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Figure 5.2.5 Oil Chemistry Data – AWB Dilbit 
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Figure 5.2.6 Oil Chemistry Data – CLWB Dilbit  



Trans Mountain Pipeline (ULC)  
Trans Mountain Expansion Project Volume 7 
Volume 7 - Risk Assessment and Management of Pipeline and Facility Spills Page 7–60 

 

 

 

Figure 5.2.7 Light Ends (C1 – C30) AWB Dilbit  
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Figure 5.2.8 Light Ends (C1 – C30) CLWB Dilbit 
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5.2.8.4 Oil Distribution in the Water Column 

Oil distribution and partitioning into the water column are provided through total petroleum 
hydrocarbon (TPH) and BTEX analyses of water samples at specific depths below the water 
surface (see Gainford Study for full details). Chemical analyses of the weathered oils and of the 
water column showed that concentrations of BTEX diminished rapidly within 48 hours and that 
TPH in the water column only exceeded the detection limit (2 mg/L) during the first 48 hours in 
tanks with moderate surface agitation, despite the artificial confinement imposed by tanks 
relative to what may be expected in an open water, natural setting. 

5.2.8.5 Total Petroleum Hydrocarbon the Water Column 

Total petroleum hydrocarbon measured in the water columns of the AWB and CLWB dilbit tanks 
were in nearly all cases below detection thresholds (< 2 mg/L) with the exception of tanks with 
moderate agitation (S3 - AWB and S9A - CLWB). The highest TPH values measured were 
120 mg/L at 1 m below the water surface from the CLWB dilbit and 60 mg/L at 50 cm below the 
water surface for AWB (Figure 5.2.9). By approximately 12 hours, all TPH values, regardless of 
depth in the water column or oil type, were near 10 mg/L in the tanks with moderate agitation. 
This pattern demonstrates that the lower molecular weight fractions of TPH tend to be more 
soluble in water and weather (i.e., volatilize) faster. 

 

 

Figure 5.2.9 TPH in Water Column Samples - AWB and CLWB Weathering under 
Moderate Conditions 

 

5.2.8.6 Benzene, Toluene, Ethyl Benzene, and Xylenes in the Water Column 

Benzene, toluene, ethyl benzene, and xylenes, commonly referenced as BTEX, are the volatile 
single-ringed aromatic compounds found in crude oils. The behaviour of the four compounds is 
somewhat similar when released to the environment and therefore they are usually considered 
as a group. Most crude oils contain BTEX usually from about 0.5 per cent up to 5 per cent or 
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more. The CLWB and AWB contain approximately 1 per cent BTEX in the fresh oil samples, 
consistent with other crude oils. Gasoline can contain up to 40 per cent BTEX. BTEX 
compounds are volatile and rapidly volatilize producing a net loss of BTEX compounds. 

Single-ringed aromatics are also soluble in water at low ppm levels and readily partition out of 
the heavy crude. In the study of both CLWB and AWB, the BTEX compounds partitioned into 
the water column evenly at all depths examined (Figure 5.2.10 and Figure 5.2.11), but behaved 
somewhat differently overall under different wind and wave conditions. The BTEX in both oils 
behaved very similarly. In the AWB static tests, dissolution of BTEX in the water column 
increased at 12 to 24 hours with maximum concentrations reaching approximately 900 µg/L total 
BTEX (∑ BTEX) at approximately 6 days (Figure 5.2.10). There was little evidence of a net loss 
of BTEX in the static water leading up to 10 days. 

In mild wind and wave conditions, BTEX began to partition into the water column immediately 
reaching maximum ∑ BTEX concentrations of 1,200 µg/L (CLWB) to 1,500 µg/L (AWB) in 
48 hours (Figure 5.2.10 and Figure 5.2.11). Net loss of BTEX to volatilization was apparent at 
48 hours with water concentrations dropping to less than 200 µg/L by 8 days. 

In moderate wind and wave conditions, CLWB ∑ BTEX reached 3,000 µg/L almost immediately 
followed by a net loss to < 100 µg/L in 4 days (Figure 5.2.11). The AWB ∑ BTEX reached 
maximum concentrations of approximately 1,700 µg/L after four hours followed by a slightly 
slower net loss to < 200 µg/L after 4 days. It is possible that the CLWB tanks located outdoors 
resulted in more rapid net loss of BTEX compounds. The higher maximum concentration of 
BTEX in CLWB dilbit could have been the result of confinement within a smaller tank. 

In general, the results are expected, following the trend of more rapid and complete dissolution 
with mixing, as well as more rapid net loss. 
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Figure 5.2.10 BTEX in Water Column Samples – AWB Tanks 
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Figure 5.2.11 BTEX in Water Column Samples – CLWB Tanks 

 

5.2.9 Comparison of Cold Lake Winter Blend and Other Oils 

Table 5.2.1 provides a summary comparison of the changes in key physical properties of 
representative oils through evaporative loss of lighter-end hydrocarbons. Table 5.2.2 
summarizes example changes in oil chemistry. Although general perceptions may conceive of 
dilbits as being very different types of oil from other commodities transported via pipelines and 
tankers, the fact is that these crude oils have been transported for years (Line 1) and their 
general physical and chemical properties are not significantly different than heavy crude oils. As 
such, their fate and behaviour (if spilled) in the environment would be quite similar to Group 3 
oils. 
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TABLE 5.2.1 
 

CHANGES IN PHYSICAL PROPERTIES OF REPRESENTATIVE OILS THROUGH EVAPORATIVE LOSS 
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  0°C/1°C* 15°C 0°C/1°C* 15°C 0°C 15°C 0°C 15°C 0°C 15°C 15°C/14°C* 

Alaska North Slope (ANS)  
Crude Oil 

0 30.89 < 0.1 < -8 0.877 0.8663 -32 23.2 11.5 20 27.3 26.4 22.5 20.2 26.7 23.6 Unstable 
  

1 
10 

 
< 0.1 19 0.9054 0.894 -20 76.7 31.8 35 29.8 28.4 25.3 23.1 28.1 25.5 Unstable 

  
1 

22.5 
 

< 0.1 75 0.9303 0.9189 -9 614 152 38 31.2 30.4 26.8 24.2 30.8 27.7 Unstable 
  

1 
30.5 

 
< 0.1 115 0.9457 0.934 -6 4,230 614.7 40 33.1 31.8 30.1 25.6 33.2 30.2 Mesostable 155 72.9 1 

Fuel Oil #5 
0 11.5 3.1 94 1.0034 0.9883 -19 18,600 1,410 34 NM NM NM NM NM NM Stable 1,590 78.3 1 

7.2 
 

< 0.1 136 1.016 1.0032 -3 72,000 4,530 47 NM NM NM NM NM NM Stable 2,490 72.8 1 

Heavy Fuel Oil 
0 11.47 0.1 111 1.0015 0.9888 -1 241,000 22,800 100 NM NM NM NM NM NM Entrained 752 57.7 1 

2.5 
 

< 0.1 133 1.0101 0.9988 11 3600,000 149,000 240 NM NM NM NM NM NM Entrained 984 24.1 1 

CLWB 

0 21.4+ 0.9 -4.5 0.948* 0.936 < -24 1,363* 368 
    

23.2 
  

Mesostable* 
 

53 2/3 
14.3 14.3+ 

 
4 0.987* 0.977 -15 57,548* 9,227 

    
24.7 

  
Unstable* 

 
0 2/3 

17 12.1+ 
 

4 0.990* 0.981 -12 98,625* 14,486 
    

> 27 
  

Unstable* 
 

0 2/3 
23+ 10.2 33.4 56 

 
0.9986 9 

            
3 

Sources: SL Ross 2010, Wang. et al. 2003. 
 The Gainford Study (Volume 8C, TR 8C-12, S7). 
Notes: NM = Not measured 
 mN/m = milliNewton/metre. 
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TABLE 5.2.2 
 

CHANGES IN OIL CHEMISTRY OF REPRESENTATIVE OILS THROUGH EVAPORATIVE LOSS 
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% vol µg/g % vol µg/g % vol µg/g % vol µg/g % vol µg/g 

ANS Crude Oil 0 0.283 2,866 0.592 5,928 0.132 1,319 0.616 6,187 1.624 16,300 1 
30.5 0 0 0 0 0 0 0 0 0 0 1 

Fuel Oil #5 0 0 0 0.017 149 0.014 124 0.070 612 0.101 890 1 
7.2 0 0 0 0 0.000 1 0.000 2 0.000 0 1 

Heavy Fuel Oil 0 0.005 40 0.016 136 0.007 58 0.045 396 0.072 630 1 
2.5 0 0 0 0 0 0 0 0 0 0 1 

CLWB 0 0.24 2,247 0.43 3,983 0.06 555 0.36 3,346 1.25 10,132 3 
Source: SL Ross, 2010, Wang et al. 2003.  
 The Gainford Study (Volume 8C, TR 8C-12, S7). 
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5.3 Fate of Hydrocarbon Releases 
Based on recognized measures of risk there will be a low likelihood potential for release of oil 
from the pipeline. Pipeline design considerations, construction practices, operating procedures, 
and effective maintenance will ensure that the likelihood is reduced to as low a level as 
practical. Based on historical spill records for both modern and older pipelines, it is more likely 
that releases will occur within the property boundaries of facilities, with embedded monitoring 
and containment systems, and much lower potential consequences. If however, there is an oil 
spill, the fate of the released oil depends on multiple factors, including the oil properties, in the 
case of TMEP likely diluted bitumen, ambient and environmental conditions, and the 
effectiveness of the spill response. The fate of oil releases and factors that affect the released 
oil are discussed further in the following subsections. 

Given that the pipeline is buried, a fundamental aspect of a release is that the initial receiving 
environment is the trench fill around the pipeline. Hydrocarbons would tend to fill pore spaces in 
the fill provided adequate relative permeability of the soil with respect to the released oil. As the 
soils surrounding the release point become saturated, oil would tend to flow to adjoining media 
along the trench fill and following general surface and subsurface topography. If soils are 
saturated, oil may become evident on the ground surface and extend downward to an 
impermeable layer or groundwater. 

5.3.1 Release to Land 

A hydrocarbon release to land will tend to move downslope, sink downward under gravity, and 
spread horizontally on the surface and in the subsurface. When the mobile oil encounters an 
impermeable soil structure (bedrock or the water table), downward movement halts and the oil 
will spread laterally, mostly through capillary forces, or down the slope of the more impermable 
layer. Eventually oil will stop moving and be trapped in the soil; however, even when 
immobilized, the oil will continue to lose mass through water (dissolution) and vapour 
(evaporation) phases and through biodegradation. The natural rate of depletion through these 
processes becomes progressively slower with time as the remaining hydrocarbons are 
increasingly more complex components that resist weathering. 

The rate and extent of movement is influenced by various factors, including: 

· properties of the hydrocarbon, such as density and viscosity; 

· type and properties of the receiving substrate; 

· temperature; and 

· soil saturation. 

On land surfaces, oil will move downslope as long as it is above its pour point, the lowest 
temperature at which oil becomes semi solid and loses its flow characteristics. After the initial 
period when the dynamic and static pressures from the spill site subside and the oil has spread 
out, hydrocarbon movement tends to slow. Oil in or on soil may move downward under gravity 
and spread horizontally in the subsurface as a result of capillary forces. If the oil encounters an 
impermeable or semi-permeable soil structure (e.g., bedrock, impermeable or frozen soil, water 
table), downward movement would halt or slow, and the oil would spread laterally. Eventually 
the oil would stop moving and remain in local surface pools, be absorbed by vegetation and the 
litter layer, and be trapped in the void spaces within the soil structure. Natural terrain roughness 

http://en.wikipedia.org/wiki/Temperature
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creates locations where oil may pool. Snow acts as a sorbent for oil and may retain in excess of 
40 per cent of its volume in crude oil (Allen 1991). However, even when immobilized, 
hydrocarbons would remain subject to physical weathering and microbial biodegradation. 

Estimates of CLWB penetration and retention in different substrates, based on extrapolated 
results of tests with intermediate fuel oil and Bunker C oil, is provided in the report Coastal and 
Ocean Resources, 2013 (8C, TR 8C-12, S11). Given initial viscosties of CLWB dilbit of less 
than 350 cSt at 15°C, the fresh material has higher penetration potential into substrate. Once 
the oil weathers to viscosities near 10,000 cSt, the penetration and retention potential is likely to 
resemble that of a bunker oil. Table 5.3.1 (Harper and Kory 1995) provides estimates of 
potential penetration and retention of dilbit in different substrate materials and for two general 
ambient energy conditions. 
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TABLE 5.3.1 
 

INITIAL DILBIT RETENTION ESTIMATES 

Setting Substrate Penetration* 
(cm) 

Concentration 
(L/m3) 

Thickness 
(cm) 

Volume in 
Sediment 

(L/m2) 

Volume in 
Surface Layer 

(L/m2) 

Total Volume 
(L/m2) 

Low 
Energy 

Rock 0 0 0.5 0 5 5 
Rock w pebble, cobble 
veneer 1 100 0.5 1 5 6 

Pebble veneer 2 200 0.5 4 5 9 
Cobble or boulder 
veneer 10 100 0.5 10 5 15 

Sand or mud 1 300 0.5 3 5 15 
Rip Rap 30 100 0.5 30 5 35 
Marsh 1 300 1 3 10 13 
Wood 2 300 0.5 6 5 11 

High 
Energy 

Rock 0 0 0.5 0 5 5 
Rock with coarse veneer 20 200 0.5 40 5 45 
Boulder, cobble beaches 
(also includes few rip-
rap sections) 

30 200 0.5 60 5 65 

Sand w pebble, cobble 
or boulder 1 300 0.5 3 5 8 

Sand 1 300 0.5 3 5 8 

Source: Coastal and Ocean Resources, 2013 (8C, TR 8C-12, S11) 
Note: *The estimates assume that: (1) weathered dilbit will have < 1 cm of penetration in sands, < 5 cm in pebbles and < 10 cm in cobbles (Harper and 

Kory 1995); (2) retention of 300 L/m3 for sand, 200 L/m3 for pebble and 100 L/m3 for cobbles (Harper and Kory 1995); and (3) a layer of weathered oil 
above the sediments of 1 cm for rock, sand, pebbles and cobbles. 
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5.3.2 Release to Water 

Major factors influencing the behaviour of spilled oil to water include size of spill relative to 
receiving waterbody (e.g., limited versus unlimited spreading), ambient temperatures (water and 
air), salinity, flow (turbulent, laminar, static), wind and wave energy, and materials in the 
waterbody such as vegetation, suspended sediment loads, organic matter, snow/ice, etc. 
Transport, spreading and evaporation are the more significant processes in the early stages of 
oil fate on water. 

Weathering processes are similar for hydrocarbons in freshwater and marine environments, with 
some differences in the rate and extent at which the processes occur, given the differences in 
physical, chemical and hydrodynamics of the receiving environments. For example, the reduced 
density difference between weathered oil in freshwater compared to seawater can lead to more 
overwashed, submerged or sunken oil. The Gainford Study, however, showed that both AWB 
and CLWB dilbits maintained densities of less than 1 at least for up to eight days. Although oil 
may weather faster in an uncontained setting relative to the tank setting, the initial spill can be 
expected to float except in cases where the hydrodynamics of the receiving water are such that 
the oil becomes entrained through turbulent flow. 

Oil released to water will be transported by that medium. Factors influencing transport include 
current speeds, size and form of the freshwater body, and potentially wind in calmer water 
settings (lakes, wetlands). As oils are transported within the water body, portions may adhere to 
substrate or vegetation and become stranded along shorelines (river and stream banks). To a 
limited degree, some residue may be retained within coarse stream or river bed substrates, as 
summarized in Table 5.3.1 (above). Changes in water level within freshwater, or tidal, systems 
may flood or inundate areas where hydrocarbons had stranded and refloat a portion of that 
material. Alternatively, falling water levels, or tides, may strand hydrocarbons along higher water 
lines or in overbank areas following flood events. 

As oils are transported, normal weathering processes continue to change the character of the 
oil. The rate of spreading, dissolution and dispersion of oil would be less in the low turbulence 
environments of ponds and lakes compared to the Burrard Inlet or an estuary setting, but higher 
in highly turbulent rivers, where the oil would also move downstream and spread laterally. Ice 
formation in freshwater bodies would affect how the oil is partitioned and would have 
implications for cleanup strategies and persistence of the oil. Dilbit spilled under ice can be 
expected to have lower evaporation (and weathering) rates. Inland waters along the pipeline 
route tend to contain higher nutrient levels compared with seawater, which may enhance the 
rate of microbial degradation of hydrocarbon. 

Understanding the behaviour of dilbit spilled to water is available from lab to mesoscale testing 
in tanks and from observations made following actual spills (Westridge and Marshall spills). The 
most significant observations are that the behaviour of dilbits tested or spilled are consistent 
with Group 3 and 4 crude oils: they float on water until oil densities change, through weathering 
and/or sediment uptake. As with most crude oils, dilbits may gradually overwash, become 
suspended in the water column, or sink depending on the degree of weathering and formation of 
OMAs. The Marshall spill, into Talmadge Creek and Kalamazoo River, resulted in oil transport 
down river with most oil remaining on the water surface. A portion of oil, mixed with river bank 
and/or suspended sediment, and did submerge and in places sank. Some of the dilsynbit from 
the Westridge delivery line release (AHS) reached the surface waters of Burrard Inlet where it 
was collected and cleaned from shorelines. Based on the rapid response, the dilsynbit was 
readily recoverable using conventional spill recovery equipment including booms and skimmers 
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with a high percentage of recovered oil estimated to be greater than 90per cent. No submerged 
or sunken oil was noted during that incident. 

5.3.3 Pipeline Spill Scenarios 

In order to understand the fate and behaviour of spilled oil, representative scenarios 
(Section 7.0) have been selected and analyzed to assess potential effects. Key factors that may 
influence oil transport, fate and behaviour are listed in Table 5.3.2. 

TABLE 5.3.2 
 

EXAMPLE SCENARIOS USED TO DESCRIBE POTENTIAL FATE AND EFFECTS OF 
ACCIDENTAL RELEASES IN THIS APPLICATION 

V6 Reference 
Kilometre 

(RK)* 

Credible Worst 
Case Spill 

Volume (m3)* 

Receiving 
Environment Key Factors in Oil Fate and Behaviour 

309.0 2,700 
Land/Water, 
Trail Creek, 

Athabasca River 

Winter (snow/ice), ground saturation and soil 
permeability, local topography of streams, water levels 
in streams and rivers, currents/turbulence, suspended 
sediment loads, mixed sand-gravel bed and banks. 

766.0 1,400 Land/Water, North 
Thompson River 

Winter (snow/ice), ground saturation and soil 
permeability, vegetation, local topography and 
structures (road), water level of river, 
currents/turbulence, suspended sediment loads, mixed 
sand-gravel bed and banks. 

1,072.8 1,300 
Land/Water, 

Creek, Fraser 
River 

Winter (snow/ice), ground saturation and soil 
permeability, local topography of streams, water levels 
in creeks and rivers, confined channel leading to 
braided river, turbulent flow, suspended sediment loads, 
mixed coarse sediment bed and banks. 

1,167.5 1,250 
Land/Water, 
Fraser River, 

Surrey 

Ground saturation and soil permeability, local 
topography and manmade structures, suspended 
sediment loads, Fraser River estuary, seasonal flow 
and daily tides and salinity; variable composition bed 
and banks. 

Note: *RK rounded to nearest 0.1; Spill volume rounded to nearest 50 m3 
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6.0 POTENTIAL EFFECTS OF PIPELINE RELEASES 
The NEB Filing Manual (2013) requires an Environmental and Socio-Economic Assessment to 
assess the environmental, socio-economic, and health effects of potential accidents and 
malfunctions. Although TMPL’s 60-year operating history and the risk assessment provided in 
Section 3.1 demonstrate that the probability of a large pipeline spill is low, Aboriginal groups and 
the public-at-large consulted about this Project were concerned about catastrophic spills - those 
that are least likely but of highest consequence. 

This section discusses potential environmental and socio-economic effects of credible worst 
case and smaller oil spills (accidental releases) from the pipeline and Westridge Marine 
Terminal. The spill effects methodology and discussion provided here and in Volume 8A for 
marine transportation differs from that adopted for routine pipeline, facility and tanker activities 
because spills represent low-probability, unpredictable events (see Section 3.1 for pipelines). 
Rather than estimating potential residual effects and significance for each element and indicator 
discussed for routine activities, spill evaluations identify the potential consequences of credible 
worst case spills using a structured risk assessment approach: 

· This section (Section 6.0) provides a qualitative evaluation of potential environmental and 
socio-economic consequences based on evidence from past oil spills or documented in 
scientific reports and studies. This discussion considers a wide range of spill volumes (small 
to large) and locations throughout the proposed pipeline corridor. While it focuses on 
documented effects, it does not explicitly consider the way that emergency response 
approaches described in Section 4.0 could reduce these potential effects. 

· More in-depth assessments of pipeline credible worst case oil spill scenarios are provided in 
Section 7.0 to supplement the qualitative evaluation of pipeline and facility spill effects 
provided in Section 6.0. The four representative scenarios evaluated for ecological effects 
all assume that accidental releases of CLWB (the representative oil described in 
Section 5.1), reach water bodies, as this represents the worst case for environmental 
effects. The general fate of oil in each scenario is described. A qualitative Ecological Risk 
Assessment (ERA) then assesses potential effects for a variety of aquatic and terrestrial 
ecological receptors based on the conservative assumption that initial response and clean-
up of these hypothetical worst-case events would be limited. 

· More detailed assessments of credible worst case and smaller spill scenarios at the 
Westridge Marine Terminal are provided in Section 8.0 to supplement the qualitative 
evaluation of pipeline and facility spill effects provided in Section 6.0. The potential 
ecological and human health effects of this representative scenario assume that CLWB is 
released during tanker loading. The general fate of oil is described for this scenario. A 
qualitative ERA then assesses potential effects for a variety of marine ecological receptors. 
Finally, a qualitative Human Health Risk Assessment (HHRA) assesses the prospect for 
people’s health to be affected by a spill, including sub-populations known to show 
heightened sensitivity to chemical exposures, such as young children, the elderly and 
people with compromised health. 

A more focused and detailed ERA and HHRA for the hypothetical Westridge Marine Terminal 
spill scenario described in Section 8.0 will be completed and submitted to the NEB in early 
2014. These quantitative evaluations will verify conclusions provided in Sections 6.0, 7.0, and 
8.0 and provide additional information to inform potential mitigation and emergency response 
actions. 
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6.1 Transport and Fate 
Oils and refined petroleum products are complex mixtures of hydrocarbon compounds derived 
from naturally occurring geological formations. As described earlier in Section 5.2, when these 
compounds are released into the environment, various weathering processes work to break 
down the hydrocarbons into primarily carbon dioxide and water. Immediately following release, 
volatile hydrocarbons quickly (i.e., on a time scale of minutes to days, depending upon the 
volatility of the compound and the environmental conditions) evaporate into the atmosphere, 
leaving heavier components of the oil mixture behind. As the oil weathers, its density and 
viscosity tend to increase. On a slower time scale (i.e., days to weeks or longer), sunlight and 
microorganisms degrade hydrocarbons through photo-oxidation and biodegradation, which 
results in the gradual breakdown of larger molecules into smaller and simpler molecules that are 
themselves generally more amenable to further weathering. The general transport and fate of 
pipeline spills to land and water is described above in Sections 5.3.1 and 5.3.2. 

Pipeline burial typically slows the spread of oil from a spill site. Depending on the rate of 
discharge from the pipeline (e.g., a pin-hole leak versus a full-bore rupture) and the oil 
properties (e.g., viscosity and pour point), oil may be forced to the surface through the pore 
spaces in soil. Frozen ground may limit the movement of oil from the spill site, and snow cover, 
if present, can also help to absorb or limit the spread of oil. In Burrard Inlet, if a spill were to 
occur during tanker loading, oil movement will be contained or reduced by the presence of a 
boom placed around each loading tanker prior to beginning any oil loading activities. 
Regardless, when a spill is detected, emergency response actions will be undertaken to reduce 
the effects on people and the environment. Containment, recovery, and clean-up actions 
undertaken would be specific to the affected receiving environment and include consideration of 
local sensitivities such as human health, public safety, priority ecosystem values, weather, and 
other site-specific considerations (Section 4.0). 

6.2 Environmental Effects 
Previous studies of oil spills in similar environments provide a basis for evaluating the fate, 
transport and effects of hypothetical pipeline spills of diluted bitumen resulting from the Project. 
Trans Mountain conducted a literature review to identify and acquire information on simulated 
and actual oil spills in the freshwater environment (estuarine environments are discussed in 
Sections 6.2.4 and 8.0 and marine environments in Volume 8A). From the scientific literature in 
peer-reviewed journals, government reports and technical documents, case studies of oil spills 
were selected using the following set of criteria: 

· releases occurred in an onshore or freshwater environment; 

· releases were located in a cold temperate zone or subarctic location; and 

· spilled oil had similar physical and chemical properties to the hydrocarbons that 
will be transported by the Project. 

Table 6.2.1 summarizes the case studies evaluated in the ERA. While it was not possible to 
match all three of the desired criteria for each case study, each case study was considered to 
have relevance to the Project (Qualitative Ecological Risk Assessment of Pipeline Spills 
Technical Report [TR 7-1]). 
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TABLE 6.2.1 
 

CASE STUDIES CONSIDERED FOR ENVIRONMENTAL EFFECTS OF OIL SPILLS 

Oil Spill Location Year Spill Source Oil Type Volume 
(m3) 

Kalamazoo River Michigan, US 2010 Pipeline Full-
bore Rupture 

Diluted 
Bitumen 3,200 

Wabamun Lake Alberta, Canada 2005 Rail Accident Bunker “C” 712 

East Walker River California/Nevada, 
US 2000 Truck Accident Bunker “C” 14 

Pine River BC, Canada 2000 Pipeline Full-
bore Rupture Light Crude 985 

Yellowstone River Montana, US 2011 Pipeline Full-
bore Rupture Light Crude 240 

OSSA II Bolivia, South 
America 2000 Pipeline Full-

bore Rupture Mixed Crude 4,611 

DM932 Louisiana, US 2008 Barge Accident Bunker “C” 1,070 

Westridge Burnaby, BC 2007 Pipeline Third 
Party Damage 

Heavy 
Synthetic 

Crude 
224 

 

6.2.1 Air 

Greatest effects on air quality occur immediately following an oil spill as a result of evaporation 
of volatile (light end) hydrocarbons. As noted in Section 5.2.1, light end components of C1 to C12 
will generally evaporate within the first 48 hours of exposure, with highest concentrations during 
the first 12 hours. Some of the most toxic components of the oil (benzene, toluene, 
ethylbenzene, xylenes or BTEX) fall into this range. Ground-level hydrocarbon concentrations 
would be highest in the immediate vicinity of an oil spill and would be dramatically reduced 
within a matter of hours, but elevated concentrations in air could continue for days to weeks 
depending on spill volume, oil characteristics, and spill environment. Exposure through 
secondary pathways also could occur if released hydrocarbons ‘fall-out’ or deposit from the air 
onto the ground and enter the ‘food chain’. When discussing ecological and human health 
effects, the potential effects associated with short-term and long-term exposure to hydrocarbons 
are referred to as acute and chronic effects, respectively. Human health effects that could occur 
following hydrocarbon evaporation, dispersion and inhalation are discussed in Section 6.3.2. 
Trans Mountain will conduct air quality modeling for specific spill scenarios to predict ground-
level hydrocarbon concentrations for the Westridge Marine Terminal spill scenario and support 
quantitative ERA and HHRA studies to be submitted in early 2014 to verify conclusions and 
inform potential mitigation and emergency response planning. 

6.2.2 Land and Upland Areas 

The general transport and fate of pipeline spills to land and water is described above in 
Section 5.3.1. Effects on soil, soil invertebrates, upland vegetation and terrestrial wildlife could 
occur as a result of a spill that remains on land or upland areas. Near topographic high points, 
the portion of the total spill volume that results from the drain down of the line would be 
considerably less than what would occur near the bottom of a slope. 



Trans Mountain Pipeline (ULC)  
Trans Mountain Expansion Project Volume 7 
Volume 7 - Risk Assessment and Management of Pipeline and Facility Spills Page 7–76 

 

 

6.2.2.1 Soil and Groundwater 

Hydrocarbon exposure to soil could result in soil contamination because of changes in physical, 
chemical and biological properties that could lead to deterioration of surface soil. After the initial 
period when the dynamic and static pressures from the spill site subside and the oil has spread 
out, hydrocarbon movement tends to slow. Oil in or on soil may move downward under gravity 
and spread horizontally in the subsurface as a result of capillary forces. If the oil encounters an 
impermeable or semi-permeable soil structure (e.g., bedrock, impermeable or frozen soil, water 
table), downward movement would halt or slow, and the oil would spread laterally. Eventually 
the oil would stop moving and remain in local surface pools, be absorbed by vegetation and the 
litter layer, and be trapped in the void spaces within the soil structure. However, even when 
immobilized, hydrocarbons would remain subject to physical weathering and microbial 
biodegradation. 

In Canada, clean-up criteria emphasize exposure pathways based on direct contact between 
contaminated soils and both plant roots and soil invertebrates. This emphasis is based on the 
need to preserve the principal ecological functions performed by the soil and the low 
bioaccumulation rates of petroleum hydrocarbons that would tend to limit exposure to birds and 
mammals. The Canada-Wide Standard for Petroleum Hydrocarbons in Soil (Canadian Council 
of Ministers of the Environment [CCME] 2008) provides benchmark values for the protection of 
plants and soil invertebrates exposed to hydrocarbons. Additional information on soil effects and 
response strategies is provided in the discussion of economic effects on agriculture and forestry 
in Section 6.3.1. 

Without treatment or physical removal, oil would be a long-term source of groundwater 
contamination if it contacted the water table. For this reason, spill response efforts aim to reduce 
potential for groundwater contamination by removing pooled oil and affected surface materials 
as quickly as possible, and as deeply as needed to remove contamination so that aquifers are 
not affected. Residents of the Fraser River valley noted the importance of aquifers that provide 
domestic and community water sources. During detailed engineering, Trans Mountain will 
complete a pipeline risk assessment and evaluate the need for additional mitigation measures 
(e.g., valve spacing, deeper burial or thicker-walled pipe) to reduce threats and associated risk 
to aquifers. 

6.2.2.2 Upland Vegetation 

Direct contact of vegetation with spilled oil could result in physical smothering, habitat 
modification and toxicity to shoreline and riparian vegetation, which could lead to ecosystem 
changes, including loss of overall diversity, rare species and rare ecological communities. In 
addition, response and remediation activities can disrupt habitat and provide an opportunity for 
invasion by non-native or weedy species. 

Oiling of vegetation is expected to result in the death of annual plants, as well as the death of 
contacted foliage of perennials, shrubs and trees. Where contact is only with the stems of 
plants, particularly trees and shrubs, effects are usually minimal. Areas subject to heavy oiling 
may require aggressive remedial actions, so that all habitat is initially destroyed, then 
reconstructed and seeded with appropriate native seed mixes. Outside of these areas, recovery 
is usually allowed to proceed via natural attenuation following appropriate oil spill clean-up 
procedures to remove the most visible oiling. Annual plant communities typically recover from 
moderate oiling within 1 or 2 years while forest communities could require longer than 10 years. 
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6.2.2.3 Soil Invertebrates 

Oil retained in soil, shorelines and floodplains may result in effects to soil invertebrates by: 

· physically smothering organisms; 

· exposing them to acute or chronic toxicity; and 

· altering habitat. 

Clean-up activities can also affect soil invertebrates. Following the 2010 spill of diluted bitumen 
into Talmadge Creek and the Kalamazoo River, oil and affected soils were excavated from the 
source area and along riverbanks and replaced with clean organic soils (Enbridge 2011). 

The recovery time of soil invertebrate populations would be similar to the recovery time for 
upland and riparian vegetation. Oil spills have the potential to chronically affect soil 
invertebrates through soil contamination; however, remediation measures, including the removal 
of oiled soils, would promote recovery, whereby soil invertebrate populations would recolonize 
from neighbouring areas not affected by the spill. 

6.2.2.4 Terrestrial Wildlife 

The acute effects of oil spills on terrestrial wildlife result from direct contact with unweathered or 
slightly weathered oil, as well as ingestion or inhalation of hydrocarbons hours to weeks 
following an oil spill event. Chronic effects of oil spills on terrestrial wildlife include effects 
resulting from longer term (i.e., weeks to months) exposure to chemical constituents of the 
spilled oil (such as PAH), which result from ingestion of contaminated surface water, soil, plants, 
or animal food types. Because petroleum hydrocarbons do not biomagnify up food chains 
(Environment Canada and Health Canada 2011), consumption of plants or other animals does 
not tend to constitute the major component of exposure to petroleum hydrocarbons for wildlife. 
Instead, toxic effects in birds, mammals, reptiles and adult amphibians primarily result from 
direct ingestion (e.g., from grooming and preening of oiled feathers and fur, or ingestion of 
contaminated water, soil or sediment). 

Oiling of wildlife can result in decreased survival and reproductive success through a number of 
different mechanisms, including loss of waterproofing and insulating characteristics of feathers 
or fur; toxicity resulting from the transfer of oil from feathers to eggs during incubation or 
shoreline oiling of reptile eggs; toxicity through the skin; ingestion of toxins via grooming or 
feeding; and reduced mobility (French McCay 2009, NRC 2003). Animals oiled above a 
threshold lethal dose would presumably die, given the remoteness of the areas considered, and 
the low probability that timely capture and rehabilitation would be possible. The likelihood of an 
encounter with oil would be different for each wildlife type depending on its behaviour. 
Scavengers and wildlife that obtain part of their diet from the oiled area would have the highest 
probability of becoming oiled. Evidence from the case studies indicates that few dead birds and 
mammals are usually found following inland oil spills. Among inland bird species, waterfowl 
appear to be the most sensitive because they are exposed to ponded oil or oil on water 
surfaces. Evidence from the Kalamazoo River case study indicate that amphibians and reptiles 
(particularly turtles) may be more likely to be exposed to spilled oil; however, most oiled reptiles 
captured after the Kalamazoo River spill recovered and were subsequently released alive 
(Qualitative Ecological Risk Assessment of Pipeline Spills Technical Report [TR 7-1]). 



Trans Mountain Pipeline (ULC)  
Trans Mountain Expansion Project Volume 7 
Volume 7 - Risk Assessment and Management of Pipeline and Facility Spills Page 7–78 

 

 

6.2.3 Lakes, Rivers, and Streams 

The general transport and fate of pipeline spills to water is described above in Section 5.3.2. 
Biological effects of oil spills to freshwater environments vary widely in relation to the 
characteristics of spilled oil, the physical dimensions and other characteristics of the receiving 
waterbodies, season, and other factors. If relatively fresh oil reaches water, oil spreads over the 
water surface forming an oil slick. Volatile hydrocarbons quickly evaporate into the atmosphere, 
and some of the lighter water-soluble components that would otherwise evaporate may dissolve 
in the water, resulting in concentrations that may be toxic to aquatic organisms. As oil is 
transported downstream, it can become stranded on shorelines and riparian vegetation, 
retained in the water column as droplets, or retained within coarse bed substrates. The rate of 
spreading, dissolution and dispersion of hydrocarbons would be slower in the low-turbulence 
environments of ponds and lakes compared to the Burrard Inlet or an estuary setting, but faster 
in highly turbulent rivers, where the hydrocarbon would also move downstream and spread 
laterally. As noted previously in Section 5.3, winter conditions change spill transport, fate and 
clean-up strategies. 

The pipeline corridor crosses 474 defined watercourses and also passes close to important 
lakes and watercourses, such as Wabamun and Kamloops Lakes and the Athabasca, North 
Thompson and Fraser Rivers. Lakes or large reservoirs can act as retention basins for spilled oil 
and can retain a high percentage of spilled oil on their surface. The following summaries of 
potential oil spill effects on water quality, sediment quality, aquatic invertebrates, aquatic 
vegetation, shoreline and riparian vegetation and wetlands, fish and wildlife are drawn from a 
review of freshwater spill incidents (Qualitative Ecological Risk Assessment of Pipeline Spills 
Technical Report [TR 7-1]). 

6.2.3.1 Water Quality 

After an oil spill in the aquatic environment, oil dispersed into the water column from the water 
surface has three general fates: 1) hydrocarbons dissolve or are entrained in the water column 
to be diluted and degraded by microbial action; 2) droplets dispersed by waves or turbulent 
conditions may coalesce into larger droplets and float back to the water surface; or 3) dispersed 
oil droplets may accumulate suspended particulate matter in the water column, becoming 
submerged oil. 

As summarized below, and described in more detail in the Qualitative Ecological Risk 
Assessment of Pipeline Spills Technical Report (TR 7-1), the evidence shows that hydrocarbon 
concentrations in affected waterbodies are often high immediately following a spill and that 
water quality typically recovers within days to weeks following an oil spill into inland waters. 

Within two months of the Kalamazoo River diluted bitumen spill, thousands of surface water 
samples had been collected and analyzed. The majority of these samples showed non-
detectable concentrations of hydrocarbon constituents within five months after the spill, although 
two samples collected one year after the spill (May to August 2011) had benzo(a)pyrene 
concentrations above guidelines. Following the Wabamun Lake Bunker “C” oil spill, monitoring 
found few indications of hydrocarbon contamination in the lake water column within six weeks 
(Anderson 2006). Water quality monitoring conducted following the Bunker “C” oil spill into the 
East Walker River initially found total polycyclic aromatic hydrocarbons (TPAH) concentrations 
that were greater than fish embryo toxicity thresholds; however, within five months, dissolved 
TPAH in the water column had decreased to near background concentrations (Higgins 2002). 
Surface water samples showed that water quality had returned to pre-spill conditions within 
three weeks following the Pine River light oil spill (de Pennart et al. 2004). As expected, surface 
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water samples collected in the days following the Yellowstone River light crude spill showed no 
petroleum-related compounds in the water column given the high flow conditions and rapid 
initial weathering of the oil (US EPA 2011a). Operators of downstream public drinking water 
systems, which drew water from the river, were notified of the spill; however, monitoring and 
testing of the water supply systems did not identify any exceedance of drinking water standards 
(US EPA 2011b). Modelling conducted for the Enbridge Northern Gateway Project found that 
after the acute phase of a spill (days to two weeks), hydrocarbon concentrations in river water 
rapidly declined so that they would not be expected to cause acute or chronic effects to aquatic 
biota (Stantec et al. 2012). 

6.2.3.2 Sediment Quality 

Once dispersed in the water column, oil droplets may accumulate enough suspended 
particulate matter to become as dense as or denser than water, and settle out of the water 
column onto the riverbed, usually in low-energy areas of silty sediment. Contaminated 
sediments have the potential to adversely affect water quality in sediment pore water, which can 
affect benthic invertebrates, rooted aquatic plants and developing fish eggs. Oil can also 
re-contaminate the water if the sediment is disturbed. 

As summarized below, and described in more detail in the Qualitative Ecological Risk 
Assessment of Pipeline Spills Technical Report (TR 7-1), the evidence shows that oil can 
persist in silty aquatic sediments when deposited in slow-moving areas of water. Physical 
recovery of such oil is usually the preferred response option. Formation of OMA can increase 
the density of oil droplets in the water, increasing the fraction that becomes submerged; 
however, OMA formation is not usually a major process in inland oil spills because of limiting 
low salinity values, limiting suspended sediment concentrations, or both. OMA formation also 
has potential benefits as it maintains the dispersed characteristic of affected oil and enhances 
rates of biodegradation. Relatively little oil appears to become entrained into riverbed gravels, 
and such oil remains subject to weathering as water passes through the gravels, so that 
recovery of lightly or moderately oiled substrates will occur over a period of weeks to months. 

Weathering of the oil released in the Kalamazoo River diluted bitumen spill resulted in 
sedimentation of a portion of the released oil in both Talmadge Creek and the Kalamazoo River. 
In Talmadge Creek, an extensive sediment recovery program removed most if not all of the oil 
(Enbridge 2013). In the Kalamazoo River, as the unrecovered oil was transported downstream 
in the water column, a portion of it incorporated suspended sediments. This oil became part of 
the river bedload and was transported toward geomorphological traps in the riverbed, such as 
silt deposits near in-stream dams (Enbridge 2013). Removal of the recoverable portion was 
ordered, principally in relation to the headponds of the Ceresco and Morrow dams. Removal of 
the remainder was considered likely to result in substantial further damage to the river, so it was 
to be left in place and monitored (US EPA 2013). 

Following the release of Bunker “C” oil into Wabamun Lake, the released oil formed tar balls 
and other aggregates that tended to accumulate in reed beds instead of incorporating into the 
lakebed sediment (Anderson 2006). Measured TPAH sediment concentrations increased 
substantially three months after the East Walker River Bunker “C” oil spill; a phenomenon that 
was attributed to warming water temperatures and increasing mobilization of the Bunker “C” 
type oil, which solidified at low temperatures. However, five months after the spill TPAH 
sediment concentrations were generally below levels of concern (Higgins 2002). Most of the 
unrecovered oil from the Pine River light oil spill was considered likely to be located in river 
sediments or trapped in woody debris dams within the river, and while sediment hydrocarbon 



Trans Mountain Pipeline (ULC)  
Trans Mountain Expansion Project Volume 7 
Volume 7 - Risk Assessment and Management of Pipeline and Facility Spills Page 7–80 

 

 

concentrations decreased over the next two years, they were still detectable in river sediments 
(de Pennart et al. 2004). The high flow conditions and rapid initial weathering experienced 
during the Yellowstone River light crude spill resulted in sediment hydrocarbon concentrations 
below detection limits or applicable standards (Montana Department of Environmental Quality 
2013). Modelling results for the Enbridge Northern Gateway Project showed that in the absence 
of containment and recovery, hydrocarbon concentrations in sediment vary greatly as a function 
of distance from the release; river size (small or low-gradient rivers generally experience greater 
oil sedimentation than larger or high-gradient rivers); sediment characteristics (high organic 
content and fine-grained sediments trap and retain more hydrocarbons); and oil type (diluted 
bitumen and synthetic oil were both predicted to have the potential to load heavily to sediments) 
(Stantec et al. 2012). 

6.2.3.3 Aquatic Invertebrates 

Aquatic invertebrates exhibit a broad range of sensitivity to hydrocarbon exposure. Sensitive 
species such as stoneflies, mayflies and caddisflies would be expected to respond to dissolved 
hydrocarbon exposure at levels similar to sensitive fish species, while other invertebrates are 
expected to be more tolerant. The case studies show that although benthic invertebrate 
community biomass and diversity are affected by oil spills, they recover quickly. A study of 
unionid clams in the Kalamazoo River also provided evidence of mortality associated with both 
the oil spill and recovery efforts, although the clam communities did not appear to be extirpated 
by the spill. With the exception of a few long-lived species such as bivalves, most benthic 
invertebrates have annual life cycles and are well adapted for population recovery following 
natural or anthropogenic losses, typically recovering within one or two years. Examples are 
provided by the Kalamazoo, Pine, and East Walker river oil spills in the Qualitative Ecological 
Risk Assessment of Pipeline Spills Technical Report (TR 7-1). 

6.2.3.4 Aquatic Vegetation 

Hydrocarbons have the potential to affect aquatic vegetation by: 

· physically smothering plants; 

· exposing plants to acute or chronic toxicity; and 

· altering habitat. 

Where they occur, floating aquatic plants would be killed if contacted by an oil slick. Submerged 
aquatic plants would be less vulnerable, as they would be exposed primarily to dissolved 
hydrocarbons and are not considered likely to fall within the most sensitive groups of aquatic 
biota to such exposure. Emergent aquatic plants would generally be quite tolerant of moderate 
exposure to floating oil (such that a portion of the stem was oiled). Slow-moving rivers with soft 
sediments, as well as backwaters and riparian wetland areas, are all high-value habitats for 
aquatic plants, and such plants are important as habitat and as a source of food for many 
wildlife species. Other river types, however, may support very limited aquatic plant populations. 
For example, rivers draining mountainous areas in western Canada, where snow and glacial 
melt water dominates flow patterns, typically fall into this second group and are typically less 
productive. High water levels and flow rates during the summer months may cause erosion and 
scour in gravel/cobble riverbeds, which would damage delicate aquatic plant tissues. High 
turbidity levels also limit light penetration into the water column, further limiting the habitat 
quality for aquatic plants. As a result, aquatic plants are not expected to be an important part of 
the ecological structure of most of the larger rivers crossed or paralleled by the proposed 
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pipeline corridor (Qualitative Ecological Risk Assessment of Pipeline Spills Technical Report 
[TR 7-1]). 

6.2.3.5 Shoreline and Riparian Vegetation and Wetlands 

Shoreline and riparian vegetation are expected to be affected only in cases where rivers are in 
flood condition at the time of an oil spill, such that the riparian areas are overwashed by oil. 
Oiling of vegetation is expected to result in the death of annual plants, as well as the death of 
contacted foliage of perennials, shrubs and trees. Where contact is only with the stems of 
plants, particularly trees and shrubs, effects are usually minimal. Areas subject to heavy oiling, 
such as the initial overland flow path from a spill site to the aquatic environment, may require 
aggressive remedial actions so that all habitat is initially destroyed, then reconstructed and 
seeded with appropriate native seed mixes. Outside of these areas, recovery is usually allowed 
to proceed via natural attenuation following appropriate oil spill clean-up procedures to remove 
the most visible oiling. Annual plant communities typically recover from moderate oiling within 
one or two years. The Kalamazoo River diluted bitumen spill provides a good example 
(Qualitative Ecological Risk Assessment of Pipeline Spills Technical Report [TR 7-1]). 

6.2.3.6 Fish, Fish Eggs and Larvae 

A hydrocarbon spill into a waterbody has a high potential to affect fish, fish eggs and larvae. 
Hydrocarbons may have lethal and non-lethal effects on aquatic biota, depending on the 
sensitivity of the species or life stage exposed, and the degree and duration of exposure. 
Hydrocarbons have the potential to affect fish species and the habitat upon which they depend, 
by: 

· altering essential habitat; 

· physically smothering organisms; and 

· exposing fish to acute or chronic toxicity. 

Three primary mechanisms of toxicity have been identified for fish and fish eggs exposed to 
hydrocarbons: 

· 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. 

· 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 salmon species 
are among those more sensitive to BSD. Studies that have used oiled gravel packed into 
columns to generate dissolved PAHs for toxicity studies typically find that the weathering 
process results in a rapid depletion of water soluble PAHs, so that the potential for toxic 
effects on fish, fish eggs or embryos persists for only a few months. 

· Phototoxicity occurs when PAHs present in biological tissues are exposed to natural light 
including ultraviolet light, and a resulting reaction enhances the toxicity of PAHs in the 
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tissues, potentially causing mortality or other harm to fish and other aquatic organisms. 
Although the potential for photo-enhancement of PAH toxicity exists and has been 
demonstrated in laboratory studies, it is not considered to be of sufficient importance in the 
natural environment to merit special consideration. 

Few, if any, of the case studies provide direct evidence for effects on fish eggs in spawning 
gravels. Mortality of adult fish, however, is commonly but not always observed in association 
with inland oil spills. Factors that affect the probability of fish kills include: oil type (i.e., the 
availability of more water-soluble constituents of the oil, and density and viscosity relationships 
that facilitate or impede the formation of oil droplets); the turbulence of the receiving 
environment (which helps to determine the extent to which oil droplets form and accelerate the 
dissolution of light hydrocarbons into the water); and the volume of water flowing in the receiving 
environment, relative to the volume of spilled oil (which may limit the maximum dissolved 
hydrocarbon concentration that can be achieved). High levels of fish mortality were observed in 
the Pine River spill case study, where a light oil was spilled into a relatively small, turbulent river. 
Some mortality was also observed in the East Walker and Kalamazoo River spills, although 
effects of flow regulation and cold winter weather were also implicated at the East Walker River. 

Case study evidence shows that effects on fish, fish eggs and larvae are limited to the period of 
a few days to a few years after a release, depending on the factors noted in the previous 
paragraph, among others. Water concentrations are likely to decrease below effects thresholds 
within days to weeks after a spill and relatively little oil appears to become entrained into 
riverbed gravels, where it would remain subject to weathering so that recovery would occur over 
a period of weeks to months. In contrast, oil can persist for long periods of time in silty 
sediments when deposited in slow-moving areas of water. Although the uneven distribution of 
hydrocarbons in sediment could result in some areas where effects on developing fish eggs 
could occur, it is equally likely that areas with lower deposition would remain unaffected. As a 
result of natural weathering processes, concentrations of TPAH would decline to concentrations 
below effects thresholds. The most likely outcome, depending upon the type of oil spilled and 
the characteristics of the receiving environment, is that a portion of the reproductive capacity of 
a single year-class of fish could be lost, but that recovery would occur in subsequent years 
(Qualitative Ecological Risk Assessment of Pipeline Spills Technical Report [TR 7-1]). 

6.2.3.7 Wildlife 

6.2.3.7.1 In-water Amphibians 

Little information is provided by the case studies with respect to amphibians. However, it is 
assumed that in-water amphibians, such as eggs, juveniles or adults, will have sensitivity similar 
to that exhibited by sensitive fish and benthic invertebrate species (Qualitative Ecological Risk 
Assessment of Pipeline Spills Technical Report [TR 7-1]). 

6.2.3.7.2 Reptiles and Air-breathing Amphibians 

Oil spills in the freshwater environment can result in lethal and sub-lethal effects to reptiles and 
air-breathing amphibians (i.e., adult frogs, toads and salamanders). These effects can result 
from dermal exposure, chronic exposure from ingestion of contaminated food, and external 
oiling of reptile and salamander eggs by oil stranded on floodplains. Reptiles and air-breathing 
amphibians may also experience habitat loss and a decline in food availability through 
decreased prey abundance resulting from contamination. 
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Case study evidence suggests that reptiles (particularly turtles) and air-breathing amphibians 
are moderately to highly exposed to oiling following oil spills. However, although amphibians are 
presumed to be highly sensitive as a result of having permeable and delicate epidermal tissue, 
the epidermis of reptiles is impermeable, and in the case of turtles, largely armoured. Therefore, 
turtles would appear to have generally lower sensitivity to oil exposure than many birds or 
mammals. In the event of harm, recovery of amphibian populations would be fairly rapid (i.e., 
one or two breeding cycles) because of their high reproductive potential. On the other hand, 
turtles tend to be long lived and have lower reproductive potential, so recovery from serious 
harm at the population level could take longer; potentially five years or more (Qualitative 
Ecological Risk Assessment of Pipeline Spills Technical Report [TR 7-1]). 

6.2.3.7.3 Birds 

Oil spills to the freshwater environment can result in lethal and sub-lethal effects to birds. These 
effects can result from contamination of feathers (which reduces thermoregulatory capacity), 
inhalation of volatile organic compounds (VOCs), dermal exposure, ingestion of hydrocarbons 
during preening, chronic exposure from ingestion of contaminated food, and external oiling of 
bird eggs through contact with oily residues on the feathers of parent birds. Birds may also 
experience habitat loss and a decline in food availability through decreased prey abundance 
resulting from contamination. 

Case study evidence indicates that few birds are usually found following inland oil spills; from 
tens to a few hundred mortalities occur in most cases, although the actual numbers are likely to 
be higher because the probability of finding all dead birds is low. Among inland bird species, 
waterfowl appear to be the most sensitive because of their high level of exposure to oil slicks on 
the surface of the water. Wading birds, shorebirds and birds that live around the water generally 
have lower exposure, although some birds such as dippers, which bob in and out of the water to 
take invertebrates, tadpoles and small fish, may be an exception. As was observed for grebes 
following the Wabamun Lake Bunker “C” oil spill, affected populations of wading birds and 
shorebirds may appear to rebound quickly because of immigration of birds from other 
unaffected areas. 

The evidence from case studies also suggests that a wide variety of bird species would be 
exposed to oiling following a large oil spill into a river. While many birds would likely die 
undetected, experience based on various oil spill response operations suggests that waterfowl 
are among the most exposed birds, and that many bird species (such as wading birds and 
raptors) are less exposed and can tolerate light to moderate oiling without becoming 
incapacitated. Population recovery could take up to five years, depending upon the extent of the 
injuries, and the reproductive capacity of the affected population (Qualitative Ecological Risk 
Assessment of Pipeline Spills Technical Report [TR 7-1]). 

6.2.3.7.4 Mammals 

Oil spills to the freshwater environment can result in lethal and sub-lethal effects to terrestrial 
and semi-aquatic mammals. These effects can result from oiling of fur (which reduces 
thermoregulatory capacity), inhalation of VOCs, dermal exposure, ingestion of hydrocarbons 
during preening, and chronic exposure from ingestion of contaminated food. Mammals may also 
experience habitat loss and a decline in food availability through decreased prey abundance. 

The evidence from case studies indicates that relatively few mammals are usually found dead 
following inland oil spills with tens, rather than hundreds, typically found. In part, this reflects the 
generally low sensitivity or exposure of many mammalian wildlife species. However, it may also 
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reflect the low probability of finding all dead animals. The species most likely to be affected are 
those that actively swim in water (e.g., muskrat, beaver, mink and otter), as opposed to those 
that occasionally visit streams and rivers or occupy riparian habitat (e.g., bears, raccoons or 
ungulates). Mortality tends to be associated with the acute phase of the spill and may be caused 
by loss of insulative function in oiled fur, leading to hypothermia; or to ingestion of oil while trying 
to clean the fur, leading to haemorrhaging of the digestive tract; or to a combination of such 
stressors. Individuals and populations of smaller semi-aquatic mammal species (e.g., muskrat, 
beaver, otter and mink) would be more likely to experience adverse effects. Population recovery 
could take up to five years, depending upon the extent of the injuries, and the reproductive 
capacity of the affected population (Qualitative Ecological Risk Assessment of Pipeline Spills 
Technical Report [TR 7-1]). 

6.2.4 Burrard Inlet 

Marine resources in Burrard Inlet could be affected by hydrocarbon spills at the Westridge 
Marine Terminal and nearby Project facilities that drain into this estuary. 

An onshore pipeline spill in 2007 that resulted from third-party damage to the existing Trans 
Mountain Pipeline in Burnaby reached the Westridge Marine Terminal and Burrard Inlet via 
storm drains. This release provides directly applicable information about the fate, transport and 
effects of spills of heavy crude oil. As a result of the third-party damage to the existing Trans 
Mountain pipeline, approximately 100 m3 of heavy crude oil reached Burrard Inlet, of which 
approximately 5.6 m3 was not recovered. The spill affected 15 km of shoreline east of Second 
Narrows, concentrated in the area around and between the storm drain outfalls, from the Shell 
jetty (1 km west of the Westridge Marine Terminal jetty) to the western end of Barnet beach in 
Barnet Marine Park. 

Surface water samples were collected at several locations one and two weeks after the incident. 
All sample results were below detection limits for extractable petroleum hydrocarbons. In 
addition, while concentrations of PAHs were above detection limits at a few locations, none 
exceeded water quality guidelines which are protective of the marine environment. The follow-
up monitoring and assessment report concluded that oil concentrations in the water column 
likely peaked soon after the release, but decreased to background levels within days. 

Sediment tests indicated some areas with PAH concentrations above applicable guidelines. A 
comparison of PAH composition in sediment samples and released oil indicates that sediment in 
the Westridge area has likely been affected by the oil release, as well as by historic shipping 
activity and other sources of PAH. Sediment from sites further away (e.g., Maplewood Flats, 
Deep Cove, Cates Park, Belcarra, Port Moody flats, Barnet Marine Park) also contained 
measurable PAHs, but their chemical fingerprint did not match that of the released oil. 

A biophysical assessment of the affected marine areas, using Shoreline Cleanup Assessment 
Technique (SCAT) protocols, indicated effects in the intertidal area. Of the 50 km of shoreline 
assessed during SCAT surveys, approximately 15 km, east of Second Narrows, was affected by 
the accidental release. The most heavily affected area was 2.5 km of shoreline between the 
Shell Jetty Marine Terminal and Barnet Beach at Barnet Marine Park. This heavily oiled area 
was extensively remediated through removal of oiled seaweed (Fucus), agitation of soft 
sediments (sand, mud) and application of the shoreline treatment agent Corexit 9580 (a 
biodegradable cleanser that contains surfactant). As a result of the oil release and remediation, 
this area experienced habitat loss and death or removal of marine plants (primarily Fucus) as 
well as a likely loss of intertidal fauna such as starfish, barnacles and limpets. An analysis of 
mussels collected throughout the eastern part of the inlet indicated that only in the Westridge 
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Marine Terminal area was there an amount and distribution pattern (fingerprint) of PAHs that 
could be associated with the release. 

Subtidal organisms may also have been affected by the release, but these effects appear to 
have been limited and localized. Red rock crabs from the Westridge area showed elevated PAH 
levels and a similar pattern of PAH to the released oil. However, none of the Dungeness crabs 
sampled at Westridge or crabs of either species from Barnet Marine Park and Berry Point and 
elsewhere in the Inlet (Indian Arm and Port Moody Arm) showed evidence of having taken up oil 
from the release. There was no evidence for direct effects on fin-fish species, including resident 
and juvenile salmon. PAH were not detected in starry flounder collected from Westridge and 
Barnet Marine Park. 

Effects of the release were noted for some marine birds and mammals. Effects on marine birds 
were minimal, largely because overwintering birds had not yet returned from northern breeding 
ranges. Wildlife specialists captured 15 Canada geese, 2 gulls and 1 pelagic cormorant that 
were oiled; all but 2 Canada geese were cleaned and released. Three dead harbour seal pups 
were found following the incident but cause of death could not be determined and only one had 
signs of oiling. No other effects on marine mammals, including otters, were reported in Burrard 
Inlet. 

Following clean up, recovery endpoints were established and a long-term monitoring program 
was initiated. As of 2012, recovery endpoints for water quality, intertidal sediment, intertidal 
vegetation and crab tissue PAH concentrations were achieved. Monitoring of mussel tissue PAH 
concentrations continues in the Westridge area, as results are confounded by additional PAH 
sources in this area. 

Potential acute and chronic ecological effects of a hypothetical spill to Burrard Inlet during 
tanker loading at the Westridge Marine Terminal are discussed in Section 8.3. 

6.3 Socio-economic Effects 
Large hydrocarbon spills can affect the human environment in various ways. Spills can have 
community and regional economic effects, can contribute to changes in human health, and can 
affect the sense of individual and community well-being. Potential socio-economic effects of 
large spills will vary depending on the exact location and nature of the incident, and will be 
influenced by factors including: 

· distance from human settlements; 

· size and population density of nearby human settlements (e.g., rural versus 
urban areas); 

· particular patterns of land and resource use in the vicinity (e.g., residential, 
commercial, agricultural, recreational, traditional); and 

· key economic activities and sectors in areas that may be reached by the spill, 
in particular the presence of resource-based economic activities (e.g., tourism, 
agriculture or subsistence farming, commercial fisheries, hunting/trapping, 
traditional livelihoods). 

This section provides a summary of how credible worst case and smaller pipeline hydrocarbon 
spills can affect the health, economy and general well-being of communities along and 
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downstream of the proposed pipeline corridor. Where applicable, it considers issues identified 
by Aboriginal communities, residents, land users, service providers and regulatory authorities. 
Because the location and extent of a spill cannot be predicted, precise socio-economic effects 
cannot be predicted. As such, this summary references past pipeline spills and other relevant 
incidents as examples of documented effects. Although there is considerable literature 
concerning the effects of hydrocarbon spills on the human environment, most is related to large, 
open-water marine releases. However, a growing body of literature shows that both positive and 
adverse effects can occur, influenced by the spill volume, location, nature of the resources 
affected, the extent of traditional and non-traditional activities in the area, and the duration of 
clean-up and recovery. The complexity of predicting socio-economic effects is a function of 
numerous factors including: 

· the constant change that is occurring in socio-economic conditions of any 
community or region, influenced by an array of economic, political and cultural 
factors; 

· a lack of precise information about goods, services, and employment demands 
for hypothetical spill scenarios; 

· the role of human interpretation and its influence on individuals’ physical and 
perceptual experiences of social effects; and 

· inherent uncertainty regarding individuals’ abilities, willingness and confidence 
to respond to change (Loxton et al. 2013). 

6.3.1 Economy 

Pipeline spills can have both positive and negative effects on local and regional economies, 
both in the short and long term. Spill response and clean-up creates business and employment 
opportunities for affected communities, regions, and clean-up service providers. This demand 
for services and personnel can also directly or indirectly affect businesses and resource-
dependant livelihoods. The net overall effect depends on the size and extent of a spill, the 
associated demand for clean-up services and personnel, the capacity of local and regional 
businesses to meet this demand, the willingness of local businesses and residents to pursue 
response opportunities, the extent of business and livelihoods adversely affected (directly or 
indirectly) by the spill, and the duration and extent of spill response and clean-up activities. 
Evidence from past incidents shows that economic activities would be affected if a large spill 
were to directly affect an HCA such as a community or water body. The magnitude of effects 
resulting from a small spill on land would be smaller. 

6.3.1.1 Potential Economic Effects on Agriculture and Forestry 

The pipeline industry and regulators have developed standardized approaches to avoid or 
minimize the long-term effects of land-based spills on landowners and resource tenure holders. 
Hydrocarbon exposure to soil could result in soil contamination because of changes in physical, 
chemical and biological properties that could lead to deterioration of surface soil. During spill 
response and remediation activities, efforts are made to avoid impacts by restricting movement 
of livestock and planting or harvesting in the affected area. Emergency response activities 
themselves can have secondary effects such as admixing, compaction and rutting, erosion and 
loss, and changes in moisture of soil, although the overall goal of response activities is to 
minimize adverse effects. 
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The NEB has published a Remediation Process Guide (NEB 2011) to aid companies in the 
event of a spill. Upon detection, the company must report the spill to the NEB and all applicable 
regulators (e.g., the Transportation Safety Board and provincial or territorial authorities). The 
company is then required to complete an Environmental Site Assessment and, if remediation is 
required, a Remedial Action Plan. The most stringent clean-up criteria must be used for 
remediation of soil and groundwater (i.e., the lower of provincial, territorial, or other limits 
developed by the CCME), and the site is considered clean once the NEB approves the 
Remediation Closure Report, which demonstrates that all applicable standards have been met. 
Although the Project will be regulated by the NEB, the involvement of other regulators, including 
provincial and municipal regulatory authorities, may be required depending on the applicable 
provincial and municipal legislation and regulatory requirements, circumstances of the spill and 
site location. For example, in BC, schedules contained in the Contaminated Sites Regulation 
(CSR) define the numerical standards for soil, water, vapour, and sediment that are used to 
determine if a site is contaminated. Following that determination, a site owner/operator has the 
option of either cleaning up to the numerical standards listed in the Schedules or cleaning up to 
risk-based (site-specific) standards (BC MOE 2009). 

Soils along the pipeline route include agricultural soils and a range of non-agricultural soils, 
including wetlands and river sediments. Regardless of soil type, hydrocarbons in mineral or 
organic soil could affect vegetation and soil productivity. In non-agricultural areas, changes in 
soil quality related to contamination are assessed by comparison with CCME regulatory 
guidelines for hydrocarbons in soil and requirements for soil remediation, based on land use 
(CCME 2008). As noted above, appropriate provincial criteria may also apply. On agricultural 
land, or most types of non-agricultural land, hydrocarbons are adsorbed by soil or spread into 
the environment. The amount of adsorption or spreading is influenced by: 

· the physical state of the soil (including texture and bulk density); 

· the soil’s cation exchange capacity; 

· the soil’s organic matter content; and 

· the depth to restricting layers. 

Clean-up and remediation is designed to return the affected area to baseline soil capability or 
quality. Prior agricultural or other land use can be restored in the short to medium term. 
Residual contaminated soils can be remediated in five years offsite, although the timeline varies 
based on the type of remediation, soil type, moisture content, level of soil contamination and 
other factors (Bailey and McGill 2001). 

Contamination of water sources may require farmers to bring water in from out of the area to 
irrigate crops or to water livestock. Livestock may also come into contact with contaminated 
water, if waterbodies pass through pastoral land where they are grazing. The extent of these 
effects would depend on several factors, including volume, product and length of exposure. 

In the event of effects on business or landowners, Trans Mountain will make initial mitigation 
efforts to contain the hydrocarbon release, followed by clean-up and restoration of the site. 
Landowners and businesses will be compensated for impacts directly resulting from a 
hydrocarbon release. 
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6.3.1.2 Potential Effects on Tourism/Recreation Industry 

The pipeline corridor passes through or directly adjacent to several protected areas with 
management focused on recreation, including fishing, hunting, camping and hiking. During 
stakeholder meetings, some attendees expressed concern over the potential of a pipeline spill 
affecting tourism in these areas. For example, in Wabamun, attendees at stakeholder meetings 
indicated a strong connection in the local community between tourism and the quality of lake 
water. 

Recreation areas and provincial parks along the proposed pipeline corridor include Wabamun 
Lake, Blue River Black Spruce Park, Finn Creek Park, North Thompson River Park, Lac Du Bois 
Grasslands Park, McQueen Creek Ecological Reserve, Coquihalla Summit Recreation Area, 
Coquihalla River Park, and Coquihalla Canyon Park. Recreationalists also use public lands 
along the corridor. A pipeline spill could affect the tourism/recreation industry both by directly 
disrupting the activities of tourists and recreationalists and by causing economic effects to 
recreation or tourism-based businesses. 

In the event of a spill, recreational fishing, boating, and camping may be restricted or prohibited 
at the source site and downstream. These restrictions would typically apply during the active 
clean-up period, but could extend until affected resources are stable or recovered. As examples, 
an angling closure was implemented on the Pine River following the Pine River spill (BC 
MOE 2000a). Also, following a hydrocarbon spill into the Red Deer River, all sport fisheries in 
the river and tributaries upstream of the affected area were changed from restricted harvest to 
catch and release (i.e., no harvest). This restriction has been in place for two years and will 
remain until monitoring information is sufficient to determine the status of sport fish populations 
in the affected area. 

There may be a minor disruption to hunting activities in a spill and response area or other areas 
accessible only through this area. However, hunting in areas beyond the affected location would 
not be affected. There would be a minor disruption of trapping activities if a spill occurred in 
winter, the main season for trapping activities, and there were active trap lines in the area. 
Emergency response activities could result in further disturbance of furbearers in the areas 
immediately around response sites as a result of noise and traffic and thus reduced trapping 
success. 

6.3.1.3 Potential Effects on Property 

Pipeline spills can potentially damage homes, business/commercial establishments and 
infrastructure, resulting in costs for individuals and lost income for affected neighbourhood 
businesses. Municipalities may also incur infrastructure repair and replacement costs. 

For example, third-party damage to the existing Trans Mountain Pipeline in Burnaby (the 
Westridge delivery line release) resulted in a release of approximately 1,100 m3 of heavy crude 
oil with effects on surrounding properties (Transportation Safety Board of Canada 2007). Fifty 
homes and properties as well as a section of the Barnet Highway were affected. The crude oil 
seeped into the surrounding soil, storm drains, and sewer lines, and residential properties 
required restoration. KMC (along with the responsible parties and their insurers) spent millions 
cleaning up the spill, remediating the environment, and compensating those who suffered 
property damage as a result of the third-party strike to the pipeline. The Wabamun Lake Bunker 
“C” oil spill also caused property damage and about 20 people were evacuated from the area 
(Transportation Safety Board of Canada 2005). CN released a statement on October 18, 2005 
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that estimated the railroad’s financial obligation for spill clean up to be $28 million, with 
remaining costs covered by insurance. 

6.3.2 Human Health 

Stakeholders at various community meetings and the Fraser Health Authority and Vancouver 
Coastal Health Authority expressed an interest in understanding the potential human health 
effects that could result following a spill in an urban environment. Urban areas are considered 
sensitive for human health effects because of their high population density and likely presence 
of sensitive individuals (i.e., infants and young children, the elderly, pregnant women, and 
individuals with compromised health). 

In order to experience physical effects from hydrocarbon exposure, a person must inhale, ingest 
or touch the spilled product, and be exposed for a long enough period for it to be harmful. This 
can happen through a number of pathways, including: 

· inhaling hydrocarbon vapours released from spilled hydrocarbons; 

· direct contact with contaminated soil, or ingesting food that is grown in 
contaminated soil; 

· drinking from a source contaminated by a spill; and 

· eating plants or animals contaminated by a spill. 

When discussing human health effects, the potential effects associated with short-term and 
long-term exposure to hydrocarbons are referred to as acute and chronic effects, respectively. 
In the event of a spill, the Trans Mountain ERP will be activated (see Section 4.0) and 
municipal, provincial and federal authorities responsible for the protection of public health will be 
notified. Evacuation of affected areas will occur if health and safety of the public is threatened 
and this will limit opportunities for short-term exposure to hydrocarbon vapours and potential for 
acute effects. Involvement of local, provincial and federal public health officials will also ensure 
that controls to limit long-term exposure and chronic effects potential will be implemented if 
warranted. Examples of such controls include closure of recreational or commercial fisheries, 
beach closures, the issuance of drinking water or food consumption advisories, and forced 
evacuation. This will limit long-term exposure from all pathways, including: inhalation; ingesting 
contaminated food, plants, or animals; drinking from a contaminated source; or incidental skin 
contact with hydrocarbons. The following case study findings are relevant. Based on monitoring 
results, a drinking water advisory was issued following the Pine River light oil spill (BC 
MOE 2000b) but no drinking water standards were exceeded by the Yellowstone River light oil 
spill (US EPA 2011c). A precautionary fish consumption advisory was issued following the 
Yellowstone River light oil spill although subsequent monitoring did not detect any petroleum 
hydrocarbon constituents in fish tissue and only traces of hydrocarbons in fish organs (Montana 
Fish, Wildlife and Parks 2011a,b). A fish consumption advisory was not considered to be 
necessary following the Kalamazoo River diluted bitumen spill based on monitoring results 
(Michigan Department of Community Health 2013). 

Over the short-term, the primary risk factor for human health is lighter end, volatile and semi-
volatile hydrocarbons (C1 to C12) that are present in the air as vapours at or near the source, 
and then disperse in a downwind direction. Chemicals of potential concern (COPCs) include 
BTEX as well as simple PAHs. Trace amounts of sulphur-containing chemicals and longer-
chain, semi-volatile hydrocarbons (C13 to C21) also could be present. Based on the known health 



Trans Mountain Pipeline (ULC)  
Trans Mountain Expansion Project Volume 7 
Volume 7 - Risk Assessment and Management of Pipeline and Facility Spills Page 7–90 

 

 

effects of these COPC, potential effects would likely be dominated by irritation of the eyes 
and/or breathing passages, possibly accompanied by nausea, headache, light headedness 
and/or dizziness. These effects could range from barely noticeable to quite noticeable, 
depending on the exposure circumstances and the sensitivity of the individuals exposed (see 
below). Odours might be apparent, dominated by a hydrocarbon-like smell, with some prospect 
for other distinct odours due to the presence of sulphur-containing chemicals in the vapour mix. 
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: 

· 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. 

· 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. 

· 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, moving people to an upwind location, encouraging people to shelter-
in-place, 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. As part of its emergency 
response planning and preparedness, Trans Mountain has committed to take 
immediate action to protect public health in the event of a spill. 

· 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. 

Recent hydrocarbon releases in the lower mainland urban area from the Trans Mountain 
pipeline system provide evidence of health effects from actual incidents. Heavy crude oil from 
the 2007 Westridge Line third-party damage spill reached the residential neighbourhood via air 
dispersion and deposition and overland flow onto surrounding roads. Oil also travelled through 
the storm drain system and entered Burrard Inlet through two submerged storm sewer outfalls. 
The immediate area was evacuated to minimize exposure to hydrocarbon vapours and potential 
for acute effects. Between 2007 and 2008 Trans Mountain completed a remedial program that 
involved the excavation of contaminated soils in excess of the BC CSR Numerical Soil 
Standards. Subsequently an HHRA was conducted to determine the potential for residual soil 
contamination, as well as associated contamination present in groundwater and soil vapour, to 
pose a risk to human health. 

The HHRA commissioned by KMC in 2010 following spill clean-up concluded that there were no 
long-term or chronic risks to human health (SLR Consulting (Canada) Ltd. 2010). This HHRA 
evaluated conditions of potential exposure pathways (soil, groundwater, soil vapour, ambient 
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air, indoor air, grass, garden and fruit trees, hard surfaces, food fish, and beaches) and 
considered potential health risks to residents, park users, and fishers and health receptors. 
Pathways considered were inhalation, ingestion, and dermal contact. 

A HHRA was also completed by KMC in 2009 following a release of oil at the Burnaby Terminal 
(SLR Consulting (Canada) Ltd. 2009). Spilled oil was retained onsite in the tank area and 
surface water retention pond but volatile hydrocarbons were released to the atmosphere. This 
HHRA evaluated potential health risks to residents and park users via inhalation of BTEX and 
H2S and concluded that there were no acute risks to human health during the release. 

6.3.3 Community Well-being 

There is great diversity in the communities and regions that interact with the Project. Pipeline 
spills may adversely affect community well-being by affecting cultural and heritage resources, 
traditional lands, culture, and practices, and psychological well-being. 

6.3.3.1 Cultural and Heritage Resources 

Heritage resources could be affected by a spill in a number of ways. Product released from the 
pipe could interfere with the ability to interpret, date and analyze artefacts and preserved 
organic remains. Hydrocarbons can contaminate culturally modified trees (important both to the 
scientific and aboriginal community). Clean-up activities can disturb soils and contamination, 
removal or mixing of the artefacts and fossils and strata without scientific recording may result in 
permanent loss of critical information. In the case of a larger or more deeply buried site with 
high or moderate heritage value, the effects may be greater compared with smaller sites. 

The shores of waterbodies are generally thought to have high potential for undiscovered historic 
and pre-contact archaeological sites of high and moderate heritage value. Paleontological 
resources at or below the high water mark downstream from a spill are most vulnerable. 

6.3.3.2 Aboriginal Culture 

The pipeline route will traverse the traditional territories of Aboriginal groups in Alberta and BC, 
as well as areas used to hunt, gather, and connect to the land. Accidental spills could affect 
traditional lands, culture, and practices by causing short to medium-term disruption to trail 
systems, waterways, landmarks and gathering areas or sites within or downstream of the spill 
area. Credible worst case and smaller spills could also result in mandated or voluntary 
interruption of subsistence trapping, hunting and gathering activities as a result of real or 
perceived changes in the quality of berries, medicinal plants, fish, and wildlife. A spill could also 
damage or affect use of spiritual and burial sites and sacred landscapes. Evidence from other 
spills demonstrates that Aboriginal peoples who depend on subsistence trapping, hunting and 
gathering activities will experience adverse effects if the resources that support their culture and 
lifestyle are affected (Palinkas et al. 1992, 1993; Gill et al. 2012). 

6.3.3.3 Local Infrastructure and Services 

In the event of a large spill, 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. For example, Medical Officers of Health for Vancouver and 
Fraser Valley received many inquiries following the Trans Mountain Pipeline Westridge delivery 
line release and Lower Mainland emergency responders expressed concern about demands 
that could be placed on them should a spill occur. Actual effects would depend on the size and 
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nature of a spill, the number of people potentially affected and the availability of proper 
equipment and trained personnel. The engagement and training activities described in 
Sections 4.5 and 4.7 will confirm roles, responsibilities and the availability of trained personnel, 
response equipment, and services along the proposed pipeline corridor. 

6.3.3.4 Psychological Effects 

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. 

Research has shown that in the event of an oil spill, affected communities and individuals may 
experience a number of psycho-social effects. As noted above, 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; Arata et al. 2000, Gill et al. 2012). 
Psychological effects would not be expected to extend throughout the entire community; for 
example, the estimated rate of generalized anxiety disorder was around 20per cent and post-
traumatic stress disorder was about 9.4per 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). Following the Trans Mountain pipeline Westridge heavy oil spill, 
250 residents left their homes for a short period as a precautionary measure (Transportation 
Safety Board of Canada 2007). Anecdotal evidence also suggests that there were increases in 
medical service use as a result of the Trans Mountain Sumas tank farm spill. 

Evidence from past incidents indicates that psychological effects would be most likely in the 
event of a large spill that reaches an HCA, such as a community, large waterbody, Indian 
Reserve or National Park (see Section 6.3.3) and that individuals and groups who would be at 
greatest risk of adverse effects include: 

· those involved in the clean-up efforts; 

· those who already have chronic physical or mental illness; 

· those whose jobs and livelihoods are directly affected by the spill, including 
family members; and 

· Aboriginal groups who participate in subsistence hunting and gathering and 
whose families rely on subsistence foods to support healthy diets. 
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7.0 HYPOTHETICAL PIPELINE SPILL SCENARIOS 
This section provides more in-depth assessments of pipeline credible worst case oil spill 
scenarios to supplement the qualitative evaluation of pipeline and facility spill effects provided in 
Section 6.0. The four representative scenarios described below all assume that accidental 
releases of CLWB (the representative crude oil described in Section 5.1), reach waterbodies, as 
this is considered to be the worst case for environmental effects. The general fate of oil in each 
scenario is described. A qualitative ERA then assesses potential effects for a variety of aquatic 
and terrestrial ecological receptors. 

Credible worst case scenario locations described in Section 7.1 were selected solely to provide 
worst case ecological consequences, independent of the hazard or threat of an incident at the 
selected locations. These scenario evaluations are used to illustrate the types of effects that 
might be observed as a result of a large spill, however unlikely. More importantly, information 
from the scenario evaluations will be important in planned undertakings to fully evaluate the 
existing ERPs and develop necessary amendments to further minimize the risk of environmental 
and socio-economic effects described here. 

7.1 Pipeline Release Reaching Waterbodies 
7.1.1 Release Scenarios 

No hypothetical scenario can represent all potential environmental and socio-economic 
outcomes, but scenario-based hydrocarbon spill evaluations can provide decision makers and 
resource managers with a clearer understanding of potential effects pathways, the range of 
potential outcomes, vulnerable resources, and spill preparedness and response priorities and 
capabilities. Although TMPL’s operating history and the risk assessment overview provided in 
Section 3.1 demonstrate that the probability of a large pipeline spill is low, Aboriginal groups and 
the public-at-large consulted about this Project were concerned about catastrophic spills - those 
that are least likely but of highest consequence. To address this concern, four worst case 
pipeline spill scenarios were identified, using CLWB as a representative crude oil (see 
Section 5.1). 

The Upper Athabasca, North Thompson, and Lower Fraser Rivers were identified as 
appropriate areas for credible worst case scenario evaluations because they: 

· reflect the range of waterbody and ecological conditions encountered by the 
pipeline corridor, when considered together; 

· provide conditions whereby large spill volumes could credibly enter a 
watercourse and be carried downriver for some distance; 

· include areas of expressed concern for spills by Aboriginal groups and the 
general public; and 

· support evaluation of potential effects to environmentally sensitive resources 
(e.g., salmon spawning grounds and shorebird feeding areas). 

Four specific locations were selected where the pipeline corridor was near each river and a 
large spill could be expected to reach the river via overland flow or smaller tributaries. Trans 
Mountain commissioned an independent outflow analysis based on preliminary valve spacing to 
quantify the oil volume that would be released in the event of an incident. Modeling assumed a 
full-bore rupture with hole on the bottom of the pipe, which provided worst-case outflows for the 
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purpose of the ERA; predicted outflows for the four locations were used. All outflow was 
assumed to reach the river and be available for transport downstream, except where noted in 
the scenario evaluations. Calculated volumes and other information on the pipeline spill 
scenario locations assumed for the ERA is summarized in Table 7.1.1. Subsequent Quantitative 
Risk Assessment full-bore volume rupture estimates show slightly different predicted release 
volumes. The ERA has not been modified to reflect this refinement as the ecological 
consequences described below are still valid. 

Lake scenarios were excluded as a credible worst case scenario because lake systems 
generally provide a low energy environment which will ultimately reduce oil transport and 
increase recovery potential; and substantial information is currently available on the effects of 
heavy oil spills into lakes (e.g., Wabamun Lake). Similarly, land scenarios were not specifically 
considered because past incidents demonstrate that their potential effects are generally more 
restricted in time and space than those from spills that reach flowing waterbodies (Qualitative 
Ecological Risk Assessment of Pipeline Spills Technical Report [TR 7-1]). 

TABLE 7.1.1 
 

PIPELINE SPILL SCENARIO LOCATIONS 

Pipeline 
Location 

(RK) 

Credible Worst Case 
Spill Volume 

 (m3)1 

Smaller Spill 
Volume  

(65% of Credible 
Worst Case) 

(m3) 

Notes 

309.0 2,700 1755 

Athabasca River Scenario Location: approximately 10 
km east of Hinton at a forest site approximately 200 m 
from the Athabasca River. 
Inland river system in Alberta: water supply, coldwater 
and coolwater fisheries and wildlife habitat for 
communities and Aboriginal groups.  

766.0 1,400 910 

North Thompson River Scenario Location: 
approximately 3 km north of Darfield at partially cleared 
lands approximately 100 m from the North Thompson 
River. 
Inland river system in BC: water supply, coldwater 
fisheries, and wildlife habitat for communities and 
Aboriginal groups. 

1,072.8 1,300 845 

Fraser River Near Hope Scenario Location: forested 
stream crossing site in west Chilliwack upstream from 
Trans-Canada Highway approximately 600 m from 
Vedder Canal, a Fraser River tributary. 
Coastal river system: water supply, coldwater fisheries, 
and wildlife habitat for communities, Aboriginal groups, 
recreation, and agriculture. 

1,167.5 1,250 812.5 

Fraser River and Delta Near Port Mann Bridge Scenario 
Location: approximately 500 m west of Port Mann 
Bridge at an industrial site on the south bank 
approximately 400 m from the Fraser River. 
Coastal river system and estuary: coldwater fisheries, 
shorebird habitat, and wildlife habitat for communities, 
Aboriginal groups, recreation, agriculture, and the 
commercial sector. 

Note: 1 Volume rounded to nearest 50 m3 
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7.1.1.1 Spill Scenario ERA Methods 

The pipeline spill ERA (Qualitative Ecological Risk Assessment of Pipeline Spills Technical 
Report [TR 7-1]) evaluates potential acute and chronic environmental effects to aquatic 
organisms and wildlife over the range of watercourses and flow conditions traversed by the 
Project. The qualitative ERA focuses on different groups of ecological receptors that might be 
exposed to spilled oil as a result of their habitats and life cycles as it is neither practical nor 
necessary to individually assess every receptor that may potentially be affected by a 
hypothetical spill (Table 7.1.1). ERA methods are described in detail in Qualitative Ecological 
Risk Assessment of Pipeline Spills Technical Report (TR 7-1). The key objectives of the ERA 
are to: 

· Make predictions about the fate and transport of hypothetical releases of 
diluted bitumen into representative freshwater environments along the 
proposed pipeline corridor under a range of flow conditions. 

· Assess the ecological effects that could result from hypothetical pipeline 
releases of diluted bitumen to the freshwater environments along the proposed 
pipeline corridor. 

· Assess long-term recovery of the freshwater environment after a hypothetical 
spill of diluted bitumen resulting from the Project. 

The environmental effects of a spill at the scenario locations described below are representative 
of the environmental effects that could result from a large oil spill at almost any location along 
the proposed pipeline corridor. In that context, the ecological receptors considered in the ERA 
are treated generically. They are not intended to be an exact representation of the species 
present at the hypothetical spill location; rather, they are representative of species that could be 
affected by an accidental oil spill affecting a watercourse or watercourses in Alberta or BC. 

7.1.1.1.1 Ecological Receptors 

The ecological receptors assessed in the ERA are shown in Table 7.1.2 and described in more 
detail below and in Qualitative Ecological Risk Assessment of Pipeline Spills Technical Report 
(TR 7-1). 

The pipeline spill ERA evaluated emergent and submerged aquatic vegetation as a community. 
While individual species will vary in their sensitivity to hydrocarbon exposure, community 
metrics such as biomass, species richness and species diversity are indicators of environmental 
effects and recovery. 

The aquatic invertebrate community provides many important links in aquatic and terrestrial 
food webs, as well as providing a substantial food resource for many fish, amphibian, and bird 
species. The ERA evaluated aquatic invertebrates as a community. While individual species will 
vary in their sensitivity to hydrocarbon exposure, community metrics such as biomass, species 
richness and species diversity are commonly used indicators of environmental effect and 
recovery. 

For the qualitative ERA, fish were evaluated as an assemblage, represented by a generic 
salmonid species. Salmonids are among the more sensitive species to hydrocarbon exposure, 
and critical portions of their life cycle occur in fresh water. They are also among the species of 
highest management and public concern in both Alberta and BC. 
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The ERA assumed that in-water amphibians may be present within the spill area as they spend 
all or some of their life cycle in or around freshwater streams and rivers. Amphibian eggs and 
larvae are the most sensitive life stages, and these life stages were evaluated (along with fish 
eggs, embryos, and larvae) because of a general lack of toxicological information on the effects 
of low-level hydrocarbon exposure on amphibian eggs, embryos and adults. 

The soil invertebrate community provides many important links in the terrestrial food web, 
particularly the processing of detritus, as well as providing a substantial food resource for many 
amphibians, reptiles, mammals and birds. Soil invertebrates were treated as a community for 
the ERA. While individual species will vary in their sensitivity to hydrocarbon exposure, 
community metrics such as biomass, species richness and species diversity are indicators of 
environmental effects and recovery. 

TABLE 7.1.2 
 

ECOLOGICAL RECEPTORS ASSESSED IN THE ERA 

Aquatic Biota Terrestrial Biota 

Aquatic Vegetation 
Aquatic Invertebrates 
Fish and Fish Eggs and Larvae 
In-water Amphibians 

Soil Invertebrates 
Shoreline Vegetation 
Reptiles and Air-breathing Amphibians 
Birds 
Mammals 

 

Along most river reaches, shoreline vegetation consists of a mixture of forest trees, shrubs and 
sedges, with potential for emergent, floating or submerged aquatic plants including both 
vascular and non-vascular plants and fungi in the riparian and aquatic environments. Locally, 
however, agricultural or urbanized land may extend to the river edge. Depending upon the 
particular river and reach, the riparian zone may be narrow and confined by steep valley walls, 
or may represent an extensive zone of high biological richness and diversity, inundated 
seasonally or, less frequently, by high river flows. Shoreline and riparian vegetation was treated 
as a community for the ERA. 

Reptiles such as turtles and snakes and amphibians such as toads are likely present in the 
rivers and streams or in nearby terrestrial habitat along portions of the pipeline route. The most 
likely interaction in the event of a spill would be with the Western painted turtle in riparian habitat 
or backwater ponds of portions of the Thompson and lower Fraser River drainages. This 
species was selected as the ERA indicator for reptiles and air-breathing amphibians. 

A wide range of bird species inhabit the pipeline corridor, including a number of songbirds, 
raptor species, waterfowl, and waterbirds. The ERA evaluated individual species as indicators of 
effects on birds generally. Indicator species, selected for their tendency to occupy habitat and 
use resources associated with rivers and streams, were: 

· bald eagle; 

· Canada goose; 

· great blue heron; 

· mallard; 
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· spotted sandpiper; and 

· tree swallow. 

Much of the proposed pipeline corridor is surrounded by forested land that supports a wide 
range of mammal species. The ERA evaluated individual species as indicators of effects on 
mammals generally. Indicator species selected for their tendency to occupy habitat and use 
resources associated with rivers and streams were: 

· grizzly bear; 

· moose; 

· muskrat; and 

· river otter. 

7.1.1.1.2 Exposure Pathways 

An exposure pathway describes the movement of a COPC from a source to an eventual point of 
contact or intake (exposure) by an ecological receptor. Table 7.1.3 provides a summary of 
potential exposure pathways for the Project resulting from hypothetical pipeline spills of diluted 
bitumen into the freshwater environment. 
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TABLE 7.1.3 
 

POTENTIAL EXPOSURE PATHWAYS RESULTING FROM HYPOTHETICAL PIPELINE SPILLS INTO THE FRESHWATER 
ENVIRONMENT 

Source Exposure Pathways Exposure Pathways 
Carried Forward? Justification 

Oiled upland soils and 
vegetation 

· Direct contact 
· Ingestion 
· Inhalation of vapours 

No The area of upland soil affected by overland flow is expected to be 
very small and isolated in comparison with the area of aquatic and 
riparian habitat that is potentially affected. Further, the ERA assumed 
upland soil will be remediated to Provincial Standards that are 
protective of all exposure pathways and receptors. Therefore, there will 
be no residual effects on receptors and this exposure pathway is not 
carried forward in the ERA. 

Oiled shoreline or riparian 
soils and vegetation 

· Direct contact 
· Ingestion 
· Inhalation of vapours 

Yes ERA expects shorelines will become oiled if downstream transport of 
oil slicks results in shoreline stranding. Such stranding becomes more 
likely to occur and to account for more oil mass if a spill occurs during 
a high flow event and receding flows allow oil to become trapped over 
a broad riparian zone. Ecological receptors may directly contact or 
ingest oiled soils. 
Although ecological receptors may inhale hydrocarbon vapours, 
dilution in the outdoor air is expected to result in negligible effects; 
therefore, the vapour inhalation pathway will not be carried forward in 
the ERA. 

Accumulation of 
hydrocarbon COPCs by 
terrestrial plants, soil 
invertebrates, reptiles, air-
breathing amphibians, 
mammals and birds 

· Ingestion of shoreline 
plants 

· Ingestion of terrestrial 
invertebrates 

· Ingestion of reptiles/air-
breathing amphibians 

· Ingestion of bird/mammal 
prey 

Yes Following shoreline oiling, soil invertebrates, reptiles, air-breathing 
amphibians, mammals and birds may accumulate hydrocarbon 
COPCs as a result of ingesting contaminated plant, invertebrate or 
animal foods.  
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TABLE 7.1.3 
 

POTENTIAL EXPOSURE PATHWAYS RESULTING FROM HYPOTHETICAL PIPELINE SPILLS INTO THE FRESHWATER 
ENVIRONMENT (continued) 

Source Exposure Pathways Exposure Pathways 
Carried Forward? Justification 

River water · Direct contact 
· Ingestion 
· Inhalation of vapours 

Yes River water will become contaminated with floating, dispersed, 
overwashed or dissolved hydrocarbon COPCs if spilled oil enters the 
aquatic environment. Ecological receptors may come into direct 
contact with or be exposed to oil or oily water, or may ingest 
contaminated water. 
Although ecological receptors may inhale hydrocarbon vapours at the 
water surface, dilution in the outdoor air is expected to result in 
negligible effects; therefore, the vapour inhalation pathway will not be 
carried forward in the ERA. 

River sediment · Direct contact 
· Ingestion 
· Direct contact with pore 

water 

Yes Some river sediments may become contaminated by trapping droplets 
or globules of dispersed or overwashed oil, by adsorbing dissolved oil, 
or if oil becomes mixed with denser materials such as sand, gravel or 
suspended sediment, resulting in the physical submergence of oil. 
Ecological receptors may come into direct contact with oil in sediment, 
or may ingest contaminated sediments. In addition, ecological 
receptors such as fish eggs and embryos or benthic invertebrates may 
be exposed to sediment pore water that contains dissolved 
hydrocarbon COPCs. 

Accumulation of 
hydrocarbon COPCs by 
aquatic plants, aquatic 
invertebrates, in-water 
amphibians, fish, mammals 
and birds 

· Ingestion of aquatic plants 
· Ingestion of benthic 

invertebrates 
· Ingestion of in-water 

amphibians 
· Ingestion of fish 

Yes Following release of oil to a river, aquatic invertebrates, in-water 
amphibians, fish, mammals and birds may accumulate hydrocarbon 
COPCs as a result of ingesting contaminated plant, invertebrate or 
animal foods.  
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Acute (short-term) effects of oil spills are evaluated assuming the conservative assumption of no 
mitigation. While evidence from past spills demonstrates that effective oil spill response efforts 
like those described in Section 4.0 can be implemented, this conservative assumption reflects 
the fact that spills could occur at remote locations, and that negative environmental effects could 
occur within 24 hours of a large oil spill occurring. Chronic effects of oil spills are evaluated 
assuming that SCAT and other remedial measures would be applied in the days and weeks 
following a spill, and until additional efforts would cause more harm than good, based on net 
environmental benefit analysis. The ERA also assumes that remedial efforts remove most 
visible oil from shorelines and riparian zone soils, although a residual hydrocarbon loading on 
soils of up to 1 kg/m2 might be expected. The chronic assessments also assume that 
submerged oil, if any, is not recovered from the riverbed. 

Qualitative ERA conclusions are expressed in terms of the spatial extent of effects and time to 
recovery of the environmental effects for each ecological receptor (considering the beneficial 
effects of potential mitigation such as oil spill recovery and restoration efforts). Qualitative 
magnitude (or degree of injury) ratings were based on the following definitions: 

· negligible: a change from existing conditions that is difficult to detect; or a very 
low probability that an ecological receptor will be exposed to spilled oil; 

· low: a change that is detectable, but that remains well within regulatory 
standards; or a situation where an ecological receptor is exposed to spilled oil, 
but the exposure does not result in serious stress to the receptor; 

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

· high: a change from existing conditions that exceeds an environmental or 
regulatory standard; or a situation where a species of management concern 
dies as a result of exposure to spilled oil. 

7.1.2 Scenario 1: Athabasca River near Hinton, Alberta, RK 309.0 

The hypothetical full bore rupture spill scenario involves a release of 2,700 m3 of CLWB at 
RK 309.0. The spilled oil would flow overland a short distance before entering Trail Creek, a 
tributary to the Athabasca River. Trail Creek is a first-order (headwater) watercourse that does 
not provide fish habitat in its upper reaches, but likely does support fish in its lower reaches prior 
to entering the Athabasca River. Wetted width of the Athabasca River at this location is 100 to 
300 m, with gentle meander and cobble-gravel banks and bed. Flows are strongly seasonal, 
ranging from approximately 500 m3/s in June (during freshet), to 32.5 m3/s at low flow in March. 

This spill scenario was evaluated with reference to four case studies described in the Qualitative 
Ecological Risk Assessment of Pipeline Spills Technical Report (TR 7-1): the Kalamazoo River 
spill, since that oil spill involved a similar form of diluted bitumen; the Yellowstone River oil spill, 
as that river has similar gradients to the Athabasca River near Hinton; the modeling conducted 
by the Enbridge Northern Gateway Project for the Athabasca River near Whitecourt, Alberta, as 
this was a nearby reach of the Athabasca River, with very similar characteristics; and the 
modeling conducted by the Enbridge Northern Gateway Project for the Morice River, as that 
river also has similar overall gradients to the Athabasca River. 
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The ERA scenario evaluation did not consider the probability of occurrence of the spill nor the 
various design, engineering, maintenance, inspection and other preventative programs that 
Trans Mountain will have in place to reduce the likelihood of spills occurring, the details of which 
can be found in Section 2.0. Rather, this evaluation assessment was performed based on the 
premise that the spill had occurred despite these preventative programs. In addition, the 
evaluation did not consider the full application of emergency response approaches and spill 
response resources described in Section 4.0, a conservative, and unrealistic, assumption based 
on evidence from past spills. 

Three environmental conditions were considered for this spill scenario: 

· Winter conditions between December and March, with ice cover on the river 
and snow cover on the land. Air temperatures were assumed to be below the 
freezing mark, and the river flow in the low range (50 m3/s or less). 

· Summer conditions between June and August, with air temperatures in the 
warm range (15 to 25ºC). The river was assumed to be in freshet, with flow 
greater than 500 m3/s. 

· Spring or fall conditions between April and June or September and November. 
The river flow was assumed to be in a moderate range, at around 200 m3/s, 
and the air temperatures cool, between 0 and 15ºC. 

The following summary of oil spill fate and effects for these three conditions is based on 
Qualitative Ecological Risk Assessment of Pipeline Spills Technical Report (TR 7-1). 

7.1.2.1 Winter Conditions 

7.1.2.1.1 Assumed Fate 

Under winter conditions, overland flow of the oil is slowed, and some of the oil is absorbed into 
the snowpack in the Trail Creek gully bottom. Following local terrain, oil would reach Trail 
Creek, and then follow the thalweg of the tributary down to the Athabasca River. Water flow in 
Trail Creek is negligible because of its small size during winter conditions. The low temperatures 
also help to limit the flow of CLWB as its viscosity increases as it cools. Although the gully 
bottom containing Trail Creek is heavily oiled, only a small amount of the CLWB is assumed to 
reach the Athabasca River. This spreads out on the ice, but the density of the oil is less than 
that of water and the increased viscosity minimizes volumes that would penetrate cracks in the 
ice, and down-river transport of the CLWB is negligible. Under these circumstances, the 
environmental effects of spilled oil may be minimized because most of the oil is recoverable. 

7.1.2.1.2 Potential Effects 

Table 7.1.4 summarizes the likely spatial extent, magnitude, duration, and reversibility of 
environmental effects on each ecological receptor group for the Athabasca River spill scenario 
during winter. During the winter season, most migratory birds would be at their wintering 
grounds, so acute effects on raptors, waterfowl, wading and shorebirds would be limited. Some 
mammals such as bears would be hibernating, although others such as moose, muskrat and 
river otter remain active year-round. Because of the limited spatial extent of physical oiling, 
effects on these wildlife receptors would likely be limited to a few individuals, rather than larger 
numbers that would affect the viability of regional populations. Effects on fish and fish habitat, as 
well as benthic invertebrates and aquatic vegetation, would likewise be limited in spatial extent. 
However, oil spill recovery effects on the overland flow path and affected areas of the unnamed 
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tributary would be substantial, likely requiring extensive excavation causing destruction of 
affected habitat, followed by reconstruction and restoration of habitat. Depending upon the 
receptor group affected, this process of restoration and recovery could take anywhere from 
18 months to 5 years. 

Oil spill recovery efforts would still result in environmental effects along the overland flow path, 
and in Trail Creek, but effects on the Athabasca River would be reduced or avoided. Many of 
the relevant ecological receptors would be dormant (e.g., plants, amphibians, reptiles, and 
mammals that hibernate) or absent (e.g., migratory birds). The spatial extent of oil spill effects 
would therefore be limited to the overland flow path and the lower portion of Trail Creek, on the 
order of several hundred metres, where primary environmental effects would be associated with 
oil spill recovery efforts. Recovery of the terrestrial environment and Trail Creek would take 
approximately 18 months to 5 years, assuming that the spill occurs in January, and physical 
works associated with oil spill recovery are ongoing through until the late summer 

. 
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TABLE 7.1.4 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING WINTER TO THE ATHABASCA RIVER NEAR HINTON, ALBERTA 

Athabasca River, Winter 
Season 

LIKELY OIL SPILL EFFECTS 
Spatial Extent of Effects Effect Magnitude Time to Recovery 

Aquatic Receptors 
Aquatic Vegetation Aquatic vegetation is not contacted by spilled oil. Low. Aquatic vegetation is not actively growing at the time of the spill, and 

ice cover prevents contact between the spilled oil and aquatic vegetation. 
However, oil spill recovery activities result in the physical destruction, and 
then reconstruction of aquatic habitat in Trail Creek. 

Spilled CLWB is prevented from entering, or is recovered from the frozen river 
surface, without materially affecting aquatic vegetation. 

Aquatic Invertebrates Aquatic invertebrates are present in the substrates of Trail Creek and the 
river. Effects on the benthic community of the tributary are substantial, 
affecting the entire tributary as a result of oil spill recovery activities. 
Effects on the benthic community of the river are Low, because most of the 
spilled oil is recovered. 

High although localized in Trail Creek. However, oil spill recovery activities 
result in the physical destruction, and then reconstruction of aquatic habitat 
in Trail Creek. Low in the Athabasca River. 

Trail Creek is heavily disturbed by clean-up activities in the first year following the oil 
spill. Recovery of the benthic invertebrate community begins about 18 months after 
the spill, and is effectively complete after 30 months. Recovery of the benthic 
community in the Athabasca River is complete within 6 months of the spill.  

Fish and Fish Eggs Few fish are present in the tributary, because of winter low flow conditions. 
Fish are present in the river, and salmonid eggs may be present in pockets 
of suitable habitat in the river bed downstream from the oil spill location. 
However, effects on fish and fish eggs are Low, because most of the 
spilled oil is recovered.  

Low, because the fish habitat present in Trail Creek is minimal during the 
winter because of low flow conditions, and very little oil contacts the river 
water. However, oil spill recovery activities result in the physical 
destruction, and then reconstruction of aquatic habitat in Trail Creek.  

Trail Creek is heavily disturbed by clean-up activities in the first year following the oil 
spill. Recovery of fish habitat begins about 18 months after the spill, and is effectively 
complete after 30 months. Recovery of fish habitat in the Athabasca River is 
complete within 6 months of the spill. 

In-water Amphibians Juvenile amphibians are not present in the winter season. Adult 
amphibians may be overwintering in the sediments of Trail Creek, which is 
wholly affected, or in low energy areas of the Athabasca River, which is 
minimally affected. 

Low, because overwintering amphibians will be buried in stream 
sediments, and are unlikely to be directly contacted by the spilled oil. 
However, oil spill recovery activities result in the physical destruction, and 
then reconstruction of aquatic habitat in Trail Creek. 

Trail Creek is heavily disturbed by clean-up activities in the first year following the oil 
spill. Recovery of amphibian habitat begins about 18 months after the spill, and is 
effectively complete after 30 months. Recovery of amphibian habitat in the 
Athabasca River is complete within 6 months of the spill. 

Terrestrial Receptors 
Shoreline and Riparian 
Vegetation 

Shoreline and riparian vegetation is oiled along the overland flow path to 
Trail Creek, and along the creek to the Athabasca River, but annual plants 
are not present except as seeds, and perennial plants, shrubs and trees 
are in a dormant state. Little if any shoreline habitat of the Athabasca River 
is affected. 

Low, because the plants are in a dormant state at the time of the spill. 
However, oil spill recovery activities result in the physical destruction, and 
then reconstruction of terrestrial habitat near Trail Creek. 

The overland flow path and areas around Trail Creek are heavily disturbed by clean-
up activities in the first year following the oil spill. Recovery of terrestrial habitat 
begins about 18 months after the spill, and is effectively complete after about 5 
years.  

Soil Invertebrates Soils are oiled along the overland flow path to Trail Creek, and along the 
creek to the Athabasca River, but soil invertebrates are in a dormant state. 
Little if any shoreline habitat of the Athabasca River is affected. 

Low, because the soil invertebrates are in a dormant state at the time of 
the spill. However, oil spill recovery activities result in the physical 
destruction, and then reconstruction of terrestrial habitat near Trail Creek. 

The overland flow path and areas around Trail Creek are heavily disturbed by clean-
up activities in the first year following the oil spill. Recovery of terrestrial habitat 
begins about 18 months after the spill, and is effectively complete after about 5 
years.  

Mammals 
Grizzly Bear Not likely to be directly affected as they hibernate during winter.  Low, because the probability of a grizzly bear den being located within the 

overland flow path or proximal to Trail Creek is small. However, 
disturbance caused by oil spill recovery activities could cause an alteration 
of habitat use during the spring, summer and fall. 

The overland flow path and areas around Trail Creek are heavily disturbed by clean-
up activities in the first year following the oil spill. Recovery of terrestrial habitat 
begins about 18 months after the spill, and is effectively complete after about 5 
years.  

Moose Potentially affected but localized, as Trail Creek could provide sheltering 
habitat during cold periods. Moose tend to be solitary, so effects of 
external oiling on more than a few individual animals are unlikely. 

Low, because moose have a large home range and oil spill recovery 
activity would quickly cause them to leave the area. However, disturbance 
caused by oil spill recovery activities could cause an alteration of habitat 
use during the spring, summer and fall. 

The overland flow path and areas around Trail Creek are heavily disturbed by clean-
up activities in the first year following the oil spill. Recovery of terrestrial habitat 
begins about 18 months after the spill, and is effectively complete after about 5 
years.  

Muskrat Potentially affected but localized, as the lower reaches of Trail Creek could 
provide suitable habitat, and muskrat remain active through the winter. 
However, effects on more than a few individual animals are unlikely. 

Localized effects on muskrat could be High, up to and including mortality 
of individuals inhabiting Trail Creek. Disturbance caused by oil spill 
recovery activities would also eliminate their habitat.  

The overland flow path and areas around Trail Creek are heavily disturbed by clean-
up activities in the first year following the oil spill. Recovery of terrestrial and aquatic 
habitat begins about 18 months after the spill, and is effectively complete after about 
5 years.  

River Otter Potentially affected but localized, as otters remain active through the 
winter. Most otter habitat would be present around openings in the river 
ice, where access to fish is present. Effects on more than a few individual 
animals are unlikely. 

Localized effects on river otter could be High, up to and including mortality 
of individuals if they occupy a den near Trail Creek or its confluence with 
the Athabasca River. Disturbance caused by oil spill recovery activities 
would also eliminate their habitat.  

The overland flow path and areas around Trail Creek are heavily disturbed by clean-
up activities in the first year following the oil spill. Recovery of terrestrial and aquatic 
habitat begins about 18 months after the spill, and is effectively complete after about 
5 years.  
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TABLE 7.1.4 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING WINTER TO THE ATHABASCA RIVER NEAR HINTON, ALBERTA (continued) 

Athabasca River, Winter 
Season 

LIKELY OIL SPILL EFFECTS 
Spatial Extent of Effects Effect Magnitude Time to Recovery 

Birds 
Bald Eagle Not likely to be affected as the winter range is generally south of the 

pipeline right of way in Alberta. 
Low, because of lack of exposure. One to two years, if clean-up activities result in temporary avoidance of habitat use 

as a result of disturbance. 
Canada Goose Not likely to be affected as the winter range is generally south of the 

pipeline right of way in Alberta. 
Low, because of lack of exposure. One to two years, if clean-up activities result in temporary avoidance of habitat use 

as a result of disturbance. 
Great Blue Heron Not likely to be affected as the winter range is generally south of the 

pipeline right of way in Alberta. 
Low, because of lack of exposure. One to two years, if clean-up activities result in temporary avoidance of habitat use 

as a result of disturbance. 
Mallard  Not likely to be affected as the winter range is generally south of the 

pipeline right of way in Alberta. 
Low, because of lack of exposure. One to two years, if clean-up activities result in temporary avoidance of habitat use 

as a result of disturbance. 
Spotted Sandpiper Not likely to be affected as the winter range is generally south of the 

pipeline right of way in Alberta. 
Low, because of lack of exposure. One to two years, if clean-up activities result in temporary avoidance of habitat use 

as a result of disturbance. 
Tree Swallow Not likely to be affected as the winter range is generally south of the 

pipeline right of way in Alberta. 
Low, because of lack of exposure. One to two years, if clean-up activities result in temporary avoidance of habitat use 

as a result of disturbance. 
Reptiles and air-breathing 
Amphibians 

Western painted turtle range is not likely to extend to the Athabasca River. 
Adult amphibians could potentially be overwintering in the sediments of 
Trail Creek, which is wholly affected, or in quiescent areas of the 
Athabasca River, which is minimally affected. 

Low, because overwintering amphibians will be buried in stream 
sediments, and are unlikely to be directly contacted by the spilled oil. 
However, disturbance caused by oil spill recovery activities would also 
eliminate their habitat. 

Trail Creek is heavily disturbed by clean-up activities in the first year following the oil 
spill. Recovery of amphibian habitat begins about 18 months after the spill, and is 
effectively complete after about five years. Recovery of habitat in the Athabasca 
River is complete within 6 months. 
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7.1.2.2 Summer Conditions 

7.1.2.2.1 Assumed Fate 

Under summer conditions, the spilled CLWB flows overland to the Trail Creek gully, resulting in 
oiled ground-level vegetation, some adsorption of oil on vegetation and the soil litter layer, and 
some penetration to soil. Most of the spilled CLWB, however, enters Trail Creek and flows 
rapidly towards the Athabasca River. The short-term loading of oil to Trail Creek is large 
(approximately 2,500 m3 over several hours), in comparison with the water flow rate (<0.1 m3/s), 
and so the aquatic habitat in the tributary is severely affected, and oil overflows the banks of the 
tributary causing oiling of the riparian habitat. About half of the spilled oil reaches the Athabasca 
River, which is at or near flood stage, entering on the south shoreline, and is advected 
downstream by the quickly moving water. Because the oil is unweathered and has low viscosity 
and density less than that of the water, it spreads across the water surface and is susceptible to 
entrainment in the water column because of turbulent flow conditions. Floating oil is trapped 
along shorelines, particularly where river flow is above the banks and vegetation is flooded. 
Unweathered oil that is entrained into the water column in the early stages enhances the 
dissolution of BTEX and other light-end hydrocarbons into the water column. Over time, much of 
the entrained oil re-surfaces, although some has to potential to interact with suspended 
sediment to become neutrally buoyant or denser than the water, resulting in submergence. 

As the oil is transported downstream and weathers, it becomes more viscous and dense. 
Interactions between floating oil and shoreline sediments result in adhesion of sand and small 
gravel particles to oil globules, and some of this oil becomes submerged in low-energy areas 
such as eddy zones behind islands and in backwaters. Although the water of the Athabasca 
River is somewhat turbid, the suspended sediment load is not particularly high and the water 
has no appreciable salinity; thus OMA formation is not a dominant factor in the fate of the spilled 
oil. Most of the spilled and stranded oil has weathered, largely because of evaporation along the 
shoreline and in riparian zones within 35 to 50 km of the spill location. A small amount of oil is 
advected farther downstream as dissolved and entrained oil droplets, or as OMA that moves 
with bedload until being deposited in quiescent areas, potentially up to 100 km downstream. 

7.1.2.2.2 Potential Effects 

Table 7.1.5 provides an evaluation of the likely spatial extent, magnitude, duration, and 
reversibility of environmental effects on each ecological receptor group for the Athabasca River 
spill scenario during summer. Effect magnitude on the overland flow path and riparian areas of 
Trail Creek is high but localized, and is addressed by physical remediation and reseeding of 
affected areas. Effects on aquatic receptors, including vegetation, invertebrates, fish and 
amphibians, are high but localized in Trail Creek, and generally moderate to low in the 
Athabasca River. Medium-magnitude effects are observed within the first 10 km downstream 
from Trail Creek, and low magnitude effects are observed between 10 and 35 to 50 km 
downstream. Most oil becomes stranded along shorelines and in riparian areas where 
vegetation is oiled. Effects on shoreline and riparian vegetation and soil invertebrates are high 
on the overland flow path and along Trail Creek, but medium to low along the Athabasca River 
because of the patchy distribution of the oil. Whereas the overland flow path and Trail Creek are 
subject to intensive oil spill clean-up which is initially destructive to habitat, riparian areas along 
the Athabasca River are likely to be remediated with less intrusive methods and a greater 
emphasis on natural attenuation of spilled oil residues at low levels. Environmental effects on 
mammal populations are greatest for truly semi-aquatic species such as muskrat, beaver, otter 
and mink, for which it is assumed that mortality could occur throughout a river reach of up to 
50 km. For mammals that are larger or that are less adapted to the aquatic environment, such 
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as bears and moose, effects are expected to be moderate, and may arise from disturbance of 
habitat, as well as from oiling of fur or ingestion of oil. For birds, guilds such as ducks and geese 
are considered to be most exposed to spilled oil, and effects on these species could be high 
(including mortality) to moderate, including reproductive effects caused by transfer of oil to eggs, 
with resulting egg mortality, or effects on habitat quality caused by disturbance arising from oil 
spill response efforts. Other species, such as raptors, wading birds, shorebirds, and swallows 
could experience moderate effect magnitudes, reflecting both oil exposure and disturbance of 
habitat following the oil spill. Recovery times for spills in the summer could be as short as 
12 months for some receptors, or up to five years where effects occur at the population level. 
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TABLE 7.1.5 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING SUMMER TO THE ATHABASCA RIVER NEAR HINTON, ALBERTA 

Athabasca River, 
Summer Season 

LIKELY OIL SPILL EFFECTS 
Spatial Extent Magnitude Time to Recovery 

Aquatic Receptors 
Aquatic Vegetation Submerged, floating and emergent aquatic vegetation in Trail Creek is likely 

to be killed by the flow of oil at the time of the spill, or by oil spill recovery 
efforts following the spill. Very little aquatic vegetation is present in the 
Athabasca River because of the high summer flows and cobble-gravel nature 
of most of the river bed. Effects are therefore likely to be limited to Trail 
Creek. 

High in Trail Creek, as a result of clean-up activities which would result in the 
physical destruction, and then reconstruction of aquatic habitat. Low in the 
Athabasca River, because of the scarcity of aquatic vegetation generally. 

Trail Creek is heavily disturbed by clean-up activities in the first year following 
the oil spill. Recovery of the aquatic plant community begins about 12 months 
after the spill, and is effectively complete after 5 years. Recovery of the 
aquatic plant community in the Athabasca River is complete within one year 
of the spill. 

Aquatic Invertebrates Aquatic invertebrates are present in the substrates of Trail Creek and the 
river. Effects on the benthic community of the creek are substantial, affecting 
the entire creek as a result of oil spill recovery activities. Effects on the 
benthic community of the river range from moderate, as more sensitive 
species are killed by direct contact with oil droplets or by dissolved 
hydrocarbon concentrations near the confluence with the tributary, to Low, in 
downstream areas. 

High in Trail Creek, with direct effects of oiling and hydrocarbon exposure as 
well as oil spill recovery activities resulting in the physical destruction, and 
then reconstruction of aquatic habitat in the creek. 
Medium to Low in the Athabasca River, depending upon exposure to 
dissolved hydrocarbons and oil droplets in the water column. Effects on the 
benthic community would be patchy, reflecting the hydrology of the river. 
Areas of oil accumulation in sediment would be most affected. 

Trail Creek is heavily disturbed by clean-up activities in the first year following 
the oil spill. Recovery of the benthic invertebrate community begins about 12 
months after the spill, and is effectively complete after 2 years. Recovery of 
the benthic community in the river is largely complete within 12 months of the 
spill, although isolated areas such as eddies and backwaters, where silty 
sediments potentially trap sunken oil, would take longer to recover fully.  

Fish and Fish Eggs The lower reaches of Trail Creek may provide rearing habitat for various fish 
species, and such fish would likely be killed as a result of high dissolved 
hydrocarbon concentrations at the time of the spill. 
Turbulent flow in the Athabasca River further enhances dispersion and 
dissolution of hydrocarbons in the reaches below the confluence, so that fish 
mortality is likely within 10 km of the spill location, but unlikely with increasing 
distance. 

High in Trail Creek, because of the confined nature of the habitat and the lack 
of dilution water, as well as the physical effects of oil spill clean-up on fish 
habitat in the tributary. Medium in the first 10 km of the river, and Low in more 
distant reaches, because of the rapid weathering of oil. The high summer 
flow of the river also provides abundant dilution water, which limits the 
dissolved concentrations.  

Trail Creek is heavily disturbed by clean-up activities in the first year following 
the oil spill. Recovery of fish habitat begins about 12 months after the spill, 
and is effectively complete after 2 years. Recovery of fish habitat in the 
Athabasca River is complete within 12 months of the spill. 

In-water Amphibians Both adult and juvenile amphibians are likely present in Trail Creek during the 
summer season, and could be killed. Adult amphibians in shoreline habitat as 
well as in quiescent areas of the Athabasca River could be killed if contacted 
by oil, or by exposure to dissolved hydrocarbons at high enough 
concentration, likely within the first 10 km, but potentially up to 35 to 50 km 
downstream.  

High in Trail Creek, which likely provides good breeding and rearing habitat 
for amphibians. High in shoreline habitat of the Athabasca River within 10 km 
of the spill site, and Medium in areas up to 35 to 50 km downstream, because 
of the more patchy spatial distribution of stranded oil, and decreased 
dissolved hydrocarbon concentrations. 

Trail Creek is heavily disturbed by clean-up activities in the first year following 
the oil spill. Recovery of amphibian habitat begins about 12 months after the 
spill, and is effectively complete after 2 years. Recovery of amphibian habitat 
in the Athabasca River is complete within 12 months of the spill. 

Terrestrial Receptors 
Shoreline and Riparian 
Vegetation 

Shoreline and riparian vegetation is oiled along the overland flow path to Trail 
Creek, and along the creek to the Athabasca River. Actively growing annual 
and perennial ground level vegetation is killed, but shrubs and trees are not. 
Similar effects are observed in the riparian areas of the Athabasca River, 
where high river flows cause flooding and terrestrial vegetation is contacted 
by oil. 

High on the overland flow path and in Trail Creek, as a result of direct effects 
of oil on vegetation, and as a result of oil spill recovery efforts which result in 
physical destruction of habitat. Medium to Low in the riparian areas of the 
Athabasca River, because of the patchy distribution of oil, and with increasing 
distance from the spill site. In these areas, most oil spill recovery efforts have 
Low magnitude effect on habitat quality because of efforts to avoid physical 
damage to habitat, and to allow natural attenuation after recovery of visible 
oil.  

The overland flow path and areas around Trail Creek are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial 
habitat begins about 12 months after the spill, and is effectively complete 
after about 5 years. Natural attenuation in the riparian areas of the Athabasca 
River requires about two years, once visible oil has been recovered.  

Soil Invertebrates Soils are oiled along the overland flow path to Trail Creek, and along the 
creek to the river. Oiling and oil spill recovery efforts result in the destruction 
of the soil invertebrate community in these areas. Effects on soil 
invertebrates are lower in riparian zones of the Athabasca River, in part 
because of the patchy nature of deposition. The heaviest oiling is noted in the 
first 10 km downstream from the spill location, but some oiling of riparian 
areas is observed as far as 35 to 50 km downstream. 

High on the overland flow path and in Trail Creek, as a result of direct effects 
of oil on soil invertebrates, and as a result of oil spill recovery efforts which 
result in physical destruction of habitat. Medium to Low in the riparian areas 
of the Athabasca River, because of the patchy distribution of oil, and with 
increasing distance from the spill site. In these areas, most oil spill recovery 
efforts have Low magnitude effect on habitat quality because of efforts to 
avoid physical damage to habitat, and to allow natural attenuation after 
recovery of visible oil.  

The overland flow path and areas around Trail Creek are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial 
habitat begins about 12 months after the spill, and is effectively complete 
after about 5 years. Natural attenuation in the riparian areas of the Athabasca 
River requires about two years, once visible oil has been recovered.  

Mammals 
Grizzly Bear Oiling of individual bears could occur if they forage within Trail Creek, or 

along the shoreline of the Athabasca River up to 35 to 50 km downstream 
from the spill location in the days and weeks following the spill.  

Medium. Partial oiling of the fur of a grizzly bear during summer is not likely 
to result in a breakdown of thermoregulation. Ingestion of slightly to highly 
weathered oil following grooming activity may cause temporary irritation of 
the digestive system, but is not likely to cause death.  

The overland flow path and areas around Trail Creek are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial 
habitat begins about 12 months after the spill, and is effectively complete 
after about 5 years. Oil spill response activities could have the beneficial side 
effect of “hazing” affected areas, temporarily reducing utilization of this 
habitat by bears.  
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TABLE 7.1.5 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING SUMMER TO THE ATHABASCA RIVER NEAR HINTON, ALBERTA (continued) 

Athabasca River, 
Summer Season 

LIKELY OIL SPILL EFFECTS 
Spatial Extent Magnitude Time to Recovery 

Moose Oiling of individual moose could occur if they forage within Trail Creek, or 
along the shoreline of the Athabasca River up to 35 to 50 km downstream 
from the spill location in the days and weeks following the spill.  

Medium. Partial oiling of the fur of a moose during summer is not likely to 
result in a breakdown of thermoregulation. Ingestion of slightly to highly 
weathered oil with vegetation or as a result of grooming activity may cause 
temporary irritation of the digestive system, but is not likely to cause death.  

The overland flow path and areas around Trail Creek are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial 
habitat begins about 12 months after the spill, and is effectively complete 
after about 5 years. Oil spill response activities could have the beneficial side 
effect of “hazing” affected areas, temporarily reducing utilization of this 
habitat by moose.  

Muskrat Any muskrat present in Trail Creek are likely to be killed by direct contact with 
spilled oil, or inhalation of vapours at the water surface. Muskrat present in 
the Athabasca River are also likely to become oiled and die throughout the 
affected reach of 35 to 50 km.  

Effects on muskrat would be High, including mortality of individuals inhabiting 
Trail Creek and up to 35 to 50 km downstream in the river. Disturbance 
caused by oil spill recovery activities would also eliminate their habitat in Trail 
Creek.  

Areas around Trail Creek are heavily disturbed by clean-up activities in the 
first year following the oil spill. Recovery of terrestrial and aquatic habitat 
begins about 12 months after the spill, and is effectively complete after about 
5 years. Muskrat populations recover as a result of re-colonization of affected 
areas from adjacent unaffected areas, likely within 5 years.  

River Otter Any otters present in Trail Creek are likely to be killed by direct contact with 
spilled oil, or inhalation of vapours at the water surface. Otters present in the 
Athabasca River are also likely to become oiled and die throughout the 
affected reach of 35 to 50 km.  

Effects on otter would be High, including mortality of individuals inhabiting 
Trail Creek and up to 35 to 50 km downstream in the river. Disturbance 
caused by oil spill recovery activities would also eliminate their habitat in Trail 
Creek.  

Areas around Trail Creek are heavily disturbed by clean-up activities in the 
first year following the oil spill. Recovery of terrestrial and aquatic habitat 
begins about 12 months after the spill, and is effectively complete after about 
5 years. Otter populations recover as a result of re-colonization of affected 
areas from adjacent unaffected areas, likely within 5 to 10 years.  

Birds 
Bald Eagle Bald eagle would be present during summer, and would likely contact spilled 

oil while taking fish at the water surface, or as a result of feeding on fish killed 
by the oil spill. These birds would be partially oiled, and would be further 
exposed to oil while preening to remove oil from feathers. Such effects could 
be seen up to 35 to 50 km downstream from the spill location. 

Medium. Neither partial oiling of feathers nor incidental oil ingestion is likely 
to be sufficient to kill exposed bald eagles, but oiled birds may transfer oil to 
eggs, killing the embryos and resulting in reduced reproductive success. 
Clean-up activities could also lead to nest abandonment if nest locations are 
close to areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Canada Goose Nesting geese or other waterfowl could be exposed to oiling in riparian 
habitat up to 35 to 50 km downstream from the spill location. 

High to Medium, depending upon the level of exposure to floating oil, or 
stranded oil in riparian habitat. Oiled birds could also transfer oil to eggs, 
resulting in embryo mortality. Clean-up activities could also lead to nest 
abandonment if nest locations are close to areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Great Blue Heron Herons and other wading birds could be exposed to oiling in shallow water or 
riparian habitat up to 35 to 50 km downstream from the spill location. 

Medium. Neither partial oiling of feathers nor incidental oil ingestion is likely 
to be sufficient to kill exposed birds, but oiled birds may transfer oil to eggs, 
killing the embryos and resulting in reduced reproductive success. Clean-up 
activities could also lead to nest abandonment if nest locations are close to 
areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Mallard  Nesting mallards or other waterfowl could be exposed to oiling in riparian 
habitat up to 35 to 50 km downstream from the spill location. 

High to Medium, depending upon the level of exposure to floating oil, or 
stranded oil in riparian habitat. High mortality is likely to be observed in oiled 
ducks. Surviving lightly oiled birds could also transfer oil to eggs, resulting in 
embryo mortality. Clean-up activities could also lead to nest abandonment if 
nest locations are close to areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Spotted Sandpiper Sandpipers and other shorebirds could be exposed to oiling in shallow water 
or riparian habitat up to 35 to 50 km downstream from the spill location. 

Medium. Neither partial oiling of feathers nor incidental oil ingestion is likely 
to be sufficient to kill exposed birds, but oiled birds may transfer oil to eggs, 
killing the embryos and resulting in reduced reproductive success. Clean-up 
activities could also lead to nest abandonment if nest locations are close to 
areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Tree Swallow Tree swallows nest in cavities in trees located near the water, and forage 
over water. Tree swallows may also dip onto the water take emerging insects 
or drink, or bathe in shallow water pools. These birds could be affected up to 
35 to 50 km from the spill location.  

Medium. Neither partial oiling of feathers nor incidental oil ingestion is likely 
to be sufficient to kill exposed birds, but oiled birds may transfer oil to eggs, 
killing the embryos and resulting in reduced reproductive success. Clean-up 
activities could also lead to nest abandonment if nest locations are close to 
areas of high activity.  

One to two years, if clean-up activities result in temporary avoidance of 
habitat use as a result of disturbance. 

Reptiles and air-breathing 
Amphibians 

Adult amphibians could be present in Trail Creek, or in riparian habitat or 
backwater areas along the Athabasca River. Such animals could be exposed 
to spilled oil for a distance of up to 35 to 50 km from the spill location. 

High to Medium. Amphibians present in Trail Creek could be smothered by 
spilled oil or die from exposure to volatile hydrocarbons. Amphibians along 
the shoreline of the Athabasca River would be less exposed, and effect 
magnitude would decline with decreasing exposure. The risk of acute lethality 
would be greatest in the first 10 km downstream from Trail Creek.  

Trail Creek is heavily disturbed by clean-up activities in the first year following 
the oil spill. Recovery of amphibian habitat begins about 12 months after the 
spill, and is effectively complete after 24 months. Recovery of habitat in the 
Athabasca River is complete within 12 months of the spill. 
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7.1.2.3 Spring or Fall Conditions 

7.1.2.3.1 Assumed Fate 

With spring and fall conditions, the spilled CLWB flows overland to the Trail Creek gully, 
resulting in oiled ground-level vegetation, some absorption of oil on vegetation and the soil litter 
layer, and some penetration into soil. Most of the spilled CLWB, however, enters Trail Creek 
and flows rapidly towards the Athabasca River. The short-term loading of oil to Trail Creek is 
large (approximately 2,500 m3 over a period of several hours), in comparison with the water flow 
rate (<0.1 m3/s), and so the aquatic habitat in the tributary is severely affected, and oil overflows 
the banks of the tributary, causing oiling of the riparian habitat. Most of the spilled oil reaches 
the Athabasca River which is flowing normally, within its banks. The oil enters the river on the 
south shoreline, and is advected downstream by the moving water. Because the oil is 
unweathered and has low viscosity and density less than that of the water, it spreads across the 
water surface. Floating oil is trapped along shorelines, particularly on gravel and cobble 
exposures, but does not penetrate these deeply because of the shallow slope of the shorelines 
and the presence of the water table at or near the surface. The river flow is slower and less 
turbulent than under summer conditions, and owing to the cooler temperatures the turbulence of 
the river flow is less likely to entrain droplets of the oil in the water. As a result the 
concentrations of BTEX and other light-end hydrocarbons in the water column are lower, but the 
surface slick tends to be thicker. As the oil is transported downstream and weathers, it becomes 
more viscous and dense. Interactions between floating oil and shoreline sediments result in 
adhesion of sand and small gravel particles to oil globules, and some of the oil becomes 
submerged in low energy areas such as eddy zones behind islands and in backwaters. 
Although the water of the Athabasca River is somewhat turbid, the suspended sediment load is 
not particularly high, little oil is entrained in the water column, and the water has no appreciable 
salinity; thus OMA formation is not a dominant factor in the fate of the spilled oil. Most of the 
spilled oil has weathered, largely as a result of evaporation or has been stranded along the 
shoreline within 25 km of the spill location. A small amount of oil is advected farther 
downstream. 

7.1.2.3.2 Potential Effects 

Table 7.1.6 provides an evaluation of the likely spatial extent, magnitude, duration, and 
reversibility of environmental effects on each ecological receptor group from the Athabasca 
River spill scenario during spring or fall. Effect magnitude on the overland flow path and riparian 
areas of Trail Creek is high but localized, and is addressed by physical remediation and 
reseeding of affected areas. Effects on aquatic receptors, including vegetation, invertebrates, 
fish and amphibians, are high but localized in Trail Creek, and generally moderate to low in the 
Athabasca River. Medium effects are observed within the first 10 km downstream from Trail 
Creek, and low-magnitude effects are observed between 10 and 25 km downstream. Most of 
the oil becomes stranded along shorelines, but there is little contact with riparian areas because 
of the moderate water level in the river. Effects on shoreline and riparian vegetation and soil 
invertebrates are high on the overland flow path and along Trail Creek, but low along the 
Athabasca River as a result of the low level of exposure. The overland flow path and Trail Creek 
are subject to intensive oil spill clean-up which is initially destructive to habitat. Environmental 
effects on mammal populations are greatest for truly semi-aquatic species such as muskrat, 
beaver, otter and mink, for which it is assumed that mortality could occur throughout a river 
reach of up to 25 km. For mammals that are larger or that are less adapted to the aquatic 
environment, such as bears and moose, effects are expected to be moderate, and may arise 
from disturbance of habitat, as well as from oiling of fur or ingestion of oil. For birds, guilds such 
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as ducks and geese are most exposed to spilled oil, and effects on these species could be high 
(including mortality) to moderate, including reproductive effects caused by transfer of oil to eggs 
in spring, with resulting egg mortality, or effects on habitat quality caused by disturbance arising 
from oil spill response efforts. Other species, such as raptors, wading birds, shorebirds, and 
swallows could experience moderate effect magnitudes, reflecting both oil exposure and 
disturbance of habitat following the oil spill. Recovery times for spills in the spring and fall could 
be as short as 12 months for some receptors, or up to five years where effects occur at the 
population level. 
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TABLE 7.1.6 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING SPRING OR FALL TO THE ATHABASCA RIVER NEAR HINTON, ALBERTA 

Athabasca River, Spring 
and Fall Season 

LIKELY OIL SPILL EFFECTS 
Spatial Extent Magnitude Time to Recovery 

Aquatic Receptors 
Aquatic Vegetation Submerged, floating and emergent aquatic vegetation in Trail Creek is likely to 

be killed by the flow of oil at the time of the spill, or by subsequent oil spill 
recovery efforts. Very little aquatic vegetation is present in the Athabasca 
River, because of the high summer flows and cobble-gravel nature of most of 
the river bed. Effects are therefore likely to be limited to Trail Creek. 

High in the creek, because clean-up activities would result in the physical 
destruction and subsequent reconstruction of aquatic habitat. Low in the 
Athabasca River, because of the general scarcity of aquatic vegetation. 

Trail Creek is heavily disturbed by clean-up activities in the first year following 
the oil spill. Recovery of the aquatic plant community begins about 12 months 
after the spill, and is effectively complete after 5 years. Recovery of the 
aquatic plant community in the Athabasca River is complete within one year of 
the spill. 

Aquatic Invertebrates Aquatic invertebrates are present in the substrates of Trail Creek and the 
river. Effects on the benthic community of the tributary are substantial, 
affecting the entire creek as a result of oil spill recovery activities. Effects on 
the benthic community of the river range from moderate, as more sensitive 
species are killed by direct contact with oil droplets or by dissolved 
hydrocarbon concentrations near the confluence with the creek, to Low, in 
downstream areas. 

High in Trail Creek, with direct effects of oiling and hydrocarbon exposure as 
well as oil spill recovery activities resulting in the physical destruction, and 
then reconstruction of aquatic habitat in the creek. Medium to Low in the 
Athabasca River, depending upon exposure to dissolved hydrocarbons and oil 
droplets in the water column. Effects on the benthic community would be 
patchy, reflecting the hydrology of the river. Areas of oil accumulation in 
sediment would be most affected. 

Trail Creek is heavily disturbed by clean-up activities in the first year following 
the oil spill. Recovery of the benthic invertebrate community begins about 12 
months after the spill, and is effectively complete after 2 years. Recovery of 
the benthic community in the river is largely complete within 12 months of the 
spill, although isolated areas such as eddies and backwaters, where silty 
sediments potentially trap sunken oil, would take longer.  

Fish and Fish Eggs The lower reaches of Trail Creek may provide spawning habitat for various 
fish species, with most species spawning either in the spring or the fall. Such 
fish, and their eggs and larvae, would likely be killed as a result of high 
dissolved hydrocarbon concentrations during the spill. Flow in the Athabasca 
River is less turbulent than in the summer, but the lower flow also reduces the 
dilution potential. Fish mortality, as well as effects on eggs in spawning 
habitat, is likely to occur within 10 km of the spill location. 

High in Trail Creek, because of the confined nature of the habitat and the lack 
of dilution water, as well as the physical effects of oil spill clean-up on fish 
habitat in the tributary. Moderate in the first 10 km of the Athabasca River, and 
Low in more distant reaches of the river, because of weathering of oil which 
causes more water soluble fractions to evaporate. 

Trail Creek is heavily disturbed by clean-up activities in the first year following 
the oil spill. Recovery of fish habitat begins about 12 months after the spill, 
and is effectively complete after 2 years. 
Recovery of fish habitat in the Athabasca River is complete within 12 months 
of the spill. 

In-water Amphibians Both adult amphibians and their eggs or larvae are likely present in Trail 
Creek during the spring season, and would be killed. Adults and juveniles 
could be present in the fall. Amphibians in shoreline habitat, as well as in 
quiescent areas of the Athabasca River, could be killed if contacted by oil, or 
by exposure to dissolved hydrocarbons at high enough concentration.  

High in Trail Creek, which likely provides good breeding and rearing habitat 
for amphibians. Moderate in shoreline habitat of the Athabasca River within 
10 km of the spill site, and Low in areas between 10 and 25 km downstream, 
because of the limited contact of oil with riparian habitat. 

Trail Creek is heavily disturbed by clean-up activities in the first year following 
the oil spill. Recovery of amphibian habitat begins about 12 months after the 
spill, and is effectively complete after 2 years. Recovery of amphibian habitat 
in the Athabasca River is complete within 12 months of the spill. 

Terrestrial Receptors 
Shoreline and Riparian 
Vegetation 

Shoreline and riparian vegetation is oiled along the overland flow path to Trail 
Creek, and along the creek to the Athabasca River. Actively growing annual 
and perennial ground level vegetation is killed, but shrubs and trees are not. 
Lesser effects are observed in the riparian areas of the river, because flow is 
within the banks, and oil contact with the riparian areas is minimal. 

High along the overland flow path and in Trail Creek, because of direct effects 
of oil on vegetation, and because of oil spill recovery efforts which result in 
physical destruction of habitat. Low in the riparian areas of the Athabasca 
River, because of minimal contact between spilled oil and riparian habitat.  

The overland flow path and areas around Trail Creek are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial 
habitat begins about 12 months after the spill, and is effectively complete after 
about 5 years. Natural attenuation in the shoreline areas of the Athabasca 
River requires about one year, once visible oil has been recovered.  

Soil Invertebrates Soils are oiled along the overland flow path to Trail Creek, and along the 
creek to the Athabasca River. Oiling and oil spill recovery efforts result in the 
destruction of the soil invertebrate community in these areas. Lesser effects 
are observed in the riparian areas of the Athabasca River, because flow is 
within the banks of the river, and oil contact with the riparian areas is minimal. 

High along the overland flow path and in Trail Creek, because of direct effects 
of oil on soil invertebrates, and because of oil spill recovery efforts which 
result in physical destruction of habitat. Low in the riparian areas of the 
Athabasca River, because of minimal contact between spilled oil and riparian 
habitat.  

The overland flow path and areas around Trail Creek are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial 
habitat begins about 12 months after the spill, and is effectively complete after 
about 5 years. Natural attenuation in the shoreline areas of the Athabasca 
River requires about one years, once visible oil has been recovered.  

Mammals 
Grizzly Bear Oiling of individual bears could occur if they forage within Trail Creek, or along 

the shoreline of the Athabasca River up to 25 km downstream from the spill 
location in the days and weeks following the spill.  

Medium. Partial oiling of the fur of a grizzly bear during spring or fall is not 
likely to result in a breakdown of thermoregulation. Ingestion of slightly to 
highly weathered oil following grooming activity may cause temporary irritation 
of the digestive system, but is not likely to cause death.  

The overland flow path and areas around Trail Creek are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial 
habitat begins about 12 months after the spill, and is effectively complete after 
about 5 years. Oil spill response activities could have the beneficial side effect 
of “hazing” affected areas, temporarily reducing utilization of this habitat by 
bears.  

Moose Oiling of individual moose could occur if they forage within Trail Creek, or 
along the shoreline of the Athabasca River up to 25 km downstream from the 
spill location in the days and weeks following the spill.  

Medium. Partial oiling of the fur of a moose during spring or fall is not likely to 
result in a breakdown of thermoregulation. Ingestion of slightly to highly 
weathered oil following grooming activity may cause temporary irritation of the 
digestive system, but is not likely to cause death.  

The overland flow path and areas around Trail Creek are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial 
habitat begins about 12 months after the spill, and is effectively complete after 
about 5 years. Oil spill response activities could have the beneficial side effect 
of “hazing” affected areas, temporarily reducing utilization of this habitat by 
moose.  
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TABLE 7.1.6 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING SPRING OR FALL TO THE ATHABASCA RIVER NEAR HINTON, ALBERTA (continued) 

Athabasca River, Spring 
and Fall Season 

LIKELY OIL SPILL EFFECTS 
Spatial Extent Magnitude Time to Recovery 

Muskrat Any muskrat present in Trail Creek are likely to be killed by direct contact with 
spilled oil, or inhalation of vapours at the water surface. Muskrat present in the 
Athabasca River are also likely to become oiled and die throughout the 
affected reach of 25 km.  

Effects on muskrat would be High, including mortality of individuals inhabiting 
Trail Creek and up to 25 km downstream. Disturbance caused by oil spill 
recovery activities would also eliminate their habitat in Trail Creek.  

Areas around Trail Creek are heavily disturbed by clean-up activities in the 
first year following the oil spill. Recovery of terrestrial and aquatic habitat 
begins about 12 months after the spill, and is effectively complete after about 
5 years. Muskrat populations recover as a result of recolonization of affected 
areas from adjacent unaffected areas.  

River Otter Any otters present in Trail Creek are likely to be killed by direct contact with 
spilled oil, or inhalation of vapours at the water surface. Otters present in the 
Athabasca River are also likely to become oiled and die throughout the 
affected reach of 25 km.  

Effects on otter would be High, including mortality of individuals inhabiting 
Trail Creek and up to 25 km downstream. Disturbance caused by oil spill 
recovery activities would also eliminate their habitat in Trail Creek.  

Areas around Trail Creek are heavily disturbed by clean-up activities in the 
first year following the oil spill. Recovery of terrestrial and aquatic habitat 
begins about 12 months after the spill, and is effectively complete after about 
5 years. Otter populations recover as a result of recolonization of affected 
areas from adjacent unaffected areas.  

Birds 
Bald Eagle Bald eagle would be present during spring and fall, and would likely contact 

spilled oil while taking fish at the water surface, or as a result of feeding on 
fish killed by the oil spill. These birds would be partially oiled, and would be 
further exposed to oil while preening to remove oil from feathers. Such effects 
could be seen up to 25 km downstream from the spill location. 

Medium. Neither partial oiling of feathers nor incidental oil ingestion is likely to 
be sufficient to kill exposed bald eagles, but oiled birds may transfer oil to 
eggs during the spring, killing the embryos and resulting in reduced 
reproductive success. Clean-up activities could also lead to nest 
abandonment if nest locations are close to areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Canada Goose Nesting geese or other waterfowl could be exposed to oiling in riparian habitat 
up to 25 km downstream from the spill location. 

High to Medium, depending upon the level of exposure to floating oil, or 
stranded oil in riparian habitat. Oiled birds could also transfer oil to eggs 
during the spring, resulting in embryo mortality. Clean-up activities could also 
lead to nest abandonment if nest locations are close to areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Great Blue Heron Herons and other wading birds could be exposed to oiling in shallow water or 
riparian habitat up to 25 km downstream from the spill location. 

Medium. Neither partial oiling of feathers nor incidental oil ingestion is likely to 
be sufficient to kill exposed birds, but oiled birds may transfer oil to eggs 
during the spring, killing the embryos and resulting in reduced reproductive 
success. Clean-up activities could also lead to nest abandonment if nest 
locations are close to areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Mallard  Nesting mallards or other waterfowl could be exposed to oiling in riparian 
habitat up to 25 km downstream from the spill location. 

High to Medium, depending upon the level of exposure to floating oil, or 
stranded oil in riparian habitat. High mortality is likely to be observed in oiled 
ducks. Surviving lightly oiled birds could also transfer oil to eggs during the 
spring, resulting in embryo mortality. Clean-up activities could also lead to 
nest abandonment if nest locations are close to areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Spotted Sandpiper Sandpipers and other shorebirds could be exposed to oiling in shallow water 
or riparian habitat up to 25 km downstream from the spill location. 

Medium. Neither partial oiling of feathers nor incidental oil ingestion is likely to 
be sufficient to kill exposed birds, but oiled birds may transfer oil to eggs 
during the spring, killing the embryos and resulting in reduced reproductive 
success. Clean-up activities could also lead to nest abandonment if nest 
locations are close to areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Tree Swallow Tree swallows nest in cavities in trees located near the water, and forage over 
water. Tree swallows may also dip onto the water take emerging insects or 
drink, or bathe in shallow water pools. These birds could be affected up to 
25 km from the spill location.  

Medium. Neither partial oiling of feathers nor incidental oil ingestion is likely to 
be sufficient to kill exposed birds, but oiled birds may transfer oil to eggs, 
killing the embryos and resulting in reduced reproductive success. Clean-up 
activities could also lead to nest abandonment if nest locations are close to 
areas of high activity.  

One to two years, if clean-up activities result in temporary avoidance of habitat 
use as a result of disturbance. 

Reptiles and air-breathing 
Amphibians 

Adult amphibians could be present in Trail Creek, or in riparian habitat or 
backwater areas along the Athabasca River. Such animals could be exposed 
to spilled oil for a distance of up to 25 km from the spill location. 

High to Medium. Amphibians present in Trail Creek could be smothered by 
spilled oil, or die from exposure to volatile hydrocarbons. Amphibians along 
the shorelines of the Athabasca River would be less exposed, and effect 
magnitude would decline with decreasing exposure. The risk of mortality 
would be greatest in the first 10 km downstream from Trail Creek.  

Trail Creek is heavily disturbed by clean-up activities in the first year following 
the oil spill. Recovery of amphibian habitat begins about 12 months after the 
spill, and is effectively complete after 24 months. Recovery of habitat in the 
Athabasca River is complete within 12 months of the spill. 
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7.1.3 Scenario 2: North Thompson River near Darfield, British Columbia, RK 766.0 

The hypothetical full bore rupture spill scenario involves a release of 1,400 m3 of CLWB at 
RK 766.0. Like the Athabasca River, the North Thompson River has a flow regime driven by 
glacial meltwater, with a strong mid-summer freshet. However, the North Thompson River 
experiences considerably higher summer flows than the Athabasca River, while having lower 
average gradient. The hypothetical spill location is within approximately 120 m of the river bank, 
just west and upslope of the Yellowhead Highway. Overland flow would cause oil to move 
towards the highway and potentially along a roadside ditch until encountering a culvert that 
would allow passage beneath the highway. Emerging on the east side of the highway, the oil 
would follow local drainage pathways to the river. Some hold-up of spilled oil in pools and low 
areas between the spill site and the river is possible, but most of the spilled oil (i.e., 1,000 m3 or 
greater) is assumed to reach the river. The North Thompson River at this location is 
approximately 300 m wide in unconstrained channel areas, although the hypothetical spill 
location is near the downstream end of a large island that causes the river to divide. Scour 
marks on the island and on nearby riparian habitat indicate that flood flows can extend over the 
island and a considerable distance across the valley. Flows are strongly seasonal, ranging from 
approximately 1,300 m3/s in June (during freshet, with peak flow potentially up to 2,000 m3/s) to 
low flows between December and March that are potentially less than 100 m3/s. 

This spill scenario was evaluated with reference to three case studies described in the 
Qualitative Ecological Risk Assessment of Pipeline Spills Technical Report (TR 7-1): the 
Kalamazoo River spill, since that oil spill involved a similar form of diluted bitumen, and the 
gradient of the Kalamazoo River is most similar to that of the North Thompson River; the 
Yellowstone River oil spill; and the modeling conducted by Enbridge Northern Gateway Project 
for the Morice and Athabasca Rivers. 

The ERA scenario evaluation did not consider the probability of occurrence of the spill nor the 
various design, engineering, maintenance, inspection and other preventative programs that 
Trans Mountain will have in place to reduce the likelihood of spills occurring, the details of which 
can be found in Section 2.0. Rather, this evaluation assessment was performed based on the 
premise that the spill had occurred despite these preventative programs. In addition, the 
evaluation did not consider the full application of emergency response approaches and spill 
response resources described in Section 4.0, a conservative, and unrealistic, assumption based 
on evidence from past spills. 

Three environmental conditions were considered for this spill example: 

· Winter conditions between December and March, with ice cover on the river 
and snow cover on the land. Air temperatures were assumed to be below 
freezing, and the river flow in the low range (100 m3/s or less). 

· Summer conditions between June and August, with air temperatures of 15 to 
25ºC. The river was assumed to be in freshet, with flow greater than 
1,250 m3/s. 

· Spring or fall conditions between April and June or September and November. 
The river flow was assumed to be moderate, at around 500 m3/s, with cool air 
temperatures between 0 and 15ºC. 

The following summary of oil spill fate and effects for these three conditions is based on 
Qualitative Ecological Risk Assessment of Pipeline Spills Technical Report (TR 7-1). 
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7.1.3.1 Winter Conditions 

7.1.3.1.1 Assumed Fate 

For the North Thompson River in winter, because of generally milder winter conditions, snow 
and ice conditions are less reliable than those at the Athabasca River. However, conditions are 
still likely to be such that overland flow of the oil is slowed, and some of the oil is absorbed into 
the snowpack. Following local terrain, oil would reach the roadside ditch on the west side of the 
Yellowhead Highway, then move along the ditch until encountering a culvert. Emerging on the 
east side of the highway, the oil would follow local drainages to the river. Most of the spilled 
CLWB (approximately 1,000 m3) reaches the North Thompson River and spreads out on the ice. 
Although the North Thompson River can be ice covered for several months of the year, it 
responds quickly to snow melt or rain events, and the ice cover may not be reliable. Open water 
patches in the ice allow some of the oil to become entrained in the river, and it moves 
downstream beneath the ice but still floats as its density is initially around 940 kg/m3. Owing to 
the winter conditions, many of the ecological receptors that could potentially be exposed are 
absent or dormant. Under these circumstances, the environmental effects of spilled oil may be 
minimized. 

7.1.3.1.2 Potential Effects 

Table 7.1.7 summarizes the likely spatial extent, magnitude, duration, and reversibility of 
environmental effects on each ecological receptor group that would be caused by the North 
Thompson River spill scenario during the winter. Many of the relevant ecological receptors 
would be dormant (e.g., plants, amphibians, reptiles, and mammals that hibernate) or absent 
(e.g., migratory birds), although some birds such as the bald eagle may be present through the 
winter where open water occurs. During the winter season, most migratory birds would be at 
their wintering grounds, so acute effects on raptors, waterfowl, wading and shorebirds are likely 
to be limited. Similarly, some mammals such as bears would be hibernating, although others 
such as moose, muskrat and river otter remain active year-round. Because of the limited spatial 
extent of physical oiling, effects on these wildlife receptors would likely be limited to a few 
individuals, rather than larger numbers that would affect the viability of regional populations. 
Effects on fish and fish habitat, as well as benthic invertebrates and aquatic vegetation would 
likewise be limited in spatial extent. However, oil spill recovery effects on the overland flow path 
would be substantial, likely requiring extensive excavation causing destruction of affected 
habitat, followed by reconstruction and restoration of the terrestrial habitat. Depending upon the 
receptor group, this process of restoration and recovery could take anywhere from 18 months to 
5 years. 

Oil spill recovery efforts would still result in environmental effects along the overland flow path, 
but effects on the North Thompson River would be reduced. The spatial extent of high-
magnitude oil spill effects would therefore be limited to the overland flow path, where the 
primary environmental effects would be those associated with oil spill recovery efforts. Oil spill 
effect magnitudes for aquatic receptors in the North Thompson River would be low to medium, 
depending upon how much oil entered the river. Effect magnitudes on shoreline and riparian 
vegetation and soil invertebrates would be low, due partly to winter dormancy, and particularly 
to the low level of exposure given low winter water levels. Effect magnitudes for mammals and 
birds would generally be low as a result of lack of exposure for migratory birds or hibernating 
mammals, but also to the low level of exposure within the North Thompson River. Recovery of 
the terrestrial environment would take approximately 18 months to 5 years, assuming that the 
spill occurs in January, and physical works associated with oil spill recovery are ongoing 
through until the late summer. 
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TABLE 7.1.7 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING WINTER TO THE NORTH THOMPSON RIVER NEAR DARFIELD, BC 

North Thompson River, 
Winter Season 

LIKELY OIL SPILL EFFECTS 
Spatial Extent Magnitude Time to Recovery 

Aquatic Receptors 
Aquatic Vegetation Aquatic vegetation is not contacted by spilled oil. Low. Aquatic vegetation is not actively growing at the time of the spill, and ice 

cover prevents contact between the spilled oil and aquatic vegetation.  
Spilled CLWB is prevented from entering, or is recovered from the river 
surface, without materially affecting aquatic vegetation. 

Aquatic Invertebrates Aquatic invertebrates are present in the substrates of the river. Effects on the 
benthic community of the river are Low, because most of the spilled oil is 
recovered. 

Low, although localized areas of Medium effect magnitude may be present. 
 

Recovery of the benthic community in the North Thompson River is complete 
within 6 months of the spill.  

Fish and Fish Eggs Fish are present in the river, and salmonid eggs may be present in pockets of 
suitable habitat in the river bed downstream from the oil spill location. 
However, effects on fish and fish eggs are Low, because most of the spilled 
oil is recovered.  

Low, because very little oil contacts the river water.  Recovery of fish habitat in the North Thompson River is complete within 6 
months of the spill. 

In-water Amphibians Juvenile amphibians are not present in the winter season. Adult amphibians 
are unlikely to be wintering in the river sediments, although presence of 
individuals in protected locations is possible. 

Low, because overwintering amphibians will be buried in sediments in 
protected locations, and are unlikely to be directly contacted by the spilled oil. 

Recovery of amphibian habitat in the North Thompson River is complete 
within 6 months of the spill. 

Terrestrial Receptors 
Shoreline and Riparian 
Vegetation 

Shoreline and riparian vegetation is oiled along the overland flow path to the 
North Thompson River, but annual plants are not present except as seeds, 
and perennial plants, shrubs and trees are in a dormant state. Little if any 
shoreline habitat of the North Thompson River is affected. 

Low, because plants are in a dormant state at the time of the spill. However, 
oil spill recovery activities result in the physical destruction, and then 
reconstruction of terrestrial habitat along the overland flow path and in some 
limited shoreline areas. 

The overland flow path is heavily disturbed by clean-up activities in the first 
year following the oil spill. Recovery of terrestrial habitat begins about 18 
months after the spill, and is effectively complete after about 5 years.  

Soil Invertebrates Soils are oiled along the overland flow path to the North Thompson River, but 
soil invertebrates are in a dormant state. Little if any shoreline habitat of the 
North Thompson River is affected. 

Low, because the soil invertebrates are in a dormant state at the time of the 
spill. However, oil spill recovery activities result in the physical destruction, 
and then reconstruction of terrestrial habitat along the overland flow path and 
in some limited shoreline areas. 

The overland flow path is heavily disturbed by clean-up activities in the first 
year following the oil spill. Recovery of terrestrial habitat begins about 18 
months after the spill, and is effectively complete after about 5 years.  

Mammals 
Grizzly Bear Not likely to be directly affected as they hibernate during winter.  Low, because the probability of a grizzly bear den being located within the 

overland flow path is very small. However, disturbance caused by oil spill 
recovery activities could cause an alteration of habitat use during the spring, 
summer and fall. 

The overland flow path is heavily disturbed by clean-up activities in the first 
year following the oil spill. Recovery of terrestrial habitat begins about 18 
months after the spill, and is effectively complete after about 5 years.  

Moose Potentially affected. Moose tend to be solitary, so effects of external oiling on 
more than a few individual animals are unlikely. 

Low, because moose have a large home range, and oil spill recovery activity 
would quickly cause them to leave the area. However, disturbance caused by 
oil spill recovery activities could cause an alteration of habitat use during the 
spring, summer and fall. 

The overland flow path is heavily disturbed by clean-up activities in the first 
year following the oil spill. Recovery of terrestrial habitat begins about 18 
months after the spill, and is effectively complete after about 5 years.  

Muskrat Potentially affected, as muskrat remain active through the winter. However, 
effects on more than a few individual animals are unlikely. 

Low, because muskrat populations will be limited along the main stem of the 
North Thompson River, with occupancy mainly in protected areas such as 
tributaries where exposure to oil is unlikely.  

Recovery of this habitat is complete within 6 months of the spill.  

River Otter Potentially affected, as otters remain active through the winter. Most otter 
habitat would be present around openings in the river ice, where access to 
fish is present. Effects on more than a few individual animals are unlikely. 

Low, because populations will be limited along the main stem of the North 
Thompson River, with occupancy mainly in protected areas such as tributary 
mouths with open water, where exposure to oil is unlikely. 

Recovery of this habitat is complete within 6 months of the spill.  

Birds 
Bald Eagle Not likely to be affected as the winter range is generally south of the pipeline 

right of way in BC, although individual birds may overwinter in areas with open 
water. 

Low, as a result of lack of exposure. One to two years, if clean-up activities result in temporary avoidance of habitat 
use as a result of disturbance. 

Canada Goose Not likely to be affected as the winter range is generally south of the pipeline 
right of way in BC. 

Low, as a result of lack of exposure. One to two years, if clean-up activities result in temporary avoidance of habitat 
use as a result of disturbance. 

Great Blue Heron Not likely to be affected as the winter range is generally south of the pipeline 
right of way in BC. 

Low, as a result of lack of exposure. One to two years, if clean-up activities result in temporary avoidance of habitat 
use as a result of disturbance. 

Mallard  Not likely to be affected as the winter range is generally south of the pipeline 
right of way in BC. 

Low, as a result of lack of exposure. One to two years, if clean-up activities result in temporary avoidance of habitat 
use as a result of disturbance. 
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TABLE 7.1.7 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING WINTER TO THE NORTH THOMPSON RIVER NEAR DARFIELD, BC (continued) 

North Thompson River, 
Winter Season 

LIKELY OIL SPILL EFFECTS 
Spatial Extent Magnitude Time to Recovery 

Spotted Sandpiper Not likely to be affected as the winter range is generally south of the pipeline 
right of way in BC. 

Low, as a result of lack of exposure. One to two years, if clean-up activities result in temporary avoidance of habitat 
use as a result of disturbance. 

Tree Swallow Not likely to be affected as the winter range is generally south of the pipeline 
right of way in BC. 

Low, as a result of lack of exposure. One to two years, if clean-up activities result in temporary avoidance of habitat 
use as a result of disturbance. 

Reptiles and air-breathing 
Amphibians 

Western painted turtle habitat extends into the North Thompson River. Adult 
turtles and amphibians could potentially be overwintering in the sediments of 
protected areas such as backwaters and tributaries, but these will be 
minimally affected. 

Low, because overwintering turtles and amphibians will be buried in stream or 
pool and pond sediments, and are unlikely to be directly contacted by the 
spilled oil. 

Recovery of turtle habitat in the North Thompson River is complete within 6 
months of the spill. 
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7.1.3.2 Summer Conditions 

7.1.3.2.1 Assumed Fate 

During summer, the spilled CLWB flows overland to the west side of the Yellowhead Highway, 
moves along the ditch until encountering a culvert, and emerges on the east side of the 
highway. The oil then follows local drainages to the North Thompson River. Some oil is held up 
in low areas, or absorbed onto vegetation and the soil litter layer, and some penetrates or is 
absorbed by soil. Most (approximately 1,300 m3) of the spilled CLWB is likely to reach the North 
Thompson River over a period of several hours. The river is at or near flood stage, and as the 
oil enters on the western shoreline it is advected downstream by the quickly moving water. 
Because the oil is unweathered, and has low viscosity and density less than that of the water, it 
spreads across the water surface. Oil is trapped along shorelines, and in particular where river 
flow is above the banks and vegetation is flooded. Because of the high water, however, the river 
flow is turbulent, and in the early stages of the spill the turbulence of the river flow is sufficient to 
entrain droplets of the oil in the water, enhancing the dissolution of BTEX and other light-end 
hydrocarbons into the water column, although much of this oil also re-surfaces. As the oil is 
transported downstream and weathers, it becomes more viscous and dense. Interactions 
between floating oil and shoreline sediments result in adhesion of sand and small gravel 
particles to oil globules, and some of the oil becomes submerged in low-energy areas such as 
eddy zones behind islands and in backwaters. Although the water of the North Thompson River 
is somewhat turbid, the suspended sediment load is not particularly high and the water has no 
appreciable salinity; thus OMA formation is not a significant factor in the fate of the spilled oil. 
Most of the spilled oil has weathered, largely as a result of evaporation, or has been stranded 
along the shoreline and in riparian zones within 60 km of the spill location. A small amount of oil 
is advected farther downstream primarily as submerged oil, and some traces of oil are 
subsequently found in silty sediment deposits at the upstream end of Kamloops Lake, below the 
confluence of the North and South Thompson rivers. 

Table 7.1.8 provides an evaluation of the likely spatial extent, magnitude, duration, and 
reversibility of environmental effects on each ecological receptor group that would be caused by 
the North Thompson River spill scenario during the summer. Effect magnitude on the overland 
flow path is high but localized, and is addressed by physical remediation and reseeding of 
affected areas. Effects on aquatic receptors, including vegetation, aquatic invertebrates, fish 
and amphibians are generally medium to low, except for amphibians which may be affected in 
breeding habitats riparian to the river, if these areas are subject to heavy oiling. High turbulence 
in the river water tends to increase the dissolution of hydrocarbons into the river water, but the 
high flow rate of the river provides dilution, and widespread mortality of fish in the North 
Thompson River is unlikely. Much of the spilled oil becomes stranded along shorelines, and in 
riparian areas where vegetation is oiled. Effects on shoreline and riparian vegetation and soil 
invertebrates are high on the overland flow path, but medium to low along the North Thompson 
River because of the patchy distribution of deposited oil. Whereas the overland flow path is 
subject to intensive oil spill clean-up which is initially destructive to habitat, areas riparian to the 
river are expected to be remediated with less intrusive methods, and a greater emphasis on 
natural attenuation of spilled oil residues at low levels. Environmental effects on mammal 
populations are high for truly semi-aquatic species such as muskrat, beaver, otter and mink, for 
which it is assumed that mortality could occur throughout a river reach of up to 60 km. For 
mammals that are larger or that are less adapted to the aquatic environment, such as bears and 
moose, effects are expected to be medium, and may arise from disturbance of habitat, as well 
as from oiling of fur or ingestion of oil. For birds, guilds such as ducks and geese are most 
exposed to spilled oil, and effects on these species could be high (including mortality) to 
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medium, including reproductive effects caused by transfer of oil to eggs, with resulting egg 
mortality, or effects on habitat quality caused by disturbance arising from oil spill response 
efforts. These effects could extend for up to 60 km downstream. Other species such as raptors, 
wading birds, shorebirds, and swallows could experience medium effect magnitudes, reflecting 
both oil exposure and disturbance of habitat following the oil spill. Recovery times for spills in 
the summer could be as short as 12 months for some receptors, or up to five years where 
effects occur at the population level. 
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TABLE 7.1.8 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING SUMMER TO THE NORTH THOMPSON RIVER NEAR DARFIELD, BC 

North Thompson River, 
Summer Season 

LIKELY OIL SPILL EFFECTS 
Spatial Extent Magnitude Time to Recovery 

Aquatic Receptors 
Aquatic Vegetation Very little aquatic vegetation is present in the North Thompson River, because 

of the high summer flows, turbid water, and cobble-gravel nature of most of 
the river bed. 

Low, because of the general scarcity of aquatic vegetation. Not Applicable 

Aquatic Invertebrates Turbulent flow in the North Thompson River enhances dispersion and 
dissolution of hydrocarbons so effects on aquatic invertebrates are likely 
within 10 km of the spill location. Effects range from Medium, as more 
sensitive species are killed by direct contact with oil droplets or by dissolved 
hydrocarbon concentrations near spill location, to Low in downstream areas.  

Medium to low, depending upon exposure to dissolved hydrocarbons and oil 
droplets in the water column. Effects on the benthic community would be 
patchy, reflecting the hydrology of the river. Areas of oil accumulation in 
sediment would be most affected, but these are localized, and tend to be silty 
sediments, rather than gravel/cobble areas. 

Recovery of the benthic community is largely complete within 12 months of 
the spill, although isolated areas such as eddies and backwaters, where silty 
sediments potentially trap sunken oil, would take longer to recover fully.  

Fish and Fish Eggs Turbulent flow in the North Thompson River enhances dispersion and 
dissolution of hydrocarbons so that fish mortality is likely within 10 km of the 
spill location. However, as the oil spreads across the surface of the river, and 
the dissolved hydrocarbons are diluted by the full flow of the river, lethal 
exposures to fish become unlikely. 

Medium in the first 10 km of the river, and Low in more distant reaches of the 
river, as a result of the rapid weathering of oil which causes more water 
soluble fractions to evaporate. The high summer flow of the North Thompson 
River also provides abundant dilution water, which limits the dissolved 
concentrations in the river.  

Recovery of fish habitat in the North Thompson River is complete within 12 
months of the spill; the fish community is restored by immigration from nearby 
unaffected areas and tributaries. 

In-water Amphibians Adult amphibians in shoreline habitat as well as in quiescent areas of the 
North Thompson River would be killed if contacted by oil, or by exposure to 
dissolved hydrocarbons at high enough concentration. Effects are most likely 
within 10 km of the spill site, but remain possible up to 60 km from the spill 
site.  

High in shoreline habitat of the North Thompson River within 10 km of the spill 
site, and Medium in areas up to 60 km downstream, as a result of the more 
patchy spatial distribution of stranded oil, and decreased dissolved 
hydrocarbon concentrations. 

Recovery of amphibian habitat in the North Thompson River is complete 
within 12 months of the spill. 

Terrestrial Receptors 
Shoreline and Riparian 
Vegetation 

Shoreline and riparian vegetation is oiled along the overland flow path to the 
North Thompson River. Actively growing annual and perennial ground level 
vegetation is killed, but shrubs and trees are not. Similar effects are observed 
in the riparian areas of the river, where high river flows cause flooding and 
terrestrial vegetation is contacted by oil. 

High along the overland flow path, but Medium to Low in the riparian areas of 
the North Thompson River, as a result of the patchy distribution of oil, and 
decreasing with distance from the spill site. In these areas, most oil spill 
recovery efforts have Low magnitude effect on habitat quality because of 
efforts to avoid physical damage to habitat, and to allow natural attenuation 
after recovery of visible oil.  

The overland flow path is heavily disturbed by clean-up activities in the first 
year following the oil spill. Recovery of terrestrial habitat begins about 12 
months after the spill, and is effectively complete after about 5 years. Natural 
attenuation in the riparian areas of the North Thompson River requires about 
two years, once visible oil has been recovered.  

Soil Invertebrates Soils are oiled along the overland flow path to the river. Oiling and oil spill 
recovery efforts result in the destruction of the soil invertebrate community in 
these areas. Effects on soil invertebrates are lower in riparian zones of the 
North Thompson River, in part because of the patchy nature of deposition. 
The heaviest oiling is noted in the first 10 km downstream from the spill 
location, but some oiling of riparian areas is observed as far as 60 km 
downstream. 

Medium to Low in the riparian areas of the North Thompson River, as a result 
of the patchy distribution of oil, and with increasing distance from the spill site. 
In these areas, most oil spill recovery efforts have Low magnitude effect on 
habitat quality because of efforts to avoid physical damage to habitat, and to 
allow natural attenuation after recovery of visible oil.  

The overland flow path is heavily disturbed by clean-up activities in the first 
year following the oil spill. Recovery of terrestrial habitat begins about 12 
months after the spill, and is effectively complete after about 5 years. Natural 
attenuation in the riparian areas of the North Thompson River requires about 
two years, once visible oil has been recovered.  

Mammals 
Grizzly Bear Oiling of individual bears could occur if they forage along the shoreline of the 

North Thompson River up to 60 km downstream from the spill location in the 
days and weeks following the spill.  

Medium. Partial oiling of the fur of a grizzly bear during summer is not likely to 
result in a breakdown of thermoregulation. Ingestion of slightly to highly 
weathered oil following grooming activity may cause temporary irritation of the 
digestive system, but is not likely to cause death.  

The overland flow path is heavily disturbed by clean-up activities in the first 
year following the oil spill, but represents a very small area of habitat. 
Recovery of river riparian habitat begins about 12 months after the spill, and is 
effectively complete after about 5 years. Oil spill response activities could 
have the beneficial side effect of “hazing” affected areas, temporarily reducing 
utilization of this habitat by bears.  

Moose Oiling of individual moose could occur if they forage along the shoreline of the 
North Thompson River up to 60 km downstream from the spill location in the 
days and weeks following the spill.  

Medium. Partial oiling of the fur of a moose during summer is not likely to 
result in a breakdown of thermoregulation. Ingestion of slightly to highly 
weathered oil following grooming activity may cause temporary irritation of the 
digestive system, but is not likely to cause death.  

The overland flow path is heavily disturbed by clean-up activities in the first 
year following the oil spill, but represents a very small area of habitat. 
Recovery of river riparian habitat begins about 12 months after the spill, and is 
effectively complete after about 5 years. Oil spill response activities could 
have the beneficial side effect of “hazing” affected areas, temporarily reducing 
utilization of this habitat by moose.  

Muskrat Muskrat present in the North Thompson River are also likely to become oiled 
and die throughout the affected reach of up to 60 km.  

Effects on muskrat would be High, including mortality of individuals up to 
60 km downstream. 

Recovery of river and riparian habitat begins about 12 months after the spill, 
and is effectively complete after about 5 years. Muskrat populations recover 
as a result of recolonization of affected areas from adjacent unaffected areas.  

  



Trans Mountain Pipeline (ULC)  
Trans Mountain Expansion Project Volume 7 
Volume 7 - Risk Assessment and Management of Pipeline and Facility Spills Page 7–120 

 

 

TABLE 7.1.8 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING SUMMER TO THE NORTH THOMPSON RIVER NEAR DARFIELD, BC (continued) 

North Thompson River, 
Summer Season 

LIKELY OIL SPILL EFFECTS 
Spatial Extent Magnitude Time to Recovery 

River Otter Otters present in the North Thompson River are likely to become oiled and 
die, throughout the affected reach of up to 60 km.  

Effects on otter would be High, including mortality of individuals up to 60 km 
downstream. 

Recovery of river and riparian habitat begins about 12 months after the spill, 
and is effectively complete after about 5 years. Otter populations recover as a 
result of recolonization of affected areas from adjacent unaffected areas.  

Birds 
Bald Eagle Bald eagle would be present during summer, and would likely contact spilled 

oil while taking fish at the water surface, or as a result of feeding on fish killed 
by the oil spill. These birds would be partially oiled, and would be further 
exposed to oil while preening to remove oil from feathers. Such effects could 
be seen up to 60 km downstream from the spill location. 

Medium. Neither partial oiling of feathers, nor incidental oil ingestion is likely to 
be sufficient to kill exposed bald eagles, but oiled birds may transfer oil to 
eggs, killing the embryos and resulting in reduced reproductive success. 
Clean-up activities could also lead to nest abandonment if nest locations are 
close to areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Canada Goose Nesting geese or other waterfowl could be exposed to oiling in riparian habitat 
up to 60 km downstream from the spill location. 

High to Medium, depending upon the level of exposure to floating oil, or 
stranded oil in riparian habitat. Oiled birds could also transfer oil to eggs, 
resulting in embryo mortality. Clean-up activities could also lead to nest 
abandonment if nest locations are close to areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Great Blue Heron Herons and other wading birds could be exposed to oiling in shallow water or 
riparian habitat up to 60 km downstream from the spill location. 

Medium. Neither partial oiling of feathers, nor incidental oil ingestion is likely to 
be sufficient to kill exposed birds, but oiled birds may transfer oil to eggs, 
killing the embryos and resulting in reduced reproductive success. Clean-up 
activities could also lead to nest abandonment if nest locations are close to 
areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Mallard  Nesting mallards or other waterfowl could be exposed to oiling in riparian 
habitat up to 60 km downstream from the spill location. 

High to Medium, depending upon the level of exposure to floating oil, or 
stranded oil in riparian habitat. High mortality is likely to be observed in oiled 
ducks. Surviving lightly oiled birds could also transfer oil to eggs, resulting in 
embryo mortality. Clean-up activities could also lead to nest abandonment if 
nest locations are close to areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Spotted Sandpiper Sandpipers and other shorebirds could be exposed to oiling in shallow water 
or riparian habitat up to 60 km downstream from the spill location. 

Medium. Neither partial oiling of feathers, nor incidental oil ingestion is likely to 
be sufficient to kill exposed birds, but oiled birds may transfer oil to eggs, 
killing the embryos and resulting in reduced reproductive success. Clean-up 
activities could also lead to nest abandonment if nest locations are close to 
areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Tree Swallow Tree swallows nest in cavities in trees located near the water, and forage over 
water. Tree swallows may also dip onto the water take emerging insects or 
drink, or bathe in shallow water pools. These birds could be affected up to 
60 km from the spill location.  

Medium. Neither partial oiling of feathers, nor incidental oil ingestion is likely to 
be sufficient to kill exposed birds, but oiled birds may transfer oil to eggs, 
killing the embryos and resulting in reduced reproductive success. Clean-up 
activities could also lead to nest abandonment if nest locations are close to 
areas of high activity.  

One to two years, if clean-up activities result in temporary avoidance of habitat 
use as a result of disturbance. 

Reptiles and air-breathing 
Amphibians 

Adult turtles and amphibians could be present in riparian habitat or backwater 
areas along the North Thompson River. Such animals could be exposed to 
spilled oil for a distance of up to 60 km from the spill location. 

High to Medium. Effect magnitude would decline with distance downstream 
and decreasing exposure. The risk of acute lethality would be greatest in the 
first 10 km downstream from spill location. 

Recovery of turtle habitat in the North Thompson River is complete within 12 
months of the spill. 
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7.1.3.3 Spring or Fall Conditions 

7.1.3.3.1 Assumed Fate 

With spring or fall conditions, the spilled CLWB flows overland to the west side of the 
Yellowhead Highway, moves along the ditch until encountering a culvert, and emerges on the 
east side of the highway. The oil then follows local drainages to the North Thompson River. 
Some oil is held up in low areas, or absorbed onto vegetation and the soil litter layer, and some 
penetrates or is absorbed by soil. Most (approximately 1,300 m3) of the spilled CLWB is likely to 
reach the North Thompson River over a period of several hours. For the North Thompson River 
in spring and fall, flow in the river is at an intermediate level, typically rising in the spring 
because of the onset of freshet, or falling in the fall, as freshet recedes. Most of the spilled oil 
reaches and is advected downstream in the North Thompson River which is flowing normally, 
and confined within its banks. Because the oil is unweathered, and has low viscosity and 
density less than that of the water, it spreads across the water surface. Floating oil is trapped 
along shorelines, particularly on gravel and cobble exposures, but does not penetrate these 
deeply because of the shallow slope of the shorelines and the presence of the water table at or 
near the surface. Because of the low gradient of the river and the moderate water flow, the 
turbulence in the river is rarely sufficient to entrain droplets of the oil in the water. As a result the 
concentrations of BTEX and other light-end hydrocarbons in the water column are lower, but the 
surface slick tends to be thicker. As the oil is transported downstream and weathers, it becomes 
more viscous and dense. Interactions between floating oil and shoreline sediments result in 
adhesion of sand and small gravel particles to oil globules, and some of the oil becomes 
submerged in low energy areas such as eddy zones behind islands and in backwaters. 
Although the water of the North Thompson River is somewhat turbid, the suspended sediment 
load is not particularly high and the water has no appreciable salinity; thus OMA formation is not 
a dominant factor in the fate of the spilled oil. Most of the spilled oil has weathered, largely as a 
result of evaporation, or has been stranded along the shoreline and in riparian zones within 
25 km of the spill location. A small amount of oil is advected farther downstream primarily as 
submerged oil, but does not extend to the confluence of the South and North Thompson rivers. 

7.1.3.3.2 Potential Effects 

Table 7.1.9 provides an evaluation of the likely spatial extent, magnitude, duration, and 
reversibility of environmental effects on each ecological receptor group that would be caused by 
the North Thompson River spill scenario during spring or fall conditions. Effect magnitude on the 
overland flow path is high but localized, and is addressed by physical remediation and re-
seeding of affected areas. Effects on aquatic receptors, including aquatic vegetation, 
invertebrates, fish and amphibians, are generally medium to low in the North Thompson River, 
except for effects on amphibians in spring, which could be high if oil enters habitat where 
amphibian eggs or larvae are present. Moderate effects are observed within the first 10 km 
downstream, and low magnitude effects are observed between 10 and 25 km downstream. 
Most of the oil becomes stranded along shorelines, but there is little contact with riparian areas 
because of the moderate water level in the river. Effects on shoreline and riparian vegetation 
and soil invertebrates are high on the overland flow path, but low along the North Thompson 
River because of the low level of exposure. The overland flow path is subject to intensive oil spill 
clean-up which is initially destructive to habitat. Environmental effects on mammal populations 
are greatest for truly semi-aquatic species such as muskrat, beaver, otter and mink, for which it 
is assumed that mortality could occur throughout a river reach of up to 25 km. For mammals 
that are larger or that are less adapted to the aquatic environment, such as bears and moose, 
effects are expected to be medium, and may arise from disturbance of habitat, as well as from 
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oiling of fur or ingestion of oil. For birds, guilds such as ducks and geese are most exposed to 
spilled oil, and effects on these species could be high (including mortality) to medium, including 
reproductive effects caused by transfer of oil to eggs in spring, with resulting egg mortality, or 
effects on habitat quality caused by disturbance arising from oil spill response efforts. Other 
species, such as raptors, wading birds, shorebirds, and swallows could experience medium 
effect magnitudes, reflecting both oil exposure and disturbance of habitat following the oil spill. 
Recovery times for spills in the spring and fall could be as short as 12 months for some 
receptors, or up to five years where effects occur at the population level. 
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TABLE 7.1.9 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING SPRING OR FALL TO THE NORTH THOMPSON RIVER NEAR DARFIELD, BC 

North Thompson River, 
Spring and Fall Season 

LIKELY OIL SPILL EFFECTS 
Spatial Extent Magnitude Time to Recovery 

Aquatic Receptors 
Aquatic Vegetation Very little aquatic vegetation is present in the North Thompson River, as a 

result of the high summer flows, turbid water, and cobble-gravel nature of most 
of the river bed. 

Low, as a result of the scarcity of aquatic vegetation generally. Not Applicable 

Aquatic Invertebrates Spring and fall flows in the North Thompson River are less turbulent than in 
summer, limiting the dispersion and dissolution of hydrocarbons in the reaches 
below the spill site, so that most aquatic invertebrate mortality is limited to 
areas within the first 5 km. Effects on the benthic community range from 
Medium, as more sensitive species are killed by direct contact with oil droplets 
or by dissolved hydrocarbon concentrations within 5 km of the spill location, to 
Low, in downstream areas.  

Medium to low, depending upon exposure to dissolved hydrocarbons and oil 
droplets in the water column. Effects on the benthic community would be 
patchy, reflecting the hydrology of the river. Areas of oil accumulation in 
sediment would be most affected, but these are localized, and tend to be silty 
sediments, rather than gravel/cobble areas. 

Recovery of the benthic community is largely complete within 12 months of the 
spill, although isolated areas such as eddies and backwaters, where silty 
sediments potentially trap sunken oil, would take longer to recover fully.  

Fish and Fish Eggs Spring and fall flows in the North Thompson River are less turbulent than in 
summer, limiting the dispersion and dissolution of hydrocarbons in the reaches 
below the spill site, so that most fish mortality is limited to areas within the first 
5 km. As the oil spreads across the surface of the river, and the dissolved 
hydrocarbons are diluted by the full flow of the river, lethal exposures to fish 
become less likely. 

Medium in the first 5 km of the river, and Low in more distant reaches of the 
river, as a result of the rapid weathering of oil which causes more water 
soluble fractions to evaporate. The North Thompson River provides abundant 
dilution water, which limits the dissolved concentrations in the river. 

Recovery of fish habitat in the North Thompson River is complete within 12 
months of the spill; the fish community is restored by immigration from nearby 
unaffected areas and tributaries. 

In-water Amphibians Adult amphibians or amphibian eggs and larvae (in spring) in shoreline habitat 
as well as in quiescent areas of the North Thompson River would be killed if 
contacted by oil, or by exposure to dissolved hydrocarbons at high enough 
concentration. This would be most likely within 10 km of the spill site, although 
effects could be observed up to 25 km downstream. 

High in shoreline habitat of the North Thompson River within 10 km of the spill 
site, and Medium in areas up to 25 km downstream, as a result of the more 
patchy spatial distribution of stranded oil, and decreased dissolved 
hydrocarbon concentrations. 

Recovery of amphibian habitat in the North Thompson River is complete within 
12 months of the spill. 

Terrestrial Receptors 
Shoreline and Riparian 
Vegetation 

Shoreline and riparian vegetation is oiled along the overland flow path to the 
North Thompson River. Actively growing annual and perennial ground level 
vegetation is killed, but shrubs and trees are not. Riparian areas of the river 
are not affected, as the river is flowing within its normal banks. 

High on the overland flow path, as a result of aggressive clean-up activities on 
land, but Low to unaffected in riparian areas of the North Thompson River. 

The overland flow path is heavily disturbed by clean-up activities in the first 
year following the oil spill. Recovery of terrestrial habitat begins about 12 
months after the spill, and is effectively complete after about 5 years. Riparian 
areas along the river are essentially unaffected.  

Soil Invertebrates Soils are oiled along the overland flow path to the river. Oiling and oil spill 
recovery efforts result in the destruction of the soil invertebrate community in 
these areas. Riparian areas of the river are not affected, as the river is flowing 
within its normal banks. 

High on the overland flow path, as a result of aggressive clean-up activities on 
land, but Low to unaffected in riparian areas of the North Thompson River. 

The overland flow path is heavily disturbed by clean-up activities in the first 
year following the oil spill. Recovery of terrestrial habitat begins about 12 
months after the spill, and is effectively complete after about 5 years. Riparian 
areas along the river are essentially unaffected.  

Mammals 
Grizzly Bear Oiling of individual bears could occur if they forage along the shoreline of the 

North Thompson River up to 25 km downstream from the spill location in the 
days and weeks following the spill.  

Medium. Partial oiling of the fur of a grizzly bear during summer is not likely to 
result in a breakdown of thermoregulation. Ingestion of slightly to highly 
weathered oil following grooming activity may cause temporary irritation of the 
digestive system, but is not likely to cause death.  

The overland flow path is heavily disturbed by clean-up activities in the first 
year following the oil spill, but represents a very small area of habitat. River 
riparian habitat is minimally affected. Oil spill response activities focusing on 
shoreline areas could have the beneficial side effect of “hazing” affected 
areas, temporarily reducing utilization of this habitat by bears.  

Moose Oiling of individual moose could occur if they forage along the shoreline of the 
North Thompson River up to 25 km downstream from the spill location in the 
days and weeks following the spill. 

Medium. Partial oiling of the fur of a moose during summer is not likely to 
result in a breakdown of thermoregulation. Ingestion of slightly to highly 
weathered oil following grooming activity may cause temporary irritation of the 
digestive system, but is not likely to cause death.  

The overland flow path is heavily disturbed by clean-up activities in the first 
year following the oil spill, but represents a very small area of habitat. River 
riparian habitat is minimally affected. Oil spill response activities focusing on 
shoreline areas could have the beneficial side effect of “hazing” affected 
areas, temporarily reducing utilization of this habitat by moose.  

Muskrat Muskrat present in the North Thompson River are likely to become oiled and 
die, throughout the affected reach of up to 25 km.  

Effects on muskrat would be substantial, including mortality of individuals up to 
25 km downstream. 

Recovery of shoreline habitat begins about 12 months after the spill, and is 
effectively complete after 2 years. Muskrat populations recover as a result of 
recolonization of affected areas from adjacent unaffected areas.  

River Otter Otters present in the North Thompson River are likely to become oiled and die, 
throughout the affected reach of up to 25 km.  

Effects on otter would be substantial, including mortality of individuals up to 
25 km downstream. 

Recovery of shoreline habitat begins about 12 months after the spill, and is 
effectively complete after 2 years. Otter populations recover as a result of 
recolonization of affected areas from adjacent unaffected areas.  
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TABLE 7.1.9 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING SPRING OR FALL TO THE NORTH THOMPSON RIVER NEAR DARFIELD, BC (continued) 

North Thompson River, 
Spring and Fall Season 

LIKELY OIL SPILL EFFECTS 
Spatial Extent Magnitude Time to Recovery 

Birds 
Bald Eagle Bald eagle would be present during spring and fall, and would likely contact 

spilled oil while taking fish at the water surface, or as a result of feeding on fish 
killed by the oil spill. These birds would be partially oiled, and would be further 
exposed to oil while preening to remove oil from feathers. Such effects could 
be seen up to 25 km downstream from the spill location. 

Medium. Neither partial oiling of feathers, nor incidental oil ingestion is likely to 
be sufficient to kill exposed bald eagles, but oiled birds may transfer oil to 
eggs, killing the embryos and resulting in reduced reproductive success. 
Clean-up activities could also lead to nest abandonment if nest locations are 
close to areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Canada Goose Nesting geese or other waterfowl could be exposed to oiling in riparian habitat 
up to 25 km downstream from the spill location. 

High to Medium, depending upon the level of exposure to floating oil, or 
stranded oil on shoreline habitat. Oiled birds could also transfer oil to eggs, 
resulting in embryo mortality. Clean-up activities could also lead to nest 
abandonment if nest locations are close to areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Great Blue Heron Herons and other wading birds could be exposed to oiling in shallow water or 
riparian habitat up to 25 km downstream from the spill location. 

Medium. Neither partial oiling of feathers, nor incidental oil ingestion is likely to 
be sufficient to kill exposed birds, but oiled birds may transfer oil to eggs, 
killing the embryos and resulting in reduced reproductive success. Clean-up 
activities could also lead to nest abandonment if nest locations are close to 
areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Mallard Duck Nesting mallards or other waterfowl could be exposed to oiling in riparian 
habitat up to 25 km downstream from the spill location. 

High to Medium, depending upon the level of exposure to floating oil, or 
stranded oil in shoreline habitat. High mortality is likely to be observed in oiled 
ducks. Surviving lightly oiled birds could also transfer oil to eggs, resulting in 
embryo mortality. Clean-up activities could also lead to nest abandonment if 
nest locations are close to areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Spotted Sandpiper Sandpipers and other shorebirds could be exposed to oiling in shallow water 
or riparian habitat up to 25 km downstream from the spill location. 

Medium. Neither partial oiling of feathers, nor incidental oil ingestion is likely to 
be sufficient to kill exposed birds, but oiled birds may transfer oil to eggs, 
killing the embryos and resulting in reduced reproductive success. Clean-up 
activities could also lead to nest abandonment if nest locations are close to 
areas of high activity.  

One year for physical effects of oil exposure, and one to two years for effects 
on habitat utilization, if clean-up activities result in temporary avoidance of 
habitat as a result of disturbance. 

Tree Swallow Tree swallows nest in cavities in trees located near the water, and forage over 
water. Tree swallows may also dip onto the water take emerging insects or 
drink, or bathe in shallow water pools. These birds could be affected up to 
25 km from the spill location.  

Medium. Neither partial oiling of feathers, nor incidental oil ingestion is likely to 
be sufficient to kill exposed birds, but oiled birds may transfer oil to eggs, 
killing the embryos and resulting in reduced reproductive success. Clean-up 
activities could also lead to nest abandonment if nest locations are close to 
areas of high activity.  

One to two years, if clean-up activities result in temporary avoidance of habitat 
use as a result of disturbance. 

Reptiles and air-
breathing Amphibians 

Turtles and adult amphibians could be present in shoreline habitat or 
backwater areas along the North Thompson River. Such animals could be 
exposed to spilled oil for a distance of up to 25 km from the spill location. 

High to Medium. Turtles and adult amphibians along the shorelines of the river 
would be less exposed, and effect magnitude would decline, with distance 
downstream. The risk of mortality would be greatest in the first 10 km 
downstream from spill location. 

Recovery of turtle and amphibian habitat in the North Thompson River is 
complete within 12 months of the spill. 
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7.1.4 Scenario 3: Fraser River near Hope, British Columbia, RK 1,072.8 

The hypothetical full bore rupture spill scenario involves a release of 1,300 m3 of CLWB at 
RK 1072.8. The hypothetical spill location is on the east side of the Fraser River, approximately 
25 km southwest of Hope and 6 km east of Agassiz, BC. At this location, the Fraser River is a 
large river entering the coastal lowlands, but still occupies a broad valley with mountains on 
either side. The river is wide, having a main channel width of approximately 350 m, but is 
meandering and braided, with large islands and gravel bars that are overwashed during periods 
of high flow. Flow remains strongly seasonal, with freshet in June driven by meltwater in the 
mountainous terrain to the east and north, tailing off until the end of the year. Low flows are 
observed in January, February and March, as snow accumulates in the mountains. The water of 
the lower Fraser River has high turbidity. Winter low-flow periods measured at Hope have 
monthly mean flows of 500 to 2,000 m3/s. Peak flow in June averages almost 7,000 m3/s, with a 
maximum recorded monthly mean discharge of 10,800 m3/s. 

The hypothetical spill location is just east of the eastbound lane of Highway 1, on a slope 
adjacent to a gully, approximately 500 m from a small side channel of the Fraser River. Oil 
emerging from the ground would flow downhill into the gully. The gully is the lower portion of a 
watercourse originating on the mountain side to the east of the highway and river. Water flows 
in the gully are highly variable, driven by local precipitation and snowmelt events, and the 
boulder/cobble substrates clearly show that episodic high flow rates are common. Because of 
the steep gradient and flashy nature of flows, the watercourse in the gully is not likely to provide 
fish habitat. The gully passes beneath the two divided lanes of Highway 1, and outwashes to a 
small side channel of the Fraser River. At low water levels, this channel is stranded, although 
water remains in pools. Moving downstream, the side channel remains confined to the shoreline 
for a distance of approximately 6.1 km before emerging from the protection of an island and 
complex of gravel bars to enter the main stem of the river, approximately 1.5 km upstream from 
the Agassiz Rosedale (Highway 9) Bridge. From this point, oil could spread across the width of 
the Fraser River, and would be transported downstream with the flowing water. 

This spill scenario was evaluated with reference to four case studies described in the Qualitative 
Ecological Risk Assessment of Pipeline Spills Technical Report (TR 7-1): the Kalamazoo River 
spill, since that oil spill involved a similar form of diluted bitumen, and the gradient of the 
Kalamazoo River is most similar to that of the lower Fraser River; the Yellowstone River oil spill; 
the DM 932 oil spill; the Wabamun Lake Bunker “C” oil spill; and the modeling conducted by 
Enbridge Northern Gateway Project for the Athabasca River near Whitecourt, Alberta. 

The ERA scenario evaluation did not consider the probability of occurrence of the spill nor the 
various design, engineering, maintenance, inspection and other preventative programs that 
Trans Mountain will have in place to reduce the likelihood of spills occurring, the details of which 
can be found in Section 2.0. Rather, this evaluation assessment was performed based on the 
premise that the spill had occurred despite these preventative programs. In addition, the 
evaluation did not consider the full application of emergency response approaches and spill 
response resources described in Section 4.0, a conservative, and unrealistic, assumption based 
on evidence from past spills. 

Three environmental conditions were considered for this spill example: 

· A winter condition between December and March. Air temperatures are 
assumed to be around the freezing mark, but snow cover is not guaranteed, 
and the river is ice-free. The river flow is in a low range (around 2,000 m3/s). 
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· A summer condition between June and August, with air temperatures 15 to 
25°C. The river is in freshet, with flow greater than 6,000 m3/s, and potentially 
approaching 12,000 m3/s. 

· A spring or fall condition between April and June, or September and November. 
The river flow is in a moderate range, at around 5,000 m3/s, and the air 
temperatures are cool, between 0 and 15°C. 

The following summary of oil spill fate and effects for these three conditions is based on 
Qualitative Ecological Risk Assessment of Pipeline Spills Technical Report (TR 7-1). 

7.1.4.1 Winter Conditions 

7.1.4.1.1 Assumed Fate 

Under winter conditions at this low elevation (no more than 50 masl), it is unlikely that sufficient 
(if any) snowpack would be present to influence the behaviour of the spilled CLWB. Owing to 
the frequently wet winter weather, it is likely that water is flowing rapidly down the gully towards 
the Fraser River. Due to these factors, virtually all (1,250 m3) of the spilled CLWB reaches the 
side channel of the Fraser River within a few hours of the rupture event. Although the river stage 
is low, and waters of the Fraser River are not actively flowing in this portion of the river channel, 
the flow of water from the gully and other similar tributaries acts to transport spilled oil farther 
downstream towards the main channel 6.1 km distant. 

Frequent contact with sand and gravel bars acts to hold up some of the spilled oil, and it is 
possible that emergency responders could trap and recover much of the spilled oil before it 
entered the main channel of the Fraser River, which is ice free. Failing this, oil entering the main 
channel, now somewhat weathered, would be advected downstream initially following the left 
(south) bank of the river, before emerging and dispersing across the river channel between 
4 and 7 km downstream of the Agassiz Rosedale Bridge. The river is at low flow, and has a low 
gradient, so the currents are weak and have low turbulence. Floating oil or slicks may be carried 
30 to 50 km downstream from the point where it entered the main river channel, and globules or 
tar balls may be recovered up to 100 km downstream. 

The spilled oil floats until it strands on gravel or sand bars, or other shorelines. As it weathers, it 
becomes more viscous and thicker, but is stranded before its density approaches or exceeds 
that of the water. Little oil is entrained in the water column as a result of the low turbulence. 
Although the river has relatively high turbidity, turbidity is at a seasonally low level because of 
low water flow. There is no appreciable salinity to the water, so OMA formation is limited by the 
low levels of suspended oil droplets, low suspended sediment concentration, and absence of 
salinity. There is a risk that oil stranded on shorelines will acquire additional density as a result 
of adhering or intermixed sand and gravel particles as the oil weathers, so that the weathered 
oil-mineral mixture may become submerged if it is subsequently overwashed before it can be 
recovered. Owing to the winter conditions, many of the ecological receptors that could 
potentially be exposed are absent or dormant. 

7.1.4.1.2 Potential Effects 

Table 7.1.10 summarizes the likely spatial extent, magnitude, duration, and reversibility of 
environmental effects on each ecological receptor group that would be caused by the Fraser 
River near Hope spill scenario during winter. Most migratory birds would be at their wintering 
grounds, although it is likely that bald eagles and some waterfowl may be overwintering in the 
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area, particularly in sheltered habitat like the side channel. Similarly, some mammals such as 
bears would be hibernating, although others such as moose, muskrat and river otter remain 
active year-round. Effects on these wildlife receptors would likely be limited to a few individuals, 
rather than larger numbers that would affect the viability of regional populations. Effects on fish 
and fish habitat, as well as benthic invertebrates and aquatic vegetation would likewise be 
limited in spatial extent. The gully does not provide fish habitat. The side channel of the Fraser 
River would provide fish habitat, and it is likely that acute toxicity to fish would be observed, 
considering the large volume of spilled CLWB and the small amount of water present or flowing 
in the side channel. The main stem of the Fraser River, however, is not likely to experience fish 
kills as a result of the large volume of flowing water, the low turbulence and limited potential for 
oil droplet formation, and the partially weathered condition of the oil by the time it reaches the 
main channel. Oil spill recovery effects on the side channel of the Fraser River would be 
substantial. Depending upon the receptor group, the process of restoration and recovery could 
take anywhere from 18 months to 5 years. 

For the Fraser River in winter, it is assumed that both the side channel and the main river 
channel will be ice free but that a considerable portion of the oil is retained in the side channel of 
the river, and does not reach the main channel. Oil spill recovery efforts would result in 
environmental effects along the overland flow path, and in the 6 km side channel to the Fraser 
River. Some of the relevant ecological receptors would be dormant (e.g., plants, amphibians, 
reptiles, and mammals that hibernate) or absent (e.g., some migratory birds), although birds 
such as bald eagle and potentially some waterfowl could be present through the winter because 
of the ice free conditions. High-magnitude oil spill effects would therefore occur along the 
overland flow path, where environmental effects associated with oil spill recovery efforts would 
follow the oil spill effects, in the gully leading to the river, and in the side channel of the Fraser 
River where heavy oiling of the water surface and shorelines would occur as a result of the 
small dimensions of the channel. Oil spill effect magnitudes for aquatic receptors in the side 
channel would be high to medium, taking into consideration both oil effects and oil spill recovery 
effects. Effect magnitudes on shoreline and riparian vegetation and soil invertebrates would be 
low, partly because of winter dormancy, and particularly because of the low level of exposure 
given low winter water levels. Effect magnitudes for mammals and birds would generally be low 
because of lack of exposure for migratory birds or hibernating mammals; however, higher effect 
magnitudes would be seen for semi-aquatic mammals in the side channel and Fraser River as a 
result of oiling of fur. Higher effect magnitudes could also be seen for wintering birds such as 
ducks, depending upon the numbers present. Recovery of the terrestrial environment would 
take approximately 18 months to 5 years, assuming that the spill occurs in January, and 
physical works associated with oil spill recovery are ongoing through until the late summer. 
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TABLE 7.1.10 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING WINTER TO THE FRASER RIVER NEAR HOPE, BC 

Fraser River, Winter 
Season 

LIKELY OIL SPILL EFFECTS 
Spatial Extent Magnitude Time to Recovery 

Aquatic Receptors 
Aquatic Vegetation The small side channel of the Fraser River is assumed to be ice-free, but river 

water levels are low. The aquatic habitat is mostly small interconnecting pools, 
with flow provided mainly from tributaries. The side channel, extending some 
6 km before entering the main Fraser River, supports some aquatic 
vegetation, but this is senescent in winter. 

High. Aquatic vegetation is not actively growing at the time of the spill. 
However, oil spill recovery activities result in damage to, and then 
reconstruction of aquatic habitat in the side channel. 

Oil spill recovery efforts in the side channel result in extensive disturbance of 
this habitat, but erosion and deposition of sediment during and after the 
summer high flow period effectively restore this habitat, so that effects persist 
for 6 to 18 months.  

Aquatic Invertebrates Aquatic invertebrates are present in the substrates of the side channel and the 
main Fraser River. Effects on the benthic community of the side channel (6 
km) are substantial, affecting the entire channel as a result of initial toxicity as 
well as oil spill recovery activities. Effects on the benthic community of the 
main Fraser River are Low, because most of the spilled oil is recovered. 

High although localized in the side channel. However, oil spill recovery 
activities result in damage to, and then reconstruction of aquatic habitat in the 
gully and side channel. Low in the main Fraser River, because of the partially 
weathered nature of the oil, and large size of the river. 

The gully and side channel are heavily disturbed by clean-up activities in the 
first months following the oil spill. Recovery of the benthic invertebrate 
community begins between 6 and 18 months after the spill, and is effectively 
complete after 30 months. Recovery of the benthic community in the main 
Fraser River channel is complete within 6 months of the spill.  

Fish and Fish Eggs Few fish are present in the side channel, because of winter low flow 
conditions; however such fish, or eggs, would likely be killed throughout the 
6 km reach. Fish are present in the main Fraser River. It is not a major 
migratory period for salmon or eulachon, although steelhead could be 
migrating up the river during the winter period. Mortality of fish in the main 
Fraser River is unlikely because of weathering of the oil and the large volume 
of water flowing in the river.  

High although localized in the side channel. However, oil spill recovery 
activities result in damage to, and then reconstruction of aquatic habitat in the 
side channel.  

The side channel is heavily disturbed by clean-up activities in the first year 
following the oil spill. Recovery of fish habitat begins between 6 and 18 
months after the spill, and is effectively complete after 30 months. Recovery of 
fish habitat in the main Fraser River is complete within 6 months of the spill. 

In-water Amphibians Juvenile amphibians are not present in the winter season. Adult amphibians 
may be overwintering in the sediments of the side channel, which is wholly 
affected, or in quiescent areas of the main Fraser River where they are 
minimally affected. 

Medium, because overwintering amphibians will be buried in stream 
sediments, and are unlikely to be directly contacted by the spilled oil. Oil spill 
recovery efforts, however, would result in damage to and then reconstruction 
of habitat in the side channel. 

The side channel is heavily disturbed by clean-up activities in the first year 
following the oil spill. Recovery of fish habitat begins between 6 and 18 
months after the spill, and is effectively complete after 30 months. Recovery of 
fish habitat in the main Fraser River is complete within 6 months of the spill. 

Terrestrial Receptors 
Shoreline and Riparian 
Vegetation 

Shoreline and riparian vegetation is oiled along the overland flow path, in the 
gully leading to the side channel, and potentially in places along the side 
channel to the main Fraser River, but annual plants are not present except as 
seeds. Perennial plants, shrubs and trees are in a dormant state. Little if any 
shoreline habitat of the Fraser River is affected because of low winter water 
levels. 

High along the overland flow path, but Low elsewhere because the plants are 
in a dormant state at the time of the spill, and water levels are low during the 
winter. However, oil spill recovery activities result in damage to and then 
reconstruction of terrestrial habitat near the spill location. 

The overland flow path and areas around the spill location are heavily 
disturbed by clean-up activities in the first year following the oil spill. Recovery 
of terrestrial habitat begins about 18 months after the spill, and is effectively 
complete after about 5 years.  

Soil Invertebrates Soils are oiled along the overland flow path, in the gully leading to the side 
channel, and potentially in places along the side channel to the Fraser River. 
Little if any shoreline habitat of the main Fraser River is affected because of 
low winter water levels. 

High along the overland flow path, but Low elsewhere even though soil 
invertebrates may remain active during the mild winter conditions. Water 
levels are low during the winter, so contact with riparian areas of the river is 
minimal. Oil spill recovery activities result in damage to and then 
reconstruction of terrestrial habitat near the spill location. 

The overland flow path and areas around the spill location are heavily 
disturbed by clean-up activities in the first year following the oil spill. Recovery 
of terrestrial habitat begins about 18 months after the spill, and is effectively 
complete after about 5 years.  

Mammals 
Grizzly Bear The grizzly bear as a receptor is also intended to represent other omnivores 

and carnivores (such as raccoons), some of which may be winter-active in the 
lower mainland of BC, even if grizzly bear are not present. A small number of 
individual animals might come into contact with spilled oil in the overland flow 
path, the gully, the side channel, or stranded along shorelines of the main 
Fraser River channel.  

Low, because mild winter conditions reduce the probability that partially oiled 
animals would die as a result of exposure. However, disturbance caused by 
oil spill recovery activities could cause an alteration of habitat use during the 
spring, summer and fall. 

The overland flow path and areas around the gully and side channel are 
heavily disturbed by clean-up activities in the first year following the oil spill. 
Recovery of terrestrial habitat begins about 18 months after the spill, and is 
effectively complete after about 5 years.  

Moose Moose or other ungulates are potentially affected, as the gully and forested 
riparian areas of the side channel and river could provide sheltering habitat 
during cold periods. Moose tend to be solitary, so effects of external oiling on 
more than a few individual animals are unlikely. 

Low, because moose have a large home range, oil spill recovery activity 
would quickly cause them to leave the area. However, disturbance caused by 
oil spill recovery activities could cause an alteration of habitat use during the 
spring, summer and fall. 

The overland flow path and areas around the gully and side channel are 
heavily disturbed by clean-up activities in the first year following the oil spill. 
Recovery of terrestrial habitat begins about 18 months after the spill, and is 
effectively complete after about 5 years.  
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TABLE 7.1.10 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING WINTER TO THE FRASER RIVER NEAR HOPE, BC (continued) 

Fraser River, Winter 
Season 

LIKELY OIL SPILL EFFECTS 
Spatial Extent Magnitude Time to Recovery 

Muskrat Muskrat are potentially affected, as the side channel could provide suitable 
habitat, and muskrat remain active through the winter. However, effects on 
more than a few individual animals are unlikely. 

Localized effects on muskrat could be High, up to and including mortality of 
individuals inhabiting the side channel, and possibly extending into the main 
Fraser River channel. Disturbance caused by oil spill recovery activities could 
also temporarily eliminate their habitat.  

The overland flow path and areas around the gully and side channel are 
heavily disturbed by clean-up activities in the first year following the oil spill. 
Recovery of terrestrial and aquatic habitat begins about 18 months after the 
spill, and is effectively complete after about 5 years.  

River Otter Otters are potentially affected, as they remain active through the winter. 
Effects on more than a few individual animals are unlikely. 

Localized effects on river otter could be High, up to and including mortality of 
individuals if they occupy a den near the side channel, and possibly extending 
into the main Fraser River channel. Disturbance caused by oil spill recovery 
activities could also temporarily eliminate their habitat. 

The overland flow path and areas around the gully and side channel are 
heavily disturbed by clean-up activities in the first year following the oil spill. 
Recovery of terrestrial and aquatic habitat begins about 18 months after the 
spill, and is effectively complete after about 5 years.  

Birds 
Bald Eagle Winter range of bald eagle could extend to the hypothetical spill location. 

Individual birds could become oiled through feeding on dead fish or other 
carrion, or by taking fish from the water surface through an oil slick. 

Low. Partial oiling of plumage is not likely to result in mortality. Disturbance 
caused by oil spill recovery activities could also temporarily eliminate their 
habitat. 

One to two years, if clean-up activities result in temporary avoidance of habitat 
use as a result of disturbance. 

Canada Goose Not likely to be affected as the winter range is generally south of the pipeline 
right of way in BC. 

Low, because of lack of exposure. One to two years, if clean-up activities result in temporary avoidance of habitat 
use as a result of disturbance. 

Great Blue Heron Not likely to be affected as the winter range is generally south of the pipeline 
right of way in BC. 

Low, because of lack of exposure. One to two years, if clean-up activities result in temporary avoidance of habitat 
use as a result of disturbance. 

Mallard Duck Not likely to be affected as the winter range is generally south of the pipeline 
right of way in BC. 

Low, because of lack of exposure. One to two years, if clean-up activities result in temporary avoidance of habitat 
use as a result of disturbance. 

Spotted Sandpiper Not likely to be affected as the winter range is south of the pipeline right of 
way in BC. 

Low, because of lack of exposure. One to two years, if clean-up activities result in temporary avoidance of habitat 
use as a result of disturbance. 

Tree Swallow Not likely to be affected as the winter range is south of the pipeline right of 
way in BC. 

Low, because of lack of exposure. One to two years, if clean-up activities result in temporary avoidance of habitat 
use as a result of disturbance. 

Reptiles and air-breathing 
Amphibians 

The only native turtle likely to be found along the Fraser River is the painted 
turtle, found in low numbers in parts of the Fraser Valley from Vancouver to 
Hope. A variety of amphibian species could be present in the side channel. 
Pools in the side channel could provide overwintering habitat for both turtles 
and amphibians, but these would be dormant and likely buried in sediments 
under winter conditions. 

Low, because overwintering turtles and amphibians will be buried in 
sediments of the side channel, and are unlikely to be directly contacted by the 
spilled oil. Oil spill recovery activities, however, have the potential to disturb 
and possibly kill these animals. 

The side channel is heavily disturbed by clean-up activities in the first year 
following the oil spill. Recovery of turtle and amphibian habitat begins about 
18 months after the spill, and is effectively complete after 30 months. 
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7.1.4.2 Summer Conditions 

7.1.4.2.1 Assumed Fate 

With summer conditions, it is assumed that water flow in the gully is low, and that as the oil 
moves down the gully, it displaces and overflows the water, causing accumulation and 
penetration of oil into the boulder and cobble outwash materials. This process results in some 
hold-up of oil that could otherwise reach the Fraser River. As a result, approximately 1,200 m3 of 
CLWB reaches the river, which is in flood condition. Water is flowing freely along the side 
channel, and most of the sand and gravel bars are submerged. The oil is rapidly transported to 
the confluence with the main river channel, and is swept downstream with oil and sheens being 
observed as far as 100 km downriver, approaching the greater Vancouver area. 

Because the river is flowing at a high stage, flows frequently wash over islands or riparian 
areas, with oil contacting vegetation and shoreline soils. Air and water temperatures are 
relatively warm, so the oil weathers quickly. The side channel is relatively calm, but turbulent 
flow is encountered as the oil enters the main river channel, and some oil is entrained into the 
water column, locally enhancing concentrations of dissolved hydrocarbons at this point. The 
viscosity of the oil increases as it weathers, so most of the oil remains on the surface in patchy 
slicks and sheens until it strands on shorelines, often coating vegetation. 

The river is turbulent and has high turbidity at this time of year. The turbulent flow tends to 
entrain oil droplets into the water column in the upper reaches of the spill-affected area, but 
there is no appreciable salinity to the water, so OMA formation is limited. Most of the oil 
becomes stranded on shorelines and vegetation, so as water levels drop, this oil remains 
stranded and little remains in the river bed as submerged oil. The presence of residual oil in 
riparian areas leads to exposure for ecological receptors occupying terrestrial and shoreline 
habitat. 

7.1.4.2.2 Potential Effects 

Table 7.1.11 provides an evaluation of the likely spatial extent, magnitude, duration, and 
reversibility of environmental effects on each ecological receptor group that would be caused by 
the Fraser River near Hope spill scenario during summer. In summer conditions, the oil is 
rapidly advected as much as 100 km downstream, with oil becoming stranded on shorelines and 
coating shoreline vegetation. During the summer season, most migratory birds would be present 
and breeding. Similarly, mammals such as bears, moose, muskrat and river otter would be 
present and active. Effects on these wildlife receptors would likely be limited to a few 
individuals, rather than larger numbers that would affect the viability of regional populations. 
Effects on fish and fish habitat, as well as benthic invertebrates and aquatic vegetation, would 
likewise be limited in spatial extent. The gully does not provide fish habitat. The side channel of 
the Fraser River would provide fish habitat, and it is possible that fish mortality might be 
observed in the side channel. The main stem of the Fraser River, however, is not likely to 
experience fish kills because of the large volume of flowing water, notwithstanding the 
turbulence and potential for oil droplet formation. Oil spill recovery effects would be greatest on 
riparian and shoreline habitat. Depending upon the receptor group, the process of restoration 
and recovery could take anywhere from 18 months to 5 years. 

For the Fraser River in summer, flow in the river is peaking because of snow melt in its 
mountain headwaters. Most of the spilled oil reaches the side channel, and is advected 
downstream to the confluence with the main Fraser River. Effect magnitude on the overland 
flow path and in the gully leading to the side channel is high but localized, and is addressed by 
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physical remediation and reseeding of affected areas. Effects on aquatic receptors are variable. 
Effects on aquatic vegetation are of low magnitude as the spilled oil largely floats on the surface 
of the side channel, so vegetation has little direct exposure. Similarly effects on benthic 
invertebrates are generally low. There is potential for effects on fish and amphibians in the side 
channel that would result from expected high dissolved hydrocarbon concentrations. Much of 
the spilled oil becomes stranded along shorelines and in riparian areas where vegetation is 
oiled. Effects on shoreline and riparian vegetation and soil invertebrates are high on the 
overland flow path and along the side channel, becoming medium to low along the main Fraser 
River channel up to 100 km downstream because of the patchy distribution of the oil. Whereas 
the overland flow path is subject to intensive oil spill clean-up which is initially destructive to 
habitat, the ERA assumes that riparian areas along the Fraser River will be remediated with less 
intrusive methods, and a greater emphasis will be placed on natural attenuation of spilled oil 
residues at low levels. Environmental effects on mammal populations are high for semi-aquatic 
species such as muskrat, beaver, otter and mink in the side channel, and it is assumed that 
some of these animals could also be sufficiently oiled to cause death in areas downstream in 
the main Fraser River channel. For mammals that are larger or that are less adapted to the 
aquatic environment, such as bears, raccoons and moose, effects are expected to be medium, 
and may arise from disturbance of habitat, as well as from oiling of fur or ingestion of oil. For 
birds, guilds such as ducks and geese are most exposed to spilled oil, and effects on these 
species could be high (including mortality) to medium, including reproductive effects caused by 
transfer of oil to eggs, with resulting egg mortality, or effects on habitat quality caused by 
disturbance arising from oil spill response efforts. These effects could extend for up to 100 km 
downstream. Other species, such as raptors, wading birds, shorebirds, and swallows could 
experience medium effect magnitudes, reflecting both oil exposure and disturbance of habitat 
following the oil spill. Recovery times for spills in the summer could be as short as 12 months for 
some receptors, or up to five years where effects occur at the population level. 



Trans Mountain Pipeline (ULC)  
Trans Mountain Expansion Project Volume 7 
Volume 7 - Risk Assessment and Management of Pipeline and Facility Spills Page 7–132 

 

 

TABLE 7.1.11 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING SUMMER TO THE FRASER RIVER NEAR HOPE, BC 

Fraser River, Summer 
Season 

LIKELY OIL SPILL EFFECTS 
Spatial Extent Magnitude Time to Recovery 

Aquatic Receptors 
Aquatic Vegetation The side channel of the Fraser River is flooded with water from the main 

river, and islands, sandbars, and some riparian habitat are inundated. 
Aquatic vegetation in the side channel has little exposure to floating oil, 
and generally low sensitivity to dissolved hydrocarbon constituents. Little 
of the oil sinks in this area. 

Low. Aquatic vegetation is not directly exposed to the spilled oil, and oil 
spill recovery activities focus on riparian habitat, where oil has stranded. 

Spilled CLWB enters the side channel of the Fraser River, moving along it quite 
rapidly because of the high river flow. Oil spill recovery efforts result in little 
disturbance of this habitat. Recovery is generally complete within 6 months.  

Aquatic Invertebrates The side channel of the Fraser River is flooded with water from the main 
river, and islands, sandbars, and some riparian habitat are inundated. 
Aquatic invertebrates in the side channel have little exposure to floating oil, 
and exhibit a range of sensitivity to dissolved hydrocarbon constituents. 
Little of the oil sinks in this area. Some sensitive species are locally 
affected.  

Low. Aquatic invertebrates are not directly exposed to the spilled oil, and 
oil spill recovery activities focus on riparian habitat, where oil has stranded. 

Spilled CLWB enters the side channel of the Fraser River, moving along it quite 
rapidly because of the high river flow. Oil spill recovery efforts result in little 
disturbance of this habitat. Recovery is generally complete within 6 months.  

Fish and Fish Eggs Fish, including potentially inward migrating salmon, could be present in the 
side channel. Eulachon are not likely to use spawning habitat this far up 
the Fraser River. Mortality of fish is possible in the side channel, because 
of its small dimensions and turbulent flow, with unweathered CLWB 
forming droplets in suspension in the river water. The same process will 
continue in the main Fraser River, but mortality of fish here is unlikely 
because of the high flow rate, and progressive weathering of the oil.  

High although fish mortality is localized in the side channel.  Acutely lethal conditions persist for only about one day. Oil spill recovery efforts 
result in little disturbance of this aquatic habitat. Recovery is generally complete 
within 6 months.  

In-water Amphibians Amphibians may be spawning or juvenile amphibians may be present, but 
likely in protected areas not exposed to the high river flows. Turtles may be 
present and may be breeding, but also in more protected areas. Direct 
mortality is unlikely for turtles, although some limited mortality of 
amphibians in the side channel, or riparian areas of the main Fraser River 
is possible. 

Low to Medium, because amphibians and turtles are likely to occupy 
protected areas, not exposed to the main flow of the Fraser River.  

Spilled CLWB enters the side channel of the Fraser River, moving along it quite 
rapidly because of the high river flow. Oil spill recovery efforts result in little 
disturbance of this habitat. Recovery is generally complete within 6 months.  

Terrestrial Receptors 
Shoreline and Riparian 
Vegetation 

Shoreline and riparian vegetation is oiled along the overland flow path to 
the gully and side channel, and in riparian areas of the side channel and 
main Fraser River. Annual plants contacted by the spilled oil are likely to 
be killed. Leaves of perennial plants, shrubs and trees will also be killed, 
but these plants are likely to survive and regenerate. Effects extend 
throughout the riparian areas of the side channel, and where oil 
accumulates in riparian areas of the main Fraser River, up to 100 km 
downstream.  

High. The combination of direct contact with spilled oil, as well as oil spill 
recovery activities result in the physical destruction, and then 
reconstruction of terrestrial habitat near the spill location. Effects on 
riparian habitat are patchy, but can extend up to 100 km downstream. 

The overland flow path and areas around the spill location are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial habitat 
begins between 12 and 24 months after the spill, and is effectively complete after 
about 5 years.  

Soil Invertebrates Soils are oiled along the overland flow path to the side channel, and in 
riparian areas of the side channel and main Fraser River. Soil invertebrate 
communities may be affected by residual hydrocarbon concentrations. 
Effects extend throughout the riparian areas of the side channel, and 
where oil accumulates in riparian areas of the main Fraser River, up to 
100 km downstream.  

Medium, because residual hydrocarbon concentrations in soil are 
generally patchy, and recolonization from adjacent minimally affected 
areas proceeds rapidly. 

The overland flow path and areas around the spill location are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial habitat 
begins between 12 and 24 months after the spill, and is effectively complete after 
about 5 years.  

Mammals 
Grizzly Bear The grizzly bear as a receptor is also intended to represent other 

omnivore/carnivores (such as raccoons). A small number of individual 
animals might come into contact with spilled oil in the overland flow path, 
the gully, the side channel, or stranded along shorelines of the main Fraser 
River channel.  

Low, because partially oiled animals would not be likely to die as a result 
of exposure. However, disturbance caused by oil spill recovery activities 
could cause an alteration of habitat use during the spring, summer and fall. 

The overland flow path and areas around the spill location are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial habitat 
begins between 12 and 24 months after the spill, and is effectively complete after 
about 5 years.  

Moose Moose or other ungulates are potentially affected, as the gully and forested 
riparian areas of the river could provide sheltering and feeding habitat. 
Moose tend to be solitary, so effects of external oiling on more than a few 
individual animals are unlikely. 

Low, because moose have a large home range, oil spill recovery activity 
would quickly cause them to leave the area. However, disturbance caused 
by oil spill recovery activities could cause an alteration of habitat use 
during the spring, summer and fall. 

The overland flow path and areas around the spill location are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial habitat 
begins between 12 and 24 months after the spill, and is effectively complete after 
about 5 years.  
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TABLE 7.1.11 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING SUMMER TO THE FRASER RIVER NEAR HOPE, BC (continued) 

Fraser River, Summer 
Season 

LIKELY OIL SPILL EFFECTS 
Spatial Extent Magnitude Time to Recovery 

Muskrat Muskrat are potentially affected, as the side channel could provide suitable 
habitat. Muskrat in this habitat could be heavily oiled, causing death. 
However, effects on more than a few individual animals are unlikely. 
Mortality becomes less likely as the oil slick spreads on the main Fraser 
River, although oiling of individual animals may still occur, and mortality is 
possible. 

Localized effects on muskrat could be High, up to and including mortality 
of individuals inhabiting the side channel, and possibly extending into the 
main Fraser River channel. Disturbance caused by oil spill recovery 
activities could also temporarily eliminate their habitat.  

The overland flow path and areas around the spill location are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial habitat 
begins between 12 and 24 months after the spill, and is effectively complete after 
about five years.  

River Otter River otter are potentially affected, as the side channel could provide 
suitable habitat. Otters in this habitat could be heavily oiled, causing death. 
However, effects on more than a few individual animals are unlikely. 
Mortality becomes less likely as the oil slick spreads on the main Fraser 
River, although oiling of individual animals may still occur, and mortality is 
possible. 

Localized effects on river otter could be High, up to and including mortality 
of individuals if they occupy a den near the side channel, and possibly 
extending into the main Fraser River channel. Disturbance caused by oil 
spill recovery activities could also temporarily eliminate their habitat. 

The overland flow path and areas around the spill location are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial habitat 
begins between 12 and 24 months after the spill, and is effectively complete after 
about 5 years.  

Birds 
Bald Eagle Bald eagle would be present during summer, and would likely contact 

spilled oil while taking fish at the water surface, or as a result of feeding on 
fish killed by the oil spill. These birds would be partially oiled, and would be 
further exposed to oil while preening to remove oil from feathers. Such 
effects could be seen up to 100 km downstream from the spill location. 

Medium. Neither partial oiling of feathers, nor incidental oil ingestion is 
likely to be sufficient to kill exposed bald eagles, but oiled birds may 
transfer oil to eggs, killing the embryos and resulting in reduced 
reproductive success. Clean-up activities could also lead to nest 
abandonment, if nest locations are close to areas of high activity.  

One to two years, if clean-up activities result in temporary avoidance of habitat use 
as a result of disturbance. 

Canada Goose Nesting geese or other waterfowl could be exposed to oiling in riparian 
habitat up to 100 km downstream from the spill location. 

High to Medium, depending upon the level of exposure to floating oil, or 
stranded oil on shoreline habitat. Oiled birds could also transfer oil to eggs, 
resulting in embryo mortality. Clean-up activities could also lead to nest 
abandonment, if nest locations are close to areas of high activity.  

One to two years, if clean-up activities result in temporary avoidance of habitat use 
as a result of disturbance. 

Great Blue Heron Herons and other wading birds could be exposed to oiling in shallow water 
or riparian habitat up to 100 km downstream from the spill location. 

Medium. Neither partial oiling of feathers, nor incidental oil ingestion is 
likely to be sufficient to kill exposed birds, but oiled birds may transfer oil to 
eggs, killing the embryos and resulting in reduced reproductive success. 
Clean-up activities could also lead to nest abandonment, if nest locations 
are close to areas of high activity. 

One to two years, if clean-up activities result in temporary avoidance of habitat use 
as a result of disturbance. 

Mallard Duck Nesting mallards or other waterfowl could be exposed to oiling in riparian 
habitat up to 100 km downstream from the spill location. 

High to Medium, depending upon the level of exposure to floating oil, or 
stranded oil in shoreline habitat. High mortality is likely to be observed in 
oiled ducks. Surviving lightly oiled birds could also transfer oil to eggs, 
resulting in embryo mortality. Clean-up activities could also lead to nest 
abandonment, if nest locations are close to areas of high activity.  

One to two years, if clean-up activities result in temporary avoidance of habitat use 
as a result of disturbance. 

Spotted Sandpiper Sandpipers and other shorebirds could be exposed to oiling in shallow 
water or riparian habitat up to 100 km downstream from the spill location. 

Medium. Neither partial oiling of feathers, nor incidental oil ingestion is 
likely to be sufficient to kill exposed birds, but oiled birds may transfer oil to 
eggs, killing the embryos and resulting in reduced reproductive success. 
Clean-up activities could also lead to nest abandonment, if nest locations 
are close to areas of high activity.  

One to two years, if clean-up activities result in temporary avoidance of habitat use 
as a result of disturbance. 

Tree Swallow Tree swallows nest in cavities in trees located near the water, and forage 
over water. Tree swallows may also dip onto the water take emerging 
insects or drink, or bathe in shallow water pools. These birds could be 
affected up to 100 km from the spill location.  

Medium. Neither partial oiling of feathers, nor incidental oil ingestion is 
likely to be sufficient to kill exposed birds, but oiled birds may transfer oil to 
eggs, killing the embryos and resulting in reduced reproductive success. 
Clean-up activities could also lead to nest abandonment, if nest locations 
are close to areas of high activity.  

One to two years, if clean-up activities result in temporary avoidance of habitat use 
as a result of disturbance. 

Reptiles and air-breathing 
Amphibians 

Adult turtles and amphibians could be present in riparian habitat or 
backwater areas along the Fraser River. Such animals could be exposed 
to spilled oil for a distance of up to 100 km from the spill location. 

High to Medium. Turtles and amphibians along the shorelines of the river 
would be less exposed, and effect magnitude would decline with distance 
downstream and decreasing exposure. The risk of mortality would be 
greatest in the first 6 km (i.e., the side channel). 

The side channel is heavily disturbed by clean-up activities in the first year following 
the oil spill. Recovery of turtle and amphibian habitat begins about 18 months after 
the spill, and is effectively complete after 30 months. 
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7.1.4.3 Spring or Fall Conditions 

7.1.4.3.1 Assumed Fate 

With spring and fall conditions, it is assumed that water flows down the gully, and that the spilled 
oil quickly moves down the gully, displacing water and overflowing on the boulder and cobble 
substrates, with some accumulation and penetration of oil into the outwash materials. This 
process results in some hold-up of oil that could otherwise reach the Fraser River. 
Approximately 1,200 m3 of CLWB reaches the river, which is flowing normally within its banks at 
2,000 to 4,000 m3/s. Some river water is flowing slowly along the side channel, but most of the 
sand and gravel bars remain visible. The oil flows along the side channel to the confluence with 
the main river channel, and is subsequently transported downstream with oil and sheens being 
observed as far as 60 km downriver, approaching the greater Vancouver area. 

As the river is at moderate flow, the river banks, islands and gravel bars provide abundant solid 
substrate that oil can adhere to. Oiling, however, is principally confined to sand and gravel 
shorelines, and little riparian habitat is oiled. Flow in the side channel is relatively calm, but more 
turbulent flow is encountered as the oil enters the main river channel and some oil is entrained 
into the water column, locally enhancing concentrations of dissolved hydrocarbons at this point. 
The viscosity of the oil increases as it weathers, so most of the oil remains on the surface in 
patchy slicks and sheens until it strands on shorelines. 

The river has moderate turbulence and turbidity at this time of year. The turbulent flow tends to 
entrain some droplets of relatively unweathered oil into the water column in the upper reaches 
of the spill-affected area, but there is no appreciable salinity to the water, so OMA formation is 
limited. Most of the oil becomes stranded on shorelines. In the springtime, water levels tend to 
be steadily rising, so some of this oil may re-float, and some (if it has mixed with sand and 
gravel) may remain submerged. In the fall, water levels tend to be steadily falling, so stranded 
oil will generally remain stranded and exposed to weathering on the shoreline through the winter 
months. This results in different exposure pathways for ecological receptors in spring and fall. 

7.1.4.3.2 Potential Effects 

Table 7.1.12 provides an evaluation of the likely spatial extent, magnitude, duration, and 
reversibility of environmental effects on each ecological receptor group that would be caused by 
the Fraser River near Hope spill scenario during spring or fall. Because of the river flow 
condition, the oil is advected as much as 60 km downstream, with much of the oil becoming 
stranded on shorelines and gravel bars. During the spring and fall seasons, many migratory 
birds would be present. Similarly, mammals such as bears, moose, muskrat and river otter 
would be present and active. Effects on these wildlife receptors would likely be limited to a few 
individuals, rather than larger numbers that would affect the viability of regional populations. 
Effects on fish and fish habitat, as well as benthic invertebrates and aquatic vegetation, would 
likewise be limited in spatial extent. The gully does not provide fish habitat. The side channel of 
the Fraser River would provide fish habitat, and it is possible that fish mortality might be 
observed in the side channel. The main stem of the Fraser River, however, is not likely to 
experience fish kills as a result of the large volume of flowing water, notwithstanding the 
turbulence and potential for oil droplet formation. Oil spill recovery effects would be greatest on 
shoreline habitat. The potential for submerged oil is greatest in spring, as weathered oil that has 
contacted sand and gravel may be remobilized with rising waters and transported downriver as 
part of the bedload. Depending upon the receptor group, the process of restoration and 
recovery could take anywhere from 18 months to 5 years. 
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Effect magnitude on the overland flow path and in the gully leading to the side channel is high 
but localized, and is addressed by physical remediation and reseeding of affected areas. Effects 
on aquatic receptors, including aquatic vegetation, invertebrates, fish and amphibians, are 
generally medium to low in the side channel, and low in the Fraser River, except for effects on 
amphibians in spring, which could be high if oil enters habitat where amphibian eggs or larvae 
are present. Effects farther downstream in the main Fraser River are generally low because of 
increasing dilution and dispersion of the oil. Effects on shoreline and riparian vegetation and soil 
invertebrates are high on the overland flow path, but low along the Fraser River because of the 
low level of exposure. The overland flow path is subject to intensive oil spill clean-up which is 
initially destructive to habitat. Environmental effects on mammal populations are greatest for 
semi-aquatic species such as muskrat, beaver, otter and mink, for which it is assumed that 
mortality could occur throughout a river reach of up to 60 km. For mammals that are larger or 
that are less adapted to the aquatic environment, such as bears, raccoons and moose, effects 
are expected to be medium, and may arise from disturbance of habitat, as well as from oiling of 
fur or ingestion of oil. For birds, guilds such as ducks and geese are most exposed to spilled oil, 
and effects on these species could be high (including mortality) to medium, including 
reproductive effects caused by transfer of oil to eggs in spring, with resulting egg mortality, or 
effects on habitat quality caused by disturbance arising from oil spill response efforts. Other 
species, such as raptors, wading birds, shorebirds, and swallows could experience medium 
effect magnitudes, reflecting both oil exposure and disturbance of habitat following the oil spill. 
Recovery times for spills in the spring and fall could be as short as 12 months for some 
receptors, or up to five years where effects occur at the population level. 
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TABLE 7.1.12 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING SPRING OR FALL TO THE FRASER RIVER NEAR HOPE, BC 

Fraser River, Spring or 
Fall Season 

LIKELY OIL SPILL EFFECTS 
Spatial Extent Magnitude Time to Recovery 

Aquatic Receptors 
Aquatic Vegetation The side channel of the Fraser River is somewhat isolated from the main 

Fraser River because of intermediate water levels. Islands and sandbars 
are present and visible. Little if any riparian habitat is inundated. Aquatic 
vegetation in the side channel has little exposure to floating oil, and 
generally low sensitivity to dissolved hydrocarbon constituents. Little of the 
oil sinks in this area. 

Medium. Some aquatic vegetation is contacted by the spilled oil. Oil spill 
recovery efforts in the side channel result in damage to the habitat. Oil 
exiting the side channel to enter the main channel is carried up to 60 km 
downstream, but little aquatic plant habitat is present in the main channel. 

Spilled CLWB enters the side channel of the Fraser River, moving along it and 
entering the main channel. Because more of the oil is retained in the side channel, 
more habitat disturbance results from recovery efforts. Recovery is generally 
complete within 12 to 24 months.  

Aquatic Invertebrates The side channel of the Fraser River is somewhat isolated from the main 
Fraser River because of intermediate water levels. Islands and sandbars 
are present and visible. Little if any riparian habitat is inundated. Aquatic 
invertebrates in the side channel have moderate exposure to dissolved 
hydrocarbon constituents. Little of the oil sinks in this area. 

Medium. Some aquatic invertebrates are killed by exposure to dissolved 
hydrocarbons in the side channel. Oil spill recovery efforts in the side 
channel result in damage to the habitat. Oil exiting the side channel to 
enter the main channel is carried up to 60 km downstream, but flow in the 
river is such that acute toxicity to aquatic invertebrates is unlikely. Some oil 
sinks and is deposited to sediment in areas of low flow and silty sediment. 
This aquatic invertebrate habitat remains compromised.  

Spilled CLWB enters the side channel of the Fraser River, moving along it and 
entering the main channel. Because more of the oil is retained in the side channel, 
more habitat disturbance results from recovery efforts. Efforts to recover sunken oil 
from backwater areas of silty sediments take longer, but the natural flow regime of 
the river tends to periodically erode and re-suspend sediment in these areas. 
Recovery is generally complete within 12 to 24 months.  

Fish and Fish Eggs Fish, including potentially inward migrating salmon in the fall, could be 
present in the side channel. Eulachon are not likely to use spring spawning 
habitat this far up the Fraser River. Mortality of fish is possible in the side 
channel, because of its small dimensions, but flow characteristics have low 
turbulence, so droplet formation is limited. Flow is more turbulent in the 
main Fraser River, but the oil is somewhat weathered by the time it leaves 
the side channel, and the flow volume is still large, limiting the potential for 
fish mortality.  

Medium, and localized in the side channel.  Acutely lethal conditions persist for only about one day. Oil spill recovery efforts result 
in disturbance of this aquatic habitat. Recovery is generally complete within 12 to 24 
months.  

In-water Amphibians Amphibians may be spawning in the spring, but likely in protected areas 
not exposed to the high summer river flows. Turtles may be present and 
may be breeding, but also in more protected areas. Direct mortality is 
unlikely for turtles, although some limited mortality of amphibians in the 
side channel, or riparian areas of the main Fraser River is possible. 

Low to Medium, because amphibians and turtles are likely to occupy 
protected areas, not exposed to the main flow of the Fraser River.  

Spilled CLWB enters the side channel of the Fraser River, moving along it with river 
flow. Oil spill recovery efforts result in disturbance of this habitat. Recovery is 
generally complete within 12 to 24 months.  

Terrestrial Receptors 
Shoreline and Riparian 
Vegetation 

Some shoreline and riparian vegetation is oiled along the overland flow 
path to the side channel, but little riparian habitat along the side channel or 
main Fraser River is contacted by oil, because of intermediate water levels. 
Annual plants contacted by the spilled oil are likely to be killed. Leaves of 
perennial plants, shrubs and trees will also be killed, but these plants are 
likely to survive and regenerate. Effects are largely confined to the 
overland flow path and the area where the oil enters the side channel. 

Low. The combination of direct contact with spilled oil, as well as oil spill 
recovery activities result in the physical destruction, and then 
reconstruction of terrestrial habitat near the spill location. Effects on 
riparian habitat of the side channel and main Fraser River are minimal. 

The overland flow path and areas around the spill location are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial habitat 
begins between 12 and 24 months after the spill, and is effectively complete after 
about 5 years.  

Soil Invertebrates Soils are oiled along the overland flow path to the side channel. Riparian 
areas of the side channel and main Fraser River are minimally affected. 

Low. The combination of direct contact with spilled oil, as well as oil spill 
recovery activities result in the physical destruction, and then 
reconstruction of terrestrial habitat near the spill location. Effects on 
riparian habitat of the side channel and main Fraser River are minimal. 

The overland flow path and areas around the spill location are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial habitat 
begins between 12 and 24 months after the spill, and is effectively complete after 
about 5 years.  

Mammals 
Grizzly Bear The grizzly bear as a receptor is also intended to represent other 

omnivore/carnivores (such as raccoons). A small number of individual 
animals might come into contact with spilled oil in the overland flow path, 
the gully, the side channel, or stranded along shorelines of the main Fraser 
River channel.  

Low, because partially oiled animals would not be likely to die as a result of 
exposure. However, disturbance caused by oil spill recovery activities 
could cause an alteration of habitat use during the spring, summer and fall. 

The overland flow path and areas around the spill location are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial habitat 
begins between 12 and 24 months after the spill, and is effectively complete after 
about 5 years.  

Moose Moose or other ungulates are potentially affected, as the gully and forested 
riparian areas of the river could provide sheltering and feeding habitat. 
Moose tend to be solitary, so effects of external oiling on more than a few 
individual animals are unlikely. 

Low, because moose have a large home range, oil spill recovery activity 
would quickly cause them to leave the area. However, disturbance caused 
by oil spill recovery activities could cause an alteration of habitat use during 
the spring, summer and fall. 

The overland flow path and areas around the spill location are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial habitat 
begins between 12 and 24 months after the spill, and is effectively complete after 
about 5 years.  
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TABLE 7.1.12 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING SPRING OR FALL TO THE FRASER RIVER NEAR HOPE, BC (CONTINUED) 

Fraser River, Spring or 
Fall Season 

LIKELY OIL SPILL EFFECTS 
Spatial Extent Magnitude Time to Recovery 

Muskrat Muskrat are potentially affected, as the side channel could provide suitable 
habitat. Muskrat in this habitat could be heavily oiled, causing death. 
However, effects on more than a few individual animals are unlikely. 
Mortality becomes less likely as the oil slick spreads on the main Fraser 
River, although oiling of individual animals may still occur up to 60 km 
downstream, and mortality is possible. 

Localized effects on muskrat could be High, up to and including mortality of 
individuals inhabiting the side channel, and possibly extending into the 
main Fraser River channel. Disturbance caused by oil spill recovery 
activities could also temporarily eliminate their habitat.  

The overland flow path and areas around the spill location are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial habitat 
begins between 12 and 24 months after the spill, and is effectively complete after 
about 5 years.  

River Otter River otter are potentially affected, as the side channel could provide 
suitable habitat. Otters in this habitat could be heavily oiled, causing death. 
However, effects on more than a few individual animals are unlikely. 
Mortality becomes less likely as the oil slick spreads on the main Fraser 
River, although oiling of individual animals may still occur up to 60 km 
downstream, and mortality is possible. 

Localized effects on river otter could be High, up to and including mortality 
of individuals if they occupy a den near the side channel, and possibly 
extending into the main Fraser River channel. Disturbance caused by oil 
spill recovery activities could also temporarily eliminate their habitat. 

The overland flow path and areas around the spill location are heavily disturbed by 
clean-up activities in the first year following the oil spill. Recovery of terrestrial habitat 
begins between 12 and 24 months after the spill, and is effectively complete after 
about 5 years.  

Birds 
Bald Eagle Bald eagle would be present during spring and fall, and would likely contact 

spilled oil while taking fish at the water surface, or as a result of feeding on 
fish killed by the oil spill. These birds would be partially oiled, and would be 
further exposed to oil while preening to remove oil from feathers. Such 
effects could be seen up to 100 km downstream from the spill location. 

Medium. Neither partial oiling of feathers, nor incidental oil ingestion is 
likely to be sufficient to kill exposed bald eagles, but oiled birds may 
transfer oil to eggs, killing the embryos and resulting in reduced 
reproductive success. Clean-up activities could also lead to nest 
abandonment in spring, if nest locations are close to areas of high activity.  

One to two years, if clean-up activities result in temporary avoidance of habitat use 
as a result of disturbance. 

Canada Goose Nesting geese or other waterfowl could be exposed to oil in slicks or 
stranded on shorelines up to 60 km downstream from the spill location. 

High to Medium, depending upon the level of exposure to floating oil, or 
stranded oil on shoreline habitat. Oiled birds could also transfer oil to eggs 
in spring, resulting in embryo mortality. Clean-up activities could also lead 
to nest abandonment in spring, if nest locations are close to areas of high 
activity.  

One to two years, if clean-up activities result in temporary avoidance of habitat use 
as a result of disturbance. 

Great Blue Heron Herons and other wading birds could be exposed to oil in slicks or stranded 
on shorelines up to 60 km downstream from the spill location. 

Medium. Neither partial oiling of feathers, nor incidental oil ingestion is 
likely to be sufficient to kill exposed birds, but oiled birds may transfer oil to 
eggs in spring, killing the embryos and resulting in reduced reproductive 
success. Clean-up activities could also lead to nest abandonment in spring, 
if nest locations are close to areas of high activity.  

One to two years, if clean-up activities result in temporary avoidance of habitat use 
as a result of disturbance. 

Mallard Duck Nesting mallards or other waterfowl could be exposed to oil in slicks or 
stranded on shorelines up to 60 km downstream from the spill location. 

High to Medium, depending upon the level of exposure to floating oil, or 
stranded oil in shoreline habitat. High mortality is likely to be observed in 
oiled ducks. Surviving lightly oiled birds could also transfer oil to eggs, 
resulting in embryo mortality in spring. Clean-up activities could also lead 
to nest abandonment in spring, if nest locations are close to areas of high 
activity.  

One to two years, if clean-up activities result in temporary avoidance of habitat use 
as a result of disturbance. 

Spotted Sandpiper Sandpipers and other shorebirds could be exposed to oil stranded on 
shorelines up to 60 km downstream from the spill location. 

Medium. Neither partial oiling of feathers, nor incidental oil ingestion is 
likely to be sufficient to kill exposed birds, but oiled birds may transfer oil to 
eggs in spring, killing the embryos and resulting in reduced reproductive 
success. Clean-up activities could also lead to nest abandonment in spring, 
if nest locations are close to areas of high activity.  

One to two years, if clean-up activities result in temporary avoidance of habitat use 
as a result of disturbance. 

Tree Swallow Tree swallows nest in cavities in trees located near the water, and forage 
over water. Tree swallows may also dip onto the water take emerging 
insects or drink, or bathe in shallow water pools. These birds could be 
affected up to 60 km from the spill location.  

Medium. Neither partial oiling of feathers, nor incidental oil ingestion is 
likely to be sufficient to kill exposed birds, but oiled birds may transfer oil to 
eggs, killing the embryos and resulting in reduced reproductive success. 
Clean-up activities could also lead to nest abandonment, if nest locations 
are close to areas of high activity.  

One to two years, if clean-up activities result in temporary avoidance of habitat use 
as a result of disturbance. 

Reptiles and air-
breathing Amphibians 

Adult turtles and amphibians could be present in riparian habitat or 
backwater areas along the Fraser River. Such animals could be exposed to 
spilled oil for a distance of up to 60 km from the spill location. 

High to Medium. Turtles and amphibians along the shorelines of the river 
would be less exposed, and effect magnitude would decline with distance 
downstream and decreasing exposure. The risk of mortality would be 
greatest in the first 6 km (i.e., the side channel). 

Spilled CLWB enters the side channel of the Fraser River, moving along it and 
entering the main channel. Because more of the oil is retained in the side channel, 
more habitat disturbance results from recovery efforts. Recovery is generally 
complete within 12 to 24 months.  
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7.1.5 Scenario 4: Fraser River and Delta near Port Mann Bridge, British Columbia, 
RK 1,167.5 

The hypothetical full bore rupture spill scenario on the bank of the Fraser River near the Port 
Mann Bridge (RK 1,167.5) was established as 1,250 m3 of CLWB for the purpose of detailed 
spill modeling and the pipeline ERA. Subsequent spill outflow modelling volume estimates show 
slightly different predicted release volumes. The ERA has not been modified to reflect this 
refinement as the ecological consequences described below are still valid. 

The hypothetical spill location is adjacent to railway yards on the south side of the Fraser River, 
a short distance downstream from the Port Mann Bridge. At this location, the pipeline is within a 
few hundred metres of the river, and it is likely that culverts and other drainage systems would 
rapidly transport most of the spilled oil from the spill location to the river. For this reason, there 
was assumed to be no hold-up of spilled oil on land, although it is possible that by blocking such 
culverts or ditches as an early emergency response action, a considerable amount of oil could 
be prevented from reaching the water. The Fraser River at this location is about 450 m wide, 
with a gentle meander and a sand bed. Shorelines are highly developed with wharves, pilings, 
log booms and rip-rap. Flows are strongly seasonal, ranging from approximately 7,000 to 
12,000 m3/s in June (during freshet), to 2,000 m3/s or lower during winter. 

Owing to the complex nature of interactions between spilled oil and water, suspended sediment, 
and hydrology as the Fraser River enters the delta, this spill example is supported by stochastic 
oil spill fate and transport modeling (Modeling the Fate and Behaviour of Marine Oil Spills for the 
Trans Mountain Expansion Project [Volume 8C, TR 8C-12, S9]). In addition, the evaluation is 
supported by reference to two case studies described in the Qualitative Ecological Risk 
Assessment of Pipeline Spills Technical Report (TR 7-1): the Kalamazoo River oil spill, since 
that oil spill involved a similar form of diluted bitumen; and the DM 932 spill in the lower 
Mississippi River, since that involved a heavy oil, and a large river/estuary system with high 
suspended sediment load. Consideration was also given to information that was developed 
during the Gainford experimental study (see Gainford Study in Volume 8C, TR 8C-12, S7) and 
as part of the proposed Vancouver Airport Fuel Delivery Project (Vancouver Airport Fuel 
Facilities Corporation [VAFFC] 2012a). 

Three environmental conditions were considered for this spill example: 

· A winter condition between December and March. Air temperatures are 
assumed to be around the freezing mark, but snow cover is not guaranteed, 
and the river is ice-free. The river flow is in a low range (around 2,000 m3/s). 

· A summer condition between June and August, with air temperatures 15 to 
25°C. The river is in freshet, with flow greater than 6,000 m3/s, and potentially 
approaching 12,000 m3/s. 

· A spring or fall condition between April and June, or September and November. 
The river flow is in a moderate range, at around 5,000 m3/s, and the air 
temperatures are cool, between 0 and 15°C. 

The ERA scenario evaluation did not consider the probability of occurrence of the spill nor the 
various design, engineering, maintenance, inspection and other preventative programs that 
Trans Mountain will have in place to reduce the likelihood of spills occurring, the details of which 
can be found in Section 2.0. Rather, this evaluation assessment was performed based on the 
premise that the spill had occurred despite these preventative programs. In addition, the 
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evaluation did not consider the full application of emergency response approaches and spill 
response resources described in Section 4.0, a conservative, and unrealistic, assumption based 
on evidence from past spills. 

7.1.5.1 Ecological Receptors 

The ecological receptors considered for the other three hypothetical spill locations were also 
evaluated for this scenario, considering the potential for a oil spill to affect the Fraser River 
Delta. However, the potential for finding freshwater turtles and amphibians decreases as the 
river water becomes brackish. Two species of sea turtle (Pacific green turtle and Pacific 
leatherback turtle) are reported from BC waters, but reproduce in more southerly areas, and 
would have a very low probability of being encountered in the Fraser River Delta. Based on 
regulatory consultation carried out for the Project, as well as consideration of concerns raised 
during the Vancouver Airport Fuel Delivery Project (Environment Canada 2012, 
VAFFC 2012a,b) two additional ecological receptors relevant to the Fraser River estuary were 
evaluated for this scenario: biofilm and Western sandpiper. These receptors are described 
briefly below; additional information is provided in Qualitative Ecological Risk Assessment of 
Pipeline Spills Technical Report (TR 7-1). 

Biofilm (also sometimes referred to as microphytobenthos) is the name given to an assemblage 
of algal cells, rotifers, protozoans, bacteria and detritus found as a thin layer on the surface of 
mudflats. The thin, biofilm layer is easily disturbed, although it may potentially help to stabilize 
the sediment surface from gentle wave action. The biofilm and underlying mud also support 
benthic invertebrate species such as polychaete worms and small crustaceans. 

The Western sandpiper is a small shorebird that nests on tundra in eastern Siberia and Alaska, 
and summers in the southern US. During spring migration, Roberts Bank can host over one 
million Western sandpiper over a 15 day period. During this stopover, the sandpipers feed 
heavily on biofilm (Kuwae et al. 2008). While Western sandpiper can be found throughout the 
mudflat areas of Sturgeon and Roberts Banks and Boundary Bay, an area south of Brunswick 
Point appears to be particularly important as a congregating and feeding area (VAFFC 2012a). 

7.1.5.2 Winter Conditions 

7.1.5.2.1 Assumed Fate 

Predicted fate during winter conditions is described in Modeling the Fate and Behaviour of 
Marine Oil Spills for the Trans Mountain Expansion Project (Volume 8C, TR 8C-12, S9) for the 
months of November, December, January, February and March. In winter conditions, at this low 
elevation and proximity to the ocean, it is unlikely that snowpack would be present to influence 
the behaviour of the spilled CLWB. It is assumed that culverts and ditching are present close to 
the pipeline, and that this drainage system quickly conveys virtually all of the spilled oil directly 
to the river over a period of several hours. Although the river stage is low, transit times for the 
spilled oil to reach the delta are short, on the order of one to two days, depending upon the tidal 
state at the time of the spill. 

Frequent contact with shorelines strands some of the spilled oil, and it is possible that 
emergency responders could collect and recover some of the spilled oil, particularly in the main 
channel, before it reaches the mouth of the Fraser River. Failing this, oil entering the main 
channel is advected downstream. Most of the spilled oil remains within the main river channel, 
although a small amount enters the north channel but generally strands within a short distance. 
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The probability of oil presence on the surface of the river exceeds 90 per cent between the Port 
Mann Bridge and a point downstream of Annacis Island. There is approximately a 50 per cent 
probability of oil on the surface of the water reaching the islands and marshes near Port 
Guichon, and about a 5 to 10 per cent probability of oil on the surface of the water exiting the 
mouth of the river into the Strait of Georgia. This represents a small amount of spilled oil, and 
the probability of oil stranding on Roberts Bank or other mudflats is low. As with other seasonal 
simulations, oil leaving via the main river channel tends to be swept out into the Strait of 
Georgia, and little if any strands in the immediate vicinity of the Delta. 

The probability of shoreline oiling is high (generally 60 to 100 per cent between the Port Mann 
Bridge and the upstream end of Annacis Island, and 60 to 90 per cent along the west and south 
shorelines of Annacis Island), although lower on the south shoreline of the Fraser River in this 
area. Lower probability of shoreline oiling (20 to 60 per cent) generally prevails between the 
middle of Annacis Island and the George Massey Tunnel. Beyond the George Massey Tunnel, 
the probability of shoreline oiling falls and is generally less than 10 per cent, with most occurring 
along the main river channel. Some oil is also entrained into the river channels around the 
islands and marshes near Ladner and Port Guichon, but the probability of oil stranding in these 
areas is relatively low. 

Mass balance plots provided in Qualitative Ecological Risk Assessment of Pipeline Spills 
Technical Report (TR 7-1) show that most of the spilled oil (>80 per cent) strands along river 
shorelines within three days of spill initiation. By this time, about 11 per cent of the oil has 
evaporated, and <5 per cent remains on the surface of the water. Small amounts of the oil 
(generally <1 per cent) have become submerged, undergone biodegradation, or dissolved into 
the water. Formation of OMA and dispersion of oil into the water are not predicted to occur to 
any meaningful extent (each representing <0.1 per cent of the spilled oil). 

Weathering CLWB is not likely to achieve a density greater than that of brackish water within 10 
days of being spilled (see Gainford Study in Volume 8C, TR 8C-12, S7). The spilled oil therefore 
floats until it strands on shorelines. As it weathers, it becomes more viscous and thicker, but 
strands before its density approaches or exceeds that of the water. Little oil is entrained in the 
water column due to the viscosity of the oil and the relatively low turbulence of the river flow. 
Turbidity is at a seasonally low level due to low water flow. The water is brackish, so OMA 
formation is limited primarily by the low levels of suspended oil droplets, and low suspended 
sediment concentrations. There is a risk that oil stranded on shorelines will acquire additional 
density as a result of adhering or intermixed sand particles as the oil weathers, so that the 
weathered oil-sand mixture may become submerged if it is subsequently eroded or flooded 
before it can be recovered. Owing to winter conditions, many of the ecological receptors that 
could potentially be exposed are absent, or dormant. 

7.1.5.2.2 Potential Effects 

Table 7.1.13 provides an evaluation of the likely spatial extent, magnitude, duration, and 
reversibility of environmental effects on each ecological receptor group for the Fraser River and 
Delta Port Mann spill scenario during winter. River level may substantially alter the 
characteristics of exposed shorelines. At low river flows, little shoreline vegetation or rip-rap 
would be exposed to flowing water or oil, and most of the exposed shoreline would be sandy or 
muddy. The lower river reaches and Delta have a greater amount of fringing marsh, with 
relatively less artificial shoreline. Oil spill recovery effects on the main channel of the Fraser 
River and in marsh areas near Ladner and Port Guichon would likely be substantial. Depending 
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upon the receptor group, the process of restoration and recovery could take anywhere from 18 
months to five years. 

Effects on fish and fish habitat, as well as benthic invertebrates and aquatic vegetation would be 
limited in spatial extent. The Fraser River provides fish habitat and is a major migration route for 
Pacific salmon, but winter conditions are not the primary season for such migrations. The main 
stem of the Fraser River is not likely to experience fish kills due to the large volume of flowing 
water, the low turbulence and limited potential for oil droplet formation, as indicated by the very 
small fraction of the spilled CLWB predicted to become dissolved in the water. 

Effect magnitudes on shoreline and riparian vegetation and soil invertebrates would be low, due 
to low water levels and lack of oiling of riparian habitats, as well as to winter dormancy. Some of 
the relevant ecological receptors would be dormant (e.g., plants, amphibians, reptiles, and 
mammals that hibernate) or absent (e.g., some migratory birds), although birds such as bald 
eagle and waterfowl could be present around the river through the winter due to the ice free 
conditions. The Delta is also an important wintering area for large numbers of birds, including 
raptors, waterfowl, and many shorebirds, particularly in sheltered habitat areas like side 
channels and wetlands. It is less likely that large mammals (such as bear or moose) would be 
present in this predominantly urban landscape, however, other wildlife species such as raccoon, 
fox, deer, otter and muskrat would be present and active year-round. Effect magnitudes for 
mammals and birds would generally be low to medium due to lack of exposure for migratory 
birds or hibernating mammals. However, higher effect magnitudes would be seen for semi-
aquatic mammals in the Fraser River due to oiling of fur. Higher effect magnitudes could also be 
seen for wintering birds such as ducks, depending upon the numbers present. Recovery of the 
various ecological receptors from oil spill effects would take approximately 12 months to five 
years, assuming that the spill occurs in January, and physical works associated with oil spill 
recovery are ongoing through until the late summer. 
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TABLE 7.1.13 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING WINTER TO THE FRASER RIVER AND DELTA NEAR THE PORT MANN BRIDGE, BC 

Fraser River Delta, 
Winter Conditions 

LIKELY OIL SPILL EFFECTS 
Spatial Extent and Boundaries of Effects Effect Magnitude Time to Recovery 

Aquatic Receptors 
Biofilm Biofilm of variable quality will be present wherever sediments are exposed and remain 

moist at low tide, along the Fraser River channels and on the Banks and mudflats, but 
particularly in more protected areas and on more stable substrates. Biofilm will not be 
present on the river bed, generally, as a result of poor light penetration and the shifting 
sand nature of the river bed. The probability of shoreline oiling in the river is greatest 
along the south shore between the Port Mann Bridge and Annacis Island, becoming 
medium in the vicinity of the island, medium to low between the downstream end of 
Annacis Island and the George Massey Tunnel, and low downstream of the George 
Massey Tunnel. Sturgeon Bank, Roberts Bank, and the mudflats of Boundary Bay are 
not significantly exposed to oiling.  

Variable, with a High effect magnitude in areas along the river shorelines where oiling 
is heavy; becoming Low downstream of the George Massey tunnel, and Negligible on 
the Banks and Boundary Bay. 

Short. Biofilm has been observed to re-form within 24 hours 
following removal from mudflats (VAFFC 2012a), and it is 
likely that once shoreline clean-up has taken place, biofilm 
will readily regenerate.  

Aquatic Vegetation Aquatic vegetation is not expected to be a significant component in the main stem of 
the river, and will be senescent during the winter months in wetland areas that would 
otherwise be more productive. 

Medium to Low. Aquatic vegetation is not actively growing at the time of the spill. 
However, oil spill recovery activities may result in some damage to oiled shorelines in 
the lower part of the river. The probability of shoreline oiling decreases substantially 
below the George Massey Tunnel. 

Oil spill recovery efforts along the river channel and in 
wetland areas result in some disturbance of this habitat, but 
erosion and deposition of sediment during and after the 
summer high flow period effectively restore this habitat, so 
that effects persist for 6 to 18 months.  

Aquatic Invertebrates Aquatic invertebrates are present in the substrates of the main Fraser River, and in 
wetland and side-channel areas. Effects on the benthic community are low, however, 
as a result of the small amount of spilled hydrocarbon that becomes dissolved in the 
river water, and the large river flow. 

Low in the main Fraser River and downstream areas, as a result of the small amount of 
oil that becomes dissolved, and the large size of the river. 

Short. Effects on the benthic community are minor, and 
rapidly reversible. 

Fish and Fish Eggs Fish are present in the main Fraser River, but it is not a major migratory period for 
salmon or eulachon, although steelhead could be migrating up the river during the 
winter period. Mortality of fish in the main Fraser River is unlikely as a result of the 
large volume of water flowing in the river and the low probability of oil droplet formation.  

Low in the main Fraser River and downstream areas, as a result of the small amount of 
oil that becomes dissolved, and the large size of the river. 

Short. Effects on the fish community are minor, and rapidly 
reversible. 

In-water Amphibians Juvenile amphibians are not present in winter conditions. Adult amphibians may be 
overwintering in the sediments of the protected areas in the upstream portion of the 
river, but are minimally affected. The presence of amphibians becomes less likely as 
the river becomes more brackish, downstream. 

Low, as a result of the low numbers expected to be present in this habitat, and the 
overwintering dormancy of any animals that may be present. 

Short. Effects on amphibians are minor, and rapidly 
reversible. 

Terrestrial Receptors 
Shoreline and Riparian 
Vegetation 

The overland flowpath comprises industrial lands, ditches and culverts. Little if any 
shoreline riparian habitat of the Fraser River is affected, as a result of low winter water 
flow rates. Water levels in the Delta and on the Banks remain within normal tidal 
ranges, so shoreline vegetation is not materially affected. 

Low along the overland flowpath, as a result of the industrialized nature of the 
landscape. Low for shoreline communities along the river and in the Delta, as a result 
of lack of exposure to oiling. 

Ditches and culverts of the overland flowpath are 
remediated and restored within weeks, with negligible 
effects on ecological receptors. No material effects on other 
shoreline soils or vegetation communities of the river and 
Delta. 

Soil Invertebrates The overland flowpath comprises industrial lands, ditches and culverts. Little if any 
shoreline habitat of the Fraser River is affected, as a result of low winter water flow 
rates. Water levels in the Delta and on the Banks remain within normal tidal ranges, so 
shoreline soil invertebrate communities are not materially affected. 

Low along the overland flowpath, as a result of the industrialized nature of the 
landscape. Low for shoreline communities along the river and in the Delta, as a result 
of lack of exposure to oiling. 

Ditches and culverts of the overland flowpath are 
remediated and restored within weeks, with negligible 
effects on ecological receptors. No material effects on other 
shoreline soils or invertebrate communities of the river and 
Delta. 

Mammals 
Grizzly Bear The grizzly bear as a receptor is also intended to represent other omnivores and 

carnivores (such as raccoons and foxes), some of which may be winter-active in the 
lower mainland of BC, even if grizzly bear are not present. A small number of individual 
animals might come into contact with spilled oil in the overland flowpath, or stranded 
along shorelines of the Fraser River and Delta.  

Low, because mild winter conditions reduce the probability that partially oiled animals 
would die as a result of exposure. However, disturbance caused by oil spill recovery 
activities could cause an alteration of habitat use during the spring, summer and fall. 

Ditches and culverts of the overland flowpath are 
remediated and restored within weeks, with negligible 
effects on ecological receptors. No material effects on other 
shoreline soils or invertebrate communities of the river and 
Delta. 

Moose It is unlikely that moose would be exposed, but other ungulates such as deer could use 
habitat along the river or in the Delta. Effects of external oiling on more than a few 
individual animals are unlikely. 

Low, because soil spill clean-up activities will largely be confined to SCAT, and 
disturbance of habitat where deer or other ungulates are present is likely to be short-
term and intermittent. 

Ditches and culverts of the overland flowpath are 
remediated and restored within weeks, with negligible 
effects on ecological receptors. No material effects on other 
shoreline soils and terrestrial habitats of the river and Delta. 

  



Trans Mountain Pipeline (ULC)  
Trans Mountain Expansion Project Volume 7 
Volume 7 - Risk Assessment and Management of Pipeline and Facility Spills Page 7–143 

 

 

TABLE 7.1.13 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING WINTER TO THE FRASER RIVER AND DELTA NEAR THE PORT MANN BRIDGE, BC (continued) 

Fraser River Delta, 
Winter Conditions 

LIKELY OIL SPILL EFFECTS 
Spatial Extent and Boundaries of Effects Effect Magnitude Time to Recovery 

Muskrat Muskrat are potentially affected, as they could be present along the river and in side 
channels and wetland areas downstream from the George Massey Tunnel. However, 
little of this habitat is predicted to be affected, and effects on more than a few individual 
animals are unlikely. 

Localized effects on muskrat could be High, up to and including mortality of individuals 
inhabiting the main Fraser River channel or some side channels. Oil spill recovery 
activities and SCAT could also temporarily disturb their habitat.  

Ditches and culverts of the overland flowpath are 
remediated and restored within weeks, with negligible 
effects on ecological receptors. Oiling of individual muskrat 
causes some mortality but such areas would be re-
colonized within 12 to 24 months following shoreline clean-
up. 

River Otter Otters are potentially affected, as they could be present along the river and in side 
channels and wetland areas downstream from the George Massey Tunnel. However, 
little of this habitat is predicted to be affected, and effects on more than a few individual 
animals are unlikely. 

Localized effects on river otter could be High, up to and including mortality of 
individuals if they occupy habitat in the main Fraser River channel, or some side 
channels. Oil spill recovery activities and SCAT could also temporarily disturb their 
habitat. 

Ditches and culverts of the overland flowpath are 
remediated and restored within weeks, with negligible 
effects on ecological receptors. Oiling of individual otters 
causes some mortality but such areas would be re-
colonized within 12 to 24 months following shoreline clean-
up. 

Birds 
Bald Eagle Bald eagle, as well as many other raptors, are present year-round. Individual birds 

could become oiled through feeding on dead fish or other carrion, or by taking fish from 
the water surface through an oil slick. However, the probability of oil presence on the 
water surface is greatest in the main river channel, and much lower in side channels 
and sloughs near Ladner. Likewise, the probability of shoreline oiling decreases 
substantially downstream of the George Massey Tunnel.  

Low. Partial oiling of plumage is not likely to result in mortality. Disturbance caused by 
oil spill recovery activities could also temporarily disrupt habitat utilization. 

One to 2 years, if clean-up activities result in temporary 
avoidance of habitat use as a result of disturbance. 

Canada Goose The Fraser River Delta provides important wintering habitat for a wide range of geese, 
ducks and swans. Individual birds could become oiled while swimming through an oil 
slick, or foraging along shorelines. However, the probability of oil presence on the 
water surface is greatest in the main river channel, and much lower in side channels 
and sloughs near Ladner. Likewise, the probability of shoreline oiling decreases 
substantially downstream of the George Massey Tunnel. Geese are likely to spend 
much of their time foraging in farmland on Westham Island and near Ladner.  

Generally Low, as a result of low level of exposure, although individual birds could die if 
more heavily oiled. 

One to 2 years, if clean-up activities result in temporary 
avoidance of habitat use as a result of disturbance. 

Great Blue Heron The Fraser River Delta provides important wintering habitat for herons. Individual birds 
could become oiled while foraging in shallow water or along shorelines. However, the 
probability of oil presence on the water surface is greatest in the main river channel, 
and much lower in side channels and sloughs near Ladner. Likewise, the probability of 
shoreline oiling decreases substantially downstream of the George Massey Tunnel. 
Herons also utilize terrestrial habitat and often hunt for voles in farmland during winter. 

Generally Low, as a result of low level of exposure, although individual birds could die if 
more heavily oiled. 

One to 2 years, if clean-up activities result in temporary 
avoidance of habitat use as a result of disturbance. 

Mallard The Fraser River Delta provides important wintering habitat for a wide range of geese, 
ducks and swans. Individual birds could become oiled while swimming through an oil 
slick, or foraging along shorelines. However, the probability of oil presence on the 
water surface is greatest in the main river channel, and much lower in side channels 
and sloughs near Ladner. Likewise, the probability of shoreline oiling decreases 
substantially downstream of the George Massey Tunnel. Ducks and swans generally 
would have greater exposure to oil than geese, as a result of their more aquatic habits.  

Generally Medium to High. Oil presence on the water surface and stranded along 
shorelines is most likely in the main river channel, and Low elsewhere, including side 
channels and sloughs, and in the more marine environment of Roberts and Sturgeon 
Banks. Individuals and groups of birds could die (giving a High effect magnitude) if 
heavily oiled in the main river channel. Mortality is less likely elsewhere as a result of 
lower exposure.  

One to 2 years, if clean-up activities result in temporary 
avoidance of habitat use as a result of disturbance. 

Spotted Sandpiper Not likely to be affected as the winter range is south of the pipeline right of way in BC. Low, as a result of lack of exposure. Six months to 1 year, if clean-up activities result in 
temporary avoidance of habitat use as a result of 
disturbance. 

Western Sandpiper Not likely to be affected as the winter range is south of the pipeline right of way in BC. Low, as a result of lack of exposure. Not Applicable as a result of low probability of shoreline 
oiling in the Banks. 

Tree Swallow Not likely to be affected as the winter range is south of the pipeline right of way in BC. Low, as a result of lack of exposure. One to 2 years, if clean-up activities result in temporary 
avoidance of habitat use as a result of disturbance. 

Reptiles and air-breathing 
Amphibians 

The only native turtle likely to be found along the Fraser River is the Western painted 
turtle, found in low numbers in parts of the Fraser Valley from Vancouver to Hope. The 
presence of turtles and amphibians becomes less likely as the waters of the estuary 
become more brackish. 

Low, as a result of lack of exposure. Six months to 1 year, if clean-up activities result in 
temporary avoidance of habitat use as a result of 
disturbance. 
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7.1.5.3 Summer Conditions 

7.1.5.3.1 Assumed Fate 

Predicted fate during winter conditions is described in Modeling the Fate and Behaviour of 
Marine Oil Spills for the Trans Mountain Expansion Project (Volume 8C, TR 8C-12, S9) for the 
months of May, June and July. Spill summary information is presented in Appendix B. In 
summer conditions, it is assumed that the river is at or near peak flow. It is assumed that 
culverts and ditching are present close to the pipeline, and that this drainage system quickly 
conveys virtually all of the spilled oil directly to the river over a period of several hours. Transit 
times for the spilled oil to reach the river mouth are short, on the order of one day, and tidal 
state is less important in summer than in winter, due to the high water level and flow rate which 
overwhelm the tidal influence. 

Frequent contact with shorelines strands some of the spilled oil, but most of the oil would be 
advected rapidly downstream. Less of the oil is stranded along shorelines than under winter 
conditions, and more remains on the water surface, having been discharged into the Strait of 
Georgia. As in winter, most of the spilled oil is transported along the main river channel. Very 
little enters the north channel, and this oil generally strands within a short distance. More oil, 
however, is transported into side channels near Ladner and Port Guichon, and most of this oil is 
likely to become stranded in the side channels, wetlands and sloughs. 

The probability of oil presence on the surface of the river exceeds 90 per cent between the Port 
Mann Bridge and a point downstream of the George Massey Tunnel. From there to the mouth of 
the river, the probability of oil on the surface is between 60 and 80 per cent. There is about a 
40 per cent probability of oil on the surface of the water entering the side channels and marshes 
near Ladner and Port Guichon. Oil that reaches the mouth of the river is discharged into the 
Strait of Georgia with considerable momentum, so it is likely to disperse to the north or south in 
the Strait and does not have a high probability of directly affecting the Sturgeon or Roberts 
Banks. It is more likely that this oil will affect shorelines on the opposite side of the Strait. 

The probability of shoreline oiling is high (generally 60 to 100 per cent along the south shore of 
the river between the Port Mann Bridge and the upstream end of Annacis Island), becoming 
moderate (40 to 60 per cent along the west and south shorelines of Annacis Island, and along 
the north shoreline of the Fraser River from the lower end of Annacis Island to the George 
Massey Tunnel). Moderate probability of shoreline oiling (20 to 40 per cent) generally prevails 
along the balance of the main channel, and low probability of oiling (<10 per cent) prevails in the 
side channels and wetlands near Ladner and Port Guichon. There is low probability of oiling 
shorelines along the Sturgeon and Roberts Banks, although some oiling occurs around Point 
Roberts. 

Mass balance plots provided in Qualitative Ecological Risk Assessment of Pipeline Spills 
Technical Report (TR 7-1) show that less of the spilled oil (<60 per cent) is likely to strand along 
river shorelines than during the winter. About 10 per cent of the oil evaporates, and about 30 per 
cent may remain on the surface of the water. Small amounts of the oil (generally <1 per cent) 
also become submerged, undergo biodegradation, or dissolve into the water. Formation of OMA 
and dispersion of oil into the water are not predicted to occur to any meaningful extent (each 
representing <0.1 per cent of the spilled oil). 

Weathering CLWB is not likely to achieve a density greater than that of brackish water within 10 
days of being spilled (see Gainford Study in Volume 8C, TR 8C-12, S7). The spilled oil therefore 
floats until it strands on shorelines. As it weathers, it becomes more viscous and thicker, but 
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mostly strands before its density approaches or exceeds that of the water. Little oil is entrained 
in the water column due to the viscosity of the oil and the relatively low turbulence of the river 
flow. Although the river has relatively high turbidity due to the high flow rate, and the water is 
brackish, OMA formation remains low due to the low abundance of suspended oil droplets. 
There is a risk that oil stranded on shorelines will acquire additional density as a result of 
adhering or intermixed sand particles as the oil weathers, so that the weathered oil-sand mixture 
may become submerged if it is subsequently eroded or flooded before it can be recovered. In 
addition, there is a potential for reed beds and salt marsh vegetation to trap floating or 
submerged oil being transported in the river if it enters wetland habitats. 

7.1.5.3.2 Potential Effects 

Table 7.1.14 summarizes the likely spatial extent, magnitude, duration, and reversibility of 
environmental effects on each ecological receptor group for the Fraser River and Delta Port 
Mann spill scenario during summer. River level may substantially alter the characteristics of 
exposed shorelines. At high water levels, oil may enter and become trapped by rip-rap, or 
contact flooded riparian vegetation. The lower river reaches and Delta have a greater amount of 
fringing marsh, with relatively less artificial shoreline. Oil spill recovery efforts would likely result 
in environmental effects along the overland flowpath, but as these areas are industrial lands the 
effects on ecological receptors are minimal. 

Effects on aquatic receptors are variable. Effects on aquatic vegetation are of medium 
magnitude as the spilled oil largely floats on the surface of the water, and oil that enters salt 
marsh or reed bed areas may become trapped there. Although the physical effects of this oil on 
the vegetation may be low to medium, oil spill recovery effects may be equally damaging to the 
vegetation, as well as affecting habitat utilization by wildlife species. Effects on fish and fish 
habitat, as well as benthic invertebrates would be low and limited in spatial extent. The Fraser 
River and Delta provide important fish habitat and the river is a major migration route for Pacific 
salmon, and some of these fish would be moving through the river during summer. The river is 
also an important migratory route for Eulachon in spring, with spawning occurring in the river 
between Chilliwack and Mission. Late spawning adults or fry could be moving down the river in 
summer. The main stem of the Fraser River, however, is not likely to experience fish kills due to 
the large volume of flowing water, the low turbulence and limited potential for dissolved 
hydrocarbons and oil droplet formation, as indicated by the very small fraction of the spilled 
CLWB predicted to be dissolved in water. There is also low potential for effects on amphibians 
and reptiles, due to the limited distribution of turtles, and expected decline in habitat quality as 
the river becomes more brackish. 

A considerable amount of the spilled oil becomes stranded along shorelines, and riparian 
vegetation is oiled. Effects on shoreline and riparian vegetation and soil invertebrates are low on 
the overland flowpath, due to the industrial nature of the land, becoming medium to high along 
the main Fraser River channel, and medium in the Delta as the probability of shoreline oiling 
decreases. Fraser River riparian areas are likely to be remediated with relatively non-intrusive 
methods, and an emphasis on natural attenuation of spilled oil residues at low levels. Oil spill 
recovery effects on the main channel of the Fraser River, and in marsh areas near Port 
Guichon, would likely be substantial. Depending upon the receptor group, the process of 
restoration and recovery could take anywhere from 12 months to five years. 

During summer conditions, most migrating birds (e.g., Western sandpiper) would already be at 
their summer breeding grounds farther north, although the Delta is noted as high quality habitat 
for raptors, waterfowl, and shorebirds. Guilds such as ducks and geese are considered to be 
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most exposed and sensitive to spilled oil, and effects on these species could be high (including 
mortality) to medium, including reproductive effects caused by transfer of oil to eggs, with 
resulting egg mortality, or effects on habitat quality caused by disturbance arising from oil spill 
response efforts. These effects could extend along the entire river channel, as well as affecting 
portions of the Delta. Other species, such as raptors, wading birds, shorebirds, and swallows 
could experience medium effect magnitudes, reflecting both oil exposure and disturbance of 
habitat following the oil spill. Recovery times for spills in the summer could be as short as 12 
months for some receptors, or up to five years where effects occur at the population level. Some 
of the spilled oil would be swept into the Strait of Georgia, and could affect other seabirds, such 
as alcids, on summer feeding grounds. 

Environmental effects on mammal populations are potentially high for truly aquatic species such 
as muskrat, beaver, otter and mink, and it is assumed that some of these animals could be 
sufficiently oiled to cause death. For mammals that are larger or that are less adapted to the 
aquatic environment, such as raccoons fox and deer, effects are expected to be medium, and 
may arise from disturbance of habitat, as well as from oiling of fur, or ingestion of oil. 
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TABLE 7.1.14 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING SUMMER TO THE FRASER RIVER AND DELTA NEAR THE PORT MANN BRIDGE, BC 

Fraser River Delta, 
Summer Conditions 

LIKELY OIL SPILL EFFECTS 
Spatial Extent and Boundaries of Effects Effect Magnitude Reversibility and Time to Recovery 

Aquatic Receptors 
Biofilm Biofilm of variable quality will be present wherever sediments are exposed and remain 

moist at low tide, along the Fraser River channels and on the Banks and mudflats, but 
particularly in more protected areas and on more stable substrates. Biofilm will not be 
present on the river bed, generally, as a result of poor light penetration and the shifting 
sand nature of the river bed. In summer, with the river in freshet, the probability is high 
that oil will reach the river mouth and be discharged into the Strait of Georgia within 1 
day of the spill. In the Strait, the oil is forced in a jet towards the open water and 
disperses, with very low probability (around 1%) of oil occurring on the water surface or 
stranding at Sturgeon or Roberts Banks. It is more likely that oil will disperse to the 
north and south in the Strait of Georgia, or cross the strait and strand along the 
shorelines of Gabriola, Valdes and Galiano Islands, although such oiling would be light 
and spatially discontinuous. The probability of shoreline oiling in the river is greatest 
along the south shore between the Port Mann Bridge and Annacis Island, becoming 
medium in the vicinity of the island, and medium to low between the downstream end 
of Annacis Island and the mouth of the river.  

Variable, with a High effect magnitude in areas along the river shorelines where oiling 
is heavy; becoming Medium downstream of the George Massey tunnel, including areas 
of wetland near Ladner, Low along the shorelines of the Gulf Islands, and Negligible on 
Sturgeon and Roberts Banks and in Boundary Bay. 

Short. Biofilm has been observed to re-form within 24 hours 
following removal from mudflats (VAFFC 2012a), and it is 
likely that once shoreline clean-up has taken place, biofilm 
will readily regenerate.  

Aquatic Vegetation Aquatic vegetation is not expected to be a significant component in the main stem of 
the river. Wetland vegetation will be actively growing during the summer, and both 
floating and emergent vegetation may be exposed to oiling while the river is in freshet. 
Effects are likely to occur in the wetlands near Ladner.  

Medium to High. Emergent aquatic vegetation is likely to survive low to moderate oiling 
of stems. However, reed beds and salt marsh are likely to trap and retain floating oil. 
Oil spill recovery activities may result in damage to these areas in the lower part of the 
river.  

Oil spill recovery efforts along the river channel and in 
wetland areas result in some disturbance of this habitat, but 
most of the aquatic vegetation regenerates from buried root 
systems, so that recovery is essentially complete in the year 
following the spill. 

Aquatic Invertebrates Aquatic invertebrates are present in the substrates of the main Fraser River, and in 
wetland and side-channel areas. Effects on the benthic community are low, however, 
as a result of the small amount of spilled hydrocarbon that becomes dissolved in the 
river water, and the large river flow. 

Low in the main Fraser River and downstream areas, as a result of the small amount of 
oil that becomes dissolved, and the large size of the river. 

Short. Effects on the benthic community are minor, and 
rapidly reversible. 

Fish and Fish Eggs Fish are present in the main Fraser River. Some salmonids may be migrating through 
the river, and late spawning eulachon or juvenile eulachon may be out-migrating. 
Mortality of fish in the Fraser River or Delta is unlikely as a result of the large volume of 
water flowing in the river, and the low level of entrainment of oil droplets into the water 
column.  

Low in the Fraser River and Delta, as a result of the small amount of oil that becomes 
dissolved, and the large size of the river. 

Short. Effects on the fish community are minor, and rapidly 
reversible. 

In-water Amphibians Juvenile and adult amphibians may be present in the upstream portion of the river, but 
are minimally affected. The presence of amphibians becomes less likely as the river 
becomes more brackish, downstream. 

Low, as a result of the low numbers expected to be present in the affected habitat. Short. Effects on amphibians are minor, and rapidly 
reversible. 

Terrestrial Receptors 
Shoreline and Riparian 
Vegetation 

The overland flowpath comprises industrial lands, ditches and culverts. High water 
levels caused by freshet result in oil entering and stranding in shoreline riparian habitat 
of the Fraser River. Water levels in the Delta are also high, causing flooding of 
marshlands with some oil stranding. Water levels on the Banks remain within normal 
tidal ranges, and oiling is minimal, so shoreline vegetation there is not materially 
affected. 

Low along the overland flowpath, as a result of the industrialized nature of the 
landscape. High to Medium for shoreline riparian habitat along the river, with greater 
effect magnitude on the south side of the river, between the spill location and the 
upstream end of Annacis Island. Medium to Low for shoreline communities farther 
downstream and in the Delta, as a result of lower exposure to oiling. Low to Negligible 
on near the Sturgeon and Roberts Banks, and Negligible along shorelines of Gabriola, 
Valdes and Galiano Islands, and near Point Roberts, as oil that initially dispersed in the 
Strait of Georgia becomes stranded in the upper intertidal zone. 

Ditches and culverts of the overland flowpath are 
remediated and restored within weeks, with negligible 
effects on ecological receptors. Recovery efforts in riparian 
areas that were moderately to heavily oiled cause some 
damage to annual vegetation, but this regenerates in 
subsequent years. 

Soil Invertebrates The overland flowpath comprises industrial lands, ditches and culverts. High water 
levels caused by freshet result in oil entering and stranding in shoreline riparian habitat 
of the Fraser River. Water levels in the Delta are also high, causing flooding of 
marshlands with some oil stranding. Water levels on the Banks remain within normal 
tidal ranges, and oiling is minimal, so shoreline vegetation there is not materially 
affected. 

Low along the overland flowpath, as a result of the industrialized nature of the 
landscape. High to Medium for shoreline riparian habitat along the river, with greater 
effect magnitude on the south side of the river, between the spill location and the 
upstream end of Annacis Island. Medium to Low for shoreline communities farther 
downstream and in the Delta, as a result of lower exposure to oiling. Low to Negligible 
on near the Sturgeon and Roberts Banks, and Negligible along shorelines of Gabriola, 
Valdes and Galiano Islands, and near Point Roberts, as oil that initially dispersed in the 
Strait of Georgia becomes stranded in the upper intertidal zone. 

Ditches and culverts of the overland flowpath are 
remediated and restored within weeks, with negligible 
effects on ecological receptors. Riparian areas that were 
moderately to heavily oiled may experience some harm to 
soil invertebrate communities, but these recover in 
subsequent years after clean-up. 
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TABLE 7.1.14 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING SUMMER TO THE FRASER RIVER AND DELTA NEAR THE PORT MANN BRIDGE, BC (continued) 

Fraser River Delta, 
Summer Conditions 

LIKELY OIL SPILL EFFECTS 
Spatial Extent and Boundaries of Effects Effect Magnitude Reversibility and Time to Recovery 

Mammals 
Grizzly Bear The grizzly bear as a receptor is also intended to represent other omnivores and 

carnivores (such as raccoons and foxes), some of which will be present in the lower 
mainland of BC, even if bears are not present. A small number of individual animals 
might come into contact with spilled oil in the overland flowpath, or stranded along 
shorelines of the Fraser River and Delta.  

Low, because it is unlikely that partially oiled animals would die as a result of exposure. 
However, disturbance caused by oil spill recovery activities could cause an alteration of 
habitat use during the spring, summer and fall. 

Ditches and culverts of the overland flowpath are 
remediated and restored within weeks, with negligible 
effects on ecological receptors. Clean-up efforts in oiled 
riparian areas could cause disturbance of habitat use for 
several months. 

Moose It is unlikely that moose would be exposed, but other ungulates such as deer could use 
habitat along the river or in the Delta. Effects of external oiling on more than a few 
individual animals are unlikely. 

Low, because soil spill clean-up activities will largely be confined to SCAT, and 
disturbance of habitat where deer or other ungulates are present is likely to be short-
term and intermittent. 

Ditches and culverts of the overland flowpath are 
remediated and restored within weeks, with negligible 
effects on ecological receptors. Clean-up efforts in oiled 
riparian areas could cause disturbance of habitat use for 
several months. 

Muskrat Muskrat are potentially affected, as they could be present along the river and in side 
channels and wetland areas downstream from the George Massey Tunnel. However, 
little of this habitat is predicted to be affected, and effects on more than a few individual 
animals are unlikely. 

Localized effects on muskrat could be High, up to and including mortality of individuals 
inhabiting the main Fraser River channel or some side channels. Oil spill recovery 
activities and SCAT could also temporarily disturb their habitat.  

Ditches and culverts of the overland flowpath are 
remediated and restored within weeks, with negligible 
effects on ecological receptors. Oiling of individual muskrat 
causes some mortality but such areas would be re-
colonized within 12 to 24 months following shoreline clean-
up. 

River Otter Otters are potentially affected, as they could be present along the river and in side 
channels and wetland areas downstream from the George Massey Tunnel. However, 
little of this habitat is predicted to be affected, and effects on more than a few individual 
animals are unlikely. 

Localized effects on river otter could be High, up to and including mortality of 
individuals if they occupy habitat in the main Fraser River channel, or some side 
channels. Oil spill recovery activities and SCAT could also temporarily disturb their 
habitat. 

Ditches and culverts of the overland flowpath are 
remediated and restored within weeks, with negligible 
effects on ecological receptors. Oiling of individual otters 
causes some mortality but such areas would be re-
colonized within 12 to 24 months following shoreline clean-
up. 

Birds 
Bald Eagle Bald eagle, as well as many other raptors, are present year-round. Individual birds 

could become oiled through feeding on dead fish or other carrion, or by taking fish from 
the water surface through an oil slick. However, the probability of oil presence on the 
water surface is greatest in the main river channel, and lower in side channels and 
sloughs near Ladner.  

Low to Medium. Partial oiling of plumage is not likely to result in mortality. Disturbance 
caused by oil spill recovery activities could also temporarily disrupt habitat utilization, 
including nest abandonment during summer. Transfer of oil from feathers to eggs could 
also result in egg mortality. 

One to 2 years, if clean-up activities result in temporary 
avoidance of habitat use as a result of disturbance. 

Canada Goose The Fraser River Delta provides important breeding habitat for a wide range of geese, 
ducks and swans. Individual birds could become oiled while swimming through an oil 
slick, or foraging along shorelines. However, the probability of oil presence on the 
water surface is greatest in the main river channel, and lower in side channels and 
sloughs near Ladner. Geese are likely to nest close to water, and could be exposed to 
oil on the surface of the water, or stranded along shorelines.  

Generally Low to Medium, depending on the level of exposure, although individual 
birds could die if more heavily oiled. Disturbance caused by oil spill recovery activities 
could also temporarily disrupt habitat utilization, including nest abandonment during 
summer. Transfer of oil from feathers to eggs could also result in egg mortality. 

One to 2 years, if clean-up activities result in temporary 
avoidance of habitat use as a result of disturbance. 

Great Blue Heron The Fraser River Delta provides important foraging habitat for herons. Individual birds 
could become oiled while foraging in shallow water or along shorelines. However, the 
probability of oil presence on the water surface is greatest in the main river channel, 
and lower in side channels and sloughs near Ladner.  

Generally Low to Medium, as a result of low level of exposure, although individual birds 
could die if more heavily oiled. Disturbance caused by oil spill recovery activities could 
also temporarily disrupt habitat utilization, including nest abandonment during summer. 
Transfer of oil from feathers to eggs could also result in egg mortality. 

One to 2 years, if clean-up activities result in temporary 
avoidance of habitat use as a result of disturbance. 

Mallard The Fraser River Delta provides important breeding habitat for a wide range of geese, 
ducks and swans. Individual birds could become oiled while swimming through an oil 
slick, or foraging along shorelines. However, the probability of oil presence on the 
water surface is greatest in the main river channel, and lower in side channels and 
sloughs near Ladner. Ducks and swans generally would have greater exposure to oil 
than geese, as a result of their more aquatic habits.  

Generally Medium to High, as individual birds could die if more heavily oiled. Oil 
presence on the water surface and stranded along shorelines is most likely in the main 
river channel, and lower elsewhere, including side channels and sloughs, and in the 
more marine environment of Roberts and Sturgeon Banks. Individuals and groups of 
birds could die if heavily oiled in the main river channel. Mortality is less likely 
elsewhere as a result of lower exposure. Oiling also extends out onto the Strait of 
Georgia, although it is patchy and discontinuous. This could result in negative effects 
including mortality to sea ducks, cormorants, and alcids. Disturbance caused by oil spill 
recovery activities could temporarily disrupt habitat utilization, including nest 
abandonment during summer. Transfer of oil from feathers to eggs could also result in 
egg mortality. 

One to 2 years, if clean-up activities result in temporary 
avoidance of habitat use as a result of disturbance. 
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TABLE 7.1.14 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING SUMMER TO THE FRASER RIVER AND DELTA NEAR THE PORT MANN BRIDGE, BC (continued) 

Fraser River Delta, 
Summer Conditions 

LIKELY OIL SPILL EFFECTS 
Spatial Extent and Boundaries of Effects Effect Magnitude Reversibility and Time to Recovery 

Spotted Sandpiper Shorebirds like the spotted sandpiper are likely to be present along the Fraser River 
channel, and throughout the Delta and Banks. They have a lower level of sensitivity to 
oiling than more aquatic birds such as ducks. Effects are likely to be related to the 
intensity of shoreline oiling, where there are shoreline types and/or adjacent upland 
habitats that are utilized by these birds.  

Medium to low, depending upon the level of exposure. Exposure will be greatest along 
the main channel of the Fraser River, where mortality could occur in heavily oiled 
sections, and in the parts of the Delta. Negligible exposure is expected on Sturgeon 
and Roberts Banks, although low levels of exposure could be present on the shorelines 
of Gabriola, Valdes and Galiano Islands, as well as towards Point Roberts. Disturbance 
caused by oil spill recovery activities could temporarily disrupt habitat utilization, 
including nest abandonment during summer. Transfer of oil from feathers to eggs could 
also result in egg mortality.  

Six months to 1 year, if clean-up activities result in 
temporary avoidance of habitat use as a result of 
disturbance. 

Western Sandpiper Not likely to be affected as they would be occupying summer breeding grounds far 
north of the Fraser River Delta. 

Low, as a result of lack of exposure. Not Applicable. 

Tree Swallow Tree swallows could be breeding along the Fraser River and around the Delta, and 
could be exposed to oil while dipping to the water. Direct mortality is unlikely, but oil 
could be transferred to eggs, causing mortality of developing embryos. Spatial extent is 
determined by the presence of oil on the water surface, principally affecting the main 
Fraser River channel for a period of several days.  

Low to Medium, depending upon the level of exposure. Transfer of oil from feathers to 
eggs could also result in egg mortality. 

One to 2 years, if clean-up activities result in temporary 
avoidance of habitat use as a result of disturbance. 

Reptiles and air-breathing 
Amphibians 

The only native turtle likely to be found along the Fraser River is the Western painted 
turtle, found in low numbers in parts of the Fraser Valley from Vancouver to Hope. The 
presence of turtles and amphibians becomes less likely as the waters of the estuary 
become more brackish. 

Low, as a result of low numbers present and lack of exposure. Six months to 1 year, if clean-up activities result in 
temporary avoidance of habitat use as a result of 
disturbance. 
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7.1.5.4 Spring or Fall Conditions 

7.1.5.4.1 Assumed Fate 

Predicted fate during winter conditions is described in Modeling the Fate and Behaviour of 
Marine Oil Spills for the Trans Mountain Expansion Project (Volume 8C, TR 8C-12, S9) for the 
months of April, August and September. In spring and fall conditions, it is assumed that the river 
is on the rising or falling limbs of its peak, not at peak flow. It is assumed that culverts and 
ditching are present close to the pipeline, and that this drainage system quickly conveys virtually 
all of the spilled oil directly to the river over a period of several hours. Although the river stage is 
intermediate, transit times for the spilled oil to reach the river mouth are short, on the order of 
one or two days. The river is not flooding into riparian habitats, and is somewhat tidal, with flow 
reversal on high tides, as far upstream as the Port Mann Bridge. 

Frequent contact with shorelines strands some of the spilled oil, but most of the oil would be 
rapidly advected downstream. Less of the oil is stranded along shorelines than under winter 
conditions, and some remains on the water surface, having been discharged into the Strait of 
Georgia. As in winter and summer, most of the spilled oil is transported along the main river 
channel. Very little enters the north channel, and this oil generally strands within a short 
distance. Some oil, however, is transported into side channels near Ladner and Port Guichon, 
and may become stranded in the side channels, wetlands and sloughs. 

The probability of oil presence on the surface of the river exceeds 90 per cent between the Port 
Mann Bridge and a point approaching the George Massey Tunnel. From the George Massey 
Tunnel to the mouth of the river, the probability of oil on the surface is between 60 and 
80 per cent. There is about a 40 per cent probability of oil on the surface of the water entering 
the side channels and marshes near Ladner and Port Guichon. Oil that reaches the mouth of 
the river is discharged into the Strait of Georgia with considerable momentum, so that it is likely 
to disperse to the north or south in the Strait and does not have a high probability of directly 
affecting the Sturgeon or Roberts Banks. It is more likely that this oil will affect shorelines on 
Gabriola, Valdes and Galiano Islands, or at Point Roberts. 

The probability of shoreline oiling is high (generally 60 to 100 per cent along the south shore of 
the river between the Port Mann Bridge and the upstream end of Annacis Island), becoming 
moderate (40 to 60 per cent along the west and south shorelines of Annacis Island, and along 
the north shoreline of the Fraser River from the lower end of Annacis Island to the George 
Massey Tunnel). Moderate probability of shoreline oiling (20 to 40 per cent) generally prevails 
along the balance of the main channel, and low probability of oiling (<10 per cent) prevails in the 
side channels and wetlands near Ladner and Port Guichon. As in summer, a considerable 
amount of the spilled oil is transported into the Strait of Georgia, where it disperses. Some of 
this oil subsequently strands along the shorelines of Gabriola, Valdes and Galiano Islands, or at 
Point Roberts, but very little strands on Sturgeon or Roberts Bank, or in Boundary Bay. 

Mass balance plots provided in Qualitative Ecological Risk Assessment of Pipeline Spills 
Technical Report (TR 7-1) show that more of the spilled oil (about 70 per cent) is likely to strand 
along river shorelines than during the summer. About 10 per cent of the oil evaporates, and 
about 20 per cent may remain on the surface of the water. Small amounts of the oil (generally 
<1 per cent) also become submerged, undergo biodegradation, or dissolve into the water. 
Formation of OMA and dispersion of oil into the water are not predicted to occur to any 
meaningful extent (each representing <0.1 per cent of the spilled oil). 
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Weathering CLWB is not likely to achieve a density greater than that of brackish water within 10 
days of being spilled (see Gainford Study in Volume 8C, TR 8C-12, S7). The spilled oil therefore 
floats until it strands on shorelines. As it weathers, it becomes more viscous and thicker, but 
mostly strands before its density approaches or exceeds that of the water. Little oil is entrained 
in the water column due to the viscosity of the oil and the relatively low turbulence of the river 
flow. Although the river has relatively high turbidity, due to the flow rate, and the water is 
brackish, OMA formation remains low due to the low abundance of suspended oil droplets. 
There is a risk that oil stranded on shorelines will acquire additional density as a result of 
adhering or intermixed sand particles as the oil weathers, so that the weathered oil-sand mixture 
may become submerged if it is subsequently eroded or flooded before it can be recovered, as 
could easily occur in the springtime. In addition, there is a potential for reed beds and salt marsh 
vegetation to trap floating or submerged oil being transported in the river if it enters wetland 
habitats. 

7.1.5.4.2 Potential Effects 

Table 7.1.15 provides an evaluation of the likely spatial extent, magnitude, duration, and 
reversibility of environmental effects on each ecological receptor group for the Fraser River and 
Delta Port Mann spill scenario during spring or fall conditions. Effect magnitude on the overland 
flowpath is low, due to the industrialized nature of the land. At high water levels, oil may enter 
and become trapped by rip-rap, or contact flooded riparian vegetation. The lower river reaches 
and Delta have a greater amount of fringing marsh, with relatively less artificial shoreline. Oil 
spill recovery effects on the main channel of the Fraser River, and in marsh areas near Port 
Guichon, would likely be substantial, leading to physical habitat disturbance. Depending upon 
the receptor group, the process of restoration and recovery could take anywhere from 12 
months to five years. 

Effects on aquatic receptors are variable. Effects on aquatic vegetation are of medium 
magnitude as the spilled oil largely floats on the surface of the water, and oil that enters salt 
marsh or reed bed areas may become trapped there. Although the physical effects of this oil on 
the vegetation may be low to medium, oil spill recovery effects may be equally damaging to the 
vegetation, as well as affecting habitat utilization by wildlife species. The Fraser River and Delta 
provide important fish habitat and the river is a major migration route for Pacific salmon, and 
some of these fish would be moving through the river during spring and fall. The river is also an 
important migratory route for Eulachon in spring, with spawning occurring in the river between 
Chilliwack and Mission. Effects on benthic invertebrates and fish are generally low however as 
the main stem of the Fraser River is not likely to experience fish kills due to the large volume of 
flowing water, the low turbulence and limited potential for oil droplet formation, as indicated by 
the very small fraction of the spilled CLWB that becomes dissolved in the water. There is also 
low potential for effects on amphibians and reptiles, due to the limited distribution of turtles, and 
expected decline in habitat quality as the river becomes more brackish. 

A considerable amount of the spilled oil becomes stranded along shorelines, but not in riparian 
areas, so effects on terrestrial plants and soil invertebrates are negligible. Environmental effects 
on mammal populations are potentially high for truly aquatic species such as muskrat, beaver, 
otter and mink, and it is assumed that some of these animals could be sufficiently oiled to cause 
death. For mammals that are larger or that are less adapted to the aquatic environment, such as 
raccoon, fox and deer, effects are expected to be medium, and may arise from disturbance of 
habitat, as well as from oiling of fur, or ingestion of oil. 
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During spring and fall conditions, migrating birds (e.g., Western sandpiper) could be present, 
depending upon the exact timing of their migrations. The Delta is noted as high quality habitat 
for raptors, waterfowl, and shorebirds, and it is assumed that a large number of species would 
be present either as resident or migrating species. Guilds such as ducks and geese are 
considered to be most exposed and sensitive to spilled oil, and effects on these species could 
be high (including mortality) to medium, including reproductive effects caused by transfer of oil 
to eggs in spring, with resulting egg mortality, or effects on habitat quality caused by disturbance 
arising from oil spill response efforts. These effects could extend along the entire river channel, 
as well as affecting portions of the Delta. Other species, such as raptors, wading birds, 
shorebirds, and swallows could experience medium effect magnitudes, reflecting both oil 
exposure and disturbance of habitat following the oil spill. Recovery times could be as short as 
12 months for some receptors, or up to five years where effects occur at the population level. 
Some of the spilled oil would be swept into the Strait of Georgia, and could affect other 
seabirds, such as alcids. 

Particular consideration was given in this scenario to Western sandpiper, which use the 
Sturgeon and Roberts Banks as a stopover and feeding area during spring and fall migrations. 
For short periods of time, hundreds of thousands of birds may congregate on the banks, feeding 
on biofilm and benthic invertebrates present in the mudflats. Oil fate modeling (Modeling the 
Fate and Behaviour of Marine Oil Spills for the Trans Mountain Expansion Project (Volume 8C, 
TR 8C-12, S9) shows that the probability of oiling on Sturgeon and Roberts Banks is very low, 
either because the oil becomes stranded and does not exit from the Delta during periods of low 
flow, or because it is carried through and away from the Delta and into the Strait of Georgia by 
the momentum of the freshwater jet created by the Fraser River during periods of moderate or 
high flow. Once in the Strait of Georgia, the oil will continue to weather and disperse, and 
stranding does occur on the shorelines of Gabriola, Valdes and Galiano Islands and Point 
Roberts, but at low probability and intensity. The biofilm itself is not likely to be materially 
affected if weathered oil becomes stranded, and recovers quickly from disturbance. Therefore, 
biofilm and Western sandpiper are unlikely to be significantly affected in the event of a pipeline 
oil spill that results in oil entering the Fraser River near the Port Mann Bridge and any effects 
are likely to be reversible. 
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TABLE 7.1.15 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING SPRING OR FALL TO THE FRASER RIVER AND DELTA NEAR THE PORT MANN BRIDGE, BC 

Fraser River Delta, 
Spring or Fall 

Conditions 

LIKELY OIL SPILL EFFECTS 

Spatial Extent Magnitude Duration 

Aquatic Receptors 
Biofilm Biofilm of variable quality will be present wherever sediments are exposed and remain 

moist at low tide, along the Fraser River channels and on the Banks and mudflats, but 
particularly in more protected areas and on more stable substrates. Biofilm will not be 
present on the river bed, generally, as a result of poor light penetration and the shifting 
sand nature of the river bed. In spring and fall, with the river at about average annual 
flow rate, the probability is high that oil will reach the river mouth and be discharged 
into the Strait of Georgia within 1 or 2 days of the spill. In the Strait, the oil is forced in a 
jet towards the open water and disperses, with very low probability (around 1%) of oil 
occurring on the water surface or stranding at Sturgeon or Roberts Banks. It is more 
likely that oil will disperse to the north and south in the Strait of Georgia, or cross the 
strait and strand along the shorelines of Gabriola, Valdes or Galiano Islands, although 
such oiling would be light and spatially discontinuous. The probability of shoreline oiling 
in the river is greatest along the south shore between the Port Mann Bridge and 
Annacis Island, becoming medium in the vicinity of the island, and medium to low 
between the downstream end of Annacis Island and the mouth of the river.  

Variable, with a High effect magnitude in areas along the river shorelines where oiling 
is heavy; becoming Medium downstream of the George Massey tunnel, including areas 
of wetland near Ladner, Low along the shorelines of the Gulf Islands, and Negligible on 
Sturgeon and Roberts Banks and in Boundary Bay. 

Short. Biofilm has been observed to re-form within 24 hours 
following removal from mudflats (VAFFC 2012a), and it is 
likely that once shoreline clean-up has taken place, biofilm 
will readily regenerate.  

Aquatic Vegetation Aquatic vegetation is not expected to be a significant component in the main stem of 
the river. Wetland vegetation will be actively growing during the spring, becoming 
senescent in fall. Both floating and emergent vegetation will be exposed to oiling. 
Effects are likely to occur in the wetlands near Ladner.  

Medium to High. Emergent aquatic vegetation is likely to survive low to moderate oiling 
of stems. However, reed beds and salt marsh are likely to trap and retain floating oil. 
Oil spill recovery activities may result in damage to these areas in the lower part of the 
river.  

Oil spill recovery efforts along the river channel and in 
wetland areas result in some disturbance of this habitat, but 
most of the aquatic vegetation regenerates from buried root 
systems, so that recovery is essentially complete in the year 
following the spill. 

Aquatic Invertebrates Aquatic invertebrates are present in the substrates of the main Fraser River, and in 
wetland and side-channel areas. Effects on the benthic community are low, however, 
as a result of the small amount of spilled hydrocarbon that becomes dissolved in the 
river water, and the large river flow. 

Low in the main Fraser River and downstream areas, as a result of the small amount of 
oil that becomes dissolved, and the large size of the river. 

Short. Effects on the benthic community are minor, and 
rapidly reversible. 

Fish and Fish Eggs Fish are present in the main Fraser River. Some salmonids may be migrating through 
the river, and eulachon may be entering the river to spawn in spring. Mortality of fish in 
the Fraser River or Delta is unlikely as a result of the large volume of water flowing in 
the river, and the low level of entrainment of oil droplets into the water column.  

Low in the Fraser River and Delta, as a result of the small amount of oil that becomes 
dissolved, and the large size of the river. 

Short. Effects on the fish community are minor, and rapidly 
reversible. 

In-water Amphibians Juvenile and adult amphibians may be present in the upstream portion of the river, but 
are minimally affected. The presence of amphibians becomes less likely as the river 
becomes more brackish, downstream. 

Low, as a result of the low numbers expected to be present in this habitat. Short. Effects on amphibians are minor, and rapidly 
reversible. 

Terrestrial Receptors 
Shoreline and Riparian 
Vegetation 

The overland flowpath comprises industrial lands, ditches and culverts. Moderate water 
levels do not cause oil to enter or strand in riparian habitat. 

Low along the overland flowpath, as a result of the industrialized nature of the 
landscape. Low in riparian habitat of the river and Delta as a result of lack of oil 
entering or stranding in such habitat. 

Ditches and culverts of the overland flowpath are 
remediated and restored within weeks, with negligible 
effects on ecological receptors.  

Soil Invertebrates The overland flowpath comprises industrial lands, ditches and culverts. Moderate water 
levels do not cause oil to enter or strand in riparian habitat. 

Low along the overland flowpath, as a result of the industrialized nature of the 
landscape. Low in riparian habitat of the river and Delta as a result of lack of oil 
entering or stranding in such habitat. 

Ditches and culverts of the overland flowpath are 
remediated and restored within weeks, with negligible 
effects on ecological receptors.  

Mammals 
Grizzly Bear The grizzly bear as a receptor is also intended to represent other omnivores and 

carnivores (such as raccoons and foxes), some of which will be present in the lower 
mainland of BC, even if bears are not present. A small number of individual animals 
might come into contact with spilled oil in the overland flowpath, or stranded along 
shorelines of the Fraser River and Delta.  

Low, because it is unlikely that partially oiled animals would die as a result of exposure. 
However, disturbance caused by oil spill recovery activities could cause an alteration of 
habitat use during the spring, summer and fall. 

Ditches and culverts of the overland flowpath are 
remediated and restored within weeks, with negligible 
effects on ecological receptors. Clean-up efforts in oiled 
shoreline areas could cause disturbance of habitat use for 
several months. 

Moose It is unlikely that moose would be exposed, but other ungulates such as deer could use 
habitat along the river or in the Delta. Effects of external oiling on more than a few 
individual animals are unlikely. 

Low, because clean-up activities will largely be confined to SCAT, and disturbance of 
habitat where deer or other ungulates are present is likely to be short-term and 
intermittent. 

Ditches and culverts of the overland flowpath are 
remediated and restored within weeks, with negligible 
effects on ecological receptors. Clean-up efforts in oiled 
shoreline areas could cause disturbance of habitat use for 
several months. 
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TABLE 7.1.15 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING SPRING OR FALL TO THE FRASER RIVER AND DELTA NEAR THE PORT MANN BRIDGE, BC (continued) 

Fraser River Delta, 
Spring or Fall 

Conditions 

LIKELY OIL SPILL EFFECTS 

Spatial Extent Magnitude Duration 

Muskrat Muskrat are potentially affected, as they could be present along the river and in side 
channels and wetland areas downstream from the George Massey Tunnel. However, 
little of this habitat is predicted to be affected, and effects on more than a few individual 
animals are unlikely. 

Localized effects on muskrat could be High, up to and including mortality of individuals 
inhabiting the main Fraser River channel or some side channels. Oil spill recovery 
activities and SCAT could also temporarily disturb their habitat.  

Ditches and culverts of the overland flowpath are 
remediated and restored within weeks, with negligible 
effects on ecological receptors. Oiling of individual muskrat 
causes some mortality but such areas would be re-
colonized within 12 to 24 months following shoreline clean-
up. 

River Otter Otters are potentially affected, as they could be present along the river and in side 
channels and wetland areas downstream from the George Massey Tunnel. However, 
little of this habitat is predicted to be affected, and effects on more than a few individual 
animals are unlikely. 

Localized effects on river otter could be High, up to and including mortality of 
individuals if they occupy habitat in the main Fraser River channel, or some side 
channels. Oil spill recovery activities and SCAT could also temporarily disturb their 
habitat. 

Ditches and culverts of the overland flowpath are 
remediated and restored within weeks, with negligible 
effects on ecological receptors. Oiling of individual otters 
causes some mortality but such areas would be re-
colonized within 12 to 24 months following shoreline clean-
up. 

Birds 
Bald Eagle Bald eagle, as well as many other raptors, are present year-round. Individual birds 

could become oiled through feeding on dead fish or other carrion, or by taking fish from 
the water surface through an oil slick. However, the probability of oil presence on the 
water surface is greatest in the main river channel, and lower in side channels and 
sloughs near Ladner.  

Low to Medium. Partial oiling of plumage is not likely to result in mortality. Disturbance 
caused by oil spill recovery activities could also temporarily disrupt habitat utilization, 
including nest abandonment during spring. Transfer of oil from feathers to eggs in 
spring could also result in egg mortality. 

One to 2 years, if clean-up activities result in temporary 
avoidance of habitat use as a result of disturbance. 

Canada Goose The Fraser River Delta provides important breeding habitat for a wide range of geese, 
ducks and swans. Individual birds could become oiled while swimming through an oil 
slick, or foraging along shorelines. However, the probability of oil presence on the 
water surface is greatest in the main river channel, and lower in side channels and 
sloughs near Ladner. Geese are likely to nest close to water, and could be exposed to 
oil in the surface of the water, or stranded along shorelines.  

Generally Low to Medium, depending on the level of exposure, although individual 
birds could die if more heavily oiled. Disturbance caused by oil spill recovery activities 
could also temporarily disrupt habitat utilization, including nest abandonment during 
spring. Transfer of oil from feathers to eggs in spring could also result in egg mortality. 

One to 2 years, if clean-up activities result in temporary 
avoidance of habitat use as a result of disturbance. 

Great Blue Heron The Fraser River Delta provides important foraging habitat for herons. Individual birds 
could become oiled while foraging in shallow water or along shorelines. However, the 
probability of oil presence on the water surface is greatest in the main river channel, 
and lower in side channels and sloughs near Ladner.  

Generally Low to Medium, as a result of low level of exposure, although individual birds 
could die if more heavily oiled. Disturbance caused by oil spill recovery activities could 
also temporarily disrupt habitat utilization, including nest abandonment during spring. 
Transfer of oil from feathers to eggs in spring could also result in egg mortality. 

One to 2 years, if clean-up activities result in temporary 
avoidance of habitat use as a result of disturbance. 

Mallard The Fraser River Delta provides important breeding habitat for a wide range of geese, 
ducks and swans. Individual birds could become oiled while swimming through an oil 
slick, or foraging along shorelines. However, the probability of oil presence on the 
water surface is greatest in the main river channel, and lower in side channels and 
sloughs near Ladner. Ducks and swans generally would have greater exposure to oil 
than geese, as a result of their more aquatic habits.  

Generally Medium to High, as individual birds could die if more heavily oiled. Oil 
presence on the water surface and stranded along shorelines is most likely in the main 
river channel, and lower elsewhere, including side channels and sloughs, and in the 
more marine environment of Roberts and Sturgeon Banks. Individuals and groups of 
birds could die if heavily oiled in the main river channel. Mortality is less likely 
elsewhere as a result of lower exposure. Oiling also extends out onto the Strait of 
Georgia, although it is patchy and discontinuous. This could result in negative effects 
including mortality to sea ducks, cormorants, and alcids. Disturbance caused by oil spill 
recovery activities could also temporarily disrupt habitat utilization, including nest 
abandonment during spring. Transfer of oil from feathers to eggs in spring could also 
result in egg mortality. 

One to 2 years, if clean-up activities result in temporary 
avoidance of habitat use as a result of disturbance. 

Spotted Sandpiper Shorebirds like the spotted sandpiper are likely to be present along the Fraser River 
channel, and throughout the Delta and Banks. They have a lower level of sensitivity to 
oiling than more aquatic birds such as ducks. Effects are likely to be related to the 
intensity of shoreline oiling, where there are shoreline types and/or adjacent upland 
habitats that are utilized by these birds.  

Medium to Low, depending upon the level of exposure. Exposure will be greatest along 
the main channel of the Fraser River, where mortality could occur in heavily oiled 
sections, and in the parts of the Delta. Negligible exposure is expected on Sturgeon 
and Roberts Banks, although low levels of exposure could be present on the shorelines 
of Gabriola, Valdes and Galiano Islands, as well as towards Point Roberts. Disturbance 
caused by oil spill recovery activities could also temporarily disrupt habitat utilization, 
including nest abandonment during spring. Transfer of oil from feathers to eggs in 
spring could also result in egg mortality.  

Six months to 1 year, if clean-up activities result in 
temporary avoidance of habitat use as a result of 
disturbance. 
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TABLE 7.1.15 
 

LIKELY ENVIRONMENTAL EFFECTS OF CLWB SPILL DURING SPRING OR FALL TO THE FRASER RIVER AND DELTA NEAR THE PORT MANN BRIDGE, BC (continued) 

Fraser River Delta, 
Spring or Fall 

Conditions 

LIKELY OIL SPILL EFFECTS 

Spatial Extent Magnitude Duration 

Western Sandpiper Western sandpiper arrive at the Fraser River Delta in large numbers while migrating in 
spring and fall, feeding heavily on biofilm and benthic invertebrates on Roberts and 
Sturgeon Banks, and in Boundary Bay. These areas are predicted to have a very low 
level of exposure to floating or stranded crude oil. 

Low, as a result of low level of exposure. Six months or less 

Tree Swallow Tree swallows could be breeding along the Fraser River and around the Delta, and 
could be exposed to oil while dipping to the water. Direct mortality is unlikely, but oil 
could be transferred to eggs, causing mortality of developing embryos. Spatial extent is 
determined by the presence of oil on the water surface, principally affecting the main 
Fraser River channel for a period of several days.  

Low to Medium, depending upon the level of exposure. Transfer of oil from feathers to 
eggs could also result in egg mortality. 

One to 2 years, if clean-up activities result in temporary 
avoidance of habitat use as a result of disturbance. 

Reptiles and air-breathing 
Amphibians 

The only native turtle likely to be found along the Fraser River is the Western painted 
turtle, found in low numbers in parts of the Fraser Valley from Vancouver to Hope. The 
presence of turtles and amphibians becomes less likely as the waters of the estuary 
become more brackish. 

Low, as a result of low numbers present and lack of exposure. Six months to 1 year, if clean-up activities result in 
temporary avoidance of habitat use as a result of 
disturbance. 
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8.0 HYPOTHETICAL SCENARIO: WESTRIDGE MARINE TERMINAL 
RELEASE REACHING BURRARD INLET 

8.1 Scenario Rationale 
The credible worst case spill at the Westridge Terminal resulting from an incident during loading 
of a tanker was assessed, assuming a volume of 160 m3. At 160 m3, this spill is larger than the 
credible worst case spill resulting from a rupture of a loading arm. It is also substantially smaller 
than the over 1,500 m3 capacity of the precautionary boom that will be deployed around each 
berth while any cargo transfer activities are taking place and it is reasonable to expect that the 
spill would be entirely contained within the boom. In addition, observed weak currents (Modeling 
the Fate and Behaviour of Marine Oil Spills for the Trans Mountain Expansion Project 
[Volume 8C, TR 8C-12, S9]) at the Terminal support the full containment of the oil within the 
pre-deployed boom. However, as a conservative approach to this scenario, it was deemed that, 
for oil spill modelling purposes, 20 per cent of the oil released would escape the containment 
boom (i.e., 32 m3). This condition was chosen to ensure a conservative approach to spill 
response requirements at the site and does not reflect Trans Mountain’s expectation for 
performance of the precautionary boom which will be in place to fully contain such a release at 
the terminal. For information of the reader, the credible worst case oil spill volume resulting from 
this scenario has been calculated by Det Norske Veritas (DNV) as 103 m3 and deemed as a low 
probability event with likelihood of occurring once every 234 years. 

EBA (a Tetra Tech company) completed stochastic oil spill modeling for the simulated credible 
worst case spill of CLWB at the berth (Modeling the Fate and Behaviour of Marine Oil Spills for 
the Trans Mountain Expansion Project [Volume 8C, TR 8C-12, S9]). CLWB was used as the 
representative oil for spill modeling for reasons described in Section 5.1. For the ERA and 
HHRA, approximately 720 independent model simulations were completed for each of four 
seasons: winter (January–March), spring (April–June), summer (July–September) and fall 
(October–December). Each independent simulation run relied upon weather, currents and tide 
data drawn from the relevant season for 2011 and 2012, beginning with data starting three 
hours after the previous run. The movement and mass balance (distribution of total hydrocarbon 
between water, shore and air) of oil was tracked over 15 days. The set of approximately 2,900 
independent simulations covers the expected transport and fate of spilled oil over the course of 
a full year of weather and tidal observations, and in this sense the modeling data set is as 
realistic as possible. Environmental conditions in 2011 and 2012 were analyzed and compared 
to a 30-year wind record: the selected period (October 2011–September 2012) was confirmed 
to be representative of wind speeds and wind directions. 

One of the 2,900 independent simulations was selected for more comprehensive deterministic 
modeling in order to compute the fate of individual oil components in the water column and in 
the air in addition to on the water surface. The objective of the selection process was to identify 
a representative scenario that was credible, while tending to be worst case from both ecological 
and human health perspectives. Selection of one of the stochastic simulations for deterministic 
oil spill modeling proceeded step-wise, as outlined below. 

First, consideration was given to the four seasons that were modeled stochastically. Selection 
focused on the summer season as warmer water and air temperatures facilitate more rapid 
dissolution and volatilization of lighter hydrocarbons into water or air, respectively. At the same 
time, generally lower wind speeds result in less wave action (hence, less vertical mixing of the 
water column and higher concentrations of dissolved hydrocarbons in the surface water layer), 
as well as less dilution of vapours in air. These summer season conditions represent the 
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credible worst case because increased hydrocarbon concentrations in water and air would 
increase exposure to people and organisms relative to colder ambient conditions. In addition, 
people and a wider variety of organisms are more likely to be in close proximity to a spill at the 
Westridge Marine Terminal during the summer months. 

Second, consideration was given to the predicted length of shoreline oiled, as oil spill effects on 
shorelines are among the more obvious and profound environmental effects of spills (both with 
respect to people and organisms). The median length of shoreline oiled was identified as a 
selection criterion in order to balance: 1) the need to address potential hazards to aquatic 
organisms, which are primarily driven by the amount of oil remaining in water; 2) the need to 
address potential hazards to terrestrial organisms, which are primarily driven by the length of 
shoreline oiled; and 3) the need to address the potential hazards that might be presented to 
people in boats and on shore from chemical exposures associated with an oil spill to the Burrard 
Inlet. 

To this end, the median length of shoreline oiled as a result of the spill was determined based 
on the 736 summer stochastic simulations. The specific simulations resulting in a length of oiled 
shoreline corresponding to this median value were then identified and examined. Twenty 
simulations meeting this criterion were identified. The following additional criteria were then 
factored into the selection of the single simulation to be used for deterministic oil spill modeling: 

· the maximum thickness of the oil modelled on water during the simulation; 

· the time elapsed to first contact with the shoreline; 

· the exposure duration for the oil on water; and 

· the distribution of total hydrocarbon between water, shore and air (i.e., the 
mass balance). 

Thus, as the third step of the selection process, each of the 20 stochastic simulations was 
ranked (high, moderate or low) according to how well the final four selection criteria were 
satisfied. Higher weighting was given to those simulations that demonstrated greater thickness 
of the oil reaching the shoreline, shorter time to first contact with the shoreline, longer exposure 
time on water, and higher percentage of hydrocarbon in air. On this basis, the list was narrowed 
to two of the simulations. 

As the final step of the selection process, visual examination of the outputs for these two 
simulations and the outputs for the summer season stochastic modeling show that one 
represented the simulation with a higher probability of occurrence. In other words, the 
movement of the oil slick in this simulation was more typical of the movement of the oil slick 
modelled in the 720 summer simulations. As such, this simulation based on the weather, current 
and tidal patterns from this hypothetical run was selected as the credible worst case scenario 
and was selected as the basis for the more detailed deterministic modelling. These data inputs 
were used in the deterministic model for the prediction of potential health risks for people and 
organisms as a result of a 160 m³ spill at the Westridge Marine Terminal, in which 128 m3 of 
spilled oil were contained within the boom around the tanker and 32 m³ escaped into Burrard 
Inlet. 

In addition to this credible worst case scenario, ecological and human health effects of a smaller 
release of 10 m3 were also evaluated, consistent with the NEB’s letter of September 10, 2013 
Filing Requirements Related to the Potential Environmental and Socio-Economic Effects of 
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Increased Marine Shipping Activities, Trans Mountain Expansion Project. This smaller release 
was assumed to result from a loading arm leak, and be totally contained within the boom placed 
around all tankers during loading operations (General Risk Analysis and Intended Methods of 
Reducing Risks, Volume 8C, TR 8C-12, TERMPOL 3.15). 

8.2 Transport and Fate 
Trans Mountain commissioned a number of studies as part of an iterative risk assessment 
process to properly evaluate the location and severity of threats to increased shipping of oils, 
including diluted bitumen oils by tanker from the Westridge Marine Terminal in Burnaby. These 
included the quantitative risk assessment conducted by DNV (General Risk Analysis and 
Intended Methods of Reducing Risks, Volume 8C, TR 8C-12, TERMPOL 3.15), research and 
tests of representative diluted bitumen oil to better understand the characteristics of this type of 
oil (see Gainford Study in Volume 8C, TR 8C-12, S7), and modelling to predict transport and 
fate of oil released from hypothetical spill scenarios by EBA (Modeling the Fate and Behaviour 
of Marine Oil Spills for the Trans Mountain Expansion Project (Volume 8C, TR 8C-12, S9). 

Stochastic oil spill fate modelling simulations for the credible worst case scenario were 
performed for a complete annual cycle including winter (January to March), spring (April to 
June), summer (July to September), and fall (October to December) to take into consideration 
seasonal variations in winds and currents. To be conservative, no consideration was given to 
possible mitigation, such as oil spill response activities. Outputs of the stochastic modeling 
included: wind speed and direction charts, probability contours for surface water oiling, 
probability contours for shoreline oiling, time to first contact and length of shoreline oiling, length 
of shoreline contacted per coastal class, amount of dissolved oil, mass balance results 
(including on-water and on-shore oiling, oil evaporated, dispersed, biodegraded, and dissolved), 
as well as average slick area and thickness. Additional details of the stochastic modelling 
completed by EBA are provided in Modeling the Fate and Behaviour of Marine Oil Spills for the 
Trans Mountain Expansion Project (Volume 8C, TR 8C-12, S9). 

8.2.1 Unmitigated Credible Worst Case Spill 

Credible worst case spill scenario modeling predictions indicate that oil released from the 
Westridge Marine Terminal would affect areas of Burrard Inlet and Indian Arm, particularly in 
close proximity to the spill location. Some slight seasonal differences in the spill trajectories 
were identified, primarily due to variations in predominant current direction and speed or 
predominant wind direction and speed (Figures 8.2.1 through 8.2.4). While the modelling results 
provide probability bands for each seasonal simulation, it is important to differentiate between 
where spilled oil could go, based upon the suite of stochastic simulations and where spilled oil 
would go under the specific set of circumstances that would occur for a single actual oil spill 
event. Therefore, the probability contours derived from the stochastic modelling must not be 
interpreted as an indicator of the likely spreading of the oil from a single spill. In this case, the 
10 per cent probability contour indicates that oil was predicted to be presented at a location at 
some time over the course of the stochastic simulation period in 10 per cent of the simulations. 
This represents a low probability of oil presence, and in fact is an indicator that oil would 
probably not reach that location, not that it would probably be oiled. The maximum area of a 
surface oil slick resulting from an individual spill would be much smaller, likely somewhat larger 
than the ≥90 per cent probability contour, but much less than the surface area represented by 
the ≥50 per cent contour. 
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Figure 8.2.1 Probability of Oil Presence – Westridge Marine Terminal Stochastic Simulation 160 m3 Spill Winter Season  
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Figure 8.2.2 Probability of Oil Presence – Westridge Marine Terminal Stochastic Simulation 160 m3 Spill Spring Season  
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Figure 8.2.3 Probability of Oil Presence – Westridge Marine Terminal Stochastic Simulation 160 m3 Spill Summer 
Season  
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Figure 8.2.4 Probability of Oiling – Westridge Marine Terminal Stochastic Simulation 160 m3 Spill Fall Season 
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For the hypothetical credible worst case scenario, most of the oil is predicted to appear as 
sheen after 24 hours, and oil is totally gone within 24 hours in some simulations. There is a high 
probability of water surface oiling and/or shoreline oiling at the confluence of Indian Arm and 
Burrard Inlet. However, there is a low probability of water surface oiling and/or shoreline oiling 
from a single individual oil spill farther into Indian Arm and towards Port Moody, as well as west 
past Second Narrows. 

Predictions indicate a medium probability (≥50 per cent) that between 14 and 17 km2 of the 
water surface near Westridge Marine Terminal would be oiled, with maximum (17 km2) 
predicted during the spring season. The Marine Resources Regional Study Area (RSA) includes 
a total area of 115 km2. As such, the stochastic results suggest that approximately 15 per cent 
of the RSA has a medium probability of being oiled from this spill scenario. However, the 
average maximum surface slick area for a single oil spill is less than the medium probability 
contour, ranging from 4.0 to 4.6 km2, with maximum predicted for the summer season. These 
average maximum areas are somewhat larger than the 90 per cent probability contour, but are 
smaller than the ≥50 per cent medium probability contour. 

Shoreline oiling predictions indicate that between 8.3 and 11 km of shoreline in proximity of the 
Westridge Marine Terminal has a medium probability (≥50 per cent) of being oiled, with the 
maximum (11 km) during the summer season. The RSA includes approximately 200 km of 
shoreline. As such, these predictions indicate that approximately 5 per cent of the RSA has 
medium probability of being oiled. The average maximum length of shoreline oiling for a single 
oil spill is 14 to 19 km, with maximum predicted for the summer season. These average 
maximum lengths of shoreline oiling are somewhat larger than the 50 per cent probability, but 
much smaller than the 10 per cent probability shoreline oiling contour. 

8.2.2 Mitigated Credible Worst Case Spill 

A response evaluation was conducted to contribute to development of a risk informed enhanced 
oil spill response capacity that would be capable of dealing with such low probability events as a 
credible worst case oil spill from Westridge Marine Terminal (Trans Mountain Expansion Project 
Oil Spill Response Simulation Study, Arachne Reef and Westridge Marine Terminal 
[Volume 8C, TR 8C-12, S13]). Evaluation methods are described in this report, and a summary 
is provided here. 

Away from the terminal, the response effort will be conducted with skimmers and booms. The 
booms have three purposes: first, they protect sensitive shorelines; second, they concentrate 
the oil into thicker patches; and third they increase the encounter rate between the oil and the 
skimmers. More than collecting the oil, the purpose of the booms in this scenario is to deflect 
the oil. Modelled spill response was assumed to continue for one day. It assumed that Western 
Canada Marine Response Corporation (WCMRC) arrives on-site within one hour of notification, 
and over the next 13 hours, initiates the following strategies: 

· collection booming at two locations west of the Westridge Marine Terminal; 

· protective booming at pre-identified sensitive locations in Burrard Inlet; 

· mobilization of eight skimming vessels; 

· mobilization of two large temporary storage barges; 

· mobilization of two 40-tonne mini-barges; and 
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· dispatch of vacuum trucks to support recovery and storage activities. 

The following key performance indicators established for the modeling response evaluation are 
based on desired changes in spill mass balance over a one day period: 

· reduce the extent of the slick remaining on the water after 1 day; 

· reduce the quantity of oil on water after 1 day; 

· reduce the quantity of oil reaching shore within 1 day; 

· reduce the length of shoreline oiled; and 

· account for any oil recovered, ensuring that it is only assessed as recovered 
once the simulation shows any oil that is contained in a secure tank on a 
skimmer, barge or supply vessel. 

Oil slick thickness is predicted to be reduced to 5 microns or less in 6 hours as a result of local 
environmental conditions. This thin slick challenges the efficient use of mechanical skimmers 
which are only effective at a thickness of 50 microns or greater. Model predictions indicate that 
four skimmers are sufficient for the mechanical recovery operation. The four remaining 
skimmers on-site are therefore used in a support role for booming and sheen management. At 
the beginning of hour-8, task forces are assembled to recover sheen by towing sorbent-lined 
sections of boom between two boats. 

Table 8.2.1 compares the mass balance of unmitigated and mitigated spill simulations. 

TABLE 8.2.1 
 

MASS BALANCE COMPARISON FOR THE 160 M³ SPILL (32 M3 ESCAPED THE 
PRE-DEPLOYED BOOM) 

Amount (m³) Unmitigated Case Mitigated Case 
On shore after 1 day 16.6% 10.7% 
Left on water after 1 day 0.4% 0.1% 
Evaporated after 1 day 1.2% 0.9% 
Dissolved after 1 day 1.8% 1.2% 
Biodegraded after 1 day < 0.1% < 0.1% 
Inside the containment area but not yet 
recovered 80% 0% 

Recovered inside the containment boom n/a 80% 
Recovered at sea n/a 7.1% 

 

After 1 day, very little oil is predicted to be left on water with spill mitigation. In contrast, the 
unmitigated case shows about 80 per cent of oil still left on water: this oil is contained within the 
boom; but may escape over time if it is not recovered. The mitigation reduces the amount of 
shoreline oiled by ≥30 per cent. Because slick thickness reduces quickly and mechanical 
recovery of the sheen is not possible after 8 hours, deflective booms would be deployed at 
strategic areas to deflect and concentrate the oil for the skimmers. Approximately 11 m3 of the 
32 m3 assumed to escape the pre-deployed boom is recovered. Thereafter, passive sheen 
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management with sorbent products remains a viable but unquantifiable countermeasure for the 
response organization to employ. 

The response evaluation contributed to a number of ‘lessons learned”: 

· Proximity of ready response capability to a spill site together with site specific 
response plans that responders have exercised help to greatly increase the 
effectiveness of response. In the case of the simulation study, the modelling 
runs helped WCMRC gain good understanding of the key requirements that 
could effectively improve response. This is similar to the iterative learning 
achieved through oil spill exercises. 

· There is no substitute for establishing an early line of defense by rapidly 
booming a release or damaged vessel. This knowledge is tempered by the 
reality that health and safety conditions, suitable nearby anchoring sites, and 
operational constraints may not always make this outcome possible. 

· Recovery assets should be located in relatively close proximity to the spill, as 
would be the case for Westridge Marine Terminal. 

· Use of model-derived trajectory and slick thickness information to direct 
skimmers can help identify optimum recovery locations. While remote sensing 
offers considerable opportunities for spill detection, it also has limitations. The 
combination of numerical modelling and remotely-sensed data provides the 
most powerful approach to both current and future predictions of slick positions. 

8.2.3 Unmitigated Smaller Release 

This scenario assumes that all of the volume released would be contained be totally contained 
within the boom placed around all tankers during loading operations (General Risk Analysis and 
Intended Methods of Reducing Risks, Volume 8C, TR 8C-12, TERMPOL 3.15). While stochastic 
simulations for all four seasons were completed, no oil spill trajectory was modelled as the 
spilled oil would remain within the containment boom. Standard operating procedures in place at 
the terminal would result in immediate shut-down of transfer operations, and implementation of 
spill response plans including immediate recovery of the oil using pre-deployed equipment. 
Based on existing spill response plans, recovery operations for such smaller spills would be 
expected to be complete within a few days. 

Mass balance results showed that approximately 22 to 23 per cent of the oil would evaporate, 
with the highest amount in the fall and lowest amount in winter, approximately 2 per cent would 
dissolve and 3 per cent would biodegrade, leaving approximately 72 to 73 per cent on the water 
surface after 5 days, with the highest amount in summer and lowest amount in the fall. 
However, in reality the spilled oil would be expected to be removed within this time frame. 

8.3 Ecological Risk Assessment 
Potential environmental effects of a spill from the pipeline or facilities, including the Westridge 
Marine Terminal, were previously summarized in Section 6.2 based on evidence from past case 
studies. This section summarizes results of the qualitative risk assessment (ERA) completed to 
evaluate the effects of the hypothetical Westridge Marine Terminal spill of CLWB during transfer 
operations. Potential environmental effects from spills at other locations along the marine 
transportation route have been evaluated and are provided in Volume 8A. ERA methods and 
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findings are described in detail in Ecological Risk Assessment of Westridge Marine Terminal 
Spills Technical Report (TR 7-2). 

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 8.2. 

The ERA followed a standard protocol composed of the following stages: 

· problem formulation; 

· exposure assessment; 

· hazard assessment; 

· risk characterization; and 

· discussion of certainty and confidence in the predictions. 

8.3.1 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 crude oil being 
considered, the hypothetical scenario being considered, potential ecological receptors and any 
other relevant issues. 

8.3.1.1 Spatial Boundaries 

The spatial boundaries for this ERA were based on the oil spill modeling domain (Modeling the 
Fate and Behaviour of Marine Oil Spills for the Trans Mountain Expansion Project [Volume 8C, 
TR 8C-12, S9). The following spatial boundaries were considered in the ERA: 

· Oil spill footprint - the area predicted to be directly affected by floating oil 
resulting from an individual release of oil at Westridge Marine Terminal. 

· RSA – the area of ecological relevance where environmental effects could 
potentially result from accidents and malfunctions, including the areas of 
English Bay, Vancouver Harbour, and Burrard Inlet east of the First and 
Second Narrows, including Indian Arm and Port Moody Arm. Westridge Marine 
Terminal is located east of the Second Narrows. This RSA reflects the confined 
nature of Burrard Inlet and the fact that spill-related effects were not expected 
to extend westward beyond the mouth of English Bay 

8.3.1.2 Ecological Receptors 

Potential environmental effects of the Westridge Marine Terminal spill scenarios were evaluated 
for four main ecological receptor group/habitat combinations: 

· shoreline and near shore habitats; 
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· marine fish community and supporting habitat; 

· marine birds and supporting habitat; and 

· marine mammals and supporting habitat. 

Each of the four 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, 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. A summary of the four ecological receptors is 
provided below. Further detail on these receptors and their biological sensitivity ranking factors 
is provided in Ecological Risk Assessment of Westridge Marine Terminal Spills Technical 
Report (TR 7-2). 

8.3.1.2.1 Shoreline and Near Shore Habitats 

Shoreline habitat was considered to include 13 different shore 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. The substrate types range from sand through to rock, with additional 
classes for marsh, as well as rip rap or wood bulkheads or pilings such as may be used for 
shoreline protection. In addition, areas of eelgrass were also considered to fall within the 
“shoreline” habitat, giving a total of 14 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 in establishing 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. 

The 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 (1), whereas sheltered rocky substrates capable of supporting a rich 
and diverse intertidal community, marshes, and eelgrass beds were assigned high (3) very high 
(4) sensitivity rankings. 
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8.3.1.2.2 Marine Fish Community 

The marine fish community was defined to include 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 
dispersed into shallow water. Hydrocarbon effects on fish are generally caused by exposure to 
relatively soluble components of the oil. As described in Section 6.2.3, BTEX compounds or 
light 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. 

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 the sheltered waters of Burrard Inlet. 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 Section 6.2.3 and Ecological Risk 
Assessment of Westridge Marine Terminal Spills Technical Report [TR 7-2]), toxicity of a 
sensitive species, defined as representing the 5’th percentile on a species sensitivity distribution 
(Di Toro et al. 2000). Assuming that this synthetic sensitive species is the same regardless of 
the specific habitat under consideration, the sensitivity of the marine fish community was related 
to the degree of exposure of the particular habitat to dissolved hydrocarbons. Therefore, deep 
water habitat was assigned a low sensitivity rank (1) and shallow water habitat a high sensitivity 
rank (3). The very high biological sensitivity rank (4) was assigned to developing eggs and 
embryos in shallow water habitat (represented here by herring spawning areas). 

8.3.1.2.3 Marine Birds 

Like terrestrial birds and waterfowl (see Section 6.2.3), seabirds can be highly sensitive to oil 
spills, due principally to the effects of oiling on feathers (i.e., loss of insulative properties and 
buoyancy), as well as to ingestion of oil or contaminated food. In addition, birds that are 
gregarious are potentially at greater risk of population-level effects if oil is present in an area 
where they congregate or feed. This region provides migratory, nesting, feeding and wintering 
habitat for a wide variety of shorebirds, gulls, waterfowl and alcids (auks), although fewer auks 
would be expected in the more confined waters of Burrard Inlet. All of English Bay and Burrard 
Inlet, including Indian Arm and Port Moody Arm are identified as an Important Bird Area (IBA), 
due to the presence of western grebe and Barrow’s goldeneye in winter (BirdLife 
International 2013). 

Four biological sensitivity ranking classes were defined for the marine bird community, on a 
scale of 1 (low sensitivity) to 4 (very high sensitivity). The classification scheme reflects guild 
membership, as is appropriate considering the similar lifestyle, behaviour, and exposure 
mechanisms that accompany each guild. A low sensitivity rank (1) was assigned to shoreline 
dwelling species and waders that are generally widely distributed. Medium sensitivity rank (2) 
was assigned to species with a life history that is not exclusively marine, such as gulls and 
terns. Ducks and other waterfowl that tend to be moderately sensitivity to oil exposure and may 
congregate were assigned a high sensitivity rank (3). Finally, a very high sensitivity rank (4) was 
assigned to species that tend to rely heavily on the marine environment and/or have high 
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sensitivity to oil exposure, such as auks and divers, as well as critical habitats and IBAs. As 
Burrard Inlet is recognized as an IBA, the entire RSA was designated as having a very high 
biological sensitivity factor for marine birds and marine bird habitats. 

8.3.1.2.4 Marine Mammals 

The marine waters of Burrard Inlet provide habitat for a variety of marine and semi-aquatic 
mammals including: 

· terrestrial mammals such as bears and moose, which may frequent and be 
exposed to oil in shoreline areas, depending upon the availability of food 
resources they may be seeking; 

· pinnipeds, including Steller sea lion and harbour seal; 

· cetaceans, including but not limited to southern resident killer whale, humpback 
whale, various dolphins and porpoises, and other species; and 

· river otter, mink and potentially sea otter, which are highly dependent upon the 
insulative value of their fur, and which are potentially exposed to high rates of 
oil ingestion through grooming, if their fur becomes oiled. 

Aquatic mammals such as sea otter, river otter and mink that rely upon fur for insulation in cold 
ocean water are extremely sensitive to oiling, as well as having potentially high exposure to oil 
ingestion, if coastal habitat is oiled. Mammals that rely upon blubber for insulation are less 
sensitive to external oiling, although the potential for mortality cannot be ruled out due to other 
exposure pathways or mechanisms. Oil ingestion remains a potentially important exposure 
pathway, and fouling of baleen plates can have adverse effects on baleen whales, although this 
would not be a problem for toothed whales. 

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

A low sensitivity rank (1) was assigned to wildlife species that are normally terrestrial. The 
medium sensitivity rank (2) was assigned to pinniped species, such as seal and sea lions. 
Whales were assigned a high sensitivity rank (3) and species such as sea otter, river otter and 
mink that rely upon fur for insulation in cold ocean water are extremely sensitive to oiling, as 
well as having potentially high exposure to oil ingestion were assigned a very high sensitivity 
rank (4). 

8.3.2 Exposure and Hazard/Effect Assessment 

The exposure and hazard/effects assessment stage identified the probability of oiling at any 
given location within the modeling area. A low probability of oil exposure was assigned to areas 
having <10 per cent probability. Areas having a probability of ≥10 per cent but <50 per cent 
were assigned a medium exposure probability. A high exposure probability was assigned to 
areas having a probability of oiling ≥ 50 per cent but <90 per cent, and a very high exposure 
probability to areas having a probability of oiling ≥ 90 per cent. 

Probability of oiling contours were superimposed on ecological resource sensitivity maps to 
quantify the length of shoreline (km) or the area of a particular habitat type (km2) that is 
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potentially affected at low, medium, high or very high probability levels. Because a low 
probability of oiling indicates that oil exposure is unlikely, the ERA focused on areas having 
medium, high or very high probability of oil exposure. Analyses were summarized in tabular 
format, so that the quantity of habitat exposed to different probabilities of oiling could be 
quantified, and then compared to the total amount of that habitat within the RSA. This approach 
was repeated for each biological sensitivity rank and each season. 

8.3.3 Risk Characterization 

The risk characterization stage considered the biophysical characteristics of the marine 
environments along with results of the exposure and hazard/effects assessments to define risk 
for each ecological receptor type. The potential ecological consequence of oil exposure at any 
given location were considered to be the product of the probability of oil presence, and the 
sensitivity of the receptor or supporting habitat that may be present at that location with results 
expressed in terms of probability ranges. 

8.3.3.1 Potential Environmental Effects of a Credible Worst Case Spill 

Predicted oil fate and transport for the Westridge Marine Terminal credible worst case spill is 
described in Section 8.2 with both mitigated and unmitigated assumptions. This section 
evaluates the potential ecological effects of an unmitigated spill in all four seasons. 

8.3.3.1.1 Near Shore and Shoreline Habitats 

Table 8.3.1 summarizes ecological risk estimates for each shoreline sensitivity rank by 
probability of oiling. In terms of the length of shoreline potentially affected by spilled oil, 
seasonal results show that between 8.3 km (winter) and 10.6 km (summer) of shoreline habitat 
has a high or very high probability of being oiled following the hypothetical credible worst case 
oil spill, compared to approximately 200 km of existing shoreline habitat within the RSA. 

Shorelines with a high or very high probability of oiling (≥50 per cent and ≥90 per cent, 
respectively) generally represent less than 10 per cent of the available habitat belonging to that 
sensitivity rank within the RSA. The worst case effects are seen for shoreline with a high 
sensitivity rank (3), where between 4.8 per cent (spring) and 17 per cent (summer) of the 
available habitat may be affected. 

Stochastic oil fate modelling results indicate that shoreline types with a very high biological 
sensitivity rank (4) have a very low probability of being oiled, and that it is unlikely that any 
individual oil spill would result in oiling of these areas, which are located near Port Moody. Areas 
with high probability of oiling (≥50 per cent) are limited to shoreline types having biological 
sensitivity ranks of 1 to 3, and are located in close proximity to the Westridge Marine Terminal. 
Areas of high probability of oiling (≥50 per cent) represent only 3.7 per cent to 4.5 per cent of 
the total shoreline within the RSA assigned to biological sensitivity rank 1; 3.8 per cent to 
5.5 per cent of the total shoreline within the RSA assigned to biological sensitivity rank 2; and 
4.8 per cent to 17 per cent of the total shoreline within the RSA assigned to biological sensitivity 
rank 3. 

Stochastic results also indicate areas with a high probability of oiling (≥50 per cent) in proximity 
to the Indian Reserves at Burrard Inlet (Tsleil-Waututh First Nation) and Seymour Creek 
(Squamish First Nation), both of which are located on the northern shoreline of Burrard Inlet. 
Contours indicating a high probability of oiling generally do not contact Provincial Parks, 
National Parks or Ecological Reserves, with the exception of the spring condition, when there is 
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a high probability of surface water oiling extending to Racoon Island which is part of Indian Arm 
Provincial Park. 

TABLE 8.3.1 
 

SUMMARY OF EFFECTS ANALYSIS FOR NEAR SHORE AND SHORELINE HABITATS, 
CREDIBLE WORST CASE SCENARIO 

Season 
Biological 
Sensitivity 

Factor 

Shoreline 
Length in 
RSA (km) 

Affected Shoreline 
(by Shoreline Oiling Probabilities) 

Length According to Probability 
of Oiling 

(km) 

Percent Length According to 
Probability of Oiling  

(%) 

Medium 
(≥ 10%) 

High 
(≥ 50%) 

Very 
High 

(≥ 90%) 
Medium 
(≥ 10%) 

High 
(≥ 50%) 

Very 
High 

(≥ 90%) 

Winter 

1 130 15 4.7 0.9 12 3.7 0.7 
2 47 11 1.8 --- 23 3.8 --- 
3 21 7.3 1.8 --- 34 8.5 --- 
4 3.7 --- --- --- --- --- --- 

Spring 

1 130 18 5.0 1.3 14 4.0 1.0 
2 47 13 2.5 --- 27 5.5 --- 
3 21 7.3 1.0 --- 34 4.8 --- 
4 3.7 --- --- --- --- --- --- 

Summer 

1 130 17 5.6 0.7 14 4.5 0.6 
2 47 11 1.3 --- 23 2.7 --- 
3 21 7.2 3.7 --- 34 17 --- 
4 3.7 --- --- --- --- --- --- 

Fall 

1 130 14 5.2 1.2 11 4.1 1.0 
2 47 8.9 0.6 --- 19 1.3 --- 
3 21 7.3 2.9 0.3 34 14 1.3 
4 3.7 --- --- --- --- --- --- 

 

In summary, the ERA indicates that near shore and shoreline habitats would be affected by the 
Westridge Marine Terminal credible worst case oil spill scenario. The affected areas generally 
represent a small proportion of shoreline belonging to each shoreline sensitivity class within the 
RSA. The area with the highest probability of oiling and negative effects is located near the 
confluence of Indian Arm and Burrard Inlet. Although salt marsh and eelgrass habitats are 
considered to be highly sensitive to oil exposure, these habitats have a very low probability of 
oiling. Shoreline classes with low exposure cobble/boulder veneer over sand would be most 
affected. Very little of the potentially affected shoreline habitat in Burrard Inlet is the type that 
would tend to sequester spilled oil. 

It is expected that SCAT would be applied to the spilled oil that reached shorelines, and that 
most of this oil could be recovered. Biological recovery from spilled oil, where shoreline 
communities were contacted by and harmed by the oil or by subsequent cleanup efforts, would 
be expected to lead to recovery of the affected habitat within two to five years. These 
conclusions are consistent with evidence from the Westridge delivery line release caused by 
third-party damage (Section 6.2.4). 
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8.3.3.1.2 Marine Fish Community 

Table 8.3.2 summarizes ecological risk estimates for each marine fish community sensitivity 
rank by probability of oiling. Areas with a high (≥50 per cent) probability of oiling represent 6.4 to 
11 per cent of the total area with water depths >30 m, 22 to 24 per cent of the total area with 
water depths between 10 and 30 m (biological sensitivity rank 2), 11 to 13 per cent of the total 
area with depths <10 m (biological sensitivity rank 3) and 19 to 21 per cent of the important 
habitat for rockfish and crab with the highest rank (biological sensitivity rank 4) typically 
encountered in the spring. 

Between 6.4 and 11 per cent of the 49 km2 of deep water habitat in the RSA (biological 
sensitivity rank 1), has a high or very high (≥50 per cent) probability of oil exposure. Given the 
limited fetch of Burrard Inlet, and the low potential for oil droplets to become dispersed in the 
water column, it is very unlikely that fish would be harmed by exposure to oil in this habitat type. 

For intermediate depth habitat (biological sensitivity rank 2), approximately 22 to 24 per cent of 
this habitat type within the RSA has a high or very high (≥50 per cent) probability of oil 
exposure. Given the limited fetch of Burrard Inlet, and the low potential for oil droplets to 
become dispersed in the water column, it is very unlikely that fish would be harmed by exposure 
to oil in this habitat type. 

TABLE 8.3.2 
 

SUMMARY OF EFFECTS ANALYSIS FOR MARINE FISH AND MARINE FISH HABITAT, 
CREDIBLE WORST CASE SCENARIO 

Season 
Biological 
Sensitivity 

Factor 
Area in 

RSA (km2) 

Affected Surface Water 
(by Surface Water Oiling Probabilities) 

Area According to Sensitivity 
Factor 
(km2) 

Percent Area According to 
Sensitivity Factor  

(%) 

Medium 
(≥ 10%) 

High 
(≥ 50%) 

Very 
High 

(≥ 90%) 
Medium 
(≥ 10%) 

High 
(≥ 50%) 

Very 
High 

(≥ 90%) 

Winter 

1 49 11 3.8 0.2 22 7.6 0.4 
2 35 12 7.8 2.2 35 22 6.3 
3 30 9.0 3.4 0.5 29 11 1.7 
4 18 7.6 3.3 1.2 43 19 7.0 

Spring 

1 49 12 5.2 0.1 25 11 0.2 
2 35 12 8.3 2.4 36 24 6.7 
3 30 9.9 3.9 0.6 32 13 2.1 
4 18 8.3 3.7 0.6 47 21 3.5 

Summer 

1 49 11 3.2 0.3 22 6.4 0.7 
2 35 14 8.5 2.1 40 24 6.0 
3 30 7.6 3.3 0.4 25 11 1.3 
4 18 6.5 3.3 1.4 37 19 7.8 

Fall 

1 49 9.2 3.2 1.6 19 6.4 3.3 
2 35 13 8.1 2.9 36 23 8.3 
3 30 6.7 3.2 0.8 22 11 2.5 
4 18 6.0 3.3 2.1 34 19 12 
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Between 11 and 13 per cent of shallow water habitat in the RSA (biological sensitivity rank 3), 
has a high or very high (≥50 percent) probability of oil exposure. Given the limited fetch of 
Burrard Inlet, and the low potential for oil droplets to become dispersed in the water column, it is 
unlikely that fish would be harmed by exposure to oil in this habitat type, however, in 
circumstances where oil is driven into shallow water habitat by strong winds, there would be a 
greater potential for negative effects, including potential mortality of fish, crustaceans and 
shellfish. 

A total of 18 km2 of fish habitat in the RSA is considered to be critical (biological sensitivity 
rank 4), and between 19 and 21 per cent of this habitat has a high or very high (≥50 per cent) 
probability of oil exposure for this scenario. Given the limited fetch of Burrard Inlet, and the low 
potential for oil droplets to become dispersed in the water column, it is unlikely that fish would 
be harmed by exposure to oil in this habitat type. However, where such high-sensitivity habitat 
overlaps with shallow water areas, the potential for negative effects would be greater. Critical 
time periods for herring spawn would be in the spring, when exposure to PAH in the oil could 
cause developmental effects on fish embryos. As noted for shallow water habitat, the potential 
for negative effects would be greatest if the spill occurred at a time when strong winds cause the 
oil to be driven into shallow water used as spawning or nursery areas for herring or crab. 

In summary, the ERA indicates that fish habitat would be affected by the Westridge Marine 
Terminal credible worst case oil spill scenario. The affected areas can represent a substantial 
proportion (up to 30 per cent) of total amount of some of the habitat types evaluated, however, 
the potential for negative effects is generally low, due to the limited fetch of Burrard Inlet, and 
the low potential for dissolved hydrocarbon concentrations in water to reach thresholds that 
would cause mortality of fish or other aquatic life. This risk would be greatest in shallow water 
areas under weather conditions that caused spilled oil to be driven into shallow areas with wave 
action, leading to localized high concentrations of dissolved hydrocarbons in the water. This 
could result in the death of fish as a result of narcosis, or could cause abnormalities in 
developing embryos if spawn was present. The area with the highest probability of effects is 
located near the confluence of Indian Arm and Burrard Inlet. Critical habitats and spawning 
areas as well as developing eggs and embryos in shallow water habitat located in proximity to 
the Westridge Marine Terminal would be most likely to be affected. 

Due to the limited spatial extent of potential effects of spilled oil on fish and fish habitat, and the 
generally low potential for the credible worst case scenario to cause acute lethality to fish, 
recovery of the marine fish community would be short-term. Even under a worst-case outcome 
event where a localized fish kill might be observed, it is expected that the lost biological 
productivity would be compensated for by natural processes within one to two years. 

8.3.3.1.3 Marine Birds Community 

For marine birds, the entire RSA (representing an area 115 km2, including all of English Bay, 
Vancouver Harbour and Burrard Inlet) has been assigned a biological sensitivity rank of 4 (very 
high) due to its designation as an IBA. The IBA designation is specific to western grebe and 
Barrow’s goldeneye, which winter in the area. Other notable bird species present in the area 
include colonies of pigeon guillemot, pelagic cormorant and glaucous-winged gull, as well as 
many other recorded bird species. 

Stochastic results identify areas of medium, high and very high probability of oiling for 
shorelines and the water surface that overlap the distribution of marine birds. Although these 
areas demonstrate some seasonal variation, the extent of these areas is generally similar. 
Results summarized in Table 8.3.3 indicate that less than 15 per cent of the water surface within 
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the IBA (biological sensitivity rank 4) has a high or very high probability (≥50 per cent) of being 
swept by an oil slick as a result of the credible worst case spill scenario. The areas with a very 
high probability of oiling (90 per cent or higher) are located in close proximity to the terminal and 
generally extend less than 2 km away from it. 

The presence of seabirds and shorebirds is strongly seasonal, and different species could be 
negatively affected by spilled oil in each season. Whereas there are relatively few nesting 
colonies, perhaps due in part to the largely urban characteristic of much of the shoreline, 
migrating birds will visit the area in spring and fall, and the mild winters support populations of 
waterfowl and other birds. 

Burrard Inlet contains habitat for glaucous-winged gull, pelagic cormorant and surf scoter; 
however, it should be noted that the areas with high or very high probability of oiling (50 per cent 
or higher) are generally located away from these bird colonies. Exceptions include two colonies 
of glaucous-winged gull and one colony of pelagic cormorant. The glaucous-winged gull is 
present year round in the IBA, and is not a species of concern (no regulatory status). However, 
one subspecies of pelagic cormorant which is present in this region (Phalacrocorax pelagicus 
pelagicus) is provincially Red-listed and is present in the winter. The other pelagic cormorant 
species (P. p. resplendens) is considered a year round resident (Campbell et al. 1990). Surf 
scoters are widely distributed along the BC coastline, especially during spring migration and 
Burrard Inlet is a particularly important staging ground in the winter and spring. 

In summary the ERA indicates that the marine birds and marine bird habitat would be affected 
by the credible worst case spill scenario, however, the affected area would be small in 
comparison to the total available marine bird habitat present within Burrard Inlet. Less than 
15 per cent of the IBA would have a high or very high probability of oiling. The area with the 
highest probability of oiling is located at the confluence of Indian Arm and Burrard Inlet. Bird 
colonies located in proximity to the Westridge Marine Terminal would be most affected. 
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TABLE 8.3.3 
 

SUMMARY OF EFFECTS ANALYSIS FOR MARINE BIRDS AND MARINE BIRD HABITAT, 
CREDIBLE WORST CASE SCENARIO 

Season 
Biological 
Sensitivity 

Factor 

Area in 
RSA 
(km2) 

Affected Surface Water 
(by Surface Water Oiling Probabilities) 

Area According to Sensitivity 
Factor 
(km2) 

Percent Area According to 
Sensitivity Factor  

(%) 

Medium 
(≥ 10%) 

High 
(≥ 50%) 

Very High 
(≥ 90%) 

Medium 
(≥ 10%) 

High 
(≥ 50%) 

Very 
High 

(≥ 90%) 

Winter 

1 --- --- --- --- --- --- --- 
2 --- --- --- --- --- --- --- 
3 --- --- --- --- --- --- --- 
4 115 32 15 2.9 28 13 2.6 

Spring 

1 --- --- --- --- --- --- --- 
2 --- --- --- --- --- --- --- 
3 --- --- --- --- --- --- --- 
4 115 35 17 3.1 30 15 2.7 

Summer 

1 --- --- --- --- --- --- --- 
2 --- --- --- --- --- --- --- 
3 --- --- --- --- --- --- --- 
4 115 33 15 2.8 28 13 2.5 

Fall 

1 --- --- --- --- --- --- --- 
2 --- --- --- --- --- --- --- 
3 --- --- --- --- --- --- --- 
4 115 28 14 5.3 25 13 4.6 

 

There is clearly potential for oiling and mortality of seabirds from an accidental spill of oil during 
loading at the Westridge Marine Terminal. Actual effects would depend upon the size of the oil 
spill, the efficacy of measures intended to promptly contain and recover spilled oil, and the 
ability of oil spill responders to capture and treat oiled birds. The present analysis has evaluated 
the spreading and fate of spilled oil that escapes from the containment boom without 
consideration of any further mitigation. Under this conservative scenario, modeling showed that 
less than 15 per cent of the area of the Burrard Inlet IBA would be swept by oil at some time 
during the 15 day period following the spill. Taking into consideration the oil spill recovery and 
wildlife protection actions that would follow an accidental oil spill, it remains likely that birds 
would be harmed, but it is also likely that the numbers would be small. At the population level, 
lost individuals would likely be compensated for by natural processes within one to two years. 

8.3.3.1.4 Marine Mammal Community 

Modelling results identified areas of medium, high and very high effect probability for each class 
of marine mammals biological sensitivity rank (Table 8.3.4). For terrestrial mammals 
(e.g., bears, moose, raccoons, etc., biological sensitivity rank 1) potential exposure is 
determined by the 8.3 to 11 km of shoreline that is predicted to have a high or very high 
probability of oiling. This represents about 5 per cent of the available shoreline habitat. These 
animals have generally low sensitivity to oiling, and it is unlikely that oiled individuals would die 
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as a result of exposure. It is very unlikely that such exposure would result in a significant 
population level effect. 

For pinnipeds such as harbour seal (biological sensitivity rank 2), between 11 and 12 km2 of 
habitat is estimated to be exposed to surface oil at some time during the 15 day simulations. 
This represents between 17 and 19 per cent of the available habitat. Therefore there is a 
relatively high probability of exposure for harbour seal inhabiting Burrard Inlet in the low 
likelihood event of an accidental oil spill. Some level of negative effect would be expected for 
animals exposed to oil, but the effects would not likely be lethal, except in the case of weaker 
animals such as pups or older and diseased animals. 

TABLE 8.3.4 
 

SUMMARY OF EFFECTS ANALYSIS FOR MARINE MAMMALS AND MARINE MAMMAL 
HABITAT, CREDIBLE WORST CASE SCENARIO 

Season 
Biological 
Sensitivity 

Factor 

Area or 
Length in 

RSA  
(km2 or 

km*) 

Affected Surface Water 
(by Surface Water Oiling Probabilities) 

Area or Length According to 
Sensitivity Factor 

(km2 or km 

Percent Area According to 
Sensitivity Factor  

(%) 

Medium 
(≥ 10%) 

High 
(≥ 50%) 

Very 
High 

(≥ 90%) 
Medium 
(≥ 10%) 

High 
(≥ 50%) 

Very 
High 

(≥ 90%) 

Winter 

1* 200* 33* 8.3* 0.92* 17 4.2 0.46 
2 66 21 11 2.7 33 17 4.2 
3 84 23 12 2.4 28 14 2.9 
4 30 9.0 3.4 0.52 29 11 1.7 

Spring 

1* 200* 38* 8.6* 1.3* 19 4.3 0.65 
2 66 22 12 3.0 34 19 4.6 
3 84 25 14 2.4 29 16 2.9 
4 30 9.9 3.9 0.63 32 13 2.1 

Summer 

1* 200* 35* 11* 0.74* 18 5.4 0.38 
2 66 22 12 2.5 33 18 3.8 
3 84 25 12 2.4 30 14 2.9 
4 30 7.6 3.3 0.41 25 11 1.3 

Fall 

1* 200* 30* 8.7* 1.5* 15 4.4 0.76 
2 66 19 11 3.7 29 17 5.6 
3 84 22 11 4.6 26 13 5.4 
4 30 6.7 3.2 0.77 22 11 2.5 

Note: * For terrestrial mammals (Biological Sensitivity Factor = 1), environmental effects are estimated as 
length (km) of shoreline subject to oiling, rather than the area (km2) of affected habitat. 

 

For whales such as the harbour porpoise (biological sensitivity rank 3), between 12 and 14 km2 
of habitat is estimated to be exposed to surface oil at some time during the 15 day simulations. 
This represents between 14 and 16 per cent of the available habitat. This reflects a relatively 
high probability of exposure for harbour porpoise inhabiting Burrard Inlet in the low likelihood 
event of an accidental oil spill. Some level of negative effect would be expected for animals 
exposed to oil, but the effects would not likely be lethal, except in the case of weaker animals 
such as calves or older and diseased animals. 
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For furred marine mammals such as the river otter (biological sensitivity rank 4), between 
3.2 and 3.9 km2 of habitat is estimated to be exposed to surface oil at some time during the 
15-day simulations. This represents between 11 and 13 per cent of the available habitat. There 
is therefore a relatively high probability of exposure for some of the otters inhabiting Burrard 
Inlet in the low likelihood event of an accidental oil spill. Some level of negative effect would be 
expected for animals exposed to oil. Exposure during the winter season would be more stressful 
than exposure during the summer, but in either case, the combination of hypothermia and 
damage to the gastro-intestinal system caused by oil ingested through grooming the fur would 
have the potential to cause death. 

In summary, the ERA indicates that marine mammals and marine mammal habitat would be 
affected would be affected by the credible worst case spill scenario; however, the affected areas 
would be modest in comparison to the overall habitat present within Burrard Inlet. Less than 
20 per cent of the RSA would have a high or very high probability of oiling. The area with the 
highest probability of oiling is located at the confluence of Indian Arm and Burrard Inlet. Marine 
mammals located in proximity to the Westridge Marine Terminal would be most affected. 

There is clearly potential for oiling of marine mammals following an accidental spill of oil at the 
Westridge Marine Terminal. Actual effects would depend upon the size of the oil spill, the 
efficacy of measures intended to promptly contain and recover spilled oil, the ability of oil spill 
responders to capture and treat oiled animals, and the intrinsic sensitivity of the animals to 
exposure. The present analysis has evaluated the spreading and fate of spilled oil that escapes 
from the containment boom without consideration of any further mitigation. With this worst case 
assumption, modeling showed that less than 20 per cent of the available marine mammal 
habitat within the RSA would be swept by oil at some time during the 15 day period following the 
spill. Taking into consideration the oil spill recovery and wildlife protection actions that would 
follow an accidental oil spill, it remains likely that some animals would be harmed, but it is also 
likely that the numbers would be small. Animals like otter would be most at risk, with lower 
potential for mortality of harbour porpoise and harbour seals. Exposure of other whales and 
pinnipeds is quite unlikely due to their low occupancy in Burrard Inlet. At the population level, 
lost individuals would likely be compensated for by natural processes within one to two years. 

8.3.3.1.5 Risk Characterization Summary for a Credible Worst Case Spill 

A credible worst case spill involving the release of 160 m3 of CLWB from the Westridge Marine 
Terminal would cause negative environmental effects on shoreline habitats, the marine fish 
community, marine birds and marine mammals, as well as their supporting habitat, within the 
RSA. However, the affected areas would be modest compared to all available habitat within the 
RSA. Based on the modelling simulations for this scenario described in Section 8.2, areas with 
highest probability of oiling are located around the Westridge Marine Terminal and near the 
confluence of Indian Arm and Burrard Inlet. Acute lethality of fish is unlikely. Damage to oiled 
shoreline and intertidal communities is likely, although modelling predictions indicate it would be 
localized. There is potential for mortality of seabirds, but numbers are likely to be low. There is a 
low potential for mortality to terrestrial mammals exposed to oil on shorelines, and also a low 
potential for mortality of seals or porpoises. A higher potential exists for mortality of otters. While 
negative environmental effects are likely to occur within a portion of Burrard Inlet, the effects 
would be expected to be reversible in the medium-term. 

This conclusion is supported by the results of monitoring conducted following the Westridge 
third-party spill in 2007 (see Section 6.2.4). 
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8.3.3.2 Potential Environmental Effects of a Smaller Release 

This section summarizes the ERA for the small evaluation of environmental effects to ecological 
receptors resulting from a smaller release (10 m3 of CLWB) at the Westridge Marine Terminal 
during loading. Standard operating procedures in place at the terminal would result in immediate 
shut-down of transfer operations, and implementation of spill response plans including 
immediate recovery of the oil using pre-deployed equipment. Based on existing spill response 
plans, recovery operations for such smaller spills would be expected to be complete within a few 
days. For this scenario, this mitigation was also considered when evaluating potential 
environmental effects from smaller spills. 

Given that the oil spill fate modelling results were similar across all seasons (Section 8.2), 
results are discussed in the context of the summer spill scenario only. The environmental effects 
of the smaller spills in other seasons (i.e., winter, spring and fall) are expected to be qualitatively 
similar to those in the summer season. 

8.3.3.2.1 Oil Fate and Potential Effects on Marine Water and Sediment Quality 

After being released to the water surface, some of the more water-soluble constituents of the oil 
would dissolve into the water column. These constituents are also relatively volatile, and there is 
a limited window of time when the spilled oil is relatively unweathered and these constituents 
are available. Approximately 22 per cent of the oil is predicted to evaporate and disperse in the 
atmosphere and less than 2 per cent of the oil dissolves into the water column. The protected 
nature of Burrard Inlet, and the additional protection afforded by the pre-deployed boom limit the 
effects of wind or waves on the spilled oil, so that the dispersion of oil droplets beneath the slick 
is highly unlikely. This limitation also strongly limits the dissolution of the more water-soluble 
constituents, such as BTEX and light PAHs. 

Any dissolved hydrocarbons resulting from the spill would be quickly diluted by the surrounding 
water. Tidal action would ensure that the hydrocarbons dissolving into the water did not have an 
opportunity to reach saturation, and would also help to dilute the dissolved hydrocarbons, 
resulting in only a short-term negative effect on water quality. It is highly unlikely that dissolved 
hydrocarbon concentrations would be sufficiently high for long enough to cause acute lethality to 
fish or other aquatic life. 

Sedimentation of oil can occur when dispersed oil enters the water column if it combines with 
suspended particulate matter, and settles to the bottom. Testing carried out for the Project 
showed that CLWB did not sink by itself after ten days exposure to brackish water (see Gainford 
Study in Volume 8C, TR 8C-12, S7). Oil spill modeling indicated that negligible amounts of oil 
would become suspended as droplets in the water column, due to the sheltered nature of 
Burrard Inlet and the relatively viscous characteristic of the oil. Very little suspended sediment is 
present in the waters of Burrard Inlet. Taking these factors into consideration, formation of OMA 
and oil submergence is unlikely, except to the extent that oil contacting shorelines may combine 
with sand and gravel particles to form an aggregate that can be submerged at low tide in the 
intertidal zone, or potentially transported into slightly deeper water by wave action. Therefore, it 
is unlikely that a smaller spill of CLWB would result in any high magnitude or long lasting 
negative effects in the sediment. 

8.3.3.2.2 Aquatic Receptors 

Because hydrocarbons are hydrophobic, they partition strongly between water and living 
organisms. Uptake of hydrocarbons from water by living organisms is regulated primarily by 
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equilibrium exchange processes between water and lipids, and occurs primarily across 
permeable or vascular surfaces such as gills or egg membranes. Once inside the organism, 
hydrocarbons become part of the generalized lipid pool where they can disrupt cellular and 
tissue function (French McCay 2009). 

While short-term (acute) exposure to dissolved hydrocarbons in the water column could 
potentially be lethal to aquatic biota (e.g., fish, invertebrates, aquatic vegetation), due to the 
relatively small spill volume, and short duration of exposure, lethality is not expected from the 
smaller spill, which remains confined within the containment boom. Sub-lethal population scale 
effects to aquatic receptors are not anticipated, and recovery would be expected to occur 
quickly. 

8.3.3.2.3 Wildlife 

Because the spilled oil would be completely retained within the containment boom, it would not 
contact the adjacent shoreline, and thus eliminate exposure of terrestrial mammals. Acute 
environmental effects of an oil spill on birds and aquatic mammals could however result either 
from direct contact with floating oil, or through inhalation of vapours by an individual animal 
(e.g., birds, or aquatic mammals surfacing in an oil slick). 

Direct oiling of wildlife can result in decreased survival and reproductive success through a 
number of different mechanisms, including loss of waterproofing and insulating characteristics of 
feathers or fur, toxicity from transfer of oil from feathers to eggs during incubation, absorption 
through the skin, and ingestion of toxins via grooming or feeding, and reduced mobility 
(NRC 2003, French McCay 2009). However, given the relatively small amount of spilled oil, and 
the level of human activity that the oil spill response would quickly cause, the probability of a 
direct encounter with floating oil would be low. 

While volatile components of the oil (e.g., BTEX) can concentrate vapours on the surface of an 
oil slick as they evaporate into the surrounding air and potentially create narcotic effects on 
wildlife, these vapours would likely be dispersed quickly. 

Therefore, although individual birds or mammals may be exposed to the direct effects of oiling 
or inhalation of vapours, the effects would not be expected to be lethal, or be detectable at the 
population level. 

8.3.3.2.4 Risk Characterization Summary for a Smaller Operational Spill 

In summary, a hypothetical release of 10 m3 of CLWB at the Westridge terminal during loading 
would not likely affect sediment quality, but could result in a short-term and localized effect on 
water quality. Acute lethality to aquatic biota is not likely to result. Birds and mammals in direct 
contact with the oil at the water surface could also be affected. However, due to the presence of 
the containment boom, and the expected recovery of the oil within a few days, population level 
ecological effects would not occur. Therefore, the environmental effects on marine ecological 
receptors are expected to be negligible. 

8.3.4 Certainty and Confidence 

When conducting ERAs, it is standard practice to implement conservative assumptions (i.e., to 
make assumptions that are inherently biased towards safety) when uncertainty is encountered. 
This strategy generally results in an overestimation of actual risk. For this ERA, prediction 
confidence is based on the following factors: 
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· environmental fate modeling; 

· selection of marine ecological receptors and derivation/assignment of biological 
sensitivity factors; and 

· exposure and hazard assessment. 

In the event of an oil spill, the fate and effects would be strongly determined by specific 
characteristics of the oil, environmental conditions, and the precise locations and types of 
organisms exposed. The goal of scenario modelling investigations summarized in Section 8.2 
was not to forecast every situation that could potentially occur, but to describe a range of 
possible consequences so that an informed analysis can be made as to the likely fate of oil 
spills under various environmental conditions. Modeling predictions are supported by the 
behaviour and fate of oil that was accidentally released to Burrard Inlet in 2007. In addition, 
unmitigated spill fate was considered, which tends to overstate slick movement and duration 
relative to mitigated slick fate as described in Section 8.2. 

Ecological receptors were selected to represent species believed or known to be sensitive to 
spills, and which act as indicators of overall environmental health. Each of the four 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. For nearshore and shoreline littoral (intertidal) habitats, 
biological sensitivity factors were based on habitat complexity and ability of different habitat 
types to sustain high levels of biodiversity and productivity. For the marine fish community and 
marine fish habitat, biological sensitivity factors were based on water depth with the highest 
biological sensitivity class reserved for developing eggs and embryos in shallow water habitat. 
For marine birds and marine bird habitats, and marine mammals the classification scheme 
considered lifestyle, behaviour, and exposure mechanisms, and in particular the role of fur or 
feathers in providing thermal insulation. 

Ecological receptor exposure was linked to predicted probability of oil presence on water, or 
oiling of shorelines in three categories (i.e., ≥10 per cent; ≥50 per cent and ≥90 per cent 
probability of oiling). It was conservatively assumed that any contact between a marine 
ecological receptor and oil was potentially harmful, regardless of the amount of oil present, or 
the duration of the exposure. This approach was considered likely to overstate, rather than 
understate the potential consequences of spilled oil for the Westridge Marine Terminal 
scenarios. 

A detailed quantitative ERA for the Westridge Marine Terminal credible worst case and smaller 
oil spill scenarios will be provided to the NEB early in the New Year to confirm these predictions 
and inform Trans Mountain mitigation and ERPs. 

8.4 Human Health Risk Assessment 
Evidence concerning human health effects of a spill from the pipeline or facilities, including the 
Westridge Marine Terminal, are summarized in Section 6.3.2. This section summarizes findings 
from a qualitative HHRA completed for the Westridge Marine Terminal hypothetical credible 
worst case and smaller spill scenarios described in Sections 8.1 and 8.2 (Qualitative Human 
Health Risk Assessment of Westridge Marine Terminal Spills [TR 7-3]). 
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8.4.1 Methods 

When discussing human health effects, the potential effects associated with short-term and 
long-term exposure to hydrocarbons are referred to as acute and chronic effects, respectively. 
The HHRA focused on potential health effects that could result from short-term inhalation 
exposure to chemical vapours released from oil released in the hypothetical scenarios. Its 
objective was to establish the overall likelihood, nature and severity of effects as part of a 
screening-level exercise. However, the approach followed differed from that adopted for the 
screening-level HHRA of the routine pipeline and facilities operations (see Volume 5D). Routine 
operations consist of planned activities for which chemical exposures and any associated health 
risks can be anticipated and assessed on the basis of known or reasonably well-defined 
exposure scenarios. In contrast, spills represent low probability, unpredictable events for which 
the exposures and risks must be assumed for strictly hypothetical scenarios. Accordingly, rather 
than following a conventional risk assessment paradigm with an emphasis on quantifying the 
potential risks involved, the present assessment was designed to provide a preliminary 
indication of the prospect for people’s health to be affected by a spill, together with an indication 
of the types of health effects, if any, that might be experienced. Results of this qualitative 
assessment determine whether or not a more comprehensive assessment is needed to provide 
further evidence to define the nature and extent of any health effects that people might 
experience and mitigation measures that could be applied to reduce risks to human health. 

The HHRA considered the likelihood and extent to which people’s health could potentially be 
affected for both Westridge Marine Terminal hypothetical spill scenarios based on the following 
factors: 

· the volume of oil spilled (Section 8.1); 

· the types of chemicals contained in the spilled oil to which people could be 
exposed (Section 5.1); 

· the extent to which people could be exposed based on predictions of how the 
spilled oil and the constituent chemicals would likely disperse in the 
environment considering time of year, weather patterns, currents and tides, 
wave action, and the way that spilled oil would partition between air and water 
over time (Section 8.2); 

· the manner and pathways by which people might be exposed to the chemicals; 

· the emergency response and other mitigation measures that will be taken to 
limit people’s exposure to the chemicals in the event of a spill (Sections 4.0, 
6.3.2, and 8.2.2); 

· the types of health effects known to be caused by the chemicals as a function 
of the type, amount and duration of exposure; 

· the responsiveness and sensitivity of the people who could potentially be 
exposed to the chemicals; and 

· the types of health effects that have been reported to occur among people 
following oil spill incidents (Section 6.3.2). 
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8.4.1.1 Exposure Pathway Selection 

The HHRA focused on the potential health effects that could occur among people in boats or on 
shore. The primary method of exposure was concluded to be inhalation of chemical vapours 
released from the surface of the spilled oil, particularly short-term or acute exposure during the 
early stages of the incident. The choice of this exposure pathway was based on the following: 

· In the event of a spill into the Burrard Inlet, emergency response measures will be taken by 
Trans Mountain, Coast Guard authorities, the WCMRC and other spill response agencies to 
protect people’s health, the marine environment, and the coastal shoreline. The measures 
are discussed in Section 4.0, and will include securing the area as well as the isolation, 
surveillance, monitoring, containment, and clean-up and recovery of the oil. Local, provincial 
and federal authorities responsible for the protection of public health, fisheries, and the 
marine environment and resources will be notified so that additional resources can be 
deployed and further protective measures can be implemented, as needed. Other response 
measures such as notifying the public to avoid the spill area, restricting access to the spill 
area, and evacuating people from the area also would be implemented. The exact 
emergency response measures taken will be dictated, in part, by the circumstances and 
real-time events surrounding the spill, including the size, behaviour and immediate hazards 
presented by the oil slick. For Westridge Marine Terminal spill scenario, it was assumed that 
WCMRC would arrive on-site within one hour of notification (Section 8.2.2). The measures 
will serve not only to limit any opportunities for exposure of the general public to chemical 
vapours released from the oil in the short-term, but also will act to preclude any reasonable 
opportunity for people to be exposed on a longer-term basis either by inhalation or other 
exposure pathways such as incidental dermal contact with the chemicals. 

· If warranted, local, provincial and/or federal authorities can implement controls or issue 
advisories to protect public health. Examples of such controls include closure of commercial 
and recreational fisheries, beach closures, forced evacuation of people off-shore and/or 
on-shore if public health and safety is threatened, and the issuance of fish, shellfish or other 
seafood consumption advisories. These measures further reduce the potential opportunities 
for exposure of people to the chemicals released during a spill through either inhalation or 
other pathways on both a short-term and long-term basis. 

· The potential exists for people located downwind of the oil to be exposed to chemical 
vapours released from the surface of the slick during the early stages of the incident 
because some time will elapse between the first reporting of a spill, the arrival of first 
responders and the implementation of the emergency response measures. Exposure to the 
vapours would be via inhalation on a short-term basis, with the likelihood of exposure 
declining as responders arrive on scene and emergency response measures are 
implemented. 

· Direct physical contact with the spilled oil was considered unlikely, especially in the case of 
the smaller oil spill in which the oil slick will be completely contained within the boom. The 
actions taken by first responders will include securing the area, restricting access, and 
containing the oil slick. Appropriate regulatory authorities will be immediately notified and the 
public will be advised to avoid the area. In the case of the credible worst case spill scenario 
in which oiling of the shoreline is possible based on the simulated oil spill modelling, beach 
and shoreline closures will be announced, if conditions warrant. These actions will limit any 
exposure of the general public to the spilled oil through incidental skin contact. 
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· The choice of the exposure scenario was also determined, in part, by concern expressed by 
attendees at various community open houses, including local residents and Aboriginal 
peoples, over the potential health effects that could result if an accidental oil spill was to 
occur either on land or water, including the potential effects that might result from inhaling 
chemical vapours released during an incident. 

8.4.1.2 Receptor Selection 

As described above, emergency response measures will be taken by Trans Mountain, Coast 
Guard authorities, the WCMRC and other spill response agencies to protect people’s health, the 
marine environment, and the coastal shoreline. t is expected that these response personnel 
arriving at the scene will be trained in emergency preparedness and response, will be equipped 
with appropriate personal protective equipment, will be trained and prepared for such situations, 
and will take appropriate precautions to avoid physical contact with the oil slick itself as well as 
to limit exposure to any chemical vapours that might be present. These measures will act to limit 
any chemical exposures and corresponding health effects that might be experienced by first 
responders and other response personnel. 

Based on this emergency response, the assessment focused on the potential health effects that 
could potentially occur among members of the general public, including residents living in 
nearby communities downwind of the terminal as well as bystanders who might be frequenting 
the area at the time of the spill for work, recreation or other reasons. These bystanders include 
people who might be on the water in boats or people found along the shore. The assessment 
assumed that some of these residents and bystanders might belong to sub-populations known 
to show heightened sensitivity to chemical exposures, such as young children, the elderly and 
people with compromised health. 

8.4.1.3 Chemical Selection 

CLWB was the representative crude oil chosen for reasons described in Section 5.1. The actual 
chemicals examined as part of the HHRA (hereafter referred to as the COPCs) followed a 
step-wise process that is described elsewhere (Screening Level Human Health Risk 
Assessment of Pipeline and Facilities technical report [Volume 5D]). As part of this process, 
consideration was given to the following; 

· the results of a bulk liquid analysis of the CLWB that identified the chemical 
constituents found in the diluted bitumen; 

· the physical properties and characteristics of the chemical constituents, notably 
those properties, such as vapour pressure and Henry’s Law Constant, that 
determine their tendency to partition into air and provide an indication of the 
ease with which they might volatilize from the surface of the oil slick; and 

· the results of a flux chamber study used to determine the types and amounts of 
chemicals that could be released from the surface of spilled CLWB under 
simulated conditions (TERMPOL Report 3.1 [Volume 8C]). 

A number of COPC were identified through this selection process, consisting principally of 
lighter-end, volatile and semi-volatile hydrocarbons (C1 to C12), including both aliphatic and 
aromatic constituents. The latter constituents included BTEX and simple PAHs, including 
naphthalene and acenaphthene. Trace amounts of sulphur-containing chemicals and 
longer-chain, semi-volatile hydrocarbons (C13 to C21) made up the remainder of the COPCs. The 
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assessment assumed that the COPC could be released from the surface of the oil slick though 
volatilization, resulting in their presence in the air as vapours at or near the source, which would 
then disperse in a downwind direction. 

8.4.2 Effects Assessment 

The assessment relied on preliminary modelled predications of the acute (short-term) COPC 
levels that might be encountered by people at varying distances from the oil slick for each 
scenario. Model outputs consisted of hour-by-hour predictions of the maximum concentrations 
of the COPC that people might encounter as the incident evolved. These preliminary modelled 
estimates served as proxies for the acute inhalation exposures that the general public, including 
residents and bystanders in the area, might experience during the early stages of the incident. 

8.4.2.1 Smaller Release Scenario 

The preliminary qualitative assessment for the smaller spill scenario of 10 m3 of CLWB during 
tanker loading revealed no potential for people’s health to be affected by inhalation exposure to 
the chemical vapours released from the surface of the oil slick. The predicted maximum 
air-borne concentrations of the COPC that the general public could potentially encounter were 
below the levels known to be associated with health effects. The absence of health effects is 
attributable to both the small size of the spill and the fact that the oil slick will remain within the 
boomed area where access will be restricted. Under these circumstances, the findings indicate 
that little opportunity will exist for bystanders to be exposed, even bystanders in boats, and even 
less opportunity for exposure will exist for people on shore. 

Odours could be noticeable depending on the person’s keenness of sense of smell. In all 
likelihood, the odours would be dominated by a hydrocarbon-like smell, with some potential for 
other distinct odours due to the presence of sulphur-containing chemicals in the vapour mix. 
The odours themselves could contribute to discomfort, irritability and anxiety. 

8.4.2.2 Credible Worst Case Spill Scenario 

The preliminary qualitative assessment pertaining to the credible worst case spill scenario 
revealed some potential for people’s health to be affected from inhalation exposure to the 
chemical vapours that could be released from the oil slick during the early stages of this spill 
scenario. Effects would be confined to bystanders in boats near the spill area and possibly 
people on the shoreline adjacent to the Westridge Marine Terminal. Although potentially at 
some risk, the prospect for these people’s health to be affected is limited because exposure to 
the higher concentrations of the COPC associated with health effects is confined to the first few 
hours following the spill, with the concentrations declining quite rapidly with elapsed time. There 
is no indication that effects would extend to people living in communities along the Burrard Inlet, 
including Westridge and Capitol Hill. 

The HHRA found that maximum predicted air concentrations of some COPC during the very 
early stages of the credible worst case scenario could be higher than exposure limits. Based on 
the types of chemicals that might be encountered and their known health effects, potential 
effects would likely be dominated by irritation of the eyes and/or breathing passages, possibly 
accompanied by symptoms consistent with central nervous system involvement, such as 
nausea, headache, light headedness and/or dizziness. In this regard, a number of the COPC 
are capable of acting as irritants and central nervous system depressants. The effects could 
range from barely noticeable to quite noticeable, depending on the exposure circumstances and 
the sensitivity of the individuals exposed. Odours could be apparent, dominated by a 
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hydrocarbon-like smell, with some potential for other distinct odours due to the presence of 
sulphur-containing chemicals in the vapour mix. The odours themselves could contribute to 
discomfort, irritability and anxiety. The exact nature and severity of any health impacts will 
depend on several factors, including: 

· 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 
disperse. 

· The person’s whereabouts in relation to the spill, including their distance from the oil slick 
and their orientation to the slick with respect to wind direction. The preliminary modelled 
estimates of the exposures that could be received revealed that exposures would be highest 
at distances closest to the slick, declining with increasing distance. The prospect for health 
effects to occur as well as the severity of any effects will follow the same pattern. The 
prospect for people’s health to be affected also will be greatest downwind of the oil slick, 
where the maximum concentrations of the COPC will be encountered. 

· 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, restricting access, notifying 
the public to avoid the area, evacuation of people from the area) will reduce exposure and 
the probability of any associated health effects. The sooner these measures can be 
implemented, the lower the likelihood of any effects. Prompt measures taken by Trans 
Mountain, the Coast Guard authorities, the WCMRC and other spill response agencies will 
act to reduce the potential for health effects. 

· 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 exposures, with the young, the elderly and people with compromised 
health often showing heightened sensitivity. Since the population that could theoretically be 
exposed to the COPC under the spill scenario is large, the potential for exposure of 
sub-populations of sensitive individuals who may be at heightened risk prospect for health 
effects is increased. 

A more focused and detailed HHRA to inform specific mitigation and ERPs will be completed 
and submitted to the NEB in early 2014. 

Although Trans Mountain’s 60-year operating history and overall pipeline industry experience 
demonstrate that large pipeline and facility spills are unlikely to occur, concern about the effects 
of large spills was an issue that was frequently noted during Aboriginal engagement and 
consultation with landowners and stakeholders. The hypothetical pipeline and Westridge Marine 
Terminal spill scenarios provided in Sections 7.0 and 8.0 are useful because they illustrate the 
types of environmental effects that might be observed as a result of a large spill, however 
unlikely. More importantly, information from the credible worst case scenario evaluations will be 
important in planned undertakings to fully evaluate the existing ERPs and develop necessary 
amendments to further minimize the risk of environmental and socio-economic effects described 
here.  
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9.0 FINANCIAL CAPACITY TO RESPOND TO A SPILL 
In addition to Section 52 of the NEB Act defining the requirement for financial responsibility, the 
Canadian federal government has recently announced that it intends to propose legislation to 
enshrine a polluter pay principle for on-shore federal pipelines and require that companies 
operating major crude oil pipelines have a minimum of $1 billion in financial capacity to respond 
in the event of a spill. This section describes how TMEP anticipates meeting the current and 
future financial requirements with respect to an oil spill. 

Trans Mountain commissioned HJ Ruitenbeek Resource Consulting to provide an estimate of 
the potential cost of hypothetical spills and whether the financial assurance mechanisms set out 
in the application are adequate to cover those potential costs. HJ Ruitenbeek Resource 
Consulting concluded that the maximum financial exposure to a hypothetical “small” spill is 
estimated to be a maximum of $20 million. They also concluded that the largest hypothetical 
spill (4,000 m3) evaluated had a financial exposure of $160 million or, in a credible worst case, 
up to $300 million. 

Trans Mountain Pipeline ULC (Trans Mountain) is a Canadian corporation with its head office 
located in Calgary, Alberta. Trans Mountain is a general partner of Trans Mountain Pipeline 
L.P., which is operated by Kinder Morgan Canada Inc. (KMC), and is fully owned by Kinder 
Morgan Energy Partners, L.P. The expected capital cost for the TMEP is approximately 
$5.4 billion. Upon completion of the TMEP project, TMPL is projected to have $6.4 billion in 
assets based on the existing $1 billion of current rate base plus the increase of $5.4 billion for 
TMEP expansion. Financing will be arranged by Trans Mountain’s parent company Kinder 
Morgan Energy Partners, L.P. (KMP). KMP typically finances growth projects using a mix of 
50 per cent debt and 50 per cent equity. Funding sources may include a combination of the 
issuance of long-term debt securities, bank financing and the issuance of public equity at KMP. 
Based on KMP debt and equity financing strategy, we expect that TMPL will have approximately 
$3.2 billion of equity upon completion of TMEP. 

Trans Mountain currently has $750 million of spill liability insurance, the first $2 million which is 
covered by self insurance. Trans Mountain intends to maintain this level of spill liability 
insurance throughout the life of the TMPL asset. Combined, between the $750 million of spill 
liability insurance and $3.2 billion of equity upon TMEP completion, TMPL will have sufficient 
financial capacity to meet either the credible worst case ($300 million, as estimated by 
HJ Ruitenbeek Resource Consulting) or the $1 billion financial capacity that is anticipated to be 
legislated by the federal government.  

Given that no documentation of the draft federal legislation is available, it is not clear how the 
polluter pay principle and $1 billion financial capacity requirement will be enshrined. However in 
the event that a new federal financial capacity standard results in the need for additional 
commitment, Trans Mountain will meet that standard. 

9.1 Summary of HJ Ruitenbeek Resource Consulting 
As indicated in the previous paragraphs, Trans Mountain commissioned HJ Ruitenbeek 
Resource Consulting to provide insight to the potential cost of hypothetical spills and whether 
the financial assurance mechanisms set out in the application are adequate to cover those 
potential costs. The full report including references is included (Appendix G, Potential Cleanup 
and Damage Costs of a Hypothetical Oil Spill: Assessment of Trans Mountain Expansion 
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Project). Trans Mountain adopts HJ Ruitenbeek evidence and provides this summary of the 
methods, results and conclusions herein. 

A standard cleanup cost methodology was used as an initial benchmark for calculating total spill 
cleanup costs; these costs are based on North American pipeline spill experience and reflect 
adjustments for size, oil properties, exposure to water, and cleanup methods employed. 
Databases used in this evaluation report provide costs in $ per barrel and therefore these units 
of measure will generally be used in this section.  

Larger spills are considered to be in the range of 1,000 m3 to 4,000 m3 (6,300 to 25,000 barrels) 
and the upper-bound cleanup costs are in the range of $3,532 to $6,358 per barrel, 
representative of heavy oils in remote locations and impacting watercourses. Spills under 
2,500 barrels have a benchmark cleanup cost of $11,000 per barrel. These benchmark costs 
are all greater than International Oil Pollution Compensation Funds (IOPCF) global non-US 
experience in marine and near-shore areas (~$500–$2,000 per barrel) and also greater than 
Transport Canada spill cost estimates for Eastern Canadian waters ($830 to $6,020 per barrel). 
The spill cleanup cost estimates reflected in the report in Appendix G are thus regarded as 
credible upper bound estimates relating to hypothetical pipeline spills experienced in Canada. 

A multiplier is used to account for compensation that might potentially be incurred over and 
above the direct spill cleanup costs. For damage costs a benchmark multiplier of 1.5 is applied 
to cleanup costs. This multiplier is higher than that suggested by the IOPCF experience for all 
point source spills (1.29), higher than that implied by the IOPCF experience for spills within the 
size range of interest (0.56 to 1.19), and higher than those implied by Transport Canada for 
spills of persistent oil in sensitive areas (0.6 to 0.85). The factor is somewhat lower than the 
range in US navigable waterways (1.69 to 2.27), which are characteristically high by 
international standards. 

A series of hypothetical spills were evaluated for the purpose of the assessment of potential 
financial impact. Seven pipeline scenarios and one marine terminal scenario were analyzed to 
demonstrate the range of cleanup and damage costs for of the hypothetical spills. The size and 
location of these hypothetical spills is not linked in any way to other hypothetical spills described 
in other parts of the Application. 

Hypothetical spill volumes are based on an analysis of the Pipeline and Hazardous Materials 
Safety Administration (PHMSA) Incident Database for the period 2002-2009 filtered for large 
(≥NPS 20) hazardous liquids pipelines with installation year in 1990 or later. 

Pipeline leaks with mean size of about 110 m3 (~700 barrels) may arise from hazards including 
manufacturing defects, operational system faults, construction faults or third party damage. 
Cleanup costs alone are estimated to be $1 million to $8 million; incorporating potential damage 
costs suggests that any single spill would have a maximum financial exposure of under 
$20 million.  

Pipeline ruptures involving partial or full loss of containment are assessed as hypothetical spills 
into HCAs of 1,000 m3 (6,290 bbl) and 2,000 m3 (12,580 bbl), which are based on maximum 
outflow volumes calculated from current valve spacing. Spill volumes of 2,000 m3 (12,580 bbl) 
and 4,000 m3 (25,160 bbl) are assessed as hypothetical spills into non-HCAs.  Cleanup costs 
for 1,000 m3 and 2,000 m3 HCA spills are estimated to be $40 to $45 million.  Cleanup costs for 
2,000 m3 and 4000 m3 non-HCA spills are estimated to be $32 to $64 million. The HCA spills 
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would have a maximum financial exposure of about $110 million including an upper bound 
damage cost. The non-HCA spills of similar size (2,000 m3 or less) would have a maximum 
financial exposure of about $80 million. The maximum financial exposure of all spills assessed 
through these scenarios is $160 million.  

For risk management purposes a sensitivity scenario was conducted using highest cost 
conditions for cleanup of a large spill (involving a hypothetical pipeline release of up to 4000 m3 
of heavy oil in a remote location impacting water and requiring manual cleanup procedures) and 
damage costs of the order of $10,000 per barrel, which reflect among the highest found in the 
literature. Total spill costs in this high damage cost scenario would be of the order of 
$100 million to $300 million for the scenarios assessed. 

A hypothetical spill at the vessel loading point of the Westridge Marine Terminal was also 
considered. Accidents associated with vessel operations are the responsibility of the vessel 
owner, but incidents at a marine terminal may fall under joint responsibility depending on the 
circumstances of the incident. Similar methods for calculating cleanup costs and potential 
damages from a hypothetical spill apply although some damage coefficients differ because of 
immediate availability of cleanup equipment. A spill of 103 m3 (648 barrels) was evaluated: such 
a spill would generate expected cleanup costs of $7.1 million and damage costs of $6.1 million 
for a total financial exposure of approximately $13.2 million. 

Based on available databases of North American and International spill costs and the multiple 
hypothetical spill scenarios considered, the largest hypothetical spill (4,000 m3) evaluated had a 
financial exposure of $160 million or in a credible worst case, up to $300 million. The current 
and proposed financial assurances and financial structure of the project ($750 million of spill 
liability insurance and approximately $3.2 billion in equity) will be adequate to cover losses 
attributable to a spill, including cleanup and compensation for damages. 
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