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The odours themselves could contribute to discomfort, irritability and anxiety. The exact nature
and severity of any health effects will depend on several factors, including:

e The circumstances surrounding the spill, including the time of year and
meteorological conditions at the time. These circumstances will affect the
extent to which chemical vapours are released from the surface of the spilled
oil and the manner in which these vapours will disperse.

e A person’s whereabouts in relation to the spill, including their distance from the
source and their orientation to the spill with respect to wind direction.
Exposures would be highest immediately downwind of the source, declining
with increasing distance and the potential for health effects to occur as well as
the severity of any effects will follow the same pattern. The potential for health
effects at cross-wind or upwind locations will be lower or zero.

e The timeliness of emergency response measures. Measures taken to either
remove the hazard from the general public (e.g., spill isolation, containment
and mitigation) or remove the general public from the hazard (e.g., securing the
spill area, evacuation of people from the area) will reduce exposure and
probability of any associated health effects. The sooner these measures can be
implemented, the lower the likelihood of any effects.

e A person’s sensitivity to chemical exposures. It is widely accepted that a
person’s age, health status and other characteristics can affect the manner and
extent to which they respond to COPC exposure, with the young, the elderly
and people with compromised health often showing heightened sensitivity.

5.6.1.3 Community Well-Being

There is great diversity in the communities and regions along the shipping route a Project-
related tanker would travel. Marine oil spills may adversely affect community well-being by
affecting cultural and heritage resources, ftraditional lands, culture, and practices, and
psychological well-being. Stakeholder engagement activities conducted for the Project indicate
that in almost every geographic region people are currently concerned about the effects an oil
spill would have on human and environmental health. In the event of a spill, it is likely that this
concern would evolve into stress and anxiety among some residents.

5.6.1.3.1  Cultural and Heritage Resources

Heritage resources could be affected by a spill in a number of ways. Oil and clean-up activities
can directly damage artifacts and sites or disturb their context, which may result in permanent
loss of information critical to scientific interpretation. Looting or vandalism of heritage sites was
also reported immediately following the EVOS, but subsequent measures to manage the
activities of spill response personnel appear to have been effective in preventing additional loss
(EVOSTC 2010).

5.6.1.3.2 Aboriginal Culture and Subsistence Use

Aboriginal peoples have historically used or presently use the shipping route to maintain a
traditional lifestyle and continue to use marine resources throughout the Salish Sea region for a
variety of purposes including fish, shell-fish, mammal and bird harvesting, aquatic plant
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gathering, and spiritual/cultural pursuits as well as through the use of waters within the region to
access subsistence resources, neighbouring communities and coastal settlements.

The EVOS affected subsistence harvest of Aboriginal communities and individuals. Adverse
effects resulted from reduced availability of fish and wildlife, concern about possible health
effects of eating fish and wildlife, and disruption of traditional lifestyle due to participation in, or
disturbance by, clean-up activities. Fears about food safety have diminished over time and
harvest levels have increased since the spill, but the increase has been variable, and
composition of harvested species has changed. Other factors have influenced this change and
discerning what is spill-related is difficult (Palinkas et al 1993, EVOSTC 2010; see also
Section 5.6.2.1).

5.6.1.3.3 Local Infrastructure and Services

In the event of a spill, particularly a credible worst-case incident, demands are likely to be
placed on local, municipal, regional and independent emergency responders (fire, police,
ambulance, disaster agencies), hospitals, clinics, social service and relief organizations, and
local, municipal, regional and federal government officials and staff. Actual effects would
depend on the size and nature of a spill, the number of people potentially affected and the
availability of proper equipment and trained personnel. Mutual aid agreements described in
Section 5.5 have been reached to help responders lend assistance across jurisdictional
boundaries if required.

5.6.1.3.4 Psychological Effects

Research has shown that in the event of an oil spill, affected communities and individuals may
experience a number of psycho-social effects. Culture is an important factor that affects the
potential psycho-social effects of a spill. Documented effects include: declines in traditional
social relations with family members, friends, neighbours and coworkers; a decline in
subsistence production and distribution activities; perceived increases in the amount of and
problems associated with drinking, drug abuse, and domestic violence; and a decline in
perceived health status and an increase in the number of medical conditions verified by a
physician including depression, anxiety and post-traumatic stress disorder. These effects may
be short-term or persist for years in individuals or groups most directly affected by a spill
(Palinkas et al. 1992, 1993; Picou and Gill 1996; Lyons et al. 1999, Arata et al. 2000, Gill et al.
2012). Psychological effects did not extend throughout the entire community; for example, the
estimated rate of generalized anxiety disorder was around 20 per cent and post-traumatic stress
disorder was about 9.4 per cent (Palinkas et al. 1993). Strongest predictors of stress were
family health concerns, commercial ties to renewable resources, and concern about economic
future, economic loss, and exposure to oil (Gill et al. 2012).

Regardless of the actual exposure, the possibility of exposure and the perception that
contamination has occurred may be sufficient to cause anxiety or psychological effects in some
people (Aguilera et al. 2010). Evidence from past incidents indicates that psychological effects
would be most likely in the event of a large spill affects an important subsistence or commercial
resource. Individuals and groups who would be at greatest risk of adverse effects include:

e those involved in the clean-up efforts;

o those who already have chronic physical or mental illness;
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e those whose jobs and livelihoods are directly affected by the spill, including
family members; and

e Aboriginal peoples who participate in subsistence hunting and gathering and
whose families rely on subsistence foods to support healthy diets.

5.6.2 Environmental Effects

As with socio-economic effects, numerous factors contribute to the complexity of predicting
environmental outcomes of hypothetical worst case and smaller spills. However, the ecological
risk assessment process provides an established, accepted and transparent method to evaluate
potential acute and chronic effects of hypothetical spill scenarios for a suite of ecological
receptors. For this reason, an ecological risk assessment process was applied to assess
environmental effects, rather than the qualitative approach adopted to evaluate potential socio-
economic effects of marine oil spills.

5.6.2.1 Ecological Risk Assessment Methods

This section summarizes results of the preliminary quantitative ecological risk assessment
(ERA) completed to evaluate the effects of hypothetical credible worst case and smaller spills of
CLWB along the shipping route a Project-related tanker would travel.

The ERA discusses the range of potential effects to ecological resources by considering the
probability of exposure to predicted surface oil slicks, the probability that oil will impinge upon
shorelines, and the characteristics and sensitivity of potentially affected aquatic and shoreline
habitats within the study area. Potential environmental effects were visualized and quantified
using GIS overlays of data layers containing information on biological resources, sensitive
habitats and other areas of ecological importance, and the results of seasonal oil spill modelling
summarized in Section 5.4.

The ERA followed a standard protocol composed of the following stages:
e problem formulation;
e exposure assessment;
e hazard assessment;
e risk characterization; and
e discussion of certainty and confidence in the predictions.

5.6.21.1 Problem Formulation

Problem formulation defines the nature and scope of the work and establishes the boundaries
so that the ERA is directed at the key areas and issues of concern. Data were gathered to
provide information on the general characteristics of the study area, the oil being considered,
the hypothetical scenarios being considered, potential ecological receptors and any other
relevant issues.

A summary of information on the study area, ecological receptors and relevant findings from the
EVOS, and the hypothetical scenarios considered by the ERA is provided here.
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Spatial Boundaries

The spatial boundaries for this ERA were based on the oil spill modeling domain (Volume 8C,
TR 8C-12, S9 and S10). The following spatial boundaries were considered in the ERA:

o il spill footprint - the area predicted to be directly affected by oil as a result of a
release at various locations along the shipping route; and

e RSA - The area of ecological relevance where environmental effects could
potentially result from accidents and malfunctions within the limits of the
domain for the stochastic oil spill modelling. The RSA is generally centered on
the marine shipping route, which extend from the Westridge Marine Terminal
through Burrard Inlet, south through the southern part of the Strait of Georgia,
the Gulf Islands and Haro Strait, westward past Victoria and through the Juan
de Fuca Strait out to the 12 nautical mile limit of Canada’s territorial sea. The
western boundary of the RSA extends further out to sea than the western
boundary of the Salish Sea and the northern boundary of the RSA is limited to
the southern portion of the Strait of Georgia. Puget Sound is excluded from the
RSA.

Ecological Receptors

This section describes the ecological receptors selected for the marine spill ERA and also
summarizes findings relevant to these receptors from monitoring conducted following the EVOS
(1989).

i) The Exxon Valdez Oil Spill (EVOS)

The EVOS is the largest and best studied example of the effects of a large oil spill on many
aspects of the coldwater marine environment. This spill is directly relevant to the Project for the
purposes of an ERA as many of the ecological receptors studied following the EVOS also occur
along the shipping route a Project-related tanker would travel, or in the Salish Sea more
generally. That being said, despite the relevance from an ERA perspective, it is not predicted an
EVOS type of oil spill would happen related to the Project. Improvements in tanker construction
(i.e., double vs. single hull; segregated cargo compartments) and navigational safety measures
have resulted in fewer tanker accidents and few accidents resulting in the accidental release of
oil (see Section 5.2) since EVOS.

Despite the intensive studies that followed the EVOS, findings on actual effects and recovery
remain controversial. The EVOSTC publishes periodic updates on the status of resources
affected by the EVOS; the most recent assessment was published in 2010 (EVOSTC 2010).
The EVOSTC recognizes that as time passes, the ability to distinguish oil-related effects from
other factors affecting fish and wildlife resources diminishes. Some resources currently
identified as not having recovered from the spill may have been in decline regionally, and
elsewhere, prior to the spill, so that recovery of the resource to its pre-spill status may be an
unrealistic expectation.

Two maijor reviews of the ecological significance and residual effects of the EVOS (Peterson et
al. 2003, Harwell and Gentile 2006) reached different conclusions. Peterson et al. (2003)
concluded that unexpected persistence of sub-surface oil and chronic exposures at sublethal
levels continue to affect wildlife, and that cascading indirect effects of oil exposure delayed
recovery from the oil spill. Harwell and Gentile (2006) concluded that no ecologically significant
effects were detectable across a suite of more than 20 ecological receptors including primary
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producers, filter feeders, fish, and bird primary consumers, fish and bird top predators, a bird
scavenger, mammalian primary consumers and top predators, biotic communities, ecosystem
level properties of trophodynamics and biogeochemical processes, and landscape level
properties of habitat mosaic and wilderness quality.

A key point identified by Peterson et al. (2003) is the emerging appreciation of more complex,
chronic, or ecosystem-based effects of oil spills than was previously understood under an “old
paradigm” that considered primarily acute or short-term effects of spilled oil. The marine spills
ERA summarized here integrates this understanding of acute and chronic effects of oil spills on
ecological receptors.

ii) ERA Ecological Receptors

Potential environmental effects of the tanker marine spill scenarios are evaluated for four main
ecological receptor group/habitat combinations:

e shoreline and near shore habitats;

e marine fish community and supporting habitat;
¢ marine birds and supporting habitat; and

e marine mammals and supporting habitat.

The EVOSTC (2010) lists 32 ‘injured resources’ and ecosystem services and evaluates the
recovery status for each. Table 5.6.2.1 groups many of these resources together to represent
the ecological resources being evaluated through the ERA .

TABLE 5.6.2.1

RELATIONSHIP BETWEEN ERA ECOLOGICAL RECEPTORS AND ‘INJURED
RESOURCES’ ASSESSED BY EVOSTC (2010)

Ecological Resource in ERA Injured Resources Assessed by Recovery Status from
EVOSTC (2010) EVOSTC (2010)
Shoreline Habitats Clams Recovering
Mussels Recovering
Intertidal Communities Recovering
Marine Fish Community Pacific Herring Not recovering
Pink Salmon Recovered
Sockeye Salmon Recovered
Rockfish Very likely recovered
Subtidal Communities Very likely recovered
Sediments Recovering
Marine Birds and Marine Bird Black Oystercatcher Recovering
Habitat Cormorant Recovered
Common Loon Recovered
Harlequin Duck Recovering
Barrow’s Goldeneye Recovering
Common Murre Recovered
Kittlitz’s Murrelet Unknown
Marbled Murrelet Unknown
Pigeon Guillemot Not recovering
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TABLE 5.6.2.1

RELATIONSHIP BETWEEN ERA ECOLOGICAL RECEPTORS AND ‘INJURED
RESOURCES’ ASSESSED BY EVOSTC (2010) (continued)

Ecological Resource in ERA Injured Resources Assessed by Recovery Status from
EVOSTC (2010) EVOSTC (2010)
Marine Mammals Harbour Seal Recovered
Killer Whales — AB Pod Recovering
Killer Whales — AT1 Population Not recovering
River Otter Recovered
Sea Otter Recovering

Each of the four ERA ecological receptor groups includes a variety of individual receptors and/or
habitats with differing sensitivity to oil exposure. For this reason, each receptor group was
divided into sub-categories that reflected their sensitivity to oil exposure. These sub-categories,
termed biological sensitivity ranking factors (BSF), ranged from a value of 1 (low sensitivity) to a
value of 4 (very high sensitivity). The potential for negative environmental effects of oil exposure
at any given location was indicated by the overlap of the probability of oil presence (from the oil
spill modeling results), and the sensitivity of the receptor or habitat present at that location.
Where a specific receptor had status as an endangered species, the status was considered as
an additional factor. Likewise, the presence of provincial and national parks or other designated
conservation areas represented an additional factor for consideration (i.e., societal values) in
addition to intrinsic biological sensitivities.

The discussion provided here summarizes information on the four ERA ecological receptors,
their biological sensitivity, and relevant findings from EVOS monitoring. Further detail on these
receptors and their biological sensitivity ranking factors is provided in Ecological Risk
Assessment of Marine Transportation Spills Technical Report (Volume 8B, TR 8B-7).

a. Shoreline Habitats

The shoreline habitats receptor includes 13 different shoreline and near shore habitat types in
the intertidal or littoral zone, including the area of the foreshore and seabed that is exposed at
low tide, and submerged at high tide. Substrate types for these habitats range from sand
through to rock, with additional classes for marsh, as well as rip rap or wood bulkheads or
pilings such as may be used for shoreline protection. In addition, areas of eelgrass are also
considered to fall within the shoreline habitat, giving a total of fourteen different shoreline habitat
types.

Low-energy or protected shorelines almost always have a fine subsurface substrate (sand or
mud), even though the surface veneer may be coarse pebble, cobble or boulder. The presence
of a water-saturated fine subsurface layer is an important factor that affects sensitivity to oil
exposure because it provides a barrier that limits oil penetration of sub-surface sediment, and
hence limits long-term retention of oil. In contrast, coarse (pebble, cobble or boulder) shorelines
that are highly exposed may be coarse to considerable depth, increasing permeability and the
potential for retention or sequestration of stranded oil.

Tidal marshes are often associated with river mouths and estuaries, behind barrier islands, or
on tidal flats where low-energy wave action and fine-grained sediment accumulation provides an
elevated surface where marsh vegetation can become established. Eelgrass beds are also
typically found in soft sediments of protected bays, inlets and lagoons.
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The ERA biological sensitivity ranking for each shoreline type was generally correlated with the
tendency for shoreline types to absorb or retain spilled oil, they also represent habitat
complexity and the ability of the different habitat types to sustain biodiversity and productivity.
Exposed bedrock or sand substrates were considered to be subject to high levels of natural
disturbance, and to have relatively low levels of biodiversity and productivity, and were assigned
a low sensitivity ranking (BSF 1), whereas sheltered rocky substrates capable of supporting a
rich and diverse intertidal community, marshes, and eelgrass beds were assigned high (BSF 3)
or very high (BSF 4) biological sensitivity rankings.

The recovery status categories used by the EVOSTC to describe the status of injured resources
are obviously critical to their assessment. The status of “recovering” (Table 5.6.2.1) means that
the resources are demonstrating substantive progress toward recovery objectives, but are still
being adversely affected by residual impacts of the spill or are currently being exposed to
lingering oil. The recovery status of the Shoreline Habitats receptor group is impeded by effects
on the seaweed and intertidal community exacerbated by isolated pockets of oil that became
sequestered in beach substrates as well as oil spill response activities. With the advantage of
hindsight, certain oil spill response activities (e.g., hot water washing, pressure washing, and
physical removal of oiled substrates) have been concluded to be more damaging than
beneficial. For clams, both oil exposure and oil spill response activities affected the community,
but baseline information on most clam species is lacking. The EVOSTC concede that clam
populations found on oiled but untreated beaches have likely recovered from the effects of the
spill. However, it appears that disturbance of the rock armoring on beaches impedes
subsequent recovery, and this is an important finding that has been incorporated into oil spill
response techniques. For mussels, bioaccumulation of PAHs continues to be a primary
concern. In most instances, concentrations of oil in mussels from the most heavily oiled beds
were indistinguishable from background by 1999. However, small areas of lingering or
sequestered oil continue to hold back an assessment of “recovered”.

Harwell and Gentile (2006) address the question of residual sources of oil exposure. In their
view, the important question is not whether sources of hydrocarbon from the EVOS still exist, as
they clearly do; but rather whether they pose a substantial risk to populations and communities
comprising the Prince William Sound ecosystem. The beach surface area contaminated by
subsurface oil in 2001 was estimated to be 6.7 ha, and the quantity of oil involved was
estimated to represent about 6.5 m® of total residual oil from the EVOS. This compares to
estimates that approximately 782 km of shoreline in Prince William Sound, and about 1,315 km
of shoreline in the Gulf of Alaska were oiled to some degree. This comparatively small area of
residual oiling in shoreline habitats is the rationale for EVOSTC “recovering” conclusion, but
masks the fact that the vast majority of shoreline habitat had recovered within 10 years of the oil
spill, notwithstanding inappropriate methods used during the oil spill response activities.

A key finding of the EVOS was that the negative effects of high-pressure hot water washing
were substantial. Oiled but untreated shoreline sites recovered more quickly than oiled sites
where aggressive cleaning techniques were applied. Whether cleaned or not, intertidal
communities had recovered within 5 years after the EVOS (Harwell and Gentile 2006); recovery
of oiled shoreline habitat within 2 to 5 years following a large oil spill is a reasonable expectation
with the implementation of appropriate oil spill response activities.

b.  Marine Fish Community

The ERA marine fish community receptor includes marine fish and marine invertebrates (e.g.,
mollusks and crustaceans), but not marine mammals or birds. Acute effects of spilled oil on fish
and marine invertebrates are rarely observed, except in situations where oil is confined and
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dispersed into shallow water. Hydrocarbon effects on fish are generally caused by exposure to
relatively soluble components of the oil. BTEX compounds or light polycyclic aromatic
hydrocarbons (PAHs) such as naphthalenes are usually considered to be the most likely
contributors to acute toxicity, although some light aliphatic hydrocarbons may also contribute to
toxicity. These compounds also tend to be volatile and are rapidly lost to the atmosphere, so the
initial 24 to 48 hours following an oil spill is the period when acute toxicity is most likely to occur.

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

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

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

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

For the non-polar narcosis mode of toxic action (see Ecological Risk Assessment of Marine
Transportation Spills Technical Report [Volume 8B, TR 8B-7]), toxicity of a sensitive species, is
defined as representing the 5™ percentile on a species sensitivity distribution (Di Toro et al.
2000). Assuming that this synthetic sensitive species is the same regardless of the specific
habitat under consideration, for the ERA, the sensitivity of the marine fish community is related
to the degree of exposure of the particular habitat to dissolved hydrocarbons. Therefore, deep
water habitat is assigned a low sensitivity rank (BSF 1) and shallow water habitat a high
sensitivity rank (BSF 3). The very high biological sensitivity rank (BSF 4) is assigned to
developing eggs and embryos in shallow water habitat (represented here by herring spawning
areas).

The ERA Marine Fish Community ecological receptor group is represented in the EVOSTC
(2010) assessment by a variety of fish species, as well as sediments and subtidal communities.
Most of these are concluded to be “recovered” or “very likely recovered” (Table 5.6.2.1); the
latter designation reflecting limited scientific research in recent years, but a low probability that
there are any residual effects of the spill (EVOSTC 2010). Sediments (including both intertidal
and subtidal areas) are listed as “recovering”, primarily because lingering or sequestered oil is
present on some armored oiled beaches. No oil was found in sub-tidal sediments at previously
oiled sites when re-sampled in 2001. Harwell and Gentile (2006) note that while just over one
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third of nearshore sediment samples collected after two years at heavily oiled sites had
detectable residual traces of EVOS oil, results suggest that the vast majority of the
approximately 4,500 km? seafloor of Prince William Sound had no detectable traces of oil from
the EVOS within two years of the spill.

The most controversial EVOSTC recovery assessment for the Marine Fish Community receptor
is for Pacific herring. Prior to the spill, the herring population (or harvest) was increasing as
documented by record harvests in the late 1980s. The EVOS occurred at a time when herring
were spawning, and there is no doubt that herring spawn was exposed to spilled oil and
dissolved PAH at sufficient concentration to cause local effects (such as developmental
deformities). Notwithstanding this exposure, the herring population continued to increase until
four years after the spill when there was a crash in the adult herring population. Although many
studies published in the 1990s and 2000s suggested that the herring population crash resulted
from the EVOS, the cause of the decline and poor recovery of the Prince William Sound herring
population has been described as perplexing by scientists working on behalf of the EVOSTC
(Rice and Carls 2007). Pearson et al. (2011) argue that the underlying cause of the population
collapse was poor nutrition, and perhaps disease associated with the very large herring
population size, and generally low abundance of zooplankton. Harwell and Gentile (2006)
conclude that the population loss resulting from direct mortality attributable to the EVOS is not
clear. On balance, the population collapse four years after the spill was likely caused by factors
other than the EVOS, suggesting that there are no remaining ecologically significant effects on
Pacific herring that can be attributed to the spill.

Effects of the EVOS were generally localized and short-term on marine fish populations as a
whole (EVOSTC 2010). Intertidal fishes showed declines in density and biomass at oiled sites
relative to reference sites in 1990, but this could reflect changes in habitat quality as well as oil
exposure. Rockfish utilize the nearshore environment as young-of-the-year and juveniles, and
may have been affected in this manner, but studies have not identified any conclusive link
between exposure to Exxon Valdez oil and endpoints such as larval growth of fish in 1989, or
lesions associated with oil exposure. Pink salmon spawning in intertidal areas near Prince
William Sound were potentially exposed to hydrocarbons in water, and in some cases to
hydrocarbons in spawning substrates. Although potential for developmental effects on pink
salmon embryos, including mortality was demonstrated at some locations, no convincing
change in pink salmon population size was documented. Sockeye salmon appear to have been
affected by the fishery closure, as more spawners than normal appear to have entered
freshwater habitat in 1989, resulting in overgrazing of planktonic food webs in nursery lakes.
This led to lower than optimal growth rates in juvenile sockeye that were never exposed to olil,
which in turn appears to have led to a subsequent decrease in returns of adult spawners some
years later.

Effects of the EVOS on marine fish and fish habitat were generally limited to areas where oil
was driven into near-shore areas, and these effects were for the most part short-term (days to
weeks, rather than years). Evidence has been presented for longer-term effects on some
habitats, such as intertidal pink salmon spawning areas where sequestered oil may have
leached into spawning gravels up to several years after the spill. However, these areas were
very limited and did not result in effects at the population level for pink salmon. Evidence for the
marine fish community receptor suggests that the EVOS did not have substantial effects on
marine fish populations initially, or recovery occurred within one or two years at most.









































