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Preface to Volume 7C
Northern Gateway is committed to evaluating the risk handling hydrocarbons at the marine terminal so
that operational and mitigation measures can be implemented to reduce risk, and emergency response
measures can be developed to limit the effects of any releases.
Based on the importance of understanding how the risk of a shipping incident (such as collision or
grounding) is determined quantitatively, Northern Gateway initiated a round-table process involving
stakeholders and participating Aboriginal groups from the north coast area, to identify issues of concern.
Participants, called the Quantitative Risk Analysis (QRA) working group, contributed to the scoping of
the study, development of terms of reference, and selection of a consultant who would complete the QRA.
Det Norske Veritas (DNV), an organization independent of Northern Gateway that specializes in marine
risk assessment, was selected by the QRA working group to conduct the QRA for trans-shipment
operations (loading and unloading cargo) at the Kitimat Terminal (as well as in the CCAA;
see Volume 8C).
The QRA report will be finalized in Q2 of 2010; therefore, the information used in the assessment in this
volume relies on a draft March 2010 version of the QRA.
This volume provides information as it applies to the marine environment during operations at the Kitimat
Terminal, with details regarding the characteristics of hydrocarbons that will be handled at the marine
terminal (including their fate in the marine environment). The examples examine the potential pathway
and dispersal of hypothetical hydrocarbon spills at the tank and marine terminals and the potential effects
of a spill on the biophysical and socio-economic environment, including identifying follow-up and
monitoring.
For the Construction Environmental Protection and Management Plan, see Volume 7A. For risk
assessment and management of spills related to the pipelines, see Volume 7B.
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1

Introduction

1.1

Background

Northern Gateway Pipelines Limited Partnership (Northern Gateway) proposes to construct and operate
the Enbridge Northern Gateway Project (the Project), which will comprise the following major facilities:
•
•
•

an oil (diluted bitumen and synthetic oil) export pipeline
a condensate import pipeline
a tank terminal and marine terminal near Kitimat, British Columbia (referred to as the Kitimat
Terminal). (The marine terminal will accommodate transfer of oil into tankers and condensate out of
tankers.)

Northern Gateway will construct and operate the pipelines and the Kitimat Terminal, whereas third
parties will operate the marine vessels. Thus, the Project is defined as the pipelines, all associated
infrastructure and the Kitimat Terminal. Marine transportation is addressed as an additional factor to be
considered.
Pursuant to the Canadian Environmental Assessment Act (CEA Act; Section 16[1]), proponents are
required to consider environmental effects of malfunctions or accidents that might occur in connection
with a project. Accident prevention and environmental protection are key commitments for Northern
Gateway. Specific protection measures during detailed design and through operational plans will be
implemented to reduce the potential for, and effects of, accidents and malfunctions, including liquid
hydrocarbon spills.
An unmitigated hydrocarbon release could have acute (immediate) and chronic (months to years) effects
on the health of wildlife, fish and humans, and could reduce habitat quality. This volume identifies and
discusses the potential effects on the biophysical and human environments in Kitimat Arm
(see Figure 1-1). The immediate (acute) and chronic effects of exposure on organisms, and effects on
habitat and on human communities present near the terminal and in Douglas Channel and Kitimat Arm
are discussed in general terms. More detail is provided for specific examples.
Environmental effects of accidents and malfunctions during construction and operations, such as
small-scale releases from equipment and vehicles, and human-caused fire are addressed through the
prevention, preparedness and response planning described in Volume 7A, Construction Environmental
Protection and Management Plan (EPMP). The Construction EPMP also describes the environmental
protection, health and safety measures that are integrated into project design and construction.
This volume also describes prevention measures, an overview of emergency response planning and
detailed descriptions of response measures for specific examples. To aid in developing response plans for
the Kitimat Terminal and mitigating potential environmental effects, this assessment describes example
spills that are likely to have consequences for the environment. The effects arising from a release during
tanker loading and offloading are assessed. Although the probability of such a release is small, the
examples help to determine:
•

key design features
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•
•
•
•
•

appropriate mitigation (or contingency) measures
the behaviour of hydrocarbons in the environment
probability of an incident
effective response plans and equipment
potential biophysical, social and economic effects

The environmental assessment assumes that mitigation and emergency responses have occurred. An
ecological risk assessment (ERA) is conducted for example spills of diluted bitumen and condensate at
the Kitimat Terminal area. The ERA describes potential chronic effects in the marine environment
(e.g., biomagnifications of chemicals in the food chain).
The examples consider the following:
•

behaviour and fate of diluted bitumen and condensate in the marine environment

•

the volume released given the maximum shutoff time. The specific volume will be determined as part
of the quantitative risk analysis being completed for TERMPOL.

•

physical and chemical characteristics of the three types of hydrocarbon products to be transported in
tankers (diluted bitumen, synthetic oil and condensate)

•

environmental conditions (tide and winds) that reflect the season during which effects could be
greatest

•

valued environmental components (VECs) of the aquatic and socio-economic environments likely to
be affected

•

regulatory guidance and requirements

1.2

Purpose

The purpose of this volume is to provide information on:
•

key prevention measures at the marine terminal

•

likelihood of hydrocarbon releases (quantitative risk analysis)

•

emergency response planning, response and recovery

•

characteristics of hydrocarbons that will be handled at the marine terminal, including their fate in the
marine environment (i.e., evaporation, dissolution and emulsification)

•

examples (for emergency response planning)

•

potential effects on the biophysical and socio-economic environment, including the need for and
approaches to follow-up and monitoring
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1.3

Existing Documentation and Project-Specific Baseline
Studies

Literature reviews included assessments of projects near the Project and similar projects elsewhere,
geographic and technical databases, and scientific literature to identify relevant issues. In addition,
Northern Gateway conducted a number of studies to characterize the local marine environment and risks
of shipping hydrocarbons; these studies, in technical data reports (TDRs). TDRs used to write this
volume:
•

Marine Physical Environment Technical Data Report (ASL 2010)

•

Marine Fish and Fish Habitat Technical Data Report (Beckett and Munro 2010)

•

Marine Mammals Technical Data Report (Wheeler et al. 2010)

•

Marine Birds Technical Data Report (d'Entremont 2010)

•

Non-traditional Land Use Technical Data Report (Karki and Hamelin 2010)

•

Marine Ecological Risk Assessment for Kitimat Terminal Operations Technical Data Report
(Stephenson et al. 2010)

•

Properties and Fate of Hydrocarbons from Hypothetical Spills in the Confined Channel Assessment
Area and at the Marine Terminal Technical Data Report (SL Ross 2010)

•

Coastal Operations and Sensitivity Mapping of the Confined Channel Assessment Area Technical
Data Report (Polaris 2010)

Summaries are provided in Volume 1, Appendix M. Copies of the TDRs will be provided at the time of
filing either on a request basis or through the Northern Gateway website.
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2

Operational Measures to Prevent Hydrocarbon
Spills

Northern Gateway will implement an integrated approach during the planning, execution and operations
of the Kitimat Terminal and associated facilities, to identify and address all applicable environmental,
regulatory and statutory requirements and to monitor and document compliance with emergency response
requirements. These commitments will be documented in an Oil Pollution Prevention Plan and Oil
Pollution Emergency Plan, which form part of the overall General Oil Spill Response Plan.
During the operational life of the marine terminal, malfunctions could occur because of material failures
(e.g., infrastructure corrosion), human error, vandalism, third-party damage or natural events such as
severe weather. The potential for, and effects of, spills will be reduced through measures such as detailed
design and operational plans, including site security. More detailed versions of the operations plans will
be prepared before the commissioning of the marine terminal.
The following sections describe some key design features, operational measures and the contingency
response plan that will be implemented.

2.1

Terminal Design Features

Measures taken to prevent spills will include:
•

designing the marine terminal to comply with applicable codes and standards and adequate
monitoring systems

•

developing materials specifications for components to be used in the marine terminal

•

developing a plan that describes the design process, specifies the need for constructability and
operability assessments, and outlines the method for design review and verification, including the
process for checking produced documents (i.e., the engineering quality control process)

•

allowing only tankers to call at the terminal that are designed for closed loading systems with backup
audible and visual alarm to enable operations to be shut down before a potential tank overfill (The
International Safety Guide for Oil Tankers and Terminals, and International Chamber of Shipping
2006)

2.2

Operational Measures

The marine terminal will be designed to limit and mitigate environmental effects during construction and
operations. Particular attention will be paid to implementing industry-standard operational procedures and
mechanical measures to avoid spills. During operations, the following measures will be taken at the
marine terminal:
•

operational procedures will be in place for unloading and loading liquid hydrocarbons, including
using trained personnel to monitor tanker loading and unloading operations

•

fail-safe valves will be used for connecting oil tankers to the transfer pipe
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•

automatic shut-off valves and emergency release coupling will be installed on loading and unloading
arms

•

secondary containment will be used for loading and unloading arms and associated fittings

•

a containment boom will be placed at each tanker berth and deployed during all oil loading
operations. The containment boom will extend from shore, out around the tanker and back to shore.
Because condensate dissipates quickly, the containment boom will not be used during condensate
off-loading.

•

electronic sensors on arms will be in place to monitor position and engage the automatic shut-off
valve, in the unlikely event that the oil tanker drifts too far from the dock during transfer of liquid
hydrocarbons

•

a mooring load monitoring system to mitigate mooring lines overloading and reduce tanker
movements at berth

•

an alarm system will provide a warning and automatic shutdown time of 47 s for oil and 60 s for
condensate if a release is detected

•

harbour and escort tugs will be used during berthing and unberthing of tankers

•

an exclusion zone or navigational restrictions will be in place while tankers are at berth

•

wind speed will be monitored during loading and unloading operations, and cargo transfer operations
will be shut down, and cargo arms disconnected, when weather limitation criteria are reached

The following measures will also be implemented for detection, containment and cleanup:
•
•
•
•
•
•
•
•
•

continuous system monitoring with the Supervisory Control and Data Acquisition (SCADA) system
routine visual inspection
routine checks of valves
conformance to design codes
emergency response plans
capability to immediately deploy containment and response equipment at the marine terminal
emergency response equipment
emergency response training
establishment of trained response crews

Additional details on these procedures and equipment are provided in TERMPOL Study 3.2.
Prevention and emergency response for oil handling facilities is strictly regulated in Canada. An oil
pollution emergency plan, pursuant to the Canada Shipping Act, will be in place for the marine terminal.

2.3

Applicable Acts and Regulations

Canadian and international regulations will be followed, including those outlined in the Canada Shipping
Act, and by the International Marine Organization (IMO) Marpol Convention.
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The Canada Shipping Act strictly regulates the operations of vessels in Canadian waters. Regulations that
specify tanker safety requirements to address vessel building and maintenance standards, crew training
requirements, vessel operation, navigation equipment, aids to navigation, pollution prevention and
communications. Requirements for developing the emergency response capability and associated plans
are described in the following:
•
•
•
•
•

Response Organizations and Oil Handling Facilities Regulations
Oil Handling Facilities Standards 1995 (TP12402)
Environmental Response Arrangements Regulations (September 2008)
Oil Pollution Prevention Regulations
Pollutant Discharge Reporting Regulations

Other relevant Acts include:
•
•
•
•
•
•
•
•
•
•
•

Oceans Act
Navigable Waters Protection Act
The Canada Marine Act
Marine Liability Act
Fisheries Act
Oceans Act
The Pilotage Act
Migratory Birds Convention Act
Canadian Environmental Protection Act
Canadian Environmental Assessment Act
Transportation of Dangerous Goods Act

The IMO has established a regulatory framework for international shipping operations. Through the
MARPOL Convention and the International Convention on Oil Pollution Preparedness, Response and
Co-operation (OPRC), the IMO established protocols and mandatory requirements for oil tankers to
prevent spills of liquid hydrocarbons to the marine environment (MARPOL 73/78).

2.4

Environmental Protection

Environmental protection is implicit in the design features and operational measures outlined in
Sections 2.1 and 2.2. In addition to these prevention measures, exclusion booming of sensitive areas
would be a key environmental protection measure that will limit the spread of any hydrocarbons beyond
the containment boom and facilitate cleanup (details on such measures are provided later in this volume).
Other environmental protection measures include:
•
•
•
•

ballast management
caches of response equipment
available trained personnel to respond quickly to any marine-related emergency
design and use of escort tugs for first response operations
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3

Probability of Hydrocarbon Spills

This section discusses the probability of a hydrocarbon release when a tanker is berthing or is berthed at
the Kitimat Terminal. Calculations are based on a quantitative risk analysis (QRA) being completed for
the TERMPOL Review Process (see Section 2.2). The QRA is a statistical analysis of the probability of
an incident occurring, the conditional probability of a release occurring given an incident, and an
evaluation of the potential volume released. Probability estimates are based on a frequency assessment
with appropriate scaling factors applied (i.e., wind, current and ship traffic conditions present).
To identify issues of concern, Northern Gateway initiated a round-table process involving stakeholders
and participating Aboriginal groups from British Columbia’s central coast area (referred to as the QRA
Working Group).
The QRA follows international best practice from the IMO definition of a Formal Safety Assessment
(IMO 2002, Internet site).
The QRA for trans-shipment operations at the Kitimat Terminal considers:
•

the system in which tankers will be operating, including current and projected traffic volumes,
navigation systems and weather conditions in proximity of the terminal

•

hazards using input from Det Norske Veritas’ (DNV), experience and knowledge of other terminals,
British Columbia pilots, other marine professionals and local stakeholders to capture local conditions
and relevant causes of incidents (e.g., loading arm failures and human error)

•

global frequencies of incidents 1 with consideration of local scaling factors (e.g., wind, current and
ship traffic) to predict the frequency of various types of tanker operations incidents. The assessment
estimates the probability of plausible incidents that could result in the breaching of the tanker’s cargo
containment system or malfunction of the terminal loading system. It considers the potential
magnitude and likely outcome, and the output is a return period (in years) which is the estimated
recurrence interval between potential events.

•

mitigation measures taken to reduce the potential risk and consequences of spills. For example,
incidents might occur, but operation systems such as closed loading can prevent releases from the
overloading of oil tanks, and booming can contain hydrocarbons released into the water.

The QRA results assess incidents during loading and offloading, a tanker striking a pier while berthing,
and a tanker being struck by a passing vessel while at berth. Findings suggest the overall project risk is
comparable to that of existing shipping routes and terminals with similar meteorological, oceanographic
and physical conditions (areas with fjords, fog and wind). Weather and sea conditions are comparable or
better than other areas around the world with a large amount of oil tanker traffic (DNV 2010, in prep.).
Typically, poor weather can delay navigation, disrupt cargo operations, increase tanker drifting due to
wind or contribute to foundering. (Volume 8C discusses risks and potential effects of tanker incidents
occurring during passage within the CCAA and the Territorial Sea of Canada.)

1

Based on LRFP marine incident database (LRFP 2007, Internet site).
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Probability of Spills associated with Trans-shipment Operations at the Kitimat Terminal
Through the QRA, it was determined that the risk of an incident resulting from a tanker being struck by a
passing vessel at the marine terminal is negligible (DNV 2010, in prep.). It was also determined that the
risk of a spill resulting from a tanker striking the pier during berthing in negligible.
A release associated with loading oil or offloading condensate at the Kitimat Terminal may result from
different events. The event type also contributes to the size of the release. Table 3-1 provides a summary
of estimated return periods associated with different events.

Table 3-1

Return Period of a Spill from a Tanker at Berth

Event
Release from loading arm
Failure in equipment

Return Period
1
Small Oil Spill
(years)
140

Return Period
2
Medium Oil
Spill
(years)
1,300

Return Period
1
Small
Condensate
Spill
(years)
300

Return Period
2
Medium
Condensate
Spill
(years)
2,700

-

1,300

-

2,700

Failure in the vessels piping
system or pumps

1,000

9,300

2,100

19,500

Human failure

1,000

9,300

2,100

19,500

Mooring failure
Overloading of cargo tank
Total

Negligible
110

1,700
Negligible
430

Negligible
230

3,700
Negligible
910

NOTES:
In line with the International Tanker Owners Pollution Federation Limited (ITOPF), spills are generally categorized
by size;
1
3
small (less than 7 tonnes ~ 10 m )
2
3
medium (7-700 tonnes ~ 10 – 1000 m )
3
Large is used to describe those greater than 700 tonnes (~ 1000 m ).

The Kitimat Terminal will be designed with a vapour emissions control system in order to collect the
vapours that are displaced from the cargo tanks during loading. If the cargo tanks were to be accidentally
overloaded, the excess oil can be captured by the vapour control system: thereby, the risk of a release can
be greatly reduced. In addition, all tankers must be equipped, and will be required, to conform with closed
loading and vapour recovery operation systems. Dock monitoring, mooring load monitoring, firefighting,
gas detection, security and other safety systems will be installed and monitored during all phases of oil
handling operations.
The size of a spill resulting from a loading or offloading incident is a function of the type of failure
(e.g., loading arm, pumping systems, human failure), the cargo transfer rate, the detection time, and the
emergency valve shut down time. For both oil loading and condensate discharge, the maximum credible
volume of a major failure is 250 m3 (DNV 2010, in prep.). Although the medium category is
characterized as ranging from 10 to 1000 m3, it is unlikely that a terminal spill during loading or
offloading will be greater than 250 m3 (DNV 2010, in prep.). As seen in Table 3-1 small releases have
lower return periods than larger incidents.
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4

Weathering of Liquid Hydrocarbons

The physical and chemical characteristics of the hydrocarbons transferred at the marine terminal are
useful in describing their probable behaviour and fate in the environment, as well as their potential to
affect the environment. A brief description is provided here. Detailed physical and chemical analyses are
provided in the Properties and Fate of Hydrocarbons from Hypothetical Spills in the Confined Channel
Assessment Area and at the Marine Terminal Technical Data Report (TDR) (SL Ross 2010).
Three types of liquid hydrocarbons will be handled at the Kitimat Terminal: diluted bitumen, synthetic oil
and condensate. Diluted bitumen and synthetic oil are viscous fluids that persist in the environment,
whereas condensate is a low-viscosity fluid that evaporates and disperses rapidly.

4.1

Physical Properties

Samples of the liquid hydrocarbons were sent for testing in laboratory simulations to better understand
their weathering properties (see Properties and Fate of Hydrocarbons from Hypothetical Spills in the
Confined Channel Assessment Area and at the Marine Terminal TDR) and predict their possible
behaviour in the marine environment. Weathering processes include evaporation, photo-oxidation,
dispersion and biodegradation, with evaporation typically accounting for the majority of light
hydrocarbon fractions. As shown in Table 4-1, physical properties change over time. However, the actual
amount weathered would depend on prevailing oceanographic and meteorological conditions.

Table 4-1

Parameter

Physical Properties of Weathered Hydrocarbons in the Marine
Environment
Amount
Evaporated
(%)

Density at 15°C
3
(g/cm )

Weathered (3 to 4 hours after an incident)
Diluted Bitumen

Viscosity at
15°C
2
(mm /s)

Pour Point
(°C)

Emulsion
Tendency

1,427

< -23

unlikely

1

9

0.965

Synthetic Oil

24

0.918

46.9

-24

unlikely

Condensate

57

0.810

7.5

< -22

unlikely

Weathered (24 hours after and incident)

1

Diluted Bitumen

13

0.970

-18

unlikely

Synthetic Oil

30

0.926

2,652
87.6

-21

likely

Condensate

75

0.852

7.3

< -23

unlikely

NOTE:
1
Weathering characteristics will vary with meteorological and oceanographic conditions (see Properties and Fate of
Hydrocarbons from Hypothetical Spills in the Confined Channel Assessment Area and at the Marine Terminal TDR).

Of the three hydrocarbons tested, diluted bitumen is the most persistent in the environment (13%
evaporation after 24 hours); condensate is the least persistent (75% evaporated after 24 hours), whereas
synthetic oil is intermediate in persistence (see Table 4-1).
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4.2

Chemical Properties

Chemical analyses of the three hydrocarbons are useful in describing their probable behaviour in the
marine environment and their potential effects on the biophysical and human environments. A complete
chemical characterization of the three hydrocarbons is provided in the Marine Ecological Risk
Assessment for Kitimat Terminal Operations TDR (Stephenson et al. 2010). For a summary,
see Table 4-2.

Table 4-2

Chemical Properties of Liquid Hydrocarbons in the Marine
Environment

Chemical Parameter

Detection Limit

Diluted Bitumen
Concentration
(mg/kg)

Synthetic Oil

Condensate

Total Petroleum Hydrocarbon Fractions (PHF)
F1 (C6-C10)

0.01

41,000

104,000

374,000

F2 (C10-C16)

0.05

136,000

246,000

80,900

F3 (C16-C34)

0.01

394,000

467,000

59,900

F4 (C34-C50)

0.05

51,000

62,000

20,400

Polycyclic Aromatic Hydrocarbons (PAH)
1-methylnaphthalene

2.5

6.6

99

190

2-methylnaphthalene

2.5

4.2

79

110

Naphthalene

5.0

< 5.0

85

86

Fluorene

5.0

< 5.0

14

15

Phenanthrene

5.0

5.3

12

25

Pyrene

5.0

6.1

30

< 5.0

Benzo(a)anthracene

5.0

7.9

< 5.0

< 5.0

Benzene, Toluene, Ethylbenzene and Xylenes (BTEX)
Benzene

0.01

280

1,100

13,100

Toluene

0.05

990

3,300

25,300

Ethylbenzene

0.01

360

1,200

2,900

Total Xylenes

0.05

1,500

4,200

21,000

Other Volatile Organics
1,3,5-trimethylbenzene

100

200

430

1,800

1,2,4-trichlorobenzene

100

610

1,600

3,400

NOTE:
Only chemicals that were detected in at least one of the three hydrocarbon samples are shown.

Oils and condensates are complex hydrocarbon mixtures containing organic compounds and inorganic
trace elements. The main constituents are aliphatic and aromatic hydrocarbons. Total petroleum
hydrocarbons (TPH), and volatile compounds (e.g., benzene, toluene ethylbenzene, and xylenes, known
as BTEX), and polycyclic aromatic hydrocarbons (PAH) were measured in samples of the three
hydrocarbons. For this analysis, TPHs are divided into four main fractions (F1, F2, F3, F4) according to
molecular weight, with the F1 fraction containing compounds of lowest molecular weight and highest
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volatility. PAHs comprise a relatively small proportion of both oil and condensate. PAHs can persist in
sediments and soils and are considered toxic to many aquatic and terrestrial species.
Relative proportions of volatile and less volatile compounds govern, in part, their physical properties and
behaviour in the environment. Among the three hydrocarbons, condensate has the highest concentrations
of the more volatile compounds (e.g., F1 fraction, BTEX), and diluted bitumen has the lowest
concentrations (see Table 4-2). This contributes to the rapid weathering (primarily evaporation) rates for
condensate shown in Table 4-1.
PAH concentrations provide an indication of persistent toxic components of hydrocarbons, due to the
longer time needed for natural degradation in the environment. Condensate contains the highest
concentrations of parent PAHs among the three hydrocarbons tested (see Table 4-2). Total parent PAH
concentrations were 30 mg/kg for diluted bitumen, 319 mg/kg for synthetic oil, and 426 mg/kg for
condensate.

4.3

Weathering and Fate of Hydrocarbons

When liquid hydrocarbons are exposed to the physical elements, their physical and chemical properties
change immediately as the result of processes including spreading, evaporation, dissolution, water-in-oil
emulsification, dispersion, sedimentation, oxidation and biodegradation Collectively, these processes are
referred to as ‘weathering’; each of these processes is described below.
Although these processes usually act simultaneously, their relative importance varies with time and
determines the fate and behaviour of hydrocarbons in the marine environment. Spreading, evaporation,
dissolution, dispersion and water-in-oil emulsification are most important during the early stages of a
spill. Sedimentation, oxidation and biodegradation are slower and longer-term processes that determine
the ultimate fate of the hydrocarbons.
Important factors determining the fate and effects of hydrocarbons include their physical and chemical
properties, the volume spilled and the prevailing climatic and sea conditions.
It is expected that effects of condensate on the marine environment would be much more limited in space
and time than those associated with diluted bitumen or synthetic oil.
Spreading
Spreading is one of the most important processes during the early stages of a spill in seawater. The rate of
weathering increases as spreading increases. The rate of spreading depends on:
•

viscosity – low viscosity hydrocarbons spread more quickly than those with high viscosity

•

pour point – at temperatures below their pour point, hydrocarbons rapidly solidify and can be many
centimetres thick on the surface of the water and spread very little

•

density

•

the volume released

•

surface tension of the water
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Evaporation
The rate of evaporation is determined primarily by the volatile components in the hydrocarbons, ambient
temperature and wind speed. Generally, components with a boiling point below 200°C will evaporate
within 24 hours at 13°C. Hydrocarbons remaining on the sea surface after evaporation will increase in
density and viscosity, which will affect subsequent weathering processes.
Dissolution
Dissolution increases the bioavailability of hydrocarbon components. The rate and extent of dissolution
depends on hydrocarbon composition (water-soluble fraction), degree of spreading, water temperature,
turbulence and degree of dispersion. The most soluble components are low molecular weight aliphatic
and aromatic hydrocarbons. The concentrations of dissolved hydrocarbons in sea water under a
hydrocarbons that are on the surface of the water rarely exceeds 1 mg/L. Dissolution is a much slower
process than evaporation, so does not make a major contribution to the removal of hydrocarbon from the
sea surface.
Oil-in-Water Emulsification
Under moderate to rough sea conditions, hydrocarbons take up water to form water-in-oil emulsions.
Stable emulsions can contain up to 80% water and the resultant viscous ‘chocolate mousse’ slows other
weathering processes, particularly evaporation and natural dispersion, leading to enhanced persistence of
the hydrocarbon. Breaking waves and wind speeds greater than 5 cm/s are generally regarded as
necessary conditions for formation of stable oil-in-water emulsions. Stability of the emulsion usually
increases with decreasing temperature.
Dispersion
Turbulence from breaking waves pushes surface hydrocarbon down into the water column as droplets of
varying size. The larger droplets have sufficient buoyancy to re-join the hydrocarbons on the surface of
the water, whereas others rise more slowly to form a sheen. Some droplets that are sufficiently small
remain suspended and never re-surface, thus naturally dispersing. The amount of dispersion depends on
the type of hydrocarbon. For example, light oils, which do not form stable oil-in-water emulsions, have a
higher rate of natural dispersion than hydrocarbons that form stable oil-in-water emulsions.
Sedimentation
When weathered hydrocarbons interact with inorganic and organic particulates in seawater, the
hydrocarbon can be adsorbed onto the particles. It is also possible for fine particulates to adhere to the
dispersed droplets. The hydrocarbon/particulate complex accumulates in the benthic environment when
the density of the complex exceeds the density of seawater. When oil and fine-particulates interact, they
typically form a buoyant emulsion referred to as oil-mineral aggregates. This process is usually dominant
when hydrocarbons are in particle-rich water bodies such as estuaries or shallow coastal waters.
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Oxidation
Hydrocarbons react with oxygen in the presence of sunlight to produce soluble by-products and, over
time, persistent aggregates referred to as tar balls. Degradation of oil by photo-oxidation is not a dominant
process but it can influence other weathering processes such as emulsification due to the production of
polar compounds with surface-active properties.
Biodegradation
Microbial degradation usually only occurs at a hydrocarbon/water interface. Factors influencing the rate
and extent of this process include characteristics of the hydrocarbon, temperature, availability of oxygen
and nutrients (primarily nitrogen and phosphorus) and the hydrocarbon surface area available for the
microbes. The available surface area increases greatly as oil and fine mineral particles interact, as does the
rate of microbial degradation. Microbial degradation is a relatively slow process but over time can remove
most of the hydrocarbon from the marine environment.
Estimates of Weathering Processes
Weathering rates of diluted bitumen, synthetic oil and condensate were estimated in a wind tunnel, to
simulate conditions after a spill (see Properties and Fate of Hydrocarbons from Hypothetical Spills in the
Confined Channel Assessment Area and at the Marine Terminal TDR). Results are provided as an input
to the mass balance models developed for response planning purposes (see Section 9). Results presented
in Table 4-3 are representative of conditions after 6, 12, 18 and 24 hours, and 2 and 3 days at sea.

Table 4-3

Hydrocarbon Evaporation Estimates for Spill Examples
Total Evaporated
(%)

Example
Diluted bitumen

6h

12 h

18 h

24 h

48 h

72 h

5

5

--

--

--

--

--

--

--

--

14

19

20

22

22

2

>50*

3

7

Condensate
Synthetic oil

1

SOURCE:
1
3
250 m of diluted bitumen at the marine terminal during summer.
2
3
250 m of condensate at the marine terminal during summer.
3
3
Based on an example for Emilia Island involving 10,000 m synthetic oil in winter.
* 51% evaporated in the first 30 minutes and the remainder dispersed within the first hour.

Table 4-3 provides estimates of weathering that would occur in the first three days after a spill, most of
which would occur because of evaporation. In the conditions modelled, bitumen evaporates more slowly
than synthetic oil. Condensate evaporates quickly, more than 50% within the first 30 minutes. As shown,
almost all of the volatile components of condensate have evaporated within 12 hours, whereas most
volatile components in diluted bitumen have evaporated within 18 hours.
Predicting where hydrocarbons might end up is important for response planning. Volatile hydrocarbons
typically evaporate immediately, and the remainder spread over the water surface, mix into the water
column or reach the shore. PAHs, which form a small percentage of the hydrocarbons to be transported,
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are among the most persistent compounds and typically settle in sediment (see Table 4-2). One way to
predict the fate of hydrocarbons is to calculate the mass balance, which considers the physical properties
of the specific hydrocarbons, which influence how they are broken down in the environment. Mass
balance calculations also incorporate hydrocarbon weathering given prevailing meteorological and
oceanographic conditions. The prediction is an estimated unmitigated (without containment or cleanup
intervention) volume of how much hydrocarbon will likely end up in a given environmental compartment
(e.g., air, water, or ashore).
The relative proportion of diluted bitumen in each environmental compartment is determined through
modelling, for periods ranging from 30 minutes to 10 hours (see Section 9). Unmitigated hydrocarbon
spills and their respective fates in the environment are described in the examples, based on meteorological
and oceanographic conditions for a winter or summer event near the terminal. The examples and mass
balance calculations demonstrate how hydrocarbons may behave in the environment at the terminal,
including interactions with the adjacent shoreline area.
Mass balance calculations assume that none of the hydrocarbons are contained or recovered, illustrating
the maximum credible hydrocarbon volumes that could interact with the environment. However, in
reality, recovery, containment booming around the tanker and exclusion booming to protect sensitive
shoreline habitat will reduce the volume of hydrocarbons reaching the sensitive areas. Mass balances
estimate hydrocarbon distributions in the marine environment, and these results can be used for response
planning.
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5

Incident Prevention and Emergency Response

Prevention of accidents and injuries is of primary importance to Northern Gateway, whose policy is to
operate in a manner designed to prevent incidents and implement emergency response measures to
contain, remove and restore affected areas. In keeping with its policies on environmental protection,
Northern Gateway has developed an Oil Spill Response (OSR) Plan that includes:
•

a corporate commitment to ‘extended responsibility’ to cover the marine transportation activities, as
well as the pipeline and terminal operations

•

an overarching strategy (the General Oil Spill Response Plan or GOSRP) that provides an integrated
management and operational approach for emergency response

•

pre-staging of equipment and logistics support to enable a rapid emergency response that is far in
excess of regulatory requirements

•

a robust risk reduction strategy (e.g., containment booms will be routinely used during loading all oil
tankers, tanker vetting, vessel tracking, and a requirement for all tankers to be double-hulled)

Northern Gateway will require all tankers calling on the marine terminal to comply with an integrated
approach to incident prevention and response for marine transportation of hydrocarbons. All applicable
environmental, regulatory and statutory requirements will be addressed, and compliance with the
commitments will be monitored. The following sections describe some key design features and the
contingency response planning approach that has been developed.

5.1

Canadian Coast Guard Services

The Canadian Coast Guard (CCG) provides Marine Communication and Traffic Services (MCTS), which
facilitates vessel movement, increases shipping safety and protects the environment through vessel traffic
management. The CCG, through the MCTS, provides another set of incident prevention tools, including:
•
•
•
•

vessel screening for compliance with applicable standards
regulation of vessel movement
communication of marine safety information and notices to shipping
monitoring and response to distress signals

All tankers calling on the marine terminal will be required to meet CCG requirements.

5.2

Emergency Response Approaches and Capabilities

Prior to operation of the Kitimat Terminal, Northern Gateway will complete project-specific emergency
response plans for review by the NEB and Transport Canada. Contingency plans are prepared so that a
response capability is in place to address abnormal events.
The cornerstone of the contingency planning process is the GOSRP, which will be developed to describe
measures and actions to be implemented before or after a hydrocarbon spill on land, at the marine
terminal or along the Northern and Southern Approaches. The GOSRP covers any spill with actual or
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potential consequences to project personnel, the environment, property or the public at large. The GOSRP
outlines the actions and strategies that would be taken, in cooperation with government and other
agencies, to manage the response. A draft table of contents for the GOSRP is included in Appendix A.
The Marine Oil Spill Response Plan (OSRP) outlines emergency response measures that would be taken
to mitigate the effects of a tanker-source spill on the marine environment. It is similar in concept to the
GOSRP, but will be at a more technical level and will provide support for the contingency plans, the Ship
Oil Pollution Emergency Plans (SOPEPs) and the tug SOPEPs (see Figure 5-1). The Marine OSRP will
be a required component of all vessel contingency plans.
The SOPEPs will be required for each tanker and support tugs of 300 gross tonnes or more. All tankers
calling on the Kitimat Terminal will be required to provide a SOPEP as part of the tanker vetting process.
Similarly, the Kitimat Terminal’s Emergency Procedures Manual (Terminal OSRP) is an umbrella for the
subplans that relate to hydrocarbon spills and will include the Terminal Operations Manual (TOM), the
Oil Pollution Prevention Plan (OPPP) and the Oil Pollution Emergency Plan (OPEP). The GOSRP and
Terminal OSRP will be completed and submitted to Transport Canada and the National Energy Board
(NEB) at least six months before the Kitimat Terminal begins handling bulk hydrocarbons. All plans will
be integrated with each other and with the British Columbia Provincial Marine OSRP and the CCG’s
Pacific Oil Spill Contingency Plan (OSCP). Draft tables of contents for a generic OSRP, SOPEP and
OPEP and OPPP are found in Appendices B through D.
The Marine OSRP and OPEP will describe emergency response actions available to mitigate the effects
of a release from the marine terminal on the marine environment. The OPPP will describe measures that
will prevent pollution during tanker transfers. The OPEP will be used by the terminal management and
emergency response staff. The combined Marine OSRP, Terminal Emergency Procedures Plan (OPEP
and OPPP), and the Response Organization (RO) OSRP will secure compliance with the Canada
Shipping Act and associated Response Organizations and Oil Handling Facilities Regulations
(SOR-95 405).
The detailed OSRPs will be followed to contain, remove or treat hydrocarbons. Key response actions are:
•
•
•
•
•
•
•
•
•
•

safety
notification (fire, police and emergency response)
incident management
source control
assessment
containment, recovery and protection strategies
equipment deployment
wildlife protection
cleanup and decontamination
demobilization and emergency response conclusion
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These actions are defined in the OPEP. Requirements for training and exercises also will be defined in
contingency plans. These requirements and policies will indicate the minimum standards expected and
required of personnel to respond effectively. Terminal personnel, vessel operators, management and the
RO will all be expected to participate in training, exercises and drills, so they are ready at any moment.
Sensitivity maps (see Figure 5-2 for an example) and geographic response plans (GRPs) that identify
priority protection areas or response sites, and strategies and tactics will be provided for areas near the
marine terminal.

5.3

Roles and Responsibilities

As the lead federal agency for all ship-source spills or pollution incidents in waters under Canadian
jurisdiction, the CCG will advise the Responsible Party (RP) regarding emergency response. In turn,
Northern Gateway will be advised of its responsibilities. Once satisfied with the RP’s intentions and
plans, the CCG will assume the role of Federal Monitoring Officer (FMO) on behalf of the Crown. The
British Columbia Ministry of Environment (BC MoE) monitors on behalf of the Province, participates in
the response and coordinates local involvement. Environment Canada (EC) provides scientific and
technical support and coordinates environmental input to the response as chair of the Regional
Environmental Emergencies Team (REET).
Although not a regulatory requirement, Northern Gateway is committed to ‘extended responsibility’ for
emergency response. Response to a hydrocarbon release in a marine environment involves the
coordination of multiple agencies and groups with well-defined roles and responsibilities, which are
described in the various OSRPs. Response actions are managed by implementing the Incident Command
System (ICS). The GOSRP integrates the various emergency response documents to provide the
framework for a successful response strategy. Table 5-1 lists some, but not all, key actions that might take
place, including appropriate actions for Tier 1 (smaller volume) to Tier 3 (larger volume) responses. The
tiers reflect maximum specific time requirements for response initiation, as well as increasing
requirements for equipment and personnel. Some actions may be a single, one-off event, such as a
notification, whereas others initiate a series of actions, some of which are concurrent and depend on other
onging activities.
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Table 5-1
1.
2.
3.
4.

Typical Sequence of Initial Response Actions

The Terminal Manager assumes the role of the initial On-Scene Commander (OSC), unless the source is directly
from a tanker, in which case the OSC would be the shipmaster.
OSC notifies the appropriate authorities (CCG and the Province), Northern Gateway and the RO contractor
contacts designated coastal Aboriginal groups.
OSC initiates the first response actions prescribed in the Oil Spill Response Plan.
OSC scales the problem and determines the most probable tier response level (based on Northern Gateway’s
philosophy of over-responding rather than under-responding). This assessment is reported to Northern Gateway
contact(s).

TIER 1 RESPONSE LEVEL – FIRST RESPONSE
1. The Kitimat Terminal OSR team is deployed to contain, recover and clean up under direction of the OSC and
staff.
2. The OSC informs the Federal Monitoring Officer (FMO - Coast Guard) of actions taken and intended actions.
3. The OSC establishes a command post.
4. Northern Gateway Crisis Management Team (CMT) mobilizes the Spill Management Team (SMT) to the level
(depth of personnel) necessary to take over command and management of the response.
TIER 2 and TIER 3 RESPONSE LEVEL – FIRST 24 HOURS
1. The SMT conducts an assessment of the spill.
2. The SMT recommends to the OSC which resources are appropriate to cascade to the response area.
3. The SMT recommends response objectives, strategies and priorities to the OSC.
4. The OSC informs the FMO of intended actions.
5. If appropriate, the initial response OSC hands over to the replacement OSC. The CCG and the Province are
notified of the handover.
6. The SMT establishes a finance section to provide funds, receive claims and document all costs and claims
related to compensation.
7. If necessary, the Spill Management Team establishes a new command post.
8. Northern Gateway participates in a Joint Information Centre (JIC) with the Province and issues a press release
on the incident and the response.

One of the keys to successful implementation of an emergency response is that actions are agreed upon
and coordinated between the parties involved. To a large degree, the roles and responsibilities of
emergency response are defined by regulations. Northern Gateway would be the RP and OSC for a
release originating from the Kitimat Terminal or from transfer operations to and from a tanker at berth up
to the ship manifold connection. The RP for a release of hydrocarbons from a tanker would be the tanker
owner; however, through the response plan, which would be required to be integrated with Northern
Gateway’s GOSRP and Marine OSRP, Northern Gateway will take responsibility that the response,
management, and implementation of the response operations meet corporate commitments and objectives.

5.4

Communications

All communications regarding a release from the terminal, during transfers, or from a tanker en-route to
or from the terminal would be routed through the Terminal Control Room, or as defined in the Project
Marine OSRP. Communications during transfers would follow procedures to be defined in the TOM.
Typically, communications during transfers are handled via radio contact between the terminal and vessel
Persons in Charge (PIC).
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Regardless of the quantity of fuel oil or whether it is from a tanker, the shipmaster will be required under
Northern Gateway’s GOSRP and the Marine OSRP to report immediately to the control room; in turn, the
Control Room Duty Operator will notify:
•
•
•

the designated On-Scene Commander for a terminal-source release
response teams (Kitimat Terminal and RO)
external contacts (CCG, province, public, communities)

5.5

Spill Response Objectives and Strategies

Response objectives and strategies must be established at the time of an actual event. For typical response
activities in the marine environment, see Table 5-2 and Figure 5-3 (one or more of these may apply).

Table 5-2

Examples of Emergency Response Objectives and Strategies for
the Kitimat Terminal

Objective
Oversee the Safety of
Citizens and Response
Personnel

Strategies
a. Identify hazard(s) using Material Safety Data Sheets (MSDS).
b. Establish site control for hot zone (area with oil), warm zone (decontamination
area), cold zone (non-oiled areas) and security.
c. Consider evacuations as needed.
d. Establish vessel and/or aircraft restrictions.
e. Monitor air in exposed and operational areas.
f.

Develop site safety plan for response personnel.

g. Confirm that safety briefings are conducted.
Control the Source

a. Complete emergency shutdown procedures.
b. Conduct firefighting efforts.
c. Initiate temporary repairs.
d. Transfer hydrocarbons if the tanker is in distress at berth.

Manage Coordinated
Response Effort

a. Complete or confirm notifications.
b. Establish a unified command organization and facilities (command post at the
terminal).
c. Confirm that Aboriginal and local (e.g., municipal) officials are included in RO.
d. Initiate response Incident Action Plans (IAP).
e. Confirm that mobilization and tracking of response resources are carried out.
f.

Account for personnel and equipment.

g. Complete documentation.
h. Evaluate planned response objectives vs. actual response (debrief).
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Table 5-2

Examples of Emergency Response Objectives and Strategies for
the Kitimat Terminal (cont’d)

Objective
Maximize Protection of
Environmentally Sensitive
Areas

Strategies
a. Implement pre-designated response strategies (e.g., booming of sensitive areas
in Kitimat Arm).
b. Identify resources at risk in the area.
c. Track oil movement and develop pathway models.
d. Conduct visual assessments (e.g., overflights).
e. Develop/implement appropriate protection tactics.

Contain and Recover
Hydrocarbons

a. Deploy additional oil containment boom to control the source.
b. Deploy containment boom at appropriate collection areas.
c. Conduct open-water skimming with vessels.
d. Evaluate time-sensitive response technologies (i.e., dispersants, in-situ burning).
e. Establish waste recovery, transfer and temporary storage plane.

Recover and Rehabilitate
Injured Wildlife

a. Establish an oiled wildlife reporting hotline.
b. Conduct injured wildlife search and rescue operations.
c. Mobilize primary care unit for injured wildlife (likely within the tank terminal
facilities).
d. Operate a wildlife rehabilitation centre.
e. Initiate citizen volunteer effort for oiled bird rehabilitation.

Remove Stranded Oil

a. Conduct shoreline cleanup assessment team (SCAT) surveys and develop
cleanup priorities and plans.
b. Conduct appropriate shoreline cleanup efforts.
c. Clean oiled vessels, docks, facilities.
d. Inspect cleanup against endpoint criteria and sign-off segments as completed.

Limit Economic Effects

a. Consider tourism, vessel movements and local economic effects throughout the
response.
b. Protect public and private assets as resources permit.
c. Establish claims process.

Keep Aboriginal groups and
stakeholders informed of
response activities

a. Provide a forum for stakeholder input and concerns.
b. Establish a Joint Information Centre (JIC).
c. Conduct regular news briefings.
d. Manage news media access to response activities.
e. Conduct public meetings, as appropriate.
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Spill occurs
Collect information on spill

Collect information on environment

1. Evaluate oil characteristics and behaviour
2. Monitor spill location and forecast oil movement

Is oil expected to reach sensitive areas?

Yes

No

Perform Net Environmental Benefits
Analysis

Protect sensitive areas

Yes

Mechanical containment

Is mechanical containment
possible?

No

Mechanical collection

Is collection using
sorbents or skimmers
possible?

Is manual
collection possible?

Yes

No

Yes

No

Perform collection
using skimmers or
sorbents

SCAT teams initiate shoreline cleanup

Yes

No

Perform manual
collection

Are dispersants or in
situ burning possible?

Is washing
possible?
No

Perform washing

Yes

Apply dispersants
and/or perform in-situ
burning

Yes

plan

Has contact with sensitive areas occurred?

Clean shoreline segments to established
endpoints

No

No

Transportation and storage of
recovered materials

Have animals been affected?
Yes

Is it possible to end OSR efforts?
Rescue and rehabilitate wild animals
Yes

Planning steps for mitigation and restoration

Figure 5-3

Page 5-10

No

Recycling of waste, documentation
of measures and demobilization

Typical Emergency Response Activities for the Marine
Environment
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5.6

Equipment and Personnel

The emergency response capability envisioned for the Kitimat Terminal will include both onsite and
offsite equipment and personnel. Onsite equipment would be at the terminal and locally in the hands of
the RO. Locally available response capability would be designed to exceed Canada Shipping Act
requirements for an oil handling facility (OHF), as well as those required for Tiers 1 and 2 in a primary
area of response (PAR). These local resources would have trained personnel and equipment available to
be mobilized immediately and deployed well before within 6 to 12 hours. As presently planned, Northern
Gateway’s response capability, described in Level 1 terms, will be:
•

more than 100 times the recovery capacity required by the CCG in the six-hour time frame for a PAR

•

a Tier 3 (2,500 t) response time in the CCAA of 6 to 12 hours (Transport Canada guidelines indicate
18 hours)

•

more than two times the CCG recovery capacity for a Tier 4 – 10,000-t scenario available in 24 hours,
depending on distance from local response sites (Transport Canada guidelines indicate 72 hours)

•

part of a national and international mutual aid programme to cascade additional resources, equipment
and personnel

•

designed to provided air and marine logistics support for personnel and equipment to initiate and
sustain the response in a remote environment

•

managed by a professional experienced management team capable of a sustained Tier 2 and
2+ response

Northern Gateway envisions exceeding CCG requirements for OHFs for the following:
•
•
•
•
•
•
•
•

safety equipment (personal protective equipment [PPE], decontamination, gas monitoring, fire)
boom (various sizes for distinct conditions)
skimmers (for different oil types, water depths, and operating platforms)
vessels (tugs, oil spill response vessels [OSRVs], skiffs)
pumps
temporary storage (on-water and shoreside)
shoreline cleaning equipment
wildlife hazing, capture, and stabilization equipment

Table 5-3 provides an overview of key OSR equipment envisioned for the Kitimat Terminal and area.
Trained responders and logistical support will also be in place to mobilize and maintain response assets.
Cascading of resource between other RO pre-stage sites and from mutual aid would expand capability
considerably above these resources. Collectively, the recovery capacity envisioned for the RO(s) will
provide a level of response that places it within the top terminal-port operations for oil preparedness
worldwide.
In addition to the specified OSR equipment, personnel and logistical resources are required to operate and
support response. This requires having dedicated trained personnel available 24 hours a day and the
ability to mobilize additional contracted personnel. Response support activities will include air and
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on-water operations in addition to booming and oil recovery. Air services will be pre-contracted and
trained to provide overflights. A fleet of support vessels will be identified to mobilize personnel and to
support on-water activities. All support assets will be identified and inspected and arrangements made so
that there is a robust fleet of transportation assets and crews in place.

Table 5-3

Overview of Emergency Response Equipment for the Kitimat
Terminal

Location

Shuttle
Tanks

Boom

Boats

Skimmers

Primary Storage

Kitimat Terminal

2,000 m

2 escort tugs
2 harbour tugs
2 terminal line boats

3

10,000 m slop tank
onshore

2

Kitimat RO

3,000 m

2 OSRVs
2 tank shuttle boats
2 RO booming
boats

4

Minimum barge
3
capacity of 350 m

6

Kitimat Estuary

3,000 m

4 booming boats
2 log mini-tugs

3

3

Escort Tug 1
(Tanker 1)

400 m

1 escort tug

1

500 m internal

Escort Tug 2
Tanker 2)

400 m

1 escort tug

1

500 m internal

3

Booming at the Marine Terminal
The marine terminal will pre-boom tankers being loaded for oil. Safe and effective thresholds for
pre-booming, as well as configurations for boom anchoring and securing points, will be defined during
detailed design.

5.7

Protection of Sensitive Areas

The following types of sensitive areas have been identified for protection:
•

environmental sensitive and vulnerable areas (e.g., considering populations at risk, behaviour,
location, habitat use, and seasonal-temporal aspects)

•

traditional harvesting sites and locations of food, social and ceremonial (FSC) fisheries

•

socioeconomic sensitivities (e.g., aquaculture, fisheries, tourism, shipping)

•

cultural and archaeological sensitivities (e.g., traditional harvesting, historical sites)

Priorities for protection of sensitive areas can be assessed as part of local, site-specific planning strategies
typically developed as a GRP. Development of the GRP will involve coastal Aboriginal groups, local
stakeholders and businesses that could be directly affected and various levels of government.
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One of the initial objectives is to assess oil movement and potential risk to sensitive areas. To that end,
Northern Gateway has developed coastal sensitivity maps and detailed modelling that combines locally
measured meteorological and oceanographic data to aid emergency response planning. Personnel in the
Incident Management Team would request mass balances so oil movement under prevailing
meteorological and oceanographic conditions can be identified. This information would be used to assess
timeframes for the deployment of protection countermeasures at key locations. On-water response
strategies, combined with shoreline protection through booming would be prioritized and implemented to
limit potential oiling of sensitive areas.

5.7.1

Environmental Sensitivity Atlas

A coastal environmental sensitivity atlas has been developed as part of the background studies for
project-related activities (see Coastal Operations and Sensitivity Mapping for the CCAA TDR [Polaris
2010]). The atlas identifies coastal sensitivities and types of shoreline, based mainly on information
available from British Columbia’s Integrated Land Management Bureau (see Figure 5-2). The atlas is
subject to field verification and refinement with input from local communities; however, it currently
provides two key indices for shoreline sensitivity:
•

coastline where long-term oil persistence is possible or likely due to combined low wave energy
exposure and coarse, porous substrate (such as cobble or boulder)

•

coastline where oil effects and persistence could be longer-term due to low energy, fine-grained
habitats such as mud-vegetated flats or where oil persists in the pore spaces between coarse-grained
sediment (Owens et al. 2008)

Shoreline sensitivity information (e.g., areas of ecological and/or Aboriginal importance) and operational
information (e.g., locations of airports, boat launches, anchorages), are presented in a series of maps for
the CCAA (see Coastal Operations and Sensitivity Mapping for the CCAA TDR), including the Kitimat
Arm area around the marine terminal.
Northern Gateway has requested the assistance of coastal Aboriginal groups (e.g., Gitga’at Nation
[Hartley Bay]) in ground truthing the existing coastal sensitivity maps (e.g., confirmation of shoreline
types, locations of sensitive sites) and providing revisions on sensitive areas and other information.
Failing this, additional ground truthing of the coastal sensitivity maps will be undertaken by Northern
Gateway before the start of operations at the Kitimat Terminal.

5.7.2

Key Sensitive Areas

There are two general types of key sensitive areas near the terminal, fixed locations (e.g., marshes) and
mobile (e.g., shorebird concentration area or a whale feeding area). The mobile areas may vary
geographically and temporally. Maps helps to identify mostly the fixed locations, although areas
frequented or commonly used by mobile species also can be illustrated on mapping (together with
seasonal criteria).
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Key sensitive areas near the Kitimat Terminal include sites such as:
•

sheltered, fine-grained mud flats and marshes

•

the Kitimat River estuary and streams of importance to salmon and other fish species

•

traditional Aboriginal use and harvest areas

•

Aboriginal coastal cultural sites

•

designated Marine Protected Areas

•

key areas for migratory birds

•

spawning areas for important fish species such as herring and eulachon (e.g., Kildala River, the
Kitimat River, other small channels off Gardner Canal, and the foreshore between Kitamaat Village
and Minette Bay)

•

marine mammal haulouts (the closest site to the Kitimat Terminal is more than 100 km away, at the
southern end of Ashdown Island, which is a known winter haulout for Steller sea lions)

Some of the preliminary priority protection sites within the upper Kitimat Arm, subject to field
verification and consultation with local residents and agencies, are listed in Table 5-4. Before the start of
tankers calling at the marine terminal, Northern Gateway will complete planning processes with
participating coastal Aboriginal groups and local stakeholders to identify sensitive areas and develop the
GRP.

Table 5-4
Location

Key Sensitive Shoreline Areas within Upper Douglas Channel and
Kitimat Arm
Sensitive Resources

Timing

Kitimat Port –
wharves, docks

Commercial use (Rio Tinto Alcan,
Methanex and Eurocan); rip rap and logs

All year

Minette Bay

Fine-grain vegetated tidal flats, birds,
timber rafts, seals, commercial marine
anchorage and berthing for boats and
barges

Spring migration for birds

Kitimat River
Estuary

Extensive shoals and vegetated flats, major
use by birds, wildlife, salmon runs, fisheries
activities

All year

Kitamaat Village

Aboriginal lands, community shoreline,
harbour and breakwaters

All year

Wathlsto Creek

Salmon run, historic resources, gillnet
fishing along the shore

Salmon runs (pink and chum):
•
spawning migration between June and
September
•
fry migrate to the estuary in late March
or April and will remain near shore as
late as July
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Table 5-4

Key Sensitive Shoreline Areas within upper Douglas Channel and
Kitimat Arm (cont’d)

Location

Sensitive Resources

Timing

Bish Cove

Estuary and vegetated areas, salmon runs

Salmon runs: (chinook, chum, coho, pink,
steelhead)
•
spawning migrations between late May
and early November for Pacific salmon
species
•
spawning migrations between midMarch and early-May for steelhead
•
fry migrate to the estuary in late March
or April and will remain near shore as
late as July

Clio Bay

Aboriginal fishery, assembled timber rafts

No information on salmon escapements in
the Clio mainstem (Watershed Code 910667800).If species present are known from
other sources, timing of runs and
migrations will be similar to those described
at Wathlsto Creek.

5.8

Shoreline Response

At the outset of response operations, the spill management team will propose remediation endpoints for
shoreline cleanup. These will be submitted to the CCG and reviewed by the REET, with input from
regulatory agencies, participating Aboriginal groups and other stakeholders. Endpoints are developed
based on two key concepts: as low as reasonably practical (ALARP) and net environmental benefit.
ALARP is an operational parameter that relates to practicality and safety. Net environmental benefit
refers to the point at which the environmental benefits to be gained in continued removal of oil residues
are outweighed by potential damage caused by the cleanup or treatment activity. For example, removal of
relatively low levels of weathered hydrocarbons could require extensive disturbance of sediment or
repeated washing of bedrock substrates.
Once the endpoint is attained through cleanup and remediation measures, the oil residues are allowed to
continue weathering through biological degradation by microorganisms that will further reduce their
levels over time.
The ERA for the Project is conducted based on the residual amounts of hydrocarbons remaining at the
endpoint.

5.9

Financial Responsibility

The emergency response will follow established regulations and procedures and the costs will be
reimbursed following established claims procedures. The RP for a spill from the marine terminal will be
Northern Gateway, who will initiate, manage and implement the response operation. Northern Gateway
will pay for the response and claims, and then claim these costs from the insurance coverage.
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The tanker owner is the RP for a spill from a tanker moving to or from the marine terminal or from an
escort or harbour tug. The first response will be initiated, managed and implemented by the vessel
owner’s contracted representative (typically a certified RO) under the direction of Northern Gateway
prescribed in the Project Marine OSRP. The RP will pay for the response and claims, and then claim these
costs from the insurance coverage.
The RP makes funds available, as necessary, for costs of the response and claims. For vessels, these are
claimed through their insurance carrier, a Protection and Indemnity (P&I) Club, which is part of a larger
non-profit mutual insurance system for marine transportation activities, including oil spills. Response
financing and compensation amounts are provided in Sections 5.9.2 and 5.10.
Agencies, authorities or private companies that participate in the response may have to bear the initial
cost of their involvement or make arrangements with the RP to cover those costs. Costs associated with
the response and damage or other claims are charged to the RP. These initial response costs can be
supported, in some cases, by the Canadian Ship-source Oil Pollution Fund (SOPF) but later will be
charged to the RP.

5.9.1

Response to Marine Incidents

Oil handling facilities such as the marine terminal must have pollution prevention plans, oil pollution
emergency plans for the loading or unloading of a tanker and procedures, equipment and resources
available for immediate use in the event of a discharge of oil during the loading or unloading of a tanker.
Oil handling facilities and marine vessels must have agreements in place with certified ROs so that they
are prepared for marine emergency response. ROs certified by the federal government have plans,
equipment and training in place to conduct marine response operations effectively.

5.9.2

Response to Incidents on Land

Northern Gateway will be responsible for responding to oil spills on land at the Kitimat Terminal.
Northern Gateway would be the RP to initiate, manage and implement the response operation.

5.9.3

Ship Owner Liability

Liability for marine oil spills in Canada is based on Canada’s adoption of international conventions that
have been translated into federal legislation. Canada is a party to the International Convention on Civil
Liability for Oil Pollution Damage (CLC). In Canada, the Marine Liability Act, S.C. 2001, c. 6 (MLA)
meets the requirements set out in the CLC. Under the CLC and MLA, ship owners are strictly liable for
damage from oil spills. The ship owner will be responsible for costs unless the spill resulted from one of
the following:
•
•
•

an act of war, hostilities, civil war or insurrection
Force Majeure (Act of God)
an intentional act or omission of a third party or by government or other authority responsible for
maintaining aids to navigation
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The MLA and CLC set limits on the liability of a ship owner depending on the weight of the ship.
Liability and compensation for marine oil spills is stated in special drawing rights (SDR). The value of
the SDR in Canadian dollars changes each day. Ships greater than 140,000 tonnes are liable for up to
89.8 million SDR (CAN$152.2 million on October 1, 2009) 2. So that the ship owner is able to cover its
liability costs, the ship owner must establish a fund in the amount of its maximum liability. Ship owners
are required to carry insurance, which is ordinarily provided by international Protection and Indemnity
Clubs who provide coverage to ship owners against third-party liabilities relating to the use and
operations of ships.

5.10

Compensation

In addition to ship owner liability, Canada has a tiered system of compensation for damage from oil spills
not covered by a ship owner or its insurer. This system includes international funds available through
Canada’s participation in various international conventions and a national fund set up under the MLA.

5.10.1

The International Oil Pollution Compensation Fund

Under the first tier, compensation is provided under the International Convention on the Establishment of
the International Oil Pollution Compensation (IOPC) Fund (IOPC 1971, Internet site), as amended by the
1976 and 1992 protocols.
The IOPC provides coverage such that the maximum compensation from the IOPC Fund and the ship
owner or its insurer is 203 million SDR (CAN$345 million).

5.10.2

Ship-Source Oil Pollution Fund

The second tier in the system is the national fund, which in Canada is the Ship-Source Oil Pollution Fund
(SOPF), established under the MLA. The maximum liability of the SOPF for one incident is $100 million
adjusted annually ($154.4 million during the fiscal year commencing April 1, 2009). The total
compensation available from the SOPF, IOPC Fund and the ship owner as of October 1, 2009 was
$499.3 million.

5.10.3

The International Supplementary Fund (not yet in force in Canada)

Canada recently amended the MLA to give effect to a third tier of compensation, the International Oil
Pollution Compensation Supplementary Fund (i.e., the Supplementary Fund). The amendments to the
MLA will come into effect as soon as Canada ratifies the Supplementary Fund Convention. The
Supplementary Fund makes additional compensation available so that the total amount payable for any
one incident for pollution damage in Canada will be 750 million SDR (CAN$1,274 million on
October 1, 2009) including the amount payable from the ship owner or insurer and under the IOPC and
SOPF. The Supplementary Fund is administered the same way as the IOPC Fund.

2

On October 1, 2009 one SDR was equivalent to Cdn $1.69936.
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6

Setting for the Marine Terminal

The marine terminal is near the head of Kitimat Arm (see Figure 1-1). Based on the British Columbia
Marine Ecological Classification (Ministry of Sustainable Resource Management 2002, Internet site), the
marine terminal is part of the North Coast Fjord Ecosection of the Queen Charlotte Basin Ecounit. This
ecosection is characterized by a network of waterways, inlets and glacial fjords. The fjords tend to be
deep with steep sides, have relatively flat beds with thick sediments, and contain glacial sills. The
following summarizes the characteristics of the setting around the marine terminal.
Water circulation in Kitimat Arm is controlled primarily by estuarine circulation, winds and tides.
Freshwater input from river discharge and snow and glacial melt is a critical factor controlling fjord water
circulation. The lighter surface freshwater layer flow seaward, and the denser seawater flows landward at
depth (MacDonald 1983). In Kitimat Arm, peak freshwater runoff from melting snow occurs in May and
June. Local and offshore weather can also affect circulation.
Along the coast of British Columbia, predominant winds are influenced by two major offshore pressure
systems (Marine Physical Environment TDR [ASL Environmental Sciences Inc. 2010]). Winds in
Kitimat Arm are influenced by two major offshore pressure systems, although wind speed is lower in the
protected Kitimat Arm than in open water. During winter, the Aleutian Low is associated primarily with
southeasterly winds. In summer, the North Pacific High is associated with weaker northwesterly winds.
Maximum sustained winds decrease by over 50% from the west coast of Hecate Strait to the inland waters
of Kitimat Arm. Seasonal wind directions also vary between inland waters and coastal areas. In Kitimat
Arm, southwesterly to southerly winds are most common between April and October, whereas northerly
winds are predominant from November to March, though stronger, southwesterly winds occasionally
occur.
Tides in Kitimat Arm are classified as mixed with mainly semi-diurnal components (i.e., two low tides
and two high tides per day). The mean tidal range at Kitimat is 3.25 m with a maximum near 6.5 m during
spring tide and a minimum of 2 m at neap tide.
The marine flora and fauna in the Kitimat Arm region are typical of those in the highly seasonal, coastal
marine ecosystem of the Queen Charlotte Basin (QCB). This area provides valuable habitat for several
commercial species, including five species of salmon (coho, chum, pink, sockeye, chinook), steelhead,
many demersal and pelagic fish and invertebrates such as crab and mussels. A number of ecologically
sensitive species such as whales, seals, sea lions and birds also occur within the QCB.
Nearshore habitat is characterized by a range of features including rocky shores with some sandy beaches
and estuaries. The predominant shoreline type is rock with gravel beach (29%), followed by rock, sand
and gravel beach (25%) and rock cliff (21%). Species diversity of the rocky intertidal community is
generally lower in inland waters (mostly rockweed) than along the Pacific coast, where kelp and other
species can also be present. The predominant intertidal fauna are barnacles, mussels, periwinkles and
limpets. Species typical of the shallow subtidal community are sea urchins, moon snails, green sea
anemones, sea stars and California sea cucumbers. The soft bottom estuaries are dominated by eelgrass, a
marine vascular plant that provides important habitat for many juvenile fish and invertebrates.
Commercially harvested bivalves such as butter clams and cockles inhabit sandy areas.
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Several fish species in Kitimat Arm are important for commercial fisheries, recreational fishing,
commercial recreational fishing and FSC fisheries. Kitimat Arm has several important salmon rivers such
as the Kitimat River, and there is a major pink salmon run in Bish Creek, just south of the marine
terminal. Fish species commonly harvested include chum, coho, chinook and pink salmon, steelhead,
eulachon and herring. Coves, estuaries and other nearshore areas offer habitat for juvenile salmon and
other species and serve as staging areas for adult salmon before their upstream spawning migrations in
late summer and early fall.
The marine mammals occurring most frequently in the area are killer whale, humpback whale, Dall’s
porpoise, harbour porpoise, Pacific white-sided dolphin, harbour seal and Steller sea lion. All but the
harbour seal and Pacific white-sided dolphin are considered of special conservation concern by the federal
Species at Risk Act (SARA), the Committee on the Status of Endangered Wildlife in Canada (COSEWIC)
or the British Columbia government.
Kitimat Arm is also an important waterfowl and seabird staging area. Large flocks of ducks and geese
frequent the Kitimat estuary during fall and spring migrations. The many small estuaries are also
important areas for wintering, migratory and breeding waterfowl. The Marbled Murrelet, a species listed
as threatened by SARA and COSEWIC, is known to occur in the sheltered bays and channels.
Human activities in the Kitimat area include urban infrastructure (the town of Kitimat, Kitamaat Village,
municipal wastewater treatment plant, roads), private marinas, the Rio Tinto Alcan Primary Metal BC
aluminum smelter, Methanex Corporation’s plant and terminal, and the Eurocan Pulp and Paper Co. plant
and terminal (scheduled to cease operations in 2010).
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7

Effects of Hydrocarbons on the Biophysical
Environment

7.1

Approach

Regulatory agencies, local communities and participating Aboriginal groups have expressed concerns
regarding the effects of a hydrocarbon spill at the marine terminal. Concerns include direct effects on
marine and terrestrial ecosystem health, as well as effects on traditional harvesting, fishing and human
health.
The potential environmental effects of oil and condensate at and near the marine terminal are assessed
based on documented historical effects, particularly those in northern latitudes. Environmental monitoring
following previous spills provides information on the biological effects of hydrocarbon exposure and the
recovery rates of affected populations and communities. Effects on marine organisms are influenced by a
combination of factors, including:
•

physical and chemical properties of hydrocarbon (these determine behaviour in the environment and
degree of toxicity)

•

spill volume

•

oceanographic and physical conditions (e.g., currents, waves, weather and shore substrate)

There is a range of sensitivities to hydrocarbons among marine species. When considering acute toxicity
and the ability of a population to recover, the effect on the species will depend on the type of habitat used,
sensitive times of year and life stage, and the ability to alter its behaviour(e.g., by avoidance). In general,
species that depend on shoreline and intertidal habitat (some species of invertebrates and fish) or live on
the water surface for a large portion of their life (some marine birds) are likely to show the most severe
responses. Table 7-1 provides a brief overview of documented effects of hydrocarbons on marine biota
and terrestrial wildlife.
Northern Gateway’s proposed strategy is to integrate prevention and mitigation measures into the
standard operational practices. The actual probability of a hydrocarbon release is low (see Section 3), but
should one occur, an effective response must be initiated rapidly to limit potential effects. Section 5
highlights the key mitigation measures designed to meet and exceed CCG recommended response
capabilities.
The assessment addresses effects on the marine ecosystem by selecting and evaluating valued
environmental components (VECs) to characterize potential effects, highlight potentially vulnerable
species and identify sensitive areas. Air, water and sediment, plankton, vegetation, invertebrates, fish,
birds and mammals are discussed. For some VECs, representative species are selected to reflect responses
of groups of organisms or species of conservation concern. Effects are discussed based on literature for
historic spills, mitigation specific to each VEC and follow-up studies needed to document recovery.
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Table 7-1

Overview of Effects of Hydrocarbons on Marine Biota and
Terrestrial Wildlife

Group of Organisms

Effects

Plankton

•

Algae (seaweed)

•
•
•
•

Invertebrates

•

Fish

•

•

Marine birds

•

•

Marine mammals

•

•
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Effects could include decreased photosynthetic ability and changes in community
structure (Kennish 1992; Varela et al. 2006; Gonzalez et al. 2009); however, they
are capable of a fairly rapid recovery (National Research Council [NRC] 1985;
Kennish 1992). Plankton may be at greater risk because it is found near the
water surface and has limited ability to move away.
Adult rockweed may be relatively tolerant to oiling and resistant to smothering,
but may be sensitive to high-intensity cleanup techniques (van Tamelen and
Stekoll 1996).
Sub-lethal effects on rockweed and kelp include leaf-loss, colour changes,
accumulation of hydrocarbons and the slowing of reproduction (Fingas 2001).
Smothering can cause mortality or reduced growth rates to rockweed (Fingas
2001).
Effects on eelgrass include loss of shoots, direct mortality, tissue contamination,
inhabitation of shoot growth and increased physiological stresses (Zieman et al.
1984; Sloan 1999; Baca and Getter 1984).
Effects can include physical smothering, alteration of metabolic and feeding
rates, inhibition of reproduction and alteration of shell formation (Hoffman et al.
2003; US Fish and Wildlife Service 2004, Internet site).
Fish in the larval stage are generally close to the water surface and have limited
mobility (Rice et al. 1976; Carls 1987; Paine et al. 1992); therefore, a spill may
cause mortality to those exposed through ingestion of contaminated prey and oil
droplets (Grahl-Nielsen et al. 1978; Norcross et al. 1996).
Adult fish can ingest residual hydrocarbons in the sediment or from contaminated
water. Sub-lethal effects include changes in heart and respiratory rates, gill
structural damage and enlarged livers (Binderup et al. 2004) or mortality (Teal
and Howarth,1984; Marty et al. 2003).
Potential effects include mortality from hypothermia (Szaro 1977; Stephenson
1997; Brown et al. 2003, Internet site), toxicity from ingestion of oil from preening
or contaminated prey (Ainely et al. 1981), reduced health due to increased
energy expenditure in removing oil (Stephenson 1997; Brown et al. 2003,
Internet site), reduced breeding success (Albers 1983; Fry et al. 1986; Valendo
et al. 2005a), asphyxiation (Leighton 1995) and loss or damage of habitat (Day
et al. 1995, 1997a,b).
Populations of localized species may be at risk, but evidence suggests no
permanent damage occurs in regional seabird populations (e.g., Andres 1999;
Wiens et al. 2004).

The full extent of effects on marine mammals is in large part difficult to
quantify and predict (Geraci 1990; Loughlin 1994); however, some
studies (e.g., Matkin et al. 2008) do show effects on individuals and
populations to those exposed.
Sea otters are vulnerable due to fouling of insulating fur and ingestion of
oil (Costa and Kooyman 1982; Ralls and Siniff 1990; Williams et al.
1988).
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Table 7-1

Overview of Effects of Hydrocarbon Spills on Marine Biota and
Terrestrial Wildlife (cont’d)

Group of Organisms
Terrestrial wildlife

Effects
•

•

•

The short-term health of animals that use shoreline habitat could be
affected; in extreme cases, mortality could result (Lipscomb et al. 1996;
Hurst and Oritsland 1991; McEwan et al. 1974; Williams et al. 1988).
Toxicity or mortality can occur directly through oiling of plumage, skin or
fur, ingestion of hydrocarbons and inhalation of vapour. Mortality can
also occur indirectly through habitat loss or degradation, diminished
food/prey resources and shifts to less productive habitats (Bowyer et al.
2003).
Hydrocarbon contact would be likely limited to feet and lower legs for
most terrestrial-based species.

The assessment of biota groups focuses on potential acute (i.e., short-term) effects of hydrocarbons.
Longer-term ecosystem changes that could arise from bioaccumulation and biomagnification of
contaminants in the marine environment are discussed in the ERA (see Section 7.12). Historic incidents
and the examples described in Section 9 indicate the potential for adverse effects on some aspects of the
biophysical environment. In northern coldwater marine environments, effects can last a generation or
more for some organisms; however, in the long term, the structure, function and overall health of
populations may not be affected (Harwell and Gentile 2006).
Geographic Extent of Study Area
This assessment focuses on the marine terminal and areas where hydrocarbons could travel into Kitimat
Arm and portions of Douglas Channel.
Depending on the time of year, prevailing wind and oceanographic conditions, and the success of the
response, hydrocarbons could move down the inlet through Kitimat Arm and into Douglas Channel or up
the inlet toward the Kitimat River estuary.

7.2

Air

Evaporation of volatile constituents is an important weathering process. Evaporation can account for 13%
to 75% of the volume of diluted bitumen, synthetic oil or condensate within 24 hours of a spill
(see Table 4-1). Some factors that influence the rate of evaporation are wind speed, solar radiation,
formation of emulsions (which limits evaporation in water), air and water temperature, vapour pressure of
the hydrocarbon and (in water) wave activity.
The oil constituents that affect air quality are volatile organic carbons (VOCs), which are defined as any
compound of carbon that participates in atmospheric photochemical reactions. Heavy oils contain the
smallest volatile fraction, whereas light oils and condensates contain the most. On evaporation, VOCs
leave the oil surface, and their atmospheric concentration is governed by meteorological conditions. They
disperse in the atmosphere rapidly by simple diffusion and mixing, even in calm conditions, at rates
influenced by wind speed, wind direction, atmospheric stability, air temperature and roughness of the
water surface. VOCs are reactive and dispersed and chemically broken down by photo-oxidation.
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Most VOCs have relatively low toxicity, although VOCs such as BTEX may be present in sufficiently
high concentrations to be of concern for responder and public safety. However, concerns can be mitigated
by evacuation to a safe distance. Farther afield, VOCs are well dispersed and of less concern. Dispersion
and photo-oxidation lessen their potential effect on human health and the environment. The effects are
most pronounced in the immediate hours after an incident.

7.3

Water and Sediment

Section 4 provides information on hydrocarbon contaminants that could spread into water and sediment.
Some of the hydrocarbon would dissolve into the water column and eventually disperse; however, the
concentration of dissolved hydrocarbons in seawater under a the hydrocarbons on the surface of the water
rarely exceeds 1 mg/L. Compounds that take a long time to biodegrade, such as PAHs, would settle in the
sediment and contribute to chronic toxicity (see Section 7.12). A rapid response to contain and remove the
hydrocarbons would reduce the effects on water and sediment. No specific mitigation is used for water
and sediment beyond those proposed for the general emergency response.
The use of dispersants and their effects on water and sediment would be investigated upon approval of the
type and use of dispersants as a response measure.

7.4

Plankton

Plankton form the base of the marine food web and are the foundation of marine ecosystems. They are
typically most abundant in surface waters, but some species occur at a range of depths. Plankton include
plants (phytoplankton) and animals (zooplankton such as copepods, invertebrate larvae and euphausiids)
that provide food for many larger species such as larval fish, juvenile salmonids and filter-feeding
organisms ranging in size from barnacles to humpback whales. Planktonic organisms have limited
motility and their horizontal movement is controlled largely by ocean currents.
There are limited data on plankton assemblages in Douglas Channel, but communities are most likely
typical of mid-latitude subarctic marine systems. Information about phytoplankton and zooplankton in the
open waters of Hecate Strait–Queen Charlotte Sound is provided by Ware and McQueen (2006), Lucas
et al. (2007) and Clarke and Jamieson (2006). Fisheries and Oceans Canada (DFO) identified Caamaño
Sound as an ‘Important Area’ because of its particularly high productivity because of tidal mixing (Clarke
and Jamieson 2006). National Oceanic and Atmospheric Administration (NOAA 2009, Internet site)
maintains a database on plankton abundance and biomass for the north Pacific Ocean.
Plankton may be at greater risk than other biotic groups due to their presence near the water surface and
limited ability to move away from a release. However, although laboratory studies have shown adverse
effects, such as decreased photosynthetic ability and changes in community structure (Kennish 1992;
Varela et al. 2006; Gonzalez et al. 2009), no mass toxicity to phytoplankton has been reported from the
field, either from a release or for chronic input conditions (NRC 1985). Effects on plankton were not
mentioned as a concern in the updated NRC (2003) report.
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Fluctuations in plankton populations after oil spills have often been attributed to natural variables such as
climate and oceanographic conditions. Copepods are the most researched species of zooplankton and have
been shown to accumulate hydrocarbons via ingestion, which may lead to effects on feeding and
reproduction. Both phytoplankton and zooplankton recover rapidly, mainly due to recruitment from other
areas and to intrinsic biological characteristics such as wide distribution, large numbers, short generation
times and high fecundity (NRC 1985; Kennish 1992).
No specific mitigation is used to protect plankton communities, other than those described for general
prevention, response and environmental protection (e.g., booming). Although follow-up and monitoring
of plankton communities could be conducted and would provide useful information about the marine food
web, their expected rapid recovery suggests that monitoring programs would be more informative if
efforts were focused on water and sediment quality and comparisons of these data to guidelines for
protection of aquatic life.

7.5

Marine Vegetation

Marine vegetation includes macrophytes (seaweeds) and aquatic angiosperms (flowering plants), which
provide habitat for a wide range of animals in the intertidal and subtidal zones. Any change in health of
marine vegetation would be considered a change in habitat, and of concern under the federal Fisheries
Act. Fish habitats are defined under the Fisheries Act as “spawning grounds and nursery, rearing, food
supply and migration areas on which fish depend directly or indirectly to carry out their life processes,”
and fish are defined as all the life stages of all “shellfish, crustaceans, marine animals and any parts of
shellfish, crustaceans or marine animals.”
Adverse effects on marine vegetation documented after hydrocarbon spills include direct damage to
plants through oiling and indirect effects related to cleanup efforts (removal of oiled vegetation).
Intertidal areas denuded of algae usually re-populate within several growing seasons once the oil has been
mostly removed; however, full recovery of associated communities can take up to a decade (Peterson
et al. 2003).

7.5.1

Baseline Conditions

Detailed baseline information about marine vegetation in Douglas Channel and Kitimat Arm is provided
in Volume 6B and the Marine Fish and Fish Habitat TDR (Beckett and Munro 2010), and is summarized
here. Rockweed (Fucus gardneri) is the most common seaweed, although species of red, green and other
brown algae are also present. The eelgrass Zostera marina is the most common marine angiosperm in
Douglas Channel, forming perennial beds along protected stretches of shoreline (Pojar and MacKinnon
1994).
Species of brown, green and red macroalgae occur in the intertidal and subtidal zones in various preferred
habitats. The brown alga Fucus distichus (rockweed) is the predominant alga in intertidal areas around the
marine terminal and Kitimat Arm. Common species include the green alga Ulva spp. (sea lettuce), brown
algae such as the kelps Nereocystis luitkeana (bull kelp) and Macrocystis integrifolia (giant kelp) and red
alga Chondracanthus exasperates (commonly called Turkish towel) (Bates 2008). Kelp and eelgrass beds
are particularly important because they provide important residence, refuge, foraging, breeding and
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nursery habitats for many marine invertebrates, fishes, seabirds and some mammals (Hall 2008). They
also contributed to sediment stability, which is important for nutrient cycling (Fargo et al. 2007). Floating
kelp rafts also may serve as habitat for larval and juvenile fishes, effectively transporting them among
spatially isolated local populations of adults (Hobday 2000; Kingsford 1992; Kokita and Omori 1998).
Kelp beds in the area are composed primarily of bull kelp, and eelgrass beds are composed mainly of
Zostera marina (Fargo et al. 2007). Commercially important fish species, such as Pacific herring, depend
on the presence of intertidal and subtidal plants to deposit and fertilize eggs during spawning (Hall 2008).
Eelgrass and kelp beds have been identified as major habitats vital to the overall health of the marine
ecosystem in British Columbia (Coast Information Team [CIT] 2003, Internet site).
Rockweed
Rockweed is the common name for several species of brown algae, including Fucus distichus. Rockweed
is ubiquitous and has the largest macrophyte biomass throughout Kitimat Arm; it is considered the
predominant alga in the mid to high intertidal regions on the Pacific Coast (Druehl 2000). It is perennial,
persisting through winter, when sexual reproduction is at a peak, and grows mainly during summer
(Ang 1991).
Rockweed is well suited to the upper intertidal zone because it tolerates high levels of drying (desiccation
stress) and photosynthesizes more efficiently when under desiccation stress. Its lower limit of distribution
is determined by competition with other seaweeds. Around the proposed terminal location, rockweed
grows down to the low mid-intertidal area, and its lower limit on the more exposed rock shelves is likely
controlled by growth of red seaweed (Ahnefeltiopsis spp). Plant growth is also affected by substrate type,
sediment, scouring effects, water motion, desiccation, temperature, nutrient ,and presence of invertebrate
grazers (Vadas et al. 1992). In northern waters, F. gardneri lives for at least four years (Driskell et al.
2001).
Rockweed provides important intertidal habitat for invertebrates and fish, supplying a food source and
shelter from waves, desiccation, freezing and predators. Important grazers include amphipods, isopods,
littorines and other snails, chitons and limpets, which were found during surveys for the Project.
Eelgrass
Eelgrass is a vascular (rooted) plant that grows in the intertidal and upper subtidal areas in muddy and
sandy substrates. Eelgrass occurrence and seasonal distribution along the coast is influenced by
desiccation, temperature, salinity and water motion. Shoots are susceptible to scour and wave action so
are typically found in more sheltered waters. Eelgrass is perennial and, in this region, reproduces mainly
asexually by lateral shoots, which develop from late March to June. Some flowering may occur in May
and June, but few seeds mature into plants (Phillips 1984).
Eelgrass provides important habitat for a number of nearshore species at various life history stages. The
canopy provides habitat and refuge for epiphytic, epibenthic and infaunal animals. Regionally, eelgrass is
considered important rearing habitat for juvenile salmon and many other commercially and culturally
important species. Pacific herring use eelgrass as substrate on which to spawn. Dungeness crab use
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eelgrass beds for refuge during juvenile phases and when females are hardening their shells after mating
(Sewell et al. 2001).
Although extensive beds often occur in estuaries, eelgrass also grows in quiet bays. The upper limit of
distribution may be determined by exposure during low tide and the lower limit by light availability;
temperature, salinity and water motion also affect its growth. Eelgrass and seagrass populations
worldwide are in decline due to loss and alteration of estuarine and other habitats through dredging and
filling and degraded water quality from runoff, docks and toxic spills (Chambers et al. 1999); however,
eelgrass beds remain common in coastal waters of British Columbia.
Patches of eelgrass have been identified around the proposed terminal location, with the largest bed found
in the Bish Creek estuary to the south of the terminal, and in Minette Bay and the Kitimat River estuary
(see Marine Fish and Fish Habitat TDR). A small (1 m x 10 m) eelgrass bed was found just south of the
proposed terminal location.
Kelp
Bull kelp forms extensive beds on bedrock, reefs and boulder fields 3 to 20 m deep (Nicholson 1970;
Vadas 1992). It is essentially an annual species, although in some populations, individuals produced late
in the season may successfully overwinter and survive a second year (Chenelot et al. 2001). Maximum
growth occurs in summer and early fall; mortality of bull kelp sporophytes reaches a peak during the
winter, primarily due to being washed out by winter storms (Springer et al. 2007).

7.5.2

Potential Effects of Diluted Bitumen on Marine Vegetation

Rockweed
Observations of adult rockweed plants at heavily oiled sites suggest it may be relatively tolerant to oiling
and resistant to smothering, but sensitive to high-intensity cleanup techniques such as power washing and
hot water washing (van Tamelen and Stekoll 1996). Rockweed is likely to be most vulnerable to
hydrocarbons during summer, when the growth rate is greatest (Ang 1991). Absorption of hydrocarbons
from the water column can lead to sub-lethal effects, including leaf loss, colour changes, accumulation of
hydrocarbons and slowing of reproductive and growth rates (Fingas 2001). Mortality or reduced growth
can also occur through smothering (by limiting accessing to light and nutrients) or toxicity of the
hydrocarbons.
Following the Exxon Valdez oil spill, rockweed disappeared from the mid and upper intertidal zones; it
was difficult to attribute the loss solely to oil effects, as other factors, such as trampling in frequently
accessed areas and cleanup activities occurred at the same time. Hot water and high pressure washing
cleanup techniques may have contributed to loss of plants (van Tamelen and Stekoll 1996). The dramatic
loss of rockweed triggered indirect effects such as algal blooms, declines in associated invertebrates
(limpets, periwinkles, whelks) and inhibited recovery of the rockweed, whose recruits avoid dessication
under the canopy of adult plants (Peterson et al. 2003). Following the initial decline in abundance of large
rockweed, recovery of biomass was noted within three years, although recovery of reproductive capacity
took longer, particularly in the upper intertidal zone. Few differences between oiled and unoiled areas
were observed two to three years later, although fluctuations in abundance of rockweed in areas treated
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with hot-water washing were noted for several years (Houghton et al. 1997). Delayed indirect effects
extended over a decade because opportunistic species of flora and fauna were gradually replaced by
single-aged stands of Fucus, which died in cycles, starting the whole process again (Ott et al. 2001;
Peterson et al. 2003).
Eelgrass
Observations of eelgrass after a release suggest vegetative growth may recover rapidly after initial loss of
shoots, but effects on associated invertebrate communities last longer. Eelgrass is probably most
vulnerable during spring and summer because those are critical times for seed production and shoot
growth, respectively (Wright 2002). Additionally, intertidal and high subtidal eelgrass beds have a greater
risk of exposure to hydrocarbons during the low summer tides. Potential effects of oiling include direct
mortality due to smothering or toxicity, indirect mortality of associated species due to loss of food or
habitat alteration, uptake of hydrocarbon contaminants into tissues and incorporation into food webs, and
increased physiological stresses (Zieman et al. 1984; Sloan 1999; Baca and Getter 1984).
Studies following the 1978 Amoco Cadiz and 1989 Exxon Valdez spills provide information about effects
on eelgrass communities. The Amoco Cadiz incident resulted in heavy oiling of eelgrass beds, with
blackening and loss of many shoots in the first few weeks; however, tissue production soon returned to
normal (Jacobs 1980). Dean et al. (1998) reported that the modest damage to plants did not persist for
more than a year following the Exxon Valdez spill; noted effects included a slight reduction in eelgrass
density and production of flowering shoots.
Recovery of benthic and infaunal communities associated with eelgrass habitat was much slower than
recovery of the plants themselves. Six years after the Exxon Valdez incident, many of the affected species
had not recovered, which was partially attributed to concentration and persistence of oil in the soft
sediment (Dean and Jewett 2001). In sheltered habitats such as the Kitimat River estuary and Minette
Bay, oil left untreated could persist for several years in the fine-grained sediment of the tidal flats and
marshes.
Kelp
Because kelp inhabit deep water, they are less vulnerable than intertidal species such as rockweed,
although rafts of bull kelp floating at the surface may be susceptible to oiling. Kelp are likely most
vulnerable during summer and early fall, when growth rates are highest.
Kelp respond to oil exposure similarly to rockweed, with leaf loss, colour changes, accumulation of
hydrocarbons and slowing of reproductive and growth rates (Fingas 2001). Following the Exxon Valdez
incident, Dean and Jewett (2001) noted lesser effects of oiling and cleanup activities for kelp compared to
eelgrass, and no differences in density or biomass of kelps in oiled and reference areas. Dean et al. (1996)
observed a higher proportion of bull kelp at oiled sites in more exposed habitats, suggesting recent
recruitment in response to the disturbance caused by the spill. Recovery of invertebrate communities
associated with vegetation was faster for kelp beds than for eelgrass, with most of the affected groups
recovering within two to four years (Dean and Jewett 2001).

Page 7-8

May 2010

Sec. 52 Application
Volume 7C: Risk Assessment and Management of Spills –
Kitimat Terminal
Section 7: Effects of Hydrocarbons on the Biophysical Environment

7.5.3

Potential Effects of Condensate on Marine Vegetation

Condensate would have fewer effects than synthetic oil or diluted bitumen, because it would evaporate
quickly from the water surface, spread more slowly and cover less shoreline habitat. However, it is lighter
than diluted bitumen and more easily entrained in the water column, making it likely to affect subtidal
vegetation (French-McCay et al. 2009) such as kelp and eelgrass.

7.5.4

Mitigation Measures

Booming during the transfer of diluted bitumen as well as the use of skimmers and sorbents during a spill
would reduce the amount of residual hydrocarbons in the marine environment.
Specific mitigation for rockweed is not suggested, because it is not possible to boom all of the areas
throughout Kitimat Arm where it is present. Based historical examples, aggressive cleanup activities
(i.e., hot water and high-pressure washing) would not be recommended because greater damage can result
than leaving the oil in place (van Tamelen and Stekoll 1996). Measures such as absorbent pads would be
preferred.
Protection of eelgrass beds would be a high priority due to the specialized ecosystem functions they
provide (i.e., food and habitat for many species). Exclusion booms would be placed around sensitive
eelgrass habitats in intertidal areas of Bish Cove, the Kitimat River estuary and Minette Bay to restrict
movement of hydrocarbons into these areas and around kelp beds. Oil should be removed from around
marine vegetation using absorbent pads, rather than dispersants, hot water or high pressure washing,
given the detrimental effects reported (Baca and Getter 1984).

7.5.5

Follow-up and Monitoring

Northern Gateway would like to engage coastal Aboriginal groups to establish and maintain permanent
environmental monitoring transects and sites. These monitoring programs would be used to obtain
information on baseline environmental conditions, including the quantity and quality of important
harvested species such as marine vegetation. Offers to undertake a monitoring program have been
extended to several coastal Aboriginal groups (Gitga’at, Kitkatla and Lax Kw’alaams) as part of ongoing
engagement activities, and similar offers will be extended to other coastal groups as engagement
progresses.
A sampling program would be implemented to assess the extent of effects on marine biota, including
rockweed, eelgrass and other species where appropriate. For example, the sampling program might target
affected areas and continue until vegetation has recovered. Analyses of affected marine vegetation might
also be undertaken for comparison to baseline measurements to determine the success of the response
measures and the recovery of marine vegetation.
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7.6

Marine Invertebrates

Marine invertebrates live on the surface (epifauna) or within sediment (infauna) and include
deposit-feeders, filter-feeders, grazers and predators. They provide food for many marine species and are
an important link for transferring energy and nutrients between trophic levels. Marine invertebrate
communities are often used as indicators of ecosystem health because many species are sensitive to
pollution and sudden changes in their environment. In the case of a hydrocarbon spill, invertebrates may
be useful indicators of both short-term and long-term effects; because many invertebrates are relatively
immobile or move only short distances as adults, they can provide a localized time-series of effects and
rates of recovery. Species that inhabit shorelines, such as mussels, are generally more vulnerable to acute
effects that occur when oil reaches the shoreline, whereas organisms that inhabit the ocean bottom may be
exposed to long-term effects of hydrocarbons that have dispersed and remain in the bottom sediment.

7.6.1

Baseline Conditions

The marine invertebrate communities near the terminal are typical of those in the highly seasonal,
mid-latitude, coastal marine ecosystem of the Queen Charlotte Basin (Hall 2008). The species diversity of
the rocky intertidal community is generally low, consisting mainly of barnacles, mussels, periwinkles and
limpets. Sea urchins, moon snails, green sea anemones, sea stars and California sea cucumbers are
common in shallow subtidal habitat. Northern abalone was once prevalent, but is currently listed as
“Threatened” under the SARA due to drastic population declines. Glass sponges are present around the
marine terminal, where subtidal videos taken in 2007 showed a low density of loose aggregations
associated with steep cliffs.
The soft bottom estuaries are dominated by eelgrass, a marine vascular plant that provides important
habitat for invertebrates such as Dungeness crab. Commercially harvested bivalves such as butter clams
and cockles also inhabit sandy areas.
The Marine Fish and Fish Habitat TDR developed for the marine terminal provides a complete discussion
of baseline marine invertebrate data at the marine terminal. Dungeness crabs (Cancer magister) and bay
mussels (Mytilus trossulus) are assessed in the ESA for routine effects of the project-related activities in
the terminal area (see Volume 6B, Section 9). These are two of the species that could be affected by
hydrocarbons and reflect different types of habitat use, feeding strategies, behaviour and sensitivity.
Dungeness Crab
Dungeness crabs occur from Alaska to California from the intertidal zone to a depth of about 180 m (DFO
2002a, Internet site). They live in bays and inlets, around estuaries and on the continental shelf. Although
sometimes found on mud and gravel, they are most abundant on sandy bottoms and in shallow waters
around eelgrass beds. Adults are important predators, feeding on clams, other crustaceans and small fish
(DFO 2002a, Internet site).
Dungeness crabs are fished commercially, recreationally and by Aboriginal groups, and both larval and
adult stages are an important food source for marine fish, birds and mammals. The commercial fishery for
Dungeness crabs in Kitimat Arm (Fishery Management Sub area 6-1) is currently closed; however,
recreational and Aboriginal fisheries occur (DFO 2008).
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Dungeness crab recruitment is affected by variations in oceanic conditions and, as a result, abundance
(total catch) fluctuates greatly from year to year (DFO 2002a, Internet site). Dungeness crabs have
seasonal migration patterns based on reproductive status. Mating typically occurs outside estuaries and in
nearshore habitats during summer, from May to August. During winter, they tend to migrate to deeper
waters, where females bury themselves in soft sediments and remain inactive, from the time of
fertilization to release of larvae in January to March (Alaska Department of Fish and Game 1985). Crabs
release very large numbers of larvae, which provide an important food source for Pacific herring, Pacific
sardines, rockfish, and salmon and suspension feeders. Larvae remain in the water column for three to
four months and are dispersed by ocean currents before settling on suitable substrates. Juveniles reside in
shallow coastal waters, tidal flats and estuaries, living in beds of eelgrass and other aquatic vegetation for
several months (Pacific States Marine Fisheries Commission 1996, Internet site).
Blue Mussel
The blue mussel (Mytilus edulis) is native to the Pacific Northwest and dominates the hard shorelines of
the sheltered coasts of British Columbia (Gosling 1992), including around the terminal. Blue mussels are
typically abundant in rock shelf, estuary and boulder beach habitats, as was confirmed in intertidal
surveys conducted for the Project in 2005, 2006, 2008 and 2009 (see the Marine Fish and Fish Habitat
TDR). Blue mussels are harvested recreationally and by Aboriginal groups. As the predominant intertidal
species in the region, are considered a useful indicator of environmental changes.
Mussels form densely aggregated beds from the upper intertidal to subtidal zone on hard rocky shores,
gravel/cobble substrates, and soft sediment shores in protected habitats. Adult mussels are attached to the
substrate by byssal threads and are essentially immobile. The vertical distribution of mussels in the
intertidal zone is determined by abiotic factors (temperature and desiccation set the upper limit of mussel
distribution) and biotic factors (predation and competition set the lower limit) (Connell 1972; Paine
1974). Major predators include sea stars, gastropods, crabs, fishes, shorebirds, sea ducks and sea otters.

7.6.2

Potential Effects of Diluted Bitumen on Marine Invertebrates

Oil can be directly toxic to marine invertebrates or can affect them through physical smothering, altering
metabolic and feeding rates, inhibiting reproduction and altering shell formation (Hoffman et al. 2003; US
Fish and Wildlife Service 2004, Internet site). Many invertebrates are filter feeders or scavengers, so they
can be exposed to hydrocarbon contaminants through ingestion or uptake from the water column. Effects
can be acute or chronic. Intertidal benthic invertebrates are especially vulnerable when oil becomes highly
concentrated along the shoreline because the sediments can become reservoirs for oil. Some benthic
invertebrates can survive exposure, but may accumulate elevated levels of contaminants in their bodies
that can be passed on to predators. Subtidal invertebrates, including glass sponges, are not expected to be
vulnerable to direct effects of oiling, given the depth at which they occur; however, depending on their
concentrations, hydrocarbon contaminants in bottom water or sediment could result in chronic toxicity.
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Dungeness Crab
Hydrocarbons can adversely affect health and habitat of Dungeness crabs, given that crustaceans tend to
be more sensitive to toxic effects than are other taxa (Peterson et al. 1996). Dungeness crabs are likely
most vulnerable in the summer when they inhabit shallow water and there are soft-shelled females
(moulting and reproducing). In a controlled study, female Dungeness crabs that held on to oiled sediments
through a reproductive cycle produced much fewer larvae than did control crabs (Suchanek 1993).
Crabs are exposed through direct contact with hydrocarbons mixed in the water column and ingestion of
contaminated sediments. Physical smothering by oil (exclusive of toxicity) prevents respiration, inhibits
or prevents movement, and creates excess weight and/or shearing forces on affected mobile organisms
(Suchanek 1993). Planktonic larvae are vulnerable to oil that is on top of the water surface (surface oil)
(Cucci and Epifanio 1979).
After the Exxon Valdez incident, densities of subtidal crabs and sea stars were much lower at oiled sites
(Dean and Jewett 2001); however, numbers were similar to those in non-oiled areas within two years
(Armstrong et al. 1995). Studies of long-term effects of oil on salt-marsh fiddler crabs, Uca pugnax,
showed reduced density, ratios of males to females, and juvenile settlement, heavy overwinter mortality
and behavioural anomalies (Krebs and Burns 1977). Culbertson et al. (2007) reported that fiddler crabs
collected in a salt marsh with oiled sediments made shallower burrows, had slower escape responses and
short-term lowering of feeding rates compared to crabs from a non-oiled marsh. Crab fishing and
population characteristics returned to levels similar to non-oiled areas within two years (Armstrong et al.
1995).
Acute effects are likely to be felt by a small portion of the Dungeness crab population. Direct mortality is
expected to be low, and any effects are likely reversible in one to three years through dispersal of
planktonic larvae from populations outside of the oiled area (McConnaughey et al. 1992).
Blue Mussel
Mussel health and habitat are likely to be affected by hydrocarbons. Organisms directly coated with oil
can suffer high mortalities (Boyd et al. 2001) due to fouling of gill filaments, which affects gas exchange
and feeding rates, ultimately resulting in less energy for growth and reproduction (Suchanek 1993).
Hydrocarbons can also interfere with byssal thread activity, resulting in loosening of mussels from their
substrates and washing into unsuitable habitats (Suchanek 1993). Hydrocarbons in the water column can
affect the larval life stages of mussels (Wu and Zhou 1992).
Mussels filter particles from large volumes of water and can concentrate PAH and other lipophilic
contaminants; this makes them better indicators of the presence of biologically active contaminants,
compared to levels in water (Peterson 2000). Analysis of hydrocarbon contamination of mussels and four
species of infaunal clams after the Exxon Valdez spill demonstrated widespread and locally long-lasting
effects in the intertidal system. Although contaminant levels in mussels and clams declined over time,
pools of partially weathered oil remained at least until 1996 in the sediments below and among the mats
of mussel byssus, cobbles and fine sediments (Peterson 2000). Because mussels are a prominent source of
food for marine mammals, coastal birds, macro-invertebrates and fishes, contaminants can be transferred
into important intertidal food chains (Peterson 2000).
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7.6.3

Potential Effects of Condensate on Marine Invertebrates

Condensate would have a limited rate of spread and affect less total area compared to diluted bitumen or
synthetic oil. Condensate is a lighter hydrocarbon, and less persistent; however, there would be higher
levels entrained in the water column, which would likely have greater effects on floating larval stages,
filter feeding intertidal organisms (clams and mussels) and subtidal invertebrates.

7.6.4

Mitigation Measures

Clean-up using skimmers and sorbents would reduce the amount of residual hydrocarbon in the
environment. Aggressive cleanup activities (i.e., hot water and high-pressure washing) would not be
recommended because greater damage can result than leaving the oil in place. Sensitive shorelines would
be protected by exclusion booming because of the tendency of oil and bitumen to accumulate and persist
in the intertidal zone.
The use of dispersants and their effects on marine invertebrates will be investigated. Dispersants would
only be used upon approval by DFO and Environment Canada for the type and use of dispersants as a
response measure.

7.6.5

Follow-up and Monitoring

Northern Gateway has invited coastal Aboriginal groups to participate in the establishment and
monitoring of environmental transects and sites that would include monitoring of marine invertebrates.
Information from these transects and sites would be used to characterize baseline conditions.
The monitoring program might include studies of the distribution, abundance and quality of selected
marine invertebrates. For example, sampling could be undertaken to assess the levels of contaminants
such as PAHs in tissue of selected species and sediments. Such monitoring would typically continue until
hydrocarbon concentrations have returned to baseline levels. A monitoring program is essential to identify
whether harvesting closures are needed and to assess effectiveness of cleanup measures.

7.7

Fish and Fish Habitat

Kitimat Arm and Douglas Channel are home to a number of fish species with important ecological, social
and economic benefits. These fish provide food for other fish, birds and mammals, and provide food for
humans, through commercial, recreational and commercial-recreational fisheries and FSC fisheries.
Commercial, recreational, commercial-recreational or FSC fishing could also be affected through fouling
of fishing vessels and gear or contamination of target species, which could lead to fishery closures. Egg
and larval stages are generally the most vulnerable because they inhabit the upper water column and
cannot swim away to avoid contaminated areas. Adult fish in deeper water are less vulnerable, but those
at the surface (e.g., migrating salmon) may be exposed. Most of the effects are expected to be associated
with hydrocarbons mixed into the water and, in some cases, contaminated sediment.
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Given the wide range of fish species and their diverse habitat requirements, vulnerabilities, and socioeconomic importance, the following key species are selected to represent the potential effects of
hydrocarbons on fish and fish habitat:
•

Eulachon: Eulachon is a culturally and ecologically important species in the region. It supports a
traditional Aboriginal harvest and is an important prey item for larger fish and other marine predators.
Annual migrations to spawning grounds increase overall biodiversity in the area by supporting a vast
array of predators that follow them to their spawning grounds.

•

Pacific herring: Pacific herring is an important ecological and commercial species in the area; it
represents a food source for many larger fish and marine mammals and is important for fishers for
herring roe, spawn on kelp, food and bait.

•

Rockfish: Rockfish species are representative of demersal fish closely associated with bottom habitat.
This long-lived, late-maturing species typically remains within a defined home range for most of its
lifespan. The group includes the boccacio, a threatened species currently under review for addition to
Schedule 1 and protection under the Canadian Species at Risk Act.

•

Pacific Salmon: All species of salmon (pink, chum, coho, chinook and sockeye) and their lifecycle
are considered. They are targeted commercially, recreationally and by FSC fishers.

•

FSC Fisheries: FSC fishing in Kitimat Arm is very important for local Aboriginal residents as it
forms a primary component of the Aboriginal diet.

•

Commercial Fisheries: There are extensive commercial fisheries throughout Kitimat Arm that
contribute to the local and regional economy.

•

Recreational and commercial-recreational fisheries: Recreational and commercial-recreational
fisheries are important to the local and regional economy, for enjoyment and as a food source.

Commercial and recreational landing statistics indicate the region produces notable quantities of fish and
shellfish. Any changes to these resources could adversely affect the livelihood of commercial fishers,
commercial-recreational lodges, charter businesses and local Aboriginal communities.

7.7.1

Baseline Conditions

A complete discussion of baseline fish and fish habitat and marine fisheries data for the marine terminal
area is provided in the Marine Fish and Fish Habitat TDR and Volume 6B, Section 10.
Eulachon
Eulachon is an anadromous species that migrates into rivers in and around Kitimat Arm to spawn.
Migration occurs between January and April and results in formation of dense schools throughout
Douglas Channel. Rivers in the area that consistently support Eulachon spawning include Kitimat River,
Kildala River and possibly other small channels off Gardner Channel (Hay and McCarter 2000).
Gilttoyees Inlet and Foch Lagoon are used irregularly (Hay and McCarter 2000). Eggs hatch three to five
weeks after being laid, larvae disperse immediately and reside in nearshore marine environments and
estuaries for several weeks (British Columbia Forest Service 1998), feeding on plankton until they are
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large enough to move out to sea. Adults likely spend much of their sea life in Hecate Strait and Queen
Charlotte Sound (British Columbia Forest Service 1998; Hay and McCarter 2000).
Pacific Herring
A small resident population of Pacific herring, distinct from the larger, migratory stocks of Hecate Strait
and coastal British Columbia, resides in the upper reaches of Kitimat Arm. In general, the resident
population does not migrate, although there is evidence of post-spawning migrations to the mouth of
Kitimat Arm (Triton Environmental Consultants Ltd. 1993). Near the marine terminal, spawning occurs
locally along the foreshore between Kitamaat Village and Minette Bay, in Clio Bay, Kildala Arm and on
Coste Island north of the terminal to Minette Bay (Triton Environmental Consultants Ltd. 1993). Herring
that migrate into the CCAA to spawn are assumed to belong to the central coast stock that extends from
the southern tip of Banks Island south to Johnstone Strait (DFO 2001).
Herring spawn, on average, over a four-day period, typically in late March and April (Hay et al. 1989;
Triton Environmental Consultants Ltd. 1993). They spawn on a range of intertidal and subtidal
vegetation, including rockweed, at depths between the high tide mark and -11 m (chart datum). Juveniles
are known to rear in the upper end of Kitimat Arm, including Minette Bay.
Rockfish
A number of rockfish species are present in Kitimat Arm, mostly in areas of boulder habitat and rocky
outcrops that provide complex substrate and cover. A small reef at the southern end of the marine
terminal is the only known rockfish habitat in the area. Most of the species are long-lived and reproduce
annually throughout their life. Mature rockfish generally release live larvae when ocean productivity is
high, which in British Columbia occurs between April and June (Love et al. 2002). The larvae are pelagic
for up to one year, and tend to aggregate before they settle to the bottom. The location of these larval
aggregations in Kitimat Arm is unknown. Adult rockfish prefer rocky outcrops that provide complex
substrate and cover in crevices, caves and rock ledges, in addition to vertical structure such as kelp
forests.
Pacific Salmon
Salmon are anadromous, meaning they spawn and hatch in freshwater but spend most of their lives in the
ocean. Between March and November, depending on the species, adult salmon move into Kitimat Arm on
their way to spawn in the Kitimat River, Bish Creek and other streams. Chum and pink salmon juveniles
spend very little time in freshwater; immediately after emerging from the gravel, they migrate
downstream to the estuary and to Kitimat Arm and Douglas Channel, where they tend to aggregate close
to shore in discrete schools during the first few weeks after hatching (DFO 2002b, Internet site). Fry of
sockeye, coho and chinook spend longer (up to a year) in freshwater before migrating to the ocean.
Salmon are most vulnerable to effects of hydrocarbons when adults are migrating toward the Kitimat
River and during winter when juveniles are migrating into the estuary and Kitimat Arm.
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FSC Fisheries
FSC fisheries are important to coastal Aboriginal communities and are often a major component of their
diet. Targeted species include the five species of Pacific salmon, halibut, herring, octopus, shellfish,
crabs, groundfish, cockles and clams. Although FSC fishing occurs throughout Kitimat Arm, exact
locations and relative importance of the locations are not known. However, it is assumed that activities
are greatest around coastal settlements (e.g., Kitamaat Village, Kitkatla, Hartley Bay, Kitsela and
Kitsumkalum) due to accessibility of the resource.
Commercial Fisheries
Commercial fishing occurs in Kitimat Arm (in Fisheries Management sub-area 6-1) throughout the year,
and is most intense during the salmon openings in July and August. Although the local economic returns
are greatest for the five salmon species (pink, chum, coho, sockeye and chinook), there are also fisheries
for Pacific halibut, several species of groundfish, shrimp, prawn, sea cucumber, geoduck, horse clam, red
sea urchin, herring and octopus. Groundfish species are landed year round.
Recreational and Commercial-Recreational Fisheries
Recreational and commercial-recreational fisheries (fishing lodges, charters) are most prevalent during
the summer (June to September), when the conditions are more desirable. The marina at Kitamaat Village
is a base for many recreational fishers, who access the surrounding areas with their own boat or a charter.
Local and out of town fishers target the same species as the commercial fishers.

7.7.2

Potential Effects of Hydrocarbons on Fish and Fish Habitat

The direct effects of hydrocarbon exposure tend to be similar across marine fish species, given their
similarity in physiology. However, the magnitude of effects varies depending on life history and
environmental conditions. Life stages with an obligatory nearshore or surface water period, such as for
rearing or spawning, are highly vulnerable due to increased risk from exposure (Birtwell and McAllister
2002). Generally, the most sensitive time is spring, when spawning adults, eggs, larvae or juveniles are
present in nearshore areas.
Larval fish are at the most vulnerable life stage because they generally live close to the water surface and
have a limited capacity to move away (Rice et al. 1976; Carls 1987; Paine et al. 1992). Larvae may also
ingest oil droplets and oil contaminated prey, which can result in altered feeding patterns and mortality
(Grahl-Nielsen et al. 1978; Norcross et al. 1996). Larvae that hatch in uncontaminated waters can be
affected if they drift into areas affected by hydrocarbons.
Adult fish may be exposed to contaminants through ingestion of residual hydrocarbon in sediment or
uptake from water, which can lead to sub-lethal effects, including changes in heart and respiratory rates,
gill structural damage, enlarged livers (Binderup et al. 2004), reduced growth and fin erosion (Moles and
Norcross 1998). Following an oil spill on the Lithuanian coast, commercial catches were down
approximately 90%, suggesting fish avoided the oil-contaminated waters, but catches returned to levels
similar to pre-spill catches by the following spring (Binderup et al. 2004). Avoidance would probably
provide only a short-term benefit because it could also lead to disruption of schooling behaviour or
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premature occupation of a different water depth or more saline waters. Adult mortality following acute
exposure to oil has been reported; however, it can be difficult to attribute the cause conclusively and
exclusively to the spill (Teal and Howarth 1984; Marty et al. 2003). Sand lance have been shown to avoid
sand contaminated with crude oil (Pinto et al. 1984).
In addition to the effects described below for individual species and groups, interactions among the
species may lead to broader ecosystem effects, although these can be difficult to confirm, given the
influence of unrelated natural events that can confound interpretation. A spill during spring would have
the greatest effect on overall fish populations through reductions in plankton levels and mortality of
herring eggs and juveniles, which would lead to reduced amounts of prey for juvenile salmonids and other
species, as well as any direct effects of oil on these species. Following the Exxon Valdez spill, there was a
75% reduction in 1993 herring numbers, although this could not be attributed completely to the incident,
and a decline in salmon number due to direct and indirect (habitat and prey abundance) factors (Peterson
2000). There would also be effects on fish at other times of year, for example, when salmon are returning
to spawn, but to a lesser extent than in spring. Any biological effects on fish resources would have
implications for other users, including birds, mammals and humans. The socio-economic implications of
a spill are discussed in Section 8.4 and Section 8.5.
Eulachon
Depending on the time of year, location and prevailing wind and currents, a hydrocarbon spill at the
marine terminal could spread to the Kitimat River estuary. From January to April, large numbers of
eulachon migrate to and congregate in spawning grounds in rivers adjacent to Nanakwa Shoals and in
associated rivers and streams of the Kitimat River, Foch Lagoon, Gilttoyees Inlet, Bish Creek, Kildala
River and Gardner Channel. The larval stage is generally the most vulnerable (Carls 1987), so a spill
during spring would likely have the greatest effect on the overall eulachon population, through toxicity or
ingestion of contaminated prey, and indirectly through effects on plankton food sources. The extent of
effects would depend on how long the larvae are in contact with the hydrocarbon and the concentration of
hydrocarbons mixed in the water (Law and Hellou 1999).
Pacific Herring
All life stages of herring are vulnerable, although eggs are likely the most sensitive (Carls et al. 2000).
Eggs, larvae and juveniles are present in the surface and nearshore, shallow areas, where they would be
highly vulnerable (Birtwell and McAllister 2002). Adult herring migrated through hydrocarbons in the
Baltic Sea and were thought to have consumed crude oil that resulted in subsequent impairment of egg
deposition and larval survival (Birtwell and McAllister 2002). Studies of adult herring indicate they come
to the water surface to release gas bubbles and escape predation and may be exposed to oil (Thorne and
Thomas 2008).
Some studies following the Exxon Valdez spill suggested large effects on all life stages of Pacific herring
(Brown et al. 1996; Norcross et al. 1996; Thorne and Thomas 2008) and others suggested minor
population effects (Pearson et al. 1995). Reported effects include severe genetic defects in larvae,
persisting even after oil was not detectable (Norcross et al. 1996) and sub-lethal effects (premature
hatching, low weights, reduced growth, increased morphologic and genetic abnormalities) in newly
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hatched larvae of the 1989 year class (Brown et al. 1996). Brown et al.(1996) measured egg biomass and
reported that approximately 53% of herring eggs deposited in 1989 were within the oil pathway and that
over 40% were affected by oil at toxic levels, resulting in large decreases in larval production. There is
ongoing debate about links between the 1989 oil spill, the reduction in the 1989 year class and the
collapse of the herring population in 1993 (75% drop in returning adults) because of confounding
environmental factors, insufficient knowledge about natural processes affecting recruitment and varying
methods of assessing population size (Pearson et al. 1995; Thorne and Thomas 2008).
Indirect effects can occur when herring larvae ingest oil-contaminated prey. Carls (1987) noted that larvae
exposed to hydrocarbons dissolved in water had a reduced feeding rate. Normal feeding rates resumed
when surviving larvae were returned to clean water, but the mechanism of reduced feeding was not
determined.
Rockfish
The larval stage of rockfish, present in spring, is the most vulnerable to an oil spill. The strategy of long
life with annual reproduction creates natural variation in larval survival from year to year (Love et al.
2002) and limits the possibility that the population would be reduced due to one unsuccessful
reproductive season. Adult rockfish in the immediate area might die, but fish from surrounding areas
would likely move into vacant habitat, resulting in no long-term effect on the population. Rockfish were
the only fish found dead in large numbers following the Exxon Valdez spill. Although oil was present in
their stomachs, the link between exposure and mortality was not confirmed (Marty et al. 2003). Several
species of rockfish from oiled and reference sites were analyzed for microscopic lesions; pigmented
macrophage aggregates and hepatic megalocytosis, fibrosis and lipid accumulation were found, but were
correlated with age and species rather than to previous oil exposure.
Pacific Salmon
Hydrocarbon spills can affect all life stages of salmon. They have an obligatory residence period in
shallow estuarine and nearshore coastal waters and it is not known whether, in the presence of oil, they
would remain there or avoid the area. Salmon would not be exposed as eggs or emergent fry in
freshwater, but the juveniles are highly susceptible to environmental disturbances when moving into the
estuary and saltwater, making this the time of greatest vulnerability (Birtwell and McAllister, 2002).
Juvenile salmon in Kitimat Arm would be particularly vulnerable in winter through early summer when
they are present in near shore areas and in estuaries (Birtwell and McAllister 2002). Adults would be
vulnerable in the fall as they move up Douglas Channel, returning to spawn, particularly if river flows are
low and the adults have to stage in estuaries. Adult salmon have shown behaviours ranging from no
avoidance of oil (in a test situation) to avoidance (by migrating adults) (Birtwell and McAllister 2002).
There were reduced growth rates of juvenile salmon the year after the Exxon Valdez spill and lower
return numbers in subsequent years (Carls et al. 1996a; Geiger et al. 1996; Wertheimer and Celewycz
1996; Willette 1996), with greatest effects in the first year. Pink salmon eggs had elevated embryo
mortality in oil-affected streams during the fall of 1989 to 1992, and in the lower intertidal zone up to
1996 (pink salmon also spawn in intertidal areas of Prince William Sound). In intertidal areas, elevated
embryo mortalities were observed in intertidal areas in 1990 through 1992, decreasing in severity over
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time; however, no difference in survival of embryo to pre-emergent fry was detected for the 1989 to 1991
brood years (Bue et al. 1996). Juvenile pink salmon from oiled nearshore marine habitats had elevated
levels of PAHs and cytochrome P4501A in 1989, compared to juveniles in reference areas; PAH levels
had reduced by 1990 (Carls et al. 1996b). Based on the types of tissues most affected, Carls et al. (1996b)
concluded that ingestion of whole oil was an important route of contamination for juvenile salmon and
contributed to the reduced growth observed in oiled areas in 1989. Wertheimer et al. (1996) reported
similar findings for juvenile pink salmon during initial residence in nearshore waters.
A release would also affect fish habitat. The Exxon Valdez spill resulted in contamination of juvenile
pink salmon habitat, including approximately 31% of spawning streams and much nearshore rearing
habitat in southwest Prince William Sound (Geiger et al. 1996).
Commercial Fisheries
During and following a release, commercial fisheries in the affected area would likely be closed to
harvest for some time. DFO would make decisions about how long to maintain the closure, based on the
extent and duration of exposure and contamination of commercially targeted fish and shellfish.
Yender et al. (2002) provided a summary of oil spills in the United States and Europe where seafood
monitoring was conducted and closures implemented. The length of time the fishery was closed depended
more on site-specific characteristics of the physical surroundings and prevailing weather conditions than
on the spill volume. Yender et al. (2002) include the following examples, for a wide range of volumes and
hydrocarbon types:
•

entire season closure for herring and salmon and advisories for shellfish harvest in some areas
(41,600 m3 crude oil from the Exxon Valdez in Alaska in March 1989)

•

closures of two months for wild finfish and 12 months for farmed fish (95,000 m3 light crude oil from
the T/V Braer in the Shetland Islands in January 1993)

•

closures of three months for marine finfish, six months for whelks and crustaceans, four months for
cockles, and 8 to 19 months for mussels (80,000 m3 light crude and heavy fuel oil from the T/V Sea
Empress in Wales in February 1996)

•

a 21-day closure for bivalves (265 m3 bunker oil and marine diesel from the New Carissa near Coos
Bay Oregon in February 1999) (Gilroy 2000; Michel 2000; Mauseth and Challenger 2001)

•

a 49-day closure for mariculture oysters and rock crab (17 m3 fuel oil from the M/V Kure in
Humboldt Bay California in November 1997) (Challenger and Mauseth 1998)

•

a 15-day closure for lobster, scallop, clam and mussel (680 m3 spill of fuel oil from the T/V Julie N in
Portland Maine in September 1996) (Mauseth et al. 1997)

A hydrocarbon spill could result in tainting of local seafood resources due to aesthetics values, even if
contaminant levels are low and there are no food safety concerns. Altered smell, taste or appearance of
the seafood would negatively affect its palatability, marketability and economic value. Tainted seafood is
defined as containing abnormal odour or flavour not typical of the seafood itself (International Standards
Organization [ISO] 1992). Both actual and potential contamination can affect commercial and subsistence
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use of the seafood. Loss of confidence in seafood safety and quality can adversely affect markets even
after any actual risk has subsided, resulting in adverse economic consequences.
Commercial fisheries generally target adult fish, which would probably be unlikely to be contaminated or
tainted because they would be briefly exposed while moving through the affected areas. Also, any
exposed finfish can rapidly remove hydrocarbons (Yender et al. 2002), and would not tend to store
hydrocarbons in muscle tissue (Binderup et al. 2004). The exception would be if a large amount of fresh,
light oil is mixed into the water column or if bottom sediments (particularly nearshore sediment used for
spawning) become contaminated.
Yender et al. (2002) summarized contaminant and tainting conditions for seafood following oil spills in
the United States and Europe:
•

total PAH values of 12 to 186 μg/kg in wild salmon, which rapidly declined, with no reports of
tainting of salmon (80,000 m3 light crude and heavy fuel oil from the Sea Empress in Milford Haven,
Wales in February 1996)

•

total PAH values of up to 19,000 μg/kg (and no tainting) reported for whelk, mussel and cockle (no
tainting of whelks, no tainting data for mussels) following the Sea Empress incident

•

total PAH values of 1 to up to 2,650 μg/kg in finfish, depending on species, which declined to
background in one to two months; no tainting for many fish species, but tainting noted for one month
for haddock and dab, two months for plaice and seven months for caged salmon (95,000 m3 light
crude oil from the Braer in the Shetland Islands in January 1993)

•

up to 1,400 μg/kg in velvet crab and lobster, with lobster tainted for one month and no tainting
reported for velvet crabs; also up to 3,580 μg/kg for whelk and scallop for 12 to 18 months (suspected
tainting of scallop for two months) following the Braer incident

•

total PAH values of less than 15 μg/kg in Dungeness crab, with no tainting tests conducted, and up to
1,200 μg/kg for up to three weeks (no tainting reported) (265 m3 bunker oil and marine diesel from
the New Carissa near Coos Bay Oregon in February 1999)

•

total PAH values of 5 to 360 μg/kg in rock crab for one-half month, with no tainting reported, and up
to 4,600 μg/kg in oysters, with no tainting reported (17 m3 fuel oil from the Kure in Humboldt Bay,
California in November 1997)

These case studies indicate that wild finfish are seldom tainted, and if they are, it is for a short time (one
to two months). Laboratory experiments have reported tainting in salmon after eight hours of exposure to
0.4 mg/L of the water-soluble fraction of crude oil (Ackerman and Heras 1992) and in Arctic char after
four hours of exposure to 50 mg/L of a crude oil (Lockhart et al. 1996). Shellfish are more likely than
finfish to become contaminated because they are more vulnerable to exposure in the intertidal areas, less
efficient at metabolizing hydrocarbons and less mobile, with more contact with sediments, which can
become contaminated and serve as a long-term source of exposure. Yender et al. (2002) indicated PAH
levels were reduced in crabs and lobster relatively quickly (one to two months), with little or no tainting
reported. In contrast, PAH levels in clams, oysters, mussels and other shellfish were elevated for longer
(4 to 17 months), depending on species, with few reports of tainting. Shellfish are not known to be fished
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commercially near the proposed terminal. Potential biological effects on mussels, and other shellfish and
crabs are discussed in Section 7.6.
FSC Fisheries
As detailed above for commercial fisheries, both contamination of seafood can affect FSC harvest of
seafood. It is assumed that loss of confidence in seafood safety and quality would affect traditional FSC
harvesting activities, resulting in economic and social consequences for communities that depend on the
resource. During various engagement events, Aboriginal groups expressed concerns regarding
contamination of traditionally harvested marine foods and the need for people to have to travel to other
areas to harvest uncontaminated foods. Closures for conservation reasons would also reduce access to fish
for FSC purposes.
Recreational and Commercial-Recreational Fishing
Effects on recreational and commercial-recreational fishing are likely to be similar to those described for
commercial fisheries. If contamination of seafood is detected, the species would be closed to harvesting;
this could have adverse economic consequences for fishing lodges and charters, which depend on
recreational fishing customers as their source of livelihood. Closures for conservation reasons would also
affect recreational and commercial-recreational fishing.

7.7.3

Potential Effects of Condensate on Fish and Fish Habitat

Fish respond rapidly to toxic gases present in condensate, which can penetrate into the fish (especially via
the gills) and disturb the respiratory, nervous and blood systems, and disrupt enzyme activity. Behaviour
changes such as excitement, increased activity or scattering in the water are the first signs of exposure to
condensate. As with crude oil contamination, the most vulnerable periods for exposure to condensate are
the early life stages (Patin 1999).

7.7.4

Mitigation Measures

To limit the effects of hydrocarbon exposure on fish and fish habitat, the following types of mitigation
would be implemented, as appropriate:
•

exclusion booming around the entrance to sensitive spawning habitat (e.g., estuaries and stream
outlets, particularly around the Kitimat River estuary) to protect salmon fry

•

exclusion booming to protect rearing areas around the Kitimat River estuary where juvenile eulachon
are (January to April); other priority areas could include Foch Lagoon and Gilttoyees Inlet

•

exclusion booming to protect known herring spawning and rearing areas on the south shore of Kitimat
Arm in early spring; priority areas include Clio Bay, Minette Bay and Kitimat

•

issuing of public advisories about commercial fisheries and areas that may be affected, including
information about the geographic extent of the spill and guidelines for seafood consumption
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•

issuing of a general advisory to recreational and traditional users not to consume oiled or tainted fish
or shellfish, with the advisory in place for a fixed period defined by the regulatory agencies or until an
assessment and species monitoring program indicated a return to levels considered acceptable by the
regulatory agencies

•

development of a compensation plan with commercial fishers based on fish landings in previous
years, with commercial-recreational lodges and charters for lost business based on previous years
activity, and with traditional users based on landed harvests from previous years

•

DFO and certified spill responders will be engaged in the development of Geographic Specific Plans
for the protection of fish habitat and spill response. Aboriginal groups and public stakeholders
(e.g., fishers) who could be affected by a release will also be consulted in the development of the
plans. Regulators and local interests would help to prioritize the areas of fish to be protected and the
types of response measures that may be employed.

7.7.5

Follow-up and Monitoring

Northern Gateway has invited coastal Aboriginal groups to participate in the establishment and
monitoring of environmental transects and sites that would include monitoring of marine fish.
Information from these transects and sites would be used to characterize baseline conditions.
The effects on and recovery of fish and fish habitat near the marine terminal and in Kitimat Arm might be
monitored. Given the importance of fishing to local communities, representatives of the Aboriginal,
commercial, recreational and commercial-recreational fishers would be involved in design of the
monitoring study and review of results. The types of monitoring programs that might be implemented to
address concerns related to the health of finfish and shellfish include, as appropriate:
•

salmon returns in the Kitimat River over the long term with comparisons to annual escapement data
collected by DFO

•

contaminant levels in water and sediment within an appropriate distance from the release site

•

contaminant levels and tainting in fish and invertebrate tissue

•

loss of income for commercial fishers and commercial-recreational businesses

Monitoring would typically continue until specific end points are achieved and residual hydrocarbons
reach background levels.

7.8

Marine Birds

Marine birds are vulnerable to the effects of hydrocarbon exposure. Birds that spend much of their life on
the water (e.g., alcids) are more vulnerable than those that spend much of their life on land or in flight
(Piatt et al. 1990; Kauffman et al. 2009, Internet site).
Marine birds are protected nationally, as non-game birds, under the Migratory Birds Convention Act
(MBCA) and provincially under the British Columbia Wildlife Act. The MBCA regulates hunting seasons
and prohibits commercial exploitation and wilful destruction of migratory birds, taking of their eggs and
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disturbance of their nests. The Canada Wildlife Act provides for the coordination of wildlife programs and
policies that involve birds not protected under the MBCA.
In British Columbia, species are classified as red-, blue- or yellow-listed. Red- and blue-listed species are
considered for formal designation as Endangered or Threatened, either provincially under the British
Columbia Wildlife Act or nationally by COSEWIC. Species at risk are protected under SARA, which
applies to federal lands and protects all wildlife species at risk and their critical habitat.

7.8.1

Baseline Conditions

Large numbers of breeding, migrant and wintering marine birds, including seabirds, waterfowl,
shorebirds, gulls and coastal raptors, occur in the near and offshore waters of British Columbia’s north
coast. The Kitimat River estuary is an important overwintering area for many species. The Marine Birds
TDR (d’Entremont 2010) and the environmental assessment (see Volume 6B, Section 12) provide
thorough discussions of the abundance, distribution and seasonal use of the Kitimat Terminal area by
marine birds. There are large numbers and concentrations of wintering and migratory birds, particularly in
the Kitimat River estuary and there are also locally breeding populations.
Marbled Murrelet, Surf Scoter, Bald Eagle and Black Oystercatcher are considered representative bird
species because they occur in large numbers, are sensitive to changes in the environment and have
important functions in the marine ecosystem. Moreover, they contribute to local and global biodiversity,
and hold social, cultural and aesthetic values. In addition, several other species of wintering birds forage
along exposed mussel beds and shoreline habitats at low tide. For example, Black Turnstones, Surfbirds
and Rock Sandpipers seek small invertebrates among scattered shells and seaweed. Crows and ravens
commonly prey on shellfish and scavenge at low tide.
Marbled Murrelet
The Marbled Murrelet is a species of national (threatened) and provincial (red-listed) conservation
concern. Marbled Murrelet numbers along the north coast of British Columbia are estimated to range
from 10,000 to 14,600 birds, which is approximately 12% of the North American population and 18% of
the British Columbia population (Piatt et al. 2007; Marine Birds TDR). Birds seen in Kitimat Arm and
Douglas Channel are part of a genetically distinct population of Marbled Murrelets that range from the
eastern Aleutian Islands to northern California (Friesen et al. 2005, 2007).
Marbled Murrelets reside year-round near the proposed terminal. They are solitary breeders, but when
observed at sea they are typically in groups of two to ten, although local concentrations of up to 400 have
been observed in areas such as Gilttoyees Inlet and Foch Lagoon (Steventon and Holmes 2002; Marine
Birds TDR). Results from a survey near the mouth of Gilttoyees Inlet and Foch Lagoon suggest these
birds may constitute a ‘closed ecosystem’ and be at low risk of exposure to oil from a spill because they
nest and forage in inlets and do not move in the more open channel (see the Marine Birds TDR); however,
they could be exposed during moulting or periods of low productivity when they move into more open
waters.
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Surf Scoter
The Surf Scoter is a provincially blue-listed species. In British Columbia, the Surf Scoter is the most
numerous wintering sea duck, frequently outnumbering all other marine birds (Savard et al. 1998).
However, the North American population is declining, most notably in northwestern Canada and Alaska
(Sea Duck Joint Venture 2004, Internet site). Surf Scoters breed inland, on shallow lakes in the boreal
forest and tundra, but migrate and winter along the coast of British Columbia, where as much as 50% of
the world population may occur. However, population estimates for this species in general are quite poor
(Campbell et al. 1990).
Surf Scoters forage in intertidal areas on molluscs, crustaceans and insects. In spring, they congregate in
large groups (up to 50,000 birds) in areas where Pacific herring are spawning. Surf Scoters are present in
Kitimat Arm during winter, spring and fall, although non-breeding birds remain throughout the year.
Relatively small numbers of birds (less than 100 individuals) have been recorded in overwintering habitat
(shallow bays and estuaries with rocky substrates) near the marine terminal during fall and throughout
Kitimat Arm and Douglas Channel. Moulting males are known to gather near Coste Island and
Hawksbury Island during summer (Boyd et al. 2001).
Bald Eagle
The Bald Eagle is the only coastal raptor that can be found year round throughout Kitimat Arm and
Douglas Channel. Several nest sites have been identified during field surveys (see the Marine Birds
TDR). This species is considered a top predator and feeds on a variety of terrestrial and aquatic species,
including salmon and intertidal organisms. Biomagnification of contaminants has affected the North
American population in the past and makes eagles vulnerable to hydrocarbon spills into marine waters
(Nisbet 1989).
The Bald Eagle population has been steadily increasing since the 1960s. In coastal British Columbia,
breeding and wintering populations have increased at a higher rate than elsewhere in Canada
(Environment Canada 2000, Internet site). In addition, the coastal wintering population is larger than the
breeding population on the coast each year, suggesting that coastal British Columbia serves as a wintering
area for eagles from elsewhere in western North American (Environment Canada 2000, Internet site).
Black Oystercatcher
The Black Oystercatcher (Haematopus bachmani) is a resident shorebird that occurs along the Pacific
Coast of from mainland Alaska and the Aleutian Islands south to Baja California, Mexico. Most breed
between south-coastal Alaska and coastal British Columbia (Andres and Falxa 1995, Internet site;
Morrison et al. 2001). Throughout its range, it is uncommon and patchily distributed; however, the global
population is ranked as secure (British Columbia Conservation Data Centre [BC CDC] 2009, Internet
site). The oystercatcher is yellow-listed in British Columbia (i.e., it is not of conservation concern; BC
CDC 2009, Internet site). Although the habitat at the Kitimat Terminal could be suitable for Black
Oystercatchers, there is no indication, based on available information and survey data, that they regularly
use this area.
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Oystercatchers are year-round obligate users of the intertidal zone and feed on marine invertebrates,
particularly bivalves and other molluscs (limpets, whelks, and chitons (Andres et al 1995, Internet site).
Access to foraging habitat is strongly dependent on tides and surf action, and most feeding is done at low
tide (Andres and Falxa 1995, Internet site).
Oystercatchers are long lived (e.g. more than 10 years) and form permanent pairs (i.e., they mate for life;
Andres and Falxa 1995, Internet site). Breeding habitat is exclusively associated with the high tide margin
of the intertidal zone, and includes mixed sand and gravel beaches, cobble and gravel beaches, exposed
rocky headlands, rocky islets and tidewater glacial moraines (Jehl 1985). Nests less than 1 m from
waterline are often flooded during extreme high tides (Andres and Falxa 1995, Internet site). Breeding
territories are usually close to dense mussel beds (Groves 1984). The availability of suitable shoreline
along the West Coast likely limits global population growth (Andres and Falxa 1995). The period of time
from hatching until first flight is the most critical life history stage (Groves 1984).
In winter, flocks concentrate on protected, ice-free tidal flats with dense mussel beds (Hartwick and
Blaylock 1979). Winter flocks seldom range more than 50 km from nesting sites (Terres 1980).

7.8.2

Potential Effects of Diluted Bitumen on Marine Birds

The potential effects of diluted bitumen exposure on marine birds can be acute or chronic and include:
•

mortality from hypothermia and/or toxicity of hydrocarbons ingested during preening or consumption
of contaminated prey

•

reduced health from increased energy expenditure for preening to remove oil from their feathers
and/or switching to a non-contaminated, but inferior prey-base (i.e. less plentiful foraging grounds or
foraging trips are longer and require more energy)

•

reduced breeding success due to loss of mate and/or transfer of oil from adult to eggs or nestlings

•

asphyxiation from toxins evaporating into the air above the surface of the water

•

loss or damage to habitat

Although most studies have focused on marine birds, similar effect mechanisms are predicted for birds
that use intertidal habitat (e.g., waterbirds, waterfowl) and land (e.g., passerines, raptors) as a component
of their life cycle requirements. Lesser effects are predicted for shorebirds and wading birds (e.g., Great
Blue Heron, Rock Sandpiper) than for waterfowl (e.g., dabbling ducks, geese) because these species
typically spend little time in the open water, where the likelihood of mass feather contact with
hydrocarbons is greatest. Many waterbirds and shorebirds are most vulnerable during spring and fall
migrations, when there is potential for large flocks of staging birds (i.e., Black Turnstones, sandpipers) to
use marine shorelines. Shorebirds and wading birds also may be exposed to hydrocarbons if they forage
in intertidal areas that are fouled with oil. Some species also nest close to the waterline (e.g., Black
Oystercatchers).
Effects on marine birds are noted at an oil thickness of 0.01 mm or more (French-McCay et al. 2004).
Direct contact with oil results in clogging of feathers, which may lead to loss of buoyancy, drowning and
loss of thermal insulation. Hypothermia and death are common because the loss of thermal insulation
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often coincides with increased metabolic costs and stress as birds attempt to maintain their core body
temperatures (Stephenson 1997; Pribilof Islands Wildlife Protection Subgroup 2001, Internet site; Mazet
et al. 2002). Hypothermia effects are most severe during sensitive periods such as moulting. Behavioural
changes such as excessive preening and difficulty flying may also deplete energy stores quickly and put
birds at higher risk of predation (Stephenson 1997).
A hydrocarbon spill may have immediate effects on reproductive success of waterbirds because oiled
birds spend excess time preening, so do not invest as much time and energy in breeding and nesting. This
is thought to affect lifetime reproductive success (Albers 1983; Albers 1990; Fry 1995). Ingestion of
hydrocarbons also affects reproductive ability (Jenssen 1994). Eggs can be affected if oil is transferred
from adults to the egg surface; this has been associated with reduced embryo survival and hatching
success (Szaro and Albers 1977), possibly due to a reduction in gas exchange.
Oil ingestion during preening of oiled feathers can lead to toxic effects, including organ damage and, in
sufficiently high doses, organ failure. Oil ingestion can also reduce reproductive rates if it occurs during
breeding season. Adult birds are more resistant to toxic effects of hydrocarbons, and must ingest large
amounts to cause direct mortality (Jenssen 1994). Adults that have ingested or are exposed to oil have
been shown to exhibit reduced egg-laying, hatchability and breeding success (Fry et al. 1986; Velando
et al. 2005b; Ainley et al. 1981) and PAH accumulation can lead to altered immunological defences
(Rocke et al. 1984) that can reduce survival of individuals over time.
Ingestion of contaminated prey from the intertidal zone can lead to mortality for raptors such as Bald
Eagle and scavengers such as American Crow and Common Raven, which are often attracted to the
shoreline to feed on compromised and dead birds. Given the tendency for tidal action to deposit floating
carcasses on shorelines, this cycle of deposition and subsequent scavenging could persist for several
weeks.
Marbled Murrelet
Birds such as Marbled Murrelet and other alcids that have a low reproductive rate spend most of their
time on the water, dive to feed and have a flightless moulting stage, so they are very vulnerable to effects
of an oil spill (Speich et al. 1991; Berger 1993; Ford et al. 1990; Ford et al. 2001). Over 80% of birds
recovered after the Nestucca and Exxon Valdez spills were alcids (Berger 1993; Piatt et al. 1990).
Marbled Murrelets would be at greatest risk during fall, when juveniles and adults are found on the water
and adults are moulting and flightless, making it difficult to navigate around surface oil. During spring
and summer, the risk of effects would be less because the young are in the nest and the adults can fly
away from the areas with surface oil. However, effects would occur when oiled adults abandon their nest
or transfer oil to their eggs or chicks. The exposure of eggs to as little as 5 μL of oil can result in embryo
mortality (Albers 1978; Hoffman 1978), and the transfer of oil to nestling feathers may result in reduced
insulation and hypothermia (Szaro 1977 in Bernatowicz et al. 1996). Murrelets are least vulnerable during
winter when nesting and moulting are finished.
Marbled Murrelet foraging habitat would be adversely affected, and any reduction in abundance or
availability of prey (small fish such as herring and sand lance, which feed and spawn intertidally) could
force them to forage in less profitable areas. Because oil tends to accumulate in intertidal areas for
extended periods, this habitat is often strongly affected.
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Recovery of Marbled Murrelet populations could take four to five years, based on reproduction and
survival rates (Beissinger 1995; Cam et al. 2003; McShane et al. 2004). Recovery would take longer if
chronic effects have reduced bird health or reduced food availability. The loss of birds from the small
nesting population in the Kitimat area could have serious implications to the local population, but would
likely have little effect on the coastal population unit, which comprises birds from Alaska to California
(Friesen et al. 2005, 2007). Additionally, effects would be limited if the birds remain in inlets such as
Gilttoyees Inlet and Foch Lagoon, which can be boomed.
Surf Scoter
A relatively small proportion of the Surf Scoter population in Kitimat Arm would likely be in the path of
the oil because some birds would be in open water; however, the majority would be in fjords and shallow
waters that have a low probability of being oiled. Male Surf Scoters would be most vulnerable to effects,
such as hypothermia and ingestion of hydrocarbons during preening, in mid to late summer when they,
along with sub-adults and non-breeding females, are at sea moulting (Savard 1988). During summer, Surf
Scoters tend to occur in fjords and shallow waters, such as around Coste Island and Hawksbury Island
(Boyd et al. 2001), away from the path of a spill. During summer, females and newly fledged chicks
would not be present because they return to the coast in early October. Relatively small numbers of birds
(less than 100) have been recorded in shallow bays and estuaries with rocky substrates near the terminal
in fall. Surf Scoters feed in shallow intertidal areas, where oil tends to accumulate. Hence, the birds are
sensitive to habitat changes, including changes in prey abundance or availability, and may be forced to
forage in less productive areas. Surf Scoters are particularly vulnerable to these effects during spring
when they are heavily foraging at herring spawn sites.
Recovery of Surf Scoters is expected to be relatively rapid (two years), based on recovery rates
documented in Prince William Sound after the Exxon Valdez spill (Day et al. 1997a).
Bald Eagle
Bald Eagles are vulnerable to hydrocarbon exposure (King and Sanger 1979), particularly if oil moves
into intertidal areas where they spend considerable time foraging. Although the effects of oiled plumage
on survivorship are less certain than in other birds, mortality can occur. Adult eagles with oiled plumage
could transfer oil onto eggs or fledgings and affect nesting success because small quantities of oil on eggs
can lead to embryo mortality or cause deformities, especially during the early incubation phase (Albers
1980; Albers and Szaro 1978 in Bernatowicz et al. 1996). Ingestion of oil from contaminated prey and
feather preening can lead to reproductive effects such as reduced hatchability of eggs and breeding
success (Fry and Lowenstine 1985; Velando et al. 2005b; Ainley et al. 1981), possibly because of altered
egg laying and incubation behaviour (Holmes et al. 1978). Immediately following the Exxon Valdez spill,
traces of oil were documented in 24 of 66 Bald Eagle eggs, but this decreased to 1 in 54 eggs the
following year (Bence and Burns 1995). This suggested short-lived adverse effects on nest productivity
(Bowman et al. 1993; Bernatowicz et al. 1996). In general, conditions improved for Bald Eagles one to
two years after the spill and no long-term effects on densities or reproduction were documented (White
et al. 1995).
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Effects of oil ingestion appear to be less serious for Bald Eagles than for other species. Blood samples
taken from Bald Eagles within an oiled area appeared relatively normal within two to three months after a
spill (Gibson and White 1990). In addition, Bald Eagles have been observed to avoid oiled areas (Gibson
and White 1990) and may avoid eating contaminated prey if non-contaminated prey is available (Pattee
and Franson 1982), thereby reducing the probability of adverse health effects.
Bald Eagles would be vulnerable to a spill because they inhabit Kitimat Arm year-round, feed in the water
and eat fish and birds that could be contaminated. In addition to mortality following contact with oil or
ingestion of contaminated prey, effects could occur during the nesting period, herring spawning season
(spring) or salmon migrations (spring and summer). Mortality after a spill would be expected to be low
and limited to the immediate spill area.
Black Oystercatcher
Black Oystercatchers are highly vulnerable to the effects of a hydrocarbon spill because of their
dependency on intertidal habitat (Andres 1998). Oystercatchers would be susceptible to effects such as
hypothermia and ingestion of hydrocarbons during preening and foraging. Oystercatchers would be most
vulnerable during the breeding season when direct mortality of adults, eggs and chicks would most likely
to occur. Indirect mortality of eggs and chicks could also occur if mortality of the provisioning adults
occurred. The oystercatcher prey base is almost exclusively composed of filter-feeding invertebrates
(e.g., mussels), such that biomagnification of contaminants would quickly occur in oystercatchers
foraging in contaminated intertidal zones. Contaminated mussel beds could provide a chronic source of
exposure (Andres 1994).
Data collected following the Exxon Valdez spill in 1989, showed oystercatchers experienced direct
mortality, disruption of breeding activity and reduced survival of chicks. In addition, cleanup activities
disrupted breeding birds into 1990 (Andres 1998). Productivity of pairs after 1990 suggests that any
ingestion of oil that occurred in 1989 or 1990 had little effect on the subsequent reproductive performance
of oystercatchers in some instances (Andres 1998). However, the presence of elevated hydrocarbon
concentrations in the feces of chicks provided evidence that oystercatchers were exposed to persistent
shoreline oil until 1993 (Andres 1999).
Depending on the location, extent, and the time of year, variable local oystercatcher mortality and
disruption of breeding would occur. Effects would be limited to intertidal zones in the affected area.
Recognizing that black oystercatchers are long-lived and monogamous, it could take from two to five
years for a locally affected breeding population to recover from a large number of mortalities (Agler
1994; Andres 1998; Day et al. 1997b). Although breeding oystercatchers might ingest hydrocarbons,
research from the Exxon Valdez incident suggests that productivity of breeding oystercatchers is not
reduced.
In the non-breeding season, buffer zones restricting boat and human traffic could be established around
feeding and roosting concentrations. In areas at risk to large-scale environmental perturbations (e.g., oil
spills), baseline information on breeding density, non-breeding population size, reproductive success,
prey abundance and prey quality should be collected.
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7.8.3

Potential Effects of Condensate on Marine Birds

A condensate spill would have fewer effects than diluted bitumen or synthetic oil because it does not
spread as far or cover as much water. Protective measures and mitigation would be similar for all
hydrocarbons loaded and offloaded at the Kitimat Terminal. Condensate would disperse rapidly from the
water surface. Although the evaporating toxins could cause asphyxiation of marine birds in the immediate
area, the evaporates would disperse quickly and any effect would be short term.

7.8.4

Mitigation Measures

Geographical, seasonal and species-specific plans will be developed, as appropriate, before operations to
identify areas of important marine bird use that could be at risk, based on information presented in this
assessment, traditional and local knowledge and future studies. Northern Gateway, in cooperation with
the Canadian Wildlife Service (CWS) and certified spill responders, will develop a marine bird protection
plan before operations, which will specify and guide all mitigation related measures. Aboriginal groups
and affected stakeholders (e.g., bird watchers, ecotourism operators) will also be consulted in the
development of these plans. Plans will include habitat protection measures (i.e., booming of sensitive
habitat areas), a marine bird hazing plan, a marine bird cleaning plan and a marine bird follow-up plan.
Exclusion booming of sensitive habitat would depend on the location of the spill and time of the year.
Sensitive areas that would benefit from booming include protected fjords and inlets branching off the
main waterways where birds forage and find refuge, like Bish and Emsley Coves. These and other
sensitive habitats will be noted on the coastal sensitivity maps developed for the Project (Polaris Applied
Sciences Ltd. 2010).
The CWS provides direction on emergency responses to manage affected birds, including hazing of
non-oiled animals and cleaning of oiled animals. The hazing plan will be comprehensive and include
information such as type, quantity, location(s), maintenance and use of necessary equipment, contact
information for experts trained in hazing techniques, coordination of hazing measures and responsibilities
and roles of relevant stakeholders and experts. Hazing strategies focus on flushing birds from an area. The
most effective deterrent device is usually sound (e.g., rockets, mortars or gas cannons) (Koski et al. 1993),
but small vessels can also be used to move birds away from an affected area. Sound may not be effective
for Bald Eagles over time because they are known to habituate to sound. In open waters, where booming
would be logistically difficult, scare tactics designed at flushing birds from the area would be used.
Capture and salvage (e.g., by dip netting) may be successful for removing small numbers of moulting
birds (Lougheed 1999).
Pyrotechnics and bioacoustics are the most effective hazing techniques for some species. Pyrotechnics
work well for hunted bird species, but may cause diving birds to dive rather than fly away. Use of
pyrotechnics would depend on the season because some birds cannot fly during some stages of their
moult (California Department of Fish and Game 2005, Internet site). Gas exploders and lasers vary in
effectiveness and success depends on the species being hazed. Techniques or combinations of techniques
that deter the most species should be employed (Gilsdorf et al. 2002). The presence of flammable gases
may prevent the use of pyrotechnics, propane cannons, flares or other items that use a battery or produce a
spark.
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Oiled birds should be removed if for no other reason than to remove a continuing source of contamination
to other wildlife and the environment (Jessup 1998). CWS (1999, Internet site) uses the criterion of ‘time
to recovery’ to assess rehabilitation priority, and assigns a higher priority to rare species with low
reproductive capacity than to species that are more likely to re-establish quickly. Oiled birds are not
usually cleaned unless they are designated as species at risk. The Canadian Wildlife Service (CWS)
(CWS 1999, Internet site) requires that an oiled bird rehabilitation program be established where there is
reasonable hope of rehabilitation success or if species at risk are affected. Success of a rehabilitation
program depends on a fast response time, so response resources should be stationed at the Kitimat
Terminal. Oiled birds are usually transported to a rehabilitation centre, where oil is manually cleaned off
the plumage. Rehabilitation time largely depends on the state of the individuals when they are brought to
the rehabilitation centre.
The goal of the bird rehabilitation program is to re-introduce rehabilitated birds to their natural habitats
and allow them to re-enter their breeding populations (CWS 1999, Internet site). Rehabilitation has had
variable success. Jessup (1998) estimated that 50% to 60% of birds that go through rehabilitation
successfully re-enter the breeding population. However, there are circumstances where survival
probability is low, or where certain oiled individuals do not have a high priority for rehabilitation. In these
cases, CWS advocates the most humane action, which is often euthanasia, done under the direction of
CWS by persons with appropriate permits (CWS 1999, Internet site).

7.8.5

Follow-up and Monitoring

Northern Gateway has invited coastal Aboriginal groups to participate in the establishment and
monitoring of environmental transects and sites that would include monitoring of marine birds,
particularly in coastal areas. Information from these transects and sites would be used to characterize
baseline conditions.
The health and recovery of affected bird populations would be monitored. A follow-up program for
marine birds may be implemented, as appropriate, to:
•

identify the number of birds affected by direct oiling and the number of associated mortalities

•

assess effects of hydrocarbons on feeding habitat and prey (a follow-up program for marine fish,
including important prey species such as Pacific herring, would also be carried out [see Section 7.6])

•

determine contaminant levels (e.g., PAHs) in preferred prey species (e.g., non-lethal sampling of liver
tissue from captured birds)

•

assess environmental health risks to marine birds

•

monitor the recovery of the local marine bird population through recruitment

The follow-up program should continue until recovery of the populations has been documented and
contaminant levels in prey and key habitats have reduced to baseline levels.

Page 7-30

May 2010

Sec. 52 Application
Volume 7C: Risk Assessment and Management of Spills –
Kitimat Terminal
Section 7: Effects of Hydrocarbons on the Biophysical Environment

7.9

Marine Mammals

Marine mammals are a valued social and cultural resource in British Columbia. Though evidence
regarding the short-term vulnerability of marine mammals to oil spills is not conclusive (as reviewed
below), Northern Gateway is committed to integrating knowledge about marine mammals and oil spills
appropriately in protection and mitigation planning. DFO would be the lead agency responsible for
mandating mitigation of effects and treatment of affected marine mammals during an incident.
Species at risk are protected under SARA, which applies to federal lands and protects all wildlife species
(and their critical habitat) listed as at risk. Once a species is listed on Schedule 1, protection and recovery
measures are developed and implemented. If added to Schedule 1, a species’ populations and ‘critical
habitats’ are afforded legal protection. For a list of marine mammals in Kitimat Arm that are on Schedule
1 of SARA, see Volume 6B, Section 6.
The Marine Mammal Regulations under the Fisheries Act apply to management and control of fishing for
marine mammals in Canadian waters. For industrial projects, the regulations state “no person shall disturb
a marine mammal except when fishing for marine mammals under the authority of these regulations.” The
Marine Mammal Regulations are under review and a draft of proposed amendments was released in
March 2005 that largely addresses management of tourism-related activities (DFO 2008, Internet site).

7.9.1

Baseline Conditions

Kitimat Arm and Douglas Channel are within the broad habitat ranges of several species of marine
mammals. Volumes 6B, Section 11 and 8B, Section 10 present information about species likely to occur
near the Kitimat Terminal and in the CCAA. Because marine mammals travel long distances, baseline
information for the CCAA is relevant to this assessment for Kitimat Arm.
Toothed whales are active hunters and consume small fish, squid and marine mammals; harbour porpoise,
Dall’s porpoise, Pacific white-sided dolphin and resident and transient killer whale are common species in
Kitimat Arm and Douglas Channel. Northern resident (NR) killer whales are observed in the area most
often during June and July, when chinook salmon are returning to their spawning grounds (Ford 2005,
pers. comm.). Dall’s and harbour porpoises are often observed in the area and are thought to be
year-round residents (Wang et al. 1996; COSEWIC 2003a, Internet site; LGL Limited Environmental
Research Associates 2004).
NR killer whales, humpback whales and Steller sea lions are representative species for the assessment of
effects on marine mammals. It is assumed that species of the same taxonomic group experience similar
effects; for example, it is assumed that information provided for killer whales would apply to white-sided
porpoise because they are both in the sub-order Odontoceti (Evans and Raga 2001). In addition to these
three selected species, potential effects on other marine mammals (i.e., transient killer whales, river otters
and harbour seals) are also discussed. River otters are discussed in Section 7.10.
There is limited knowledge of habitat use along British Columbia’s north-central coast for most
cetaceans. Some species use the area year-round, whereas others use it as part of annual migration routes
or summer feeding grounds. Identification of ‘Important Areas’ for cetaceans is complicated by a lack of
data about calving grounds and social understanding for many species (Hall 2008), as well as the wide
annual ranges and large uncertainties about abundance of some populations. Some information about
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habitat use comes from sources for which the accuracy and level of effort are not known (Lucas et al.
2007), for example, those based on historic commercial whaling statistics or general sightings.
Killer Whales
The NR killer whale is representative of toothed whales, relatively well studied, has conservation concern
(COSEWIC 2008, Internet site; BC MoE 2009, Internet site) and frequents the Kitimat Arm (Ford 2005,
pers. comm.; Marine Mammals TDR [Wheeler et al. 2010]). As top predators, killer whales rely on lower
trophic levels and can be considered an indicator of ecosystem health. Their communication methods,
hearing and physiology are generally similar to those of other toothed whales, although transient whales,
discussed below, do show some marked differences.
The NR killer whale is listed as threatened under COSEWIC and on Schedule 1 of SARA because of its
small population, low potential growth rate and presence of anthropogenic threats that may limit its
potential recovery or lead to further population decline (COSEWIC 2008, Internet site). Under Schedule 1
of the SARA, a recovery strategy for NR killer whales was finalized (DFO 2008, Internet site). Detailed
understanding of critical habitat for NR killer whales was recognized by DFO as a data gap in the national
recovery strategy.
In 2006, the NR killer whale population numbered 244 individuals (Ford 2008, pers. comm.). In 2007, the
R1 pod had four matrilines (R2, R5, R17 and R7) made up of 34 individuals (Ellis et al. 2007). The W1
pod had only one matriline (W3) and consisted of three individuals. Thus, as of 2007, the R clan consisted
of 37 individuals, 11 of which are known to be females that have previously given birth, as well as two
calves were born in 2006 (Ellis et al. 2007). In 2007, the other two clans, A and G, had 120 and 81
individuals, respectively (Ellis et al. 2007). As not all members of the NR killer whale population are seen
each year, population data are considered less precise than for the better-studied southern resident killer
whale population (DFO 2008, Internet site).
The general spatial and temporal distribution of the NR killer whale population is largely driven by its
prey populations (Clarke and Jamieson 2006), primarily chinook salmon from May to September, with
some individuals switching to chum salmon in October. From December to April, the population spreads
out but is not believed to leave the north-central coast region, possibly moving north to southeast Alaska.
Field surveys in June 2006 and July 2009 conducted by Northern Gateway identified NR killer whale
during summer in Caamaño Sound (I31 pod [G clan], C1 pod [A clan]), but they were not detected in
more confined regions (e.g., north of Wright Sound) nor during spring, fall and winter. Opportunistic data
collected by the BCSSN (which is not corrected for effort) in the CCAA (1985 to 2009) demonstrate
killer whale use of this region but does not differentiate between NR killer whale and transient killer
whales (see the Marine Mammals TDR).
Humpback Whales
This baleen whale is known to occur in the CCAA and has conservation status. Humpback whales in the
North Pacific are listed as of special concern on British Columbia’s Blue List (BC MoE 2009, Internet
site) and as threatened on Schedule 1 of the SARA (COSEWIC 2003b, Internet site). As of September
2009, a formal recovery strategy under SARA is being developed. As such, critical habitat (as defined by
SARA) of this species has not yet been formally designated. However, ‘Important Areas’ for humpback
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whales, ranked as high, include many of the inland waterways, such as Douglas Channel, Lewis Passage
and Campania Sound (Clarke and Jamieson 2006).
Humpback whales are found in British Columbia waters throughout the year, though peak abundance
occurs between May and October, when they are believed to be feeding (Chittleborough 1965; Clark and
Johnson 1984); recent observations suggest the period may range from June to November (Cetacealab
2009, Internet site). Seasonal field surveys carried out by Northern Gateway from 2005 to 2009 suggest
humpback whales may be absent in winter (February), and present as early as April, with peak abundance
in the fall (see the Marine Mammals TDR). Humpback whales were observed primarily in Wright Sound,
Squally Channel, Campania Sound, Caamaño Sound, Nepean Sound, Lewis Passage and Whale Channel.
They were observed less frequently in Douglas Channel and the Kitimat Arm region. Data obtained from
the BCCSN (see the Marine Mammals TDR) indicates sightings near Coste Island and Kitamaat Village.
Opportunistic sightings in Kitimat Arm in December 2005 (Wheeler 2006, pers. comm.) also indicate
year-round presence.
Humpback whales in British Columbia display strong site fidelity to very localized feeding grounds
(Rambeau 2008), as reported elsewhere in the North Pacific (Darling and McSweeney 1985; Baker et al.
1986; Craig and Herman 1997; Mizroch et al. 2004) and North Atlantic (Clapham et al. 1993). Site
fidelity is thought to be a learned, maternally directed behaviour, with whales returning to the feeding
areas they first visited as calves with their mothers (Martin et al. 1984; Baker et al. 1987; Clapham and
Mayo 1987).
Abundance estimates of North Pacific humpback whales in the CCAA or terminal area are not available
at this time, so it is not possible to quantify the importance of this habitat to the overall population. Given
the high site fidelity shown by feeding humpbacks, the CCAA is likely highly important to the individuals
that commonly feed there.
Steller Sea Lions
The Steller sea lion is representative of pinnipeds (seals and sea lions). It is a species of special concern
on Schedule 1 of SARA (Government of Canada 2005, Internet site; COSEWIC 2003c, Internet site),
occurs year-round within Kitimat Arm (see the Marine Mammals TDR) and is reasonably well studied.
Steller sea lions are high trophic level consumers and can be considered indicators of ecosystem health.
They are species of special concern primarily because of the small number of breeding sites and their
sensitivity to any type of disturbance. A formal management plan has not been developed to date.
Steller sea lions are widespread throughout coastal waters of British Columbia and were observed within
Kitimat Arm during marine mammal surveys carried out by Northern Gateway. They are present year
round (see the Marine Mammals TDR), although field sightings in the Kitimat Arm region were made in
the spring only; opportunistic sightings also suggest they are present in winter (sighting of an individual
at Bish Point in December 2005; Anderson 2005, pers. comm.). Animals were consistently observed at
Ashdown Island (a known haulout site) and at Isnor Rocks.
Rookeries are used from May through August for birthing, breeding and nursing pups. At this time, the
majority of the population is at the rookeries. Danger Rocks (COSEWIC 2003c, Internet site), west of
Banks Island, is the closest rookery to the Kitimat Terminal. Steller sea lions show a high site fidelity to
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their birthing and mating sites (Raum-Suryan et al. 2002). Year-round haulouts are used continuously,
and winter haulouts are used primarily during the non-breeding season (Bigg 1985). The closest winter
haulout site is at Ashdown Island, 75 km from Kitimat Arm off the southern tip of Gil Island, and Steller
sea lions are known to travel long distances from haulouts in the winter, making it likely that they are
present in Douglas Channel and Kitimat Arm at various times of year.
Other Species
The West Coast transient killer whale population is listed as threatened under COSEWIC, based on the
November 2008 assessment. This population is listed under SARA Schedule 1 due to the very small
number of mature individuals (about 122) and threats from high levels of anthropogenic contaminants
and, disturbance (COSEWIC 2008, Internet site). Prey depletion is also a threat to the population,
although the prey base of pinnipeds and cetaceans is considered stable or increasing.
Transient killer whales prey on a variety of marine mammals, including harbour seals, harbour porpoises,
Dall’s porpoises and Steller sea lions. They are also known to consume California sea lions, Pacific
white-sided dolphins, grey and minke whales, and less commonly, river otters, northern elephant seals
and seabirds (COSEWIC 2008, Internet site; Baird and Dill 1996; Ford et al. 1998, 2005). This
population of killer whales occurs throughout coastal waters of British Columbia (COSEWIC 2008,
Internet site). Field studies conducted for the Project suggest transient killer whales predate on porpoises,
and possibly seals, in the winter and early spring. Transients were identified in Kitimat Arm (February
2009), Douglas Channel (April 2009) and Principe Channel (February 2009) and averaged three
individuals per group (see the Marine Mammals TDR).
Harbour seals are not considered a species of conservation concern by COSEWIC, the province or under
SARA. They are common in coastal areas, inlets and estuaries throughout British Columbia, demonstrate
site fidelity and move locally during feeding, breeding and moulting (Olesiuk et al. 1990). Harbour seals
are considered non-migratory (Bigg 1981). Aerial censuses indicate approximately 108,000 harbour seals
are found in British Columbia waters (Olesiuk 1999, Internet site), although abundance estimates specific
to eastern Queen Charlotte Sound and the central coast are not available. Harbour seals are mobile,
opportunistic predators that consume seasonally or locally abundant prey, which include commercial and
non-commercial fish species (Olesiuk 1993; National Marine Fisheries Service [NMFS] 1997, Internet
Site; Browne et al. 2002). Harbour seals were found in all seasons throughout the CCAA (see the Marine
Mammals TDR), more commonly observed along coastlines (during bird surveys) than in open water
(middle of channels). Vessel-based surveys of Gilttoyees Inlet and Miskatla Inlet and the mouth of Foch
Lagoon (western Douglas Channel) regularly reported harbour seals, often in greater numbers than
elsewhere in the CCAA (see the Marine Mammals TDR).
Sea otters spend their life on the water surface. They are listed as of special concern under COSEWIC and
on Schedule 1 of SARA. Since the species was extirpated and subsequently re-introduced to British
Columbia, it has repopulated 25% to 33% of its historical range; however, the numbers of animals are not
yet stable (less than 3,500) and still require careful monitoring (COSEWIC 2007, Internet site).
Hydrocarbon spills are considered the greatest threat to sea otters and their proximity to existing oil tanker
routes makes them particularly vulnerable (COSEWIC 2007, Internet site). Sea otters are not known to be
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present in the CCAA, as reported in field studies (see the Marine Mammals TDR) but may recolonize the
area.

7.9.2

Potential Effects of Hydrocarbons on Marine Mammals

Acute effects of hydrocarbon exposure on marine mammals as a group are difficult to quantify and
predict, largely owing to the many variables involved (e.g., location, time of year, volume, degree of
hydrocarbon weathering, chemical constituents, marine mammal behaviour, ecology and distribution).
Marine mammals tend to be long-lived and range over a wide area. Many feed at the top of the food
chain, making them susceptible to many influences on their health over a lifetime and posing challenges
in making direct links with specific events. Effects may be short term and limited, or result in long-term
population or community level changes, depending on some or all of the above factors (NRC 2003).
The few studies of marine mammals are based either on captive animals, which may not adequately
represent field conditions and behaviours, or on sightings made opportunistically during a spill, where
robust data on abundance and distribution may not be available.
Würsig (1990) provides an overview of potential effects of hydrocarbon spills on marine mammals.
Species that occur in restricted areas for at least part of their lives are more likely to encounter oil than
those that range widely (e.g., feeding humpback whales, porpoises, dolphins). Cetaceans that feed at the
surface or bottom are more likely to contact oil than those that generally feed in the water column. As a
group, baleen whales appear to be more vulnerable in view of their small population size, general feeding
strategies and abundance on selected or restricted habitats for feeding and reproduction
Known acute effects on marine mammals fall into four general categories: changes in distribution,
physical oiling, immediate ingestion of oil and inhalation of oil vapour. These are discussed below for
toothed whales, baleen whales and sea lions. Cetaceans would be exposed to the hydrocarbons mainly
while they are on the water surface. Seals, sea lions and otters may be exposed to hydrocarbons on
shorelines.
Findings on the effects on marine mammals vary. As discussed below for toothed whales, there is
inconclusive information about the species’ ability to detect and avoid hydrocarbons. French-McCay et al.
(2004) undertook a modelling exercise to predict potential effects on wildlife and marine mammals. As a
basis for this model, it was assumed the probability for a marine mammal to encounter surface oil is
related to the percentage of time an animal spends on the water or shoreline. In validating their model,
French-McCay et al. (2004) found reasonable predictive accuracy for sea otters and seals affected by the
Exxon Valdez spill and underestimation of wildlife mortality where an unusually high abundance of
species occurred or where abundance data were not available.
Long-term effects were recognized for one pod of killer whales in Prince William Sound, but not for the
entire population of the Sound 17 years after the Exxon Valdez spill (Harwell and Gentile 2006). Based
on the precautionary principle and identified effects on individuals, mitigation to protect marine mammals
are a high priority for Northern Gateway.
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Toothed Whales (Killer Whales)
Studies examining a whale’s ability to detect and avoid hydrocarbon spills are inconclusive. Smith et al.
(1983) found that captive bottlenose dolphins initially avoided oiled area in the tanks but eventually
contacted the oil. Geraci and St. Aubin (1985) suggest that captive bottlenose dolphins rely on vision to
detect thick oil and on tactile response for avoidance. Geraci (1990) summarized historical interactions
and effects on whales and dolphins from oil and noted several occasions where animals swam through
hydrocarbons without any apparent effects. They noted that adverse effects on cetaceans, such as
sickness, stranding, or mortality tended to be associated with a spill of crude or bunker C oil. Scholz et al.
(1992) suggested that cetaceans are able to detect and avoid oil and other hydrocarbons. Observations on
dolphins suggested they detected oil on the surface of the water and did not avoid traveling through it
(Smultea and Würsig 1995).
Killer whales were observed swimming through oiled areas following the Exxon Valdez oil spill, with no
indication of avoidance or erratic behaviour (Loughlin 1994). Although Dahlheim and Matkin’s (1994)
initial analysis of the effects of the spill on killer whales suggested no definitive links to mortality, their
later studies indicated that most of the AB resident killer whale pod was documented swimming through
heavy sheen in Prince William Sound six days later. Thirteen individuals (eight juveniles and five
reproductive-age females), or 33% of the AB pod, died by the following summer, as did 41% of the AT1
group of transient killer whales (Matkin et al. 2008). Matkin et al. (2008) postulated that seven missing
individuals of the AB pod died because of inhaling oil or its vapours and cited Griffiths et al. (1987; not
reviewed here) as an example of respiratory stress in cetaceans (dolphins in the Arabian Sea). Cetaceans
must breathe at the surface, where large quantities of monoaromatic hydrocarbons evaporate off a spill
(Matkin et al. 2008). Depending on amount of hydrocarbon vapour at the surface and duration of
exposure, effects of vapour inhalation range from mild irritation to sudden death (Geraci and St. Aubin
1988).
No studies demonstrating effects of physical oiling (e.g., eye irritation) and direct ingestion of
hydrocarbons by toothed whales were located. This may be due, in part, because cetaceans typically feed
underwater rather than at the surface and also because carcasses typically sink and are not available
immediately following contact with hydrocarbons. After extensive studies, Geraci (1990) concluded that
direct surface fouling poses little, if any, risk to the thermoregulatory capabilities of whales. A diet of
contaminated prey would not account for acute mortalities immediately following a spill (Matkin et al.
2008). Both resident and transient killer whales are susceptible to direct ingestion of hydrocarbons,
despite their differing prey base (residents consume primarily fish and transients consume primarily
mammals). Although the transient killer whales may ingest pinnipeds or other small cetaceans, they are
highly mobile and may move away from a contaminated area in search of prey. Matkin et al. (2008) noted
that oiled seals were unusually lethargic and approachable, so may have been easier prey for transient
killer whales. Although resident killer whales are also highly mobile, they may be more affected by the
loss of opportunity to hunt for prey during important times of the year (such as the spawning chinook
salmon).
Following the Exxon Valdez spill, five harbour porpoises were found dead in Prince William Sound. The
three animals that were autopsied showed elevated levels of hydrocarbons in blubber and liver tissues.
However, levels of assimilated oil were not high enough to determine with certainty that the animals died
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from exposure to crude oil (Dahlheim and Matkin 1994). The deaths may have been the result of a
combination of factors, including acute toxicity of crude oil, increased energy expenditure from epidermal
fouling, reduced prey abundance and increased susceptibility to parasitism or disease (Albers and
Loughlin 2003).
Baleen Whales (Humpback Whales)
Short-term acute effects (physical oiling, ingestion of oil, inhalation of vapours) are presumably similar
for humpback whales and killer whales. However, humpback whales feed using baleen to filter prey, so
their ability to feed may be greatly affected through fouling of baleen plates, which may decrease
filtration capability and water flow (Haebler 1994). In laboratory studies using humpback baleen,
exposure to heavy crude oils doubled the resistance to water flow (required for filtering seawater). Other
studies determined that over 70% of oil that adhered to baleen would be lost within 30 minutes and 95%
would be lost within 24 hours of rinsing with salt water (Geraci and St. Aubin 1988). Combined evidence
of baleen fouling leads to the conclusion that contact with hydrocarbons could interfere with feeding
efficiency of baleen whales for at least several days and that whales that remained in a heavily oiled area,
where the rate of baleen fouling exceeds the rate of cleaning, would be most vulnerable (Geraci and St.
Aubin 1988). It is not known whether humpbacks avoid oil spills (NMFS 1991, Internet site).
Photo-identification studies on humpback whales following the Exxon Valdez spill suggest these whales
were not severely affected (von Ziegesar et al. 1996). The study also showed that short-term changes were
likely restricted to temporary avoidance of areas within Prince Williams Sound, although interpretation of
results was complicated by factors such as the wide distribution of the North Pacific humpback whales
and unequal survey effort in Prince Williams Sound between pre-spill and post-spill years (Loughlin
1994).
There are few reports of other baleen whale species associated with hydrocarbon releases. The number of
dead grey whales (20) found in the Gulf of Alaska during 1989 (year of the Exxon Valdez incident)
exceeded the total number of stranded whales reported for the entire 1975 to 1987 period, although lack
of pre-spill data precludes identification of definitive links with the oil spill (Loughlin 1994).
Pinnipeds (Steller Sea Lions)
The main effect on Steller sea lions is likely to be from direct contact with oil near their haulout sites;
lesser effects may include absorption through skin, incidental ingestion of oil directly or from prey,
exposure to vapours and fouling of fur (COSEWIC 2003c, Internet site). Sea lions primarily use blubber
to thermoregulate, rather than relying solely on their fur, so oiled fur would not interfere with
thermoregulation (Geraci and St. Aubin 1988; COSEWIC 2003c, Internet site).
Steller sea lions have been observed with oil deposits in their throats or around their lips, jaw and neck
(Calkins and Pitcher 1982). Studies conducted following the Exxon Valdez spill (e.g., Calkins et al. 1994)
indicate that sea lions were seen swimming in or near surface oil. Those that were near, or contacted, oil
could have become contaminated through inhalation, absorption through the skin, or ingestion either
directly or by consuming contaminated prey. However, none of the data presented and analyzed regarding
sea lions provided conclusive evidence of an effect on this species from the Exxon Valdez spill (Calkins
et al. 1994).
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There was no evidence of harbour seals avoiding oiled water or shorelines. Some animals were oiled,
although few carcasses were found, perhaps due to the tendency for carcasses to sink. In the early weeks,
seals surfaced in and swam through floating oil while feeding and moving to and from haulout sites
(e.g., Frost et al. 1994). In heavily oiled areas, many seal pups became oiled, and newborn pups were
sometimes seen with oil only around their nose. Oil fouling may affect seal locomotion, with heavy oiling
causing flippers to stick to the body. Contact with oil also reduces the insulation value of hair, but in
healthy seals this is not likely to be a major problem because they rely primarily on blubber for insulation.
Contact with oil can irritate or damage sensitive tissues, especially mucous membranes; some heavily
oiled seals were observed having difficulty keeping their eyes open. The seals became cleaner over time if
they were not repeatedly exposed to oil. Non-pups moulted their pelage in August and no further evidence
of external oiling was further seen within one year. Various types of skin lesions in harbour seals were
probably caused by crude oil. Examination of some dead oiled seals suggested the observed brain lesions
were related to inhalation of toxic fumes and mortality could have resulted from behavioural
disorientation, lethargy and stress response (Ott et al. 2001). It is thought that the lesions affected the part
of the brain responsible for sensing the environment and may have interfered with thermoregulatory
functions.
Mustelids (Sea Otters)
The effects of oil spills on sea otters are well documented. The Exxon Valdez incident resulted in
mortality of 2,650 (Garrott et al. 1993) to 3,905 sea otters (DeGange et al. 1994) and the population is not
yet considered completely recovered (Monson et al. 2000). Otters rely on a layer of air trapped inside
dense fur (other marine mammals have a layer of blubber) and a high metabolic rate for warmth.
Maintaining fur integrity and function requires constant and intensive grooming so, in the event of a spill,
the most serious effect of oil would be fouling of the insulative fur. Contamination of as little as 30% of
the body surface can lead to death from hypothermia or pneumonia (Costa and Kooyman 1982; Williams
et al. 1988). Grooming of oiled fur can lead to ingestion of oil and inhalation of fumes, resulting in injury
of lungs and other internal organs (Ralls and Siniff 1990). Sea otters aggregate in sexually segregated
groups of up to 200 animals, so a spill has the potential to oil many otters at one time. Otters typically
congregate near kelp beds, where oil often tends to accumulate (Ralls and Siniff 1990).

7.9.3

Potential Effects of Condensate on Marine Mammals

Acute effects of condensate exposure on marine mammals as a group are difficult to quantify and predict
for the reasons specified here for synthetic oil and diluted bitumen. Literature about condensate spills and
its effects on marine mammals was not located; however, it is assumed the highly volatile condensate
would evaporate quickly, with some dissolution into the water column and subsequent weathering
(see Section 4). Exposure would be possible during the first day or so after the spill. Hence, effects
associated with physical fouling (filter feeding baleen, hair fouling, etc.) are expected to be less than for
the more viscous hydrocarbons. However, inhalation of vapours could result in acute affects (narcosis,
lung tissue damage, disorientation leading to drowning), as stated by Geraci and St. Aubin (1988) and as
implicated in the reduction of populations of two groups of killer whales following the Exxon Valdez
spill (Matkin et al. 2008).
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7.9.4

Mitigation Measures

Terminal and vessel operations and spill response measures will be important in reducing the probability
of a spill and mitigating any effects on marine mammals. Based on information presented in this
assessment, traditional and local knowledge and future studies, areas of important marine mammal use
that could be at risk will be identified prior to operations and used to develop geographically, seasonally
and species applicable plans to protect marine mammals.
Northern Gateway, in cooperation with DFO and certified spill responders, will develop a marine
mammal protection plan before operations, which will specify and guide mitigation measures. Aboriginal
groups and affected stakeholders, (e.g., ecotourism operators) would be consulted in the development of
response plans. The plans will include a marine mammal hazing plan, a marine mammal cleaning plan
and a marine mammal follow-up plan. The hazing plans will be comprehensive and will include
information such as type, quantity, locations, maintenance and use of necessary equipment, as well as
contact information for experts trained in hazing techniques, coordination of hazing measures and
responsibilities and roles of relevant stakeholders and experts.
General marine mammal hazing techniques include:
•

acoustic deterrence (e.g., emission of artificial sounds that would cause an animal to move away from
the affected area, underwater playbacks of recordings from marine mammals that may either attract or
repel marine mammals)

•

boat traffic that generates noise and water movement

•

helicopters that generate considerable noise and wave movement at close range

•

fire hoses that can direct streams of water at whales (NOAA 2009, Internet site)

Seals, river otters and seas otters (if present) may be cleaned and re-introduced into the environment. A
marine mammal cleaning plan will specify all aspects associated with safe cleaning of affected animals.
The plan will specify cleaning products, techniques, location of cleaning activities, necessary veterinarian
expertise, animal care facilities/infrastructure and other details.

7.9.5

Follow-up and Monitoring

Northern Gateway has invited interested coastal Aboriginal communities (i.e., Gitga’at, Kitkatla) to
participate in or undertake independent research on marine species, including marine mammals. Similar
offers will be extended to other coastal communities as engagement progresses. Information from these
studies would be used to better understand the seasonal abundance and distribution of marine mammals,
and characterize baseline conditions.
Follow-up and monitoring will be undertaken, as appropriate, to evaluate acute effects on marine
mammals. Details associated with the required follow-up and monitoring programs would be specific to
different locations and will be included in the marine mammal follow-up plan. The plan will include the
appropriate duration, spatial coverage, frequency or effort, survey design, roles and responsibilities of
monitoring staff and required expertise and other applicable details.
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7.10

Terrestrial Wildlife

Hydrocarbons have the potential to affect the short-term health of terrestrial animals that use shoreline
habitat. Effects on wildlife are typically documented through toxicity or mortality (number of individuals
in the species groups affected) and areal extent of habitat loss. Diluted bitumen or synthetic oil will have a
greater effect than condensate because condensate evaporates quickly and is not expected to reach
intertidal or shoreline areas.

7.10.1

Baseline Conditions

Shoreline habitats near the upper reaches of Kitimat Arm near terminal range from gently sloping sand/
gravel beaches and mud flats to high vertical rock cliffs. The intertidal zone is highly productive, with
many invertebrates that provide prey for terrestrial birds and mammals. Carcasses (e.g., fish, birds, seals)
from the marine environment are often found in the intertidal zone, attracting bird and mammal
scavengers.
Black-tailed deer, black bear (including the Kermode subspecies, Ursus americanus kermodei), grizzly
bear and gray wolf are the most common large mammals found in the area. Grizzly bear are typically
confined to the mainland but the other species occur on the islands. Kermode bears are known to occur on
the mainland and islands of the CCAA. All these species may forage on accessible shoreline habitats.
Black-tailed deer may forage on seaweed exposed at low tides. Black bear (including the Kermode
subspecies) and grizzly bear are omnivores and opportunistic feeders, and are drawn to shoreline habitat,
particularly at low tides, where invertebrates such as crabs and large worms are found under rocks. Bears
and wolves are attracted to the shoreline when carcasses are exposed on shore.
North American river otters are widely distributed throughout their range in North America and
conservation initiatives have re-established some populations (Polechla 1990). River otters use freshwater
and marine habitat, as well as associated shoreline habitat. They are nocturnal and consume mainly fish
that are abundant, midsized and close to shore (Sefass and Polechla 2008, Internet site), amphibians
(mostly frogs) and crustaceans (mainly crayfish) and may also consume small mammals, molluscs,
reptiles, birds and fruits. Transient killer whales are their main natural predators in the water. Although
the marine mammal surveys carried out for Northern Gateway were not designed to detect river otters,
there were a few sightings along coastlines in Whale Channel in February and at the mouth of Foch
Lagoon in April 2006. They are likely distributed very close to coastlines.

7.10.2

Potential Effects of Diluted Bitumen or Synthetic Oil on Terrestrial
Wildlife

There are two types of effects of hydrocarbon spills on wildlife: toxicity, potentially leading to mortality,
and reduced habitat availability. Toxicity or mortality can occur directly through oiling of plumage, skin
or fur, ingestion of hydrocarbons and inhalation of vapour. Mortality can also occur indirectly through
habitat loss or degradation, diminished food/prey resources and shifts to less productive habitats. Both
terrestrial and semi-aquatic wildlife species may be adversely affected. Species that use or regularly
access the intertidal zone, such as semi-aquatic mammals (river otter) are the most vulnerable. Ungulates
(e.g., deer) and other terrestrial mammals such as bears, wolves and coyote that contact, inhale or ingest
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the hydrocarbons could also be affected. Northern Gateway would consult with provincial and federal
regulators and, as appropriate, and interested and affected Aboriginal groups, to identify possible options
and management strategies.
Lethal and sublethal effects have been documented for terrestrial and semi-aquatic mammals.
Semi-aquatic species would be the most vulnerable due to their consistent habits of hauling out on
suitable shorelines to forage and rest; juveniles are at greatest risk during spring and summer. River otters
are known to swim in the sea, potentially for long distances, and to den on or near banks. Animals can be
coated with hydrocarbons in the water or stranded along the shoreline, reducing the thermoregulatory
capacity of the fur and leading to death from hypothermia (McEwan et al. 1974; Williams et al. 1988;
Hurst et al. 1991). Exposed animals may rapidly succumb to hypothermia (Lipscomb et al. 1996) and may
attempt to compensate by increasing metabolic rates (Hurst et al. 1991). They can also inhale vapour or
ingest or absorb hydrocarbons through the skin. Contact can lead to fatal internal damage to lungs, livers
and other organs. After cleanup, aquatic furbearers may be chronically exposed, via ingestion, to
hydrocarbons that remain in the environment, and may also experience habitat loss and a decline in food
availability along affected shorelines. Although some semi-aquatic mammals can avoid heavily oiled
areas, the contamination effectively reduces the amount of habitat available over the short term.
Decreased prey abundance due to contamination, avoidance of contaminated prey or feeding areas,
changes in prey vulnerability, or reduced predator success could lead to changes in food availability.
Effects on river otters were studied following the Exxon Valdez oil spill in Prince William Sound
(Bowyer et al. 2003). In 1989, river otters inhabiting heavily oiled areas had reduced body mass, elevated
biomarkers in their blood, ate a less diverse diet, had larger home ranges and selected habitat differently
than otters living in areas that were not heavily oiled (Bowyer et al. 2003). Data on habitat selection
clearly demonstrated that otters avoided oiled shorelines in 1990, which would have helped reduce effects
on individuals. Indirect and direct effects could have contributed to mortality that occurred after 1990.
Based on presence of biomarkers in blood of otters from oil and non-oiled areas, recovery of the local
population was considered to have occurred by 1999 (Bowyer et al. 2003).
For terrestrial-based mammals such as grizzly and black bear, the effect mechanism is the same as for
semi-aquatic furbearers: contamination of fur, ingestion of hydrocarbons during preening and longer-term
effects from ingestion of contaminated food. Species such as grizzly and black bear, including Kermode
bear, could ingest scavenged prey along contaminated shorelines. Ingestion could lead to mortality for a
few individuals.
Larger terrestrial-based mammals may encounter oil or bitumen incidentally along affected shorelines,
and are at a low risk of exposure as they are highly mobile and adept at avoiding contaminated areas
(e.g., using scent) within their relatively large home ranges. Hydrocarbon contact would be likely limited
to feet and lower legs. Ungulates such as black-tailed deer, feeding or moving along marine shorelines are
not likely to encounter hydrocarbons in amounts that result in mortality.
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7.10.3

Mitigation Measures

Based on information presented in this assessment, traditional and local knowledge and future studies,
shoreline areas that could be at risk and that are accessible to, and potentially used by, terrestrial
mammals will be identified prior to operations. This will focus the development of geographically,
seasonally and species applicable plans to protect terrestrial mammals.
Northern Gateway will engage the Province of British Columbia, CWS and certified responders in the
development of a terrestrial mammal protection plan up to the start of operations. Participating Aboriginal
groups and affected stakeholders will be consulted in the development of the plans. The plans will specify
mitigation measures and emergency response and will include a terrestrial mammal hazing plan, a
terrestrial mammal cleaning plan and a terrestrial mammal follow-up plan. The hazing plan will be
comprehensive and will include information such as type, quantity, locations, maintenance and use of
necessary equipment; contact information for experts trained in hazing techniques, coordination of hazing
measures and responsibilities and roles of relevant stakeholders and experts.
Oiled wildlife should be removed from the environment if for no other reason than to remove them as a
continuing source of oil to other wildlife and the environment (Jessup 1998). A rehabilitation program
must be established soon after the spill to be effective. Affected wildlife would be transported to a
rehabilitation centre, where oil would be manually cleaned off. Rehabilitation time largely depends on the
state of individuals at the time of arrival. In circumstances where survival probability is low, or where
certain species are not a high priority for rehabilitation, CWS (1999, Internet site) advocates the most
humane treatment for the oiled animal. This is often euthanasia, done only by competent persons with
appropriate permits issued by the applicable federal or provincial agency.
Management strategies for non-oiled mammals include active or passive hazing to keep them away from
oiled areas, and trapping and relocating them.
Passive hazing refers to physical exclusion of individuals from an affected area. Wildlife fences or snow
fences can be built around affected areas to exclude larger species (BP Exploration [Alaska] 2006,
Internet site) from shoreline areas; the bottoms of the fences can be buried to prevent burrowing into the
affected area by smaller mammals. For passive hazing to be successful, wildlife attractants within the
affected area should be limited through proper waste management and disposal practices, including
regular removal of animal carcasses deposited on shorelines (BP Exploration [Alaska] 2006,
Internet site).
Active hazing refers to the use of devices to deter wildlife from entering an affected area. It is most
effective in a small area. A common approach for birds, hazing has also been effective for terrestrial
mammals (Gilsdorf et al. 2002; Ronconi et al. 2004; Sellers and Miller 1999, Internet site). There must be
suitable habitat outside the affected area for the hazed animals to move into and it may be preferable to
limit human access and activity in these areas (California Department of Fish and Game 2005, Internet
site). The presence of cleanup crews may be effective in discouraging wildlife, as suggested by Sellers
and Miller (1999, Internet site) for bears following the Exxon Valdez spill. Gas exploders, lights, sirens
and guard animals are the most effective techniques for mammals (Gilsdorf et al. 2002). Hazing should
begin as soon as possible to avoid attracting wildlife to the area due to attractants (e.g., new scents) and,
should extended hazing be necessary, techniques can be varied to limit habituation (Gilsdorf et al. 2002).
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Animal-activated hazing techniques are the least likely to lead to habituation because there is a stronger
association between the animal behaviour and the deterrent (Ronconi et al. 2004). Precautions include
avoiding the use of pyrotechnics, propane cannons, flares or other items that use a battery or produce a
spark if there are flammable gases in the area and not using loud noises if there are sensitive non-target
animals in the area.
Trapping and relocating wildlife away from a spill-affected area can be effective in preventing further
oiling, especially for larger animals, including those that do not respond well to hazing (United States
Environmental Protection Agency [California Department of Fish and Game 2005, Internet site).
Immediate relocation after capture may be important to increase survival. Ben-David et al. (2001) found
that captive river otters released into the wild had a lower survival probability than non-captive river
otters; survival probability was the same for captive unoiled otters and captive oiled otters. The relocation
area should contain suitable habitat for the relocated species. After various oil spills, regional
repopulation in the affected area was faster if the refuge was closer in proximity and habitat type to the
original habitat (Cairns and Eliot 1987). Similar habitat is important because the relocated animals require
less time and resources for adaptation. Animals relocated to sub-optimal habitats may be more likely to
return to the affected area. The territory of, and habitat carrying capacity for, the species being relocated
should be assessed before relocation. To increase habitat quality, human access to the relocation areas can
be restricted; for example, private land considered beneficial for affected species and resources can be
purchased, as was done following the Exxon Valdez spill (Weiner et al. 1997).

7.10.4

Follow-Up and Monitoring

Northern Gateway would like to engage coastal Aboriginal communities in the establishment and
monitoring of permanent environmental monitoring transects and sites, including the collection of
information on terrestrial wildlife that frequent shoreline and intertidal areas. Information from these
monitoring programs would be used characterize baseline environmental conditions, including the
quantity and quality of important harvested species. Offers to undertake a monitoring program have been
extended to several coastal Aboriginal communities (Gitga’at, Kitkatla and Lax Kw'alaams) as part of
ongoing engagement activities, and similar offers will be extended to other coastal communities as
engagement progresses.
A follow-up program would be conducted, as appropriate, to assess the effectiveness of mitigation
measures and cleanup techniques. Of particular importance would be implementation of a carcass
monitoring and recovery program along affected shoreline areas to limit hydrocarbon exposure, via
ingestion, by species that typically scavenge remains. Local wildlife rehabilitation centres, which will be
established as part of the spill response plan by Northern Gateway, will be asked to assess the extent of
wildlife that might have been affected during the initial spill event and cleanup and recovery success
attained for the various species groups.
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7.11

Summary of Effects on the Biophysical Environment

Diluted bitumen or synthetic oil would likely have more extensive effects than condensate; this is because
condensate would evaporate quickly and be dispersed in the water column, then degrade, and be less
likely to persist on shoreline habitat (Section 9.5 and Section 9.6). Diluted bitumen or synthetic oil would
spread over the water surface, immediately reach the western shores of Kitimat Arm and develop areas of
hydrocarbons on top of the water surface that would be detectable for a number of hours, depending on
emergency response and meteorological and oceanographic conditions. Shoreline remediation of sensitive
habitats in affected areas could result in temporary (one to two-year) loss of habitat complexity.
Adverse effects have been noted in tanker oil spills elsewhere in northern waters, including effects on:
•
•
•
•
•
•

shoreline vegetation (rockweed and other species which provide habitat for many species)
intertidal invertebrates
fish that use nearshore habitat (e.g., eulachon returning in winter to spawn in the Kitimat River)
waterbirds (e.g., Marbled Murrelets, Surf Scoters) during a sensitive phase such as moulting
marine mammals (e.g., whales, seals and sea lions)
semi-aquatic mammals (e.g., river otter)

The effects could occur through both short-term mechanisms (acute toxicity from ingestion of oil and
oiled prey, oiling of animals, inhalation of vapour and long-term mechanisms (chronic effects from loss
of habitat or uptake of contaminants). Lesser effects could occur for species that use shoreline habitat less
frequently, such as scavenging bears, deer, crows or ravens that might feed on contaminated food sources.
Changes in habitat quality and mortality of prey organisms could result in further effects. For example,
loss of herring eggs and fry following a spring spill would lead to loss of prey and longer-term effects on
salmon populations; these changes could affect human use of the fisheries resources, as well as bird and
mammal predators. The extent of effects on biota would be determined by their vulnerability (i.e., how
likely they are to be present, means by which they were exposed, sensitivity of the life stage at that time
of year) and by the time needed for recovery of a population. For example, fish species that inhabit
subsurface water would not be directly affected; however, Marbled Murrelets, which have a small
population and are of conservation concern, could suffer mortality or long-term effects if individuals are
present in the area of the spill. Emergency response plans, booms around sensitive habitat and cleanup
procedures would be implemented immediately to mitigate adverse effects. Monitoring will be in place to
keep track of post-cleanup recovery.
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8

Effects of Hydrocarbon Spills on Human
Environment

8.1

Approach

There is considerable literature about the effects of hydrocarbon spills on the human environment, mostly
related to major open-water releases. According to the International Tanker Owners Pollution Federation
Limited (2009, Internet site), marine oil spills can have adverse effects on traditional harvesting and on
industries that use seawater, damage fishing boats and gear, interrupt fishing activities (i.e., harvesting
and sales) and contaminate coastal amenity areas (recreation and tourism). However, there have been very
few attempts to quantify these effects, and most of the studies have occurred after the incident.
The approach taken in this assessment is to provide a general description of baseline conditions relating to
heritage resources, traditional and non-traditional marine uses and the socio-economic setting.

8.2

Heritage Resources

8.2.1

Baseline Conditions

Heritage resources include precontact period archaeological sites, historic sites and paleontological
resources. No systematic heritage resource surveys have been conducted of the entire shoreline in Kitimat
Arm or Douglas Channel, so baseline conditions are unknown at this time. However, given the heavy
dependence on the marine environment by Aboriginal and non-Aboriginal cultures in the area, the entire
shoreline and intertidal zone are considered to have high potential for archaeological sites. A review of
site records maintained by the British Columbia Archaeology Branch indicates there are a large number
of previously recorded archaeological sites in the area. Precontact resources that could be affected by a
hydrocarbon spill include habitation sites (e.g. house depressions, plank house remains, shell middens),
ceremonial or religious sites (e.g. rock art, human burials), culturally modified tree sites, transportation
sites (e.g., trails and canoe skids), subsistence features (e.g., fish traps), artifact scatters and isolated finds.
Historic resources include residential sites, ceremonial sites (human remains and burials) and shipwrecks
(Rogers 1992; Northern Maritime Research 2002). Some individual sites may be classified as both
precontact period and historic period, such as a historic cemetery placed directly over a precontact shell
midden. Within the intertidal zone, there is high potential for a number of important sites older than
5,000 years before present (BP), due to the complex glacial history of the region (Fedje et al. 2005). No
paleontological sites have been identified to date, but sedimentary strata of the Alexander Terrane and
Quaternary deposits in marine terraces may contain fossils.
Northern Gateway has offered coastal Aboriginal communities the opportunity to undertake their own
traditional knowledge studies and to participate in the verification of a draft coastal sensitivity atlas
(see Coastal Operations and Sensitivity Mapping for the CCAA TDR), which includes identifying
culturally and environmentally sensitive sites and areas. These studies, combined with archaeological
surveys, would be used to define important sites that need protection and preferably be completed before
the start of operations.
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8.2.2

Potential Effects of Diluted Bitumen or Synthetic Oil Spill on Heritage
Resources

Degradation, contamination and physical loss of heritage material, interpretive context, or both are the
key issues related to hydrocarbon spills. Time of year and recovery time are not relevant, except as they
relate to the physical extent of a spill. Containment and recovery would be very important in reducing the
effects on heritage resources by limiting the amount of hydrocarbons reaching the shoreline and intertidal
zone.
Heritage resources can be affected in two ways. First, if the hydrocarbons reach the intertidal zone or
shoreline, chemical interactions with the physical cultural remains can limit the ability to interpret the
sites. Many types of specialized analyses conducted during archaeological studies (e.g., radiocarbon
dating, blood protein residue analysis, stable isotope analysis, and ancient DNA analysis) are important
for enhancing site interpretations. If the hydrocarbons contaminate organic samples, some forms of
testing may not be possible or reliable. Radiocarbon dating is particularly difficult in this region due to the
marine reservoir effect where marine samples appear ‘older’ than terrestrial samples of equivalent age
(Dumond and Griffin 2002); however, it is difficult to predict the specific effects on dating due to
variability in hydrocarbons and degree of impregnation at different depths with a site (Reger et al. 1992).
It is also possible that rock art pigments could be affected, but there are insufficient data to determine
effects of hydrocarbon contamination on the pigments. Palaeontological sites are less susceptible to
degradation because of hydrocarbon contamination due to the effects of fossilization.
Secondly, sites can be more affected by spill containment and cleanup activities than by the initial
contamination. Boom placement, substrate removal, bioremediation and other cleanup activities such as
establishment of staging areas and access trails may mechanically disturb heritage resources. Any
activities that result in ground disturbance can affect heritage resource sites by disturbing site contents
and site contexts, which are critical for archaeological interpretation. Shipwrecks deep beneath the ocean
surface would probably not be affected, but shallow shipwrecks could be affected.
The introduction of cleanup and monitoring personnel into a previously undisturbed area can also have
unanticipated secondary effects, such as illegal artifact collection and looting. For example, an increase in
illegal artifact collection (including deliberate excavations in productive midden sites) during cleanup
activities was a major effect after the Exxon Valdez oil spill (Bittner and Reger 1995).

8.2.3

Mitigation Measures

In the event of a hydrocarbon spill, mitigation requirements would be issued under the British Columbia
Heritage Conservation Act. The British Columbia Ministry of Tourism, Culture and the Arts maintains a
database of all known historical resources sites and this information would be used, in combination with
the Coastal Operations and Sensitivity Mapping for the CCAA TDR and information from the traditional
knowledge studies to determine the location of known sites relative to the spill. The GRP, developed in
cooperation with regulators, participating Aboriginal groups and directly affected pubic stakeholders,
would identify priority sites for protection and emergency response in Kitimat Arm and upper Douglas
Channel.
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Containment is the primary method used to limit adverse effects. The Archaeology Branch would
immediately issue a series of mitigation requirements that would depend upon the size of the release and
the success of containment activities. Mitigation procedures could include an Archaeological Impact
Assessment of affected lands and response activities to document and record previously unrecorded
historical resources sites and evaluate known sites. It would be critical to consult with Aboriginal groups
because they have concerns about potential ancestral sites (particularly those of religious or ceremonial
nature, such as human burial sites). All responders would need to be informed about the issue of the
illegal collection of artifacts or fossils.
If it is determined that sites with heritage value have been affected, additional mitigation requirements
could be required, such as monitoring of response activities, detailed mapping and documentation of sites,
shovel testing, controlled surface collection, scientific excavation and specialized analysis (i.e., stem
round sampling of culturally modified trees). If a portion of a site is damaged by a spill or spill activities,
compensatory studies outside the affected area may be required. Controlled scientific study of related site
areas would partially help to recover information lost in affected sites due to contamination and/or ground
disturbance. After the Exxon Valdez spill, local Aboriginal groups requested the establishment of regional
repositories and display facilities for artifacts recovered during emergency response activities. Site
monitoring programs and public education programs were also carried out.

8.2.4

Follow-up and Monitoring

Follow-up studies would be required after the incident and cleanup to document the presence of heritage
resources. Northern Gateway would follow all requirements issued under the British Columbia Heritage
Conservation Act to mitigate effects.

8.3

Traditional Marine Resource Use

Aboriginal groups living around the Upper Kitimat Arm have considerable knowledge of the area based
on their traditional uses and knowledge of the environment. Aboriginal peoples have particular concerns
about effects of a hydrocarbon spill because of their long association with and dependence on the sea for
food, transportation and other purposes. Fisheries resources used for food, social and ceremonial
purposes, and potential effects on these resources, are discussed in Section 7.7. Socio-economic
characteristics at the main population centres near the Kitimat Terminal (Kitamaat Village, Hartley Bay)
are discussed in Section 8.5.
Northern Gateway continues to engage Aboriginal groups and organizations and has offered to fund or
assist in the completion of Aboriginal traditional knowledge (ATK) studies. Two types of ATK that might
be shared include traditional use information and traditional environmental knowledge. Together, they
represent an understanding of specific natural and cultural environments that has been acquired over
generations and may be used to enhance analysis of a project’s effects. The information shared is
typically qualitative, and based on cultural norms and values, sensory perceptions, and oral traditions.
Traditional use information focuses on human activities and associated sites or areas of cultural
importance within a landscape, and can include:
•

travel (e.g., trail systems, waterways, important landmarks)
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•
•
•

harvesting (e.g., resource use and harvesting areas, special use sites such as fish camps)
habitation areas (e.g., occupation areas, meeting areas, gathering places, cabins, campsites)
spiritual sites and sacred landscapes (e.g., burial sites, sacred sites, spiritual sites, sacred geography)

Traditional environmental knowledge is broader-based, and represents acquired wisdom about cultural
and ecosystem variability within a landscape and across time. Traditional environmental knowledge,
when shared with practitioners of technical scientific disciplines, permits a consideration of Aboriginal
perspectives when analyzing the effects of a development on a landscape.
Together, traditional use and traditional environmental knowledge represent an understanding of specific
natural and cultural environments acquired over generations and may be used to enhance analysis of the
potential effects of a hydrocarbon spill. For a more detailed discussion of approach for the ATK studies,
see Volume 5B.

8.3.1

Baseline Conditions

The opportunity to participate in ATK studies has been extended to those Aboriginal groups with whom
Northern Gateway is conducting focused engagement activities. ATK studies have yet to be initiated with
coastal Aboriginal groups because the level of engagement to date has been limited.
Two Aboriginal communities, Haisla Nation and Gitga’at Nation, are located near the Kitimat Terminal,
or in areas that could be affected by a release. Traditional territories and locations of reserves are
discussed in this section.
The Haisla Nation (Kitamaat Village Council) traditional territory is in Kitimat Arm, Kildala Arm and
Gardner Canal in Douglas Channel, as well as the Kitimat, Kitlope and Kildala River valleys (Indian and
Northern Affairs Canada [INAC] 2009, Internet site). A total of 648 of the 1,622 registered members of
Kitamaat Village Council reside on reserve (INAC 2009, Internet site), which include Kitamaat No. 1,
Kitamaat No. 2, Walth No. 3, Tahla (Kildala) No. 4, Jugwees (Minette Bay) No. 5, Bees No. 6, Kitasa
No. 7. Kuaste Indian Reserve (Mud Bay, Kildala Arm) No. 8, Kildala River (Thala) No. 10, Henderson’s
Ranch No. 11, Tosehka (Eagle Bay) No. 12, Gilttoyees No. 13, Misgatlee No. 14, Crab River (Crab
Harbour) No. 18 and Ja We Yah’s No. 99.
The Gitga’at Nation (Hartley Bay) territory is near the mouth of Douglas Channel. Currently, Hartley Bay
has 665 registered members, of which 161 reside on reserve (INAC 2009, Internet site). The reserves
include Kitkahta No. 1, Gill Island No. 2, Quaal No. 3, Quaal No. 3A, Kulkayu (Hartley Bay) No. 4,
Kulkayu (Hartley Bay) No. 4A, Lachkul-Jeets No. 6, Gibble Island No. 10, Turtle Point No. 12 and
Kunhunoan No. 13.
There is currently very limited information on Aboriginal use of fish, wildlife and vegetation resources
for communities in the region. However, data from the 2001 Aboriginal Peoples Survey (Statistics
Canada 2002, Internet site) showed that 32% of adults on the Kitamaat 2 Reserve reported having fished
in the previous 12 months, and 12% of adults had hunted (in all cases, these activities were for
consumption purposes). The data also showed that 20% of adults reported gathering wild plants, with
75% of the cases for consumption. Thus, there is clear evidence that Aboriginal people in the area harvest
fish, wildlife and plants for food as well as social and ceremonial use, although the exact nature of this
use and key harvesting locations is as yet unknown.
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8.3.2

Potential Effects of Diluted Bitumen or Synthetic Oil on Traditional
Marine Use

Participating Aboriginal groups have raised concerns during various engagement activities with Northern
Gateway that a spill at the Kitimat Terminal would affect their traditional lands, culture, practices and
lifeways (see Volume 5A, Section 4). The concern is that there would be systemic effects on the food
chain, human health, and the future well being of local communities.
The potential for accidents or malfunctions associated with project-related activities is the greatest
environmental concern expressed to date during Aboriginal consultations. Aboriginal resource
management strategies are strongly rooted in precautionary principles and adaptive management (Berkes
1999). Cultural heritage often determines how one perceives the environment and the resources contained
within it (Haggett 1983; Jordan and Rowntree 1986). Although each Aboriginal group is unique, many
share certain fundamental environmental values. This type of cultural knowledge and experience often
leads to very different interpretations of risk and environmental sustainability than that of mainstream
society (British Columbia First Nations Environmental Assessment Working Group 2000, Internet site;
Paci et al. 2002).

8.3.3

Mitigation Measures

Mitigation measures include, as appropriate:
•

involvement of Aboriginal groups in emergency response plans, including input to the GRP and direct
involvement in emergency response (if the Aboriginal groups are willing)

•

confirming that safety measures are adequate (including the use of safety monitors throughout the life
of the Project and rapid cleanup)

•

timely communication, so contaminated areas can be avoided for harvesting

Northern Gateway would hold public meetings in Aboriginal communities to discuss safety measures for
emergency response plans, emergency protocols and compensation.

8.3.4

Follow-up and Monitoring

The biophysical studies described in the follow-up and monitoring subsections in Section 7 would
provide valuable information to Aboriginal groups about the state of the environment, especially the
fisheries. Aboriginal groups would be invited to participate in the environmental monitoring studies. In
the event of a spill, it would be appropriate for Elders to conduct ceremonies, and to participate in the
monitoring of effects on the environment.
Northern Gateway would like to engage coastal Aboriginal groups in the establishment and monitoring of
permanent environmental monitoring transects and sites. Information from these monitoring programs
would be used to obtain information on baseline environmental conditions, including the quantity and
quality of important harvested species. Offers to undertake a monitoring program have been extended to
several coastal Aboriginal communities (Gitga’at, Kitkatla and Lax Kw’alaams) as part of ongoing
engagement activities, and similar offers will be extended to other coastal communities as engagement
progresses.
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8.4

Non-Traditional Marine Use

The waters and land adjacent to the marine terminal are used for a variety of recreational, residential and
commercial purposes. Many of these are identified in the Non-Traditional Land Use TDR (Karki and
Hamelin 2010), and include:
•

settlements at the Kitamaat 2 reserve on the east side of Kitimat Arm, Hartley Bay on the west side of
Douglas Channel, and Dolphin Island (Kitkatla) on the north end of Browning Entrance

•

foreshore development, including commercial leases and marinas

•

eco-tourism (lodges and boat excursions)

•

marine fishing (traditional, recreational and commercial)

•

non-consumptive recreational activities (marine wildlife viewing, bird watching, hiking, boating,
camping, etc.), especially in parks and protected areas

•

forestry-related operations involving log dumping, sorting, booming and scaling and boom towing
within and beyond the area

•

marine transportation in and out of the Port of Kitimat, including the Rio Tinto Alcan aluminum
smelter, Methanex and the Eurocan pulp and paper mill

Section 7.7 considers the potential effects of a spill on marine fishing, commercial, recreational and
traditional use (FSC fishing).

8.4.1
8.4.1.1

Baseline Conditions
Communities

Kitamaat Village is on the east side of Kitimat Arm, directly east from the Kitimat Terminal location. In
2006, 514 people lived in Kitamaat Village and there were 182 private dwellings (Statistics Canada 2007,
Internet site). Residents will have a direct view of the terminal.
8.4.1.2

Commercial Leases and Marinas

There are three commercial leases in Kitimat Arm: a wharf on Minnette Bay and two for marinas at the
northern end of Kitimat Arm, which are used by residents of Kitimat, Kitamaat Village, Terrace as well as
visitors from outside the region. Two additional marinas not identified as leases are situated at the
northern end of Kitimat Arm. A private moorage residential licence is also located on Minnette Bay.
Eight ocean charters and pleasure boats operating from the marinas constitute some of the marine traffic
in Kitimat Arm (Kitimat Chamber of Commerce 2009, Internet site; Thompson 2009, pers. comm.). Boat
traffic in Kitimat Arm is highest from July to October. Mooring capacity in the MK Bay Marina at
Kitamaat Village is a maximum of 122 boats, and the marina is booked to capacity during the peak
season. Boats, yachts and sea vessels are mostly privately owned and used for pleasure, fishing and
sightseeing (Grant 2009, pers. comm.).
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8.4.1.3

Marine Fishing

Recreational and commercial fishing within Kitimat Arm and Douglas Channel is an important source of
recreation, business and food for many local residents, business operators, guides and tourists. The area
attracts anglers from all over, including other parts of British Columbia, Canada, the United States and
abroad. There are no current estimates of total angling activity in the area, but a 1982 study (Canadian
Resourcecon Ltd. 1982) of people using four boat launch sites in the Kitimat area determined that fishing
activities were geographically divided as follows:
•
•
•
•
•

44% in Kitimat Arm (to Lorette Island and including Kildala Arm)
37% in the inner portions of Douglas Channel (Hilton Point to Helen Point)
16% in Devastation Channel
2% in Garner Canal
1% in outer Douglas Channel and Verney Passage

Surveys of five local charter and lodge operators (see the Non-traditional Land Use TDR) identified a
number of prime fishing spots near the Kitimat Terminal, including:
•
•
•
•

the area around Moon Bay Marina, Half Moon Bay and Bish Creek
the shoreline in and around rivers and creeks
the eastside channel of Kitimat Arm
a popular area described as ‘The Wall,’ which is adjacent to the western shore of Kitimat Arm

June to August is the most popular season for recreational fishing and wildlife viewing. Specialized
fishing for halibut, rock cod and other bottom-dwelling fish usually takes place in February, March and
April. During peak season, 40 to 70 boats are on Douglas Channel, comprising 20% local fishers and 80%
people from outside Kitimat. Two of the local charter operators interviewed suggested that 40% to 50%
of non-local anglers were on guided trips (details provided in the Non-traditional Land Use TDR).
8.4.1.4

Eco-Tourism

Eco-tourism businesses operate near the Kitimat Terminal. Various companies hold commercial
recreational licences or leases, which consist mainly of moorage sites for ecotourism operations that offer
cruises to the Great Bear Rainforest; a few examples include:
•

Maple Leaf Adventures Corp., based in Victoria, offers eight-day trips from Kitimat to Bella Bella in
September and April aboard the 92-ft schooner, the Maple Leaf

•

Pacific Yellowfin Charters, based in Vancouver, offers an eight-day trips from Bella Bella to Kitimat,
Hartley Bay in September aboard the 114-ft yacht, the Pacific Yellowfin

Small operators might use the area for saltwater day charters in the summer and winter.
8.4.1.5

Non-Consumptive Recreation

There are three trails and one recreation area in the general area of the Kitimat Terminal; these include
Douglas Channel Trail, North Cove Trail, Kitamaat Village Shoreline Trail and North Cove Recreation
Area. Various recognized SCUBA dive sites are concentrated in Douglas Channel near Maitland Island
and around Campania Island (Squally Channel and Estevan Sound).
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8.4.1.6

Parks and Protected Areas – Provincial

Several designated areas in and around the terminal receive are protected under the British Columbia
Parks Act and the British Columbia Protected Areas Act. Adjacent to Douglas Arm there are five parks
(Nalbeelah Creek Wetlands Park, Kitimat River Park, Dala-Kildala Rivers Estuaries Park, Eagle Bay Park
and Coste Rocks Park) two protected areas (Jesse Falls Protected Area and Foch-Gilttoyees Park and
Protected Area) and one conservancy (Stair Creek Conservancy). Most of these areas include a small
portion of associated protected marine habitat.
Coste Rocks Park, directly adjacent to a marine transportation approach, protects an exposed section of
intertidal habitat used as a haul-out area by harbour seals and an undersea garden that hold high value as
fish habitat and a recreational SCUBA diving site.
Nearshore habitat is sensitive to degradation and pollution. Eelgrass beds and estuaries provide essential
habitat for waterfowl and juvenile fish. This type of habitat is protected in Dala-Kildala Rivers Estuaries
Park, Eagle Bay Park, Foch-Gilttoyees Park and Protected Area and Jesse Falls Protected Area.

In 2006, the British Columbia Park (Conservancy Enabling) Amendment Act included a new
designation called a conservancy to protect special areas announced as part of the Central Coast and
North Coast Land and Resource Management Plans. Conservancies provide a level of protection
similar to Class A parks, but traditional Aboriginal uses and low impact, compatible economic
activities are also allowed. Stair Creek conservancy is more than 35 km south of the Kitimat
Terminal.
8.4.1.7

Forestry-Related Operations

North Coast Log Handling Ltd. owns four water leases for forestry operations within Kitimat Arm,
including two on Minnette Bay and two on Cleo Bay. Minette Bay is used for log dumping, sorting,
booming and scaling, and log booms are towed to the Cleo Bay barge sites two to three times per month
(i.e., 50 to 100 trips per year during a slow year and 150 to 200 trips per year during a busy year).
According to Seaspan International, a general estimate of barge traffic in the area related to forestry
operations includes 100 barge transits to and from Haida Gwaii 3, 20 transits to and from Prince Rupert,
and 20 transits from Cleo Bay in the Kitimat Arm area. About 95% of barge traffic from Cleo Bay is
related to North Coast Log Handling Ltd. operations 4.

3

In December 2009, the Queen Charlotte Islands were renamed Haida Gwaii. However, for consistency with source
information used for mapping, Queen Charlotte Islands is used on all maps.
4
The total number of vessels described differs slightly from those cited in the TERMPOL submission. This
difference occurs because information developed earlier for the ESA was frozen prior to the more recent completion
of TERMPOL. Differences between total vessel numbers in the ESA and TERMPOL do not change the conclusions
of the assessment.
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8.4.1.8

Marine Transportation

Commercial ships move goods and raw materials in and out of the Port of Kitimat for the Rio Tinto Alcan
aluminum smelter, the Eurocan pulp and paper mill and the Methanex terminal. Based on anecdotal
estimates provided by recreational fishing operators, two to three tankers per week currently service these
operations. Additional traffic is expected once the Sandhill and Kitimat LNG projects begin operations.
The Sandhill Project will have a marine terminal north of the Kitimat Terminal, and the Kitimat LNG
Project will have a terminal at Bish Cove.

8.4.2

Potential Effects of Diluted Bitumen or Synthetic Oil on Non-Traditional
Marine Use

The potential effects on non-traditional marine use would depend on the location of the incident, the
extent to which it spreads, and the amount of time required for containment and cleanup. Effects could
include:
•

restrictions on or elimination of marine access to Kitimat and Kitamaat Village, Hartley Bay and
possibly Kitkatla as well as aesthetic (visual, odour and noise) disturbances to the community for a
short period of time

•

fouling of wharves, docks, boats and related equipment for marinas and other operations with
foreshore leases

•

restrictions on or elimination of access to marinas located in Kitimat Arm

•

short-term disruption of ecotourism businesses, including possible stranding of cruise-based
operations, loss of clients and fouling of equipment, as well as long term damage to the reputation of
the region as a pristine aquatic wilderness

•

disruption to and restrictions on access to marine fishing (recreational and commercial) areas and
activities

•

aesthetic (visual, odour and noise) disturbances to recreational and marine fishing areas and activities

•

disruption (fouling of logs) and restriction or elimination of access to and transportation of log booms
for forestry operations in Kitimat Arm

•

disruption of or restrictions on commercial ships that would normally move in and out of Kitimat
Arm

For non-traditional marine use, the worst case conditions would occur if there are limitations on boat
movement in the channels from Kitimat, Kitamaat Village or Hartley Bay, where the majority of marine
fishing (recreational and commercial), non-consumptive recreational activities, commercial shipping and
cruise-based ecotourism occurs. The severity of the effects would depend on how long it takes to be
contained so that shipping activities can resume. An incident in the summer would represent the
worst-case event from the perspective of recreational use, whereas one in September would represent the
worst situation for ecotourism.
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A release that does not entirely cross Kitimat Arm would have less of an effect on vessel traffic. These
water bodies are sufficiently wide that most vessels should be able to avoid a spill. Recreational and
commercial fishers and commercial angling guides and ecotourism operators would still be able to move
through the area, although they might have to travel to other areas for fishing and other activities until
completion of the spill cleanup.
Depending on the areal extent, there may also be hydrocarbon fouling of boats, ships and marine and
foreshore infrastructure within Kitimat Arm. There may also be some adverse aesthetic effects (visual,
odour and noise) for marine and foreshore users, as well as people involved in non-consumptive
activities. Disruption would continue until the spill response and site remediation work is complete.
Most potential adverse effects would be relatively short term; however, depending on the amount of time
individual areas are inaccessible to recreational or commercial uses, there may be some longer-term
effects on commercial and recreational fishing. As noted in Section 7.7.2, hydrocarbons can taint local
seafood resources, thereby affecting their safety, marketability and palatability for recreational and
commercial fishers. DFO would ultimately decide the length of closure of commercial and recreational
fisheries in affected areas. There may also be temporary declines in fish populations that affect fishing
success rates and the quality of resident and non-resident fishing. It is expected that closures for any
length of time or decreased harvesting rates would result in commercial and recreational fishers traveling
to other, less favourable sites in order to engage in similar activities.

8.4.3

Mitigation Measures

Timely containment and cleanup is the most important mitigation measure. Containment would allow
most marine activities to continue, although there might be minor inconveniences for boaters, ecotourism
operators and recreational and commercial fishers who have to travel farther to avoid affected waters.
Prompt containment and cleanup would also limit the duration of any adverse effects such as fouling and
aesthetics for boaters, fishers and foreshore users. Effects on non-traditional marine use would also be
mitigated by immediate notification of relevant local and provincial authorities, fisheries resource user
groups and recreation groups. Where required, advisory signs related to fish consumption and recreational
use would be posted at strategic locations and on selected websites (e.g., Kalum Forest District, District of
Kitimat and British Columbia fishing websites). Where fouling of boats, ships and marine and foreshore
infrastructure has occurred, effects would be fully mitigated through the provision of compensation for
cleanup, repair and/or replacement, as per standard practices. Compensation is described in Section 5.9.
Northern Gateway would like to establish a Fisheries Liaison Committee to provide advice on means to
limit the effects of the Kitimat Terminal operations and vessel movements on marine fisheries and other
marine users. This group would be asked to provide advice on appropriate measures to address effects of
releases on non-traditional marine use.
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8.4.4

Follow-up and Monitoring

Longer-term effects could occur for recreational and commercial fish stocks and associated effects on
recreational and commercial fishing. A monitoring program would be employed to determine when fish
stocks and other marine life have sufficiently recovered so that affected areas can be fully reopened to
recreational and commercial fishing and other affected activities. Communication should occur with the
local community to identify and resolve any other longer-term issues related to a spill.

8.5

Socio-economic Conditions

Well being could be adversely affected by changes in non-traditional land and marine resource use
activities (Section 8.4) or traditional marine uses (Section 8.3), or direct effects on human health.
Historical examples indicate that the social and psychological well being of regional residents can also be
affected. Cleanup crews can also be socially and economically disruptive.
A key socio-economic issue for community well being is the extent to which any resulting property
damage, prohibitions or restrictions on access, transportation, recreation, commercial activities or
resource use may adversely affect landowners, resource users and the public. Where individuals or
companies can demonstrate and prove an economic loss, compensation for such damages (e.g., increased
costs of operations, increased travel costs, lost opportunity costs, and cleanup or replacement of
equipment) would be provided according to standard industry practices (see Section 5.10). This means
that commercial enterprises, including guides, lodges, ecotourism operators, and commercial fishers
would be eligible for compensation. Although a spill could adversely affect the well-being of members of
the public, eligibility for compensation typically depends on whether an individual can demonstrate a
direct economic loss.
A second key socio-economic effect relates to adverse effects on the social and psychological well being
of residents of nearby communities. Studies on the effects of the Exxon Valdez spill led Picou and Gill
(1996, Internet site) to conclude that “renewable resource communities whose primary cultural, social and
economic existences are based on the harvest and use of renewable natural resources” are particularly
vulnerable when traditional harvest activities are affected. For residents of such communities, a spill can
alter their perception of personal safety and security within their immediate biophysical environment and
this has resulted in social disruption, psychological stress and loss of institutional trust. Studies of
commercial fishers in the community of Cordova found very high levels of stress 3.5 years after the spill
(Picou and Gill 1996, Internet site). A subsequent study conducted in 2006 (Picou and Martin 2007,
Internet site), found that levels of stress 17 years after the original spill were still high because of:
•
•
•
•

the long-term collapse of the fishery
the persistence of oil on beaches and salmon streams
the adversarial litigation process used to address claims in the United States
the time needed to pay compensation to claimants

The literature suggests that Hartley Bay, Kitkatla and, to a lesser extent, Kitamaat Village all fit the
criteria for a “renewable resource community”, and must therefore be considered highly vulnerable to
being adversely and psychologically affected.
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The third issue relates to the cost of cleanup and remediation activities and the effects these would have
on regional and local employment. Although Northern Gateway will have trained emergency response
personnel in Kitimat, there will also be short-term regional employment for local resident who may be
required to assist in control and cleanup. The introduction of non-residents workers into the community
and having only some community residents assisting with cleanup activities can result in community
conflict and segmentation (Picou and Gill 1996, Internet site). Thus, the full effects on community well
being can only be determined by considering all the community components, especially traditional and
non-traditional land and marine resource use and human health.

8.5.1

Baseline Conditions

The communities that would likely be directly affected by a spill at the Kitimat Terminal include the
District Municipality (DM) of Kitimat and Kitamaat Village.
In 2006, the two communities listed above had a combined population of 9,500, down 12% from 2001
(Statistics Canada 2007, Internet Site). About 11% of the population is Aboriginal, half of whom live in
Kitamaat Village (population of 514 in 2006) and half of whom live in the DM of Kitimat.
For a summary of some key social and economic indicators for these two communities, see Table 8-1.
Although most of the data is from the 2006 Census (Statistics Canada 2007, Internet site), only basic
demographic data were available for the Kitamaat Village, so 2001 Census information (Statistics Canada
2002, Internet site) has been presented instead. Table 8-1 shows that since 2001 there has been a large
population decrease in the DM of Kitimat and a slight increase in the population of Kitamaat Village.
However, further information shows that, although the Aboriginal population living off reserve in the DM
of Kitimat is fairly small (8.4% of the population), this segment has actually increased by almost 40%
since 2001. This suggests there was considerable out-migration from the DM of Kitimat between 2001
and 2006, but that effects have been dampened by major growth in the Aboriginal population.
The Kitamaat Village population is also relatively old (only 16% of the population is under the age of 15),
although the Aboriginal population in the DM is fairly young (34% under the age of 15), suggesting that
young Aboriginal people are choosing to live in the DM of Kitimat rather than continue to reside in
Kitamaat Village. Since 2001, 68% of the population of the DM of Kitimat has lived at the same address.
In 2006, 65% of the adult population (ages 15 years and older) in the DM of Kitimat was either working
or actively seeking work. This was down slightly from 2001 (68%), at which time the labour force
participation rate for the Kitamaat Village was 53%. Given the relatively small change in labour force
numbers from 2001 to 2006, it is likely that conditions in Kitamaat Village have not changed much from
2001 and can be used for comparative purposes, although, with an aging population, the 2001 data
probably overstate the actual 2006 labour force.
In 2006, the rate of unemployment in the DM of Kitimat was 9.5%, which was lower than for most other
communities in the coastal British Columbia region (Statistics Canada 2007, Internet site). However, the
unemployment rate for the Aboriginal population in the DM was 33%, almost double the unemployment
rates reported at Kitamaat Village in 2001.
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The economy of the Kitimat area is dominated by manufacturing industries, including the Alcan
aluminum smelter. The Eurocan paper mill closed on 31 January 2010. In 2006, 48% of the workforce in
the DM of Kitimat was employed in manufacturing and construction, whereas only 2% was employed in
resource-based industries, including fishing and forestry (Statistics Canada 2007, Internet site). Based on
2001 census information, 14% of the labour force in Kitamaat Village participated in resource-based
industries and 26% was employed in manufacturing and construction (Statistics Canada 2002, Internet
site). Other major employment industries in these communities include ‘other’ in Kitamaat Village (33%
of the labour force) and health and education in the DM of Kitimat (15% of the labour force).
Median earnings for people in the DM of Kitimat area were $33,931 in 2005, ranging from $60,074 for
men to $18,964 for women. The median earnings reported for both individuals and households in the DM
of Kitimat were 36% to 40% higher than the British Columbia average, evidence of the lucrative incomes
associated with the manufacturing industries in the community. In comparison, Aboriginal people living
in the DM reported individual median incomes of $12,883 and household incomes of $51,657, which
were 30% to 60% lower than the median incomes reported for the entire community. Income data for
Kitamaat Village in 2001 showed median incomes of $37,428 for households and $12,480 for individuals.
At that time, these incomes were 45% and 58% lower than reported by households and individuals in the
DM of Kitimat.
Tourism is estimated to account for $30 million per year in total income in the Kitimat Stikine Regional
District. It is estimated that total tourist spending in Kitimat in 2007 amounted to $13.3 million, of which
spending on accommodation accounted for about $3.9 million. Information on tourism accommodation
spending suggests that 13% of annual spending in the Kitimat-Stikine Regional District occurs in June,
12% occurs in July and 13% in August (BC Stats 2008, Internet site). Consequently, it is estimated that
monthly tourism spending in Kitimat is about $1.7 million in June and August and $1.6 million in July.

Table 8-1

Selected 2006 Social and Economic Indicators for Communities in
Kitimat Arm
District
Municipality of
Kitimat

Kitamaat
1
Village

8,987

514

British
Columbia

Demographic Characteristics
Population 2006
Population change from 2001 (%)
Aged 15 and older (%)
Aboriginal identity population (%)
Aboriginal population change from 2001 (%)
Lived at same address for last 5 years (%)

4,113,487

-12.6

+0.6

+5.3

81.7

83.5

83.5

8.4

100

4.8

+39.8

+0.6

+15.3

68.1

78.4

53.4

65.2

53.0

65.6

9.5

18.2

6.0

Labour Force Participation (People 15+)
Labour Force Participation Rate (%)
Unemployment Rate (%)
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Table 8-1

Selected 2006 Social and Economic Indicators for Communities in
Kitimat Arm (cont’d)
District
Municipality of
Kitimat

Kitamaat
1
Village

British
Columbia

Experienced Labour Force by Industry (People 15+)
Agriculture and other resource-based (%)

2.1

14.3

Manufacturing and construction (%)

48.3

26.2

16.2

Wholesale and retail trade (%)

10.5

4.8

15.5

2.1

0.0

6.2

14.6

16.7

16.7

9.0

4.8

19.9

13.8

33.3

20.6

35.1

44.2

19.9

Finance and real estate (%)
Health and education (%)
Business services (%)
Other services (%)

4.9

Educational Attainment (People 15+)
No certificate, diploma or degree (%)
Income
Median household income ($)

74,577

37,428

52,709

Median income – Persons 15+ years ($)

33,931

12,480

24,867

Reliance on government transfers (% of income)

8.0

24.7

10.7

Percent in low income (%)

8.7

NA

17.3

NOTES:
1
Data for socio-economic characteristics other than population are taken from the 2001 Census.
SOURCE: Statistics Canada 2007, Internet site; Statistics Canada 2002, Internet site.

8.5.2

Potential Effects of Diluted Bitumen or Synthetic Oil on Socio-economic
Conditions

As noted in Section 8.4.2, members of the public and commercial enterprises could be affected by a spill
because of restrictions imposed on marine access and fishing and through aesthetic (visual, odour and
noise) disturbances. In terms of well being, this would translate into members of the public having to pay
higher costs to travel to other less-preferred locations to engage in similar activities, or to engage in
alternate recreational activities. Transportation costs already account for a large component of sport
fishing costs. In 2005, tidal fishers in British Columbia spent an average of $105 per day to fish, of which
49% was spent on transportation ($51) (DFO 2007, Internet site). Assuming that the spatial and temporal
pattern of tidal fishing in Kitimat Arm/Douglas Channel has changed little since 1982 (Canadian
Resourcecon Ltd. 1982), spending on transportation for residents using marinas in the Kitimat area is
estimated to range from about $2,000 per day during early spring and late fall, to about $7,000 per day
during July. Closure of the area to fishing or boating for any length of time would add to these costs,
especially if long-term closure resulted in some local residents having to relocate their boats.
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The well being of commercial operators who transport tourists to locations in Kitimat Arm, Douglas
Channel or Devastation Channel by boat could also be affected if any restrictions on or closure of areas to
boating or fishing result. This could result in an immediate loss of revenues and increased operating costs
if commercial operators are forced to take their clients to other sites. A release during the spring or
summer months would have the greatest adverse effects on commercial tourism. The financial effects for
the tourism industry could be long term, depending on how long it takes for sport fish populations and
environmental conditions to return to pre-spill conditions.
Effects on socio-economic conditions would depend on the nature of the spill, the time of year it occurs,
the areal extent, the length of time other activities are impaired, and the time and effort required for
cleanup. The most severe effects on resource use would occur if the spill were to extend across the entire
width of Kitimat Arm for any length of time during late spring or summer. This would have adverse
effects on community well being. There would be increased regional employment (due to spill
containment and cleanup efforts). Most containment and cleanup activities would be undertaken by
trained responders in accordance with the OPEP. There may be requirements for additional workers,
including Aboriginal groups and regional residents.

8.5.3

Mitigation Measures

Timely containment and cleanup is the most important mitigation measure for limiting potential adverse
effects on community well being and would limit the effects on most marine activities (i.e., boating and
recreational and commercial fishing). Prompt containment and cleanup would also limit the duration of
fouling and aesthetic conditions (visual, odour and noise) for the public and for commercial operators.
Where the spill would have demonstrable and quantifiable adverse effects on specific segments of the
public or on commercial operators, compensation would be available to help offset these effects (for
example by compensating boaters with fuel vouchers to account for additional travel costs).
Northern Gateway has offered opportunities for coastal Aboriginal communities and organizations to
become directly involved in the RO for the Project. The exact nature of the resulting business
opportunities will depend on the interests of coastal Aboriginal communities, as well as other business
opportunities (e.g., ownership of the escort tugs and associated services). There will also be opportunities
for non-native residents to become involved in training and employment for emergency spill response.
However, Northern Gateway needs to work with the communities in advance to develop spill containment
and mitigation strategies that will address the additional stress on the community that might result from
bringing large numbers on non-residents into the community for any length of time.
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8.5.4

Follow-up and Monitoring

The majority of effects on community well being would be short term and reversible once the spill has
been contained and cleaned-up. Although no long-term effects on socio-economic conditions are
expected, Northern Gateway can also work with the local community advisory board5 to identify and
resolve any other longer-term socio-economic issues related to a spill and related clean up activities.

8.6

Summary of Effects on the Human Environment

There would be short-term effects while the emergency response is underway; however, effects could last
longer if there are tainting and contamination concerns about fisheries resources or if there is a fishery
closure for consumption or for recovery of a population.
In situations where individuals or commercial operations experience a clear economic loss, compensation
would be paid. Northern Gateway would endeavour to compensate affected parties as promptly as
possible. The extent of socio-economic effects would likely only become clear after costs of cleanup have
been documented. Health and safety considerations for emergency responders and the public would be
handled through the OSRP.
Although some records exist of heritage resources along the coast, more detailed study and mitigation
plans would need to be developed at the time of a spill, under direction of the provincial regulatory
agency, to avoid damage to the heritage resources.
Effects of a condensate spill would be much less than for a viscous hydrocarbon spill, given the high
volatility of condensate, leading to less area and fewer numbers of organisms being affected. Emergency
response plans and cleanup procedures would be implemented immediately to mitigate adverse effects on
the human environment. Recovery would be monitored post-cleanup.

5

Northern Gateway has initiated a Community Advisory Board (CAB) process in Kitimat to engage a wide range of
Aboriginal groups and stakeholders in discussions on a variety of topics of concern to these groups in regard to the
construction and operations of the Project. Northern Gateway’s intent is to continue the CAB process through the
regulatory approval process to help advise the design of the project, as well as during operations to address ongoing
concerns.
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9

Examples for Response Planning

9.1

Introduction

Most accidents and malfunctions are improbable, preventable and readily addressed through planning,
design, tanker vetting, hazards analysis and corrective action, emergency response planning and
mitigation measures. Northern Gateway considers accident prevention a priority (see Section 2). With
proper planning and application of mitigation measures, the probability of a hydrocarbon spill occurring
during terminal operations is low (see Section 3). However, beyond the preventive measures, there is the
potential for spills during operations of the marine terminal because of extreme natural events, human
error, vandalism or equipment failure.
This section provides examples of response activities (containment, cleanup and restoration) that would
occur following a spill of 250 m3 diluted bitumen or condensate from a failure of loading and unloading
infrastructure at the terminal. Booms will be in place during loading of diluted bitumen or synthetic oil;
however, the example assumes a situation in which the oil moves beyond the boomed area, with the
objective of understanding the potential fate of oil and planning emergency response and recovery
operations.

9.2

General Spill Responses

The GOSRP will include an outline of the responsible organization and the procedures established, in
cooperation with government and other agencies, for managing emergency response. The general
mitigation and cleanup measures outlined in Section 5 would be in place. Although the response actions
and times may differ depending on circumstances at the time of an incident, a response might involve the
following:
•

upon detection, communicate with authorities specified in the OSRP

•

make notifications per the response plan protocol and activate the Incident Command System

•

upon notification, deploy emergency response teams from local and regional pre-staged locations in
Kitimat

•

at the terminal, response will be immediate

•

the duration of cleanup and recovery operations will be defined by cleanup endpoints
(see Section 5.8) as agreed upon by the response team, government agencies, coastal Aboriginal
groups and directly-affected stakeholders

•

coastal remediation would likely entail longer-term operations

Response efforts would consider:
•

vulnerability of the various organisms to contact with oil (e.g., marine birds would likely have more
contact with oil than demersal fish)

•

the type and magnitude of effect (e.g., irritation of mucus membranes or mortality)

•

whether or not the effect would likely result in population-level changes
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9.3

General Mitigation Measures

The examples discussed below do not incorporate design or mitigation measures, or emergency response.
Therefore, estimates provided in the examples are considered conservative and are intended for
emergency response planning. The key mitigation for a diluted bitumen spill would be deployment of
containment booms around the tanker, initially using equipment on the escort tugs. Other measures
include:
•

immediate notification of relevant local and provincial authorities, coastal Aboriginal groups and
resource users

•

staging of response equipment at Kitimat to reduce response time 6. Emergency response
opportunities have been offered to the coastal communities of Gitg'at, Lax Kw'alaams, Gitxaala,
Haisla, Metlakatla, Council of Haida Nation (includes Skidegate and Massett, Kitlasoo and Turning
Point).

•

tracking oil movement and deployment of exclusion booming to protect sensitive areas. Priorities for
protection of sensitive areas would be developed in the GRP, based on input from government
agencies, Aboriginal groups and directly affected stakeholders.

•

use of passive or active hazing techniques and other methods to deter or exclude wildlife from
affected and potentially affected areas

•

manual recovery and cleanup of surface hydrocarbons using skimmers, sorbents, vacuum systems,
washing, and removal of stranded hydrocarbons, oiled vegetation and oily debris

•

ongoing shoreline cleanup operations

•

posting of a fish-consumption advisory on British Columbia fishing websites

•

posting of a recreational use advisory on websites

Additional mitigation measures for marine wildlife, such as rehabilitation of oiled animals and birds, are
described in Section 7.8 and Section 7.9. As appropriate, compensation would be provided for damages to
marine infrastructure and resource use.

9.4

Selection of Examples

Examples have been developed for:
•

further refining the design of the marine terminal and operational plans to reduce the risk of an
incident

•

developing and implementing an emergency response plan for hydrocarbon containment, control and
recovery

•

developing and implementing a habitat protection plan to protect sensitive environments and sites

6

Northern Gateway has proposed that coastal Aboriginal groups have involvement in a locally based RO. This
could involve a partnership with an existing RO.
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Examples are developed for diluted bitumen and condensate in the summer, based on oceanographic and
weather conditions representative for the season. The chemical and physical properties of diluted bitumen
and condensate are assumed to represent the range of properties of hydrocarbons proposed for transport
during project operations. The current design capacity of the loading and unloading equipment for the
Kitimat Terminal and the emergency shut-off times of 47 s for oil and 60 s for condensate, determine the
volume of hydrocarbons that could be released. Although the likelihood of these examples occurring is
low, each provides an opportunity for realistically determining:
•
•
•
•
•
•

the key design features required
appropriate mitigation (or contingency) measures
the behaviour of liquid hydrocarbons in the environment
spill probability
effective response plans (and equipment and personnel needs)
potential social, economic and biophysical effects

These examples provide information that is pertinent to how the GRP might be developed for the
terminal. Northern Gateway will work with Aboriginal groups, potentially affected stakeholders and
various levels of government (i.e., municipal, provincial and federal) to develop the GRP for the Kitimat
Terminal. These plans will identify and prioritize response activities and requirements (e.g., personnel,
vessels, aircraft, equipment) related to:
•
•
•
•

protection of culturally and environmentally sensitive areas
containment and removal of the spilled hydrocarbons
shoreline cleanup
restoration of natural resources

The two examples are based on two of the three types of liquid hydrocarbons that will be transferred at
the marine terminal. Both examples (250 m3 diluted bitumen from a tanker that is loading and 250 m3
condensate during unloading) are considered during summer inflow conditions. This approximates the
volumes that could be released before preliminary automatic shutdown occurs (47 s for oil, 60 s for
condensate). The volume was estimated in the QRA (DNV 2010, in prep.). These examples are credible
representations of accidents and malfunctions that might occur during cargo loading and unloading
operations because of equipment failures or other issues. Examples are also selected to represent higher
consequence events (i.e., maximum credible hydrocarbon volume) that would also address the effects of
lower consequence examples. Synthetic oil spill is not used as an example since condensate and bitumen
represent the extreme values, in terms of physical and chemical properties, for hydrocarbons that will be
handled. Results from TERMPOL Study 3.15 (draft) are used to guide development of site-specific spill
response protocols (geographic response strategy or plan [GRP]).
Important mitigation measures to reduce the potential for spills include:
•

routine visual inspection

•

routine checks of valves

•

conformance to design codes

•

emergency response plans
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•

containment boom deployed for all oil loading operations into tankers

•

emergency response equipment at the marine terminal

•

routine emergency response training exercises

•

trained emergency response crews

•

requiring that all tankers have a double hull

•

vetting of all tankers and assured compliance with IMO standards (e.g., requiring electronic chart
display and information systems on oil tankers, watch-keeping, inspections)

•

observation of weather restrictions for tankers berthing at the marine terminal

Implementing such mitigation measures reduces the probability of a spill considerably, as discussed in
Section 3.

9.4.1

Description of Hydrocarbon Mass Balances for the Marine Terminal

The mass balance for each example is based on physical properties of the liquid hydrocarbons and
prevailing oceanographic and meteorological conditions at the marine terminal. Although the fate and
behaviour of the hydrocarbon differs for each example, the following generalizations apply:
•

condensate would evaporate and disperse within 30 minutes of the spill

•

diluted bitumen would be more persistent than condensate or synthetic oil because of the lower
proportion of volatile compounds and lower rate of evaporation

Descriptions are provided of the time for hydrocarbons to reach the shore or sensitive areas. This
information is used to identify areas that can be protected with exclusion booms as part of the emergency
response. Mass balance numbers are used for the examples, showing the distribution of synthetic oil or
diluted bitumen in four environmental compartments (evaporated into the air, on the water surface,
dispersed in the water column and on the shoreline) over time. The mass balances quantify the
hydrocarbon chemistry and weathering processes that are discussed in Section 4.
Geographical response plans (GRPs) will be developed before the start of operations of the marine
terminal. These plans provide opportunities for coastal Aboriginal groups, government agencies,
communities and directly affected stakeholders to prioritize emergency response activities to protect
sensitive biophysical and human areas in Kitimat Arm and Douglas Channel. The GRP would include
information similar to what is provided below for each example, but at a greater level of detail than what
is shown here.
The following examples do not include mitigation measures (e.g., containment booms or removal). As a
result, they overestimate the quantity and distribution of hydrocarbons likely to interact with the
environment. As part of a precautionary approach, the effects assessment is based on examples that are
worse than those that are likely to occur (because mitigation measures would be applied).
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9.5

Example 1: Medium-Size Diluted Bitumen Spill

This example simulates the maximum credible discharge of diluted bitumen because of a loading arm and
containment boom failure during transfer operations, while loading a tanker at the marine terminal in
June. The tanker would be pre-boomed and most of the diluted bitumen would remain within the primary
boom. However, should the boom become ineffective (i.e., mechanical failure or wave height
exceedence) this example reflects the unmitigated fate of hydrocarbons over 10 hours (i.e., diluted
bitumen without a boom in place). The example takes place in June under inflow wind and ocean
conditions. Summer is when the greatest range of marine organisms is likely to come in contact with
hydrocarbons from a spill (see Section 9.5.3). Typical winds at that time of year are from the
south-southwest at speeds varying from 4 to 12 m/s, generating waves that could mix some of the oil into
the upper water column. The model assumes current speeds in the range of 5 to 40 cm/s.
Kitimat Arm is approximately 3 km wide, with water depths greater than 180 m. Five parks (Nalbeelah
Creek Wetlands Park, Kitimat River Park, Dala-Kildala Rivers Estuaries Park, Eagle Bay Park and Coste
Rocks Park) and Jesse Falls Protected Area are adjacent to Kitimat Arm. Most of these include a small
portion of associated protected marine habitat.

9.5.1

Example Characteristics

In this example, winds and currents would transport oil north and east up Kitimat Arm over the first
10 hours. Oil would reach the western shores of Kitimat Arm almost immediately along a 500 m section
of shoreline adjacent to the north side of the terminal. After three hours, is predicted to reach the eastern
shores of the Arm at Kitamaat Village and after four hours, oil is predicted to be stranded from the marina
north of Kitamaat Village to the southern marina at the end of Haisla Avenue, with a total affected
shoreline of 2.5 km. No oil is predicted to remain on the water surface after 9 hours.
The mass balance analysis shows the predicted distribution of diluted bitumen and its fate over the next
10 hours (see Table 9-1 and Figure 9-1). Initially, the oil is predicted to be on the water surface and then
move to the shore adjacent to the terminal. Evaporation into the air would begin immediately. With no
mitigation, the oil would move northeastward and make contact with the estuary and marinas at Kitamaat
Village after three hours. After 10 hours, no oil is predicted to be on the surface; approximately 232 m3
(93%) would be on the shoreline, 6 m3 (2%) would be dispersed into the water column and 12 m3 (5%)
would be evaporated.
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Figure 9-1

Mass Balance Estimates for an Example of 250 m3 Diluted
Bitumen at the Marine Terminal during Summer

Table 9-1

Mass Balance for an Example of 250 m3 Diluted Bitumen at the
Marine Terminal during Summer
3

Amount in Each Environmental Compartment (m )

Hours After
Spill
1

Water Surface
173

Evaporated
6

2

168

10

68

4

3

49

11

184

6

4

8

11

225

6

5

6

12

226

6

6

4

12

228

6

7

3

12

229

6

8

1

12

231

6

9

0

12

232

6

10

0

12

232

6
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9.5.2

Mitigation

Key actions for emergency response are described in Table 9-2, including assumptions, safety, initial
objectives and activities, protection of environmentally sensitive areas and species, containment and
control strategies and cleanup responses.

Table 9-2

Emergency Response for Diluted Bitumen

Activity

Description

Assumptions

Safe to commence initial response operations.
The cause of the spill has no effect on the size or duration.
No injuries are associated with the incident.

Safety

All personnel accounted for and no injuries. Emergency responders assure safety, proper PPE
and initial deployment of response equipment. Vapour concentrations are not an issue with
prevailing wind.

Initial objectives

•
•
•
•
•

Procedures to
stop a discharge

The PIC of transfers actuates the emergency shutdown to stop the transfer pump and shuts all
valves. Shore personnel confirm manifold is shut down.

Notifications

The PIC notifies the Control Room. Control Room notifies the Spill Response Team and
Terminal Supervisor. The Terminal Supervisor requests notification be made to CCG,
Environment Canada, British Columbia Ministries, etc.

Fire prevention
and control

No ignition source or open lights are present. In the event of fire, the Terminal Supervisor would
activate the Fire Response Team and notify the Kitimat Fire Department. Vessel crew would also
assist with any firefighting efforts on the water.

Discharge
tracking

Visual assessment is maintained by terminal staff and vessel crews, responders and shore
personnel. As deemed necessary and appropriate, Terminal Supervisor would dispatch a
helicopter or aircraft for overflight documentation, tracking and initial guidance to on-water oil
containment and recovery operations. In addition, using real-time weather and oceanographic
conditions and oil weathering properties to predict oil dispersion. Examples are used to forecast
movement direction and timing and are updated and re-run as overflight information becomes
available as ground-truth for forecasting.

Protection of
environmentally
sensitive areas

Responders refer to the terminal and marine area OSRPs and to the GRP in order to identify
priority sensitive areas near the terminal. Targeted priority protection sites, subject to Unified
Command approval, are:
•
Minette Bay and Kitimat River estuary
•
Kitamaat Village
•
Bish Cove
•
Kitimat docks and wharves
Boom and boom boats are dispatched to implement protection strategies at top priority
protection sites, as directed by Unified Command.
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Establish safety requirements for operational and response actions.
Secure source.
Contain and recover oil on water.
Protect priority sensitive areas.
Coordinate response actions with Unified Command.
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Table 9-2

Emergency Response for Diluted Bitumen (cont’d)

Activity

Description

Containment and
control strategies

A decision is made by the IC whether the tanker remains at the incident location or is relocated
to an alternate location or safe haven.
Initial containment is provided around the tanker through pre-deployment of boom at the terminal
during loading.
Response teams are deployed to add additional secondary containment boom.
Tanker and shore personnel drain remainder of damaged hose, secure ends and disconnect.

Oil recovery
strategies

Skimmers and pumps at terminal are used to transfer recovered hydrocarbon to available tanks
at the Kitimat Terminal.
RO initiates sweep and recovery operations for oil observed outside of containment.
Oil is limited from reaching shorelines by directing sweep and recovery operations from
overflights.
Oil skimmers recover oil from beach cleaning operations.

Dispersants

Application for use of chemical dispersant operations is initiated. Potential target areas are those
in which oil on the water surface is not contained, with water depths greater than 10 m, and
located more than 500 m from the shoreline.

Shoreline
cleanup
strategies

SCAT team(s) deployed for assessment and cleanup.
Cleanup endpoints defined and approved by Unified Command for oiled shore types. Primary
oiled shoreline types, based on trajectories, would consist of rock cliff and rock with gravel
beach.
Oiled segment cleanup undertaken as defined in the IAP based on SCAT team
recommendations (manual, mechanical, etc.). Recommended cleanup techniques for the two
primary shoreline types are:
•
Rock cliff: spot washing, natural cleaning
•
Rock with gravel beach: spot washing and vacuum, flushing and recovery, tilling, manual
cleaning for small areas
Segments inspected for meeting endpoints and signed-off, if so.

Recovered oil
transfer and
storage

All spill response wastes are segregated into oiled vs. non-oiled and liquid vs. solid.
Recovered oily water mixture is pumped to available tanks on vessels, barges, bladders, and to
shore. Oily liquids are transferred from floating storage to available tanks at the Kitimat Terminal.
Oily solids are handled in specified drums.

Wildlife protection

Wildlife at risk in the immediate spill area are assessed. Wildlife hazing kit is readied in case of
need.
Bird capture/rehabilitation unit at the terminal is prepared pending field assessment.
Appropriate capture and hazing permits are submitted through Unified Command.
Response activities in the area should reduce the likelihood of wildlife congregation in the area.

Meteorological conditions would strongly influence how hydrocarbons disperse and weather on the water.
Mitigation measures would be based on hydrocarbon chemistry, behaviour and distribution, and degree of
physical disturbance that could result from response methods and established remediation criteria. The
key mitigation is immediate deployment of containment booms around a tanker being loaded for oil,
using equipment on the harbour tugs and the tanker itself.
For the diluted bitumen example, wind during the 10-hour period is predicted to blow from the southsouthwest at speeds up to 12 m/s, which would generate waves that mix some oil into the upper water
column and generate surface currents that would move floating oil. In this region, currents are driven by a
combination of tides, fresh water input and winds. For this example, the currents are modelled as
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5 to 40 cm/s. Given these conditions, responders would have three hours to place exclusion booms around
sensitive habitats and infrastructure such as:
•

the Kitimat River estuary (discharge of fresh water into the salt water would likely prevent oil
migration into high flow area of the estuary)

•

sand flats on the northern shores of Kitamaat Village

•

spawning river running from sand flats through Kitamaat Village

•

marinas and boat launches north and south of Kitamaat Village

9.5.3

Potential Effects on Key Resources at Risk

Unmitigated effects described below illustrate predicted worst-case situations for the biophysical and
human environment. Booming around tankers would contain some of the oil, skimmers and booms would
be used to remove additional hydrocarbons and exclusion booming around sensitive areas and
infrastructure would protect many areas described below.
9.5.3.1

Unmitigated Effects on the Biophysical Environment

The aquatic organisms most vulnerable during summer would be those that use shoreline habitat, as
discussed generally in Section 7. In addition, attention would focus on species of conservation concern
(e.g., Marbled Murrelet, Surf Scoters, killer whales and humpback whales) that are in the area. The
affected shore would be predominantly coarse-grained beaches with potential for penetration and
remobilization of oil and sand flats where oil would persist. Diluted bitumen would immediately reach the
western shores of Kitimat Arm, and after flowing northeast, it would reach the eastern shores of Kitamaat
Village. The estuary at the northern border of the community is prime fish habitat and leads to a salmon
spawning river. South of the marina and boat launch is shorebird habitat (e.g., Marbled Murrelet).
Diluted bitumen on the water surface, dispersed in water and coating the shoreline would result in
short-term effects on water quality and potentially longer-term effects on sediment quality. Organisms in
contact with shoreline oil would include rockweed, kelp and other seaweeds, intertidal marine
invertebrates and waterbirds. Intertidal vegetation is particularly important habitat for juvenile salmon
migrating near shores and for invertebrate and fish larvae that live among and feed on aquatic plants.
Marine vegetation typically recovers relatively quickly once the oil is removed.
Marine mammals and birds tend to follow prey. During this time of year, salmon would be migrating into
Douglas Channel and other areas. This could increase the potential for presence of predators. Animals
could inhale or ingest oil from cleaning their fur or feathers. Oiled fur or feathers pose the risk of
hypothermia. A spill could have large effects on the Marbled Murrelet population because the birds moult
during summer and cannot fly to escape the oil. Marine mammals would be most vulnerable while oil is
on the water surface (first 48 hours), because the channel is relatively confined in the potentially affected
area. Wildlife such as river otters, black-tailed deer, bears, wolves, ravens and crows that feed and
scavenge along the shoreline could be exposed to stranded diluted bitumen.
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9.5.3.2

Unmitigated Effects on the Human Environment

Heritage resources and traditional marine uses in the intertidal and shoreline regions could be affected
during summer. In addition to mortality of some fish and invertebrates, there could be fisheries closures
due to contaminant levels, conservation concerns or tainting (for example salmon moving into the area to
spawn). Economic returns are greatest for salmon (pink, chum, coho, sockeye and chinook), and there are
also fisheries for Pacific halibut, several species of groundfish, shrimp, prawn, sea cucumber, octopus,
geoduck, horse clam, red sea urchin, herring and octopus.
Aboriginal groups would be particularly sensitive because of their long association with and dependence
on the sea for food, transportation, social and ceremonial purposes. In this example, Aboriginal groups at
Kitamaat Village, which is home to the Haisla people, would be particularly vulnerable. Because detailed
information regarding traditional use in these areas has not yet been provided, conclusions regarding
effects on harvesting and cultural resources have not been reached. A spill might affect heritage resource
sites through contamination with oil or through physical damage associated with cleanup, although there
is little documentation of heritage resources in the area.
There would be effects on non-traditional marine uses at the marinas because summer is typically a peak
recreational season. The possible effects would be aesthetic disturbances and restricted access to
shorelines and marinas during the cleanup. Kitimat Arm is sufficiently wide to allow vessel traffic to
avoid a spill; however, vessels and marine infrastructure in contact with oil would be fouled and require
cleanup and decontamination.
Given that diluted bitumen would move directly toward the shores of the community, the area could
experience temporary disruption of vessel traffic, as well as loss of local fish and shellfish resources over
one season or more (e.g., from salmon mortality or contamination of shellfish).
If, as proposed by Northern Gateway, participating coastal Aboriginal groups have direct ownership or
involvement in a locally based RO for emergency events, trained responders, vessels and equipment from
the coastal communities would be engaged.

9.6

Example 2: Medium-Size Condensate Spill

The second example simulates the maximum credible discharge of condensate during transfer operations
while unloading a tanker at the marine terminal in June. The tanker would not be pre-boomed and most of
the condensate would evaporate within minutes. This example shows the fate after a 220-second spill
period at 30 minutes after the event. June is when a release would interact with the greatest range of
aquatic organisms (see Section 9.5.3) and represents wind and currents characteristic of summer inflow
conditions. During the modelled 30-minute period, winds blow from the south-southwest at a speed of
9 m/s, and would generate waves that could mix some of the condensate into the upper water column.
Modelled current speeds are in the range of 5 to 40 cm/s for the assumed conditions.
Kitimat Arm is approximately 3-km wide, with water depths greater than 180 m. Five parks (Nalbeelah
Creek Wetlands Park, Kitimat River Park, Dala-Kildala Rivers Estuaries Park, Eagle Bay Park, Coste
Rocks Park) and Jesse Falls Protected Area are adjacent to Kitimat Arm. Most of these include a small
portion of associated protected marine habitat.
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9.6.1

Example Characteristics

In this example, condensate would almost immediately reach the western shores of Kitimat Arm and
cover a 500 m section of shoreline on the north side of the terminal. From there, the condensate is
predicted to move north and east up Kitimat Arm toward Kitamaat Village. The area affected is predicted
to be 0.31 km2 within 17 minutes after the spill. Winds and currents transport condensate a 700 m north
and east of the terminal. After 30 minutes, all condensate on the water or on the surface of the shorelines
would be completely evaporated and dispersed. Condensate that penetrates into the beach sediment is
predicted to evaporate or disperse within two tidal cycles (25 hours).
The mass balance developed for a condensate spill and its fate over 30 minutes is shown in Table 9-3 and
Figure 9-2. Initially, the condensate would spread over the water surface and then move to the shore
adjacent to the terminal. Evaporation would begin immediately. With no mitigation, the condensate is
predicted to move northwestward along the shore, where it would continue to evaporate and disperse.
After 30 minutes, none of the condensate is predicted to be on the surface; approximately 32 m3 (13%)
would be on the shoreline, 90 m3 (36%) would be dispersed into the water column and 128 m3 (51%)
would be evaporated.

Table 9-3

Mass Balance Estimates for an Example of 250 m3 Condensate at
the Marine Terminal during Summer
Amount in Each Environmental Compartment
3
(m )

Minutes After
Spill

Water Surface

Evaporated
into Air

Ashore

5

161

18

62

9

10

96

71

48

35

15

46

111

37

56

20

14

124

34

78

25

0

127

33

90

30

0

128

32

90

May 2010

Water Column

Page 9-11

Sec. 52 Application
Volume 7C: Risk Assessment and Management of Spills –
Kitimat Terminal
Section 9: Examples for Response Planning

Figure 9-2

9.6.2

Mass Balance Estimates for an Example of 250 m3 Condensate at
the Marine Terminal during Summer

Mitigation

Key response measures are listed in Table 9-4.

Table 9-4
Activity

Emergency Response for Condensate
Description

Assumptions

Safe to commence initial response operations.
The cause has no effect on the size or duration of the spill event.
No injuries are associated with the incident.

Safety

All personnel accounted for and no injuries. Emergency responders assure safety, proper PPE
and initial deployment of response equipment. Vapour concentrations are not an issue with
prevailing wind.

Initial objectives

Establish safety requirements for operational and spill response actions.
Secure spill source.
Protect priority sensitive areas by exclusion and deflection booming.
Coordinate response actions with Unified Command.
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Table 9-4

Emergency Response for Condensate (cont’d)

Activity

Description

Procedures to stop
a discharge

The PIC of transfers actuates the emergency shutdown to stop the transfer pump and shuts all
valves. Shore personnel confirm manifold is shut down.

Notifications

The PIC notifies the Control Room. Control Room notifies the Spill Response Team and the
Terminal Supervisor. The Terminal Supervisor requests notification be made to the CCF,
Environment Canada, British Columbia Ministries, etc.

Fire prevention
and control

No ignition source or open lights are present. In the event of fire or explosion, the Terminal
Supervisor would activate the Fire Response Team and notify the Kitimat Fire Department.
Vessel crews would also assist with any firefighting efforts on the water.

Discharge tracking

Visual assessment is maintained by vessel crews, responders and shore personnel. As
deemed necessary and appropriate, Terminal Supervisor would dispatch a helicopter or aircraft
for overflight documentation, tracking, and initial guidance to on-water spill containment and
recovery operations.

Protection of
environmentally
sensitive areas

Responders refer to the Terminal and Marine Area OSR Plans and identify priority sensitive
areas near the terminal. Targeted priority protection sites, subject to Unified Command
approval, are:
•
•
•
•
•

Minette Bay and Kitimat River estuary
Kitamaat Village
Bish Cove
Kitimat docks and wharves
seasonally important habitat

Containment and
control strategies

A decision is made by the IC whether the tanker remains at the incident location or is relocated
to an alternate location or safe haven.
Response teams are deployed to place exclusion and deflection boom, as appropriate.
Tanker and shore personnel drain remainder of damaged hose, secure ends and disconnect.

Condensate
recovery
strategies

Sorbents and sorbent booms are used to recover hydrocarbons.
RO initiates exclusion and deflection operations with appropriate safety constraints for
condensate.
Limit condensate from reaching shorelines by directing sweep and recovery operations from
overflights.

Shoreline cleanup
strategies

SCAT teams deployed for assessment and cleanup recommendations.
Cleanup endpoints defined and approved by Unified Command for oiled shore types.
Oiled segment cleanup undertaken per SCAT team recommendations (manual, mechanical,
etc.).
Segments inspected for meeting endpoints and signed-off, if so.

Recovered
condensate
transfer and
storage

All response waste is segregated into oiled versus non-oiled and liquid versus solid.
Recovered oily water mixture is pumped to available tanks on vessels, bladders and shore.
Oily solids are handled in specified drums.

Wildlife protection

Wildlife at risk in the immediate spill area are assessed. Wildlife hazing kit is readied in case of
need.
Bird capture/rehabilitation unit is prepared pending field assessment.
Appropriate capture and hazing permits are submitted through Unified Command.
Response activities in the area should reduce the likelihood of wildlife congregation in area.
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Meteorological conditions would strongly influence how condensate disperses and degrades on the water.
Condensate is non-persistent and may naturally degrade within 24 hours, except from large volumes
under calm marine conditions. Response strategies and tactics must factor in safety and the short
environmental exposure time.
In this summer example, wind during the 30-min period is predicted to blow from the south-southwest at
speeds of 9 m/s, which would generate waves that would mix some oil into the upper water column and
generate surface currents that would move condensate on the water surface. In this region, currents are
driven by a combination of tides, fresh water input and winds, and for this example are modelled at 5 to
40 cm/s. Given these conditions, responders would likely prioritize placement of exclusion booms around
sensitive habitats and infrastructure. However, in this example the effects from a condensate spill are
predicted to be limited to the shores approximately 700 m from the Kitimat Terminal.

9.6.3

Potential Effects on Key Resources at Risk

Unmitigated effects described below illustrate predicted worst-case situations for the biophysical and
human environment. Exclusion booming around sensitive areas and infrastructure would protect many
areas described below.
9.6.3.1

Unmitigated Effects on the Biophysical Environment

The aquatic organisms most vulnerable during summer would be those that use shoreline habitat, as
discussed generally in Section 7. In addition, attention would be focused on any species of conservation
concern (e.g., Marbled Murrelet, Surf Scoter, killer whale and humpback whale) that are in the area. The
affected shore would be predominantly coarse-grained beaches with the potential for penetration and
remobilization of oil and sand flats where oil would persist. Condensate would immediately reach the
western shores of Kitimat Arm, then spread northwest along the same shore.
Condensate on the water surface, dispersing in water and coating the shoreline, would result in short-term
effects on water quality and potentially longer-term effects on sediment quality. Organisms in contact
with shoreline oil would include rockweed, kelp and other seaweeds, intertidal marine invertebrates and
water birds. Intertidal vegetation is particularly important habitat for juvenile salmon migrating near
shores and for invertebrate and fish larvae that live among and feed on aquatic plants. Marine vegetation
and invertebrates typically recover relatively quickly once the oil is removed.
Marine mammals and birds tend to follow prey. During summer, salmon would be migrating into Douglas
Channel and other areas. This could increase the potential for the presence of predators. Animals could
inhale or ingest condensate from cleaning their fur or feathers. Oiled fur or feathers pose the risk of
hypothermia. A spill could have large effects on the Marbled Murrelet population because the birds moult
during summer and cannot fly to escape the oil. Marine mammals would be most vulnerable while oil is
on the surface in the first 30 minutes because the confined channel limits oil free areas as the whales
breach for air. For the two days following the spill (until the tidal cycle acts to disperse the remaining
condensate), wildlife such as river otters, black-tailed deer, bears, wolves ravens or crows that feed and
scavenge along the shoreline could come into contact with stranded condensate.
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9.6.3.2

Unmitigated Effects on the Human Environment

Heritage resources and traditional marine uses in the intertidal and shoreline regions could be affected
during summer. In addition to mortality of some fish and invertebrates, fisheries could close due to
contaminant levels, conservation concerns or tainting (for example salmon moving into the area to
spawn). Economic returns are greatest for salmon (pink, chum, coho, sockeye and chinook), but there are
also fisheries for Pacific halibut, several species of groundfish, shrimp, prawn, octopus, red sea urchin and
octopus.
Aboriginal groups would be particularly sensitive because of their long association with and dependence
on the sea for food, transportation, social and ceremonial purposes. In this example, the shores across
from Kitamaat Village would be particularly vulnerable. Because detailed information regarding
traditional use in these areas has not yet been provided, conclusions regarding effects on harvesting and
cultural resources have not been reached. Heritage resource sites might be affected through contamination
with oil or through physical damage associated with cleanup activities, although there is little
documentation of heritage resources in the area. A condensate spill would have effects on non-traditional
marine uses at the marinas since summer is typically a peak recreational season. The possible effects
would be aesthetic disturbances and restricted access to shorelines, the Kitamaat Village marina, and the
terminal during the cleanup. Kitimat Arm is wide enough to allow vessel traffic to avoid the spill;
however, log snags, vessels and marine infrastructure in contact with oil would be fouled.
Given that condensate is predicted to stay near the shores of the terminal for at least two days, the area
could experience temporary disruption of vessel traffic, loss of local fish and shellfish resources over one
recruitment season (e.g., from salmon fry mortality or contamination of shellfish).
Northern Gateway has offered coastal Aboriginal groups the option of directly participating in the RO for
emergency events. If this is the case, trained responders, vessels and equipment from the coastal
communities would be engaged.

9.7

Summary

Table 9-5 summarizes the likely fates of hydrocarbons from the two examples. Examples for the summer
typically result in more bitumen retained at the shore after the first 3 to 10 hours. Condensate evaporates
quickly leaving 13% along the shore after 30 minutes and almost 40% dissolved in the water column.

Table 9-5

Summary of Hydrocarbon Mass Balances
Example

Water

Evaporated

Retained at Shore

Condensate spill at the terminal,
30 minutes after the incident

Surface: none
Water Column: 38%

52%

12%

Diluted bitumen spill at the terminal, 10
hours after the incident

Surface: none
Water Column: 2%

5%

93%

Results from the examples consider attenuation processes and do not take into account spill response
actions.
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10

Risk Assessment Related to Hydrocarbons in
the Marine Environment

10.1

Introduction

This risk assessment estimates the long-term risk that hydrocarbon spills may pose to the ecological
health of the marine environment in Kitimat Arm and assesses project-related effects on selected
organisms and groups of organisms.

10.1.1

Examples

Two examples are evaluated for chronic ecological risks:
•
•

250 m3 of diluted bitumen
250 m3 of condensate

A volume of 250 m3 has been estimated to be the maximum credible volume released during loading or
unloading at the terminal, based on the cargo transfer rate, the detection time, and the emergency valve
shut down time.

10.1.2

Assessment Area

An uncontained hydrocarbon spill into the marine environment could spread in the Kitimat Arm area,
extend north to the town of Kitimat and approximately 5 km south of the terminal, and include Clio Bay
and Emsley Cove. This area is the project effects assessment area (PEAA) for the ERA.

10.2

Ecological Risk Assessment

A risk assessment characterizes the nature and magnitude of health risks to humans or ecological
receptors from chemical contaminants and other stressors that may be present in the environment (US
EPA 2009, Internet site).
Risk depends on the following factors:
•

how much of each potentially hazardous chemical is present in environmental media (e.g., water,
sediment)

•

how much contact (exposure) ecological receptors or human beings have with the contaminated
environmental media

•

the degree of bioaccumulation in the ecological receptor

•

how much exposure ecological receptors or human beings have to chemicals bioaccumulated by other
living organisms that they consume

•

the inherent toxicity of the chemical
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The following three key factors must be present for an ecological risk to result in changes to the
environment or to receptors:
•
•
•

release of a chemical or chemicals that might be an environmental hazard
means by which receptor organisms are exposed to chemicals
a receptor organism present at the right time and place to be exposed to chemicals

Even when all three factors are simultaneously present, considerations such as chemical concentrations,
duration of exposure and the specific exposure means by which exposure occurs determine whether there
might be an adverse environmental effect.

10.2.1

Methods

To quantify the potential for ecological risk, the methods follow generally used standards (US EPA 1998;
Canadian Council of Ministers of the Environment [CCME] 1996, 1997). These methods include:
•
•
•
•
•
•

problem formulation (including resource identification)
exposure assessment
hazard assessment
risk characterization
discussion of certainty and confidence in the predictions
statement of conclusions

The approach for this ERA consists of the following steps:
•
•
•
•
•
•

identification of an appropriate geographic area
development of spill examples
identification of chemical of potential concern (COPC) emissions to the marine environment
modelling the likely fate of COPCs in the marine environment
completing the exposure and hazard assessments
estimating the level of risk to ecological receptors, and the degree of confidence in these estimates

Risk assessments are conducted following conservative assumptions, which tend to overestimate
exposure and risk and are intended to be iterative or tiered in application. Therefore, if preliminary results
show that wildlife exposures to COPCs are below levels considered to cause risk, it is unlikely that
adverse effects will occur. However, if results from a preliminary analysis suggest that wildlife exposures
may exceed levels considered safe, this does not necessarily mean that adverse effects will occur. Rather,
a more detailed analysis is advisable to determine more precisely whether the preliminary conclusion
withstands a more rigorous analysis.
10.2.1.1

Models Used for Predicting Concentrations

The concentrations of COPCs in water and sediment are determined using a marine water quality model
(MWQM) and a marine sediment quality model (MSQM). The MWQM and MSQM model outputs are
used to calculate exposure point concentrations for COPCs in water and sediment, to which
community-level organisms are likely to be exposed. These exposures are the basis for ERA calculations.
The potential chronic accumulation of individual COPCs from sediment to biota, such as into marine
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invertebrates, is considered throughout the modelling period for assessing risk to human consumers of
seafood.
The water column and subtidal sediment compartments are considered as potential marine ecological
resource locations, where marine biota selected species and may be exposed to COPCs in the
environment. The selected species include marine algae, benthic invertebrates and fish. Risks to a selected
species arising from exposure to COPCs are considered collectively to determine whether there may be
adverse environmental effects from hydrocarbon spills on the marine environment.
Marine Water Quality Model
The MWQM simulations extend over a 120-hour period, and consider the potential acute toxicity of
dissolved COPCs in the water column to community-level marine receptors (e.g., fish and zooplankton).
Mass balance compartment models provide explicit estimates of the fluxes of contaminants across
boundaries or the masses within compartments as a function of time. In the MWQM, the compartments
represent specific states of the hydrocarbon (i.e., emulsions, globs and droplets) or its flux to
environmental media (i.e., volatilization to the atmosphere, dissolution in water, impingement on
intertidal sediment and deposition to subtidal sediment). Additionally, the mass of each COPC within
each compartment changes over time in response to processes representing movements between
compartments. The following processes are responsible for driving the flow of mass (the distribution and
fate of COPCs) in the MWQM:
•

Spreading of the surface oil and plume. Spreading uses information and equations provided by Lehr
et al. (1984). The area of affected water (i.e., the plume) is tracked by considering the area of the oil
on the water surface at subsequent times and between two points in time due to wind displacement.

•

Evaporation of the hydrocarbons from the surface oil. Evaporation of individual components occurs
according to their respective volatilities (i.e., vapour pressures). Relatively volatile components
evaporate quickly, whereas those with low vapour pressures are not expected to evaporate in
appreciable amounts. The evaporation rate of individual COPCs uses Raoult’s law, air-water
exchange velocity and the ideal gas law as described by Schwarzenbach et al. (2002).

•

Emulsification of the surface oil. Emulsification is based on properties of the hydrocarbon and its
propensity to form emulsions. First, the stability of a water-in-hydrocarbon mixture uses four classes
(entrained, unstable, mesostable and stable) ranked by a numerical index presented by Fingas and
Fieldhouse (2004). Only mesostable and stable mixtures are carried forward as emulsions. The
emulsification rate uses information provided by Fingas and Fieldhouse (2004).

•

Liquefaction of a mesostable emulsion (if applicable). Because mesostable emulsions have a shorter
lifespan than stable emulsions (Fingas and Fieldhouse 2004), the hydrocarbon present within a
mesostable emulsion is assumed to liquefy back into the surface oil. The liquefaction rate uses
information provided by Fingas and Fieldhouse (2004).
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•

Impingement of the surface oil or emulsions to the intertidal sediment shoreline. Impingement onto
the intertidal shoreline is considered through hydrocarbon-holding capacity calculations as reported
by Gundlach (1987), Reed et al. (1998) and Cheng et al. (2000), as described in Etkin et al. (2008).
This approach defines the maximum hydrocarbon-holding capacity as consisting of the maximum
surface loading and the maximum sub-surface loading. Additionally, it considers the effects of
shoreline morphology, as well as characteristics of hydrocarbon (through viscosity) on the
impingement process (Etkin et al. 2008).

•

Dispersion of hydrocarbon droplets in the water column. Following entrainment within the water
column, small hydrocarbon droplets may remain submerged for a period of time, whereas larger
hydrocarbon droplets will resurface. The maximum diameter of hydrocarbon droplets that may
remain submerged within the water column is determined using Stokes’ law (Schwarzenbach et al.
2002). Predictions of the dispersion rate of these small hydrocarbon droplets within the water column
uses equations and information presented in Delvigne and Sweeney (1988), Korotenko et al. (2000),
French-McCay (2004) and Reed et al. (2004, Internet site). The predictions take into account the
dissipated wave energy, fraction of the sea surface covered by hydrocarbons and fraction of sea
surface covered by breaking waves.

•

Settling of hydrocarbon droplets to subtidal sediment. Two processes are responsible for driving the
flow of mass in the settling of hydrocarbon droplets to subtidal sediment: sorption of the hydrocarbon
droplets to suspended sediment and deposition of suspended particles with sorbed hydrocarbon into
the sediment layer.

•

Dissolution of hydrocarbon droplets dispersed within the water column. Dissolution is for individual
hydrocarbon components according to their respective solubility in water. Relatively soluble
components may be expected to dissolve readily, whereas components with low solubility are not
expected to dissolve in appreciable amounts but may be present as undissolved forms within the
medium. The effective solubility of individual COPCs is determined using equations provided by
Schwarzenbach et al. (2002).

•

Moving of dissolved COPCs to subtidal sediments. Two processes are considered in causing the mass
flow from the dissolved COPC to the subtidal sediment: partitioning of COPCs between water and
suspended sediment (through the water-sediment partition coefficient) and deposition of suspended
particles and sorbed COPCs into the sediment layer.

•

Sinking of the surface oil. As the hydrocarbon present in the surface oil weathers, its density
increases. If the density of the hydrocarbon in the surface oil exceeds that of seawater, the surface oil
is assumed to form hydrocarbon globs that will sink to the subtidal sediment.

•

Degradation of COPCs in the water column. Some COPCs may persist for long periods of time
(e.g., high molecular weight PAH), whereas others degrade more rapidly (e.g., low molecular weight
hydrocarbons such as benzene). The degradation of COPCs in the environment is considered on an
individual COPC basis. The half-lives of individual COPCs in water as reported by Mackay et al.
(2000) are converted to first-order rate constants and degradation rates are simulated assuming first
order kinetics.
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Other processes, such as evaporation of COPCs dissolved in water (present in emulsified hydrocarbon or
impinged at the intertidal shoreline) and decomposition of COPCs in hydrocarbon and hydrocarbon
emulsion because of microbial action or photolysis, also act in a minor way to reduce the concentrations
of COPCs in water and sediment. These processes are not included in the MWQM, and this simplification
is justified by the probability that cleanup activities will be rapidly initiated, resulting in the recovery of
hydrocarbons that impinge on shorelines or float on the water as emulsified or recoverable material. In
addition, flushing and dispersion are not considered in this model, although they would result in the
dilution of affected water and reduce the estimated hydrocarbon concentrations dissolved in water.
Omitting these processes is conservative and results in a model that tends to overestimate dissolved
COPC concentrations in water, and subsequently in sediment.
The time at which hydrocarbon droplets in the water column are predicted to be present for longer (as an
output of the MWQM) is the start of the modelling run in the MSQM to evaluate the potential behaviour
and fate of COPCs in sediment over a 20-year period following deposition.
Marine Sediment Quality Model
The total loadings of COPCs to subtidal sediment are assumed to distribute evenly over the area of
affected sediment, which is based on the water area and horizontal spreading within the water column due
to tidal fluctuations. Lateral spreading is not considered because this would increase the amount of
sediment available for deposition, thereby decreasing COPC concentration in subtidal sediment. Omitting
this process in the estimation of the affected sediment area is conservative and results in an overestimate
of the average COPC concentration in subtidal sediment.
The MSQM was adapted from the model developed by Kansanen and Seppälä (1992). This model
simulates contaminant profiles in sediments and computes the concentrations by solving a onedimensional mass balance equation. Downward advection of contaminants because of fresh sediment
deposition at the top of the profile was simulated, as was sediment mixing in the upper layers
(representing bioturbation or other mixing processes) and chemical decomposition. The model is
implemented to model individually the fate of up to 32 COPCs in a 20-cm sediment profile, sectioned
into 100 slices each 2 mm thick, over a period of up to 20 years. As implemented here, processes of
bioturbation, availability of oxygen (or oxygen donors such as sulphate) for chemical decomposition, and
water content of sediment use a negative exponential function related to depth in the sediment profile.
Data describing the sedimentation rate and characteristics of sediment in Kitimat Arm were obtained from
papers compiled in Macdonald (1983). The model was calibrated against data for PAH in a sediment core
from Kitimat Arm reported by Cretney et al. (1983). Benthic invertebrates are assumed to be exposed to
the top 5 cm of sediments.
The MWQM simulations extended over a period of up to 120 hours (it is estimated that all the
hydrocarbons would be ashore after that period of time), taking into consideration the potential acute
effects of dissolved COPCs in the water column. The COPC loadings to subtidal sediments are used as
input to the MSQM to evaluate the potential for the pulse of COPCs resulting from the release to have
chronic adverse effects on sediment infauna and epifauna over a period of up to 20 years. The potential
accumulation of COPCs in benthic invertebrates, such as crab or bivalves, is considered throughout the
modelling period and is used as the basis for evaluating risks to human health through consumption of
seafood (i.e., molluscs and crustaceans) that may be contaminated due to exposure to sediment.
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10.2.1.2

Composition of Hydrocarbon Samples

Representative samples of each hydrocarbon type to be handled at the Kitimat Terminal were obtained
from Northern Gateway and analyzed by the Research and Productivity Council laboratory in Fredericton,
New Brunswick. For analytical results for these representative samples, see the Marine Ecological Risk
Assessment for Kitimat Terminal Operations TDR.
Chemical screening was based upon chemical analyses of representative hydrocarbon samples, followed
by an analysis that considered the relative solubility and volatility of various hydrocarbon and inorganic
element fractions. Substances that were tested but not detected in the representative hydrocarbon samples
(i.e., condensate and diluted bitumen) are not carried forward.
Trace elements were generally not detected, or were present at low concentrations (less than 1 mg/kg) in
the liquid hydrocarbon samples. The diluted bitumen sample generally contained the highest
concentrations of trace elements, including vanadium, nickel, calcium and sodium (in order of decreasing
concentration). In the environment, trace elements are typically encountered as dissolved ionic species,
which may associate with other organic or inorganic species, or bind to solids. A screening calculation
was carried out to estimate the possible trace element concentrations beneath the surface oil, assuming
that the trace elements dissolved rapidly and dispersed. Based on the low concentrations resulting from
this calculation, trace elements are not carried forward in the risk assessment.
Organic compounds detected in the liquid hydrocarbon samples include petroleum hydrocarbons
(e.g., benzene, toluene, ethylbenzene and xylenes [BTEX], total petroleum hydrocarbon [TPH] fractions,
fractionated according to the number of carbon atoms present and asphaltenes), selected PAH, phenolic
compounds and two volatile organic compounds (VOC). Analytical results revealed important differences
in their respective chemical composition. Petroleum hydrocarbons, as a chemical class, were the largest
contributors in all three representative samples, with PAH, phenolic compounds and VOC contributing
little to the total mass (less than 1%).
The diluted bitumen sample is made up primarily of longer aliphatic petroleum hydrocarbons
(i.e., aliphatic fractions >C12-C16, >C16-C21, and >C21-C32) as well as asphaltenes. All these fractions
exhibit low or negligible vapour pressures. Approximately 5 to 10% of the diluted bitumen sample would
be considered relatively volatile (in relation to naphthalene, which easily evaporates and is highly
volatile). Following a release of diluted bitumen, the volatile components would be expected to evaporate,
leaving less volatile constituents within the surface oil. In the example for diluted bitumen, it is assumed
that 250 m3 is spilled during loading. In an unmitigated spill, some diluted bitumen is predicted to strand
almost immediately adjacent to the north side of the terminal, but diluted bitumen is also predicted to
move across Kitimat Arm towards Kitamaat Village. Around 4 to 10 hours after the spill, diluted bitumen
would be stranded on the eastern shore of Kitimat Arm, with no bitumen left on the water surface after
10 hours. In total, approximately 6 m3 of diluted bitumen would enter the water column.
The condensate sample is assumed to contain primarily shorter aliphatic petroleum hydrocarbons
(i.e., aliphatic fractions C1-C5, >C6-C8, >C8-C10), as well as BTEX, all of which exhibit moderate to
high vapour pressures. Overall, approximately 80% of the condensate sample would be considered
relatively volatile and it is expected that a considerable proportion of condensate would readily evaporate.
In the example for condensate, it is assumed that 250 m3 is spilled during unloading. Some condensate
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would be stranded adjacent to the north side of the terminal, and some would move north and east into
Kitimat Arm. Condensate would evaporate rapidly from the surface of the water, and after 30 minutes,
there would be no condensate left on the water surface. In total, approximately 97 m3 of condensate
would enter the water column.
Organic compounds carried forward as COPCs include BTEX and TPH fractions. In addition, individual
PAH compounds that were detected, as well as three phenolic compounds and two VOC, are carried
forward. For the complete list of COPCs carried forward, see Table 10-1.

Table 10-1

COPCs from Hydrocarbon Spills to the Marine Environment
BTEX Compounds

PAH Compounds

Benzene

1-Methylnaphthalene

Toluene

2-Methylnaphthalene

Ethylbenzene

Anthracene

Xylenes (total m,o,p)

Benzo(a)anthracene

TPH Fractions

Fluorene

Aromatics

Naphthalene

>C8 – C10

Phenanthrene

>C10 – C12

Pyrene

>C12 – C16

Phenolic Compounds

>C16 – C21

2.4-dimethylphenol

>C21 – C32

2,4-dinitrophenol

Aliphatics

Phenol

>C6 – C8

VOC

>C8 – C10

1,2,4-trichlorobenzene

>C10 – C12

1,3,5-trimethylbenzene

>C12 – C16
>C16 – C21
>C21 – C32

10.2.2

Exposure Assessment

The exposure assessment evaluates the extent to which a selected species will be exposed to COPCs. To
determine total exposure of a selected species to COPCs, potential exposure routes are simultaneously
considered for COPCs modelled in the marine environment (see Figure 10-1). The exposure routes
include direct exposure to COPCs in water and sediment for community-level species (marine algae, fish
and invertebrates).
In all model compartments, the potential risk of environmental effects is evaluated for the following
aquatic and sediment community-level selected species:
•
•

acute effects on marine algae, invertebrates and fish exposed to COPCs in water
chronic effects on benthic invertebrates exposed to COPCs in subtidal sediment
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In addition, the potential chronic effects of, and time to recovery from, hydrocarbon compounds stranded
on shorelines is evaluated qualitatively, with reference to the experience from the Exxon Valdez incident.

Figure 10-1
10.2.3

Conceptual Exposure Model for Marine Key Indicators

Hazard Assessment

The hazard assessment identifies the level (exposure concentration or receptor dose) at which COPCs
have the potential to cause effects on receptor health. For a selected species, the threshold concentrations,
i.e., doses above which an adverse effect may be expected, have been defined based on reports in the
primary literature, under regulatory sponsorship in various jurisdictions, and by regulatory agencies
directly. These threshold concentrations are referred to as community benchmarks (for community-level
selected species). In selecting appropriate effect magnitude benchmarks, preference was given to those
derived through comprehensive review of effects-based studies. Guidelines for the protection of aquatic
life (CCME 2002, Internet site; CCME 2007, Internet site) are relevant in a generic context and are used
to screen COPC concentrations in water and sediment to determine whether an ERA is required.
However, the CCME guidelines are highly conservative and not suitable as effect magnitude benchmarks.
The potential for adverse effects is quantified by comparing the estimated environmental media
concentration of each COPC with the benchmark for that COPC. The quotient of the two ([COPC
concentration]/[benchmark]) is referred to as a hazard quotient (HQ). Acute and/or chronic hazard indices
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(HIs) are derived for chemicals with similar modes of action and target organs by summing the HQ of
individual COPC. This method follows Di Toro et al. (2000) and Di Toro and McGrath (2000). Hazard
indices are calculated separately for PAH compounds and petroleum hydrocarbons (TPH fractions and
BTEX compounds). These groups are treated separately to avoid double counting PAHs, which are also
included in the analysis of bulk petroleum hydrocarbon fractions. An acute or chronic HI value less than
1.0 indicates that the exposure concentration is less than the threshold of toxicity for the chemical class
evaluated. Given the conservative approach to the estimation of exposure and selection of benchmarks, a
chronic HI less than 1 is not expected to result in adverse effects and no further analysis is required.
Because the acute to chronic ratio for toxicity of non-polar narcotic substances has an approximate value
of 5 (Di Toro et al. 2000), a chronic HI value greater than 5 may also be used as an indicator of
potentially acute effects.

10.2.4
10.2.4.1

Results of Ecological Risk Assessment
Condensate

The modelling for a spill of 250 m3 condensate predicts that approximately 38% of the condensate would
naturally disperse into the water column. Concentrations of COPCs would not be uniformly distributed
within the study area and would be location-dependent; as such, areas of high impact may be located next
to the spill location, whereas areas of low impact may be farther away within Kitimat Arm. However, for
the purpose of this risk assessment, it is assumed that that distribution would be instantaneous and
uniform over the PEAA.
To evaluate potential risk of acute adverse effects on aquatic biota such as fish or plankton, HI are
quantified using the estimated concentration of COPCs dissolved in water and uniformly dispersed
throughout the plume. The highest concentrations are expected to occur while hydrocarbon droplets are
still present within the water column and thus available for dissolution. Potential risk of chronic adverse
effects on subtidal sediment biota is quantified using the estimated concentration of COPCs in subtidal
sediment uniformly dispersed over the affected sediment area.
For this spill example, the HI for PAH at the water community level is well below thresholds that indicate
a potential risk of acute adverse effects on aquatic biota; however, HIs for hydrocarbon compounds
(i.e., BTEX and TPH) exceeded those thresholds (see Figure 10-2). The maximum concentration of
COPCs dissolved in water and corresponding HI occur approximately six hours following the spill and
decrease gradually thereafter as hydrocarbon droplets dissolve.
This calculation assumes that aquatic biota would be continuously exposed to COPCs even though
exposure at any single location may not be continuous due to the movement of the affected water through
tidal and wind forcing, and because the area of affected water calculated for the ERA (0.3 km2) is small
compared with the PEAA for the ERA (56.4 km2). Dispersion due to tidal cycling and flushing is not
considered within the MWQM even though it is expected to occur over time, thereby further reducing
COPC concentration within the water column. HIs for hydrocarbon compounds markedly exceed
thresholds for potential risk of acute adverse effects immediately following the spill; therefore, acute
lethality may be expected within the plume.
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For the subtidal sediment community, the HI for PAH is well below thresholds that indicate a potential
risk of chronic adverse effects on subtidal benthic invertebrates; however, HIs for hydrocarbon
compounds slightly exceeded those thresholds (see Figure 10-3). Compounds that contribute largely are
the shorter aliphatic petroleum hydrocarbons (i.e., aliphatic fractions >C6–C8 and >C8–C10) and BTEX
compounds, which demonstrate low persistence in sediment compared with longer aliphatic or aromatic
petroleum hydrocarbons.
This calculation assumes that hydrocarbons present within subtidal sediment and hydrocarbon emulsions
are distributed evenly over the area of affected sediment. The area of affected sediment is estimated from
the area of affected water and assumed horizontal spreading caused by tidal fluctuations. Hydrocarbons
dissolved in the water column or present within hydrocarbon droplets are assumed to disperse beyond the
area of affected sediment. It is unlikely that the condensate spill example would result in chronic toxicity
to benthic invertebrates.

Figure 10-2
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Figure 10-3

Chronic Hazard Index at the Subtidal Sediment Community Level
for a 250 m3 Condensate Spill

The model predicts that approximately 62 m3 of condensate would be stranded immediately north of the
Kitimat Terminal along a 500-m section of shoreline. Because the spill would spread, be stranded and
evaporate rapidly, the effects of tide on the smearing of condensate across the intertidal zone would be
minimal. The effects of the stranded condensate would be felt most acutely in a narrow band within the
intertidal zone. The loading of condensate on the shoreline would be moderately high, about 0.12 m3 of
condensate per linear metre of beach. The condensate has low viscosity and could briefly coat the rocks,
rockweed and sessile invertebrates in the affected area. This brief acute exposure would likely be lethal to
rockweed and invertebrates that are exposed to the condensate, although the area involved would be
relatively small. It is possible that birds or furred mammals that meet the condensate could be adversely
affected; however, due to the small area involved, the numbers would be small, and the effects would not
be persistent at a population level. It is unlikely that marine mammals such as whales or porpoises would
be adversely affected due to the small size and short amount of time that the surface oil will remain.
Although these animals might be briefly exposed to hydrocarbon vapours, the small size and short
duration of the spill would limit the risk of adverse effects.
Chronic effects in the intertidal zone would be minor and short-lived. Although there would be some
residual petroleum hydrocarbons and PAH stranded on shoreline sediments, the quantity would be small,
and natural remediation processes, in addition to any cleanup activities, would result in their rapid
dispersal. The small area of damage would also lead to rapid recolonization of marine plants and
invertebrates from nearby undamaged areas. It is likely that recovery of the intertidal zone would be
complete within approximately two years.
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10.2.4.2

Diluted Bitumen

The modelling for 250 m3 of diluted bitumen predicts approximately 2% of the diluted bitumen would
naturally disperse into the water column. Concentrations of COPCs would not be uniformly distributed
within the study area and would be location-dependent; as such, areas of high effect may be positioned
near the spill location, whereas areas of low effect may be farther away within Kitimat Arm. However, for
the purpose of this risk assessment, it is assumed that that distribution would be instantaneous and
uniform over the PEAA.
To evaluate the potential risk of acute adverse effects on aquatic biota such as fish or plankton, HI are
quantified using the estimated concentration of COPCs dissolved in water and uniformly dispersed over
the plume. The highest concentrations are expected to occur while hydrocarbon droplets are still present
within the water column and thus available for dissolution. Potential risk of chronic adverse effects on
subtidal sediment biota is quantified using the estimated concentration of COPCs in subtidal sediment
uniformly dispersed over the affected sediment area.
HIs for PAH and hydrocarbon compounds at the water community level are well below thresholds that
indicate a potential risk of acute adverse effects on aquatic biota such as fish or plankton
(see Figure 10-4). This calculation assumes that aquatic biota would be continuously exposed to COPCs,
even though exposure at any single location might not be continuous due to the movement of the affected
water through tidal and wind forcing. Dispersion due to tidal cycling and flushing is not considered within
the MWQM, even though it is expected to occur over time, thereby further reducing COPC concentration
within the water column. Given the conservative approach to the estimation of HI at the water community
level, and that HIs for both PAH and hydrocarbon compounds are well below thresholds that indicate a
potential risk of acute adverse effects, it is unlikely that the diluted bitumen spill example would result in
acute toxicity to aquatic biota.
For the subtidal sediment community, HIs for PAH and hydrocarbon compounds are well below
thresholds that indicate a potential risk of chronic adverse effects on subtidal benthic invertebrates
(see Figure 10-5).
This calculation assumes that hydrocarbons present within subtidal sediment and hydrocarbon emulsions
are distributed evenly over the area of affected sediment. The area of affected sediment is estimated from
the area of affected water and assumed horizontal spreading caused by tidal fluctuations. Hydrocarbons
dissolved in the water column or present within hydrocarbon droplets are assumed to disperse beyond the
area of affected sediment. Given the conservative approach to the estimation of HI at the subtidal
sediment community level, and that HIs for both PAH and hydrocarbon compounds are well below
thresholds that indicate a potential risk of chronic adverse effects, it is unlikely that the diluted bitumen
example would result in chronic toxicity to benthic invertebrates.
The model predicts that in an unmitigated spill event, approximately 68 m3 of diluted bitumen would be
stranded immediately north of the terminal along a 500-m section of shoreline. Subsequently, the
hydrocarbons would move across Kitimat Arm and impinge on the eastern shore about three hours after
the initial spill, near Kitamaat Village. A 2.5-km-long shoreline section on the east side of Kitimat Arm
would be affected by approximately 164 m3 of diluted bitumen. Because diluted bitumen evaporates less
rapidly than condensate, and may be moved around by the tide, it is assumed that the entire intertidal zone
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would be oiled along the shoreline areas affected by the incident. The stranded diluted bitumen would be
expected to coat rocks, rockweed and sessile invertebrates in the affected area, and some of the diluted
bitumen could penetrate deeper into gravel or rocky intertidal substrates. The acute exposure to diluted
bitumen would likely be lethal to rockweed and invertebrates that were contacted. It is likely that birds or
furred mammals that are exposed to the condensate would be adversely affected due to oiling of fur or
feathers, or ingestion of the hydrocarbon, but due to the small area involved, the numbers would be small,
and the effects would not be persistent at a population level. It is not likely that marine mammals such as
whales or porpoises would be adversely affected, due to the small size and short duration of the
hydrocarbons remaining on the water surface. Although these animals might be briefly exposed to
hydrocarbon vapours, the small size and short duration of the spill would limit the risk of adverse effects
on these animals.
Chronic effects of the diluted bitumen spill in the intertidal zone would be of moderate magnitude. The
diluted bitumen contains a large amount of heavy and persistent tarry material. Some residual petroleum
hydrocarbons and PAHs would be stranded on shoreline sediments, and rocks would likely remain coated
with a hydrocarbon residue for some time. Some small pockets of residual hydrocarbon might remain
buried in gravel or rocky substrates for several years, although the presence of these persistent pockets
would not necessarily inhibit restoration of adjacent intertidal habitat. Recolonization of damaged habitat
would be quite rapid, due to the presence of nearby undamaged habitat. It is likely that recovery of the
intertidal zone would be complete within about two to five years.

Figure 10-4
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Acute Hazard Index at the Water Community Level for a 250 m3
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Figure 10-5

10.2.4.3

Chronic Hazard Index at the Subtidal Sediment Community Level
for a 250 m3 Diluted Bitumen Spill
Prediction Confidence

Prediction confidence for the ERA is based on the following:
•
•
•
•
•

selection of COPCs
selected species
environmental fate modelling
resource exposure to COPC and HQ calculations
chemical speciation and bioavailability

The selection of COPCs is based on chemical analyses of representative hydrocarbon samples. Substances
not detected in the representative hydrocarbon samples are not carried forward. Organic compounds
carried forward as COPCs include BTEX and TPH compounds, detected PAH compounds, detected
phenolic compounds and two VOCs. Trace elements are determined to be of negligible concern, based on
their low concentration and potential for dilution within the water column.
Although the overall model structures are reliable, the quality of many of the parameter values describing
the environmental fate and partitioning (i.e., distribution) of COPCs varies. In such situations,
conservative assumptions are used, which would tend to overestimate environmental COPC
concentrations, exposure of selected species and likely environmental effects.
For assessing the potential exposure to COPCs, the HQ and HI are calculated for all selected species. This
results in a conservative prediction because it overestimates the exposure of a selected species to COPCs.
The hydrocarbons and many marine fauna (e.g., fish, crab) are both independently mobile, and continuous
exposure of a selected species to COPCs is unlikely during the acute exposure phase (involving COPCs in
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water). However, for condensate, acute lethality may be expected in a relatively small area compared with
the PEAA in the few hours following an assumed 250-m3 spill. In the chronic exposure phase (involving
COPCs in sediment) for the examples investigated, the affected area is small compared with the areas of
shoreline and subtidal sediments in the PEAA. Although acute and chronic adverse effects are likely to
occur within these relatively small areas of shoreline, they are reversible. The marine ERA is based on
measured data to the extent practical, with conservative assumptions used in the exposure and hazard
assessments. Therefore, it is unlikely that the risk of adverse effects on the marine environment is
underestimated.

10.3

Human Health Risk Assessment

A human health risk assessment (HHRA) is the process of estimating the nature and likelihood of adverse
health effects in humans who may be exposed to chemicals in contaminated environmental media. The
HHRA follows processes similar to those in the ERA to address questions such as:
•

What types of health problems may be caused by environmental stressors such as chemicals?

•

Are some people more likely to be exposed to environmental stressors because of factors such as
where they work and live, or what they like to eat?

•

What is the risk that people will experience health problems when exposed to different levels of
environmental stressors?

An HHRA requires consideration of both the toxic properties of chemicals and the levels of exposures in
humans. This assessment is based on the prescriptive protocols outlined primarily by the Federal
Contaminated Site Risk Assessment in Canada: Part V (Health Canada 2007a), with additional guidance
from Health Canada (1994, 2007b, 2007c, 2007d) and US EPA (2005).
The principal elements of this assessment include:
•
•
•
•
•
•

problem formulation
toxicity assessment
exposure assessment
risk characterization
discussion of certainty and confidence in the prediction
statement of conclusions

The HHRA for hydrocarbon spills is based on the results of the fate modelling of the ERA (i.e., predicted
concentration of contaminants in the tissue of the shellfish) and the application of those results to the
human health exposure risk model. The spill examples and the COPCs are the same as those identified in
the ERA.
An adverse effect on health occurs when the estimated exposure to a COPC exceeds the human health
risk criteria established by regulatory bodies, including Health Canada, the US EPA and the CCME. For
non-carcinogenic exposures, this is evaluated by a risk estimate referred to as a HQ, while an Incremental
Lifetime Cancer Risk (ILCR) is estimated for carcinogenic exposures. Based on Health Canada (2007b),
an ILCR greater than 1.0 x 10-5 (i.e., 1 in 100,000) is considered to represent an unacceptable level of risk,

May 2010

Page 10-15

Sec. 52 Application
Volume 7C: Risk Assessment and Management of Spills –
Kitimat Terminal
Section 10: Risk Assessment Related to Hydrocarbons in the Marine Environment

whereas for non-carcinogenic compounds, a HQ greater than 0.2 (i.e., a total exposure that is greater than
20% of the reference exposure limit) is considered unacceptable.

10.3.1
10.3.1.1

Results of Human Health Risk Assessment
Condensate

For a spill of 250 m3 of condensate to the marine environment, predicted HQ values for PAH, BTEX or
TPH exposures through the ingestion of molluscs, crabs and other type of shellfish are well below
thresholds that indicate a potential risk of chronic adverse effects. The ILCR values for carcinogenic PAH
were also well below the recommended threshold value of 1.0 x 10-5. This calculation assumes that a
person’s entire shellfish source is exclusively within the affected sediment area (defined in the Marine
Ecological Risk Assessment for Kitimat Terminal Operations TDR) and that the daily consumption of
shellfish would not vary for 20 years.

10.3.1.2

Diluted Bitumen

For a spill of 250 m3 of diluted bitumen to the marine environment, predicted HQ values for PAH, BTEX
and TPH exposures through the ingestion of molluscs, crabs, and other type of shellfish are well below
thresholds that indicate a potential risk of chronic adverse effects. The ILCR values for carcinogenic PAH
were also well below the recommended threshold value of 1.0 x 10-5. Again, this calculation assumes that
a person’s entire shellfish source is exclusively within the affected sediment area, and that the daily
consumption of shellfish would not vary for 20 years.

10.3.1.3

Prediction Confidence

The HHRA, and thus this assessment, is highly dependent on the results of predictive modelling, which
involved predicting the concentration of hydrocarbon chemicals in the surface water following a spill and
their transfer to subtidal sediment. Subsequently, concentrations within the various shellfish that inhabit
the contaminated sediment are predicted as a function of time. Predictions are based on computerized
mathematical hydrocarbon fate and bioaccumulation models. These approaches are well developed and
accepted by the regulatory agencies that have jurisdiction over this assessment.
Predictions of effects on human health have a high level of confidence. Table 10-2 summarizes the
assumptions used in the assessment. It shows that the use of maximum concentrations and worst-case
assumptions has overestimated exposures and, therefore, provides a high level of confidence to the
conclusion of no adverse effects on human health.
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Table 10-2

Analysis of Assumptions used in the HHRA

Assumption

Justification

Surface water modelling is
conservative for COPC
concentrations at the
individual receptor
locations

Over- or UnderEstimated

Opinion

Neutral

Reasonable average exposure
concentrations at receptor locations are
used for comparing to guidelines that
are protective of human health

Bioaccumulation modelling
is conservative for COPC
concentrations in shellfish

Basic bioaccumulation
model

Over- estimated

Assumed that all bioaccumulation in the
tissues of the shellfish would
accumulate, considering conservative
biological mechanism factors

Guidelines that exposures
are compared to are
protective of human health

Conservative
assumption

Neutral

Guidelines are obtained from
appropriate regulatory agencies and
accorded relevance in the following
order of priority: Health Canada, British
Columbia, CCME, Alberta, Ontario and
Texas

Potential receptors are
considered for the human
health risk assessment

Information used in the
HHRA approach for
receptor selection is in
accordance with
protocols provided by
Health Canada
(2007b)

Neutral

Age groups to be addressed are those
specified by Health Canada (2007b):
• infants (0 to 6 months)
• toddlers (7 months to 4 years)
• children (5 to 11 years)
• teens (12 to 19 years)
• adults (20+ years)
Aboriginal populations are also
considered

Potential means by which
exposure occurs are
considered for human
receptors at the site

Information used in the
HHRA approach for
the selected means of
exposure is in
accordance with
protocols provided by
Health Canada
(2007b)

Neutral

Operable and inoperable means by
which exposure occurs should be
identified and a rationale provided for
those considered inoperable

10.4

Follow-up and Monitoring

Northern Gateway has invited coastal Aboriginal communities to participate in the establishment and
monitoring of permanent environmental monitoring transects and sites. These monitoring programs
would be used to obtain information on baseline environmental conditions, including the quantity and
quality of important harvested species. Offers to undertake a monitoring program have been extended to
several coastal Aboriginal communities (Gitga’at, Kitkatla and Lax Kw’alaams) as part of ongoing
engagement activities, and similar offers will be extended to other coastal communities as engagement
progresses. In the event of a spill, sampling of COPCs would be undertaken to determine if environmental
conditions have returned to baseline levels.
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The following monitoring programs would be implemented, as appropriate, to evaluate potential chronic
environmental effects:
•

Water quality monitoring: daily to weekly measurements of BTEX, TPH and PAH compounds in the
marine water receiving environment, representing near-field, far-field and reference areas, until it is
confirmed that baseline conditions are restored.

•

Sediment quality monitoring: annual measurements of BTEX, TPH and PAH compounds in the
marine sediment receiving environment, representing near-field, far-field and reference areas, until it
is confirmed that baseline conditions are restored.
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Summary and Conclusions

Historical examples show that oil and condensate can adversely affect the biophysical and human
environments. As a result, prevention is a key priority for Northern Gateway and has been a driver in the
design of the Kitimat Terminal, as well as in the planning of construction and operations activities.
Loading and unloading arms will be equipped with automatic shut-off valves and electronic sensors to
monitor arm positioning and engage shut-off valves as required. A SCADA system will provide
continuous system monitoring. In addition, routine manual inspections, monitoring and regular
maintenance will be conducted. Secondary containment for loading and unloading arms, wind monitoring
and weather criteria for cargo transfer, use of tethered tugs during tanker berthing and unberthing,
booming of tankers during loading of oil, and establishment of a navigation exclusion zone around the
tanker berth will further prevent incidents.
As outlined in Section 3, the likelihood of a spill occurring at the Kitimat Terminal is low. Northern
Gateway will implement emergency response measures as outlined in the emergency response plans. The
terminal’s emergency response capabilities will include personal protective equipment, booms, skimmers,
response vessels, pumps, shoreline cleaning equipment, temporary storage and equipment to mitigate and
respond to affected wildlife. Additional equipment and support will be in place for rapid mobilization to
the area.
The potential effects of a hydrocarbon spill depend on numerous factors, including type of oil, volume,
time of year and type of environmental receptor. Effects are largely reversible with appropriate cleanup
strategies and natural recovery over time.
Hydrocarbons in the marine environment would spread onto the shore and evaporate into the air. The
greatest risk would be direct contamination from a diluted bitumen spill. Organisms likely to come in
direct contact with oil include marine birds, fish (primarily those spawning and rearing in nearshore
areas), marine mammals, and intertidal invertebrates and vegetation. Terrestrial biota along the shoreline
may also come in contact with oil. Human activities (e.g., traditional harvesting, subsistence, commercial
and recreational activities) may be adversely affected.
Condensate evaporates quickly, typically producing short-lived toxic effects. Persistent oils (e.g., diluted
bitumen, synthetic oil) can also result in immediate adverse effects, mainly through direct contact
(e.g., coating, smothering), but also tend to cause more chronic (long-term) toxic effects. The Human
Health Risk Assessment TDR describes the effects of 250 m3 diluted bitumen and 250 m3 condensate at
the terminal. This assessment predicts that mainly sessile intertidal organisms (e.g., rockweed,
invertebrates) would be affected, with no persistent or population-level effects on marine birds or furred
mammals, and no likely effects on marine mammals (due to the relatively small volume and short
duration of potential exposure). Recovery of the intertidal zone would be expected within two to five
years for the diluted bitumen example, with recovery within two years for condensate. No risks to human
health because of eating molluscs, crabs, or other shellfish in the potentially affected area are predicted.
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Northern Gateway is committed to prevention, detection and mitigation measures to prevent spills from
occurring at the terminal. Northern Gateway will take action to avoid any potential effects, and to
remediate as necessary. Considering the modern design features, detection measures, mitigation and
planned level of response, the probability of a spill is considered low.
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Abbreviations
ALARP .................................................................................. as low as reasonably practical
ATK ..................................................................................Aboriginal traditional knowledge
BC CDC .......................................................... British Columbia Conservation Data Centre
BC MoE...................................................... British Columbia Ministry of the Environment
BTEX .............................................................. benzene, toluene, ethylbenzene and xylenes
CAB ......................................................................................... Community Advisory Board
CCAA .............................................................................. confined channel assessment area
CCG ...................................................................................................Canadian Coast Guard
CCME...................................................Canadian Council of Ministers of the Environment
CEA Act ............................................................... Canadian Environmental Assessment Act
CIT ................................................................................................ Coast Information Team
CLC ........................ International Convention on Civil Liability for Oil Pollution Damage
CMT ............................................................................................ Crisis Management Team
COPC ................................................................................... chemicals of potential concern
COSEWIC .............................. Committee on the Status of Endangered Wildlife in Canada
CWS ........................................................................................... Canadian Wildlife Service
DFO ........................................................................................ Fisheries and Oceans Canada
DM ...................................................................................................... District Municipality
DNV ....................................................................................................... Det Norske Veritas
EC ........................................................................................................ Environment Canada
EPMP ...................................................... Environmental Protection and Management Plan
ERA .............................................................................................ecological risk assessment
FMO .......................................................................................... Federal Monitoring Officer
FSC .......................................................................... food, social and ceremonial [fisheries]
GOSRP .............................................................................. General Oil Spill Response Plan
GRP .............................................................................................. geographic response plan
HADD ............................................................. harmful alteration, disruption or destruction
HHRA.................................................................................... human health risk assessment
HI...................................................................................................................... hazard index
HQ ................................................................................................................ hazard quotient
IAP ..................................................................................................... Incident Action Plans
ICS ............................................................................................. Incident Command System
ILCR ............................................................................... Incremental Lifetime Cancer Risk
IMO ................................................................................ International Marine Organization
INAC ........................................................................... Indian and Northern Affairs Canada
IOPC ....................................................................International Oil Pollution Compensation
ISO ............................................................................. International Standards Organization
JIC ................................................................................................. Joint Information Centre
LRFP ......................................................................................... Lloyd’s Register – Fairplay
M/V .................................................................................................................. motor vessel
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MARPOL

International Convention for the Prevention of
Pollution from Ships
MBCA ................................................................................ Migratory Birds Convention Act
MCTS ............................................................ Marine Communication and Traffic Services
MLA ...................................................................................................... Marine Liability Act
MSDS ....................................................................................... Material Safety Data Sheets
MSQM ................................................................................. marine sediment quality model
MWQM ..................................................................................... marine water quality model
NEB .................................................................................................. National Energy Board
NMFS ............................................................................. National Marine Fisheries Service
NOAA ................................................. National Oceanic and Atmospheric Administration
NRC ............................................................................................ National Research Council
OHF ....................................................................................................... oil handling facility
OPEP ..................................................................................... Oil Pollution Emergency Plan
OPPP ......................................................................................Oil Pollution Prevention Plan
OPRC............................................ Oil Pollution Preparedness, Response and Co-operation
OSC .................................................................................................. On-Scene Commander
OSCP ..........................................................................................Oil Spill Contingency Plan
OSR ......................................................................................................... Oil Spill Response
OSRP ............................................................................................... Oil Spill Response Plan
OSRV .............................................................................................. oil spill response vessel
P&I ............................................................................................... Protection and Indemnity
PAH ................................................................................ polycyclic aromatic hydrocarbons
PAR ............................................................................................ Primary Area of Response
PEAA....................................................................................project effects assessment area
PHF................................................................................... petroleum hydrocarbon fractions
PIC ............................................................................................................. Person in Charge
PPE ....................................................................................... personal protective equipment
QCB .................................................................................................. Queen Charlotte Basin
QRA .............................................................................................. quantitative risk analysis
REET .............................................................. Regional Environmental Emergencies Team
RO ....................................................................................................Response Organization
RP ............................................................................................................. Responsible Party
SARA....................................................................................................... Species at Risk Act
SCADA ............................................................. Supervisory Control and Data Acquisition
SCAT ............................................................................. shoreline cleanup assessment team
SDR ................................................................................................... special drawing rights
SMT ............................................................................................... Spill Management Team
SOPEP .................................................................... shipboard oil pollution emergency plan
SOPF ................................................................ (Canadian) Ship-source Oil Pollution Fund
T/V ................................................................................................................... tanker vessel
TDR ...................................................................................................... technical data report
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TERMPOL

Technical Review Process of Marine Terminal Systems
and Trans-shipment Sites
TOM ....................................................................................... Terminal Operations Manual
TPH ........................................................................................ total petroleum hydrocarbons
TRP........................................................................................... TERMPOL Review Process
US EPA .................................................... United States Environmental Protection Agency
VEC ................................................................................. valued environmental component
VOC ......................................................................................... volatile organic compounds
VRU .................................................................................................... vapour recovery unit
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