats 

Classification EBA, as adapted from Coastal & Ocean Resources  GIS Polyline 

Eel grass and kelp beds (Canada) BC Marine Conservation Analysis GIS Polygon 

Eel grass and kelp beds (US) Washington Department of Natural Resources  GIS Polygon 

Other Habitats 

National Parks (Canada) Government of BC GIS Polygon 

National Parks (US) US National Park Service GIS Polygon 

Marine Protected Areas (Canada) Department of Fisheries and Oceans GIS Polygon 

Marine Protected Areas (US) NOAA GIS Polygon 

Aboriginal reserves (Canada) Geogratis GIS Polygon 

Aboriginal reserves (US) Washington Department of Transportation GIS Polygon 

Ecological Reserves (Canada) Government of BC GIS Polygon 

National Marine Conservation Areas (Canada) Government of BC GIS Polygon 

Provincial Parks (BC) Government of BC GIS Polygon 

National Wildlife Areas Government of BC GIS Polygon 

Sea Turtle Critical Habitat NOAA Fisheries GIS Polygon 

 

4.7.1 Shoreline and Near Shore Habitats 

The following descriptions of the intertidal habitat along the marine shipping routes have been extracted 
with minor modification from the Marine Resources - Marine Transportation Technical Report 
(Volume 8B). 

The intertidal zone is defined as the area between the Highest High Water Mark (HHWM) line and Mean 
Lower Low Water (MLLW) line for spring tides (Williams 1993). Intertidal habitat is strongly influenced by 
a range of physical and biological factors including substrate type, slope, wave exposure, shore width, 
tidal range, salinity, light, temperature, and species assemblages (Burd et al. 2008, Howes et al. 1997, 
Levings et al. 1983; Williams 1993). Differences in the relative degree of influence among these factors 
can result in different species assemblages in similar intertidal habitats (Burd et al. 2008). Common 
intertidal species assemblages in British Columbia include marsh plants, seagrass, seaweeds and other 
algae, eelgrass, invertebrates, and fish (Williams 1993). 

British Columbia‟s intertidal zone provides spawning, rearing, migration and foraging habitat for a diverse 
range of marine organisms including algae, invertebrates, and fish. Pacific salmon are known to use the 
intertidal zone of estuaries as rearing and migration habitat (Healey 1980; Levings and Thom 1994; 
Levings and Jamieson 2001). Pacific salmon also feed on organisms that originate in seagrass and algae 
in the intertidal zone (Levings and Thom 1994, Levings and Jamieson 2001). Pacific herring (Clupea 
harengus pallasi) use intertidal seagrass and algae as spawning substrate for their eggs (Humphreys and 
Hourston 1978, Levings and Thom 1994). Surf smelt (Hypomesus pretious) and Pacific sand lance 
(Ammodytes hexapterus) spawn on intertidal sand and gravel substrates (Penttila 1997, 2002, Robards et 
al. 1999). Certain species of gunnels and sculpins use the low to mid intertidal zone for nesting and 
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incubation (Hart 1973, Levings and Jamieson 2001). Larvae of Dungeness crab and Manila clam settle in 
intertidal areas with shell, gravel, and eelgrass substrates (Burd et al. 2008). 

The dominant species of algae in intertidal habitats throughout the RSA are rockweeds. With its gas filled 
bladders, rockweed becomes suspended in the water column when submerged, and provides a three 
dimensional matrix within which juvenile fish and invertebrates can forage and avoid predators. At low 
tide, rockweed provides refuge and protection against desiccation for many of the same organisms. Other 
common species of algae include sea lettuce (Ulva spp.), Turkish washcloth (Mastocarpus papillatus), 
sugar kelp (Laminaria saccharina) and five-ribbed kelp (Costaria costata) (Druehl and Hsiao 1977, 
Stantec 2012). All of these species have been previously identified within the study area.  

Eelgrass beds are essential habitats for a number of economically, culturally and ecologically important 
species including juvenile salmon (Oncorhynchus spp.), Pacific herring (Clupea pallasii), rockfish 
(Sebastes spp.), and Dungeness crab (Metacarcinus magister) (Wilson and Atkinson 1995, Nelson and 
Waaland 1997).  

Invertebrate surveys conducted throughout RSA have identified over 100 taxa inhabiting a wide range of 
habitat types (Burd and Brinkhurst 1990, Richoux et al. 2006). Common intertidal species include blue 
mussel (Mytilus edulis), acorn barnacle, purple ochre stars (Pisaster ochraceus), snails (Littorina spp.), 
shore crabs (Hemigrapsus spp.) and limpets (Lottia spp.) (Foreshore 1996 in Haggarty 2001, Richoux et 
al. 2006, Stantec 2012). Common subtidal species include Dungeness crab (Cancer magister), red rock 
crab (Cancer productus), anemones, tube worms, sea cucumbers, and shrimps (Foreshore 1996 in 
Haggarty 2001, Richoux et al. 2006, Stantec 2012). In addition to these more conspicuous species, a 
large number of infaunal organisms (i.e., those living beneath the seafloor) have been identified in 
Burrard Inlet. These include species from the following groups: polychaeta; oligochaeta; bivalvia; 
aplacophora; scaphopoda; isopoda; cumacea; decapoda; mysidacea; amphipoda; sipunculida; 
nemertean; holothuroidea; and ophiuroidea (Burd and Brinkhurst 1990, Richoux et al. 2006). 

Intertidal habitats in the Strait of Georgia include sand beaches and flats, rocky shores, mud flats, 
seagrass and kelp beds, and salt marshes (Levings et al. 1983, Parks Canada 2009). Levings et al. 
(1983) estimated that rock and sand substrates account for 88.0% of the total 3721 km of shoreline in the 
Strait of Georgia. Zacharias et al. (1998) identified estuary wetlands and the dominant intertidal habitat in 
the Strait of Georgia, followed by sand/gravel flats, and sand/gravel beaches. The coastline of the Juan 
de Fuca Strait is relatively uniform with a low rocky shoreline abutted against cliffs up to 20 m high 
(Thomson 1981). Sandy sediments are scarce in the strait, but there are numerous small beaches 
consisting primarily of coarse sediments such as cobbles and pebbles with large woody debris at the 
head of the beaches (Thomson 1981). Eelgrass, macroalgae, and unvegetated sand, gravel, and cobble 
substrates were identified as the dominant intertidal habitats during a study of 149.4 km of shoreline in 
Hood Canal and the eastern Juan de Fuca Strait (Simenstad et al. 2008).  

4.7.2 Subtidal Habitat 

Subtidal habitat is strongly influenced by physical factors of the seabed including topography (macro 
relief), roughness (micro relief), sediment type and distribution, grain size and shape, patchiness, rock 
composition, and sediment thickness (Fader et al. 1998, Levings et al. 1983, Todd and Kostylev 2010). 
Oceanographic factors such as oxygen saturation, temperature variability, water stratification, and 
chlorophyll-a concentration also influence subtidal habitat (Todd and Kostylev 2010).  

Shallow subtidal habitats (<20 m) cover an estimated 1,245 km2 or 18% of the surface area of the Strait 
of Georgia (Levings et al. 1983). Sand and mud are the dominant substrate types in the Strait and 
represent an estimated 67% of the total subtidal habitat in the region (Levings et al. 1983). Shallow and 
mid-depth mud substrates tend to be protected from wave exposure and are typically associated with low 
tidal currents (Burd et al. 2008).  

Benthic substrates provide habitat for a diverse range of infauna, epifauna, and bottom-dwelling fish. 
Subtidal species assemblages in British Columbia may include algae and seaweeds, eelgrass, 
invertebrates and fish (Williams 1993). According to Levings and Thom (1994), studies of kelp beds in the 
southern Strait of Georgia have identified only two kelp beds in Burrard Inlet at Coal Harbour and 
Brockton Point.  
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Benthic communities in shallow to mid-depth soft substrates in the Strait of Georgia typically comprise 
bivalves, polychaetes, amphipods, bottom shrimp, gastropods, mud stars, brittle stars, heart urchins, 
spoon worms, and fish (Burd et al. 2008). Extensive bacterial and/or algal mats are common in these 
habitats as a result of the considerable particulate organic matter contained in soft substrates (Burd et 
al. 2008).  

4.7.2.1 Dungeness Crab 

Dungeness crab ranges from the Aleutian Islands in Alaska to Magdalena Bay, Mexico, and can be found 
at depths ranging from the intertidal, to 230 m (DFO 2012a, Fong and Gillespie 2008). They are usually 
found on sandy bottoms less than 50 m deep with moderate to strong current (DFO 2000). 

Dungeness crabs grow periodically rather than continuously by molting, a process by which they produce 
a new shell and shed their old shell (DFO 2000, Fong and Gillespie 2008). The new shell quickly swells 
with water to a size 15-30% larger and remains soft for several weeks (DFO 2012a). The molting 
frequency depends on temperature, size, sex and sexual maturity (Fong and Gillespie 2008). Immature 
crabs may molt several times a year while mature crabs may molt once a year or every two years. 
Dungeness crabs reach sexual maturity at about 2 to 3 years of age which corresponds to 10 or 11 molts 
(Fong and Gillespie 2008). Males have a carapace width of approximately 116 mm at maturity, and 
females have a carapace width of approximately 100 mm at maturity (MacKay 1942, Fong and 
Gillespie 2008). In British Columbia, male Dungeness crabs reach a maximum size of 215 mm carapace 
width and a maximum weight of 2 kg, and have a lifespan of approximately 6 to 9 years (DFO 2000, 
DFO 2012a, Fong and Gillespie 2008). 

Dungeness crabs mate immediately after the female molts and the fertilized eggs are carried on the 
underside of the female‟s abdomen. During its lifetime, a female Dungeness crab produces approximately 
three to five million eggs (MacKay 1942, Fong and Gillespie 2008). In British Columbia, mating occurs 
from April to September and hatching occurs from December to June, with a peak in March 
(MacKay 1942, Fong and Gillespie 2008). The larvae develop for 3 to 4 months and become dispersed by 
currents before settling on the bottom (DFO 2000).  

The diet of a Dungeness crab depends on its life stage. Larvae feed offshore in the water column on 
zooplankton and phytoplankton; juveniles forage in littoral habitats for clams and mussels, small fish, 
molluscs, shrimp, and other crabs (DFO 2012a); and adult crabs feed on clams and mussels, 
crustaceans, worms, and fish (DFO 2012a). 

Dungeness crabs have great social, cultural, and economic importance in British Columbia and are 
harvested by commercial, recreational, and Aboriginal fisheries (Fong and Gillespie 2008). As a result of 
the high natural variability in Dungeness crab populations caused by changing marine environmental 
conditions, it is difficult to obtain reliable abundance estimates from year to year (Fong and 
Gillespie 2008). All major Dungeness crab fishing areas in British Columbia are considered to be fully 
exploited and the demand and competition among the various fishing sectors is increasing (DFO 2000, 
Fong and Gillespie 2008). In 2010, 4,543 tonnes of Dungeness crab was landed by the commercial 
fishery in British Columbia with a value of $32.2 million (DFO 2012a). The 2010 landings marked the 
fourth consecutive year of harvest decline (DFO 2012a). In 2005, over 800,000 pounds of Dungeness 
crab was harvested in British Columbia‟s recreational fishery, with 63% of this total harvested from the 
Strait of Georgia (DFO 2012a). 

DFO maintains a database of Important Areas that are considered relevant to a species in terms of 
uniqueness, aggregation, and/or fitness (DFO 2013). The distribution, seasonal timing and conservation 
status for the Dungeness crab are summarized in Table 4.5. 
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TABLE 4.5 DISTRIBUTION, SEASONAL TIMING AND CONSERVATION STATUS FOR 
DUNGENESS CRAB 

Species Relevant Distribution and Seasonal Timing 
Conservation Status 

SARA BC COSEWIC 

Dungeness crab 

Dungeness crabs mate immediately after the female moults and the fertilized 
eggs are carried on the underside of the female’s abdomen. During its lifetime, a 
female Dungeness crab produces approximately three to five million eggs 
(MacKay 1942, Fong and Gillespie 2008). In British Columbia, mating occurs 
from April to September and hatching occurs from December to June, with a 
peak in March (MacKay 1942, Fong and Gillespie 2008). The larvae develop for 
3 to 4 months and become dispersed by currents before settling on the bottom 
(DFO 2000). 

No Status No Status No Status 

Source: Conservation Status (BC CDC 2013) 

 

4.7.3 Protected Areas and Ecological Reserves 

The following selected text describing provincial and federal protected areas and ecological reserves has 
been provided by the Marine Resources - Marine Transportation Technical Report (Volume 8B).   

4.7.3.1 Provincially Designated Areas  

A total of 148 provincially-designated marine protected areas (128 parks and protected areas and 
20 ecological reserves) have been established since 1911 (Province of British Columbia 2009). A marine 
protected area (MPA) is defined as “…any area of tidal water together with associated natural and cultural 
features in the water column, within, or on top of the seabed which has been designed by the Protected 
Areas of British Columbia Act, Park Act, Ecological Reserve Act, or the Environment and Land Use Act” 
(Dunham et al. 2002). An area may be established as a MPA if it represents a particular habitat or 
community type, or if it contains special features (e.g., cultural heritage or recreational features). An 
ecological reserve is a type of MPA that affords an area the highest level of protection and prohibits 
resource consumption (e.g., fishing) or use of motorized vehicles. 

A number of MPAs lie within the boundaries of the RSA and have been identified as providing habitat for 
fish (particularly Pacific salmon and herring), fish habitat, and marine mammals. These include Race 
Rocks, Oak Bay Islands, Ten Mile Point, Discovery Island, Hudson Rocks, Goldstream, Gowlland Tod, 
Newcastle Island, Pirates Cove, Whaleboat Island, Porteau Cove, Halkett Bay, and Plumper Cove 
(Dunham et al. 2002). Detailed descriptions of these areas are provided in the Marine Resources - Marine 
Transportation Technical Report (Volume 8B).  

The Province of British Columbia has also established 28 Wildlife Management Areas (WMA) under 
Section 4(2) of the Wildlife Act. A WMA protects regionally and internationally important fish and wildlife 
species or their habitats. Four coastal WMA protect important fish and marine mammal habitat within the 
RSA, namely: Sturgeon Bank, Roberts Bank, Boundary Bay, and the Squamish Estuary (BC Ministry of 
Forests, Lands and Natural Resource Operations 2013). 

4.7.3.2 Federally Designated Areas  

Three Migratory Bird Sanctuaries – the George C. Reifel, Esquimalt Lagoon, and Shoal Harbor– and one 
National Park, namely the Gulf Islands National Park Reserve, protect valuable coastal habitat along the 
shipping lanes. The Migratory Bird Sanctuaries (MBS) were established under the Migratory Birds 
Convention Act and are under management by Environment Canada. Parks Canada and the Canada 
National Parks Act govern all activities related to the National Park Reserve. While still in the review 
process, the Southern Strait of Georgia National Marine Conservation Area has been proposed and 
would protect much of the Salish Sea used by a diversity of birds, marine mammals, and fish. 

In 2002, DFO developed a Rockfish Conservation Strategy in an effort to protect and restore declining 
inshore rockfish populations in Canadian Pacific waters (Fisheries and Oceans Canada 2002). The 
strategy primarily focuses on protecting populations of copper (Sebastes caurinus), quillback (S. maliger), 
China (S. nebulosus), tiger (S. nigrocinctus) and yelloweye rockfish (S. ruberrimus) by monitoring catch 
levels, reducing harvest levels, conducting stock assessment, and establishing Rockfish Conservation 
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Areas (RCAs). RCAs are areas where commercial and recreational fishing activities that negatively affect 
rockfish are prohibited year-round (DFO 2011a). To date, a total of 164 RCAs have been established 
along the BC coast which together account for an estimated 30% of inshore rockfish habitat in the 
province (COSEWIC 2009). Approximately one-third of all RCAs lie within the RSA. 

The shipping lanes are also located near a number of areas that protect important marine habitat but 
have not been formally designated under the provincial or federal protected areas legislation. Such areas 
include Rockfish Conservation Areas (RCA), DFO ecologically and biologically significant areas, DFO 
important areas, critical habitat for Species at Risk, and Pinniped haulouts. 

Critical Habitat is legally protected under SARA, and human activities that could potentially destroy the 
geophysical attributes of critical habitat are prohibited (DFO 2008, 2009). Ecosystem features of 
designated critical habitat are also protected using a variety of legislative and policy tools including the 
Fisheries Act, Marine Mammal Regulations, Whale Watching Guidelines, Statement of Practice with 
Respect to the Mitigation of Seismic Sound in the Marine Environment, Canadian Environmental 
Protection Act, Wild Salmon Policy, and use of Integrated Fisheries Management Plans (DFO 2008). 

The only officially-designated Critical Habitat in the RSA is for southern resident killer whales. This Critical 
Habitat includes the trans-boundary waters of Haro Strait, Boundary Pass, the eastern portion of Juan de 
Fuca Strait, and the southern portion of the Strait of Georgia.  

There is a major year-round haulout site for Steller sea lions on Carmanah Point, and a number of major 
winter haulouts, but no rookeries (i.e., breeding colonies) located along the shipping lanes. Seasonal 
variability for these marine Mammals is discussed in section 4.7.6.  

4.7.4 Marine Fish Community 

The following description of the marine fish community in the study area has been extracted with some 
modification from the Marine Resources – Marine Transportation Technical Report (Volume 8B). 

A total of 409 species of marine fish have been reported in Canadian Pacific waters (Peden 2013). A 
number of these species are targeted or captured incidentally in commercial, recreational, and Aboriginal 
fisheries including salmon, groundfish (e.g., flounder, lingcod, rockfish), pelagics (e.g., herring, mackerel, 
tuna), and shellfish (e.g., crab, clam, prawn and shrimp, sea cucumber) (DFO 2012a).  

4.7.4.1 Pacific Herring 

Adult Pacific herring form large schools in the water column from the surface to depths of 400 m 
(NOAA 2012). In southern British Columbia, most herring populations migrate offshore to feeding grounds 
off southwest Vancouver Island during summer months and begin migrating to inshore spawning areas 
through the Juan de Fuca Strait in November and December (DFO 2013, Taylor 1964). Small populations 
in the Strait of Georgia are known to be non-migratory and reside year-round in inside waters near their 
spawning grounds (Taylor 1964, Therriault et al. 2009). Upon reaching deeper channels near their 
spawning sites, herring will school for several weeks before transitioning to sheltered, shallower areas 
such as bays or estuaries where they spawn in mass aggregations (DFO 2013). 

In British Columbia waters, herring eggs incubate for about three weeks before hatching (Hay and 
Fulton 1983). After hatching, larvae will feed and develop in sheltered nearshore waters near the 
spawning grounds for 2 to 3 months (NOAA 2012). Juveniles form schools in shallow waters where they 
feed until the fall when they migrate to deep waters where they spend 2 to 3 years before they begin 
returning to inshore waters as adults to spawn (NOAA 2012). Once spawning is complete, adult Pacific 
herring will return to offshore feeding areas (NOAA 2012). The diet of Pacific herring changes as they 
develop. Young herring feed primarily on small crustaceans, decapod larvae, mollusk larvae, and other 
zooplankton and phytoplankton (NOAA 2012). Adults will prey on small fish and crustaceans 
(NOAA 2012). DFO Important Areas for Pacific herring and herring spawning areas in the RSA are shown 
in Figure 4.3 of the Marine Resources – Marine Transportation Technical Report, Volume 8B. 

Table 4.6 provides an overview of selected species of the marine fish community identified within the 
RSA, their conservation status, relative likelihood of occurrence; and predicted use of the RSA including, 
primary food sources. 
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TABLE 4.6 DISTRIBUTION AND SEASONAL TIMING FOR PACIFIC HERRING 

Species 

Latin Name 
Distribution and Seasonal Timing 

Conservation Status 

SARA BC COSEWIC 

Pacific Herring 

Pacific herring are migratory and individuals annually travel between inshore spawning 
regions and offshore feeding areas. In southern BC, most stocks migrate during the 
summer months to feeding grounds located southwest of Vancouver Island months and 
feed on small fish and crustaceans (NOAA 2012). In late winter, adults return to inshore 
spawning areas through the Juan de Fuca Strait (DFO 2013, Taylor 1964).  
Spawning occurs along the shoreline in the intertidal to shallow subtidal zones between 
high tide and depths of 11 m (Hart 1973, Rooper et al. 1999). Within the Strait of Georgia, 
several small populations skip the offshore feeding ground migration and reside year-
round in more sheltered waters near their spawning grounds (Taylor 1964, Therriault et 
al. 2009). 
The Strait of Georgia stock generally spawns between January and June, with a peak 
spawning in March (DFO 2013, Hart 1973, Hay 1985, Hay and McCarter 2012). According 
to Therriault et al. (2009) and Hay and McCarter (2012), the most important spawning 
areas are located in Boundary Bay and along the east side of Vancouver Island, especially 
near Denman Island.  

No status No status No status 

 

4.7.4.2 Pacific Salmon 

Pacific salmon belong to the family Salmonidae, which includes whitefishes, graylings, salmon, trout, and 
char. There are five species of Pacific salmon in Canada belonging to the genus Oncorhynchus including 
pink, chum, sockeye, coho, and Chinook; and in addition steelhead (rainbow) trout (Oncorhynchus 
mykiss) can be considered alongside the salmon species. The range of Pacific salmon includes the North 
Pacific Ocean, Bering Strait, southwestern Beaufort Sea, and surrounding freshwater rivers and streams 
(DFO 2012b). Pacific salmon occur in an estimated 1,300 to 1,500 rivers and streams in British Columbia 
and the Yukon (DFO 2012b). The most important rivers for Pacific Salmon in British Columbia include the 
Skeena River and Nass River in the north and the Fraser River in the south which together account for 
75% of the salmon population in the province (DFO 2012b). The Fraser River system, which drains into 
the RSA, is considered the largest single salmon production system in the world (Northcote and 
Larkin 1988) and accounts for, on average, about 50% of salmon production in British Columbia 
(Henderson and Graham 1998). DFO Important Areas for Pacific salmon and salmon migration routes in 
the RSA are shown in Figure 4.4 of the Marine Resources – Marine Transportation Technical Report, 
Volume 8B.  

Pacific salmon are of great cultural and economic importance in British Columbia and all species are 
harvested in commercial, recreational, and Aboriginal fisheries. They are also ecologically important 
species because they support oceanic, estuarine, freshwater, and terrestrial food webs by providing 
nutrients to the ecosystem during their migration from the ocean to rivers and streams to spawn 
(DFO 2012b). 

Nearly 10,000 salmon stocks have been identified in Canadian Pacific waters (DFO 2001). The vast 
number of stocks and the complex life cycles of Pacific salmon present a substantial assessment and 
management challenge (DFO 2012b). Fisheries for Pacific salmon are managed by DFO under the 
Fisheries Act and Canada's Policy for Conservation of Wild Pacific Salmon (Wild Salmon Policy). Under 
the Wild Salmon Policy, wild salmon populations are managed by conservation units that reflect their 
geographic and genetic diversity. Each year, DFO prepares a Southern BC Salmon Integrated Fisheries 
Management Plan (IFMP) to guide the management of the salmon fishery. The IFMP provides a context 
to the management of the Pacific salmon fishery and the interrelationships of all fishing sectors involved 
in the fishery (DFO 2012b). The IFMP outlines management objectives, access and allocation, decision 
guidelines, and management measures. DFO also administers the Salmonid Enhancement Program 
(SEP) which is comprised of over 300 projects involving hatcheries, fishways, spawning and rearing 
channels, and small classroom incubators (DFO 2012b). 

Pacific salmon are anadromous, meaning that they spawn in fresh water but spend a good portion of their 
lives in marine waters, where they feed until maturity (DFO 2012b). The life span of Pacific salmon ranges 
from two years for pink salmon, to seven or eight years for sockeye, chinook, and chum salmon 
(DFO 2012b, DFO 2001). Depending on the species, salmon will spend one to seven years in marine 
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waters before returning to their natal streams to spawn from spring to fall (DFO 2012b, DFO 2001). All 
Pacific salmon (but not steelhead) are semelparous, meaning that individual fish spawn once in their 
lifetime and then die.  

Spawning female salmon seek out stream beds with gravel substrate to create a nest, known as a redd, 
where they deposit their eggs. Waiting male fertilizes the eggs by releasing a cloud of milt. The female 
then covers up the redd with gravel to protect it, constructs a second nest, and repeats the process until 
all of her eggs are deposited. After fertilization, eggs are buried in gravel substrate on the river/stream 
bed. The eggs hatch into alevins in mid-winter and emerge as fry in spring where they stay in freshwater 
streams and lakes for periods ranging from 1 week to 2 years, depending on species (DFO 2012b). 

Pacific salmon are sensitive to changes in both marine and freshwater ecosystems (DFO 2012b). Fishing 
pressure and loss of habitat from human activities such as logging and agriculture are the key threats to 
Pacific salmon populations (COSEWIC 2006, 2003a, 2003b, 2002, DFO 2012b, 2001). Four populations 
of Pacific salmon have been designated as species of conservation concern by COSEWIC including one 
coho population, one chinook population, and two sockeye populations. No Pacific salmon populations 
are currently listed under SARA. DFO‟s 2012 salmon outlook identified a number of Pacific salmon stocks 
of conservation concern (DFO 2012b).  

The physical characteristics, life histories, and spawning habits vary from species to species. This 
information is summarized below for each of the five Pacific salmon species. Pacific salmon generally 
return to their natal streams in the late summer early fall to December, with the exception of the Chinook 
salmon which tends to return earlier. Steelhead trout, in contrast, are spring spawners, but are noted for 
their highly variable life history. The distribution, seasonal timing and conservation status for the five 
Pacific salmon species and steelhead trout are summarized in Table 4.7. Additional details for each 
Pacific salmon species are presented in corresponding sub-sections below. 

TABLE 4.7 DISTRIBUTIONN, SEASONAL TIMING AND CONSERVATION STATUS FOR PACIFIC 
SALMON AND STEELHEAD TROUT 

Species Relevant Distribution and Seasonal Timing 
Conservation Status 

SARA BC COSEWIC 

Pink salmon 

Pink salmon are the least dependent on fresh water of all the Pacific salmon and 
trout species and they have the ability to spawn in the lower reaches of coastal 
streams that are tidally inundated (Holtby and Ciruna 2007). Pink salmon display 
a high fidelity to spawning in their native streams (Heard 1991, Hard et al. 1996), 
but larger populations of pink salmon may also colonize new habitat (Holtby and 
Ciruna 2007). Pink fry begin migrating to the sea in April and May where they 
remain for approximately 18 months before returning to their natal streams to 
spawn in September and October (DFO 2012b, DFO 2001, Hart 1973). 

No Status Yellow No Status 

Chum salmon 
Chum fry emerge in spring and begin migrating to feeding grounds in the Pacific 
Ocean (DFO 2012b, DFO 2001). 

No Status Yellow No Status 

Sockeye salmon 
Fry emerge in spring, rear in freshwater lakes for 1 to 3 years, and then migrate 
to the ocean for another 2 to 3 years before returning to their natal stream to 
spawn (DFO 2001, Hart 1973). 

No Status Yellow Endangered 

Coho salmon 

Mature coho salmon migrate to their natal streams from October to December to 
spawn (DFO 2012b, DFO 2001). Juvenile coho remain in their spawning stream 
for 1 to 2 years before migrating to marine waters in the spring (DFO 2012b, DFO 
2001).  

No Status Yellow Endangered 

Chinook salmon 

Chinook salmon populations are categorized based on two major life-cycle types: 
stream and ocean (DFO 2001). Stream-type chinook typically spend  
1 to 2 years in fresh water before migrating to marine waters, while ocean-type 
chinook typically spend no more than 90 days in fresh water before migrating to 
sea (DFO 2012b, DFO 2001). 
Spawning times for chinook vary among stocks. They are often referred to as 
“spring salmon” because they spawn earlier than other Pacific salmon species. 
Chinook generally migrate upstream to the middle to upper regions of large rivers 
in British Columbia from the spring through fall to spawn (DFO 2012b, DFO 2001, 
Hart 1973). These upstream migrations can be as far as 1,500 km inland (DFO 
2012b). The majority of chinook salmon in British Columbia come from the Fraser 
River watershed where spawning occurs from August to December (DFO 2001). 
Fry emerge in the spring. 

No Status Yellow Threatened 
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TABLE 4.7 DISTRIBUTIONN, SEASONAL TIMING AND CONSERVATION STATUS FOR PACIFIC 
SALMON AND STEELHEAD TROUT 

Species Relevant Distribution and Seasonal Timing 
Conservation Status 

SARA BC COSEWIC 

Steelhead trout 

The Fraser and other British Columbia rivers support anadromous stocks of 
rainbow trout known as steelhead. Run timing for steelhead is usually late 
summer in Juan de Fuca strait, although there are some spring-run populations. 
They typically spawn in the winter and spring. Juvenile fish may stay in fresh 
water from 1 to 3 years, often mixing with freshwater populations of rainbow trout 
before migrating to sea. Steelhead differ from other Pacific Oncorhynchus 
species in being able to spawn more than once, after returning to the sea. 

No Status Yellow No Status 

Source: Conservation Status (BC CDC 2013) 

 

Pink Salmon 
Pink salmon are the smallest and most abundant of the five species of Pacific salmon. Adult pink salmon 
weigh an average of 1 to 3 kg but can reach a maximum size of 76 cm in length and weigh up to 6.8 kg 
(DFO 2012b, DFO 2001, Lamb and Edgell 2010). Mature pink salmon are silver with bluish backs and 
large oval spots on their tail fin and back (DFO 2001; Lamb and Edgell 2010). Spawning pink salmon 
develop a pale grey back and a white to yellowish body (DFO 2001). Spawning males also develop a 
distinctive humped back and are sometimes referred to as “humpbacks” or “humpies”. 

Pink salmon have a life span of only two years; most of which is spent feeding at sea (DFO 2012b, 
DFO 2001). Their diet consists primarily of plankton, euphausiids, coepods, amphipods, fish, and squid 
(DFO 2012b, Hart 1973). In North America, pink salmon demonstrate a fixed two-year life cycle where 
even-year fish and odd-year fish are completely reproductively isolated (DFO 2001, Heard 1991, Holtby 
and Ciruna 2007). As adults, pink salmon leave the ocean in the late summer and early fall and usually 
spawn in streams a short distance from the sea (DFO 2012b, Hart 1973, Holtby and Ciruna 2007). Pink 
salmon are the least dependent on fresh water of all the Pacific salmon and trout species and they have 
the ability to spawn in the lower reaches of coastal streams that are tidally inundated (Holtby and 
Ciruna 2007). Pink salmon display a high fidelity to spawning in their native streams (Heard 1991, Hard et 
al. 1996), but larger populations of pink salmon may also colonize new habitat (Holtby and Ciruna 2007). 
Pink fry begin migrating to the sea in April and May where they remain for approximately 18 months 
before returning to their natal streams to spawn in September and October (DFO 2012b, DFO 2001, 
Hart 1973). 

The abundance of Pacific salmon populations is difficult to assess from year to year as a result of the 
random variability in annual survival rates (Grant and MacDonald 2012). In 2010, the abundance of 
Fraser pink salmon fry was estimated at 1 billion, which was the largest abundance of out-migrating fry on 
record and was more than double the long-term average of 376 million fry. While there was a high degree 
of uncertainty associated with the 2011 forecast, the estimated Fraser River pink salmon run size was 
between 9.2 million and 37.5 million fish (Grant and MacDonald 2013). 

Even-year and odd-year pink salmon generally occur in equal abundance throughout British Columbia 
waters, but there are some geographic patterns in their relative abundance (Holtby and Ciruna 2007). 
Even-year pink salmon are either absent or rare in Puget Sound, southeast Vancouver Island, and the 
Fraser River, but are the dominant brood in Haida Gwaii (Holtby and Ciruna 2007). As a result of the 
dominance of odd-year pink salmon in the Fraser River system, there is relatively low abundance of pink 
salmon that return to the Fraser River in even numbered years (DFO 2012b). Pink salmon on British 
Columbia‟s south coast belong to a regional group whose range includes mainland portions around the 
Strait of Georgia and northeast Vancouver Island (Beacham et al. 1988, Holtby and Ciruna 2007). Odd-
year pink salmon in Burrard Inlet are managed under the East Howe Sound-Burrard Inlet Conservation 
Unit (Holtby and Ciruna 2007). 

Pink salmon populations in British Columbia are considered relatively stable and the 2012 salmon outlook 
did not identify any pink salmon stocks of conservation concern (DFO 2012b). 
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Chum Salmon 
Adult chum salmon can weigh up to 20 kg and measure more than 100 cm (DFO 2001, Lamb and 
Edgell 2010). Chum salmon are metallic blue and silver in colour and may have black speckling on their 
backs (DFO 2001). They also have dark tips on their pectoral, anal, and caudal fins (Hart 1973). Mature 
fish have reddish to purplish bars across the sides and dark edges on their fins (DFO 2001, Lamb and 
Edgell 2010).  

Chum salmon have a maximum life span of eight years and their age at maturity ranges from three to five 
years (DFO 2012b). Chum fry emerge in spring and begin migrating to feeding grounds in the Pacific 
Ocean (DFO 2012b, DFO 2001). At sea, their diet consists primarily of plankton and crustaceans such as 
shrimp (DFO 2012b). After 2 to 7 years in the ocean, chum salmon return to their natal rivers to spawn in 
late fall and early winter (DFO 2012b, Hart 1973). Chum salmon prefer lower tributaries near the coast 
and rarely migrate more than 150 km inland to spawn (DFO 2012b).  

Nearly 900 moderate-sized chum spawning streams have been identified in British Columbia (DFO 2001). 
Over 400 populations of chum salmon have been identified in the Johnstone Strait, Strait of Georgia, and 
Fraser River watersheds with the majority of production (85%) occurring in the Fraser River system 
(DFO 1999, DFO 2001). These chum stocks are grouped into a single unit known as the Inner South 
Coast chum stock which spawn between September to January (DFO 2001). 

The status of the Inner South Coast chum stock has varied over time. The stock declined sharply 
between the early 1950s and mid 1960s but had recovered by 1973 following closure of the chum fishery 
in 1965 and 1966 (DFO 1999). The stock declined again between 1974 and 1981, but recovered through 
the 1980s and 1990s following the implementation of new management strategies (DFO 1999). The 2012 
salmon outlook did not identify any chum stocks of conservation concern (DFO 2012b). 

Sockeye Salmon 
Sockeye salmon are the most commercially valuable of the five Pacific salmon species as a result of the 
superior quality of their flesh (DFO 2001). Sockeye can weigh up to 7 kg and reach a maximum length of 
84 cm (DFO 2001, Hart 1973, Lamb and Edgell 2010). Adult sockeye are silver with blue-green backs 
with fine black specks on the dorsal surface and turn bright red when spawning (DFO 2001, Lamb and 
Edgell 2010). 

Sockeye salmon have a lifespan of five to eight years (DFO 2001). Fry emerge in spring, rear in 
freshwater lakes for 1 to 3 years, and then migrate to the ocean for another 2 to 3 years before returning 
to their natal stream to spawn (DFO 2001, Hart 1973). Their diet consists primarily of plankton and 
crustaceans such as shrimp (DFO 2012b). Sockeye are preyed upon by seals, bears, and gulls during 
migration and spawning (Hart 1973). Major sockeye runs in British Columbia include watersheds drained 
by the Fraser, Skeena, and Nass rivers and those of Rivers and Smith Inlets (DFO 2001, Hart 1973). 
Some sockeye spawn in rivers and streams along the coast but most make long migrations upstream to 
and through inland lakes (Hart 1973). Fraser River sockeye typically mature and spawn at four years of 
age and have a four-year life cycle with a dominant year every four years (DFO 2001). During dominant 
years, the abundance of some population can be many times larger than that of other years 
(DFO 2012b). Historically, the Adams River sockeye has been the largest spawning population in the 
Fraser River watershed (DFO 2001). 

Cultus Lake and Sakinaw Lake sockeye stocks were identified as stocks of conservation concern in the 
2012 salmon outlook (DFO 2012b). Returns of these stocks are particularly low compared to historic 
levels and a number of management measures have been implemented to support rebuilding of these 
stocks. The Cultus and Sakinaw sockeye populations have been designated as Endangered by 
COSEWIC (2003a, b). 

Fraser River sockeye stocks experienced a steady and profound decline between 1990 and 2009 
(Cohen 2012). In 2009, the pre-season forecast was for a return of 11.4 million Fraser River sockeye but 
only 1.36 million fish returned (Cohen 2012). In 2010 and 2011, 29 million and 5 million sockeye returned 
to the Fraser River respectively (Cohen 2012). Following the dismal return in 2009, the federal 
government established the Commission of Inquiry into the Decline of Sockeye Salmon in the Fraser 
River, known as the „Cohen Commission‟ after the Commissioner Bruce Cohen, to investigate the causes 
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of the decline. The final report of the Cohen Commission concluded that it was likely a combination of 
multiple Fraser River-specific and region-wide influences and stressors that contributed to the long-term 
decline of the Fraser River sockeye (Cohen 2012). 

Coho Salmon 
Adult coho have silver sides, metallic blue backs, white gums, and irregular black spots on their back and 
the upper lobe of their tail fin (DFO 2001, Hart 1973, Lamb and Edgell 2010). Spawning males may 
develop bright red colouration on their sides, bright green on their backs and heads, and dark colouration 
on their bellies (DFO 2001). Coho salmon can weigh up to 18 kg and reach lengths of 108 cm (Lamb and 
Edgell 2010). 

The age at maturity of coho salmon is typically three years (DFO 2012b). Juvenile coho remain in their 
spawning stream for 1 to 2 years before migrating to marine waters in the spring (DFO 2012b, 
DFO 2001). While at sea, coho remain in surface waters near the coast (DFO 2001). Many coho remain 
in the Strait of Georgia, but some migrate offshore up to 1,600 km into the Pacific Ocean (Hart 1973). 
Their diet consists of plankton, small fish such as herring, and crustaceans such as shrimp (DFO 2012b, 
DFO 2001). Mature coho salmon migrate to their natal streams from October to December to spawn 
(DFO 2012b, DFO 2001). Coho primarily spawn in small streams, but some spawning takes place in large 
rivers (Hart 1973). 

In the Strait of Georgia, coho are found in more than 350 streams including the lower Fraser River system 
(DFO 2001). The 2012 salmon outlook has identified the Interior Fraser River, Lower Fraser River, Strait 
of Georgia coho stocks as stocks of conservation concern (DFO 2012b). COSEWIC has designated the 
Interior Fraser coho population as Endangered (COSEWIC 2002). Poor marine survivals and impacts to 
freshwater habitat are ongoing concerns for these stocks.  

Chinook Salmon 
Chinook salmon are the largest of the Pacific salmon species and can weigh up to 61 kg and reach 
lengths of 160 cm (Lamb and Edgell 2010). Chinook salmon are greenish blue to black, have black spots 
on their back, dorsal fin, and tail fin, and have black gums (Hart 1973, Lamb and Edgell 2010). Spawning 
fish have a darker colouration and a reddish hue around their fins and bellies (DFO 2001). Spawning 
males develop enlarged teeth and hooked snouts (DFO 2001).  

Chinook salmon have a maximum life span of eight years and their age at maturity ranges from three to 
seven years (DFO 2012b). Chinook salmon populations are categorized based on two major life-cycle 
types: stream and ocean (DFO 2001). Stream-type chinook typically spend 1 to 2 years in fresh water 
before migrating to marine waters, while ocean-type chinook typically spend no more than 90 days in 
fresh water before migrating to sea (DFO 2012b, DFO 2001). Some chinook will travel up to 1,600 km into 
the Pacific Ocean where they tend to remain well below the surface (Hart 1973). Chinook salmon feed 
primarily on plankton, small fish such as herring, and crustaceans such as shrimp (DFO 2012b). Both 
stream and ocean types will then spend anywhere from 1 to 6 years in the ocean before returning to 
freshwater streams to spawn (DFO 2001). Most chinook return to spawn in their fourth or fifth year 
(Hart 1973). 

Spawning times for chinook vary among stocks. They are often referred to as “spring salmon” because 
they spawn earlier than other Pacific salmon species. Chinook generally migrate upstream to the middle 
to upper regions of large rivers in British Columbia from the spring through fall to spawn (DFO 2012b, 
DFO 2001, Hart 1973). These upstream migrations can be as far as 1,500 km inland (DFO 2012b). The 
majority of chinook salmon in British Columbia come from the Fraser River watershed where spawning 
occurs from August to December (DFO 2001). Fry emerge in the spring.  

The 2012 salmon outlook has identified the Lower Strait of Georgia and Fraser River chinook stocks as 
stocks of conservation concern (DFO 2012b). Escapement of the Lower Strait of Georgia chinook stock is 
currently at low levels due in large part to poor marine survival (DFO 2012b). A number of the Fraser 
River chinook stocks have demonstrated poor survival rates and poor spawning escapements in recent 
years and are well below the long-term average (DFO 2012b). COSEWIC has designated the Okanagan 
chinook population as Threatened (COSEWIC 2006). 
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Steelhead Trout 
Steelhead are the anadromous form of rainbow trout (Oncorhynchus mykiss), belonging to the same 
genus as the five species of Pacific salmon, but displaying some important differences. Rainbow trout is 
the common name for a species that displays remarkable plasticity and adapatiblity. In general, this 
species is more adapted to the freshwater environment than the other species of its genus, and many 
populations are fully adapted to fresh water. Like many salmonids, however, it remains capable of 
anadromous life history, and steelhead populations are the result. Spawning usually occurs in spring 
(February through to June), or later depending upon water temperature and location. The eggs hatch in 
3 to 4 weeks at temperatures of 10ºC to 15ºC, and the fry emerge from stream gravels approximately  
2 to 3 weeks after hatching. In fresh water, the diet comprises drifting organisms, primarily aquatic insects 
and crustaceans. Anadromous strains typically spend 3 years in fresh water before migrating to the sea, 
and may undertake migrations of hundreds of kilometres. At sea for two or three years, steelhead occur 
throughout the North Pacific, but are most abundant in the Gulf of Alaska and the eastern part of the 
North Pacific, occupying habitat with temperatures between 10ºC and 15ºC. While in the ocean, their diet 
is primarily small fish and crustaceans. Returning to freshwater through the summer and autumn, adult 
fish spawn in the spring, but differ from other Pacific salmon species in that they can survive spawning 
and return to the sea to feed, potentially spawning more than once. Most adult steelhead weigh between 
2.5 and 5 kg; larger fish are likely to have spent more than one period at sea. 

4.7.4.3 Rockfish 

There are 102 species of rockfish belonging to the genus Sebastes, of which 36 species are known to 
occur in Canadian Pacific waters (COSEWIC 2009). Rockfish have long lifespans and are slow to mature. 
Rockfish eggs are fertilized internally and females provide nutrients to the developing embryos 
(COSEWIC 2009, DFO 2006; Hart 1973). Juveniles are born as larvae which undergo a pelagic phase 
before settling in benthic habitats (COSEWIC 2009). Rockfish populations may display episodic 
recruitment during periods of favourable environmental conditions every 15 to 20 years (COSEWIC 2009; 
Yamanaka and Lacko 2001).  

The life history traits of rockfish such as their late age-at-maturity, slow growth, and episodic recruitment 
make them inherently vulnerable to human activities and overexploitation in fisheries (COSEWIC 2009). 
Rockfish are targeted in commercial, recreational, and Aboriginal fisheries in British Columbia. They are 
also caught incidentally in the hook and line fishery and as bycatch in the prawn trap, groundfish trawl, 
and shrimp trawl fisheries (DFO 2012c). A number of rockfish populations in British Columbia have been 
overfished and fishing is the primary threat to rockfish. There is a lack of information about the overall 
status of rockfish habitat in British Columbia, but their relatively deep subtidal habitat (14 to 143 m deep) 
remains largely unchanged since the last glaciation (COSEWIC 2009, DFO 2012c). 

Eight species of rockfish that occur in Canadian Pacific waters have been identified as species of 
conservation concern by COSEWIC and three have been listed under SARA. The quillback rockfish has 
been designated as Special Concern by COSEWIC but is not currently listed under SARA. The copper 
rockfish has not been identified as a species of conservation concern. 

In an effort to conserve inshore rockfish populations in Canadian Pacific waters, DFO (2002) developed a 
Rockfish Conservation Strategy. The strategy is focused on monitoring catch levels, reducing harvest 
levels, stock assessment, and the establishment of Rockfish Conservation Areas (RCAs). RCAs are 
areas where commercial and recreational fishing activities that negatively impact rockfish are prohibited 
year-round (DFO 2011a). A total of 164 RCAs have been established in British Columbia to date, which 
together account for an estimated 30% of inshore rockfish habitat in the province (COSEWIC 2009). 

Quillback rockfish (S. maliger) and copper rockfish (S. caurinus) are relatively common and prefer shallow 
water habitat in inlets. The relevant distribution, seasonal timing and conservation status for these two 
rockfish species are summarized in Table 4.8. Additional species-specific details are presented below.  
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TABLE 4.8 DISTRIBUTION, SEASONAL TIMING AND CONSERVATION STATUS FOR 
ROCKFISH 

Species Distribution and Seasonal Timing 
Conservation Status 

SARA BC COSEWIC 

Quillback rockfish 

Quillback rockfish mate from November to February and are born between March 
and July with a subsequent pelagic larval phase lasting 1 to 2 months 
(COSEWIC 2009). Quillback rockfish range from the Gulf of Alaska to southern 
California (COSEWIC 2009; Lamb and Edgell 2010). They occur in depths 
ranging from 16 to 182 m but are most common between 50 to 100 m 
(COSEWIC 2009, DFO 2012c, DFO 2006). 

No Status  No Status Threatened 

Copper rockfish 

Like the quillback, copper rockfish mate in the fall and are born in the spring with 
a subsequent pelagic larval phase lasting 1 to 2 months. Copper rockfish range 
from Baja California to the Gulf of Alaska (Hart 1973, Lamb and Edgell 2010). 
Copper rockfish are found from the subtidal to depths of 180 m but are most 
common in shallow waters less than 40 m deep (DFO 2006). 

No Status  No Status No Status 

Source:  Conservation Status (BC CDC 2013) 

 

Quillback Rockfish 
Quillback rockfish range from the Gulf of Alaska to southern California (COSEWIC 2009, Lamb and 
Edgell 2010). They have a distinctive high, spiny dorsal fin with deeply notched spines (COSEWIC 2009; 
Lamb and Edgell 2010). Adult fish are primarily brown with yellow or light tan toward the front of their 
body, dark fins, and a light coloured saddle patches extending into the dorsal fin (COSEWIC 2009, 
Hart 1973).  

Quillback rockfish occur in depths ranging from 16 to 182 m but are most common between 50 to 100 m 
in depth (COSEWIC 2009, DFO 2012c, DFO 2006). This species prefers habitat with hard substrates 
such as rock reefs and ridges, steep relief, and high benthic complexity (COSEWIC 2009, DFO 2012c). 
They are often found in inlets near rocky reefs and in shallow rock piles (DFO 2006, Hart 1973). Quillback 
rockfish can live as long as 95 years in British Columbia and can reach lengths of 61 cm 
(COSEWIC 2009, DFO 2006, Hart 1973, Yamanaka and Lacko 2001). Approximately half of all fish will 
reach maturity at age 11 (COSEWIC 2009). Quillback rockfish mate from November to February and are 
born between March and July with a subsequent pelagic larval phase lasting 1 to 2 months 
(COSEWIC 2009). Larvae and juvenile rockfish are found in the water column at depths of <300 m where 
they are dispersed by oceanographic processes (COSEWIC 2009). At 6 to 9 months of age, juvenile 
rockfish will settle in benthic habitats where they feed on small invertebrates (COSEWIC 2009, 
DFO 2001). The diet of adult rockfish consists of fish and invertebrates (COSEWIC 2009).  

Visual surveys in the Strait of Georgia estimated the abundance of quillback rockfish to be 2.23 million 
individuals in the 527 km2 survey area (COSEWIC 2009). Studies on quillback rockfish populations in 
British Columbia indicate they have declined 50 to 75% since the mid-1980s (DFO 2012c). 

Copper Rockfish 
Copper rockfish range from Baja California to the Gulf of Alaska (Hart 1973, Lamb and Edgell 2010) and 
are found from the subtidal to depths of 180 m but are most common in shallow waters less than 40 m 
deep (DFO 2006). They prefer rocky habitats and kelp beds and are often found around pilings and jetties 
(DFO 2006, Lamb and Edgell 2010). Copper rockfish are known to prey on crab, squid, octopus, spiny 
dogfish, sand lance, herring, anchovy, surf perches, sculpins, greenlings, and other rockfishes (Alaska 
Fisheries Science Center 2013, Lamb and Edgell 2010). The overall status of copper rockfish populations 
in British Columbia is unknown although they are relatively common on rocky reefs in shallow waters of 
the Strait of Georgia (Hart 1973).  

Biological information about copper rockfish is limited (DFO 2001). Copper rockfish have olive brown to 
copper colouration with pink and yellow blotches, white undersides, and a clear, whitish, or pink lateral 
line (Hart 1973, Lamb and Edgell 2010). This species has a maximum life span of 45 to 50 years and can 
reach a length of 66 cm (DFO 2006, DFO 2001). Like the quillback, copper rockfish mate in the fall and 
are born in the spring with a subsequent pelagic larval phase lasting 1 to 2 months. 
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4.7.5 Marine Birds and Bird Habitat 

The following description of marine birds in the RSA has been extracted with some modification from the 
Marine Birds – Marine Transportation Technical Report (Volume 8B). 

Marine birds have social, cultural and aesthetic value, and contribute to local and global biodiversity. 
Often referred to as seabirds, marine birds are generally defined as avian species that require marine and 
coastal ecosystems for one or more life requisites during all or a part of their life cycle (Croxall et 
al. 2012). They are important in marine ecosystems because of their high abundance and species 
diversity (Milko et al. 2003) using coastal terrestrial habitats (above high-water mark); foreshore (shoreline 
from high-water to low-water tide mark); nearshore (low-water mark to water extending 10 m seaward); 
and offshore areas (nearshore to the continental shelf). 

In British Columbia, there are an estimated 124 marine bird species (Campbell et al. 1990; 
Stevens 1995), some of which may comprise populations of tens of thousands of breeding, migrant or 
wintering birds. The coast is an important corridor for millions of migrating birds, especially shorebirds and 
waterfowl (Slattery et al. 2000). The south coast supports large seasonal populations often referred to in 
broad groups and likely to occur within the marine transportation area: 

 Albatross, fulmar, shearwaters and storm-petrels 
 Geese and swans 
 Dabbling and diving ducks 
 Loons and grebes 
 Cormorants 
 Wading birds 
 Coastal raptors 
 Murres, murrelets, guillemots and auklets 
 Gulls, jaegars, skuas and terns 
 Shorebirds 
 Kingfishers 
 Corvids 
 Rails, coots and cranes. 

The study area contains abundant marine bird breeding colonies (Campbell et al. 1990) and several 
species of conservation concern with seasonally required foraging, nesting and moulting habitats. Many 
have been documented as sensitive to disturbance to varying degrees. The south coast of British 
Columbia is an important movement corridor and winter staging area for millions of migrating birds, 
especially shorebirds and waterfowl (Collins et al. 2011, Donaldson et al. 2000, Butler 1992). For these 
reasons, marine birds are considered to be valid indicators of marine-ecosystem health in British 
Columbia and the region (Parrish et al. 2007, Mallory et al. 2010, Croxall et al. 2012). 

Marine bird species at risk that can be found within the study area include: black-footed albatross, short-
tailed albatross, pink-footed shearwater, Brant goose, northern fulmar, great blue heron, double-crested 
cormorant, Brandt‟s cormorant, pelagic cormorant, Caspian tern, long-billed curlew, red knot, marbled 
murrelet, ancient murrelet, tufted puffin, horned puffin, Cassin‟s auklet, common murre, thick-billed murre, 
western grebe and surf scoter (Badzinksi et al. 2008, BC CDC 2013). Breeding colonies of double-
crested cormorant, pelagic cormorant, black oystercatcher, rhinoceros auklet, Cassin‟s auklet, tufted 
puffin, pigeon guillemot, great blue heron, fork-tailed storm-petrel, Leach‟s storm-petrel, and glaucous-
winged gulls are known to be present annually within the Salish Sea (Wahl et al. 1981, Vermeer 1983, 
Chatwin et al. 2002, Elliot et al. 2005). 

Of the total 223 species recorded in the RSA, 26 are designated as Blue (special concern) and 11 are 
designated as Red (endangered or threatened) under the British Columbia Wildlife Act. The Red-listed 
species include western grebe (2,430 individuals), common murre (2,375 individuals), Brandt‟s cormorant 
(2,134 individuals), black-crowned night heron (1,136 individuals) and red knot (111 individuals). Red knot 
are protected under SARA and designated as Threatened. Only six red knot were recorded by the 
BC Coastal Waterbird Survey and 105 individuals were recorded by eBird. No other survey recorded the 
presence of red knot within the RSA. 
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Table 4.9 provides an overview of selected species of marine birds identified within the RSA, their 
conservation status, relative likelihood of occurrence; and predicted use of the RSA including, primary 
food sources. Detailed information for each marine bird species that may be observed using habitats 
within RSA, including descriptions of provincial and federal conservation status, are included in 
Appendix A of the Marine Birds - Marine Transportation Technical Report, Volume 8B. Important bird 
areas and habitat use are also illustrated in various drawings in the Marine Birds – Marine Transportation 
Technical Report, Volume 8B.  

TABLE 4.9 DISTRIBUTION AND SEASONAL TIMING FOR SELECTED MARINE BIRDS 

Species Relevant Distribution and Seasonal Timing 
Conservation Status 

SARA BC COSEWIC 

Cassin’s 
auklet 

Cassin’s auklet is found on islands from the Baja California peninsula to the Aleutian Islands, 
Alaska. The centre of population is BC, where an estimated 2 million birds occurred in the 
Scott Island group (1980) and 1.1 million on Triangle Island. Wintering populations move 
south, frequenting waters off the continental shelf edge. Breeding primarily occurs along the 
coast of British Columbia. This auklet nests in shallow burrows, which the birds excavate, and 
also in rock crevices or under trees or logs. During the nonbreeding season, it spends most of 
its time at sea, with southern populations likely moving north and northern ones moving south 
to the central portion of its Pacific range. It is most abundant in waters of the continental shelf. 

No status Blue No status 

Fork-tailed 
Storm-Petrel 

The Fork-tailed Storm-Petrel is found only in the North Pacific Ocean and is the second most 
abundant and widespread of the storm-petrels (5-10 million individuals). It nests along the 
North American coast from northern California to Alaska. It appears to move offshore during 
the nonbreeding season and is associated with the continental-shelf break. In the breeding 
season, it feeds close to breeding colonies, in nearshore waters over continental shelf. 
The species is often seen foraging in small groups on the continental shelf or shelf break. 
Following ships during the day, it is often attracted by boat lights at night. It is mainly pelagic, 
spending up to 8 months of the year at sea. Pairs generally nest in burrows or crevices in 
talus slopes, but also use burrows they excavate or side chambers of other burrowing 
seabirds. 
The main diet is zooplankton, nekton and small fish, which it usually captures while hovering, 
pattering with wings partly spread, or dipping at the surface of the sea (Boersma and 
Silva 2001). 

No status Yellow No status 

Glaucous-
winged gulls 

Glaucous-winged gulls are abundant and widespread along much of the Pacific coast 
maintaining a presence year round in a broad range of habitats (Hayward and Verbeek 2008, 
Campbell et al. 1990). 

No status Yellow No status 

Surf scoters 

Surf scoters are medium-distance migrants that are widely distributed along the entire 
BC coastline, especially during spring migration. The Strait of Georgia and Burrard Inlet are 
particularly important winter and spring staging grounds (Figure 4.6). Southward migration 
from inland breeding areas occurs from late August to October (BC CDC 2013) and is usually 
at night (Butler and Savard 1985). Large aggregations occur from a few hundred to several 
thousand individuals.  
Wintering surf scoters usually forage within 1 km of the shore (Vermeer 1981). Non-breeding 
habitat includes sheltered freshwater and marine bays, harbours and lagoons. At these sites, 
birds prefer shallow marine waters, less than 10 m deep, with substrates of pebbles and sand 
(Goudie et al. 1994, Campbell et al. 1990). This species rarely uses estuaries except during 
migration (Campbell et al. 1990; Savard et al.1998). Large numbers forage near steep shores 
of fjords where food resources (e.g., mollusks) are abundant on submarine rocky walls 
(Vermeer 1981; Vermeer and Bourne 1984).  
Surf scoters eat aquatic invertebrates on its breeding grounds and mollusks in spring, fall, and 
winter (Savard et al. 1998).  

No status Blue No status 

Source: Marine Birds – Marine Transportation Technical Report, Volume 8B 

4.7.6 Marine Mammals and Protected Habitat 

The following summary on marine mammals has been extracted with some modification from the Marine 
Resources – Marine Transportation Technical Report (Volume 8B). 

The marine waters of British Columbia are used year-round by a broad range of marine mammal species, 
including cetaceans (whales, dolphins, and porpoises), pinnipeds (seals and sea lions), and other 
mammals such as river otter and sea otter. The productive straits and sounds of the RSA provide 
important habitat for foraging, breeding, socializing, and migration. While many species of marine 
mammal can be observed in the RSA year-round, and thus depend on this environment for all aspects of 
their life history, other species are predominantly seasonal in their presence, coming to feed for a season, 
or simply passing through during migration. 
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Based on a review of the federal SARA public registry list (Schedule 1), the federal COSEWIC website, 
and the BC Conservation Data Centre (BC CDC) red- and blue- lists, seven species of marine mammals 
of conservation concern have been identified as potentially occurring within the RSA. Of the seven listed 
species, one is Endangered (i.e., southern resident killer whale), three are Threatened (i.e., humpback 
whale, fin whale, Bigg‟s killer whale), and three are Special Concern (i.e., grey whale, harbour porpoise, 
Steller sea lion).  

Table 4.10 provides an overview of the species (or ecotypes) of marine mammals identified within the 
RSA, their conservation status, relative likelihood of occurrence; and predicted use of the RSA including, 
primary food sources. Many species of marine mammal are wide ranging, and the categorization of 
„presence‟ in the Table is meant to qualitatively reflect the usual distribution of most species, although 
specific occurrence within the RSA at any given time fluctuates, and is therefore uncertain, and infrequent 
sightings of species not included here will also occur.  

TABLE 4.10 DISTRIBUTION AND SEASONAL TIMING FOR MARINE MAMMALS 

Species Presence, Distribution, Seasonal Timing and Food Sources 
Conservation Status 

SARA BC COSEWIC 

humpback whale 
Megaptera 

novaeangliae 

Relatively common and abundant, especially during summer and fall. Some 
presence year-round. Use area primarily for foraging. 
Numbers have been increasing in this area in recent years. 
Food sources include capelin, herring, and a variety of other small fishes, krill 
and other crustaceans. 

Threatened 
Schedule 1 

Blue Special Concern 

killer whale – southern 
resident ecotype 

Orcinus orca 

Common and regular sightings, particularly during summer and fall. RSA 
coincident with majority of the identified critical habitat for this species. 
The range of the southern resident population extends from Haida Gwaii, 
BC to Monterey Bay, California (COSEWIC 2008). The transboundary area 
between BC and Washington State in the United States, which includes the 
southern portion of the Strait of Georgia, the southern Gulf Islands, Boundary 
Pass, Haro Strait and Juan de Fuca Strait, has been designated as “critical 
habitat” under SARA for the southern resident population (DFO 2008, 2009, 
2011b).  
Some members of the population remain in the same general area in winter 
and spring but others seem range over much greater distances. Some have 
been reported as far south as California, and as far north as Haida Gwaii. 
Food sources include principally chinook and chum salmon (summer and fall). 
Little is known about the diet during the winter and spring. Other food sources 
include fish and cephalopods (squid). Some coho salmon. Some bottom fish, 
possibly ling cod, kelp greenling and sablefish. 

Endangered 
Schedule 1 

Red Endangered 

fin whale 
Balaenoptera 

physalus 

Rare sightings in Juan de Fuca Strait  
Unlikely presence, given historical distribution and preferred habitat 
(i.e., primarily offshore). May occasionally use western-most portion of RSA 
for foraging. 
Food sources include small invertebrates, schooling fishes and squids. In 
North Pacific, diet is dominated by euphausiids (70%) followed by copepods 
(25%), with some fish (incl. herring) and squid. 

Threatened 
Schedule 1 

Red Threatened 

killer whale – Bigg’s 
(previously transient) 

ecotype 
Orcinus orca 

Regular sightings but not common. Present year round primarily for hunting. 
Wide-ranging, hunt and breed throughout large area.  
Food sources include marine mammals - particularly harbour seals, porpoises 
and sea lions. Also known to attack and kill baleen whales and minke whales. 

Threatened 
Schedule 1 

Red Threatened 

grey whale 
Eschrichtius robustus 

Fairly common but not generally abundant. Most common to western 
Vancouver Island, some whales remain resident throughout summer to 
forage. May also be observed at other times of year during migration. 
Food sources include benthic invertebrates (epibenthic and infaunal 
amphipods, sand shrimp, ghost shrimp, small clams), planktonic invertebrates 
(mysid shrimps, planktonic crab larvae), and herring spawn and larvae. 

Special Concern 
Schedule 1 

Blue Special Concern 

harbour porpoise 
Phocoena phocoena 

Common, use area for foraging and calving. Likely year round residents. Most 
commonly found in shallow (< 200 m) nearshore areas. 
Food sources include epipelagic and mesopelagic cephalopods and fish, such 
as market squid, herring, sand lance and hake and large zooplankton such as 
euphausiids during weaning. 

Special Concern 
Schedule 1 

Blue Special Concern 
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TABLE 4.10 DISTRIBUTION AND SEASONAL TIMING FOR MARINE MAMMALS 

Species Presence, Distribution, Seasonal Timing and Food Sources 
Conservation Status 

SARA BC COSEWIC 

Steller sea lion 
Eumetopias jubatus 

monteriensis 

Common. Year-round presence. Peak numbers in RSA during fall and winter. 
No rookeries (pupping areas) in RSA. One major year-round haulout 
(Carmanah Point) and numerous major winter haulouts, including one at Race 
Rocks, which is protected within an MPA. Use area to forage and haul out 
(e.g., rest, socialize). 
Food sources include over 50 species of fish and invertebrates; preferred prey 
– small or medium sized schooling fishes such as herring, hake, sandlance, 
salmon, dogfish, eulachon and sardines. Bottom fish such as rockfish, 
flounder and skate. Also squid and octopus, crabs, mussels, clams and other 
invertebrates. 

Special Concern 
Schedule 1 

Blue Special Concern 

sea otter 
Enhydra lutris 

Occur along much of the west coast of Vancouver Island and along a small 
section of the central British Columbia coast. Typically found in exposed 
coastal (<50 m depths) areas with shallow rocky reefs; however, in the winter, 
they may move to more sheltered areas within their home ranges. 
Food sources include a variety of invertebrates, including bivalves, snails, 
urchins, chitons, crabs, and sea stars. Also known to eat demersal fish 
species. 

Special Concern 
Schedule 1 

Blue Special Concern 

river otter 
Lontra canadensis 

Occur year-round throughout British Columbia, including offshore islands. Use 
near-shore marine waters, open ocean, coastal and freshwater marshes and 
estuaries, and inland streams, rivers, lakes, and ponds.  
Food sources include fish, invertebrates (e.g., crabs, mollucks), and 
occasionally frogs, toads, snakes, turtles, waterfowl and shorebirds. 

No status 
No 

status 
No status 

Source: (DNV 2013) - General Risk Analysis and Intended methods of Reducing Ricks – TERMPOL Report, Volume 8C.  

 

4.8 Aboriginal Traditional Use 

The following description of Aboriginal Traditional Use within the Regional Study Area has been extracted 
from the Marine Resources Marine Transportation Technical Report Volume 8B. 

The literature review indicates that marine resource extraction was and continues to be an important 
activity for coastal Aboriginal communities in the Marine RSA. The relationship of Aboriginal people to the 
marine environment can be grouped according to the following four components: spiritual, emotional, 
mental and physical (Gardner 2009). Aboriginal people actively managed the marine environment to 
maintain ecological integrity and to protect and preserve biodiversity. For example, shellfish resources 
were managed by transplanting shellfish from one area to another, digging over beaches, and modifying 
intertidal zones to increase clam and oyster growing grounds to increase production. An extensive 
traditional vocabulary for sustainable management of marine resources reveals an intimate understanding 
of the economic implications of marine subsistence, the food chain, location and movement of food, and 
currents, with application to ecological management to prevent overfishing (Gardner 2009). 

Salmon are important to coastal Aboriginal communities for reasons of sustenance, as well as social, 
economic, and ceremonial purposes. The Fraser River is one of the largest salmon-bearing rivers in the 
world and salmon species historically and currently fished by Aboriginal communities include chum, 
chinook, sockeye, pink and coho. Resources found within the Fraser River system are accessed by over 
100 Aboriginal communities as well as many coastal communities on the Juan de Fuca and Johnstone 
straits (DFO 2006). 

Available literature indicates that Aboriginal people traditionally fished 71 species off the coast 
(Gardner 2009, Burrard Inlet Environmental Action Program 2011, 2012). The Fraser Canyon is an area 
where salmon are most abundant and conditions for preparing the meat (i.e., wind-drying) are ideal 
(Carlson 2001). The intersection of the Fraser River and the Pacific Ocean has also been traditionally 
used as an area for harvesting marine mammals, shellfish, and molluscs. Gathering of marine and 
freshwater plants, including kelp, marine flowering plants, benthic and detached algae, brown algae, red 
algae, green algae, and phytoplankton also traditionally occurred in this area. Other traditional marine 
uses of the southern coast included fishing for various species (including eulachon, sturgeon and 
salmon), hunting for seabirds, porpoise, sea lions, seals, and waterfowl, and collection of clams, horse 
clams, cockles and crabs (DFO 2006). 
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Marine species have also traditionally been harvested throughout the Gulf Islands and the Strait of 
Georgia. Shellfish was of particular importance and was used for storage and trade. Harvested marine 
and intertidal species include: barnacles, butterclam, cockle clam, crab, Dungeness crab, geoduck clams, 
giant red chiton, green sea urchin, horse clam, littleneck clam, manila clam, mussels, native oyster, 
northern abalone, octopus, prawns, skate, pacific oyster, prawn, red rock crab, red sea urchin, scallops, 
sea cucumber, and sea urchin (Fediuk and Thom 2003). 

Seafoods harvested from lower Vancouver Island include herring roe, clams, and sea urchins (Esquimalt 
Nation 2010a). Kelp and eelgrass beds are important harvesting areas because they serve as a key 
habitat for other major food species (Esquimalt Nation 2010b). Marine mammals have traditionally been 
harvested at the intersection of the Fraser River and the Pacific Ocean, throughout the Gulf Islands, in the 
Strait of Georgia and along the southern coast. Traditionally hunted marine mammal species included 
grey whales; Steller sea lions; Pacific white-sided dolphins; killer whales; harbour seals; and porpoises 
(BC Transmission Corporation 2006, DFO 2006, Simonsen et al. 1995). Fish harvested here included 
salmon (Chinook, pink, Coho, chum, sockeye), lingcod, Pacific cod, black cod, sturgeon, halibut, trout, 
dogfish, shiners, herring and sole (Esquimalt Nation 2010a). Other important fish species harvested in the 
Marine RSA include: cutthroat, rainbow, steelhead, and brown trout, small mouth bass, herring; cod; 
flounder; and halibut. Seaweed, such as kelp, rockweed, and sea lettuce were typically harvested from 
intertidal areas (Jacques Whitford 2006).  

Throughout BC there are a variety of birds that traditionally have been hunted and used for food and 
other purposes. Ducks are sources of protein, iron and B vitamins. Common species of birds and eggs 
harvested in Salish territories include goldeneye, canvasback, ruddy duck, wood duck, American wigeon, 
northern pintail, mallard, northern shoveler, green-winged teal, grebe and murre (First Nations Health 
Council 2011). Approximately 31 bird species were recorded in 2001 as traditionally important to the 
Hul‟qumi‟num Treaty Group in the Salish Sea (Fediuk and Thom 2003). 
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5.0 EXPOSURE AND HAZARD/EFFECTS ASSESSMENT 
The effects assessment methodology presented in this section is based on an approach used for the 
Aleutian Islands Risk Assessment (AIRA, ERM 2011). The AIRA is an ongoing program being carried out 
on behalf of the US National Fish & Wildlife Foundation (NFWF), Coast Guard (USCG) and State of 
Alaska Department of Environmental Conservation (ADEC) to evaluate the likely characteristics and 
consequences of vessel accidents and spills in the Aleutian Islands. The specific methods used here are 
modified slightly, chiefly to reflect differences in the availability and format of data; and in addition to 
reflect the purpose of the present study, which is to support the NEB Application and the information 
needs and requirements of the NEB and Canadian Environmental Assessment Act (CEA Act). 

Likelihood refers to a probabilistic assessment of some defined outcome having occurred or occurring in 
the future. In this report, when discussing the likelihood of certain outcomes, a set of associated 
meanings are as follows as defined by the International Panel on Climate Change (IPCC 2013) should be 
considered. The introduction of the terminology below is not intended to restrictively apply the definitions 
to the associated probability values; rather it is intended to associate language with probability ranges in 
order to facilitate discussion more generally. 

 Virtually certain  >99% probability of occurrence  
 Very likely  90 to 99% probability  
 Likely  66 to 90% probability  
 About as likely as not  33 to 66% probability  
 Unlikely  10 to 33% probability  
 Very unlikely  1 to 10% probability 
 Exceptionally unlikely  <1% probability 

5.1 Effects Assessment Approach 

The exposure and hazard/effects assessment steps involve considering first, what the probability of oiling 
would be for any given location within the RSA in the event of an accidental oil spill. This information was 
obtained from the stochastic modeling results at four levels of intensity. A low probability of oil exposure 
was assigned to areas having <10% probability. Areas having a probability of ≥10% but <50% were 
assigned a medium level of intensity. A high level of intensity was assigned to areas having a probability 
of oiling ≥50% but <90%, and a very high level of intensity was assigned to areas having a probability of 
oiling ≥90%. These exposure levels are illustrated for the winter, spring, summer and fall season 
stochastic modeling results for each spill location. 

The potential consequences in terms of negative environmental effects from crude oil exposure from each 
spill scenario are evaluated for four main ecological receptor group/habitat combinations including the 
following: 

 Shoreline and Near Shore Habitats 
 Marine Fish and Supporting Habitat 
 Marine Birds and Supporting Habitat 
 Marine Mammals and Supporting Habitat.  

These four ecological receptor groups are intended to broadly represent all of the marine resources of the 
RSA, as previously described, comprising ecological resources and supporting habitat, including water, 
sediment and air quality. Each of the four ecological receptor groups contains a variety of habitats and/or 
individual receptor types of differing sensitivity to crude oil exposure. The potential ecological 
consequences of crude oil exposure at any given location are considered to be defined by the overlap of 
the likelihood of crude oil presence in the event of an accidental spill, and the sensitivity of ecological 
habitat or receptors that may be present at that location. 

The effects assessment considers both the probability of oiling, and the sensitivity of the ecological 
resources present. By superimposing the probability of oiling onto the ecological resource sensitivity 
maps, this overlap can be visualized, and using GIS tools, quantified. Depending upon the types of 
ecological resources, this quantification process can evaluate either the length of shoreline (km) or the 
area of a particular habitat type (km2) that is potentially affected at low, medium, high or very high 
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probability levels. Because a low probability of oiling indicates that oil exposure is unlikely, this analysis 
will focus on areas having medium, high or very high probability of oil exposure. The analysis is presented 
in tabular format, so that the amount of habitat exposed to different probabilities of oiling can be 
quantified, and then put into context by comparing this amount of habitat with the quantity of such habitat 
present within the RSA. This analysis is completed for ecological receptors having a range of biological 
sensitivity levels, for each season. 

In addition to evaluating and ranking the intrinsic sensitivity to oiling or crude oil exposure of individual 
ecological receptors, receptor groups and/or the supporting habitat, where a receptor has status as an 
endangered species, this status will be considered as an additional factor when evaluating the 
significance of negative environmental effects caused by each hypothetical crude oil spill scenario. 
Likewise, the presence of provincial and national parks or other designated conservation areas would 
represents an additional factor to consider (i.e., societal values) on top of the intrinsic biological 
sensitivities.  

An overview of the modelling framework and the presentation of results are provided in  
Sections 5.2 and 5.3. Details of the sensitivity ranking scheme for the various ecological receptor groups 
are provided in Section 5.4.  

5.2 Marine Oil Spill Modelling Framework 

Stochastic crude oil spill modelling simulations were completed by EBA (2013) to support this PQERA 
and to inform the oil spill response planning for the Project. The stochastic simulations were based on the 
hypothetical spill scenarios developed by DNV as outlined in Section 4.4.  

Stochastic simulations were performed for a complete annual cycle to take into consideration seasonal 
variations in winds and currents, with hypothetical accidental releases of CLWB at the spill site being 
initiated every six hours of each day throughout the year. All hypothetical spill simulations were allowed to 
run for up to 15 days, with 360 or more individual simulations being performed for each seasonal suite. 
No consideration was given to possible mitigation, such as oil spill response activities, except in the 
context of biological recovery from harm caused by spilled oil. Details of the stochastic modelling 
completed by EBA are provided in EBA (2013) Modeling the Fate and Behaviour of Marine Oil Spills for 
the Trans Mountain Expansion Project – TERMPOL Report, Volume 8C. 

EBA provided a data package for the results of each spill scenario including wind speed and direction 
charts, probability contours for surface water oiling, probability contours for shoreline oiling, time to first 
contact and length of shoreline oiling, length of shoreline contacted per coastal class, amount of dissolved 
oil, mass balance results (including on-water and on-shore oiling, oil evaporated, dispersed, biodegraded, 
and dissolved), as well as average slick area and thickness. Table 5.1 provides a summary of each of the 
modelling outputs and how the data was utilized in the PQERA.  

TABLE 5.1 SUMMARY OF MODELLING OUTPUTS FOR EVALUATING EFFECTS 

Model Output Description Use for Evaluating Effects 
Examples of Receptor 

Groups 

Monthly wind speed and 
direction charts 

Stick chart of daily wind speeds and direction for 
each month. 

An aid to understanding differences 
between seasons. 

n/a 

Probability contours for 
overall surface water oiling 

Probability of oil presence at a location at some 
point in time during the duration of a simulation, 
evaluated using approximately 720 individual crude 
oil spill simulations per season. 

Calculated total area of surface water 
oiling for each scenario according to 
probability ranges. 

 0 - <10 

 10 - <50 

 50 - <90 

 90 – 100 

Marine Fish 
Marine Birds 

Marine Mammals 

Probability contours for 
shoreline oiling (end of 

simulation) 

Probability of oil contacting and adhering to a 
shoreline segment during the duration of a 
simulation, evaluated using approximately 360 
individual crude oil spill simulations per season. 

Calculated total length of shoreline oiling 
for each scenario according to probability 
ranges. 

 0 - <10 

 10 - <50 

 50 - <90 

 90 – 100 

Shoreline and near shore 
habitats 
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TABLE 5.1 SUMMARY OF MODELLING OUTPUTS FOR EVALUATING EFFECTS 

Model Output Description Use for Evaluating Effects 
Examples of Receptor 

Groups 

Time to first shoreline 
contact 

Estimated time (in days) to first contact with the 
shoreline 

An indicator of whether shorelines would 
be contacted by fresh or weathered crude 
oil. 

n/a 

Length of Shoreline 
Contacted 

Estimated total length of shoreline contacted at the 
end of the simulation. 

Not used in the PQERA. To be considered 
in deterministic scenario evaluation. 

n/a 

Length of Shoreline 
Contacted by Shoreline 

Type 

Estimated length of shoreline contacted for each 
shoreline type. 

Used to evaluate effects on shorelines of 
differing sensitivity to crude oil exposure. Shoreline habitat 

Amount of dissolved oil 
Daily amount of dissolved oil in m3 over the duration 

of the spill 
Limited use in the PQERA. To be 
considered in deterministic scenario 
evaluation. 

Marine fish 

Mass Balance 

Estimated distribution of the crude oil in each 
environmental media (e.g., water surface, water 
column, shoreline, evaporated) according to time 
elapsed from the hypothetical spill. 

Not used in the PQERA. To be considered 
in deterministic scenario evaluation. 

n/a 

Slick area and thickness 
Average daily slick area and thickness over the 
duration of the spill 

Not used in the PQERA. To be considered 
in deterministic scenario evaluation. 

n/a 

 

Selected oil spill modelling output files are provided in Appendix B for the 16,500 m3 spills, and in 
Appendix C for the smaller 8,250 m3 spill. 

5.3 Sensitivity Ranking of Ecological Resources for Assessment 

The following sections provide the definition of the four receptor group/habitat combinations and the 
rationale for the corresponding sensitivity ranking scheme for each. 

5.3.1 Shoreline and Near Shore Habitats 

Shoreline habitat is considered to include the intertidal or littoral zone, the area of the foreshore and 
seabed that is exposed at low tide, and submerged at high tide. Shoreline habitat types reflect their 
exposure to wind and wave action. Low-energy or protected shorelines almost always have a fine 
subsurface substrate (sand or mud), even though the surface veneer may be coarse pebble, cobble or 
boulder. The presence of a water-saturated fine subsurface layer is important because it provides a 
barrier that limits oil penetration of sub-surface sediment. In contrast, coarse (pebble, cobble or boulder) 
shorelines that are highly exposed to wind and wave action may be coarse to considerable depth, 
increasing permeability and the potential for retention or sequestration of stranded oil. 

Tidal marshes are often associated with river mouths and estuaries, behind barrier islands, or on tidal 
flats where low-energy wave action and fine-grained sediment accumulation provides an elevated surface 
where marsh vegetation can become established. Eelgrass beds are typically found in subtidal areas with 
soft sediments, such as protected bays, inlets and lagoons.  

Shoreline habitat characteristic data for the study area was available from existing coastal habitat 
mapping datasets for the Strait of Georgia, Puget Sound, Juan de Fuca Strait, and the west coast of 
Vancouver Island. These are collectively referred to as the ShoreZone datasets and are managed by the 
Integrated Land Management Branch in British Columbia, and by the Department of Natural Resources in 
Washington State. The data were collected and compiled by Coastal & Ocean Resources (Harper 2013), 
resulting in a single data layer for the study area that represented shoreline characteristics. The total 
length of shoreline in the modeling area is approximately 15,900 km, and this is represented by 
172,000 individual shore segments. The shorelines of the RSA for the WMT represent a small portion of 
this larger dataset.  

A total of thirteen different shore types were defined for the Project, based upon descriptive information 
available in the ShoreZone datasets. These were classified based on the degree of exposure (either low 
or high), and then by the upper intertidal substrate types. The selected attributes from the dataset 
considered by the spill modeling team are summarized in the following Table 5.2. The substrate types 
range from sand through to rock, with additional classes for marsh, as well as rip rap or wood bulkheads 
or pilings such as may be used for shoreline protection. In addition, areas of eelgrass were also 
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considered to fall within the “shoreline and near shore” habitat, giving a total of fourteen different 
shoreline and near shore habitat types. 

TABLE 5.2 SHORE TYPES DEFINED FOR THE PROJECT 

Exposure Upper Intertidal Substrates No Code Spill Shore Type 
% of Total 

Shore Length 

Low 
(VP, P, SP) 

Rock 1 LE_R Rock, low energy: assumed to be impermeable 23% 

Rock w pebble, cobble veneer 2 LE_VR 
Rock with veneer, low energy; a discontinuous veneer 
of pebble, cobble or boulder over rock 

8% 

Pebble veneer 3 LE_V 

Pebble veneer over sand; a single layer of pebbles 
overlying sand, typical of low energy shorelines; 
stranded oil may attach to  pebble but sand in 
subsurface limits penetration. 

13% 

Cobble or boulder veneer 4 LE_CV 

Coarse veneer over sand;  a single layer of cobbles or 
boulders overlying sand; sand limit subsurface 
penetration 

14% 

Sand or mud 5 LE_S 
Sand or mud which typically has high water content 
and limits viscous oil penetration. 

9% 

Rip Rap 6 LE_RR 
Course boulders or sometime concrete rubble that is 
commonly used as shore protection. 

4% 

Marsh 7 LE_M Marsh 12% 

Wood 8 LE_W 
Wood bulkheads, generally assumed to be pilings and 
therefore somewhat porous. 

0% 

 

High 
(VE, E, SE) 

Rock 9 HE_R 
Impermeable rock surfaces; joint and fracture patterns 
may allow some oil retention 

8% 

Rock with coarse veneer 10 HE_VR 
Boulder and cobble overlying bedrock creates 
potential for stranded oil retention 

1% 

Boulder, cobble beaches (also 
includes few rip-rap sections) 

11 HE_C 

Coarse boulder or cobble beaches assumed to have 
high penetration potential; may include coarse 
beaches associated with rock platforms; although high 
energy, penetration may result in lengthy persistence. 

2% 

Sand with pebble, cobble or 
boulder 

12 HE_SG 

Combinations of sand and various forms of gravel 
(pebble, cobble, boulder); and matrix is assumed to 
minimize penetration. 

2% 

Sand 13 HE_S 

High energy sand beaches; sand will limit viscous oil 
penetration; sand is likely to be highly mobile so has 
the potential to bury stranded oil. 

5% 

Source: Harper (2013) 

 

An analysis of shoreline type and sensitivity to spilled oil for the RSA found that rock was the most 
common shoreline type (23%) followed by cobble/boulder and pebble veneer over sand (14% and 13%, 
respectively). Most shorelines (83%) were found to be protected from high energy wave action, with only 
17% being highly exposed. Low energy shorelines almost always have a fine-grained subsurface 
substrate (sand or mud), even when the surface layer is armoured, meaning that the shorelines will have 
limited oil penetration, due to the fine nature of the substrate. Only about 7% of the shoreline was found 
to have moderate to high subsurface permeability, indicative of a potential for deeper penetration of oil, 
and longer potential retention times (Harper 2013). 

The fourteen shoreline habitat types were assigned to one of four biological sensitivity factor (BSF) 
classes, ranked on a scale of 1 (low sensitivity) to 4 (high sensitivity). While these BSF are somewhat 
correlated with the tendency for shoreline types to absorb or retain spilled crude oil, they are based 
primarily on a consideration of habitat complexity and the ability of the different habitat types to sustain 
biodiversity and productivity. In this sense, exposed bedrock or sand substrates are considered to be 
subject to high levels of natural disturbance and have relatively low levels of biodiversity and productivity, 
whereas sheltered rocky substrates, marsh, and eelgrass beds have high biodiversity and productivity.  

Table 5.3 provides a summary of the shoreline habitat types, and the rationale supporting their 
assignment to biological sensitivity factors.  
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TABLE 5.3 SHORELINE HABITAT TYPES AND BIOLOGICAL SENSITIVITY FACTOR 
CLASSIFICATION 

Shoreline Habitat Type Comments 
Biological 
Sensitivity 

Factor 

Low exposure, rock 
Low exposure, sand 

Low exposure, rip rap 
Low exposure, wood bulkheads 

High exposure, rock 
High exposure, sand 

High exposure, sand and gravel 

 This is the least sensitive classification. A shoreline that has regular 
exposure to wave and tidal energy, no or low potential for subsurface oil 
penetration, and low oil retention. 

 Because of the impermeable substrate and its exposure to waves, oil 
remains on the surface, thus allowing natural forces to remove the oil. Little 
or no clean-up is usually required. 

 Due to low habitat complexity, high exposure, or the artificial nature of some 
of the habitat types (e.g., rip rap, bulkheads), biological sensitivity is 
considered to be low. 

1 

Low exposure, veneer over rock 
Low exposure, pebble veneer over sand 

High exposure, cobble/boulder veneer over rock 
High exposure, cobble/boulder 

 These shorelines comprise low-sloping, well compacted substrates, often 
with underlying fine-grained sediment which limit oil penetration. 

 Biological sensitivity is generally reduced due to low complexity or high 
exposure. 

2 

Low exposure, cobble/boulder veneer over sand 
 This shoreline has low exposure and higher complexity, giving greater 

opportunity for higher levels of biodiversity. Underlying fine-grained 
sediments limit oil penetration. 

3 

Low exposure, salt marsh 
Low exposure, eelgrass 

 These habitat types are considered to have the highest levels of complexity 
and productivity and to be important nursery and rearing areas for fish, in 
addition to being known to be highly sensitive to oil exposure. 

4 

 

Biological sensitivity factors assigned to the various shoreline and nearshore habitats are shown in 
Figure C.1, Appendix C. Other protected areas and Indian Reserves in these areas which could be 
affected are presented in Figure C.2, Appendix C. 

5.3.2 Marine Fish and Supporting Habitat 

The marine fish community is defined here as including marine fish, as well as marine invertebrates 
(e.g., mollusks and crustaceans), but not mammals and birds which are addressed elsewhere. Acute 
effects of spilled crude oil on fish and marine invertebrates are rarely observed, except in situations where 
crude oil is confined and dispersed into shallow water, such as may occur if crude oil is driven onto a 
shoreline or into a confined bay.  

Acute effects of hydrocarbon exposure on fish are generally caused by exposure to relatively soluble 
components of the crude oil. Monocyclic aromatic hydrocarbons (MAHs) such as benzene, toluene, 
ethylbenzene or xylenes (BTEX compounds) or light polycyclic aromatic hydrocarbons (PAHs) such as 
naphthalenes, are usually considered to be the most likely contributors to acute toxicity, although some 
light aliphatic hydrocarbons may also contribute to toxicity. These compounds also tend to be volatile and 
are rapidly lost to the atmosphere, so the initial 24 to 48 hours following an oil spill represent the 
timeframe when acute toxicity is most likely to occur. 

Two major mechanisms of toxicity to fish are recognized (although other more specific mechanisms may 
also exist). These are: 

 Non-polar narcosis, whereby reversible exposure to and accumulation of hydrocarbons from the 
water column causes interference with intracellular functioning at a target lipid site, potentially causing 
death if a critical hydrocarbon concentration is exceeded in the target lipid. Salmonid fish are among 
the more sensitive to the narcosis mode of action, and small fish are more sensitive than large fish.  

 Blue sac disease (BSD), whereby exposure to 3- and 4-ring PAH compounds results in a syndrome 
of cardiac, craniofacial, and/or spinal deformity and death in developing embryos. Sensitivity to BSD 
is greatest in newly fertilized eggs, and decreases with the hardening of the egg membrane, and with 
increasing developmental stage. Embryos of herring and salmon species are among the more 
sensitive to BSD.  

Due to the behaviour of crude oil spilled on water, the potential for toxicity to the marine fish community is 
greatest in the surface water, where more soluble hydrocarbons can dissolve from the floating fresh crude 
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oil, or from droplets that have been temporarily dispersed down in to the water column by wave action. 
The potential for acutely toxic concentrations of hydrocarbons to extend down into deep water is very low, 
due to the limited solubility of hydrocarbons, and the dilution that would accompany mixing into deep 
water.  

Four biological sensitivity factors are defined for the marine fish community, on a scale of 1 (low 
sensitivity) to 4 (high sensitivity) as in Table 5.4. The marine fish community is assumed to comprise a 
wide variety of species, each of which has its own sensitivity to hydrocarbon exposure. For the non-polar 
narcosis mode of toxic action, it is usual to consider the toxicity of hydrocarbons to a sensitive species, 
defined as representing the 5‟th percentile on a species sensitivity distribution (Di Toro et al. 2000). 
Assuming that this synthetic sensitive species is the same regardless of the specific habitat under 
consideration, the sensitivity of the community becomes a function of the degree of exposure of the 
particular habitat to dissolved hydrocarbons. Therefore, the low end of the sensitivity scale is occupied by 
deep water habitat (biological sensitivity factor 1), whereas the higher end of the sensitivity scale is 
occupied by shallow water habitat (biological sensitivity factor 3). The highest biological sensitivity factor 
is reserved for developing eggs and embryos in shallow water habitat (represented here by herring 
spawning areas which are assigned to biological sensitivity factor 4).  

TABLE 5.4 BIOLOGICAL SENSITIVITY FACTOR CLASSIFICATION FOR THE MARINE FISH 
COMMUNITY 

Marine Fish Community Comments 
Biological 

Sensitivity Factor 

Water column and seabed (>30 m) 
All life stages of transient, pelagic or bottom fish species, including mollusks and 
crustaceans, found at depths >30 m. 

1 

Water column and seabed (>10 to <30 m) 
All life stages of transient, pelagic or bottom fish species, including mollusks and 
crustaceans, found at depths of 10 to 30 m 

2 

Water column and seabed  (<10 m) 
All life stages of transient, pelagic or bottom fish species, including mollusks and 
crustaceans, found at depths of <10 m. 

3 

Herring Spawning Areas 
Rockfish Conservation Areas 

Eulachon Critical Habitat 
Dungeness Crab Important Habitat 

Salmon Streams and Important Areas 

Eggs, larvae, juveniles of Pacific herring or similar species, subject to developmental 
abnormalities such as BSD. 

4 

 

Biological sensitivity factors assigned to marine fish and supporting habitats are presented in Figure C.3, 
Appendix C. 

5.3.3 Marine Birds 

Seabirds can be highly sensitive to crude oil spills, due principally to the effects of oiling on feathers 
(i.e., loss of insulative properties and buoyancy), as well as to ingestion of crude oil or contaminated food. 
In addition, birds that are gregarious are potentially at greater risk of population-level effects if crude oil is 
present in an area where they congregate or feed. The waters of the Strait of Georgia, Haro Strait, Juan 
de Fuca Strait and the Gulf Islands provide migratory, nesting, feeding and wintering habitat for a wide 
variety of shorebirds, gulls, waterfowl and alcids (auks). Many of these species can also be expected to 
be present within the RSA. 

Four biological sensitivity factors (BSF) were defined for the marine bird community, on a scale of 1 (low 
sensitivity) to 4 (very high sensitivity). The ranking scheme reflects guild membership, as is appropriate 
considering the similar lifestyle, behaviour, and exposure mechanisms that accompany each guild. The 
low end of the sensitivity scale (BSF = 1, low) includes shoreline dwelling species and waders that are 
generally widely distributed. BSF = 2 (medium) includes species that tend to demonstrate a lifestyle that 
is not limited to marine environments, such as gulls and terns. BSF = 3 (high) includes ducks and other 
waterfowl that tend to be moderately sensitivity to crude oil exposure and may congregate, so that a large 
fraction of a population may be exposed simultaneously. Finally, the high end of the sensitivity scale 
(BSF = 4, very high), includes species that rely heavily on the marine environment and/or have high 
sensitivity to oil exposure, such as auks and divers. These birds tend to nest in colonies, and also often 
congregate in feeding areas.  
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Table 5.5 provides a summary of the biological sensitivity factors for major groups or guilds of seabirds. 
The classification scheme reflects guild membership, as is appropriate considering the similar lifestyle, 
behaviour, and exposure mechanisms that accompany the guilds. 

TABLE 5.5 BIOLOGICAL SENSITIVITY FACTOR CLASSIFICATION FOR MARINE BIRDS 

Seabirds Comments 
Biological 

Sensitivity Factor 

Waders and Shorebirds 
Species are not present in large numbers and are widely distributed. 
Shoreline dwelling species and waders have lower probability of oiling. 

1 

Gulls and Terns 
Gulls and terns tend not to be fully marine in their lifestyle, and in addition tend to be coastal 
in distribution. 

2 

Ducks and Cormorants 
Ducks and other waterfowl tend to be moderately sensitive to crude oil exposure, and may 
congregate. 
Cormorants also tend to be coastal in distribution. 

3 

Auks and Divers 

Auks tend to be highly reliant on the marine environment, often coming to shore only to 
breed. 
Auks are highly sensitive to crude oil exposure as well as being highly exposed in open 
water areas. 
Auks often form breeding colonies and may congregate on the water in feeding areas. 

4 

 

Additional consideration was also given to known breeding colony locations and Important Bird Areas 
(IBAs) located within the RSA. A description of each of these IBAs, including recorded species and 
corresponding seasonality (as available), is presented in Table 5.6. Known locations of gull, tern, 
cormorant and auk colonies as well as IBAs within the RSA are presented in Figure C.4 in Appendix C. 

TABLE 5.6 SUMMARY OF IMPORTANT BIRD AREAS WITHIN THE RSA FOR MARINE 
TRANSPORTATION 

Identification 
Number 

Site Name Description Bird Species Seasonality 

Canada 

BC001 McFadden Creek Heronry The McFadden Creek Heronry is a relatively 
small (0.5 km²), fully forested IBA, located on 
the north side of Saltspring Island, British 
Columbia. 

Great Blue Heron (BC Coast) Breeding 

BC015 Active Pass The Active Pass IBA comprises the water 
body (approximately 17 km²) between 
Galiano and Mayne Islands in the southwest 
region of the Strait of Georgia. 

Bald Eagle Breeding 
Spring Migration 
Summer Non-Breeding 
Wintering 

Bonaparte’s Gull Fall Migration 
Spring Migration 

Brandt’s Cormorant Wintering 

Pacific Loon Spring Migration 
Wintering 

BC017 Boundary Bay – Robert 
Banks – Sturgeon Bank 
(Fraser River Estuary) 

This IBA represents the Fraser River Delta 
including Boundary Bay, Robert Banks and 
Sturgeon Bank as well as agricultural lands in 
and around Richmond, Surrey and White 
Rock. It is a large (approximately 750 km²) 
complex IBA encompassing several types of 
habitats, including marine, estuarine, 
freshwater and agricultural habitats. 

American Wigeon Fall Migration 
Wintering 

Barn Owl (BC) Breeding 
Wintering 

Black-bellied Plover Fall Migration 
Summer Non-Breeding 
Wintering 

Brant Spring Migration 
Wintering 

Dunlin Fall Migration 
Spring Migration 
Wintering 

Glaucous-winged Gull Wintering 

Great Blue Heron (BC Coast) Spring Migration 
Summer Non-Breeding 
Wintering 

Mallard Fall Migration 
Wintering 

Mew Gull Fall Migration 
Spring Migration 
Wintering 
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TABLE 5.6 SUMMARY OF IMPORTANT BIRD AREAS WITHIN THE RSA FOR MARINE 
TRANSPORTATION 

Identification 
Number 

Site Name Description Bird Species Seasonality 

Northern Pintail Fall Migration 
Wintering 

Peregrine Falcon (BC) Fall Migration 
Spring Migration 
Wintering 

Red-necked Grebe Fall Migration 
Spring Migration 
Wintering 

Snow Goose Fall Migration 
Wintering 

Surf Scoter Fall Migration 
Spring Migration 
Wintering 

Thayer’s Gull Fall Migration 
Wintering 

Trumpeter Swan Wintering 

Western Grebe Fall Migration 
Spring Migration 
Wintering 

Western Sandpiper Spring Migration 

BC018 Pacific Spirit Regional Park The Pacific Spirit Regional Park IBA is a 
relatively small IBA (less than 2 km²) located 
on Point Grey, British Columbia. This IBA is 
bordered to the east by residential areas and 
to the west by the University of British 
Columbia Farm. 

Great Blue Heron (BC Coast) Breeding 

BC020 English Bay & Burrard Inlet This large IBA (140 km²) comprises English 
Bay, False Creek and Burrard Inlet including 
Vancouver Harbor, Indian Arm and Port 
Moody Arm. It incorporates numerous types 
of habitats industrial encroachment in and 
around Vancouver to less affected areas in 
Indian Arm. 

Barrow’s Goldeneye Fall 
Wintering 

Great Blue Heron (BC Coast) Summer Non-Breeding 

Surf Scoter Fall Migration 
Wintering 

Waterfowl Wintering 

Western Grebe Fall 
Wintering 

BC023 Squamish River Area The Squamish River Area IBA is located at 
the northeastern tip of Howe Sound in 
proximity to Squamish, British Columbia. It 
comprises the Squamish, Mamquam and 
Cheakamus rivers and their respective 
shorelines (approximately 50 km²).  

American Dipper Year-Round Resident 

Bald Eagle Wintering 

Trumpeter Swan Wintering 

BC025 White Islets and Wilson 
Creek 

This IBA comprises the water body south of 
Wilson Creek and surrounding the White 
Islets (approximately 30 km²) located west of 
Howe Sound in proximity of Sechelt, British 
Columbia. 

Glaucous-winged Gull Breeding 

Harlequin Duck Other 

Marbled Murrelet Wintering 

Pelagic Cormorant Breeding 

Surf Scoter Other 

Surfbird Spring Migration 

BC045 Chain Islets & Great Chain 
Islet 

This IBA is a relatively small IBA (less than 
2 km²) surrounding Great Chain Islet and 
several smaller islets located in waters 
southeast of Victoria, British Columbia.  

Black Oystercatcher Breeding 

Brandt’s Cormorant Fall Migration 

Double-crested Cormorant Breeding 

Glaucous-winged Gull Breeding 

Harlequin Duck Other 

Pelagic Cormorant Breeding 

Pigeon Guillemot Breeding 

BC047 Sidney Channel The Sidney Channel IBA, located in proximity 
to Sidney, British Columbia, comprises the 
water body (approximately 90 km²) between 
Vancouver Island, James Island and Sidney 
Island. It is located generally east of Haro 
Strait. 

Black Oystercatcher Breeding 

Brandt’s Cormorant Fall Migration 

Brant Spring Migration 
Wintering 

Glaucous-winged Gull Breeding 

Great Blue Heron (BC Coast) Breeding 
Year-Round Resident 

Harlequin Duck Fall Migration 

Marbled Murrelet Summer Non-Breeding 

Mew Gull Spring Migration 

Pigeon Guillemot Wintering 
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TABLE 5.6 SUMMARY OF IMPORTANT BIRD AREAS WITHIN THE RSA FOR MARINE 
TRANSPORTATION 

Identification 
Number 

Site Name Description Bird Species Seasonality 

Rhinoceros Auklet Breeding 

BC048 Cowichan estuary The Cowichan estuary IBA includes the 
Cowichan Bay and generally represents the 
water body (approximately 40 km²) located 
northwest of Saanich Inlet. Both Cowichan 
Bay and Saanich Inlet connect to Haro Strait 
through Satellite Channel. 

Colonial Waterbirds/Seabirds Wintering 

Double-crested Cormorant Wintering 

Mew Gull Wintering 

Mute Swan Wintering 

Pacific Loon  Spring Migration 

Red-necked Grebe Fall Migration 

Thayer’s Gull Wintering 

Trumpeter Swan Wintering 

Waterfowl Wintering 

Western Grebe Wintering 

BC052 Porlier Pass The Porlier Pass IBA (approximately 16 km²) 
comprises the water body between Valdes 
and Galiano Islands as well as some of the 
shorelines of both islands. 

Black Oystercatcher Breeding 

Cormorant species Wintering 

Glaucous-winged Gull Breeding 

Mew Gull Fall Migration 

Scoters Wintering 

BC055 Snake Island This IBA is relatively small (4 km²) and 
surrounds Snake Island which is located 
within the approach to Nanaimo, British 
Columbia and approximately 3 km from the 
northwest point of Gabriola Island. 

Black Oystercatcher Breeding 

Glaucous-winged Gull Breeding 

Pelagic Cormorant Breeding 

Pigeon Guillemot Breeding 

BC073 Carmanah Walbran Forest This large forested IBA (approximately 
250 km²) is generally located inland on the 
west coast of Vancouver Island and includes 
Carmanah Walbran Provincial Park.  

Marbled Murrelet Breeding 

BC097 Amphitrite and Swiftsure 
Banks 

This relatively large IBA comprises two 
separate water bodies located west of 
Vancouver Island: one in and around 
Amphitrite Bank, and the other around 
Swiftsure Bank. Only the Swiftsure Bank 
portion of this IBA (approximately 20 km²) is 
within the boundaries of the RSA. 

Black-legged Kittiwake Not Specified 

California Gull Other 

Cassin’s Auklet Other 

Common Murre Not Specified 

Glaucous-winged Gull Not Specified 

Herring Gull Not Specified 

Northern Fulmar Other 

Rhinoceros Auklet Not Specified 

Sabine’s Gull Other 

Sooty Shearwater Other 

Thayer’s Gull Not Specified 

Tufted Puffin Not Specified 

United States 

USWA277 Drayton Harbor / 
Semiahmoo 

This IBA is a relatively small and relatively 
enclosed water body (approximately 6.5 km²) 
comprising Drayton Harbor in Blaine, 
Washington. It is located east of Semiahmoo 
Bay and generally enclosed by the 
Semiahmoo Spit. 

Bald Eagle 
Black Scoter 
Common Loon 
Greater Scaup 
Harlequin Duck 
Horned Grebe 
Long-tailed Duck 
Peregrine Falcon 
Red-necked Grebe 
Surf Scoter 
White-winged Scoter 

Not Specified 

USWA282 Lower Dungeness Riparian 
Corridor 

The Lower Dungeness Riparian Corridor IBA 
includes the Dungeness River, adjacent 
riparian forest and estuary. This relatively 
small IBA (less than 5 km²) is located in 
Dungeness, Washington. 

American Dipper 
Bullock's Oriole 
Cedar Waxwing 
Olive-sided Flycatcher 
Red-eyed Vireo 
Warbling Vireo 
Willow Flycatcher 

Not Specified 

USWA288 Protection Island This very small IBA (1 km²) comprises 
Protection Island located approximately 3 km 
of Diamond Point, Washington. 

Double-crested Cormorant 
Glaucous-winged Gull 
Pelagic Cormorant 
Pigeon Guillemot 
Rhinoceros Auklet 
Tufted Puffin 

Not Specified 
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TABLE 5.6 SUMMARY OF IMPORTANT BIRD AREAS WITHIN THE RSA FOR MARINE 
TRANSPORTATION 

Identification 
Number 

Site Name Description Bird Species Seasonality 

USWA3289 Deception Pass The Deception Pass IBA is a very small IBA 
(1 km²) comprising the water body located 
between Whidbey Island and Fidalgo Island, 
Washington.  

Black Oystercatcher 
Pigeon Guillemot 
Red-throated Loon 

Not Specified 

USWA3347 Samish / Padilla Bays This large IBA (approximately 240 km²) 
comprises Samish and Padilla Bays, located 
in proximity to Anacortes, Washington. 

Black Oystercatcher 
Brant 
Dunlin 
Great Blue Heron 
Marbled Murrelet 
Red-necked Grebe 
Trumpeter Swan 
Western Grebe 

Not Specified 

USWA3348 Olympic Continental Shelf The Olympic Continental Shelf IBA is very 
large IBA (2,200 km²) generally comprising 
marine environments. It includes two general 
areas, one located in the Juan de Fuca Strait, 
the other in the Pacific Ocean. In the Juan de 
Fuca Strait, it follows the northwestern 
shoreline of Washington State, from the city 
of Port Angeles west to Cape Flattery 
extending a few kilometers from the 
mainland. From Cape Flattery, it then extends 
south to Taholah (located approximately 
50 km northwest of Aberdeen, Washington), 
extending to the edge of the continental shelf, 
approximately 55 km from the mainland.  

Black-footed Albatross 
Brandt's Cormorant 
Brown Pelican 
Cassin's Auklet 
Common Murre 
Leach's Storm-Petrel 
Marbled Murrelet 
Pelagic Cormorant 
Pink-footed Shearwater  
Rhinoceros Auklet 
Sooty Shearwater 
South Polar Skua 
Tufted Puffin 

Not Specified 

USWA3351 Port Angeles Harbor / Ediz 
Hook 

This IBA is relatively small (approximately 
5.5 km²) comprising Port Angeles Harbor 
bordered to the north by Ediz Hook. 

Heermann’s Gull 
Thayer’s Gull 

Not Specified 

USWA3786 Sequim Bay The Sequim Bay IBA (approximately 60 km²), 
located less than 5 km east of Sequim, 
Washington encompasses the open waters 
and intertidal zones of Sequim Bay and is 
partially enclosed by Travis Spit and Gibson 
Spit. 

Black-bellied Plover 
Dunlin 
Heermann’s Gull 

Not Specified 

Sources: Canada: IBA Canada Site Summaries (2012). 
 United States: Audubon Important Bird Areas Profiles (2013). 

 

5.3.4 Marine Mammals and Supporting Habitat 

The marine waters of the study area provide habitat for a variety of marine and semi-aquatic 
mammals: 

 Terrestrial mammals, such as bears and moose, may at times frequent shoreline areas, 
depending upon the availability of food resources they may be seeking 

 Pinnipeds, including Steller sea lion, seal and potentially other species 
 Cetaceans, including but not limited to southern resident killer whale, humpback whale, 

various dolphins and porpoises, and other species 
 River otter, mink and occasional sea otter (sea otter are more common along the west coast 

of Vancouver Island, but the presence of occasional individuals in the study area cannot be 
discounted). 

The different types of mammals will have differing levels of exposure to spilled crude oil, as well 
as having differential sensitivity if exposed. Aquatic mammals such as sea otter, river otter and 
mink that rely upon fur for insulation in cold ocean water are extremely sensitive to oiling, as 
well as having potentially high exposure to crude oil ingestion, if coastal habitat is oiled. 
Mammals that rely upon blubber for insulation are less sensitive to external oiling, although the 
potential for mortality cannot be ruled out due to other exposure pathways or mechanisms.  
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Whales and seals may or may not avoid exposure to crude oil on the surface of the water. 
Inhalation of vapours is a potentially significant exposure pathway during the early stages of an 
oil spill, as is potential ingestion of oil as a result of consuming oiled prey. Experience during the 
Exxon Valdez oil spill (EVOS) was equivocal (Exxon Valdez Oil Spill Trustee Council, 
EVOSTC 2013). While whales were observed swimming in areas close to the spill site, and 
were undoubtedly exposed to fumes from fresh oil, only circumstantial evidence links acute or 
chronic exposure to spilled oil with the disappearance of whales belonging to the AB (resident, 
fish-eating) and AT1 (transient, seal-eating) killer whale pods. Eight resident killer whale pods 
use Prince William Sound as part of their range, but of these, only the AB pod exhibited higher 
individual mortality rates following the EVOS. Members of this pod were also known to be 
subject to shooting by fishermen, due to conflicts associated with the longline fishery. Oil 
ingestion remains a potentially significant exposure pathway, and fouling of baleen plates can 
have negative effects on baleen whales, although this would not be a problem for toothed 
whales. The potential for mortality of marine mammals due to acute exposure to hydrocarbon 
vapours will be considered quantitatively in the detailed quantitative ERA to be submitted as a 
supplemental study.  

Wildlife species that are normally terrestrial (such as bear and moose) could be exposed to 
crude oil that strands along shorelines, or accumulates in coastal marshes or estuaries. External 
oiling and oil ingestion are a possibility for these animals, although they are not likely to result in 
mortality.  

Table 5.8 provides a summary of the biological sensitivity factors applied to different types of 
mammals that may be exposed to spilled crude oil. Biological sensitivity factors assigned to 
marine mammals and supporting habitats are presented in Figure C.5, Appendix C. 

TABLE 5.7 BIOLOGICAL SENSITIVITY FACTOR CLASSIFICATION FOR MARINE MAMMALS 

Mammals Comments 
Biological 

Sensitivity Factor 

Terrestrial Mammals 
Terrestrial wildlife species that might use the upper intertidal zone, or species migrating 
through the area. Examples would include bear, moose, fox or raccoon 

1 

Pinnipeds 

Pinnipeds include seals and sea lions. Seals such as the harbour seal would be 
common in Burrard Inlet. Sea lions would be most commonly observed along the 
marine transportation route. In addition to strictly marine habitat, sea lion haulouts are 
an important habitat feature. With their reliance on fat or blubber for insulation, seals 
are not as sensitive to external oiling as many sea birds or otters. 

2 

Whales 

A variety of toothed and baleen whales, including southern resident killer whale, 
humpback whale, various porpoises, and other whales. The southern resident killer 
whale population is considered to be endangered. Although not particularly sensitive to 
the thermal effects of oiling (due to the role of blubber as insulation rather than fur), 
whales may be sensitive to inhalation of hydrocarbon vapours, and baleen may be 
fouled by exposure to crude oil.  

3 

Otters 

Sea otters are unlikely to frequent the study area, except as occasional or transient 
animals, however, river otters are common in nearshore areas of the Gulf Islands, and 
around river mouths. Mink and otter would also be common along the coastline, 
foraging in the intertidal zone. It is assumed that otters could be found primarily in 
nearshore areas, in water depths of 10 m or less. With their reliance on fur for 
insulation, otters are highly sensitive to crude oil exposure. 

4 

 

The potential for terrestrial mammal species and otters to be present along shoreline areas that could 
potentially become oiled following a hypothetical oil spill is considered to be similar throughout the marine 
study area. Likewise, the potential for pinnipeds and cetaceans to be present is considered to be 
essentially uniform throughout the study area. For pinnipeds, haulout areas are also known to be 
important, and shoreline oiling in proximity to known haulout areas is considered to be potentially 
significant in terms of pinniped exposure to oil.  
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6.0 RESULTS - STRAIT OF GEORGIA 
6.1 Summary of Stochastic Oil Spill Modelling Results 

Two oil spill scenarios were modelled for the Strait of Georgia including both a CWC spill volume of 
16,500 m3, and a smaller spill volume of 8,250 m3. Each scenario considered four seasonal stochastic 
conditions for winter, spring, summer, and fall. The spills at this location were based on the result of a 
hypothetical collision of an Aframax tanker with other vessel traffic in the area.  

6.1.1 Probability of Surface Oiling 

Predictions from the stochastic modelling indicate that accidental spills in the Strait of Georgia have a 
high or very high probability (≥50%) for potential surface oiling to extend beyond the northern boundary of 
the RSA for both the 16,500 m3 spill (winter, spring and fall seasons) and for the 8,250 m3 spill (winter 
and spring seasons). In the case of a CWC spill, the ≥50% probability contour extends as far north as 
Powell River during the winter season. In the case of the smaller 8,250 m3 spill, the ≥50% probability 
contour extends slightly beyond the RSA into the northern Strait of Georgia off Madeira Park. The ≥50% 
probability contour does not extend beyond the RSA boundaries to the west or south for either scenario, 
or any of the seasonal conditions.  

Overall the results for the high and very high probabilities of oiling for each scenario and seasonal 
condition were very similar however, some slight differences in the seasonal spill trajectories were 
identified which are primarily due to variations in predominant current direction and speed, and/or 
predominant wind direction and speed, as well as the influence of the peak spring and summer 
discharges from the Fraser River. The largest difference in the predicted spatial extent for surface oiling 
occurred during the winter condition for a CWC spill where the ≥90% (very high) probability contour 
extended in the Strait of Georgia from just north of Gibsons, BC to Patos Island (located in US waters) in 
the south. Refer to Figure D.1 in Appendix D. 

Table 6.1 provides a summary of the spatial extent of surface oiling (km2) within the RSA for each spill 
volume and seasonal combination. Results are presented for each of three probability ranges (≥10%, 
≥50% and ≥90%). The release location and probability contours for seasonal stochastic surface oiling are 
shown in Figures D.1 to D.4 for a 16,500 m3 spill, and in Figures D.5 to D.8 for a 8,250 m3 spill 
(Appendix D). 

TABLE 6.1 AREA OF SURFACE OILING (BY PROBABILITY OF OILING) – STRAIT OF GEORGIA 

Scenario Spill Volume (m3) 
Seasonal 
Condition 

Maximum Average 
Slick Area (km2) 

Total Affected Surface Area (km2) 
by Probability of Oiling 

≥10% ≥50% ≥90% 

1 
Credible Worst Case 
16,500 m3 

Winter 423 6,461 3,850 1,379 

Spring 435 7,372 3,194 1,143 

Summer 355 8,667 3,311 934 

Fall 425 8,465 4,013 1,267 

2 
Smaller Spill Case 
8,250 m3 

Winter 370 5,302 3,473 431 

Spring 385 6,353 2,561 889 

Summer 308 6,827 2,142 754 

Fall 363 7,123 2,907 985 

 

It is important to correctly understand the data presented in Table 6.1. The values presented under the 
column headed “Maximum Average Slick Area (km2)” indicate, for the average simulated spill, the largest 
surface area of sea that was occupied by spilled oil at any given time step within the duration of the model 
run. When oil is spilled, the surface area of the slick increases rapidly to a maximum value, and then 
decreases as oil evaporates and strands on shorelines. However, the oil slick is not static, it is moved 
around by tides and winds, so that the total area swept or affected by the moving oil slick is greater than 
the surface area of the slick at any given time. The values presented under the columns headed “Total 
Affected Surface Area (km2)” indicate the probability, based on the stochastic oil spill model output, that 
particular grid squares in the marine oil spill model, each representing a unit of sea surface area, 
contained crude oil at the water surface during at least one time step within the duration of the model run. 
The three columns indicate the total area of sea surface swept by oil over the length of the oil spill 
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simulation, at probability levels of ≥10%, ≥50% and ≥90%, respectively. It is important to understand that 
the areas presented in these columns of Table 6.1, and the same data as represented by contour outlines 
in Figures D.1 to D.8 do not represent the surface area of a single, continuous oil slick. 

The following text is based upon oil spill summaries provided by EBA. From a mass balance perspective, 
most of the spilled oil reaches a shoreline and strands within a relatively short time following the spill 
initiation. Taking both the CWC model results (16,500 m3 of crude oil spilled, with simulations running for 
15 days) and the smaller spill model results (8,250 m3 of crude oil spilled, with simulations running  
for 10 days), the results are very similar overall, and show little seasonal variation. Between 63% and 
69% of the oil has stranded on a shoreline by the end of each seasonal simulation suite. Very little of the 
crude oil (between 0.6% and 2.4%) is predicted to strand on mudflats associated with the Fraser River 
Delta (Roberts Bank and Sturgeon Bank) or in Boundary Bay. The amount of crude oil remaining on 
water at the end of each simulation suite varies from 1.4% to 6.0%, the higher values being associated 
with the shorter runs for the smaller oil spills. Based on these results, one would expect about 2% of the 
spilled crude oil to remain on the water two weeks after the spill initiation. Evaporation is an important fate 
for the spilled crude oil, with 17.2% to 21.7% being lost by this pathway. A substantial amount of crude oil 
(6.7% to 9.1% of the volume spilled) also dissolves into the water column within the simulation period. 
Most of the crude oil that evaporates or dissolves does so within the first few days following spill initiation. 
Some of the crude oil is dispersed into the water column during the fall and winter, when wind speeds 
tend to be higher, but this represents less than 1% of the spilled oil, and oil-mineral aggregate (OMA) 
formation is not predicted to occur. Biodegradation of the spilled crude oil accounts for 2.1% to 3.2% of 
the spilled oil within the simulation periods of 10 to 15 days. 

6.1.2 Probability of Shoreline Oiling 

Table 6.2 provides a summary of the spatial extent of shoreline oiling within the RSA. Results for the 
CWC spill indicate a high to very high probability (≥50%) of between 143 km and 458 km of shoreline 
oiling, with the greatest spatial extent of shoreline oiling occurring during winter conditions. The smaller 
spill case predicts a high to very high probability of shoreline oiling between 94 km and 248 km, with the 
greatest spatial extent also being oiled under winter conditions. Because oil that contacts shorelines 
tends to be retained on beach substrate, the average length of affected shoreline is more consistent with 
the total affected shoreline length at a ≥50% than was the case for water surface swept by an oil slick. 

TABLE 6.2 LENGTH OF SHORELINE OILING (BY PROBABILITY OF OILING) – STRAIT OF 
GEORGIA 

Scenario Spill Volume (m3) 
Seasonal 
Condition 

Average length of Affected 
Shoreline (km) 

Total Affected Shoreline Length (km) 
by Probability of Oiling 

≥10% ≥50% ≥90% 

1 
Credible Worst Case 
16,500 m3 

Winter 263 3,397 458 0.2 

Spring 291 814 143 4.4 

Summer 278 648 150 268 

Fall 293 878 181 6.5 

2 
Smaller Spill Case 
8,250 m3 

Winter 185 2,307 248 0.0 

Spring 217 582 94 0.7 

Summer 205 472 101 9.1 

Fall 211 563 120 3.7 

 

The RSA includes approximately 4,130 km of shorelines. Based on this overall length, the modelling 
predicts a maximum shoreline length of 458 km (11% - CWC spill) and 248 km (6% - smaller spill) of the 
RSA with high or very high probability of being oiled. However, the average length of shoreline oiling for a 
single crude oil spill ranges from 293 km (CWC spill) to 185 km (smaller spill) representing 7.2% and 
4.5% of the shoreline within the RSA respectively. The average length of shoreline oiling for each 
seasonal condition is larger than the ≥50% probability value, but less than the length represented by the 
10% probability of shoreline oiling. The only exception is during winter conditions where the average oiled 
shoreline length is less than the ≥50% probability value.  
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6.2 Potential Environmental Effects to Shoreline and Near Shore Habitats 

Of the 4,130 km of shoreline habitat in the RSA, 51% (2,125 km) comprises low and high exposure rock 
and sand, low exposure rip rap and wood bulkheads and high exposure sand and gravel and has been 
assigned a low biological sensitivity factor (BSF = 1). Shorelines including low exposure veneer over rock, 
low exposure pebble veneer over sand, high exposure cobble/boulder veneer over rock and high 
exposure cobble/boulder represent 27% (1,120 km) of the coastline and are assigned a biological 
sensitivity ranking of medium (BSF = 2). Approximately 15% (619 km) of the RSA has a high biological 
sensitivity (BSF = 3) and includes low exposure cobble/boulder veneer over sand. The highest biological 
sensitivity (BSF = 4) is generally limited to more sheltered embayments and represents less than 6.4% 
(266 km) of the shoreline in the RSA. The overlay of shoreline oiling probability for each shoreline 
sensitivity class for spills at the Strait of Georgia are summarized in Tables 6.3 and 6.4 for a 16,500 m3 
and an 8,250 m3 spill, respectively. 

Shorelines with a high to very high probability of oiling (≥50%) generally represent less than 10% of the 
available habitat belonging to that sensitivity class within the RSA. Results indicate that shorelines with 
the lowest biological sensitivity factor (BSF = 1) have the highest overall probability of oiling under winter 
conditions where between 15% and 8.2% of the available habitat may be affected for CWC and smaller 
spills respectively.  

For a 16,500 m3 spill, areas with high probability of oiling (≥50%) represent 3.9% to 15% of the total 
shoreline within the RSA assigned to BSF = 1; 2.4% to 8.7% of the total shoreline within the RSA 
assigned to BSF = 2; 3.9% to 6.6% of the total shoreline within the RSA assigned to BSF = 3, and less 
than 1% of the total shoreline within the RSA assigned to BSF = 4.  

TABLE 6.3 SUMMARY OF EFFECTS ANALYSIS FOR SHORELINE AND NEAR SHORE 
HABITATS – STRAIT OF GEORGIA – 16,500 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Length in 
RSA (km) 

Affected Shoreline 
(by Shoreline Oiling Probabilities) 

Affected Length According to 
Sensitivity Factor (km) 

Percent Length According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 2,125 2,087 317 0.0 98 15 0.0 

2 1,120 835 98 0.2 75 8.7 0.0 

3 619 406 41 0.0 66 6.6 0.0 

4 266 69 1.6 0.0 26 0.6 0.0 

Spring 

1 2,125 526 91 3.1 25 4.3 0.1 

2 1,120 184 27 0.7 17 2.4 0.1 

3 619 94 24 0.6 15 3.9 0.1 

4 266 9.8 0.7 0.0 3.7 0.3 0.0 

Summer 

1 2,125 387 83 12.6 18 3.9 0.6 

2 1,120 156 34 7.6 14 3.0 0.7 

3 619 91 33 5.7 15 5.4 0.9 

4 266 15 0.0 0.0 5.7 0.0 0.0 

Fall 

1 2,125 537 119 6.2 25 5.6 0.3 

2 1,120 214 35 0.3 19 3.1 0.0 

3 619 110 27 0.0 18 4.3 0.0 

4 266 18 0.1 0.0 6.7 0.0 0.0 

 

For a 8,250 m3 spill, areas with high probability of oiling represent 2.4% to 8.2% of the total shoreline 
within the RSA assigned to BSF = 1; 1.7% to 4.5% of the total shoreline within the RSA assigned to 
BSF = 2; and 2.7% to 4.1% of the total shoreline within the RSA assigned to BSF = 3. 
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TABLE 6.4 SUMMARY OF EFFECTS ANALYSIS FOR SHORELINE AND NEAR SHORE 
HABITATS – STRAIT OF GEORGIA – 8,250 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Length in 
RSA (km) 

Affected Shoreline 
(by Shoreline Oiling Probabilities) 

Affected Length According to 
Sensitivity Ranking (km) 

Percent Length According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 2,125 1,411 175.2 0.0 66 8.2 0.0 

2 1,120 576 50.6 0.0 51 4.5 0.0 

3 619 264 21.7 0.0 43 3.5 0.0 

4 266 56 0.0 0.0 21 0.0 0.0 

Spring 

1 2,125 371 58.3 0.7 17 2.7 0.0 

2 1,120 136 19.4 0.0 12 1.7 0.0 

3 619 68 16.4 0.0 11 2.7 0.0 

4 266 7 0.0 0.0 2.7 0.0 0.0 

Summer 

1 2,125 280 51 5.4 13 2.4 0.3 

2 1,120 112 25 1.9 10 2.2 0.2 

3 619 71 25 1.8 12 4.1 0.3 

4 266 9 0.0 0.0 3.4 0.0 0.0 

Fall 

1 2,125 350 79 3.5 16 3.7 0.2 

2 1,120 130 24 0.2 12 2.1 0.0 

3 619 70 17 0.0 11 2.8 0.0 

4 266 13 0.0 0.0 5.1 0.0 0.0 

 

The oil spill mass balance results indicate that about 2% of the spilled oil may impinge upon mudflats 
associated with the Fraser River Delta (i.e., Roberts Bank and Sturgeon Bank) or in Boundary Bay. Due 
to the proximity of the hypothetical spill location to the Delta, the time to first contact for these areas tends 
to be quite short, on the order of 1 day for Roberts Bank, and 2 to 3 days for Boundary Bay. Owing to the 
fine-grained (sand and mud) substrates, which are expected to remain water-saturated at low tide, the 
probability of the crude oil penetrating the surface of the mudflats is low. The crude oil will tend to 
accumulate near the high tide mark in these areas, so that most of the mudflat areas will experience low 
levels of oiling. One important aspect of the intertidal habitat associated with the banks and mudflats is 
the presence of “biofilm”, an assemblage of algal and bacterial cells and organic debris, that forms an 
important part of the diet for some migratory birds (e.g., Western sandpiper) as well as other ecological 
receptors such as marine invertebrates. The presence of crude oil is not considered likely to have lasting 
negative effects on the biofilm, which is likely to be robust, and to have the capacity to recover quickly 
from physical or chemical insults.  

Stochastic results for both spill scenarios also indicate areas with a high to very high probability of oiling 
(≥50%) from a spill at this location range throughout the central Strait of Georgia, the Gulf Islands and 
south into US waters of the Juan de Fuca Strait (refer to Figures D.1 to D.8). Protected areas and Indian 
Reserves in these areas which could be affected are shown on Figure C.2.  

6.3 Potential Environmental Effects on Marine Fish and Supporting Habitat 

The RSA comprises approximately 11,111 km2 of habitat for the marine fish community, and includes 
habitats for all four of the BSF categories. Habitats classified as belonging to BSF = 1 (low sensitivity) to 
3 (high sensitivity) are based on water depth, and are deemed to be exclusive with no overlap in area. 
However, BSF = 4 (very high sensitivity) is based on critical habitats and important areas for specific 
species (such as herring spawning areas), and can overlap areas with other sensitivity factors. Areas with 
a water depth of 30 m or more (BSF = 1) represent slightly more than 78% of the RSA (8,636 km2). Areas 
represented by BSF = 2 (water depths between 10 and 30 m deemed to have medium sensitivity), and 
areas with BSF = 3 (water depths less than 10 m, deemed to have high sensitivity) represent 
approximately 12% (1,280 km2) and 11% (1,196 km2) of the RSA, respectively. Critical habitats for herring 
spawn, rockfish and crab are combined as BSF = 4 (very high sensitivity), and overlap with other areas. 
Overall the BSF = 4 areas represent approximately 35% (3,934 km2) of the RSA. 

For a 16,500 m3 spill, areas with a high to very high (≥50%) probability of oiling represent 28% (under 
summer conditions) to 39% (under fall conditions) of the total area with water depths >30m (BSF = 1), 
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24% (under spring conditions) to 42% (under summer conditions) of the total area with water depths 
between 10 m and 30m (BSF = 2), 24% (under spring conditions) to 30% (under summer conditions) of 
the total area with depths <10 m (BSF = 3) and 12% (under spring and summer conditions) to 16% (under 
winter conditions) of the important habitat for herring spawn, rockfish and crab. The overlay of water 
surface oiling probability onto the marine fish community and fish habitat sensitivity classes for a 
16,500 m3 spill is summarized in Table 6.5. 

TABLE 6.5 SUMMARY OF EFFECTS ANALYSIS FOR MARINE FISH AND SUPPORTING 
HABITAT – STRAIT OF GEORGIA – 16,500 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Area in 

RSA (km2) 

Affected Surface Water 
(by Surface Water Oiling Probabilities) 

Area According to 
Sensitivity Factor (km2) 

Percent Area According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 8,636 5,233 3,219 1,290 61 37 15 

2 1,280 680 307 44 53 24 3.4 

3 1,196 548 324 46 46 27 3.8 

4 3,934 1109 609 132 28 16 3.4 

Spring 

1 8,636 5,931 2,569 902 69 30 10 

2 1,280 818 338 183 64 26 14 

3 1,196 624 287 58 52 24 4.9 

4 3,934 1,118 477 182 28 12 4.6 

Summer 

1 8,636 7,030 2,421 694 81 28 8.0 

2 1,280 893 532 170 70 42 13 

3 1,196 743 359 70 62 30 5.9 

4 3,934 947 451 163 24 12 4.1 

Fall 

1 8,636 6,796 3,338 1,013 79 39 12 

2 1,280 972 337 185 76 26 14 

3 1,196 698 339 69 58 28 5.8 

4 3,934 1,195 603 204 30 15 5.2 

 

For the 8,250 m3 spill, areas with a high to very high (≥50%) probability of oiling represent 18% (under 
summer conditions), to 34% (under winter conditions) of the total area with water depths >30 m  
(BSF = 1), 20% (under winter conditions) to 29% (under summer conditions) of the total area with water 
depths between 10 m and 30 m (BSF = 2), 20% (under spring conditions) to 22% (under various 
conditions) of the total area with depths <10 m (BSF = 3) and 9% (under summer conditions) to 13% 
(under fall conditions) of the important habitat for herring spawn, rockfish and crab. The overlay of water 
surface oiling probability onto the marine fish community and fish habitat sensitivity classes for an 
8,250 m3 spill is summarized in Table 6.6. 

TABLE 6.6 SUMMARY OF EFFECTS ANALYSIS FOR MARINE FISH AND SUPPORTING 
HABITAT – STRAIT OF GEORGIA – 8,250 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Area in 

RSA (km2) 

Affected Surface Water 
(by Surface Water Oiling Probabilities) 

Area According to 
Sensitivity Factor (km2) 

Percent Area According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 8,636 4322 2954 424 67 28 9.7 

2 1,280 487 254 6.0 59 21 9.5 

3 1,196 493 26 1.5 46 22 2.5 

4 3,934 974 511 8 25 13 0.2 

Spring 

1 8,636 5,212 2,046 765 60 24 8.9 

2 1,280 633 271 106 50 21 8.3 

3 1,196 508 244 19 43 20 1.6 

4 3,934 900 382 142 23 10 3.6 

Summer 

1 8,636 5,459 1,507 624 63 18 7.2 

2 1,280 744 371 84 58 29 6.6 

3 1,196 625 264 46 52 22 3.8 

4 3,934 867 362 140 22 9 3.6 
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TABLE 6.6 SUMMARY OF EFFECTS ANALYSIS FOR MARINE FISH AND SUPPORTING 
HABITAT – STRAIT OF GEORGIA – 8,250 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Area in 

RSA (km2) 

Affected Surface Water 
(by Surface Water Oiling Probabilities) 

Area According to 
Sensitivity Factor (km2) 

Percent Area According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Fall 

1 8,636 5,820 2,380 834 50 34 4.9 

2 1,280 756 270 122 38 20 0.5 

3 1,196 554 257 29 41 22 0.1 

4 3,934 1,028 429 151 26 11 3.8 

 

Of a total of 8,635 km2 of deep water habitat (>30 m) in the RSA (BSF = 1), between 2,421 and 3,338 km2 
has a high or very high (≥50%) probability of oil exposure from a 16,500 m3 spill, representing between 
28% and 39% of this habitat type within the RSA. Between 1,507 and 2,954 km2 has a high or very high 
probability of oil exposure from an 8,250 m3 spill, representing between 18% and 34% of this habitat type 
within the RSA. While the potentially affected areas for this BSF represent a large portion of this habitat 
type, based on the depth water habitat for BSF = 1, it is very unlikely that fish would be harmed by 
exposure to crude oil in this habitat type. 

Of a total of 1,280 km2 of intermediate depth habitat (<30 to ≥10) in the RSA (BSF = 2), between 307 and 
532 km2 has a high or very high (≥50%) probability of oil exposure from a 16,500 m3 spill, representing 
approximately 24% to 42% of this habitat type within the RSA. Between 254 and 371 km2 has a high or 
very high probability of oil exposure from an 8,250 m3 spill, representing between 20% and 29% of this 
habitat type within the RSA. While the potentially affected areas for this BSF represent a large portion of 
this habitat type, based on the depth water habitat for BSF = 2, it is also very unlikely that fish would be 
harmed by exposure to crude oil in this habitat type. 

Of a total of 1,196 km2 of shallow water habitat (≤10 m) in the RSA (BSF = 3), between 287 and 359 km2 
has a high or very high (≥50%) probability of oil exposure from a 16,500 m3 spill, representing between 
24% and 30% of this habitat type within the RSA. Between 244 and 266 km2 has a high or very high 
probability of oil exposure from an 8,250 m3 spill, representing between 20% and 22% of this habitat type 
within the RSA. In circumstances where crude oil is driven into this shallow water habitat by strong winds, 
there would be a greater potential for negative effects, including potential mortality of fish, crustaceans 
and shellfish. While this could occur at any time of year, such windy conditions are most likely to occur 
during the winter.  

Of a total of 3,934 km2 of critical fish habitat in the RSA with a very high biological sensitivity (BSF = 4), 
between 451 and 609 km2 has a high or very high (≥50%) probability of oil exposure from a 16,500 m3 
spill, representing between 12 and 16% of this habitat type within the RSA. Between 362 km2 and 
511 km2 has a high or very high probability of oil exposure from an 8,250 m3 spill, representing between 
9% and 13% of this habitat type within the RSA. In areas where such high-sensitivity habitat overlaps with 
shallow water areas, the potential for negative effects would be greater. Critical time periods for herring 
spawn would be in the spring, when exposure to polycyclic aromatic hydrocarbons in the crude oil could 
cause developmental effects on fish embryos. As noted for shallow water habitat, the potential for 
negative effects would be greatest if the spill occurred at a time when strong winds caused the oil to be 
driven into shallow water that could be spawning or nursery areas for herring, rockfish or crab.  

6.4 Potential Environmental Effects on Marine Birds and Supporting Habitat 

Several categories of birds, and their related habitats were considered in the PQERA. Birds that may 
frequent the shoreline were assigned a BSF = 1 (low). The potential for exposure of shorebirds to oil was 
evaluated on the basis of the length of oiled shoreline (km), and that length as a percentage of the total 
shoreline in the RSA. Gulls and terns which demonstrate a lifestyle that is not limited to marine 
environments were assigned a BSF = 2 (medium). Ducks and other waterfowl that tend to congregate 
and be moderately sensitive to crude oil exposure were assigned a BSF = 3 (high). Auks and divers that 
tend to rely heavily on the marine environment and/or have high sensitivity to crude oil exposure were 
assigned a BSF = 4 (very high).  
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Marine birds were assessed using two approaches. The first assumes that marine birds could generally 
be present anywhere within the RSA and thus shorebirds and other marine birds are assessed using the 
stochastic results contours representing shoreline or surface water habitats, respectively. The second 
approach considers the potential for spilled crude oil to come into contact with known bird colonies as well 
as designated IBAs. 

Stochastic results identify areas of medium (≥10%), high (≥50%), and very high (≥90%), exposure 
probability for each class of marine birds. The habitat oiling probability for each of the marine bird 
sensitivity factors is summarized in Tables 6.7 and 6.8 for 16,500 m3 spills, and 8,250 m3 spills 
respectively. 

For shorebirds (BSF = 1), potential exposure is determined by the length of shoreline that is predicted to 
have a high or very high probability of oiling. For a 16,500 m3 spill, the seasonal variation in spatial extent 
represents between 143 km (3.5%) and 458 km (11%) of the available shoreline habitat within the RSA. 
For an 8,250 m3 spill, the predicted length of affected shoreline is ranges between 94 km (2.3%) and 
247 km (6%) of the available shoreline habitat. Shorebirds have generally low sensitivity to oiling when 
compared to other guilds, and it is unlikely that lightly oiled individuals would die as a result of low or 
moderate exposure. Heavily oiled individuals would probably die, however, and even lightly oiled 
individuals could transfer sufficient oil to eggs to cause egg mortality, if exposure occurred shortly before 
or during the period when eggs were being incubated. An oil spill that occurred in the Strait of Georgia 
would be physically close to the important Fraser River Delta area, where shorebirds are present, and 
seasonal migrants congregate. The threat to birds in this area is mitigated, however, by the low 
percentage of spilled crude oil that is predicted to strand on Sturgeon or Roberts Banks, or in Boundary 
Bay. Therefore, the environmental effects on shorebirds of crude oil exposure from an accidental spill 
during marine transportation could be High locally, although Medium to Low effects levels are likely to be 
more prevalent.  

For other marine birds (BSF = 2, BSF = 3, and BSF = 4), potential exposure is based on surface water 
oiling. The seasonal variation in spatial extent for a 16,500 m3 spill for these receptors represents 
between 29% and 36% of the available habitat, while for an 8,250 m3 spill, between 19% and 31% of the 
habitat is predicted to be affected. Therefore, there is a relatively high probability of exposure for aquatic 
birds in the unlikely event of an accidental crude oil spill. The environmental effects and effect magnitude 
of such exposure would depend upon the season (which would determine the numbers and types of birds 
present) as well as the actual level and duration of exposure, and the relative sensitivity of the exposed 
birds. Gulls and terns tend to have medium sensitivity, whereas ducks, cormorants, divers and alcids tend 
to have high to very high sensitivity. However, regardless of these factors, it is likely that seabirds would 
be exposed to oil, and would die as a result of that exposure, so that the effect magnitude would be High. 

TABLE 6.7 SUMMARY OF EFFECTS ANALYSIS FOR MARINE BIRDS AND SUPPORTING 
HABITATS – STRAIT OF GEORGIA – 16,500 m³ SPILL 

Seasonal 
Condition 

BSF 
Length or 

Area in RSA 
(km or km2) 

Affected Surface Water 
(by Shoreline or Surface Water Oiling Probabilities) 

Affected Length or Area According to 
Sensitivity Factor (km or km2) 

Percent Length or Area According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 4,130 ¹ 3,397 ¹ 458 ¹ 0.2 ¹ 82 ² 11 ² <0.1 ² 

2 

11,112 6,461 3,850 1,379 58 35 12 3 

4 

Spring 

1 4,130 ¹ 814 ¹ 143 ¹ 4.4 ¹ 20 ² 3.5 ² 0.1 ² 

2 

11,112 7,372 3,194 1,143 66 29 10 3 

4 

Summer 

1 4,130 ¹ 648 ¹ 150 ¹ 26 ¹ 16 ² 3.6 ² 0.6 ² 

2 

11,112 8,667 3,311 934 78 30 8.4 3 

4 
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TABLE 6.7 SUMMARY OF EFFECTS ANALYSIS FOR MARINE BIRDS AND SUPPORTING 
HABITATS – STRAIT OF GEORGIA – 16,500 m³ SPILL 

Seasonal 
Condition 

BSF 
Length or 

Area in RSA 
(km or km2) 

Affected Surface Water 
(by Shoreline or Surface Water Oiling Probabilities) 

Affected Length or Area According to 
Sensitivity Factor (km or km2) 

Percent Length or Area According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Fall 

1 4,130 ¹ 878 ¹ 181 ¹ 6.5 ¹ 21 ² 4.4 ² 0.2 ² 

2 

11,112 8,466 4,014 1,267 76 36 11 3 

4 

Notes: 1 = Total length of shoreline in the RSA, or length affected (km) 
 2 = Expressed as % length of shoreline in that sensitivity class 

 

TABLE 6.8 SUMMARY OF EFFECTS ANALYSIS FOR MARINE BIRDS AND SUPPORTING 
HABITAT – STRAIT OF GEORGIA – 8,250 m³ SPILL 

Seasonal 
Condition 

BSF 
Length or 

Area in RSA 
(km or km2) 

Affected Surface Water 
(by Shoreline or Surface Water Oiling Probabilities) 

Affected Length or Area According to 
Sensitivity Factor (km or km2) 

Percent Length or Area According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 4,130 ¹ 2,307 ¹ 247 ¹ --- 56 ² 6.0 ² --- 

2 

11,112 5,302 3,473 431 48 31 3.9 3 

4 

Spring 

1 4,130 ¹ 582 ¹ 94 ¹ 0.7 ¹ 14 ² 2.3 ² 0.02 ² 

2 

11,112 6,353 2,561 890 57 23 8.0 3 

4 

Summer 

1 4,130 ¹ 472 ¹ 101 ¹ 9.1 ¹ 11 ² 2.5 ² 0.2 ² 

2 

11,112 6,828 2,142 754 61 19 6.8 3 

4 

Fall 

1 4,130 ¹ 563 ¹ 120 ¹ 3.7 ¹ 14 ² 2.9 ² 0.1 ² 

2 

11,112 7,130 2,907 985 64 26 9 3 

4 

Notes: 1 = Total length of shoreline in the RSA, or length affected (km) 
 2 = Expressed as % length of shoreline in that sensitivity class 

 

Stochastic modeling results were used to identify areas of medium (≥10%), high (≥50%), and very high 
(≥90%) probability for spilled crude oil extending to known colony locations. The number of known 
colonies affected for each of the marine bird BSF rankings are summarized in Tables 6.9 and 6.10 for 
16,500 m3 spills and 8,250 m3 spills respectively. 

For gulls and terns (BSF = 2), potential effects on colonies are determined by identifying the probability 
that crude oil will contact these areas, if spilled during the spring or summer seasons. For a 16,500 m3 
spill, crude oil is predicted to have high to very high probability (≥50%) to contact 15 or 16 of the 
79 known colonies. For an 8,250 m3 spill, this is predicted to represent 11 to 13 of the 79 known colonies.  

For ducks and cormorants (BSF = 3), the 16,500 m3 spill, crude oil is predicted to have high to very high 
(≥50%) probability to come in contact with 9 to 14 of the 40 known colonies. For the 8,250 m3 spill, this is 
predicted to represent 8 to 10 of the 40 known colonies.  

For auks and divers (BSF = 4), the 16,500 m3 spill, crude oil is predicted to have high to very high (≥50%) 
probability to come in contact with 17 to 28 of the 55 known colonies. For the 8,250 m3 spill, this is 
predicted to represent 16 to 22 of the 55 known colonies.  
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The presence of seabirds at colony locations is seasonal, and the overlap of oil with a colony location 
does not necessarily indicate that seabirds at nest sites will experience oiling, as their feeding grounds 
may be located at some distance from the nest site. However, the substantial overlap of high probability 
areas for oil on the water surface with known seabird colony locations (whether representing gulls and 
terns, ducks and cormorants, or auks and divers) indicates that the potential for negative effects, up to 
and including mortality of birds or oiling and mortality of eggs, is High.  

TABLE 6.9 SUMMARY OF EFFECTS ANALYSIS FOR MARINE BIRD COLONIES – STRAIT OF 
GEORGIA – 16,500 m³ SPILL 

Seasonal 
Condition 

BSF 
Affected Marine Bird Colonies (by Surface Water Oiling Probabilities) 

Medium (≥10%) High (≥50%) Very High (≥90%) 

Spring 

1 --- --- --- 

2 39 of 79 known colony sites affected. 16 of 79 known colony sites affected. 2 of 79 known colony sites affected. 

3 20 of 40 known colony sites affected. 9 of 40 known colony sites affected. 5 of 40 known colony sites affected. 

4 37 of 55 known colony sites affected. 17 of 55 known colony sites affected. 7 of 55 known colony sites affected. 

Summer 

1 --- --- --- 

2 35 of 79 known colony sites affected. 15 of 79 known colony sites affected. 2 of 79 known colony sites affected. 

3 22 of 40 known colony sites affected. 14 of 40 known colony sites affected. 3 of 40 known colony sites affected. 

4 42 of 55 known colony sites affected. 28 of 55 known colony sites affected. 8 of 55 known colony sites affected. 

 

TABLE 6.10 SUMMARY OF EFFECTS ANALYSIS FOR MARINE BIRD COLONIES – STRAIT OF 
GEORGIA – 8,250 m³ SPILL 

Seasonal 
Condition 

BSF 
Affected Marine Bird Colonies (by Surface Water Oiling Probabilities) 

Medium (≥10%) High (≥50%) Very High (≥90%) 

Spring 

1 --- --- --- 

2 33 of 79 known colony sites affected. 13 of 79 known colony sites affected. 2 of 79 known colony sites affected. 

3 19 of 40 known colony sites affected. 8 of 40 known colony sites affected. 2 of 40 known colony sites affected. 

4 32 of 55 known colony sites affected. 16 of 55 known colony sites affected. 3 of 55 known colony sites affected. 

Summer 

1 --- --- --- 

2 30 of 79 known colony sites affected. 11 of 79 known colony sites affected. 2 of 79 known colony sites affected. 

3 19 of 40 known colony sites affected. 10 of 40 known colony sites affected. 3 of 40 known colony sites affected. 

4 40 of 55 known colony sites affected. 22 of 55 known colony sites affected. 7 of 55 known colony sites affected. 

 

Stochastic modeling results were used to identify areas of medium (≥10%), high (≥50%), and very high 
(≥90%) probability for spilled crude oil extending to IBA locations. The number of IBAs affected are 
summarized in Tables 6.11 and 6.12 for 16,500 m3 spills and 8,250 m3 spills respectively. 

There are 19 IBAs that have ≥10% probability of being affected by spilled crude oil, in the event of a CWC 
or smaller oil spill at the Strait of Georgia hypothetical spill location. Of these, 11 and 6, respectively, have 
a high or very high probability (≥50%) of oil exposure in the event of the CWC or smaller spill. The 
utilization of IBAs by seabirds and other birds is seasonal, but the majority of IBAs have use by one or 
more species in any season. It is likely that oil exposure at an IBA would result in oiling of birds, with a 
high potential for mortality of adults, juveniles, and/or eggs in the event of oil being transferred from 
plumage to incubating eggs. Therefore, the potential for negative effects on seabirds at IBAs is high, and 
the effect magnitude is High.  
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TABLE 6.11 SUMMARY OF EFFECTS ANALYSIS FOR IMPORTANT BIRD AREAS – STRAIT OF 
GEORGIA – 16,500 m³ SPILL 

IBA 
Highest Oiling Probability (by seasonal condition) 

Winter Spring Summer Fall 

Canada 

BC015 ≥ 90% ≥ 50% ≥ 10% ≥ 90% 

BC017 ≥ 90% ≥ 90% ≥ 90% ≥ 90% 

BC018 ≥ 10% --- --- --- 

BC020 ≥ 10% ≥ 10% --- ≥ 10% 

BC025 ≥ 90% ≥ 10% ≥ 10% ≥ 50% 

BC045 ≥ 10% ≥ 10% ≥ 10% ≥ 10% 

BC047 ≥ 10% ≥ 10% ≥ 10% ≥ 50% 

BC052 ≥ 50% ≥ 50% ≥ 10% ≥ 50% 

BC055 ≥ 50% ≥ 50% ≥ 10% ≥ 10% 

BC073 --- --- ≥ 10% ≥ 10% 

BC097 --- --- ≥ 10% --- 

United States 

USWA 277 ≥ 50% ≥ 50% ≥ 50% ≥ 50% 

USWA 282 --- --- ≥ 10% --- 

USWA 288 --- ≥ 10% ≥ 50% ≥ 10% 

USWA 3289 --- ≥ 10% ≥ 50% ≥ 10% 

USWA 3347 ≥ 10% ≥ 50% ≥ 90% ≥ 10% 

USWA 3348 ≥ 10% ≥ 10% ≥ 10% ≥ 10% 

USWA 3351 ≥ 10% ≥ 10% ≥ 50% ≥ 10% 

USWA 3786 --- --- ≥ 10% ≥ 10% 

 

TABLE 6.12 SUMMARY OF EFFECTS ANALYSIS FOR IMPORTANT BIRD AREAS – STRAIT OF 
GEORGIA – 8,250 m³ SPILL 

IBA 
Highest Oiling Probability (by seasonal condition) 

Winter Spring Summer Fall 

Canada 

BC015 ≥ 90% ≥ 50% ≥ 10% ≥ 90% 

BC017 ≥ 90% ≥ 50% ≥ 50% ≥ 90% 

BC018 ≥ 10% --- --- ≥ 10% 

BC020 ≥ 10% ≥ 10% --- ≥ 10% 

BC025 ≥ 50% ≥ 10% ≥ 10% ≥ 50% 

BC045 ≥ 10% ≥ 10% --- ≥ 10% 

BC047 ≥ 10% ≥ 10% ≥ 10% ≥ 10% 

BC048 --- --- --- --- 

BC052 ≥ 50% ≥ 50% ≥ 10% ≥ 50% 

BC055 ≥ 10% ≥ 10% ≥ 10% ≥ 10% 

United States 

USWA 277 ≥ 50% ≥ 50% ≥ 50% ≥ 50% 

USWA 288 --- --- ≥ 10% --- 

USWA 3289 --- --- ≥ 10% --- 

USWA 3347 --- ≥ 10% ≥ 50% --- 

USWA 3348 --- ≥ 10% ≥ 10% --- 

USWA 3351 --- ≥ 10% ≥ 10% --- 

 

6.5 Potential Environmental Effects on Marine Mammals and Supporting Habitat 

Several categories of mammals, and their related habitats were considered in the PQERA. Terrestrial 
mammals that may frequent the shoreline were assigned a BSF = 1 (low). The potential for terrestrial 
mammal exposure to oil was evaluated on the basis of the length of oiled shoreline (km), and that length 
as a percentage of the total shoreline in the RSA. Pinnipeds and whales, which rely on blubber for 
insulation and are generally somewhat tolerant of oil exposure were assigned a BSF = 2 (medium) and 
3 (high), respectively. It was assumed that pinnipeds would occupy marine habitat generally less than 
30 m in depth. Conversely, it was assumed that whales would occupy marine habitat generally greater 
than 10 m in depth. Furred marine mammals (e.g., otters) that are particularly susceptible to hypothermia 
and ingestion of crude oil as a result of grooming activity following exposure were assigned a BSF = 4 
(very high). It was assumed that these mammals would generally occupy habitat less than 10 m in depth.  
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Stochastic results identify areas of medium (≥10%), high (≥50%), and very high (≥90%), exposure 
probability for each class of mammals. The overlays of habitat oiling probability for each of the mammal 
sensitivity classes are summarized in Tables 6.13 and 6.14 for 16,500 m3 spills and 8,250 m3 spills 
respectively. 

TABLE 6.13 SUMMARY OF EFFECTS ANALYSIS FOR MARINE MAMMALS AND SUPPORTING 
HABITAT – STRAIT OF GEORGIA – 16,500 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Area in 

RSA (km2) 

Affected Surface Water 
(by Probability of Oiling) 

Area (or length) According to 
Sensitivity Factor (km2) 

Percent Area (or length) According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 4,130 1 3,397 1 458 1 0.2 1 82 2 11 2 0.0 2 

2 2,476 1,228 631 90 50 25 3.6 

3 7,578 4,007 1,883 779 53 25 10 

4 1,196 548 324 46 46 27 3.8 

Spring 

1 4,130 1 814 1 143 1 4.4 1 20 2 3.5 2 0.1 2 

2 2,476 1,441 625 241 58 25 9.7 

3 7,578 5,164 1,923 1,133 68 25 15 

4 1,196 624 287 58 52 24 4.9 

Summer 

1 4,130 1 648 1 150 1 26 1 16 2 3.6 2 0.6 2 

2 2,476 1,637 891 240 66 36 9.7 

3 7,578 6,641 3,211 934 88 42 12 

4 1,196 743 359 71 62 30 5.9 

Fall 

1 4,130 1 878 1 181 1 6.5 1 21 2 4.4 2 0.2 2 

2 2,476 1670 676 254 67 27 10 

3 7,578 6,062 2,291 1,253 80 30 17 

4 1,196 698 339 69 58 28 5.8 

Notes: 1 = Total length of shoreline in the RSA, or length affected (km) 
 2 = Expressed as % length of shoreline in that sensitivity class 

 

For terrestrial mammals (e.g., bears, moose, raccoons, etc., BSF = 1), potential exposure is determined 
by the length of shoreline habitat that is predicted to have a high or very high probability of oiling. For a 
16,500 m3 spill, the seasonal variation in spatial extent represents between 143 km (3.5%) and 458 km 
(11%) of the available shoreline habitat. For an 8,250 m3 spill, the predicted length of affected shoreline 
ranges between 94 km (2.3%) and 248 km (6%). These animals have generally low sensitivity to oiling, 
and it is unlikely that oiled individuals would die as a result of exposure. It is very unlikely that such 
exposure would result in a measurable effect, at the population level.  

For pinnipeds such as seals and sea lions (BSF = 2), potential exposure is based on habitat having a 
water depth of ≤30m. The seasonal variation in spatial extent for a 16,500 m3 spill affecting habitat for this 
receptor type represents between 25% and 36% of the available habitat, whereas for an 8,250 m3 spill, 
between 21% and 26% of the habitat is predicted to be affected. Therefore, there is a relatively high 
probability of exposure for seals and sea lions in the unlikely event of an accidental crude oil spill. While 
some level of negative effect would be expected for animals exposed to crude oil, the effects would not 
likely be lethal, except in the case of weaker animals such as pups or older and diseased animals. 

For whales such as porpoises, or the humpback and southern resident killer whale (BSF = 3), potential 
exposure is based on habitat having a water depth of ≥10m. For a 16,500 m3 spill, the seasonal variation 
in the predicted area of affected habitat ranges between 25% and 42% of the RSA. The predictions for an 
8,250 m3 spill range between 22% and 27% of the available habitat. Therefore, there is a relatively high 
probability of exposure for whales in the unlikely event of an accidental crude oil at this location. Some 
level of negative effect would be expected for animals exposed to crude oil, but the effects would not 
likely be lethal, except in the case of weaker animals such as calves or older and diseased animals, or 
animals that were exposed to heavy surface oiling and inhalation of vapours from fresh crude oil, as could 
occur in the immediate vicinity of the spill location. 

For furred marine mammals such as otters (BSF = 4), potential exposure was based on the available 
habitat represented by water depths along the coast of ≤10 m. The seasonal variation in spatial extent for 
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a 16,500 m3 spill for this receptor type represents between 24% and 30% of the available habitat, while 
for an 8,250 m3 spill, between 20% and 22% of the habitat is predicted to be affected. Therefore there is a 
relatively high probability of exposure for some of otters along the marine transportation route, in the 
unlikely event of an accidental crude oil spill. Some level of negative effect would be expected for animals 
exposed to crude oil. Exposure during the winter season would be more stressful than exposure during 
the summer, but in either case, the combination of hypothermia and damage to the gastro-intestinal 
system caused by crude oil ingested through grooming the fur would have the potential to cause death.  

TABLE 6.14 SUMMARY OF EFFECTS ANALYSIS FOR MARINE MAMMALS AND SUPPORTING 
HABITAT – STRAIT OF GEORGIA – 8,250 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Area in 

RSA (km2) 

Affected Surface Water 
(by Probability of Oiling) 

Area (or length) According to 
Sensitivity Factor (km2) 

Percent Area (or length) According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 4,130 1 2,307 1 248 1 0.0 1 56 2 6.0 2 0.0 2 

2 2,476 980 520 7.5 40 21 0.3 

3 7,578 4,841 1,862 985 64 25 13 

4 1,196 493 266 1.5 41 22 0.1 

Spring 

1 4,130 1 582 1 94 1 0.7 1 14 2 2.3 2 0.02 2 

2 2,476 1,142 515 125 46 21 5.0 

3 7,578 4,271 1,709 890 56 23 12 

4 1,196 508 244 19 43 20 1.6 

Summer 

1 4,130 1 472 1 101 1 9.1 1 11 2 2.5 2 0.2 2 

2 2,476 1,369 635 130 55 26 5.2 

3 7,578 4,896 2,060 754 65 27 9.9 

4 1,196 625 264 46 52 22 3.8 

Fall 

1 4,130 1 563 1 119.8 1 3.7 1 14 2 2.9 2 0.09 2 

2 2,476 1310 527 151 53 21 6.1 

3 7,578 2,947 1,687 370 39 22 4.9 

4 1,196 554 257 29 46 21 2.5 

Notes: 1 = Total length of shoreline in the RSA, or length affected (km) 
 2 = Expressed as % length of shoreline in that sensitivity class 
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7.0 RESULTS – ARACHNE REEF  
7.1 Summary of Stochastic Oil Spill Modelling Results 

Two oil spill scenarios were modelled for Arachne Reef including both a CWC spill volume of 16,500 m3 
and a smaller spill volume of 8,250 m3. Each scenario considered four seasonal stochastic conditions for 
winter, spring, summer, and fall. Spills at this location were the result of a hypothetical powered grounding 
of an Aframax vessel during transit through the area. 

7.1.1 Probability of Surface Oiling 

Predictions from the stochastic modelling (Figures E.1 to E.8) indicate that surface oiling as a result of 
accidental spills at Arachne Reef could extend beyond the southern boundary of the RSA for both 
scenarios during the spring and summer seasons. Overall the results for the high and very high 
probabilities of oiling for each scenario were very similar; however some slight differences in the seasonal 
spill trajectories were identified for the lower probabilities, which are primarily due to variations in 
predominant current direction and speed, and/or predominant wind direction and speed. The highest 
probabilities for surface oiling were centered in the Salish Sea and the Juan de Fuca Strait, west of Stuart 
Island in the Gulf Islands.  

Table 7.1 provides a summary of the extent of surface oiling (km2) within the RSA for each of the spill 
volumes and seasonal combinations considered. Results are presented for each of three probability 
ranges (≥10%, ≥50% and ≥90%). The release location and probability contours for seasonal stochastic 
surface oiling are shown in Figures E.1 to E.4 for a 16,500 m3 spill, and in Figures E.5 to E.8 for an 
8,250 m3 spill.  

TABLE 7.1 AREA OF SURFACE OILING (BY PROBABILITY OF OILING) – ARACHNE REEF 

Scenario Spill Volume (m3) 
Seasonal 
Condition 

Average Maximum 
Average Slick Area 

(km2) 

Total Affected Surface Area (km2)  
by Probability of Oiling 

≥10% ≥50% ≥90% 

1 
Credible Worst Case 

16,500 m3 

Winter 400 6,710 4,156 2,145 

Spring 538 6,665 4,697 2,917 

Summer 480 7,137 4,683 2,386 

Fall 420 7,618 4,439 2,288 

2 
Smaller Spill Case 

8,250 m3 

Winter 320 5,508 3,120 1,394 

Spring 430 5,793 3,815 2,317 

Summer 385 6,748 3,894 1,819 

Fall 320 6,375 3,563 1,723 

 

It is important to correctly understand the data presented in Table 7.1. The values presented under the 
column headed “Maximum Average Slick Area (km2)” indicate, for the average simulated spill, the largest 
surface area of sea that was occupied by spilled oil at any given time step of the duration of the model 
run. When oil is spilled, the surface area of the slick increases rapidly to a maximum value, and then 
decreases as oil evaporates and strands on shorelines. However, the oil slick is not static, it is moved 
around by tides and winds, so that the total area swept or affected by the moving oil slick is greater than 
the surface area of the slick at any given time. The values presented under the columns headed “Total 
Affected Surface Area (km2)” indicate the probability, based on the stochastic oil spill model output, that 
particular grid squares in the marine oil spill model, each representing a unit of sea surface area, 
contained crude oil at the water surface during at least one time step within the duration of the model run. 
The three columns indicate the total area of sea surface swept by oil over the length of the oil spill 
simulation, at probability levels of ≥10%, ≥50% and ≥90%, respectively. It is important to understand that 
the areas presented in these columns of Table 7.1, and the same data as represented by contour outlines 
in Figures E.1 to E.8 do not represent the surface area of a single, continuous oil slick.  

The following text is based upon oil spill summaries provided by EBA. From a mass balance perspective, 
most of the spilled oil reaches a shoreline and strands within a relatively short time following the spill 
initiation. Taking both the CWC spill model results (16,500 m3 of crude oil spilled, with simulations running 
for 15 days) and the smaller spill model results (8,250 m3 of crude oil spilled, with simulations running for 
10 days), the results are very similar overall, and show little seasonal variation. Between 68.9% and 
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72.4% of the oil has stranded on a shoreline by the end of each seasonal simulation suite. The amount of 
crude oil remaining on water at the end of each simulation suite varies from 1.6% to 2.9%, the higher 
values generally being associated with the shorter runs for the smaller oil spills. Based on these results, 
one would expect about 2% of the spilled crude oil to remain on the water two weeks after the spill 
initiation. Evaporation is an important fate for the spilled crude oil, with 16.8% to 21.5% being lost by this 
pathway. A substantial amount of crude oil (5.2% to 6.8% of the volume spilled) also dissolves into the 
water column within the simulation period. Most of the crude oil that evaporates or dissolves does so 
within the first few days following spill initiation. Some of the crude oil is dispersed into the water column 
during the fall and winter, when wind speeds tend to be higher, but this represents less than 1% of the 
spilled oil, and oil-mineral aggregate (OMA) formation is not predicted to occur. Biodegradation of the 
spilled crude oil accounts for 1.9% to 2.8% of the spilled oil within the simulation periods of 10 to 15 days.  

7.1.2 Probability of Shoreline Oiling 

For the CWC spill, results indicate a high probability of oiling (≥50%) of between 274 km and 300 km of 
shoreline, with greatest spatial extent of oiling occurring during the fall season. The smaller spill case 
predicts a ≥50% probability of between 182 km and 207 km of shoreline becoming oiled with the greatest 
spatial extent being oiled during the spring season. Because oil that contacts shorelines tends to be 
retained on beach substrate, the average length of affected shoreline is more consistent with the total 
affected shoreline length at a ≥50% than was the case for water surface swept by an oil slick. 

Table 7.2 provides a summary of the extent of shoreline oiling within the RSA.  

TABLE 7.2 LENGTH OF SHORELINE OILING (BY PROBABILITY OF OILING) – ARACHNE REEF 

Scenario Spill Volume (m3) 
Seasonal 
Condition 

Average length of Affected 
Shoreline (km) 

Total Affected Shoreline Length (km)  
by Probability of Oiling 

≥10% ≥50% ≥90% 

1 
Credible Worst Case 

16,500 m3 

Winter 292 836 283 38 

Spring 306 761 299 75 

Summer 309 783 274 55 

Fall 301 816 300 62 

2 
Smaller Spill Case 

8,250 m3 

Winter 207 665 182 16 

Spring 223 594 207 34 

Summer 224 608 190 32 

Fall 211 616 196 27 

 

The RSA includes approximately 4,130 km of shorelines. Based on this overall length, the modelling 
predicts a maximum shoreline length of 300 km or 7.3% (CWC spill) and 207 km or 5% (smaller spill) of 
the RSA with high to very high probability of being oiled. However, in this case the maximum average 
length of shoreline oiling for a single crude oil spill ranges from 309 km (CWC spill) to 207 km (smaller 
spill) representing 7.5% and 5.4% of the shoreline within the RSA respectively. The average length of 
shoreline oiling for each seasonal condition is slightly larger than the ≥50% probability value, but less than 
the length represented by the 10% probability of shoreline oiling.  

7.2 Potential Environmental Effects to Shoreline and Near Shore Habitats 

Section 6.2 provides a description and summary statistics for the length of each shoreline type present 
within the RSA. The overlay of shoreline oiling probability onto shoreline sensitivity class for spills at the 
Arachne Reef are summarized in Tables 7.3 and 7.4 for the 16,500 m3 and the 8,250 m3 spills 
respectively.  

Shorelines with a high to very high probability of oiling (≥50%) represent 11% or less of the available 
habitat belonging to that sensitivity class within the RSA. Results indicate that shorelines with the lowest 
biological sensitivity factor (BSF = 1) have the highest overall probability of oiling under spring conditions 
where between 11% and 7.8% of the available habitat may be affected for CWC and smaller spills 
respectively.  



Trans Mountain Pipeline ULC Volume 8B, Marine Transportation Technical Reports 
Trans Mountain Expansion Project Ecological Risk Assessment of Marine Transportation Spills 
 

 
December, 2013  REP-NEB-TERA-00031 

Page 7-3 
 
 

Stochastic results indicate that shoreline types with highest biological sensitivity (i.e., 4) have a very low 
probability of being oiled, with the greatest spatial extent of oiling predicted at 1.7 km for a 16,500 m3 spill, 
and 0.4 km of affected shoreline predicted for an 8,250 m3 spill.  

For the 16,500 m3 spill, areas with high probability of oiling (≥50%) represent 10% to 11% of the total 
shoreline within the RSA assigned to BSF = 1; 3.1% to 3.5% of the total shoreline within the RSA 
assigned to BSF = 2; 3.9% to 4.4% of the total shoreline within the RSA assigned to BSF = 3; and 0.4% 
to 0.6% of the total shoreline within the RSA assigned to BSF = 4. 

TABLE 7.3 SUMMARY OF EFFECTS ANALYSIS FOR SHORELINE AND NEAR SHORE 
HABITATS – ARACHNE REEF – 16,500 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Length in 
RSA (km) 

Affected Shoreline 
(by Shoreline Oiling Probabilities) 

Affected Length According to  
Sensitivity Factor (km) 

Percent Length According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 2,125 544 217 33 26 10 1.6 

2 1,120 175 39 2.9 16 3.5 0.3 

3 619 111 26 1.7 18 4.2 0.3 

4 266 6.3 1.4 0.1 2.4 0.5 0.1 

Spring 

1 2,125 520 237 64 25 11 3.0 

2 1,120 149 35 6.8 13 3.1 0.6 

3 619 86 25 3.3 14 4.0 0.5 

4 266 6.8 1.6 0.3 2.6 0.6 0.1 

Summer 

1 2,125 531 216 44 25 10 2.1 

2 1,120 148 32 6.3 13 2.9 0.6 

3 619 99 24 3.7 16 3.9 0.6 

4 266 5.6 1.7 0.3 2.1 0.6 0.1 

Fall 

1 2,125 555 234 52 26 11 2.4 

2 1,120 156 37 5.1 14 3.3 0.5 

3 619 99 27 5.0 16 4.4 0.8 

4 266 6.3 1.1 0.3 2.4 0.4 0.1 

 

For the 8,250 m3 spill, areas with high probability of oiling (≥50%) represent 6.7% to 7.8% of the total 
shoreline within the RSA assigned to BSF = 1; 1.8% to 2.0% of the total shoreline within the RSA 
assigned to BSF = 2; 2.8% to 3.1% of the total shoreline within the RSA assigned to BSF = 3; and 0.1% 
to 0.2% of the total shoreline within the RSA assigned to BSF = 4. 

TABLE 7.4 SUMMARY OF EFFECTS ANALYSIS FOR SHORELINE AND NEAR SHORE 
HABITATS – ARACHNE REEF – 8,250 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Length in 
RSA (km) 

Affected Shoreline 
(by Shoreline Oiling Probabilities) 

Affected Length According to  
Sensitivity Factor (km) 

Percent Length According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 2,125 440 142 14 21 6.7 0.7 

2 1,120 135 22 1.3 12 2.0 0.1 

3 619 85 17.3 0.7 14 2.8 0.1 

4 266 4.4 0.3 0.0 1.6 0.1 0.0 

Spring 

1 2,125 421 166 30 20 7.8 1.4 

2 1,120 100 22 2.7 8.9 2.0 0.2 

3 619 67 18 1.4 11 3.0 0.2 

4 266 4.8 0.4 0.0 1.8 0.2 0.0 

Summer 

1 2,125 423 149 26 20 7.0 1.2 

2 1,120 105 22 2.5 9.4 1.9 0.2 

3 619 76 19 2.9 12 3.1 0.5 

4 266 3.8 0.4 0.0 1.4 0.2 0.0 
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TABLE 7.4 SUMMARY OF EFFECTS ANALYSIS FOR SHORELINE AND NEAR SHORE 
HABITATS – ARACHNE REEF – 8,250 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Length in 
RSA (km) 

Affected Shoreline 
(by Shoreline Oiling Probabilities) 

Affected Length According to  
Sensitivity Factor (km) 

Percent Length According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Fall 

1 2,125 425 157 24 20 7.4 1.1 

2 1,120 109 20 1.6 9.7 1.8 0.1 

3 619 78 20 1.5 13 3.1 0.2 

4 266 3.91 0.3 0.3 1.5 0.1 0.1 

 

Stochastic results for both spill scenarios also indicate areas with a high to very high probability of oiling 
(≥50%) from a spill at this location range from the southern Strait of Georgia, throughout the Gulf Islands 
and south into US waters and the Juan de Fuca Strait (Figures E.1 to E.8). Protected areas and Indian 
Reserves in these areas which could be affected are shown on Figure C.2.  

7.3 Potential Environmental Effects on the Marine Fish and Supporting Habitat 

Section 6.3 provides a description and summary statistics for the area of each type of supporting habitat 
for the marine fish community within the RSA. The overlay of water surface oiling probability onto fish 
sensitivity class for spills at the Arachne Reef are summarized in Tables 7.5 and 7.6 for the 16,500 m3 
and the 8,250 m3 spills respectively.  

The overlay of water surface oiling probability onto the marine fish community and fish habitat sensitivity 
classes for a 16,500 m3 spill are summarized in Table 8.5. For a 16,500 m3 spill, areas with a high (≥50%) 
probability of oiling represent 40% (under winter conditions) to 46% (under spring and summer 
conditions) of the total area with water depths >30 m (BSF = 1), 35% (under fall conditions) to 40% (under 
summer conditions) of the total area with water depths between 10 m and 30 m (BSF = 2), 17% (under 
winter conditions) to 20% (under summer conditions) of the total area with depths <10 m (BSF = 3), and 
11% (under fall conditions) to 13% (under summer conditions) of the important habitat for herring spawn, 
rockfish and crab.  

TABLE 7.5 SUMMARY OF EFFECTS ANALYSIS FOR MARINE FISH AND SUPPORTING 
HABITAT – ARACHNE REEF – 16,500 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Area in 

RSA (km2) 

Affected Surface Water 
(by Surface Water Oiling Probabilities) 

Area According to  
Sensitivity Factor (km2) 

Percent Area According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 8,636 5,372 3,482 1,910 62 40 22 

2 1,280 745 475 186 58 37 14 

3 1,196 592 198 51 50 17 4.3 

4 3,934 850 464 206 22 12 5.2 

Spring 

1 8,636 5,382 3,979 2551 62 46 30 

2 1,280 758 492 268 59 39 21 

3 1,196 526 226 99 44 19 8.2 

4 3,934 714 461 269 18 12 6.8 

Summer 

1 8,636 5,675 3,930 2,082 66 46 24 

2 1,280 857 517 223 67 40 17 

3 1,196 605 235 82 51 20 6.8 

4 3,934 775 510 234 20 13 5.9 

Fall 

1 8,636 6,279 3,792 2,014 73 44 23 

2 1,280 784 446 197 61 35 15 

3 1,196 554 202 77 46 17 6.5 

4 3,934 766 434 222 20 11 5.7 
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For an 8,250 m3 spill, areas with a high (≥50%) probability of oiling represent 31% (under winter 
conditions) to 39% (under summer conditions) of the total area with water depths >30 m (BSF = 1), 24% 
(under winter conditions) to 31% (under summer conditions) of the total area with water depths between 
10 m and 30 m (BSF = 2), 10% (under winter conditions) to 14% (under summer conditions) of the total 
area with depths <10 m (BSF = 3), and 8.7% (under fall conditions) to 11% (under summer conditions) of 
the important habitat for herring spawn, rockfish and crab. The overlay of water surface oiling probability 
onto the marine fish community and fish habitat sensitivity classes for an 8,250 m3 spill are summarized in 
Table 7.6. 

TABLE 7.6 SUMMARY OF EFFECTS ANALYSIS FOR MARINE FISH AND SUPPPORTING 
HABITAT – ARACHNE REEF – 8,250 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Area in 

RSA (km2) 

Affected Surface Water 
(by Surface Water Oiling Probabilities) 

Area According to  
Sensitivity Factor (km2) 

Percent Area According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 8,636 4,343 2,687 1,270 50 31 15 

2 1,280 698 310 94 55 24 7.4 

3 1,196 466 123 30 39 10 2.5 

4 3,934 734 360 176 19 9.2 4.5 

Spring 

1 8,636 4,652 3,276 2,030 54 38 24 

2 1,280 698 381 218 55 30 17 

3 1,196 443 158 70 37 13 5.8 

4 3,934 658 372 231 17 9.5 5.9 

Summer 

1 8,636 5,440 3,333 1,613 63 39 19 

2 1,280 767 399 157 60 31 12 

3 1,196 542 163 49 45 14 4.1 

4 3,934 719 448 187 18 11 4.8 

Fall 

1 8,636 5,270 3,068 1,554 61 36 18 

2 1,280 723 345 131 57 27 10 

3 1,196 382 149 37 32 13 3.1 

4 3,934 635 342 197 16 8.7 5.0 

 

Of a total of 8,636 km2 of deep water habitat (>30 m) in the RSA (BSF = 1), between 3,482 and 3,979 km2 
has a high or very high (≥50%) probability of oil exposure from a 16,500 m3 spill, representing between 
40% and 46% of this habitat type within the RSA. Between 2,687 and 3,333 km2 has a high or very high 
probability of oil exposure from an 8,250 m3 spill, representing between 31% and 39% of this habitat type 
within the RSA. While the potentially affected areas for this BSF represent a large portion of this habitat 
type, based on the depth water habitat for BSF = 1, it is very unlikely that fish would be harmed by 
exposure to crude oil in this habitat type. 

Of a total of 1,280 km2 of intermediate depth habitat (<30 to ≥10) in the RSA (BSF = 2), between 446 and 
517 km2 has a high or very high (≥50%) probability of oil exposure from a 16,500 m3 spill, representing 
approximately 35 to 40% of this habitat type within the RSA. Between 310 and 399 km2 has a high or very 
high probability of oil exposure from an 8,250 m3 spill, representing between 24% and 31% of this habitat 
type within the RSA. While the potentially affected areas for this BSF represent a large portion of this 
habitat type, based on the depth water habitat for BSF = 2, it is also very unlikely that fish would be 
harmed by exposure to crude oil in this habitat type. 

Of a total of 1,196 km2 of shallow water habitat (≤ 10 m) in the RSA (BSF = 3), between 198 and 235 km2 
has a high or very high (≥50%) probability of oil exposure from a 16,500 m3 spill, representing between 
17% and 20% of this habitat type within the RSA. Between 123 and 163 km2 has a high or very high 
probability of oil exposure from an 8,250 m3 spill, representing between 10% and 14% of this habitat type 
within the RSA. In circumstances where crude oil is driven into this shallow water habitat by strong winds, 
there would be a greater potential for negative effects, including potential mortality of fish, crustaceans 
and shellfish. 

Of a total of 3,934 km2 of critical fish habitat in the RSA with a very high biological sensitivity (BSF = 4), 
between 434 and 510 km2 has a high or very high (≥50%) probability of oil exposure from a 16,500 m3 
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spill, representing between 11% and 13% of this habitat type within the RSA. Between 342 and 448 km2 
has a high or very high probability of oil exposure from an 8,250 m3 spill, representing between 9% and 
11% of this habitat type within the RSA. In areas where such high-sensitivity habitat overlaps with shallow 
water areas, the potential for negative effects would be greater. Critical time periods for herring spawn 
would be in the spring, when exposure to polycyclic aromatic hydrocarbons in the crude oil could cause 
developmental effects on fish embryos. As noted for shallow water habitat, the potential for negative 
effects would be greatest if the spill occurred at a time when strong winds caused the oil to be driven into 
shallow water that could be spawning or nursery areas for herring, rockfish or crab.  

7.4 Potential Environmental Effects on Marine Birds and Supporting Habitat 

For the Arachne Reef scenarios, birds and their habitats were considered in the same manner as that 
described for the Strait of Georgia scenarios. Birds that may frequent the shoreline were assigned a 
BSF = 1 (low), gulls and terns which demonstrate a lifestyle that is not limited to marine environments 
were assigned a BSF = 2 (medium), ducks and other waterfowl that tend to congregate and be 
moderately sensitive to crude oil exposure were assigned a BSF = 3 (high) and auks and divers that tend 
to rely heavily on the marine environment and/or have high sensitivity to crude oil exposure were 
assigned a BSF = 4 (very high).  

As with the other scenarios, marine birds were assessed using two approaches. The first assumes that 
marine birds could generally be present anywhere within the RSA and thus shorebirds and other marine 
birds are assessed using the stochastic probability contours representing shoreline or surface water 
habits, respectively. The second approach considers the potential for spilled crude oil to come into 
contact with known bird colonies as well as designated IBAs. 

Stochastic results identify areas of medium (≥10%), high (≥50%), and very high (≥90%), exposure 
probability for each class of marine birds. The habitat oiling probability for each of the marine bird 
sensitivity factors is summarized in Tables 7.7 and 7.8 for 16,500 m3 spills and 8,250 m3 spills 
respectively. 

For shorebirds (BSF = 1), potential exposure is determined by the length of shoreline that is predicted to 
have a high or very high probability of oiling. For a 16,500 m3 spill, the seasonal variation in spatial extent 
represents between 274 km (6.6%) and 300 km (7.3%) of the available shoreline habitat within the RSA. 
For an 8,250 m3 spill, the predicted length of affected shoreline is ranges between 182 km (4.4%) and 
207 km (5%) of the available shoreline habitat. Shorebirds have generally low sensitivity to oiling when 
compared to other guilds, and it is unlikely that lightly oiled individuals would die as a result of low or 
moderate exposure. Heavy oiled individuals would probably die, however, and even lightly oiled 
individuals could transfer sufficient oil to eggs to cause egg mortality, if exposure occurred shortly before 
or during the period when eggs were being incubated. An oil spill that occurred near Arachne Reef would 
be physically close to the Sidney Channel IBA, where shorebirds are present. The threat to birds in this 
area is mitigated, however, by the generally low percentage of spilled crude oil that is predicted to strand 
on Vancouver, James and Coal Islands. Therefore, the environment effects on shorebirds of crude oil 
exposure from an accidental spill during marine transportation could be High locally, although Medium to 
Low effects levels are likely to be more prevalent. 

For other marine birds (BSF = 2, BSF = 3, and BSF = 4), potential exposure is based on surface water 
oiling. The seasonal variation in spatial extent for a 16,500 m3 spill for these receptors represents 
between 37% and 42% of the available habitat, while for an 8,250 m3 spill, between 28% and 35% of the 
habitat is predicted to be affected. Therefore, there is a relatively high probability of exposure for aquatic 
birds in the unlikely event of an accidental crude oil spill. The environmental effects and effect magnitude 
of such exposure would be depend on season (which would determine the numbers and types of birds 
present) as well as the actual level and duration of exposure, and the relative sensitivity of the exposed 
birds. Gulls and terns tend to have medium sensitivity, whereas ducks, cormorants, divers and alcids tend 
to have high to very high sensitivity. However, regardless of these factors, it is likely that seabirds would 
be exposed to oil, and would die as a result of that exposure, so that the effect magnitude would be High. 
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TABLE 7.7 SUMMARY OF EFFECTS ANALYSIS FOR MARINE BIRDS AND SUPPORTING 
HABITATS – ARACHNE REEF – 16,500 m³ SPILL 

Seasonal 
Condition 

BSF 
Length or 

Area in RSA 
(km or km2) 

Affected Surface Water 
(by Shoreline or Surface Water Oiling Probabilities) 

Affected Length or Area According to 
Sensitivity Factor (km or km2) 

Percent Length or Area According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 4,130 ¹ 836 ¹ 283 ¹ 38 ¹ 20 ² 6.9 ² 0.9 ² 

2 

11,112 6,710 4,156 2,145 60 37 19 3 

4 

Spring 

1 4,130 ¹ 761 ¹ 299 ¹ 75 ¹ 18 ² 7.2 ² 1.8 ² 

2 

11,112 6,665 4,698 2,917 60 42 26 3 

4 

Summer 

1 4,130 ¹ 783 ¹ 274 ¹ 55 ¹ 19 ² 6.6 ² 1.3 ² 

2 

11,112 7,137 4,683 2,386 64 42 21 3 

4 

Fall 

1 4,130 ¹ 816 ¹ 300 ¹ 62 ¹ 20 ² 7.3 ² 1.5 ² 

2 

11,112 7,618 4,439 2,288 69 40 21 3 

4 

Notes: 1 = Total length of shoreline in the RSA, or length affected (km) 
 2 = Expressed as % length of shoreline in that sensitivity class 

 

TABLE 7.8 SUMMARY OF EFFECTS ANALYSIS FOR MARINE BIRDS AND SUPPORTING 
HABITAT – ARACHNE REEF – 8,250 m³ SPILL 

Seasonal 
Condition 

BSF 
Length or 

Area in RSA 
(km or km2) 

Affected Surface Water 
(by Shoreline or Surface Water Oiling Probabilities) 

Affected Length or Area According to 
Sensitivity Factor (km or km2) 

Percent Length or Area According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 4,130 ¹ 665 ¹ 182 ¹ 16 ¹ 16 ² 4.4 ² 0.4 ² 

2 

11,112 5,508 3,120 1,394 50 28 13 3 

4 

Spring 

1 4,130 ¹ 594 ¹ 207 ¹ 34 ¹ 14 ² 5.0 ² 0.8 ² 

2 

11,112 5,793 3,815 2,317 52 34 21 3 

4 

Summer 

1 4,130 ¹ 608 ¹ 190 ¹ 32 ¹ 15 ² 4.6 ² 0.8 ² 

2 

11,112 6,748 3,894 1,819 61 35 16 3 

4 

Fall 

1 4,130 ¹ 616 ¹ 196 ¹ 27 ¹ 15 ² 4.8 ² 0.7 ² 

2 

11,112 6,375 3,563 1,723 57 32 16 3 

4 

Notes: 1 = Total length of shoreline in the RSA, or length affected (km) 
 2 = Expressed as % length of shoreline in that sensitivity class 

 

Stochastic modeling results demonstrate areas of medium (≥10%), high (≥50%), and very high (≥90%) 
probability extending to known colonies and important bird areas. The number of known colonies and 
important bird areas affected for each of the marine bird sensitivity factors are summarized in Tables 7.9 
and 7.10 for 16,500 m3 spills and 8,250 m3 spills respectively. 

For gulls and terns (BSF = 2), potentially affected colonies and important bird areas are determined by 
identifying contact of the spilled crude oil with these areas. For a 16,500 m3 spill, crude oil is predicted to 
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have high to very high probability to come in contact with 21 of the 79 known colonies. For an 8,250 m3 
spill, this is predicted to represent 18 of the 79 known colonies.  

For ducks and cormorants (BSF = 3), potentially affected colonies and IBAs are determined by identifying 
contact of the spilled crude oil with these areas. For a 16,500 m3 spill, crude oil is predicted to have high 
to very high probability to come in contact with 14 to 16 of the 40 known colonies. For an 8,250 m3 spill, 
this is predicted to represent 10 or 11 of the 40 known colonies.  

For auks and divers (BSF = 4), potentially affected colonies and IBAs are determined by identifying 
contact of the spilled crude oil with these areas. For a 16,500 m3 spill, crude oil is predicted to have high 
to very high probability to come in contact with 23 to 27 of the 55 known colonies. For an 8,250 m3 spill, 
this is predicted to represent 17 of the 55 known colonies.  

The presence of seabirds at colony locations is seasonal, and the overlap of oil with a colony location 
does not necessarily indicate that seabirds at nest sites will experience oiling, as their feeding grounds 
may be located at some distance from the nest site. However, the substantial overall of high probability 
areas for oil on the water surface with known seabird colony locations (whether representing gulls and 
terns, ducks and cormorants, or auks and divers) indicates that the potential for negative effects, up to 
and including mortality of birds or oiling and mortality of eggs, is High.  

TABLE 7.9 SUMMARY OF EFFECTS ANALYSIS FOR MARINE BIRD COLONIES – ARACHNE 
REEF – 16,500 m³ SPILL 

Seasonal 
Condition 

BSF 
Affected Marine Bird Colonies (by Surface Water Oiling Probabilities) 

Medium (≥10%) High (≥50%) Very High (≥90%) 

Spring 

1 --- --- --- 

2 32 of 79 known colony sites affected. 21 of 79 known colony sites affected. 8 of 79 known colony sites affected. 

3 19 of 40 known colony sites affected. 14 of 40 known colony sites affected. 4 of 40 known colony sites affected. 

4 35 of 55 known colony sites affected. 23 of 55 known colony sites affected. 5 of 55 known colony sites affected. 

Summer 

1 --- --- --- 

2 36 of 79 known colony sites affected. 21 of 79 known colony sites affected. 12 of 79 known colony sites affected. 

3 23 of 40 known colony sites affected. 16 of 40 known colony sites affected. 7 of 40 known colony sites affected. 

4 38 of 55 known colony sites affected. 27 of 55 known colony sites affected. 8 of 55 known colony sites affected. 

 

TABLE 7.10 SUMMARY OF EFFECTS ANALYSIS FOR MARINE BIRD COLONIES – ARACHNE 
REEF – 8,250 m³ SPILL 

Seasonal 
Condition 

BSF 
Affected Marine Bird Colonies (by Surface Water Oiling Probabilities) 

Medium (≥10%) High (≥50%) Very High (≥90%) 

Spring 

1 --- --- --- 

2 28 of 79 known colony sites affected. 18 of 79 known colony sites affected. 5 of 79 known colony sites affected. 

3 18 of 40 known colony sites affected. 11 of 40 known colony sites affected. 2 of 40 known colony sites affected. 

4 31 of 55 known colony sites affected. 17 of 55 known colony sites affected. 1 of 55 known colony sites affected. 

Summer 

1 --- --- --- 

2 32 of 79 known colony sites affected. 18 of 79 known colony sites affected. 11 of 79 known colony sites affected. 

3 21 of 40 known colony sites affected. 10 of 40 known colony sites affected. 4 of 40 known colony sites affected. 

4 36 of 55 known colony sites affected. 17 of 55 known colony sites affected. 4 of 55 known colony sites affected. 

 

Stochastic modeling results were used to identify areas of medium (≥10%), high (≥50%), and very high 
(≥90%) probability for spilled crude oil extending to IBA locations. The number of IBAs affected are 
summarized in Tables 7.11 and 7.12 for 16,500 m³ spills and 8,250 m³ spills respectively. 

There are 16 IBAs that have ≥10% probability of being affected by spilled crude oil, in the event of a CWC 
or smaller oil spill at the Arachne Reef hypothetical spill location. Of these 9 and 5, respectively, have a 
high or very high probability (≥50%) of oil exposure in the event of the CWC or smaller spill. The utilization 
of IBAs by seabirds and other birds is seasonal, but the majority of IBAs have use by one or more species 
in any season. It is likely that oil exposure at an IBA would result in oiling of birds, with a high potential for 
mortality of adults, juveniles, and/or eggs in the event of oil being transferred from plumage to incubating 
eggs. Therefore, the potential for negative effects on seabirds at IBAs is high, and the effect magnitude is 
High.  
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TABLE 7.11 SUMMARY OF EFFECTS ANALYSIS FOR IMPORTANT BIRD AREAS – ARACHNE 
REEF – 16,500 m³ SPILL 

IBA 
Highest Oiling Probability (by seasonal condition) 

Winter Spring Summer Fall 

Canada 

BC015 ≥ 50% ≥ 10% ≥ 10% ≥ 10% 

BC017 ≥ 10% ≥ 10% ≥ 10% ≥ 10% 

BC025 ≥ 10% --- --- --- 

BC045 ≥ 90% ≥ 90% ≥ 90% ≥ 90% 

BC047 ≥ 90% ≥ 90% ≥ 90% ≥ 90% 

BC052 --- --- --- ≥ 10% 

BC073 ≥ 10% ≥ 10% ≥ 10% ≥ 50% 

BC097 --- ≥ 10% ≥ 10% ≥ 50% 

United States 

USWA 277 ≥ 10% ≥ 10% ≥ 10% ≥ 10% 

USWA 282 ≥ 10% ≥ 10% ≥ 10% ≥ 10% 

USWA 288 ≥ 50% ≥ 90% ≥ 90% ≥ 50% 

USWA 3289 --- ≥ 10% ≥ 10% --- 

USWA 3347 --- --- ≥ 10% --- 

USWA 3348 ≥ 90% ≥ 90% ≥ 90% ≥ 90% 

USWA 3351 ≥ 90% ≥ 90% ≥ 90% ≥ 90% 

USWA 3786 ≥ 50% ≥ 50% ≥ 50% ≥ 50% 

 

TABLE 7.12 SUMMARY OF EFFECTS ANALYSIS FOR IMPORTANT BIRD AREAS – ARACHNE 
REEF – 8,250 m³ SPILL 

IBA 
Highest Oiling Probability (by seasonal condition) 

Winter Spring Summer Fall 

Canada 

BC015 ≥ 10% ≥ 10% ≥ 10% ≥ 10% 

BC017 ≥ 10% ≥ 10% ≥ 10% ≥ 10% 

BC045 ≥ 90% ≥ 90% ≥ 90% ≥ 90% 

BC047 ≥ 90% ≥ 90% ≥ 90% ≥ 90% 

BC073 --- --- ≥ 10% ≥ 10% 

BC097 --- --- ≥ 10% ≥ 10% 

United States 

USWA 277 ≥ 10% ≥ 10% ≥ 10% --- 

USWA 282 ≥ 10% ≥ 10% ≥ 10% ≥ 10% 

USWA 288 ≥ 50% ≥ 90% ≥ 90% ≥ 10% 

USWA 3289 --- ≥ 10% ≥ 10% --- 

USWA 3347 --- --- ≥ 10% --- 

USWA 3348 ≥ 50% ≥ 90% ≥ 90% ≥ 90% 

USWA 3351 ≥ 50% ≥ 90% ≥ 90% ≥ 90% 

USWA 3786 ≥ 50% ≥ 50% ≥ 10% ≥ 10% 

 

7.5 Potential Environmental Effects on Marine Mammals and Supporting Habitat 

Section 6.5 provides a summary of the sensitivity ranking scheme for marine and terrestrial mammals.  

Stochastic results identify areas of medium (≥10%), high (≥50%), and very high (≥90%), exposure 
probability for each class of mammals. The overlays of habitat oiling probability for each of the mammal 
sensitivity classes are summarized in Tables 7.13 and 7.14 for 16,500 m3 spills and 8,250 m3 spills 
respectively. 

For terrestrial mammals (e.g., bears, moose, raccoons, etc., BSF = 1), potential exposure is determined 
by the length of shoreline habitat that is predicted to have a high or very high probability of oiling. For a 
16,500 m3 spill, the seasonal variation in spatial extent represents between 274 km (6.6%) and 300 km 
(7.3%) of the available shoreline habitat. For an 8,250 m3 spill, the predicted length of affected shoreline 
ranges between 182 km (4.4%) and 207 km (5%). These animals have generally low sensitivity to oiling, 
and it is unlikely that oiled individuals would die as a result of exposure. It is very unlikely that such 
exposure would result in a measurable effect at the population level.  
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For pinnipeds such as seals and sea lions (BSF = 2), potential exposure is based on habitat having a 
water depth of ≤30 m. The seasonal variation in spatial extent for a 16,500 m3 spill for this receptor type 
represents between 26% and 30% of the available habitat, whereas for an 8,250 m3 spill, between 18% 
and 23% of the habitat is predicted to be affected. Therefore, there is a relatively high probability of 
exposure for seals and sea lions in the unlikely event of an accidental crude oil spill. While some level of 
negative effect would be expected for animals exposed to crude oil, the effects would not likely be lethal, 
except in the case of weaker animals such as pups or older and diseased animals. 

For whales such as the humpback and southern resident killer whale (BSF = 3), potential exposure is 
based on habitat having a water depth of ≥10 m. For a 16,500 m3 spill, the seasonal variation in the 
predicted area of affected habitat ranges between 53% and 60 % of the RSA. The predictions for a spill of 
8,250 m3 range between 40% and 49% of the available habitat. Therefore, there is a high probability of 
exposure for whales in the unlikely event of an accidental crude oil at this location. Some level of negative 
effect would be expected for animals exposed to crude oil, but the effects would not likely be lethal, 
except in the case of weaker animals such as calves or older and diseased animals, or animals that were 
exposed to heavy surface oiling and inhalation of vapours from fresh crude oil, as could occur in the 
immediate vicinity of the spill location. 

For furred marine mammals such as the otter (BSF = 4), potential exposure was based on the available 
habitat represented by water depths along the coast of ≤10 m. The seasonal variation in spatial extent for 
a 16,500 m3 spill for this receptor represents between 17% and 20% of the available habitat, whereas for 
an 8,250 m3 spill, between 10% and 14% of the habitat is predicted to be affected. Therefore, in the 
unlikely event of an accidental crude oil spill, there is a medium probability of exposure for some of the 
otters along the marine transportation route. Some level of negative effect would be expected for animals 
exposed to crude oil. Exposure during the winter season would be more stressful than exposure during 
the summer, but in either case, the combination of hypothermia and damage to the gastro-intestinal 
system caused by crude oil ingested through grooming the fur would have the potential to cause death. 

TABLE 7.13 SUMMARY OF EFFECTS ANALYSIS FOR MARINE MAMMALS AND SUPPORTING 
HABITAT – ARACHNE REEF – 16,500 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Area in 

RSA (km2) 

Affected Surface Water 
(by Probability of Oiling) 

Area (or length) According to  
Sensitivity Factor (km2) 

Percent Area (or length) According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 4,130 1 836 1 283 1 38 1 20 2 6.9 2 0.92 2 

2 2,476 1,338 674 235 54 27 9.5 

3 7,578 5,850 4,013 2,076 77 53 27 

4 1,196 592 199 51 50 17 4.3 

Spring 

1 4,130 1 761 1 299 1 75 1 18 2 7.2 2 1.8 2 

2 2,476 1,283 719 367 52 29 15 

3 7,578 6,214 4550 2,850 82 60 38 

4 1,196 526 226 99 44 19 8.2 

Summer 

1 4,130 1 783 2 274 1 55 1 19 2 6.6 2 1.3 2 

2 2,476 1,462 752 305 59 30 12 

3 7,578 6,455 4,518 2,309 85 60 30 

4 1,196 605 235 82 51 20 6.8 

Fall 

1 4,130 1 816 1 300 1 62 1 20 2 7.3 2 1.5 2 

2 2,476 1,339 647 275 54 26 11 

3 7,578 6,654 4,273 2,191 88 56 29 

4 1,196 554 202 77 46 17 6.5 

Notes: 1 = Total length of shoreline in the RSA, or length affected (km) 
 2 = Expressed as % length of shoreline in that sensitivity class 
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TABLE 7.14 SUMMARY OF EFFECTS ANALYSIS FOR MARINE MAMMALS AND SUPPORTING 
HABITAT – ARACHNE REEF – 8,250 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Area in 

RSA (km2) 

Affected Surface Water 
(by Probability of Oiling) 

Area (or Length) According to  
Sensitivity Factor (km2) 

Percent Area (or Length) According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 4,130 1 665 1 182 1 16 1 16 2 4.4 2 0.4 2 

2 2,476 1,165 434 124 47 18 5.0 

3 7,578 5,236 2,996 1,344 69 40 18 

4 1,196 467 123 30 39 10 2.5 

Spring 

1 4,130 1 594 1 207 1 34 1 14 2 5 2 0.8 2 

2 2,476 1,140 538 288 46 22 12 

3 7,578 5,543 3,678 2,260 73 49 30 

4 1,196 443 158 70 37 13 5.8 

Summer 

1 4,130 1 608 1 190 1 32 1 15 2 4.6 2 0.8 2 

2 2,476 1,309 561 206 53 23 8.3 

3 7,578 6,275 3,740 1,761 83 49 23 

4 1,196 542 163 49 45 14 4.1 

Fall 

1 4,130 1 6161 196 1 27 1 15 2 4.8 2 0.7 2 

2 2,476 1,105 494 169 45 20 6.8 

3 7,578 6,103 3,407 1,644 81 45 22 

4 1,196 382 149 38 32 12 3.1 

Notes: 1 = Total length of shoreline in the RSA, or length affected (km) 
 2 = Expressed as % length of shoreline in that sensitivity class 
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8.0 RESULTS – RACE ROCKS  
8.1 Summary of Stochastic Oil Spill Modelling Results 

Two oil spill scenarios were modelled for Race Rocks including both a CWC spill volume of 16,500 m3, 
and a smaller spill volume of 8,250 m3. Each scenario considered four seasonal stochastic conditions for 
winter, spring, summer, and fall. Spills at this location were the result of a hypothetical collision with other 
vessel traffic, or grounding of an Aframax vessel during transit through the area.  

8.1.1 Probability of Surface Oiling 

Predictions from the stochastic modelling (Figures F.1 to F.8) indicate that for a 16,500 m3 spill, areas 
with a high to very high probability of surface oiling (≥50%) extend beyond the RSA to the south under 
winter, spring and summer conditions, and to the west under the fall seasonal conditions. For an 8,250 m3 
spill, areas with high to very high probability of oiling extend beyond the RSA to the south under the 
winter condition only.  

Overall the results for the high to very high probabilities of oiling for each scenario were quite similar, 
however some slight seasonal differences in the seasonal spill trajectories were identified for the lower 
probabilities, which are primarily due to variations in predominant current direction and speed, and/or 
predominant wind direction and speed. The highest probabilities for surface oiling were centered in the 
Juan de Fuca Strait around Race Rocks, west of the San Juan Islands and east of Canada‟s 12 nautical 
mile territorial limit.  

Table 8.1 provides a summary of the extent of surface oiling (km2) within the RSA for each of the spill 
volumes and seasonal combinations considered. Results are presented for each of three probability 
ranges (≥10%, ≥50% and ≥90%). The release location and probability contours for seasonal stochastic 
surface oiling are shown in Figures F.1 to F.4 for a 16,500 m3 spill, and in Figures F.5 to F.8 for a 
8,250 m3 spill.  

TABLE 8.1 AREA OF SURFACE OILING (BY PROBABILITY OF OILING) – RACE ROCKS 

Scenario Spill Volume (m3) 
Seasonal 
Condition 

Maximum Average 
Slick Area (km2) 

Total Affected Surface Area (km2)  
by Probability of Oiling 

≥10% ≥50% ≥90% 

1 
Credible Worst Case 

16,500 m3 

Winter 353 4,398 3,382 1,849 

Spring 295 5,244 3,486 701 

Summer 265 4,964 2,549 310 

Fall 375 5,158 3,058 651 

2 
Smaller Spill Case 

8,250 m3 

Winter 310 4,021 2,931 703 

Spring 275 4,841 2,399 495 

Summer 225 4,712 1,675 248 

Fall 355 4,895 2,295 551 

 

It is important to correctly understand the data presented in Table 8.1. The values presented under the 
column headed “Maximum Average Slick Area (km2)” indicate, for the average simulated spill, the largest 
surface area of sea that was occupied by spilled oil at any given time step of the duration of the model 
run. When oil is spilled, the surface area of the slick increases rapidly to a maximum value, and then 
decreases as oil evaporates and strands on shorelines. However, the oil slick is not static, it is moved 
around by tides and winds, so that the total area swept or affected by the moving oil slick is greater than 
the surface area of the slick at any given time. The values presented under the columns headed “Total 
Affected Surface Area (km2)” indicate the probability, based on the stochastic oil spill model output, that 
particular grid squares in the marine oil spill model, each representing a unit of sea surface area, 
contained crude oil at the water surface during at least one time step within the duration of the model run. 
The three columns indicate the total area of sea surface swept by oil over the length of the oil spill 
simulation, at probability levels of ≥10%, ≥50% and ≥90%, respectively. It is important to understand that 
the areas presented in these columns of Table 8.1, and the same data as represented by contour outlines 
in Figures F.1 to F.8 do not represent the surface area of a single, continuous oil slick.  
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The following text is based upon oil spill summaries provided by EBA. From a mass balance perspective, 
most of the spilled oil reaches a shoreline and strands within a relatively short time following the spill 
initiation. Taking both the CWC spill model results (16,500 m3 of crude oil spilled, with simulations running 
for 15 days) and the smaller spill model results (8,250 m3 of crude oil spilled, with simulations running for 
10 days), the results are very similar overall, and show little seasonal variation. Between 64.8% and 
67.6% of the oil has stranded on a shoreline by the end of each seasonal simulation suite. The amount of 
crude oil remaining on water at the end of each simulation suite varies from 2.9% to 6.1%, the higher 
values generally being associated with the shorter runs for the smaller oil spills. Based on these results, 
one would expect about 3% to 4% of the spilled crude oil to remain on the water two weeks after the spill 
initiation. Evaporation is an important fate for the spilled crude oil, with 17.7% to 20.9% being lost by this 
pathway. A substantial amount of crude oil (6.1% to 8.9% of the volume spilled) also dissolves into the 
water column within the simulation period. Most of the crude oil that evaporates or dissolves does so 
within the first few days following spill initiation. Some of the crude oil is dispersed into the water column 
during the fall and winter, when wind speeds tend to be higher, but this represents less than 1% of the 
spilled oil, and oil-mineral aggregate (OMA) formation is not predicted to occur. Biodegradation of the 
spilled crude oil accounts for 2.0% to 3.1% of the spilled oil within the simulation periods of 10 to 15 days.  

8.1.2 Probability of Shoreline Oiling 

For the CWC spill, results indicate a high probability of oiling (≥50%) of between 114 km and 175 km of 
shoreline, with greatest spatial extent of oiling occurring during the fall season. The smaller spill case 
predicts a ≥50% probability of between 88 km and 124 km of shoreline becoming oiled with the greatest 
spatial extent being oiled during the spring season. Because oil that contacts shorelines tends to be 
retained on beach substrate, the average length of affected shoreline is more consistent with the total 
affected shoreline length at a ≥50% than was the case for water surface swept by an oil slick. 

Table 8.2 provides a summary of the extent of shoreline oiling within the RSA. 

TABLE 8.2 LENGTH OF SHORELINE OILING (BY PROBABILITY OF OILING) – RACE ROCKS 

Scenario Spill Volume (m3) 
Seasonal 
Condition 

Average length of Affected 
Shoreline (km) 

Total Affected Shoreline Length (km)  
by Probability of Oiling 

≥10% ≥50% ≥90% 

1 
Credible Worst Case 

16,500 m3 

Winter 175 408 90 1.0 

Spring 136 297 30 2.5 

Summer 114 161 22 0.2 

Fall 141 399 36 6.7 

2 
Smaller Spill Case 

8,250 m3 

Winter 124 289 33 0.5 

Spring 99 186 24 0.9 

Summer 88 115 17 0.1 

Fall 112 301 25 0.8 

 

The RSA includes approximately 4,130 km of shorelines. Based on this overall length, the modelling 
predicts a maximum shoreline length of 90 km (2.2% - CWC spill) and 33 km (0.8% - smaller spill) of the 
RSA with high to very high probability of being oiled. In this case, the maximum average length of 
shoreline oiling for a single crude oil spill ranges from 175 km (CWC spill) to 124 km (smaller spill) 
representing 4.2% and 3% of the shoreline within the RSA respectively. The average length of shoreline 
oiling for each seasonal condition is larger than the ≥50% probability value, but less than the length 
represented by the 10% probability of shoreline oiling.  

8.2 Potential Environmental Effects to Shoreline and Near Shore Habitats 

Section 6.2 provides a description and summary statistics for the length of each type of shoreline type 
present within the RSA. The overlay of shoreline oiling probability onto shoreline sensitivity class for spills 
at the Race Rocks are shown in Tables 8.3 and 8.4 for the 16,500 m3 and the 8,250 m3 spills 
respectively.  

Shorelines with a high to very high probability of oiling (≥50%) represent less than 3.4% of the available 
habitat belonging to that sensitivity class within the RSA. Results indicate that shorelines with the lowest 
biological sensitivity factor (BSF = 1) have the highest overall probability of oiling under winter conditions 
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where between 3.4% and 1.1% of the available habitat may be affected for CWC and smaller spills 
respectively.  

Stochastic results indicate that shoreline types with highest biological sensitivity factor (BSF = 4) have a 
very low probability of being oiled, with the greatest spatial extent of oiling predicted at 0.2 km for a 
16,500 m3 spill, and 0.0 km of affected shoreline predicted for an 8,250 m3 spill in this location. Therefore, 
it is highly unlikely that any individual crude oil spill originating at this location would result in oiling of 
these sensitive areas.  

For the 16,500 m3 spill, areas with high to very high probability of oiling (≥50%) represent 0.7% to 3.4% of 
the total shoreline within the RSA assigned to BSF = 1; 0.6% to 1.3% of the total shoreline within the RSA 
assigned to BSF = 2; and 0.0% to 0.2% of the total shoreline within the RSA assigned to BSF = 3. 

TABLE 8.3 SUMMARY OF EFFECTS ANALYSIS FOR SHORELINE AND NEAR SHORE 
HABITATS – RACE ROCKS – 16,500 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Length in 
RSA (km) 

Affected Shoreline 
(by Shoreline Oiling Probabilities) 

Affected Length According to  
Sensitivity Factor (km) 

Percent Length According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 2,125 293 73.0 0.3 13.8 3.4 0.0 

2 1,120 89 15 0.7 8.0 1.3 0.1 

3 619 23 1.5 0.0 3.7 0.2 0.0 

4 266 3.4 0.5 0.0 1.3 0.2 0.0 

Spring 

1 2,125 223 21 1.8 10.5 1.0 0.1 

2 1,120 63 9.1 0.7 5.7 0.8 0.1 

3 619 8.6 0.5 0.0 1.4 0.1 0.0 

4 266 2.0 0.0 0.0 0.8 0.0 0.0 

Summer 

1 2,125 110 15 0.0 5.2 0.7 0.0 

2 1,120 44 6.5 0.2 3.9 0.6 0.0 

3 619 5.4 0.6 0.0 0.9 0.1 0.0 

4 266 2.3 0.0 0.0 0.9 0.0 0.0 

Fall 

1 2,125 308 24 6.1 14.5 1.1 0.3 

2 1,120 80 12 0.6 7.2 1.1 0.1 

3 619 11 0.2 0.0 1.8 0.0 0.0 

4 266 0.9 0.0 0.0 0.3 0.0 0.0 

 

For the 8,250 m3 spill, areas with high to very high probability of oiling (≥50%) represent 0.6% to 1.1% of 
the total shoreline within the RSA assigned to BSF = 1; 0.4% to 0.9% of the total shoreline within the RSA 
assigned to BSF = 2; and 0.0% to 0.1% of the total shoreline within the RSA assigned to BSF = 3. 

TABLE 8.4 SUMMARY OF EFFECTS ANALYSIS FOR SHORELINE AND NEAR SHORE 
HABITATS – RACE ROCKS – 8,250 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Length in 
RSA (km) 

Affected Shoreline 
(by Shoreline Oiling Probabilities) 

Affected Length According to  
Sensitivity Factor (km) 

Percent Length According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 2,125 209 24 0.1 9.8 1.1 0.0 

2 1,120 63 8.8 0.4 5.6 0.8 0.0 

3 619 15 0.4 0.0 2.4 0.1 0.0 

4 266 2.4 0.0 0.0 0.9 0.0 0.0 

Spring 

1 2,125 133 17 0.2 6.2 0.8 0.0 

2 1,120 48 6.0 0.7 4.2 0.5 0.1 

3 619 4.7 0.4 0.0 0.8 0.1 0.0 

4 266 1.0 0.0 0.0 0.4 0.0 0.0 

Summer 

1 2,125 77 12.8 0.0 3.6 0.6 0.0 

2 1,120 35 4.3 0.1 3.1 0.4 0.0 

3 619 2.4 0.1 0.0 0.4 0.0 0.0 

4 266 0.3 0.0 0.0 0.1 0.0 0.0 
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TABLE 8.4 SUMMARY OF EFFECTS ANALYSIS FOR SHORELINE AND NEAR SHORE 
HABITATS – RACE ROCKS – 8,250 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Length in 
RSA (km) 

Affected Shoreline 
(by Shoreline Oiling Probabilities) 

Affected Length According to  
Sensitivity Factor (km) 

Percent Length According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Fall 

1 2,125 227 15 0.8 11 0.7 0.0 

2 1,120 66 10 0.0 5.9 0.9 0.0 

3 619 7.0 0.0 0.0 1.1 0.0 0.0 

4 266 0.9 0.0 0.0 0.3 0.0 0.0 

 

Stochastic results for both spill scenarios indicate areas with a high to very high probability of oiling 
(≥50%) from a spill at this location range from west of the Gulf Islands, south into US waters and 
throughout the Juan de Fuca Strait to the 12 nautical mile limit (refer to Figures F.1 to F.8). Protected 
areas and Indian Reserves in these areas which could be affected are shown on Figure C.2.  

8.3 Potential Environmental Effects on Marine Fish and Supporting Habitat 

Section 6.3 provides a description and summary statistics for the area of each type of supporting habitat 
for the marine fish community within the RSA. The overlay of shoreline oiling probability onto fish 
sensitivity class for spills near Race Rocks is shown in Tables 9.5 and 9.6 for the 16,500 m3 and the 
8,250 m3 spills respectively.  

For a 16,500 m3 spill, areas with a high (≥50%) probability of oiling represent 26% (under summer 
conditions) to 36% (under spring conditions) of the total area with water depths >30 m (BSF = 1), 15% 
(under summer conditions) to 26% (under winter conditions) of the total area with water depths between 
10 m and 30 m (BSF = 2), 7.7% (under summer conditions) to 13% (under winter conditions) of the total 
area with depths <10 m (BSF = 3), and 1.6% (under fall conditions) to 4% (under winter conditions) of the 
important habitat for herring spawn, rockfish and crab. The overlay of water surface oiling probability onto 
the marine fish community and fish habitat sensitivity classes is summarized in Table 8.5. 

TABLE 8.5 SUMMARY OF EFFECTS ANALYSIS FOR MARINE FISH AND SUPPORTING 
HABITAT – RACE ROCKS – 16,500 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Area in 

RSA (km2) 

Affected Surface Water 
(by Surface Water Oiling Probabilities) 

Area According to  
Sensitivity Factor (km2) 

Percent Area According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 8,636 3,675 2,899 1,654 43 34 20 

2 1,280 460 331 145 36 26 11 

3 1,196 263 152 50 22 13 4.2 

4 3,934 268 158 56 6.8 4.0 1.4 

Spring 

1 8,636 4,541 3,063 594 53 36 6.9 

2 1,280 442 298 75 35 23 5.9 

3 1,196 261 126 32 22 11 2.7 

4 3,934 233 85 0.6 5.9 2.1 0.0 

Summer 

1 8,636 4,321 2,267 263 50 26 3.0 

2 1,280 408 189 36 32 15 2.8 

3 1,196 234 93 11 20 7.7 0.9 

4 3,934 116 71 0.0 3.0 1.8 0.0 

Fall 

1 8,636 4,472 2,709 597 52 31 6.9 

2 1,280 426 250 38 33 20 3.0 

3 1,196 261 98 16 22 8.2 1.3 

4 3,934 193 64 0.0 4.9 1.6 0.0 

 

For the 8,250 m3 spill, areas with a high (≥50%) probability of oiling represent 17% (under summer 
conditions) to 29% (under winter conditions) of the total area with water depths >30 m (BSF = 1), 10% 
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(under summer conditions) to 22% (under winter conditions) of the total area with water depths between 
10 m and 30 m (BSF = 2), 6.1% (under fall conditions) to 9.8% (under winter conditions) of the total area 
with depths <10 m (BSF = 3), and 0.6% (under fall conditions) to 2.8% (under winter conditions) of the 
important habitat for herring spawn, rockfish and crab. The overlay of water surface oiling probability onto 
the marine fish community and fish habitat sensitivity classes for an 8,250 m3 spill are summarized in 
Table 8.6. 

TABLE 8.6 SUMMARY OF EFFECTS ANALYSIS FOR MARINE FISH AND SUPPORTING 
HABITAT – RACE ROCKS – 8,250 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Area in 

RSA (km2) 

Affected Surface Water 
(by Surface Water Oiling Probabilities) 

Area According to  
Sensitivity Factor (km2) 

Percent Area According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 8,636 3,381 2,529 608 39 29 7.0 

2 1,280 411 285 73 32.1 22 5.7 

3 1,196 229 117 23 19.1 9.8 1.9 

4 3,934 233 110 3.4 5.9 2.8 0.1 

Spring 

1 8,636 4,232 2,100 401 49 24 4.6 

2 1,280 393 210 67 31 16 5.2 

3 1,196 215 89 27 18 7.4 2.3 

4 3,934 192 66 0.6 4.9 1.7 0.0 

Summer 

1 8,636 4,111 1,467 210 48 17 2.4 

2 1,280 392 130 30 30.6 10 2.3 

3 1,196 203 78 8.4 17.0 6.5 0.7 

4 3,934 110 46 0.0 2.8 1.2 0.0 

Fall 

1 8,636 4,253 2,045 506 49.2 24 5.9 

2 1,280 408 177 31 31.9 14 2.4 

3 1,196 234 73 14 19.6 6.1 1.2 

4 3,934 174 24 0.0 4.4 0.6 0.0 

 

Of a total of 8,635 km2 of deep water habitat (>30 m) in the RSA (BSF = 1), between 2,267 and 3,063 km2 
has a high or very high (≥50%) probability of oil exposure from a 16,500 m3 spill, representing between 
26% and 36% of this habitat type within the RSA. Between 1,467 and 2,529 km2 has a high or very high 
probability of oil exposure from a 8,250 m3 spill, representing between 17% and 29% of this habitat type 
within the RSA. While the potentially affected areas for this BSF represent a large portion of this habitat 
type, based on the depth water habitat for BSF = 1, it is very unlikely that fish would be harmed by 
exposure to crude oil in this habitat type. 

Of a total of 1,280 km2 of intermediate depth habitat (<30 to ≥10) in the RSA (BSF = 2), between 189 and 
331 km2 has a high or very high (≥50%) probability of oil exposure from a 16,500 m3 spill, representing 
approximately 15% to 26% of this habitat type within the RSA. Between 130 and 285 km2 has a high or 
very high probability of oil exposure from an 8,250 m3 spill, representing between 10% and 22% of this 
habitat type within the RSA. While the potentially affected areas for this BSF represent a large portion of 
this habitat type, based on the depth water habitat for BSF = 2, it is also very unlikely that fish would be 
harmed by exposure to crude oil in this habitat type. 

Of a total of 1,196 km2 of shallow water habitat (≤ 10 m) in the RSA (BSF = 3), between 93 and 152 km2 
has a high or very high (≥50%) probability of oil exposure from a 16,500 m3 spill, representing between 
7.7% and 13% of this habitat type within the RSA. Between 73 and 117 km2 has a high or very high 
probability of oil exposure from an 8,250 m3 spill, representing between 6.1% and 9.8% of this habitat 
type within the RSA. In circumstances where crude oil is driven into this shallow water habitat by strong 
winds, there would be a greater potential for negative effects, including potential mortality of fish, 
crustaceans and shellfish. 

Of a total of 3,934 km2 of critical fish habitat in the RSA with a very high biological sensitivity (BSF = 4), 
between 64 and 158 km2 has a high or very high (≥50%) probability of oil exposure from a 16,500 m3 spill, 
representing between 1.6 % and 4.0% of this habitat type within the RSA. Between 24 and 110 km2 has a 
high or very high probability of oil exposure from an 8,250 m3 spill, representing between 0.6% and 2.8% 
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of this habitat type within the RSA. In areas where such high-sensitivity habitat overlaps with shallow 
water areas, the potential for negative effects would be greater. Critical time periods for herring spawn 
would be in the spring, when exposure to polycyclic aromatic hydrocarbons in the crude oil could cause 
developmental effects on fish embryos. As noted for shallow water habitat, the potential for negative 
effects would be greatest if the spill occurred at a time when strong winds caused the oil to be driven into 
shallow water that could be spawning or nursery areas for herring, rockfish or crab.  

8.4 Potential Environmental Effects on Marine Birds and Supporting Habitat 

For the Race Rocks scenarios, birds and their habitats were considered in the same manner as that 
described for the other scenarios. Birds that may frequent the shoreline were assigned a BSF =1 (low), 
gulls and terns which demonstrate a lifestyle that is not limited to marine environments were assigned a 
BSF = 2 (medium), ducks and other waterfowl that tend to congregate and be moderately sensitive to 
crude oil exposure were assigned a BSF = 3 (high) and auks and divers that tend to rely heavily on the 
marine environment and/or have high sensitivity to crude oil exposure were assigned a BSF = 4 (very 
high).  

The same two approaches as discussed for the other scenarios were applied to Race Rocks. The first 
assumes that marine birds could generally be present anywhere within the RSA and thus shorebirds and 
other marine birds are assessed using the stochastic results contours representing shoreline or surface 
water habitats, respectively. The second approach considers the potential for spilled crude oil to come 
into contact with known bird colonies as well as designated IBAs. 

Stochastic results identify areas of medium (≥10%), high (≥50%), and very high (≥90%), effect probability 
for each class of marine birds. The habitat oiling probability for each of the marine bird sensitivity factors 
is summarized in Tables 8.7 and 8.8 for 16,500 m3 spills and 8,250 m3 spills respectively. 

For shorebirds (BSF = 1), potential exposure is determined by the length of shoreline that is predicted to 
have a high or very high probability of oiling. For a 16,500 m3 spill, the seasonal variation in spatial extent 
represents between 22 km (0.5%) and 90 km (2.2%) of the available shoreline habitat within the RSA. For 
an 8,250 m3 spill, the predicted length of affected shoreline is ranges between 17 km (0.4%) and 33 km 
(0.8%) of the available habitat. Shorebirds have generally low sensitivity to oiling when compared to other 
guilds, and it is unlikely that lightly oiled individuals would die as a result of low or moderate exposure. 
Heavily oiled individuals would probably die, however, and even lightly oiled individuals could transfer 
sufficient oil to eggs to cause egg mortality, if exposure occurred shortly before or during the period when 
eggs were being incubated. An oil spill that occurred at the Race Rocks hypothetical spill location would 
be physically close to the shorelines of the Juan de Fuca Strait which exhibits areas with medium, high 
and very high probability of oiling. Therefore, the potential for environmental effects on shorebirds of 
crude oil exposure from and accidental spill during marine transportation is high. 

For other marine birds (BSF = 2, BSF = 3, and BSF = 4), potential exposure is based on surface water 
oiling. The seasonal variation in spatial extent for a 16,500 m3 spill for this receptor represents between 
23% and 31% of the available habitat, while for an 8,250 m3 spill, between 15% and 26% of the habitat is 
predicted to be affected. Therefore, there is a relatively high probability of exposure for aquatic birds in 
the unlikely event of an accidental crude oil spill. The environmental effects and effect magnitude of such 
exposure would depend upon the season (which would determine the numbers and types of birds 
present) as well as the actual level and duration of exposure, and the relative sensitivity of the exposed 
birds. Gulls and terns tend to have medium sensitivity, whereas ducks, cormorants, divers and alcids tend 
to have high to very high sensitivity. However, regardless of these factors, it is likely that seabirds would 
be exposed to oil, and would die as a result of that exposure, so that the effect magnitude would be High. 
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TABLE 8.7 SUMMARY OF EFFECTS ANALYSIS FOR MARINE BIRDS AND SUPPORTING 
HABITAT – RACE ROCKS – 16,500 m³ SPILL 

Seasonal 
Condition 

BSF 
Length or 

Area in RSA 
(km or km2) 

Affected Surface Water 
(by Shoreline or Surface Water Oiling Probabilities) 

Affected Length or Area According to 
Sensitivity Factor (km or km2) 

Percent Length or Area According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 4,130 ¹ 408 ¹ 90 ¹ 1.0 ¹ 9.9 ² 2.2 ² <0.1 ² 

2 

11,112 4,398 3,382 1,849 40 30 17 3 

4 

Spring 

1 4,130 ¹ 297 ¹ 30 ¹ 2.5 ¹ 7.2 ² 0.7 ² 0.1 ² 

2 

11,112 5,244 3,486 701 47 31 6.3 3 

4 

Summer 

1 4,130 ¹ 161 ¹ 22 ¹ 0.2 ¹ 3.9 ² 0.5 ² <0.1 ² 

2 

11,112 4,964 2,549 310 45 23 2.8 3 

4 

Fall 

1 4,130 ¹ 400 ¹ 36 ¹ 6.7 ¹ 9.7 ² 0.9 ² 0.2 ² 

2 

11,112 5,158 3,058 651 46 28 5.9 3 

4 

Notes: 1 = Total length of shoreline in the RSA, or length affected (km) 
 2 = Expressed as % length of shoreline in that sensitivity class 

 

TABLE 8.8 SUMMARY OF EFFECTS ANALYSIS FOR MARINE BIRDS AND SUPPORTING 
HABITATS – RACE ROCKS – 8,250 m³ SPILL 

Seasonal 
Condition 

BSF 
Length or 

Area in RSA 
(km or km2) 

Affected Surface Water 
(by Shoreline or Surface Water Oiling Probabilities) 

Affected Length or Area According to 
Sensitivity Factor (km or km2) 

Percent Length or Area According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 4,130 ¹ 289 ¹ 33 ¹ 0.5 ¹ 7.0 ² 0.8 ² <0.1 ² 

2 

11,112 4,021 2,931 703 36 26 6.3 3 

4 

Spring 

1 4,130 ¹ 186 ¹ 24 ¹ 0.9 ¹ 4.5 ² 0.6 ² <0.1 ² 

2 

11,112 4,841 2,399 495 44 22 4.5 3 

4 

Summer 

1 4,130 ¹ 115 ¹ 17 ¹ 0.1 ¹ 2.8 ² 0.4 ² <0.1 ² 

2 

11,112 4,712 1,675 248 42 15 2.2 3 

4 

Fall 

1 4,130 ¹ 300 ¹ 25 ¹ 0.8 ¹ 7.3 ² 0.6 ² <0.1 ² 

2 

11,112 4,895 2,295 551 44 21 5.0 3 

4 

Notes: 1 = Total length of shoreline in the RSA, or length affected (km) 
 2 = Expressed as % length of shoreline in that sensitivity class 

Stochastic modeling results demonstrate areas of medium (≥10%), high (≥50%), and very high (≥90%) 
probability extending to known colonies and important bird areas. The number of known colonies and 
important bird areas affected for each of the marine bird sensitivity factors are summarized in Tables 8.9 
and 8.10 for 16,500 m3 spills and 8,250 m3 spills respectively. 

For gulls and terns (BSF = 2), potentially affected colonies and important bird areas are determined by 
identifying contact of the spilled crude oil with these areas. For a 16,500 m3 spill, crude oil is predicted to 
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have high to very high probability to come in contact with up to 2 of the 79 known colonies. For an 
8,250 m3 spill, this is predicted to represent none of the 79 known colonies.  

For ducks and cormorants (BSF = 3), potentially affected colonies and IBAs are determined by identifying 
contact of the spilled crude oil with these areas. For a 16,500 m3 spill, crude oil is predicted to have high 
to very high probability to come in contact with 1 of the 40 known colonies. For an 8,250 m3 spill, this is 
predicted to represent 1 of the 40 known colonies.  

For auks and divers (BSF = 4), potentially affected colonies and IBAs are determined by identifying 
contact of the spilled crude oil with these areas. For a 16,500 m3 spill, crude oil is predicted to have high 
to very high probability to come in contact with 3 or 4 of the 55 known colonies. For an 8,250 m3 spill, this 
is predicted to represent 2 or 3 of the 55 known colonies.  

The presence of seabirds at colony locations is seasonal, and the overlap of oil with a colony location 
does not necessarily indicate that seabirds at nest sites will experience oiling, as their feeding grounds 
may be located at some distance from the nest site. However, the even though the overlap of high 
probability areas for oil on the water surface with known seabird colony locations (whether representing 
gulls and terns, ducks and cormorants, or auks and divers) is low, the results indicate that there would be 
potential for negative effects, up to and including mortality of birds or oiling and mortality of eggs at some 
sites. The effect rating is High. 

TABLE 8.9 SUMMARY OF EFFECTS ANALYSIS FOR MARINE BIRD COLONIES – RACE 
ROCKS – 16,500 m³ SPILL 

Seasonal 
Condition 

BSF 
Affected Marine Bird Colonies (by Surface Water Oiling Probabilities) 

Medium (≥10%) High (≥50%) Very High (≥90%) 

Spring 

1 --- --- --- 

2 12 of 79 known colony sites affected. 2 of 79 known colony sites affected. 0 of 79 known colony sites affected. 

3 16 of 40 known colony sites affected. 1 of 40 known colony sites affected. 0 of 40 known colony sites affected. 

4 17 of 55 known colony sites affected. 4 of 55 known colony sites affected. 1 of 55 known colony sites affected. 

Summer 

1 --- --- --- 

2 14 of 79 known colony sites affected. 0 of 79 known colony sites affected. 0 of 79 known colony sites affected. 

3 14 of 40 known colony sites affected. 1 of 40 known colony sites affected. 0 of 40 known colony sites affected. 

4 13 of 55 known colony sites affected. 3 of 55 known colony sites affected. 0 of 55 known colony sites affected. 

 

TABLE 8.10 SUMMARY OF EFFECTS ANALYSIS FOR MARINE BIRD COLONIES – RACE 
ROCKS – 8,250 m³ SPILL 

Seasonal 
Condition 

BSF 
Affected Marine Bird Colonies (by Surface Water Oiling Probabilities) 

Medium (≥10%) High (≥50%) Very High (≥90%) 

Spring 

1 --- --- --- 

2 7 of 79 known colony sites affected. 0 of 79 known colony sites affected. 0 of 79 known colony sites affected. 

3 10 of 40 known colony sites affected. 1 of 40 known colony sites affected. 0 of 40 known colony sites affected. 

4 12 of 55 known colony sites affected. 3 of 55 known colony sites affected. 0 of 55 known colony sites affected. 

Summer 

1 --- --- --- 

2 9 of 79 known colony sites affected. 0 of 79 known colony sites affected. 0 of 79 known colony sites affected. 

3 9 of 40 known colony sites affected. 1 of 40 known colony sites affected. 0 of 40 known colony sites affected. 

4 11 of 55 known colony sites affected. 2 of 55 known colony sites affected. 0 of 55 known colony sites affected. 

 

Stochastic modeling results were used to identify areas of medium (≥10%), high (≥50%), and very high 
(≥90%) probability for spilled crude oil extending to IBA locations. The number of IBAs affected are 
summarized in Tables 8.11 and 8.12 for 16,500 m³ spills and 8,250 m³ spills respectively. 

There are 10 IBAs that have ≥10% probability of being affected by spilled crude oil, in the event of a CWC 
or smaller oil spill at the Race Rocks hypothetical spill location. Of these, 8 and 7, respectively, have a 
high or very high probability (≥50%) of oil exposure in the event of the CWC or smaller spill. The utilization 
of IBAs by seabirds and other birds is seasonal, but the majority of IBAs have use by one or more species 
in any season. It is likely that oil exposure at an IBA would result in oiling of birds, with a high potential for 
mortality of adults, juveniles, and/or eggs in the event of oil being transferred from plumage to incubating 
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eggs. Therefore, the potential for negative effects on seabirds at IBAs is high, and the effect magnitude is 
High.  

TABLE 8.11 SUMMARY OF EFFECTS ANALYSIS FOR IMPORTANT BIRD AREAS – RACE 
ROCKS – 16,500 m³ SPILL 

IBA 
Highest Oiling Probability (by seasonal condition) 

Winter Spring Summer Fall 

Canada 

BC045 ≥ 50% ≥ 10% ≥ 10% ≥ 10% 

BC047 ≥ 10% ≥ 10% --- --- 

BC073 ≥ 10% ≥ 50% ≥ 10% ≥ 50% 

BC097 ≥ 10% ≥ 10% ≥ 10% ≥ 50% 

United States 

USWA 282 ≥ 50% ≥ 10% ≥ 10% ≥ 10% 

USWA 288 ≥ 90% ≥ 50% ≥ 50% ≥ 50% 

USWA 3289 ≥ 10% ≥ 10% --- --- 

USWA 3348 ≥ 90% ≥ 90% ≥ 90% ≥ 90% 

USWA 3351 ≥ 90% ≥ 90% ≥ 90% ≥ 90% 

USWA 3786 ≥ 90% ≥ 50% ≥ 50% ≥ 50% 

 

TABLE 8.12 SUMMARY OF EFFECTS ANALYSIS FOR IMPORTANT BIRD AREAS – RACE 
ROCKS – 8,250 m³ SPILL 

IBA 
Highest Oiling Probability (by seasonal condition) 

Winter Spring Summer Fall 

Canada 

BC045 ≥ 50% ≥ 10% ≥ 10% ≥ 10% 

BC047 ≥ 10% --- --- --- 

BC073 ≥ 10% ≥ 10% ≥ 10% ≥ 50% 

BC097 --- ≥ 10% ≥ 10% ≥ 50% 

United States 

USWA 282 ≥ 10% ≥ 10% --- ≥ 10% 

USWA 288 ≥ 50% ≥ 50% ≥ 50% ≥ 10% 

USWA 3348 ≥ 90% ≥ 90% ≥ 90% ≥ 90% 

USWA 3351 ≥ 90% ≥ 90% ≥ 90% ≥ 90% 

USWA 3786 ≥ 50% ≥ 50% ≥ 10% ≥ 10% 

 

8.5 Potential Environmental Effects on Marine Mammals and Supporting Habitat 

Section 6.5 provides a summary of the sensitivity ranking scheme for marine and terrestrial mammals.  

Stochastic results identify areas of medium (≥10%), high (≥50%), and very high (≥90%), exposure 
probability for each class of mammals. The overlays of habitat oiling probability for each of the mammal 
sensitivity classes is summarized in Table 8.13 and 8.14 for 16,500 m3 spills and 8,250 m3 spills 
respectively. 

For terrestrial mammals (e.g., bears, moose, raccoons, etc., BSF = 1), potential exposure is determined 
by the length of shoreline habitat that is predicted to have a high or very high probability of oiling. For a 
16,500 m3 spill, the seasonal variation in spatial extent represents between 22 km (0.5%) and 90 km 
(2.2%) of the available shoreline habitat. For an 8,250 m3 spill, the predicted length of affected shoreline 
ranges between 17 km (0.4%) and 33 km (0.8%). The animals within this classification have a generally 
low sensitivity to oiling, and it is unlikely that oiled individuals would die as a result of exposure. It is very 
unlikely that such exposure would result in a measurable population level effect.  

For pinnipeds such as seals and sea lions (BSF = 2), potential exposure is based on water depth of 
≤30 m. The seasonal variation in spatial extent for a 16,500 m3 spill for this receptor represents between 
282 km2 (11%) and 483 km2 20% of the available habitat, whereas for an 8,250 m3 spill, between 208 km2 
(8.4%) and 402 km2 (16%) of the habitat is predicted to be affected. Therefore, there is a relatively high 
probability of exposure for seals and sea lions in the unlikely event of an accidental crude oil spill. While 
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some level of negative effect would be expected for animals exposed to crude oil, the effects would not 
likely be lethal, except in the case of weaker animals such as pups or older and diseased animals. 

For whales such as the humpback and southern resident killer whale (BSF = 3), potential exposure is 
based on habitat having a water depth of ≥10m. For a 16,500 m3 spill, the seasonal variation in the 
predicted area of affected habitat ranges between 34% and 46% of the RSA. The predictions for an 
8,250 m3 spill range between 22% and 39% of the available habitat within the RSA. Therefore, there is a 
relatively high probability of exposure for whales in the unlikely event of an accidental crude oil at this 
location. Some level of negative effect would be expected for animals exposed to crude oil, but the effects 
would not likely be lethal, except in the case of weaker animals such as calves or older and diseased 
animals, or animals that were exposed to heavy surface oiling and inhalation of vapours from fresh crude 
oil, as could occur in the immediate vicinity of the spill location. 

For furred marine mammals such as otters (BSF = 4), potential exposure was based on the available 
habitat represented by water depths along the coast of ≤10 m. The seasonal variation in spatial extent for 
a 16,500 m3 spill for this receptor represents between 93 km2 (7.7%) and 152 km2 (13%) of the available 
habitat, whereas for an 8,250 m3 spill, between 73 km2 (6.1%) and 117 km2 (9.8%) of the habitat is 
predicted to be affected. Therefore, there is a relatively high probability of exposure for some of the otters 
along the marine transportation route, in the unlikely event of an accidental crude oil spill. Some level of 
negative effect would be expected for animals exposed to crude oil. Exposure during the winter season 
would be more stressful than exposure during the summer, but in either case, the combination of 
hypothermia and damage to the gastro-intestinal system caused by crude oil ingested through grooming 
the fur would have the potential to cause death. 

TABLE 8.13 SUMMARY OF EFFECTS ANALYSIS FOR MARINE MAMMALS AND SUPPORTING 
HABITAT – RACE ROCKS – 16,500 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Area in 

RSA (km2) 

Affected Surface Water 
(by Probability of Oiling) 

Area (or length) According to  
Sensitivity Factor (km2) 

Percent Area (or length) According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 4,130 1 408 1 90 1 1.0 1 9.9 2 2.2 2 0.02 2 

2 2,476 723 483 195 29 20 7.9 

3 7,578 4,341 3,382 1,849 57 45 24 

4 1,196 263 152 50 22 13 4.2 

Spring 

1 4,130 1 297 1 30 1 2.5 1 7.2 2 0.73 2 0.1 2 

2 2,476 703 424 107 28 17 4.3 

3 7,578 4,832 3,486 701 64 46 9.3 

4 1,196 261 126 32 22 11 2.7 

Summer 

1 4,130 1 161 1 22 1 0.2 1 3.9 2 0.5 2 0.0 2 

2 2,476 643 282 47 26 11 1.9 

3 7,578 4,523 2,549 310 60 34 4.1 

4 1,196 234 93 11 20 7.7 0.9 

Fall 

1 4,130 1 400 1 36 1 6.7 1 9.7 2 0.9 2 0.2 2 

2 2,476 687 349 54 28 14 2.2 

3 7,578 4,816 3,058 651 64 40 8.6 

4 1,196 261 98 16 22 8.2 1.3 

Notes: 1 = Total length of shoreline in the RSA, or length affected (km) 
 2 = Expressed as % length of shoreline in that sensitivity class 
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TABLE 8.14 SUMMARY OF EFFECTS ANALYSIS FOR MARINE MAMMALS AND SUPPORTING 
HABITAT – RACE ROCKS – 8,250 m

3
 SPILL 

Seasonal 
Condition 

BSF 
Area in 

RSA (km2) 

Affected Surface Water 
(by Probability of Oiling) 

Area (or length) According to  
Sensitivity Factor (km2) 

Percent Area (or length) According to  
Sensitivity Factor (%) 

Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 
Medium 
(≥10%) 

High (≥50%) 
Very High 

(≥90%) 

Winter 

1 4,130 1 289 1 33 1 0.5 1 7.0 2 0.8 2 0.01 2 

2 2,476 640 402 95 26 16 3.9 

3 7,578 3,992 2,931 703 53 39 9.3 

4 1,196 229 116.9 23 19 9.8 1.9 

Spring 

1 4,130 1 186 1 24 1 0.9 1 4.5 2 0.6 2 0.02 2 

2 2,476 609 299 95 25 12 3.8 

3 7,578 4,614 2,399 495 61 32 6.5 

4 1,196 215 89 27 18 7.4 2.3 

Summer 

1 4,130 1 115 1 17 1 0.1 1 2.8 2 0.4 2 0.0 2 

2 2,476 595 208 38 24 8.4 1.5 

3 7,578 4,288 1,675 248 57 22 3.3 

4 1,196 203 78 8.4 17 6.5 0.7 

Fall 

1 4,130 1 301 1 25 1 0.8 1 7.3 2 0.6 2 0.02 2 

2 2,476 642 250 46 26 10 1.8 

3 7,578 4,632 2,295 551 61 30 7.3 

4 1,196 234 73 14 20 6.1 1.2 

Notes: 1 = Total length of shoreline in the RSA, or length affected (km) 
 2 = Expressed as % length of shoreline in that sensitivity class 
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9.0 MARINE OIL SPILL RECOVERY 
The Exxon Valdez Oil Spill (EVOS) of 1989 is the largest and best studied example of the effects of a 
large crude oil spill on many aspects of the marine environment, and is particularly relevant to the TMEP 
project as many of the ecological receptors studied following the EVOS also occur in the RSA for the 
Georgia and Juan de Fuca straits. 

Despite the intensive studies that followed the EVOS, many aspects related to the determination of 
effects, effect magnitude and recovery remain controversial. The Exxon Valdez Oil Spill Trustee Council 
(EVOSTC) publishes periodic updates on the status of resources that were judged to have been injured 
as a result of the EVOS, with the most recent assessment having been published in 2010 
(EVOSTC 2010). The EVOSTC recognizes that as time passes, the ability to distinguish effects of oil from 
other factors affecting fish and wildlife resources diminishes. Some resources that are identified as not 
having yet recovered from the effects of the EVOS may have been in decline regionally, and elsewhere, 
prior to the spill, so that recovery of the resource to its pre-spill status may be an unrealistic expectation. 

Two major reviews of the ecological significance and residual effects of the EVOS (Peterson et al. 2003, 
Harwell and Gentile 2006) reached seemingly differing conclusions. Peterson et al. (2003) concluded that 
unexpected persistence of sub-surface oil and chronic exposures at sublethal levels continue to affect 
wildlife, and that cascades of indirect effects of oil exposure delayed recovery from the oil spill. Harwell 
and Gentile (2006) concluded that no ecologically significant effects were detectable across a suite of 
more than 20 valued ecosystem components including primary producers, filter feeders, fish, and bird 
primary consumers, fish and bird top predators, a bird scavenger, mammalian primary consumers and top 
predators, biotic communities, ecosystem level properties of trophodynamics and biogeochemical 
processes, and landscape level properties of habitat mosaic and wilderness quality.  

A key point put forward by Peterson et al. (2003) was that there is an emerging appreciation of more 
complex, chronic, or ecosystem based effects of oil spills than was previously understood under an “old 
paradigm” that considered primarily acute or short-term effects of spilled oil. This PQERA, and the 
DQERA that will be submitted as a supplemental study in 2014, integrate this understanding of acute and 
chronic effects of oil spills on ecological receptors. 

The EVOSTC (2010) list 32 injured resources and ecosystem services and evaluate the recovery status 
for each. Many of these can be grouped together to represent the ecological resources being evaluated 
through the PQERA (Table 9.1). 

TABLE 9.1 ASSIGNMENT OF INJURED RESOURCES FROM EVOSTC (2010) TO ECOLOGICAL 
RESOURCE CATEGORIES IN THE PQERA 

Ecological Resource in PQERA Injured Resources Assessed by EVOSTC (2010) Recovery Status from EVOSTC (2010) 

Near-Shore and Shoreline Habitat Clams 
Mussels 

Intertidal Communities 

Recovering 
Recovering 
Recovering 

Marine Fish and Marine Fish Habitat Pacific Herring 
Pink Salmon 

Sockeye Salmon 
Rockfish 

Subtidal Communities 
Sediments 

Not recovering 
Recovered 
Recovered 

Very likely recovered 
Very likely recovered 

Recovering 

Marine Birds and Marine Bird Habitat Black Oystercatcher 
Cormorant 

Common Loon 
Harlequin Duck 

Barrow’s Goldeneye 
Common Murre 
Kittlitz’s Murrelet 
Marbled Murrelet 
Pigeon Guillemot 

Recovering 
Recovered 
Recovered 
Recovering 
Recovering 
Recovered 
Unknown 
Unknown 

Not recovering 
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TABLE 9.1 ASSIGNMENT OF INJURED RESOURCES FROM EVOSTC (2010) TO ECOLOGICAL 
RESOURCE CATEGORIES IN THE PQERA 

Ecological Resource in PQERA Injured Resources Assessed by EVOSTC (2010) Recovery Status from EVOSTC (2010) 

Marine Mammals and Marine Mammal Habitat Harbour Seal 
Killer Whales – AB Pod 

Killer Whales – AT1 Population 
River Otter 
Sea Otter 

Recovered 
Recovering 

Not recovering 
Recovered 
Recovering 

 

9.1 Near-Shore and Shoreline and Near Shore Habitats 

The recovery status categories used by the EVOSTC to describe the status of injured resources are 
obviously critical to their assessment. The status of “recovering” means that the resources are 
demonstrating substantive progress toward recovery objectives, but are still being negatively affected by 
residual effects of the spill or are currently being exposed to lingering oil. In this context, the recovery 
status of the Near-Shore and Shoreline Habitat receptor group is held back by effects on the seaweed 
and intertidal community that were exacerbated by oil spill response activities that were found in hindsight 
to be more damaging than beneficial (e.g., hot water washing, pressure washing, physical removal of 
oiled substrates), and by isolated pockets of oil that became sequestered in beach substrates. For clams, 
both oil exposure and oil spill response activities affected the community, but baseline information on 
most of the clam species is lacking. The EVOSTC concede that clam populations found on oiled but 
untreated beaches have likely recovered from the effects of the spill. It appears that disturbance of the 
rock armoring on beaches impedes subsequent recovery, and this is an important finding that has been 
incorporated into oil spill response techniques. For mussels, bioaccumulation of PAHs has been and 
continues to be a primary concern. In most instances, concentrations of oil in mussels from the most 
heavily oiled beds were indistinguishable from background by 1999. However, small areas of lingering or 
sequestered oil continue to hold back an assessment of “recovered”. 

Harwell and Gentile (2006) address the question of residual sources of oil exposure. The important 
question is not whether sources of hydrocarbon from the EVOS still exist, as they clearly do; but rather 
whether they pose a significant risk to populations and communities comprising the Prince William Sound 
ecosystem. It was estimated that the beach surface area contaminated by subsurface oil in 2001 was 
6.7 ha, and that the quantity of oil implicated represented about 6.5 m3 of total residual oil from the EVOS. 
It has been estimated that approximately 782 km of shoreline in Prince William Sound, and about 
1,315 km of shoreline in the Gulf of Alaska were oiled to some degree. The residual oiling in shoreline 
habitats that is delaying recovery of this resource in the eyes of the EVOSTC reflects the scrupulous 
nature of their assessment, but masks the fact that the vast majority of this habitat had recovered within 
10 years of the oil spill, notwithstanding inappropriate methods used during the oil spill response 
activities. 

A key finding of the EVOS was that the negative effects of high-pressure hot water washing were 
substantial. Oiled but untreated shoreline sites recovered more quickly than oiled sites where aggressive 
cleaning techniques were applied. Whether cleaned or not, intertidal communities had recovered within 5 
years after the EVOS (Harwell and Gentile 2006); recovery of oiled shoreline habitat within 2 to 5 years 
following a large oil spill is a reasonable expectation with the implementation of appropriate oil spill 
response activities. 

9.2 Marine Fish and Supporting Habitat 

The Marine Fish and Fish Habitat ecological resource group is represented in the EVOSTC literature by a 
variety of fish species, as well as sediments and subtidal communities in the EVOSTC (2010) 
assessment. Most of these were assessed as “recovered” or “very likely recovered”; the latter designation 
reflecting limited scientific research in recent years, but a low probability that there are any residual 
effects of the spill (EVOSTC 2010). Sediments (including both intertidal and subtidal areas) were listed as 
“recovering”, primarily reflecting the presence of lingering or sequestered oil on some armored oiled 
beaches. No oil was found in sub-tidal sediments at previously oiled sites, when re-sampled in 2001. 
Harwell and Gentile (2006) note that while 32 of 84 nearshore sediment samples collected in 1991 at 
sites that were heavily oiled in 1989 had detectable residual traces of EVOS oil, 30 of these had total 
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PAH levels less than 1 mg/kg, and 19 had levels less than 0.1 mg/kg, the results suggesting that the vast 
majority of the approximately 4,500 km2 seafloor of Prince William Sound had no detectable traces of oil 
from the EVOS within two years of the spill.  

The most controversial aspect of recovery assessment for Marine Fish and Fish Habitat has been that for 
Pacific herring. Prior to the spill, the herring population (or harvest) was increasing as documented by 
record harvests in the late 1980s. The EVOS occurred at a time when herring were spawning, and there 
is no doubt that herring spawn was exposed to spilled crude oil and dissolved TPAH at sufficient 
concentration to cause harm (such as developmental deformities) locally. Notwithstanding this exposure, 
the herring population (for which the fishery has been closed for most of the years since the spill) 
continued to increase until 1993 (four years after the spill), when there was a crash in the adult herring 
population. Although many studies published in the 1990s and 2000s have argued that the herring 
population crash was an effect of the EVOS, the cause and lack of recovery of the PWS herring 
population has been described perplexing by scientists working on behalf of the EVOSTC (Rice and 
Carls 2007). Pearson et al. (2011) argue that the underlying cause of the population collapse was poor 
nutrition, and perhaps disease, associated with the very large population size, and generally low 
abundance of zooplankton. Harwell and Gentile (2006) concluded that it is unclear what population loss 
resulted from direct mortality attributable to the EVOS, although the critical role in the ecosystem and for 
society of Pacific herring would make any effect rise to a level of significance. However, the population 
collapse four years after the spill was likely caused by factors other than the EVOS, suggesting that there 
are no remaining ecologically significant effects on Pacific herring that can be attributed to the spill. 

Considering marine fish populations as a whole, effects of the EVOS were generally localized and short-
term (EVOSTC 2010). Intertidal fishes showed declines in density and biomass at oiled sites relative to 
reference sites in 1990, but this could reflect changes in habitat quality as well as oil exposure. Rockfish 
utilize the nearshore environment as young-of-the-year and juveniles, and may have been affected in this 
manner, but studies have not identified any conclusive link between exposure to Exxon Valdez oil and 
endpoints such as larval growth of fish in 1989, or lesions associated with oil exposure. Pink salmon 
spawning in intertidal areas near Prince William Sound were potentially exposed to hydrocarbons in 
water, and in some cases to hydrocarbons in spawning substrates. Although potential for developmental 
effects on pink salmon embryos, including mortality was demonstrated at some locations, no convincing 
change in pink salmon population size was seen. Sockeye salmon appear to have been affected by the 
fishery closure, in that and excess of spawners appear to have entered freshwater habitat in 1989, 
resulting in overgrazing of planktonic food webs in nursery lakes, with associated lower than optimal 
growth rates in juvenile sockeye that were never exposed to oil, which in turn appears to have led to a 
subsequent decrease in returns of adult spawners some years later. As noted earlier, herring eggs and 
embryos were exposed to crude oil constituents at some locations, leading to localized effects on their 
development and survival; however, this exposure does not appear to have had population-level 
consequences.  

Effects of the EVOS on marine fish and fish habitat were generally limited to areas where oil was driven 
into near-shore areas, and these effects were for the most part short-term (days to weeks, rather than 
years), although evidence has been presented for longer-term effects on some habitats, such as intertidal 
pink salmon spawning areas where sequestered oil may have leached into spawning gravels up to 
several years after the spill. These areas, however, were very limited and did not result in effects at the 
population level for pink salmon. Effects of the EVOS on marine fish populations, therefore, were either 
not significant to begin with, or recovery occurred within one or two years at most.  

9.3 Marine Birds and Supporting Habitat 

The Marine Bird and Marine Bird Habitat ecological resource group is represented in the EVOSTC 
literature by a variety of species, including cormorants and loons are listed as (“recovered”); black 
oystercatcher, harlequin duck and Barrow‟s goldeneye (“recovering”), Kittlitz‟s murrelet and marbled 
murrelet (“unknown”), and pigeon guillemot (“not recovering”) (EVOSTC 2010). 

For the marine bird species listed as “recovering” the limiting factor in each case appears to be concern 
about exposure to lingering oil at sites that represent a small proportion of the available habitat. Only nine 
carcasses of adult black oystercatchers were recovered following the EVOS, and although the actual 
number of mortalities may have been several times higher, this represents a small fraction of the 
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population of 1,500 to 2,000 black oystercatchers breeding in south-central Alaska. It is estimated that 
about 1,000 harlequin duck (about 7% of the wintering population) were killed by oil exposure at the time 
of the spill. Similarly, an unknown number of Barrow‟s goldeneye died as a result of oil exposure, but it 
has been difficult to quantify any explicit effects of oil exposure at a population level since 1990. The oil 
exposure leading to the listing of these species as “recovering” is quantified based on cytochrome P450 
induction, but it is unclear whether such induction is indicative of effects on survival, growth or 
reproduction of individuals, or translates into a population-level effect. Harwell and Gentile (2006) noted 
that by 1993 population numbers for harlequin duck equalled pre-spill population numbers, and that the 
area of habitat affected by sequestered oil was so small in relation to the available habitat that no 
plausible risk remains to the harlequin duck population. The same rationale would also apply to black 
oystercatcher and Barrow‟s goldeneye.  

For Kittlitz‟s murrelet, marbled murrelet, and pigeon guillemot, the recovery narrative is obscured by the 
fact that populations of all three species were in decline before the EVOS, and that decline has continued 
EVOSTC 2010). It is not possible to reach conclusions about recovery of alcids following an oil spill based 
on the EVOS experience, however, it appears that populations of auks recover more slowly than other 
birds, and a recovery time of 10 years or longer could apply to this guild. 

Recovery of other marine bird populations following the EVOS was generally rapid and uncomplicated. A 
major factor causing the EVOSTC to identify certain bird populations as “recovering” rather than 
“recovered” has been evidence of low-level exposure to hydrocarbons from cytochrome P450 testing. 
While this measure can identify exposure, it does not identify effects of hydrocarbon exposure on 
individuals or at a population level. It is reasonable to expect marine bird recovery at a population level 
within two to five years following a large oil spill.  

9.4 Marine Mammal and Marine Mammal Habitat 

The Marine Mammal and Marine Mammal Habitat ecological resource group is represented in the 
EVOSTC literature by a variety of species, including harbour seal and river otter (“recovered”), sea otter 
and killer whale – AB Pod (“recovering”) and killer whale – AT1 Population (“not recovered”).  

Sea otters were severely affected by the EVOS, with a large number of carcasses being collected 
throughout the spill area. No apparent population growth occurred for Prince William Sound sea otters 
between 1989 and 1991. Since that time, areas that were heavily oiled have shown slower rates of 
population increase than less-oiled areas (EVOSTC 2010). Since 2004, however, even cytochrome P450 
biomarker results for sea otters from oiled and un-oiled areas have been similar, and population trends in 
oiled areas have been increasing. Harwell and Gentile (2006) concluded that at the scale of Prince 
William Sound, sea otter populations had returned to, or may exceed pre-spill numbers, and that no 
continuing ecologically significant effects persisted.  

The effects of the EVOS on killer whales represent one of the more complex and controversial narratives. 
Two whale groups have received intensive follow-up since the EVOS: the AB pod (resident) and the AT1 
population (transient). Resident killer whales feed primarily on fish (especially salmon), whereas transient 
killer whales feed primarily on seals. Despite being called transient, the AT1 pod appeared to range only 
through the Prince William Sound and Kenai Fjords region. Both groups lost members and exhibited 
higher than expected mortality rates following the EVOS, and it is possible that direct inhalation of 
vapours may have been a cause of mortality for some whales, as they were observed swimming in the 
freshly-spilled oil, near the Exxon Valdez, at the time of the spill.  

The EVOSTC (2010) has established recovery objectives for killer whales that are specific to these two 
groups (i.e., a return to the pre-spill number of 36 members in the AB pod, and a stable population trend 
in the AT1 population). These objectives may be too limiting to recognize recovery, in that ecosystems 
are never completely stable, and both groups of whales were and continue to be subject to pressures 
external to the EVOS. Harwell and Gentile (2006) note that the AB pod clearly lost members following the 
EVOS, but this was the exception to the trend in the overall Prince William Sound population of killer 
whales, which rose from 117 in 1988 to 155 in 2003. Effects of the EVOS on the AB pod may also be 
compounded by stress introduced to this pod by conflict with the longline fishery prior to the EVOS 
(Harwell and Gentile 2006). The AB pod was also reported to split into two distinct units subsequent to 
1990 (EVOSTC 2010). The AT1 population of killer whales is also subject to external pressures. This 
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group of whales, which feeds preferentially on seals, has been exposed to dietary intakes of PCBs, DDT 
and DDT metabolites and carries levels of these substances in blubber that are consistent with levels that 
cause reproductive problems in other marine mammals (EVOSTC 2010).  

Harwell and Gentile (2006) concluded that there is no plausible risk to killer whales from residual toxicity 
associated with the EVOS, and that such effects were limited to certain groups of whales, even at the 
time of the spill. The larger populations of both resident and transient killer whales did not show effects, 
and are showing increase.  

Evaluating the recovery of marine mammal populations following the EVOS has been complex. River 
otter and harbour seal populations appeared to recover quickly. As for some birds, one factor causing the 
EVOSTC to identify sea otter populations as “recovering” rather than “recovered” has been evidence of 
low-level exposure to hydrocarbons from cytochrome P450 testing. While this measure can identify 
exposure, it does not identify effects of hydrocarbon exposure on individuals or at a population level. As 
discussed previously, the recovery narrative for killer whales is complicated by a focus in specific groups 
of whales that have not recovered, and which are subject to additional stressors, while population-level 
trends are increasing. On balance, however, it is reasonable to expect marine mammal recovery at a 
population level within five to ten years following a large oil spill. 
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10.0 CERTAINTY AND CONFIDENCE 
Administrative boundaries and uncertainties are inherent to many aspects of predicting risks to ecological 
receptors. The extent of these boundaries is dictated by the availability and quality of information, as well 
as the variability associated with many of the exposure processes and factors being considered. When 
conducting risk assessments, it is standard practice to implement conservative assumptions (i.e., to make 
assumptions that are inherently biased towards safety) when uncertainty is encountered. This strategy 
generally results in an overestimation of actual risk. For this PQERA, prediction confidence is based on 
the following factors: 

 Environmental fate modeling 
 Selection of marine ecological receptors and derivation/assignment of biological sensitivity factors 
 Exposure and hazard assessment. 

10.1 Environmental fate Modelling 

Models used in the stochastic oil spill modelling have been developed over many years to include as 
much information as possible to simulate the fate and effects of oil spills in a realistic manner. However, 
there are limits to the complexity of processes that can be modelled, as well as gaps in knowledge 
regarding the environment that is affected, and the behaviour of specific organisms and ecosystems. 

In the unlikely event of an oil spill, the fate and effects would be strongly determined by specific 
characteristics of the oil, environmental conditions, and the precise locations and types of organisms 
exposed. Thus, the results presented here are a function of the scenarios simulated and the accuracy of 
the input data used. The goal of this study is not to forecast every situation that could potentially occur, 
but to describe a range of possible consequences so that an informed analysis can be made as to the 
likely effects of oil spills under various scenarios. The model inputs are designed to provide 
representative conditions to inform such an analysis. Thus, the modelling is used to provide quantitative 
guidance in the analysis of the scenarios considered in the ERA. 

10.2 Biological Sensitivity Factors 

Biological sensitivity factors were established through consideration of marine ecological receptors with 
anticipated exposure to the oil, with particular attention to species believed to be sensitive to disturbance, 
and which act as indicators of overall environmental health. For each receptor category, four biological 
sensitivity factors were defined on a scale of 1 (low sensitivity) to 4 (very high sensitivity). For shoreline 
and near shore habitats, biological sensitivity factors were based on consideration of habitat complexity 
and ability of different habitat types to sustain high levels of biodiversity and productivity, as well as the 
way in which spilled crude oil would interact with and persist on such habitat. For marine fish and 
supporting habitat, biological sensitivity factors were based on water depth with the highest biological 
sensitivity factor reserved for developing eggs and embryos in shallow water habitat. For marine birds 
and marine mammals and their habitats, the classification scheme considers lifestyle, behaviour, and 
exposure mechanisms, and in particular the role of fur or feathers in providing thermal insulation for 
warm-blooded animals in a cold environment. These factors are well understood in terms of their 
importance to the sensitivity of different types of wildlife when exposed to spilled oil. 

10.3 Exposure and Hazard Assessment  

Ecological receptors were assumed to be exposed to spilled crude oil to the extent that their habitat 
overlapped with three probability boundaries for oil presence on water, or oiling of shorelines (i.e., ≥10%; 
≥50% and ≥90% probability of oiling). It is conservatively assumed that any contact between a marine 
ecological receptor and crude oil is potentially harmful, regardless of the amount of oil present, or the 
duration of the exposure. This approach is likely to overstate, rather than understate the potential 
consequences of spilled crude oil.  

10.4 Recovery Assessment 

The recovery assessment was carried out with primary consideration being given to the recovery of 
ecological receptors following the EVOS of 1989. That oil spill, while a major disaster caused by the 
grounding of a large single-hulled oil tanker, shows that marine ecosystems do recover from the effects of 
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oil spills. Most of the instances of delayed recovery are associated with the effects of lingering or 
sequestered oil affecting a small area of habitat, or relate to effects on specific groups of whales which 
experienced harm from which they may not fully recover, but which are compensated for by gains made 
by other groups in the region. The EVOS was also a defining learning experience in terms of oil spill 
response, and some of the oil spill response strategies that were employed at that time were found to be 
inappropriate. Current oil spill response planning and deployment incorporates those learned lessons, so 
that better outcomes can be expected than were observed at some sites following the EVOS. For the four 
ecological receptor groups considered here, including shoreline habitat, marine fish and supporting 
habitat, marine birds and supporting habitat, and marine mammals and supporting habitat, recovery 
predictions and time to recovery are based upon relevant real-world experience, and are accorded a high 
level of confidence. 
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11.0 SUMMARY OF POTENTIAL ENVIRONMENTAL EFFECTS 
11.1 Potential Environmental Effects and Recovery of Shoreline and Near Shore 

Habitats 

The PQERA indicates that while shoreline habitats would be affected by spilled oil along the marine 
transportation route, the affected areas generally represent a small fraction of total amount of shoreline 
belonging to each shoreline sensitivity class within the RSA.  

In the case of a 16,500 m3 spill, the maximum spatial extent of affected shorelines with a high to very high 
probability of oiling from spill locations at Strait of Georgia, Arachne Reef and Race Rocks, respectively, 
range from 3.4% to 15% of the available habitat in the RSA for BSF = 1; 1.3% to 8.7% of the available 
habitat in the RSA for BSF = 2; 0.2% to 6.6% of the available habitat in the RSA for BSF = 3k and 0.5% to 
1.6% of the available habitat in the RSA for BSF = 4. For an 8,250 m3 spill, the maximum spatial extent of 
affected habitat with a high to very high probability of oiling for Strait of Georgia, Arachne Reef and Race 
Rocks, respectively, range from 1.1% to 8.2% of the available habitat in the RSA for BSF = 1; 0.9% to 
4.5% of the available habitat in the RSA for BSF = 2; 0.1% to 4.1% of the available habitat in the RSA for 
BSF = 3; and 0.0% to 0.2% of the available habitat in the RSA for BSF = 4.  

Very little of the potentially affected shoreline habitat is of a type that would tend to sequester spilled 
crude oil (e.g., deep gravel or cobble-boulder substrates that are not underlain by fine substrates that will 
remain saturated at low tide). Although salt marsh and eelgrass habitats are considered to be highly 
sensitive to crude oil exposure, these habitats have a very low probability of oiling. Shoreline classes with 
low exposure cobble/boulder veneer over sand would be most affected, but shorelines of this type are 
more readily restored if oiled, and would recover in a relatively short period of time. 

Therefore, it is expected that shoreline clean-up and assessment techniques (SCAT) would be applied to 
the spilled crude oil that reached the shore, and that most of this oil would be recovered. Biological 
recovery from spilled oil, where shoreline communities were contacted by and harmed by the oil or by 
subsequent clean-up efforts, would be expected to lead to recovery of the affected habitat within two to 
five years. By comparison, whether cleaned or not, intertidal communities had largely recovered within 5 
years after the EVOS. 

11.2 Potential Environmental Effects and Recovery of Marine Fish and Supporting 
Habitat  

The PQERA indicates that fish habitat would be affected by spilled oil along the marine transportation 
route for all scenarios and seasonal conditions. The areas with the greatest spatial extent with a high to 
very probability of oiling can represent a substantial fraction of total amount of each habitat type with up to 
46% of the habitat affected in comparison to the overall habitat present within the RSA. Not all fish 
habitat, however, is of equal sensitivity to oiling.  

In the case of a 16,500 m3 spill, the maximum spatial extent of affected habitat with a high to very high 
probability of oiling for Strait of Georgia, Arachne Reef and Race Rocks, respectively, range from 36% to 
46% of the available habitat within the RSA for BSF = 1; 26% to 42% of the available habitat within the 
RSA for BSF = 2; 13% to 30% of the available habitat within the RSA for BSF = 3; and 4% to 16% of the 
available habitat within the RSA for BSF = 4. For an 8,250 m3 spill, the maximum spatial extent of 
affected habitat with a high to very high probability of oiling for Strait of Georgia, Arachne Reef and Race 
Rocks, respectively, are 29% to 39% of the available habitat within the RSA for BSF = 1; 22% to 29% of 
the available habitat within the RSA for BSF = 2; 9.8% to 22% of the available habitat within the RSA for 
BSF = 3; and 2.8% to 13% of the available habitat within the RSA for BSF = 4.  

The potential for negative effects to the marine fish community is generally low, due to the low potential 
for dissolved hydrocarbon concentrations in water to reach thresholds that would cause mortality of fish or 
other aquatic life. The spilled crude oil has a relatively high viscosity, and this increases with weathering, 
so that the formation of oil droplets in the water column, that would enhance the dissolution of more toxic 
hydrocarbon constituents such as BTEX and light PAHs requires high wind speeds and rough water 
conditions, and even then this affects only the surface water layer in deepwater environments. The 
potential for dissolved hydrocarbon concentrations to reach toxic levels would be greatest in shallow 



Trans Mountain Pipeline ULC Volume 8B, Marine Transportation Technical Reports 
Trans Mountain Expansion Project Ecological Risk Assessment of Marine Transportation Spills 
 

 
December, 2013  REP-NEB-TERA-00031 

Page 11-2 
 
 

water areas, under weather conditions that caused spilled oil to be driven into shallow areas with wave 
action, leading to localized high concentrations of dissolved hydrocarbons in the water. This could result 
in the death of fish and invertebrates as a result of narcosis, or could cause abnormalities in developing 
embryos if spawn was present. Effects of this type were seen locally following the EVOS, but large-scale 
effects at the population level were not observed.  

Due to the generally low potential for the spill scenarios to cause wide-spread mortality of fish, recovery of 
the marine fish community would be expected to be rapid. Even under a worst-case outcome event where 
localized fish kills might be observed, it is expected that the lost biological productivity would be 
compensated for by natural processes within one to two years. By comparison, effects of the EVOS on 
marine fish populations, were either not significant to begin with, or recovery occurred within one or two 
years at most. 

11.3 Potential Environmental Effects and Recovery of Marine Birds and 
Supporting Habitat 

The PQERA indicates that marine bird habitat would be affected by spilled oil along the marine 
transportation route for all scenarios and seasonal conditions. The areas with the greatest spatial extent 
with a high to very probability of oiling can represent a substantial fraction of total amount of each habitat 
type with up to 42% of the habitat affected in comparison to the overall habitat present within the RSA. 

In the case of a 16,500 m3 spill, the maximum spatial extent of affected habitat with a high to very high 
probability of oiling for Strait of Georgia, Arachne Reef and Race Rocks, respectively, ranged from 0.5% 
to 11% of the available habitat in the RSA for BSF = 1 (shorebirds); and from 23% to 42% of the available 
habitat in the RSA for BSF = 2, 3 or 4 (gulls and terns, ducks and cormorants, or auks and divers, 
respectively). For an 8,250 m3 spill the maximum spatial extent of affected habitat with a high to very high 
probability of oiling for Strait of Georgia, Arachne Reef and Race Rocks, respectively, ranged from 0.4 to 
6% of the available habitat in the RSA for shorebirds; and from 15% to 35% of the available habitat in the 
RSA for the other seabirds. 

There is high potential for oiling of marine bird habitat following an accidental spill of crude oil along the 
marine transportation route. The extent to which this potential could be realized would depend upon the 
size of the oil spill, the efficacy of measures intended to promptly contain and recover spilled oil, the 
ability of oil spill responders to capture and treat oiled animals, and the intrinsic sensitivity of the animals 
to exposure. Shorebirds have generally low sensitivity to oiling, and it is noteworthy that the Fraser River 
Delta is not predicted to be highly exposed to spilled crude oil in the event of a marine transportation 
accident. It is likely, however, that some shorebirds would be sufficiently oiled to result in mortality of adult 
or juvenile birds, or that eggs would become oiled as a result of oil in the feathers of the parent birds 
during the breeding season, resulting in embryo mortality.  

There is also a high probability of exposure for other seabirds (including but not limited to gulls and terns, 
ducks and cormorants, and auks and divers) in the unlikely event of a crude oil spill. Some level of 
negative effect would be expected for birds exposed to crude oil, up to and including death as a result of 
hypothermia, loss of buoyancy, and/or oil ingestion. While the actual effects would depend upon the 
season, as well as other factors related to the oil spill and response activities, an effect magnitude rating 
of High would result under most if not all combinations of exposure scenarios and seabird guilds or 
sensitivity classes for the CWC and smaller spills. 

Oil exposure could also extend to affect a large number of known breeding or colony sites for seabirds, as 
well as a large number of IBAs in the Strait of Georgia, Gulf Islands, and Juan de Fuca Strait region. This 
exposure is also considered likely to result in mortality of seabirds associated with the nesting sites during 
the spring and summer, and the IBAs at any time of the year. Again, an effect magnitude rating of High 
would result.  

Recovery of marine bird populations following the EVOS was generally rapid and uncomplicated. A major 
factor causing the EVOSTC to identify certain bird populations as “recovering” rather than “recovered” 
has been evidence of low-level exposure to hydrocarbons from cytochrome P450 testing. While this 
measure can identify exposure, it does not identify effects of hydrocarbon exposure on individuals or at a 
population level. It is reasonable to expect marine bird recovery at a population level within 2 to 5 years 
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following a large oil spill. Populations of alcid birds, which are considered to be most sensitive to spilled 
oil, could take longer to recover, on the order of 10 years or longer.  

11.4 Potential Environmental Effects and Recovery of Terrestrial and Marine 
Mammals and Supporting Habitat 

The PQERA indicates that mammal habitat would be affected by spilled oil along the marine 
transportation route for all scenarios and seasonal conditions. The areas with the greatest spatial extent 
with a high to very probability of oiling can represent a substantial fraction of total amount of each habitat 
type with up to 60% of the habitat affected in comparison to the overall habitat present within the RSA. 

In the case of a 16,500 m3 spill, the maximum spatial extent of affected habitat with a high to very high 
probability of oiling for Strait of Georgia, Arachne Reef and Race Rocks, respectively, ranged from 2.2% 
to 11% of the available habitat in the RSA for BSF = 1; 20% to 36% of the available habitat in the RSA for 
BSF = 2; 42% to 60% of the available habitat in the RSA for BSF = 3; and 13% to 30% of the available 
habitat in the RSA for BSF = 4. For an 8,250 m3 spill the maximum spatial extent of affected habitat with a 
high to very high probability of oiling for Strait of Georgia, Arachne Reef and Race Rocks, respectively, 
ranged from 0.8 to 6% of the available habitat in the RSA for BSF = 1; 16% to 26% of the available 
habitat in the RSA for BSF = 2; 27% to 39% of the available habitat in the RSA for BSF = 3; and 9.8 to 
22% of the available habitat in the RSA for BSF = 4. 

There is clearly potential for oiling of marine mammal habitat following an accidental spill of crude oil 
along the marine transportation route. The degree to which this potential is realized would depend upon 
the size of the oil spill, the efficacy of measures intended to promptly contain and recover spilled oil, the 
ability of oil spill responders to capture and treat oiled animals, and the intrinsic sensitivity of the animals 
to exposure. Animals that are essentially terrestrial species that could be exposed to crude oil that 
accumulated along shorelines have generally low sensitivity to oiling, and it is unlikely that oiled 
individuals would die as a result of exposure. It is very unlikely that such exposure would result in a 
measurable effect at the population level.  

While there is a relatively high probability of exposure for seals and sea lions (BSF = 2) in the unlikely 
event of a crude oil spill, and some level of negative effect would be expected for animals exposed to 
crude oil, the effects would not likely be lethal, except in the case of weaker animals such as pups or 
older and diseased animals. There is also a high probability of exposure for whales (BSF = 3). Again, 
while some level of negative effect would be expected for animals exposed to crude oil, the effects would 
not likely be lethal, except in the case of weaker animals such as calves or older and diseased animals, 
or animals that were exposed to heavy surface oiling and inhalation of vapours from fresh crude oil, as 
could occur in the immediate vicinity of the spill location. The killer whales that appear to have suffered 
the greatest level of negative effects following the EVOS belonged to a group that was exposed to fresh 
crude oil at the spill site, and although the fate of these animals remains uncertain, it seems likely that 
direct exposure, including inhalation of vapours, may have resulted in the death of some of these animals. 

For mammals with very high sensitivity to oil exposure such as otters (BSF = 4) there is a medium 
probability of exposure along the marine transportation route in the unlikely event of an accidental crude 
oil spill. Some level of negative effect would be expected for animals exposed to crude oil and exposure 
during the winter season would be more stressful than exposure during the summer, but in either case, 
the combination of hypothermia and damage to the gastro-intestinal system caused by crude oil ingested 
through grooming the fur would have the potential to cause death. Many sea otters died following the 
EVOS, and the sea otter population has been slow to recover, although river otters were deemed to have 
recovered within 10 years after the spill. 
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12.0 CLOSURE 
This report has been prepared by Stantec Consulting Ltd. (Stantec) for the sole benefit of Trans Mountain 
Pipeline ULC (Trans Mountain). The report may not be relied upon by any other person or entity, other 
than for its intended purposes, without the express written consent of Stantec and Trans Mountain. 

This report was undertaken exclusively for the purpose outlined herein and was limited to the scope and 
purpose specifically expressed in this report. This report cannot be used or applied under any 
circumstances to another location or situation or for any other purpose without further evaluation of the 
data and related limitations. Any use of this report by a third party, or any reliance on decisions made 
based upon it, are the responsibility of such third parties. Stantec 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.  

Stantec makes no representation or warranty with respect to this report, other than the work was 
undertaken by trained professional and technical staff in accordance with generally accepted engineering 
and scientific practices current at the time the work was performed. Any information or facts provided by 
others and referred to or used in the preparation of this report were assumed by Stantec to be accurate. 
Conclusions presented in this report should not be construed as legal advice. 

The information provided in this report was compiled from existing documents and data provided by Trans 
Mountain and by applying currently accepted industry standard mitigation and prevention principles. This 
report represents the best professional judgement of Stantec personnel available at the time of its 
preparation. Stantec reserves the right to modify the contents of this report, in whole or in part, to reflect 
the any new information that becomes available. If any conditions become apparent that differ 
significantly from our understanding of conditions as presented in this report, we request that we be 
notified immediately to reassess the conclusions provided herein. 

STANTEC CONSULTING LTD. 

   

John Henderson, P.Eng. 
 
Associate, Senior Environmental Engineer 
 
Halifax, Nova Scotia 
Phone:  (902) 468-7777 

 Malcolm Stephenson, Ph.D. 
 
Principal, National Practice Lead Risk 
Assessment 
Fredericton, New Brunswick 
Phone: (506) 452-7000 
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Appendix A Seasonal Stochastic Modelling Results for a Hypothetical 16,500 m3 Spill of 
Cold Lake Winter Blend at Three Locations along the Marine Transportation Route –  

Data Summaries Received from EBA (2013) 
 

Strait of Georgia –Winter Season, Spring Season, Summer Season, Fall Season 
 
Arachne Reef – Winter Season, Spring Season, Summer Season, Fall Season 
 
Race Rocks – Winter Season, Spring Season, Summer Season, Fall Season 
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