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Preface to Volume 7B
This volume provides examples of hypothetical hydrocarbon spills related to the pipelines during
operations, to describe emergency response and mitigation for medium-sized spills on agricultural land or
a wetland, and for large spills in watercourses. These hypothetical examples enable strategic development
of prevention and response measures for the most sensitive types of land and water along the pipeline
route, including identifying follow-up and monitoring.
For the Construction Environmental Protection and Management Plan, see Volume 7A. For risk
assessment and management of spills related to the Kitimat Terminal, see Volume 7C.
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1

Introduction

1.1

Background

Northern Gateway Pipelines Limited Partnership (Northern Gateway) proposes to build and operate two
pipelines (an export pipeline for synthetic oil or diluted bitumen and an import pipeline for condensate),
the associated infrastructure (e.g., pump stations, valve sites) and a tank terminal and marine terminal (the
Kitimat Terminal). The pipelines will be built in a common right-of-way (RoW) between an initiating
pump station near Bruderheim, Alberta and the Kitimat Terminal near Kitimat, British Columbia. These
system components are referred to as the Enbridge Northern Gateway Project (the Project).
Pursuant to the Canadian Environmental Assessment Act (CEA Act; Section 16[1]), proponents are
required to consider environmental effects of malfunctions or accidents that might occur in connection
with the Project.
Northern Gateway considers accident prevention and environmental protection to be key commitments
for the Project and will take all reasonable measures to prevent accidents and malfunctions. The responses
and mitigation measures described would apply equally to other types of incidents such as fires or leaks
of fuel, hydraulic fluid, or chemicals. Volume 3 provides design features and protocols to mitigate and
respond to other potential accidents and malfunctions during construction and operations, such as a tank
fire (e.g., fire detection equipment; firewater and foam system). Volume 7A also describes measures that
will be implemented for general accidents and malfunctions during construction, some of which also
apply to operations. Hydrocarbons could affect the health of wildlife, fish and humans immediately
(acute) and in months to years (chronic) and could reduce habitat quality. This volume focuses on the
potential effects of hydrocarbon spills on the biophysical and human environments during pipeline
operations.
The pipeline route crosses six physiographic regions between the initiating pump station near Bruderheim
and the Kitimat Terminal. The acute and chronic effects of hydrocarbon exposure on organisms, and the
effects on habitat and human communities along the pipeline route, are discussed in general terms. More
detail is provided for hypothetical examples in sensitive habitat types (i.e., agricultural land, wetland,
inland low-gradient river and coastal watercourse that flows to the ocean).
Hypothetical examples are provided to describe emergency response and mitigation on agricultural land, a
wetland, and in watercourses. Information on the response to leaks from equipment and vehicles during
project construction is outlined in the Spill Contingency Plan (see Construction EPMP, Volume 7A).
Although the probability of a spill is low, the hypothetical examples enable strategic development of
prevention and response measures for the most sensitive types of land and water along the pipeline route.
The examples help to determine realistically the:
•
•
•
•

key design features to reduce the potential for an incident
probability
appropriate mitigation (or contingency) measures
behaviour of hydrocarbons in the environment
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•
•

effective response plans (and equipment)
potential biophysical, social and economic effects of hydrocarbon releases

1.2

Existing Documentation and Project-Specific Baseline
Studies

Documentation relevant to specific disciplines has been reviewed, including assessments of projects near
the Project and similar projects elsewhere, geographic and technical databases, and scientific literature to
identify relevant issues. In addition, Northern Gateway conducted a number of supporting studies to
characterize the local marine environment and the hydrocarbons likely to be transported during
operations. These studies are compiled in technical data reports (TDRs). TDRs referenced in this volume
include:
•

Geology and Terrain Technical Data Report (O’Leary et al. 2010)

•

Hydrogeology Technical Data Report (Rehman and Westlake 2010)

•

Vegetation Technical Data Report (Reid et al. 2010)

•

Soils Technical Data Report (Turchenek and Tashe 2010)

•

Surface Water and Sediment Quality Technical Data Report (Touchinski et al. 2010)

•

Freshwater Fish and Fish Habitat Technical Data Report (Whelen et al. 2010)

•

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

•

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

•

River Control Points for Oil Spill Response Technical Data Report (Polaris Applied Sciences Inc.
2010)

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

Project Design, Construction and Operational
Measures to Prevent Hydrocarbon Spills

Northern Gateway will implement an integrated approach during the planning, construction and operation
of the pipelines and associated facilities to identify and address all applicable environmental, regulatory
and statutory requirements, and will monitor and document compliance with emergency response
requirements. These commitments will be documented in a Pipeline Oil Spill Response Plan (OSRP),
which will form part of the overall General Oil Spill Response Plan (GOSRP). The GOSRP will be
prepared before construction and will define the corporate policy plans regarding avoidance, emergency
response and management.
Historically, during the operational life of pipelines, malfunctions have infrequently occurred due to
material failures (e.g., pipeline corrosion), vandalism, third-party damage or natural events. The potential
for, and effects of, such incidents will be limited through measures such as pipeline routing, construction
methods and operations plans. More detailed operations plans will be prepared before commissioning and
operation of the pipelines.
The following sections describe key design features, and construction and operational measures that will
be incorporated to prevent spills, as well as the contingency response plans that will be implemented.

2.1

Pipeline Design Measures

Pipeline design will comply with all applicable codes and standards. Material specifications will be
developed for the pipe and components. This design process will follow the integrated approach, which
includes methods for design review and verification and engineering quality control. Quality assurance
measures will be implemented to verify that construction materials used for the pipelines comply with
Onshore Pipeline Regulations, 1999 (OPR), which incorporate, by reference, the Canadian Standards
Association (CSA) Z662-07, Oil and Gas Pipeline Systems. Inspection and testing will verify the integrity
of the pipelines before commissioning.
An extensive route selection process has been employed to recognize and avoid risks associated with
geotechnical and other potential hazards. Two tunnels will be constructed through the Coast Mountains to
avoid terrain challenges and potential avalanches. Other potential hazards, such as marine clays south of
Onion Lake Delta in the Kitimat River valley and instability at some potential watercourse crossings have
also been avoided by revising the pipeline route. Fisheries biologists and construction and geotechnical
specialists provided input to the route selection, including field assessments of many watercourse
crossings. As a result, the potential effects of watercourse crossings at fish-sensitive watercourses have
been reduced and the exact crossing locations optimized to support secure construction and operations.
The following key design features and mitigation measures will be implemented:
•

adhering to design regulations, codes and standards, and provide concordance tables to show how
procedures follow the National Energy Board (NEB) Filing Manual guidelines and quality
management throughout project design, construction and operations
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•

incorporating pipeline design considerations such as the use of high-quality steel, protective coatings,
cathodic protection, remote monitoring, construction practices and inspection

•

using pipeline design that facilitates directing hydrocarbons away from sensitive areas through
grading, ditching and constructing retention berms, where practical

•

leak detection technology and system

•

installing a supervisory control and data acquisition (SCADA) system to enable remote monitoring of
the pipelines and facilities

•

implementing materials integrity programs for the pump stations, valve sites and the Kitimat
Terminal including, programs for:
•
•
•
•
•

flange integrity
above-ground tank inspection
facility piping integrity
pressure vessel inspection
vibration monitoring of rotating equipment

For further information regarding pipeline design and geotechnical conditions along the pipeline route
that will be addressed during detailed engineering, see Volume 3.

2.2

Pipeline Construction Measures

The Spill Contingency Plan (see Volume 7A) will outline measures to provide site-specific slope and
cover stability, to control runoff and drainage along the pipeline route during construction.
Implementation and monitoring of the plan during construction will reduce potential effects.
The following mitigation measures will be implemented to avoid or limit releases during construction:
•

planning the pipeline route to avoid hazardous or sensitive areas

•

conforming to design codes

•

implementing the Construction EPMP

•

implementing watercourse crossing procedures to protect watercourses (see Volume 7A, Pipeline
Watercourse Crossing Plan)

•

inspecting the pipelines to verify that they are being constructed as designed and according to the
Construction EPMP

2.3

Pipeline Operations Measures

The following mitigation measures will be implemented during project operations to avoid or reduce risk:
•

conducting routine aerial and ground monitoring

•

testing the pipelines extensively (weld inspection, coating/backfill inspection)

•

maintaining cathodic protection

Page 2-2
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•

constructing berms at pump stations

•

enclosing pump stations in buildings that include sumps

•

installing pipelines underground through approximately 99% of their length and secure fencing to
protect above-ground infrastructure (e.g., pump stations, valve sites and tunnels). This will reduce the
risks of accidental or intentional damage.

•

using internal pipeline inspection technology to identify potential pipeline integrity anomalies

•

marking the RoW clearly at public roads, railways and navigable watercourse crossings

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

using leak detection systems

•

monitoring systems continuously through a SCADA system

•

installing remotely controlled pipeline valves

•

developing emergency response plans

•

providing emergency response equipment and training for all emergency responses associated with
operations

•

placing pipeline maintenance crews, trained and equipped for emergency response, strategically along
the pipeline route

•

testing response equipment regularly and replacing or improving equipment as new technology
becomes available

•

conducting regular mock response exercises with Northern Gateway operations personnel and local
emergency response providers

Strategic locations along the pipelines will have valves, including at pump stations, major watercourse
crossings and other locations based on a review of environmental, Aboriginal traditional knowledge
(ATK), geotechnical and volume factors and operations and maintenance requirements. Valve locations
will be determined during detailed design.
If a pipeline release occurs, the leak detection system would notify the Enbridge Operations Control
Centre in Edmonton, where the shutdown of the pump stations and closure of pipeline valves can be
remotely initiated, to reduce the potential volume of a spill. Initial response to a Control Centre MBS
alarm will be in accordance with current CCO procedures and in compliance with all applicable codes in
effect at the time of the design. The volume of hydrocarbons that could be released depends on:
•
•
•
•
•
•
•
•

the locations of the valves
time to close the valves
local terrain profile
pressure equalization
emergency response and repair
type of failure
pipe diameter
viscosity of the hydrocarbons
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3

Probability of Hydrocarbon Spills

The probability, or likelihood, that a hydrocarbon release would occur along the pipeline route was
calculated using NEB failure frequency data. Although numerous databases provide data for the pipeline
industry worldwide, NEB data are based on liquid hydrocarbon transmission lines under NEB jurisdiction
and best represent the Project. Results of the most recent analysis of the NEB liquid pipeline failure
database from 1991 to 2009 were used to represent applicable failure types.
The frequency results outlined in this section estimate the likelihood of a spill occurring in selected
regions and at specific locations along the pipeline route. Frequency results presented in this volume do
not predict whether hydrocarbons would reach particular sensitive locations. For example, the estimated
probability of hydrocarbons reaching a watercourse is less than the probability of a release at any
particular location on the pipeline route because of factors such as:
•
•
•
•
•
•
•
•
•
•
•

topography
soil type
season
temperature
viscosity
distance to a watercourse
depth below the surface
engineering design
containment strategies
construction methods
local conditions

The NEB data, although based on recent performance (1991 to 2000), include pipelines up to 50 years
old, built using older technology and standards of building materials. For example, some older pipelines:
•

are not amenable to internal inspection (e.g., scraper trap facilities)

•

contain material that was not inspected at the high level of quality control regulated and exercised
today

•

have other deleterious characteristics conducive to more frequent failures than modern pipelines

These factors, as well as improved design features and mitigation planning (see Section 2), are expected
to decrease the likelihood of pipeline failure relative to the NEB dataset and were factored into failure
frequency calculations for the pipelines.
If a release occurs, emergency response preparedness and emergency response actions, including
notification and a range of containment, recovery and cleanup actions specific to different physiographic
regions and sensitive areas, can reduce the effect on the environment. Emergency response plans will
include provisions for addressing a range of potential sizes (see Table 3-1). Small releases that could
occur during construction are addressed in the Spill Contingency Plan in the Construction EPMP
(see Volume 7A). A final Construction EPMP will be submitted before construction begins. For the
emergency response and mitigation measures that will be applied to other sizes, see Section 9.
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Table 3-1

Spill Categories and Volumes
Spill Category

Volume
3
(m )

Small

<30

Medium

30–1,000
≥1,000

Large

NOTE:
Volumes above are based on NEB categories for small and large spills (National Energy Board 2009).

Estimated return periods for medium and large volumes for the six physiographic regions along the
pipeline route (see Table 3-2) assist in identifying design features that would:
•
•
•

reduce risk
assist with emergency preparedness and response planning
help in understanding the potential effects

Table 3-2

Physiographic
Region
Eastern Alberta
Plains

Spill Return Period for Physiographic Regions along the Pipeline
Route
Approximate
Kilometre Post
(KP)

Approximate Location

From

From

To

To

Approximate
Pipeline
Length
(km)

Spill Return Period
(years per spill)
Medium

Large

0

166

Bruderheim

Green Court

166

287

669

Southern Alberta
Uplands

166

516

Green Court

Alberta–British
Columbia
boundary

350

136

317

Alberta Plateau

516

560

Alberta–
British
Columbia
boundary

Kinuseo Creek

44

1,082

2,525

Rocky Mountains

560

663

Kinuseo
Creek

Parsnip River

103

462

1,079

Interior Plateau

663

1,067

Parsnip River

Gosnell Creek

404

118

275

1,067

1,172

Gosnell
Creek

Kitimat Terminal

105

454

1,058

Coast Mountains

NOTE:
KPs used to calculate spill return periods for physiographic regions are based on Route R.

Return periods have been determined for the estimated length of the pipeline route in each region and are
based on an assumption of a 50-year operational life. The results in Table 3-2 indicate that the greatest
risk is a medium-sized release for the Interior Plateau region, with a return period of 118 years. The
volume of hydrocarbons may be fully contained at source of the hydrocarbons. Smaller releases (i.e., less
than 30 m3) occur more frequently.
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As discussed, the volume depends on many factors, including failure detection, shutdown time, hydraulic
gradients and valve spacing. With effective mitigation, response planning and detection, most releases can
be caught relatively quickly.
Enbridge Liquids Pipeline System Records
Enbridge is committed to pipeline integrity management and maintenance and acknowledges its
responsibility to conduct business to high standards of integrity, transparency, safety and environmental
protection. Prevention measures, monitoring, and mitigation are central to Enbridge’s pipeline integrity
policies. Table 3-2 lists return periods based on records from all operators. For comparison, Table 3-3
presents statistics for Enbridge’s liquids pipeline system for the years 2005 through 2009. This timeframe
was selected because Enbridge typically provides five years of data for reporting purposes. These release
sizes differ slightly from the NEB categories shown in Table 3-1 because Enbridge categorizes spills
greater than 15.9 m3 (100 barrels) as large.

Table 3-3

Spill Statistics for Enbridge’s Liquids Pipeline System (2005-2009)
Year

Total reportable spills

(1)

3

Total volume (m )
Total spills < 15.9 m

3 (2)

3

Total volume (m )
Total spills > 15.9 m
3

Total volume (m )

3 (2)

2009

2008

2007

2006

2005

89

80

59

61

70

1329.1

426.3

2186.9

852.6

1562.0

83

74

55

56

68

30.6

92.4

143.7

408.6

238.5

6

6

4

5

2

1298.5

333.9

2043.2

444.0

1323.5

NOTES:
(1)
A reportable spill is one for which Enbridge is required to formally notify a regulatory agency.
(2)
For reporting purposes, Enbridge differentiates between spill volumes less than and greater than 100 barrels
3
(15.9 m ), where a liquid spill in excess of 100 barrels is considered a major incident.

The majority of the reported releases occurred within fenced facility yards and did not escape the
company's property. These were relatively small volumes that Enbridge was able to immediately contain
and cleanup. Given these records and the return periods, the likelihood of a medium to large spill is
considered low. The likelihood of small spills migrating beyond property boundaries during the life of the
Project is also considered low.
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4

Properties and Weathering of Liquid
Hydrocarbons

The physical and chemical characteristics of the hydrocarbons to be carried in the pipelines provide
information about their behaviour and fate in the environment and the potential environmental effects if
released. A brief description is provided here. Detailed physical analyses are provided in the Properties
and Fate of Hydrocarbons from Hypothetical Spills in the Confined Channel Assessment Area and at the
Marine Terminal TDR. Detailed chemical analyses are provided in the Marine Ecological Risk
Assessment for Kitimat Terminal Operations TDR.
Three types of hydrocarbons will be transported: diluted bitumen or synthetic oil in the export pipeline
and condensate in the import pipeline. The first two are viscous, whereas condensate is a low-viscosity
fluid that will evaporate and disperse rapidly. The physical properties can be used to predict the fate of
hydrocarbons in various environments (e.g., marine, terrestrial and freshwater).

4.1

Physical Properties

The physical properties of fresh (three to four hours after release) and weathered (24 hours after release)
hydrocarbons were determined in laboratory simulations (see Properties and Fate of Hydrocarbons from
Hypothetical Spills in the Confined Channel Assessment Area and at the Marine Terminal TDR) and used
to investigate the possible behaviour of the three hydrocarbons in the marine environment (see Table 4-1).
For a description of weathering, see Section 4.3.

Table 4-1
Parameter

Physical Properties of Hydrocarbons in the Marine Environment
Evaporation
(% of volume)

Density at
15°C
3
(g/cm )

Viscosity at
15°C
2
(mm /s)

Pour Point
(°C)

Emulsion
Tendency

Fresh (3 to 4 hour exposure)
Diluted
bitumen

9

0.965

Synthetic oil

24

0.918

Condensate

57

0.810

1,427

Less than
-23

Unlikely

46.9

-24

Unlikely

7.5

Less than
-22

Unlikely

-18

Unlikely
Likely

Weathered (24 hour exposure)
Diluted
bitumen

13

0.970

Synthetic oil

30

0.926

87.6

-21

Condensate

75

0.852

7.3

Less than
-23
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Although the information provided in Table 4-1 was developed for the marine environment, it is useful
for general comparisons among the three hydrocarbons when considering freshwater and terrestrial
environments. For the estimates of hydrocarbon evaporation versus time for specific pipeline examples
(freshwater and soil), see Section 4.3.
Table 4-1 indicates that, of the three hydrocarbons tested, diluted bitumen would be the most persistent in
the environment (13% evaporated 24 hours after a release) and condensate the least persistent (75%
evaporated 24 hours after a release), with synthetic oil intermediate in persistence (30% evaporated
24 hours after a release).

4.2

Chemical Properties

Chemical characterization of the three hydrocarbons provides information about their potential behaviour
in the environment and their relative potential effects on human and ecological health. For the chemical
characterization of the three hydrocarbons, see the Marine Ecological Risk Assessment for Kitimat
Terminal Operations TDR. For a summary of the chemical properties, see Table 4-2.

Table 4-2

Chemical Properties of Liquid Hydrocarbons
Detection Limit

Diluted Bitumen

Chemical Parameter

Synthetic Oil

Condensate

Concentration
(mg/kg)

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

0.01

41,000

104,000

374,000

F2 (C10-C16)

0.05

136,000

246,000

80,900

F3 (C16-C34)

0.01

394,000

467,000

59,900

F4 (C34-C50)

0.05

51,000

62,000

20,400

Polycyclic Aromatic Hydrocarbons
1-methylnaphthalene

2.5

6.6

99

190

2-methylnaphthalene

2.5

4.2

79

110

Naphthalene

5.0

<5.0

85

86

Fluorene

5.0

<5.0

14

15

Phenanthrene

5.0

5.3

12

25

Pyrene

5.0

6.1

30

<5.0

Benzo(a)anthracene

5.0

7.9

<5.0

<5.0

Benzene, Toluene, Ethylbenzene and Xylenes
Benzene

0.01

280

1,100

13,100

Toluene

0.05

990

3,300

25,300

Ethylbenzene

0.01

360

1,200

2,900

Total Xylenes

0.05

1,500

4,200

21,000
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Table 4-2

Chemical Properties of Liquid Hydrocarbons (cont’d)
Detection Limit

Diluted Bitumen

Chemical Parameter

Synthetic Oil

Condensate

Concentration
(mg/kg)

Other Volatile Compounds
1,3,5-Trimethylbenzene

100

200

430

1,800

1,2,4-Trichlorobenzene

100

610

1,600

3,400

NOTES:
Only compounds that were detected in at least one of the three hydrocarbon samples are shown.
For more information, see the Marine Ecological Risk Assessment for Kitimat Terminal Operations TDR.

Oils and condensates are complex hydrocarbon mixtures containing both organic compounds and
inorganic trace elements. The main constituents are aliphatic and aromatic hydrocarbons. Samples of the
three hydrocarbons were analyzed for:
•
•
•
•

total petroleum hydrocarbons (TPH)
benzene, toluene ethylbenzene and xylenes (BTEX)
polycyclic aromatic hydrocarbons (PAH)
other volatile compounds

For analytical purposes, TPHs are divided into four main fractions (F1, F2, F3 and F4) according to
molecular weight. The F1 fraction contains compounds of lowest molecular weight and highest volatility.
Relative proportions of volatile and less volatile compounds govern, in part, their physical properties and
behaviour in the environment. Among the three hydrocarbons, condensate has the highest concentrations
of volatile compounds (e.g., F1 fraction, BTEX), and diluted bitumen has the lowest (see Table 4-2). This
contributes to the rapid weathering (primarily evaporation) rates for condensate (see Table 4-1).
PAHs comprise a relatively small amount of the four categories of hydrocarbons. PAH concentrations
provide an indication of persistent toxic components because of the longer time needed for natural
degradation in the environment and their toxicity to many aquatic and terrestrial organisms. Total PAH
concentrations were approximately:
•
•
•

30 mg/kg for diluted bitumen
319 mg/kg for synthetic oil
426 mg/kg for condensate

4.3

Weathering and Fate of Hydrocarbons

Physical and chemical properties of liquid hydrocarbons begin to change immediately after they are
exposed to the environment through several processes collectively referred to as weathering. These
include:
•
•
•

spreading
evaporation
dissolution
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•
•
•
•
•

water-in-oil emulsification (in waterbodies)
dispersion
sedimentation
oxidation
biodegradation

Although these processes usually act simultaneously, their relative importance varies with time and
determines the hydrocarbon fate and behaviour. Spreading, evaporation, dissolution, dispersion and
water-in-oil emulsification are most important during the early stages of a spill. Sedimentation, oxidation
and biodegradation are slower, longer-term processes that determine the ultimate fate of the
hydrocarbons. Important factors determining the fate and effects of a particular release include:
•
•
•
•

physical and chemical properties of the hydrocarbon
receiving environment characteristics
volume
weather conditions

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 different physical and chemical
properties of fresh and saline water and the different hydrodynamic receiving environments. For example,
weathered oil is more likely to sink in seawater than freshwater because of the differences in density. The
lack of tides in lakes reduces the energy available to cause mixing of hydrocarbon and water, and there is
no intertidal zone where oil can become more vulnerable to photo-oxidation and microbial degradation.
The rate of spreading, dissolution and dispersion of hydrocarbons would be less in the low turbulence
environments of ponds and lakes than in seawater, but higher in highly turbulent rivers, where the
hydrocarbon would also move downstream and spread laterally. Freezing of freshwater would affect how
hydrocarbons are partitioned and would have implications for cleanup strategies and persistence of
hydrocarbons. Finally, 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.
In soil, heavy hydrocarbons sink downward under gravity and spread horizontally in the subsurface
because of capillary forces. When the mobile hydrocarbons encounter an impermeable soil structure
(bedrock or the water table), downward movement halts and the hydrocarbons spread laterally under their
internal pressure or down the slope of the retarding substance. Eventually the hydrocarbons stop moving
and are trapped in the soil. However, even when immobilized, the hydrocarbons continue to lose mass to
the water and vapour phases and by biodegradation. 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
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If the groundwater table is far enough below the surface or if the amount of oil is small enough, the
mobile oil would be completely entrapped in the soil before it reaches the groundwater. If the oil reaches
the groundwater, the weight of the oil would depress the water table locally beneath it. Free oil would
spread in a layer over the water table, leaving a trail of residual oil entrapped in the soil until it has spread
out to a saturation level so low that it becomes immobile. A fraction of the oil would be strongly sorbed
on soil particles or trapped in soil pore spaces. Without treatment or physical removal, this oil would be a
long-term source of groundwater contamination if it contacts the water table.
With time, the composition of the immobilized oil changes because:
•
•
•
•
•

less viscous components move down-gradient through the soil
more viscous components remain trapped as residual oil
volatile components are lost to the atmosphere
soluble components are lost to the groundwater
biodegradable components are degraded by bacterial activity

The natural rate of depletion through these processes becomes progressively slower with time, because
the remaining contaminants are increasingly enriched with components that resist weathering.

4.3.1

Weathering Processes

Spreading
Spreading is one of the most important processes during the early stages of a spill. The rate of weathering
increases as spreading increases. Spreading rate depends on the viscosity, pour point, volume and density
of the hydrocarbon and the surface tension of the water. Low viscosity hydrocarbons spread more quickly
than those with a high viscosity. At temperatures below their pour point, hydrocarbons rapidly solidify,
and oil slicks can remain many centimetres thick and spread slowly.
Evaporation
The evaporation rate is determined primarily by the amount of volatile components in the hydrocarbon,
ambient temperature and wind speed. Generally, components with a boiling point below 200°C will
evaporate in 24 hours at 13°C. Hydrocarbon remaining on the surface after evaporation would have
increased density and viscosity, which would affect subsequent weathering processes.
Dissolution
Dissolution increases the bioavailability of hydrocarbon components. The rate and extent of dissolution
depends on:
•
•
•
•
•

hydrocarbon composition (water-soluble fraction)
degree of spreading
water temperature
turbulence
degree of dispersion
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The most soluble components are low molecular weight aliphatic and aromatic hydrocarbons. The
concentration of dissolved hydrocarbons in water immediately below surface oil rarely exceeds 1 mg/L.
Dissolution is a much slower process than evaporation, so it does not result in removing large amounts of
hydrocarbon from the water surface.
Water-in-Oil Emulsification
Under moderate to rough water conditions, hydrocarbons take up water to form water-in-oil emulsions.
Stable emulsions can contain up to 80% water and the resultant viscous “chocolate mousse” slows other
weathering processes, particularly evaporation and natural dispersion, leading to greater persistence of the
hydrocarbon. Breaking waves and wind speeds greater than 5 cm/s are generally regarded as necessary
conditions for formation of stable oil-in-water emulsions. Stability of the emulsion usually increases with
decreasing temperature.
Dispersion
Turbulence from breaking waves pushes surface hydrocarbons down into the water column as droplets of
varying size. The larger droplets have sufficient buoyancy to rejoin hydrocarbons floating on the surface.
Others rise more slowly to form a sheen. Sufficiently small droplets are kept in suspension and never
resurface, becoming naturally dispersed. Dispersion depends on the type of hydrocarbon. Light crude oils,
which do not form stable oil-in-water emulsions, have a higher rate of natural dispersion than
hydrocarbons that form stable oil-in-water emulsions.
Sedimentation
Weathered hydrocarbons that interact with inorganic and organic particulates in water can be adsorbed on
to the particles. Fine particulates can also adhere to the dispersed droplets. The hydrocarbon and
particulate complexes accumulate in the benthic environment when the density of the complex exceeds
the density of water. This process is usually most prevalent when hydrocarbons encounter particle-rich
waterbodies.
Oxidation
Hydrocarbons react with oxygen in the presence of sunlight to produce soluble products and, over time,
persistent aggregates referred to as tar balls. Degradation of oil by photo-oxidation is not a major process
from a mass balance perspective, but it can influence other weathering processes, such as emulsification,
because polar compounds with surface-active properties are produced.
Biodegradation
Microbial degradation usually occurs at a hydrocarbon and water interface. Factors influencing the rate
and extent of this process include characteristics of the hydrocarbon, temperature and availability of
oxygen and nutrients (primarily nitrogen and phosphorus). Microbial degradation is a relatively slow
process but, over time, can remove a large fraction of hydrocarbons from the environment.
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4.3.2

Effects of Weathering Processes

When considering the weathering processes of a hydrocarbon release along the pipeline route (described
previously), the effects associated with condensate are expected to be much more limited in space and
time than those associated with synthetic oil or diluted bitumen.

4.3.3

Estimates of Evaporation

Estimates of evaporation rates on land or into freshwater (see Table 4-3) are based on additional fate
modelling, using oil properties and the general characteristics specified in the response examples
(see Section 9). On land, the model assumes a 1-m thick layer of diluted bitumen that does not spread or
disperse, spring temperatures (12°C) and moderate winds (5 m/s) (Belore 2009, pers. comm.). The
evaporation rates assume the hydrocarbon is present in a pool exposed to the atmosphere. Evaporation
rates for a subsurface pipeline release would be small until the oil reaches the surface.

Table 4-3

Estimates of Evaporation for Hypothetical Examples
Volume Evaporated
(%)

Example
Spill on land
(agricultural land
or wetland)
Spill directly into
flowing water (lowgradient or highgradient
watercourses)

Hydrocarbon

6 hours

1 day

5 days

7 days

0.6

1.2

1.5

Diluted bitumen

–

Condensate

–

31

38

47

50

Diluted bitumen

–

9

10

13

15

60 or
a
more

b

Condensate

0.3

2 days

–

–

–

NOTES:
a
Most of the remaining condensate is assumed to disperse into the water in the first six hours. If water
surface conditions are not turbulent, then more than 60% will evaporate over time.
b
Of the remaining 40% of condensate dispersed and dissolved in the water column, some would come
to the surface where additional evaporation would occur, some would biodegrade and some may attach
to particles and sink to the sediment. Approximately 2% of the condensate consists of PAH and
alkylated PAH compounds, which typically end up in sediment and biodegrade over time.

The estimated evaporation rates for hydrocarbons in watercourses are based on laboratory results from the
oil spill fate model, simulating conditions at a specific marine site (a sheltered and confined area in
summer, which would have similar evaporation estimates to freshwater examples). Wind and surface
roughness affect the dispersion process, which, in turn, competes with evaporation. However, this has not
been accounted for in the weathering estimates. In most conditions modelled, more than half the
evaporation occurs in the first day, with additional evaporation over the next week (e.g., for condensate
on land, 31% on day one, increasing to 50% on day seven). The exception is a diluted bitumen on land,
which has a very slow evaporation rate (0.3% on day one, increasing to 1.5% on day seven).
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5

Emergency Response Approaches and
Capabilities

In keeping with its policies of preventing accidents and injuries, and of environmental protection,
Northern Gateway will adopt an emergency response plan that is based on the vision of achieving a model
of emergency response capability for the Project, including:
•

a General Oil Spill Response Plan (GOSRP) and a Pipeline Oil Spill Response Plan (OSRP), which
outline measures and actions to be taken

•

response actions

•

communication plan

•

response objectives and strategies

•

strategy for maintaining emergency response equipment caches

•

protection and response in sensitive areas

•

remediation endpoints

•

a compensation component

5.1

Pipeline Oil Spill Response Plan

Contingency plans will be prepared to address abnormal events. The cornerstone of the contingency
planning process is the GOSRP, which will describe measures and actions that would be implemented
before or after a release of oil along the pipeline route, at the Kitimat Terminal or along the marine
transportation routes. The GOSRP will address all spills with actual or potential consequences to project
personnel, the environment, property or the public. It will include an outline of the organization that will
be established (in cooperation with government and other agencies) to manage the emergency response. A
key aspect of contingency planning is the identification of control points at specific locations along the
RoW where tactical planning for spill responses is established before the pipelines become operational.
An example tactics sheet is in Appendix A and a table of contents for a typical GOSRP is provided in
Appendix B.
Before operation of the pipelines, Northern Gateway will complete a project-specific Pipeline Oil Spill
Response Plan (OSRP) for NEB review. The Pipeline OSRP will describe emergency response actions,
objectives and strategies to mitigate the effects on land or in water during all seasonal conditions under a
range of operational and environmental settings. The Pipeline OSRP will be consistent with Enbridge’s
corporate emergency response procedures (Operations & Maintenance Procedures Book 7: Emergency
Response [Enbridge Pipelines Inc. 2009]). The Table of Contents for Book 7 is provided in Appendix C.
If a hydrocarbon release occurs, the Pipeline OSRP will be followed to contain, remove or treat such. The
following key response actions will be detailed in the Pipeline OSRP:
•

safety
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•
•
•
•
•
•
•
•
•

notification (regulatory, fire, police and emergency response)
incident management
source control
assessment
containment, recovery and protection strategies
equipment deployment
protection of wildlife and fish, sensitive habitats and important traditional harvesting sites
cleanup and decontamination
demobilization and emergency response conclusion

The GOSRP and Pipeline OSRP will also define training requirements (including practice exercises) and
will identify the minimum qualifications for response personnel. Pipeline operations and maintenance
personnel, management and contracted response organizations (RO) along the pipeline route and at the
Kitimat Terminal will participate in emergency response training, exercises and drills.
The Pipeline OSRP will also include the following supporting spill response documents:
•
•

field response guides for pipeline crews
tactic response sheets that identify strategies specific to priority protection or response sites
downstream from major river crossings (see Section 9.4.2)

5.2

Emergency Response

Effective response involves coordination of multiple agencies and groups with well-defined roles and
responsibilities. Response actions will be managed through the Incident Command System (ICS). The
GOSRP will integrate the various emergency response documents to provide the framework for a
successful response strategy.
For a summary of the key actions that might take place after a release along the pipeline route or at a
pump station or valve site, see Table 5-1. After the initial response, the response actions are organized in
three tiers:
•

Tier 1 – equipment is on or near the site to deal with minor operational releases

•

Tier 2 – in-country resources, both personnel and equipment, are accessible and shared under a form
of mutual aid agreement by various companies working in the area

•

Tier 3 – additional expertise and resources are available for spill response that cannot be managed
with available Tier 1 and Tier 2 resources

Successful implementation of a response plan requires agreement on the response actions among the
parties involved and a coordinated effort to implement the actions. The roles and responsibilities of major
stakeholders are mainly defined by regulations. Northern Gateway would normally initiate, manage and
implement the response operation. Northern Gateway would communicate response activities and
intentions to the NEB as the lead federal agency. Provincial agencies (i.e., British Columbia Ministry of
Environment [BC MoE] and Alberta Environment) will form part of a Unified Command, and would
participate in the response and coordinate local involvement. Environment Canada and the provinces
would provide scientific and technical support and coordinate environmental input to the response, as
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co-chairs of the Regional Environmental Emergencies Team (REET). If a watercourse was affected,
Fisheries and Oceans Canada (DFO) would also become a REET member.

Table 5-1

Key Response Actions

Initial Response
1. Spill verification through SCADA or other means.
2. Valve closure and pipeline shut-in.
3. On-site supervisor (maintenance or pipeline) assumes role of the initial On-Scene Commander
(OSC).
4. OSC notifies appropriate federal, provincial, Northern Gateway and Response Organization
contacts.
5. OSC initiates the first response actions prescribed in the Pipeline OSRP.
6. OSC assesses the problem and determines the most probable tier response level (based on
Northern Gateway’s philosophy of over-responding rather than under-responding). OSC reports
this assessment to Northern Gateway contacts.
Tier 1 Response Level – First Response (Local Personnel and Resources)
1. Nearest response resources deployed to contain, recover and clean up under the direction of the
OSC and staff.
2. OSC informs the Federal Monitoring Officer (FMO) (provided by the NEB) of actions taken and
intended.
3. OSC establishes a first response command post (CP).
4. Northern Gateway Crisis Management Team (CMT) mobilizes the Spill Management Team (SMT)
to the level (depth of personnel) necessary to take over command and management of the
response.
Tier 2 (Regional) and Tier 3 (National and Possibly International) Response Level – First 24
Hours
1. SMT completes initial assessment at site.
2. SMT recommends to the OSC which resources are appropriate to send to the response area.
3. SMT recommends response objectives, strategies and priorities to the OSC.
4. OSC informs FMO of intended actions.
5. If appropriate, initial response OSC hands over to replacement OSC (FMO and province are
notified of that handover).
6. SMT establishes a finance section to provide funds, receive claims and document all costs and
claims.
7. If necessary, SMT establishes new CP.
8. Northern Gateway participates in a joint information centre with the province, and issues press
release on the incident and the response.
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5.3

Communication

When a release is detected through the leak detection systems (e.g., continuous SCADA monitoring
system or routine aerial and field monitoring), it would be reported immediately to a centralized Northern
Gateway emergency number. The Duty Operator would notify the:
•

designated OSC

•

response teams (nearest pipeline crew and Response Organizations)

•

external contacts (e.g., general public, Aboriginal groups, communities, federal and provincial
agencies)

5.4

Emergency Response Objectives and Strategies

Northern Gateway has examined possible accidents and malfunctions and developed mitigation measures
to limit adverse effects on the environment. These mitigation measures include establishing response
objectives (e.g., protecting the safety of the public and response personnel) and strategies for meeting
those objectives. For some examples of response objectives and strategies, see Table 5-2. For a practical
application of the objectives and strategies, see Section 9.

Table 5-2

Examples of Response Objectives and Strategies
Strategies

Objective
Protect the safety of
the public, Aboriginal
groups and response
personnel

1. Identify hazards of any released hydrocarbon (e.g., review Material Safety
Data Sheets [MSDS]).
2. Establish site control (hot zone, warm zone, cold zone and security).
3. Consider evacuations as needed.
4. Establish traffic and aircraft restrictions.
5. Monitor air in exposed and operational areas.
6. Develop site safety plan for response personnel.
7. Hold safety briefings.

Control the source

1. Follow emergency shutdown procedures.
a

2. Conduct firefighting as needed .
3. Initiate temporary repairs (e.g., clamps, patches).
4. Transfer product.
5. Conduct by-pass operations as necessary.

Page 5-4

May 2010

Sec. 52 Application
Volume 7B: Risk Assessment and Management of Spills - Pipelines
Section 5: Emergency Response Approaches and Capabilities

Table 5-2

Examples of Response Objectives and Strategies (cont’d)

Objective
Manage coordinated
response effort

Strategies
1. Complete or confirm notifications.
2. Establish a unified command organization and facilities (e.g., CP).
3. Include local and Aboriginal officials in Response Organization.
4. Initiate response incident action plans (IAP).
5. Mobilize and track response resources.
6. Account for personnel and equipment.
7. Complete documentation.
8. Evaluate planned response objectives compared with actual response.

Maximize protection
of environmentally
sensitive areas

1. Implement pre-designated first response strategies.
2. Identify resources at risk.
3. Track hydrocarbon movement and develop spill pathways.
4. Complete visual assessments (e.g., aerial reconnaissance).
5. Develop and implement appropriate protection tactics (e.g., deterrents,
protective booms in sensitive areas).
6. For releases on land, prevent oil reaching moving waters.

Contain and recover

1. Deploy containment (e.g., temporary berms, trenches and booms)
equipment at the source.
2. Deploy containment boom at appropriate intercept and collection areas.
3. Complete pumping and recovery operations.
4. Deploy skimmers for on-water recovery operations.
5. Evaluate time sensitive response technologies (e.g., in-situ burning).
6. Establish waste recovery transfer and temporary storage plan.

Recover and
rehabilitate injured
wildlife

1. Establish oiled wildlife reporting hotline.
2. Rescue injured wildlife.
3. Set up primary care unit for injured wildlife.
4. Operate wildlife rehabilitation centre.
5. Initiate citizen volunteer effort.

Remove stranded oil
on riverbanks and
shorelines

1. Complete shoreline cleanup assessment team (SCAT) surveys and
develop cleanup priorities and plans.
2. Clean up riverbanks or shoreline as needed.
3. Clean area (e.g., oiled facilities, soil, structures).
4. Inspect cleanup against endpoint criteria and sign off on completed
segments.

Reduce economic
effects

1. Consider tourism and local economic effects throughout response.
2. Protect public and private assets as resources permit.
3. Establish claims process.
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Table 5-2

Examples of Response Objectives and Strategies (cont’d)

Objective

Strategies

Inform the public,
Aboriginal groups
and stakeholders of
response activities

1. Provide forum to obtain stakeholder input and concerns.
2. Establish a joint information centre.
3. Hold regular news briefings.
4. Manage news media access to response activities.
5. Hold public meetings, as appropriate.

NOTE:
a

Activities to be undertaken by local emergency response groups, fire service and police, or to be
undertaken to support local fire service and police.

5.5

Equipment and Personnel

Northern Gateway will maintain response equipment along the pipeline route, packaged so it can be
mobilized by ground transportation, helicopter or both. Locating equipment near the pipeline RoW will
enable efficient mobilization of response equipment for immediate Tier 1 response. Pump stations are
potential locations for response equipment. Placing equipment in or near large communities close to the
pipeline RoW will also be considered. Participating Aboriginal groups have also indicated an interest in
providing response capability and equipment. For a summary of the proposed locations for emergency
response equipment, see Table 5-3.

Table 5-3
General Location

Proposed Locations for Emergency Response Equipment Caches
Province

Infrastructure

Bruderheim

Alberta

Oil initiating station

Whitecourt

Alberta

Oil and condensate pumping station

Smoky River

Alberta

Oil and condensate pumping station

Grand Prairie
(alternate)

Alberta

Major pipeline maintenance depot

Tumbler Ridge

British Columbia

Oil and condensate pumping station and minor pipeline
maintenance depot

Bear Lake

British Columbia

Oil and condensate pumping station

Prince George

British Columbia

Major pipeline maintenance depot

Fort St. James

British Columbia

Oil and condensate pumping station

Burns Lake

British Columbia

Oil and condensate pumping station

Houston

British Columbia

Condensate pumping station

Clearwater

British Columbia

Condensate pumping station

Kitimat

British Columbia

Marine terminal, condensate initiating station and a minor
pipeline maintenance depot

Page 5-6

May 2010

Sec. 52 Application
Volume 7B: Risk Assessment and Management of Spills - Pipelines
Section 5: Emergency Response Approaches and Capabilities

Emergency response equipment will include:
•

safety equipment (personal protective equipment and decontamination, gas monitoring, fire
equipment)

•

boom (various sizes for different conditions)

•

skimmers (for different oil types, water depths and operating platforms)

•

pumps

•

temporary storage

•

hand tools

•

logistical support materials

If required, resources can be deployed from several response caches, the Kitimat Terminal, Response
Organizations and from mutual aid to provide a greatly expanded capability. Northern Gateway would
seek agreements with regional organizations for ready access to additional emergency response resources.
These include:
•
•
•
•

Canadian Petroleum Products Institute (CPPI)
Eastern Canada Response Corporation (ECRC)
Western Canada Marine Response Corporation (WCMRC)
Western Canadian Spill Services (WCSS)

In addition to the specified emergency response equipment, personnel and logistical resources are
necessary to operate and support a response. This involves having dedicated trained personnel available
24 hours a day and the ability to mobilize additional contracted personnel. Response support activities
may include ground, air and on-water operations and transport. Arrangements would be made to have
specialized transport and logistical support for winter conditions available. Air services would be
pre-contracted and trained to provide aerial reconnaissance.

5.6

Protection of Sensitive Areas

The protection of sensitive areas includes:
•

environmentally sensitive and vulnerable areas (considering populations at risk, behaviour, location,
habitat use and seasonal-temporal aspects)

•

protection of watercourses

•

protection of drinking water sources

•

socio-economic sensitivities (e.g., aquaculture, fisheries, tourism)

•

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

Priorities for protection of sensitive areas can be assessed as part of local, site-specific planning strategies
typically developed as control points (see Section 5.7 and the River Control Point TDR for Oil Spill
Response by Polaris Applied Sciences Inc. 2010).
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One of the initial objectives is to assess hydrocarbon movement and potential risk to sensitive areas.
Response strategies, whether on land, water, or in snow and ice, would be prioritized and implemented to
limit the potential effects on critical resources at risk.

5.7

Control Points

An important aspect of contingency planning is to consider how best to respond to a spill that has the
potential to reach flowing water. Response objectives and strategies are developed for potential response
intercept or control sites along rivers crossed by the pipeline route. Site-specific guides are prepared that
outline site-specific information such as access, staging, site characteristics and suggested equipment and
deployment. These guides supplement the Pipeline OSRP. Example river control tactic sheets are
provided in the River Control Point for Oil Spill Response TDR.
The objective of the control points is to identify locations proactively where emergency responders can
reasonably and effectively deploy suitable equipment to intercept and limit downstream movement of oil
on a watercourse. Depending on the specific conditions, one or more control points may be implemented.
Typically, response at these locations entails multiple parallel and simultaneous activities including:
•

source control (valve closures, clamping, pipeline drain-down)

•

near-source response (for containment, this includes berms and dams; for recovery, this includes
pumping and skimming)

•

downstream response (control points)

5.8

Cleanup Treatment and Remediation Endpoints

During and after a cleanup, the Unified Command (comprising the response team, regulatory agencies,
Aboriginal groups and stakeholders) would review remediation endpoints for the cleanup proposed by the
Responding Party. Endpoints are characteristics of the environment that are considered acceptable in
terms of residual hydrocarbons (e.g., amount of weathered oil along a riverbank, amount of hydrocarbon
remaining in soils) and potential chronic effects. At a certain point, the environmental benefits gained in
further removal of residual hydrocarbon are outweighed by potential damage caused by the cleanup or
treatment activities. For example, removal of relatively low levels of weathered hydrocarbons could
require extensive disturbance of riverbanks or wetlands, which, if too intrusive, could delay rather than
accelerate recovery (Baker 1995; Baker 1997; Owens and Sergy 2003; Owens and Sergy 2007).
An analysis of the net environmental benefit is required to assess the various recommended endpoints that
promote natural recovery. Once the defined endpoint for a specific habitat (or substrate) is attained
through cleanup and remediation measures, the residual hydrocarbons would be allowed to continue
weathering through natural attenuation processes (biological degradation by microorganisms), which
would reduce their levels over time. The affected site would be monitored regularly to confirm that
rehabilitation and recovery of the affected areas are successful. The need for and scope of monitoring
would be determined in consultation with government agencies, Aboriginal groups and stakeholders, as
appropriate.
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5.9

Financial Responsibility and Compensation

Under statutory and common law, the operator of a pipeline is responsible for operating the pipeline in a
safe and responsible way. In the unlikely event of a spill, Northern Gateway would:
•

implement immediate and comprehensive measures to identify and remediate damage caused to the
environment

•

address property loss and personal injury compensation claims fairly and efficiently

In such cases, compensation payments typically provide redress for loss of revenue and inconvenience
and are estimated using standard industry practices and methods. Consequently, the exact amount of
compensation would depend on specific circumstances and be negotiated between the resource owner or
landowner and Northern Gateway.
Liability for prevention, remediation and cleanup is provided for under various federal and provincial
statutes. Depending on the nature and location of the event, applicable legislation could include the:
•
•
•
•

National Energy Board Act, R.S. 1985, c. N-7
Fisheries Act, R.S. 1985, c. F-14
British Columbia Environmental Management Act, S.B.C. 2003, Chapter 53
Alberta Environmental Protection and Enhancement Act, R.S.A. 2000, E-12
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6

Setting for the Pipelines

The pipeline route extends between an initiating pump station near Bruderheim, Alberta and the marine
and tank terminals (the Kitimat Terminal) in Kitimat, British Columbia (see Figure 6-1). The route
crosses six physiographic regions in Alberta and British Columbia and six major watersheds that drain to
the Pacific or Arctic regions (North Saskatchewan, Athabasca, Peace, Fraser, Skeena and Kitimat Rivers).
The Eastern Alberta Plains physiographic region extends from near Bruderheim to Green Court, Alberta
for approximately 166 km. The topography is flat to gently rolling, with stream valleys incised tens of
metres below the surrounding plains. Major watercourse crossings along this section of the pipeline route
include the North Saskatchewan, Pembina and Paddle Rivers.
The Southern Alberta Uplands region extends from Green Court to the Alberta-British Columbia
boundary for approximately 350 km. The topography in this area is gently rolling, and river valleys are
generally deeper than those in the Eastern Alberta Plains. Major watercourse crossings include the
Athabasca, Simonette, Smoky and Wapiti Rivers.
The Alberta Plateau region extends from the Alberta-British Columbia boundary to Kinuseo Creek for
approximately 44 km. The topography ranges from rolling to steep in some locations. The major
watercourse crossing along this section of the route is the South Redwillow River.
The Rocky Mountains physiographic region extends from Kinuseo Creek to the Parsnip River for
approximately 103 km. Widespread folding and faulting of the bedrock in this region has produced
aligned ridges that are dissected into alpine and valley terrain. The topography is controlled by the
underlying bedrock and is rugged, with steep slopes in many locations. The pipeline route follows river
valleys as far as possible. Major watercourse crossings along this section include Kinuseo Creek and the
Murray and Missinka Rivers.
The Interior Plateau region extends from the Parsnip River to Gosnell Creek for approximately 404 km.
The terrain is rolling to ridged. Some of the stream valleys are deeply incised, but many are wide, with
gentle to moderate slopes. Drumlins and similar topographic forms (elongate ridges) dominate much of
the area. Major watercourse crossings along this section of the route include the Parsnip, Crooked,
Salmon, Stuart, Endako and Morice Rivers and Gosnell Creek.
The Coast Mountains region extends from Gosnell Creek to Kitimat for approximately 105 km. The
topography is rugged, with sections of steep, high slopes, incised canyons and exposed bedrock. Major
watercourse crossings along this section include the Clore, Wedeene and Little Wedeene Rivers, as well
as tributaries to the Skeena and Kitimat Rivers.
These six physiographic regions encompass a wide range of environmental characteristics and cross
several ecoregions, each encompassing a suite of characteristic wildlife species. The pipeline route also
overlaps with a variety of human land uses, including traditional, commercial, subsistence and
recreational activities.
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7

Effects of Hydrocarbon Spills on the
Biophysical Environment

7.1

Approach

Potential effects of a hydrocarbon spill along the pipeline route on terrestrial and freshwater environments
are assessed based on effects documented after historic releases, and on concerns raised during
consultation with regulatory agencies, participating Aboriginal groups and the public.
Environmental monitoring provides an indication of the biological effects of hydrocarbon exposure and
the recovery rates of affected populations and communities. The effects of hydrocarbon on terrestrial and
freshwater organisms are typically influenced by a combination of physical and biological factors,
including:
•
•
•
•

type of hydrocarbon (which determines behaviour in the environment and degree of toxicity)
volume
geography and geology (e.g., terrain, hydrogeology)
weather (which affects evaporation, dispersion, degradation of hydrocarbons)

Past oil and condensate releases provide useful information about behaviour, effects, effectiveness of
mitigation and response efforts, and ways to prevent similar occurrences. Following is a summary of two
relevant historical hydrocarbon spills.
In August 2000, half of an approximately 950-m3 light crude oil spill from the Plateau Pipeline (Pembina)
entered the Pine River in northeastern British Columbia, contaminating drinking water and causing fish
mortality (Alpine 2001; Baccante 2000; Pembina 2001). An estimated 865 m3 of oil was recovered from
the water and soil during the cleanup (BC MoE 2000, Internet site), and immediate emergency response
(booms) and subsequent cleanup operations (e.g., soil removal) helped the recovery of water quality and
river ecology. Levels of hydrocarbons in water were within guidelines for the protection of aquatic life
within three weeks and, although hydrocarbons remained in sediment for two years, dissolved PAH
concentrations were below any effect threshold for sensitive species (Pennart et al. 2004, Internet site).
An alternate drinking water source was used for the town of Chetwynd until October 2001 (Ecoweek
2001, Internet site). The Plateau Pipeline rupture occurred near a portion of the project pipeline route,
and provides an example of how such might affect a community and freshwater ecosystem in northern
British Columbia, as well the effectiveness of response activities. It should be noted that automated
remote isolation valves, and modern pipe materials and testing methods will be incorporated in the
project design.
In November 1997 in New York, derailed locomotives resulted in a spill of 26.5 m3 of diesel fuel
(somewhat similar in volatility to condensate) into a first-order stream, and fuel slicks spread 16 km
downstream within 24 hours, despite booms (Lytle and Peckarsky 2001). There was over 90%
mortality of resident fish (rainbow trout, white sucker, blacknose dace and darters) within 24 hours and
an immediate reduction in benthic invertebrate density and taxonomic richness noticeable for 11.8 km

May 2010

Page 7-1

Sec. 52 Application
Volume 7B: Risk Assessment and Management of Spills - Pipelines
Section 7: Effects of Hydrocarbon Spills on the Biophysical Environment

downstream. Invertebrate density had recovered within one year, and community composition had
recovered within two years (Peckarsky 2006, Internet site).
A wide range of sensitivities to hydrocarbons exists among the many terrestrial and aquatic species along
the pipeline route. When considering acute toxicity and the ability of a population to recover, the effect on
a species would depend on the type of habitat used, sensitive times of year and life stage, and the ability
to alter behaviour in response to a spill (e.g., by avoidance). For a brief overview of documented effects
of hydrocarbon releases on terrestrial and freshwater biota, see Table 7-1.

Table 7-1

Overview of Environmental Effects of Hydrocarbon Spills on
Terrestrial and Freshwater Biota

Group of
Organisms
Vegetation

Adverse Environmental Effects
•
•
•

Birds

•
•

Mammals

•
•

Amphibians and
reptiles

•
•

Fish

•

•

Adverse effects may occur because of physical smothering, altered soil and water
chemistry and toxicity (Hoffman et al. 2003).
Diluted bitumen may inhibit seed germination, plant growth and fungal colonization
of roots (Collins et al. 1994).
Unless completely coated with viscous hydrocarbons, vegetation is expected to
recover (Pezeshki et al. 2000).
Waterbirds are most susceptible; actual effects depend on behaviour, distribution
and reproductive rate of the species.
Main effects are through physical contact (loss of thermoregulation and buoyancy)
and ingestion of hydrocarbons (toxicity) (Jenssen 1994; Mazet et al. 2002;
Stephenson 1997).
Semi-aquatic mammals are more at risk because hydrocarbon releases onto land
are generally more easily contained.
Main effects on mammals are through physical contact (loss of thermoregulation),
inhalation and ingestion of hydrocarbons (toxicity) (Lipscomb et al. 1996).
Amphibians are one of the most sensitive groups of organisms to hydrocarbon
exposure (Hedtke and Puglisi 1982).
Immediate mortality may result in some amphibians and reptiles (Hedtke and
Puglisi 1982; Pollet and Bendell-Young 2000).
Depending on volume, physical environment, time of year and fish species,
immediate mortality may result in exposed adults and juveniles (US Fish and
Wildlife Service [USFWS] 2006, Internet site; Heintz et al. 2000; Vosyliene et al.
2005).
Recovery rate depends on degree of flushing of sediments, life cycles of fish
species, and potential for repopulation from other areas.

Northern Gateway will integrate spill prevention and mitigation measures into standard operational
practices. The probability of a hydrocarbon release is very low (see Section 3), but if one does occur,
response strategies are designed for rapid deployment of resources to limit the size of the affected area.
The assessment addresses effects on terrestrial and freshwater ecosystems by selecting and evaluating key
components to characterize potential effects, highlight potentially vulnerable species and identify
sensitive habitat areas. Effects on air, soil, groundwater, surface water, vegetation, fish, birds, mammals,
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amphibians and reptiles are discussed. In some cases, representative species are discussed, to assess
responses of groups of organisms or species of conservation concern. Effects of hydrocarbon releases are
based on literature reports, practical mitigation actions for specific components and follow-up studies
needed to document recovery.
Noise, terrain and surface water flows are not considered further in this effects assessment. Noise is not
assessed because the likely effects would be from the cleanup operations, which are not assessed.
Potential volumes that could reach a watercourse are not considered large enough to affect terrain or
hydrology, bank stability or channel geomorphology.
Geographic Extent of Study Area
This assessment focuses on general but representative terrestrial and freshwater environments
encompassed by the six physiographic regions along the pipeline route (see Section 6) and areas where
hydrocarbons could potentially travel after a release. In particular, the analysis focuses on agricultural
land, wetland areas and river systems. For information about the potential movement of hydrocarbons at
example locations, see Section 9.

7.2

Atmospheric Environment

If a hydrocarbon is exposed to the environment, evaporation of volatile constituents is an important part
of the weathering process. Depending on atmospheric and other conditions, light crude oils can lose up to
75% of their initial volume within a few days. Medium oils can lose up to 40% of their initial volume and
heavy oils (like No. 6 fuel oil or Bunker C) can lose from 5% to 10%. Some factors that influence the rate
of evaporation are:
•
•
•
•
•
•

wind speed
solar radiation
formation of emulsions (which limits evaporation in water)
atmospheric and surface (or water) temperature
vapour pressure of the bulk liquid oil
wave activity (in water)

The constituents of light, medium and heavy oil that affect air quality are volatile organic carbons
(VOCs). VOCs are defined as any compound of carbon that participates in atmospheric photochemical
reactions. Heavy oils contain the smallest volatile fraction, whereas light oils and condensates contain the
most. On evaporation, VOCs leave the oil surface, and their atmospheric concentration is governed by
meteorological conditions. Dispersion in the atmosphere is typically very rapid, by simple diffusion and
mixing, even in calm conditions. Dispersion rates are influenced by:
•
•
•
•
•

wind speed
wind direction
atmospheric stability
air temperature
roughness of the land or water surface
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Most VOCs emitted have relatively low toxicity, so concentrations even in the immediate vicinity of the
hydrocarbon source may not be of concern. Some VOCs (i.e., BTEX and PAHs) may be present in
sufficiently high concentrations near the release site to be of concern, particularly for responder and
public safety. These concerns can be mitigated by evacuation to a safe distance. Farther afield, the
concentration of VOCs is much lower, being well dispersed, and of less concern. VOCs are reactive and
are dispersed and chemically broken down by photo-oxidation, lessening their potential effect on human
health and the environment. The effects are most pronounced in the hours after hydrocarbon exposure to
the environment.
Other consequences, such as fire and explosion, are important and are mitigated through natural
dispersion and dilution by wind, to levels below the explosive limit. Generally, the region where air
quality effects occur is much larger than the region where there is a potential for fire and explosion.

7.3

Soils

For a complete discussion of terrain and soil resources along the pipeline route, see the Geology and
Terrain TDR and the Soils TDR.
Hydrocarbon exposure to soil could result in soil contamination due to changes in physical, chemical and
biological properties that could lead to deterioration of surface soil. This potential effect is identified in
the NEB’s Protection of the Environment, Information Bulletin 9.
Soils along the pipeline route include agricultural soils and a range of non-agricultural soils, including
wetlands and river sediments. The quality of soil for agricultural purposes is measured in terms of soil
capability as defined in the Canada Land Inventory (CLI) Soil Capability for Agriculture rating system
(CLI 1972). This system recognizes deterioration of surface soil related to contamination. In
non-agricultural areas, changes in soil quality related to contamination are assessed by comparison with
the Canadian Council of Ministers for the Environment (CCME) regulatory guidelines for hydrocarbons
in soil and requirements for soil remediation, based on land use (CCME 2008, Internet site).
Regardless of soil type, diluted bitumen in mineral or organic soil is of concern to vegetation, soil
micro-organisms and invertebrates. In water, this may result in relatively low levels of soil contamination
along riverbanks and shorelines because of dilution and dispersion (see Section 7.5, Surface Water
Resources). In addition, emergency response activities can lead to admixing, compaction and rutting,
erosion and loss, and changes in moisture of soil. For the mitigation measures to limit the effects of an
emergency response cleanup, see Volume 7A, Section 6.7.

7.3.1

Baseline Conditions

Baseline soil data were collected from several locations along the pipeline route (see the Soils TDR).
Soils were characterized in terms of topsoil thickness, surficial materials, surface expression, drainage
classification, terrain processes, soil chemistry and agricultural land capability. Baseline contaminant data
(e.g., hydrocarbon concentrations) for soils were not collected. However, except where soils have been
previously affected by industrial activities, it is assumed that there are no measurable levels of
hydrocarbon contaminants along the pipeline route.
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7.3.2

Potential Effects on Soils

Any of the hydrocarbons to be carried in the pipelines can contaminate soil. However, effects would be
most pronounced for the more persistent diluted bitumen. Although the lighter and more viscous
condensate could infiltrate more readily through soil, any residual diluted bitumen or synthetic oil would
likely be adsorbed by the soil.
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)
cation exchange capacity
organic matter content
the depth to restricting layers

Hydrocarbons disperse to greater depth in sandy soils than in soils with higher clay or organic matter
content, which have a higher capacity for adsorption. A longer response time can result in greater
dispersal. Contaminants may persist in soil for long periods unless mitigated and may affect water
retention and transmission, pH, nutrient status, biological activity and suitability for plant growth.
However, successful cleanup and remediation is expected to restore the affected area to baseline soil
capability or quality. Prior agricultural or other land use can be restored in a one-year timeline. 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).
In wetland areas, diluted bitumen or synthetic oil is adsorbed by soil or spread in subsurface soils and into
the wetland, with the amount of spread influenced by site drainage, depth of organic soils and type of
mineral material underlying the organic soil. With mitigation and emergency response measures, soil
contamination is expected to be restricted to a local area and persist for two to ten years.
In a slow-moving river system, soil on the bank and floodplain adjacent to the river could become
contaminated. In faster moving systems, hydrocarbons are more likely to be transported farther
downstream and eventually stranded along banks and on exposed shoals or floodplains. A rise in water
level in the river, for example during flooding, may redistribute stranded hydrocarbons, or result in
deposition of clean sediment on the hydrocarbon-contaminated soil. With mitigation and emergency
response measures, soil contamination may last two to ten years in portions of the riverbanks and
shorelines.

7.3.3

Mitigation Measures

Mitigation measures would be implemented to limit the extent of the affected area. Mitigation measures
are based on the degree of physical disturbance and chemical characterization compared with undisturbed
soils and the remediation criteria. Remediation through in-situ or ex-situ treatment and amendment
applications, or offsite disposal followed by soil replacement from borrow areas, would be considered.
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Short-term mitigation measures would include containment, control and recovery of the hydrocarbon on
the soil surface, to limit the area affected. Ex-situ treatment may not always be a viable option because of
the remoteness of the location, or the potential for secondary damage that may be created through soil
removal.
Remediation of wetland soils could include removal and ex-situ treatment of mineral soils, in-situ
bioremediation and isolated burning. In a wetland, natural attenuation would be allowed because peat is
unlikely to be naturally replaced if it is removed.
For river systems, it is important to identify where hydrocarbons might contact the riverbanks, to focus
cleanup efforts and limit unnecessary shoreline disturbance. Affected soils would be sampled for
contaminants and physical and chemical properties, to determine appropriate site-specific mitigation
(treatments would differ depending on soil texture types and mineral versus organic soil). Cleanup would
be monitored and adapted to changing conditions, because soils can become buried and newly deposited
sediment can come into contact with hydrocarbon-contaminated soil.
The success of containment can be moderate, particularly in wet soils, because hydrocarbons can disperse
in both surface and groundwater. Although most of the hydrocarbons can be recovered, residual traces
may affect soil quality.

7.3.4

Follow-up and Monitoring

On agricultural lands, the following would be monitored:
•

revegetation of remediated sites until a permanent, self-sustaining vegetation cover is established

•

implementation of weed control where fill or topsoil has been used

•

requirements for further soil amendments (e.g., organic matter) to aid in re-establishing agricultural
land capability

•

contaminant levels until residual hydrocarbons reach acceptable background levels

In wetland and riparian areas, the following would be monitored to confirm hydrocarbons have been
removed to target concentrations:
•

potential for groundwater transport and dissolved hydrocarbon movement in the subsurface

•

progress of any in-situ treatment

•

if portions of the wetland are bioremediated, soils may be monitored to verify that microbes are
breaking down contaminants effectively

7.4

Hydrogeology

Hydrocarbons might infiltrate soils, introduce contaminants into shallow groundwater, and also move
from surface water to groundwater. As a result, groundwater quality may be affected because of the
potential for dissolved contaminants to infiltrate into shallow groundwater. Groundwater quality related to
hydrocarbon content is typically measured in terms of BTEX, PAH and other volatile or light extractable
hydrocarbon concentrations and compared with applicable guideline levels. The Summary of Guidelines
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for Canadian Drinking Water Quality (Health Canada 2008) and, in British Columbia, provincial drinking
water guidelines (BC MoE 2006, Internet site) are typically used. The Alberta Tier 1 and Tier 2 Soil and
Groundwater Remediation Guidelines (Alberta Environment [AENV] 2009a, Internet site; 2009b, Internet
site) outline management options for contaminated sites in Alberta and provide generic risk-based
guidelines to protect human health and the environment. There are additional criteria for water quality
under the British Columbia Contaminated Sites Regulation (BC MoE 1996, Internet site) for aquatic life,
irrigation and livestock uses, and drinking water.

7.4.1

Baseline Conditions

For a complete discussion of baseline hydrogeological conditions along the pipeline route, see the
Hydrogeology TDR and Volume 6A, Section 12. Although baseline chemical data are not available for
groundwater resources along most of the pipeline route, hydrocarbon concentrations in groundwater are
expected to be below detectable levels in areas where there is no current or past human activity. In
agricultural areas, where groundwater may be used for drinking water and livestock watering, it is also
assumed that there are no measurable levels of BTEX, PAH or other volatile or light extractable
hydrocarbons.

7.4.2

Potential Effects on Hydrogeology

The extent of effects on groundwater depends on a number of factors, including:
•

the chemical and physical properties of the hydrocarbon (which determine its ability to move through
surface water, groundwater and soil, and to evaporate)

•

volume and physical setting (topography, geology, ground temperature, depth to water table,
permeability of surface soils), which affect movement rates of hydrocarbons into and through the
groundwater system

•

site hydrogeology (depth to groundwater table, rate of groundwater flow)

•

weather conditions

•

the time of year (water table depth is typically shallowest in early summer or late fall depending on
location; a shallow water table tends to increase contact between the hydrocarbon occupying the
unsaturated zone and groundwater)

Because of its higher mobility and solubility, effects on agricultural land or into water (wetland or river)
are expected to be greater for condensate than for the more viscous diluted bitumen or synthetic oil.
Condensate does not tend to adhere to sediment or soil as readily as heavier hydrocarbons. For diluted
bitumen or synthetic oil, the potential is less for contaminants leaching into the groundwater, because the
heavier fractions would likely adhere to sediments and the viscosity of the oil increases as the
hydrocarbon begins cooling.
In agricultural and forested areas, subsurface condensate spreads through the soil, carrying contaminants
into the groundwater, which could then be transported away from the original site. Condensate primarily
accumulates in the unsaturated zone above the water table or is dissolved in groundwater. Diluted
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bitumen is less likely to reach groundwater in areas where subsurface soils contain bedrock and clay
layers.
In a wetland, as the water table is very close to the surface, diluted bitumen tends to disperse vertically
and horizontally. Adherence to organic matter such as peat slows the horizontal dispersion, and
fine-grained deposits, such as lacustrine clay, which are likely to lie beneath the wetland, limit downward
movement. As a result, little if any residual diluted bitumen is expected to reach the bedrock aquifers
beneath a wetland. Vertical and horizontal flow velocities depend on the configuration of the water table
and permeability of the material available for flow. However, it is assumed that groundwater flow
direction is upward and slow (10-7 m/day [Driscoll 1986]) in a clay soil environment. Any coagulated
diluted bitumen on top of the water table is likely adsorbed to the peat.
In fast-flowing river systems, some of the condensate evaporates and some moves from the surface into
the water column and could subsequently migrate into groundwater if the affected stretch of river or lake
recharges the groundwater zone. Depending on groundwater conditions, contaminated groundwater may
then move to a discharge point and affect surface water quality farther away. Condensate in a low-energy
environment spreads mainly on the water surface and most evaporates, with a minimal amount dispersed
through the water column. Hydrocarbons can travel with groundwater and be exchanged with soil
material for years; residual contamination may persist for an extended time.

7.4.3

Mitigation Measures

The most appropriate mitigation measures would be implemented by following industry standards to
bring groundwater to baseline conditions. Mitigation may include enhanced bioremediation, in-situ
remediation or pump-and-treat technology. The specific remediation methods would be based on:
•

the required cleanup criteria

•

aquifer geometry

•

rate of groundwater movement (affects the time available to remediate before other environmental
values are affected)

•

type of contaminant

•

effectiveness of containment

In the event a groundwater user’s facilities are adversely affected, an alternative water supply may be
provided to the water user, or compensation may be negotiated.

7.4.4

Follow-up and Monitoring

After the initial cleanup response, monitoring would include:
•
•
•
•

soil testing to assess horizontal and vertical distribution of hydrocarbons
potential for groundwater transport
movement of dissolved hydrocarbon in the subsurface
progress of any in-situ treatment
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Groundwater monitoring may be needed if remediation is not effective or contaminant levels in
groundwater or soil exceed applicable guidelines, and would continue until levels are consistently below
guidelines. If concentrations of contaminants exceed the allowable limits, then further remediation may
be required. As appropriate, testing would be done on neighbouring vulnerable wells, such as nearby
shallow wells used for domestic and stock purposes.

7.5

Surface Water Resources

For this assessment, surface water resources refer to lakes, streams, wetlands and drainage channels
potentially affected by the Project. A spill in a surface water resource could result in a deterioration of
water and sediment quality, which could result in reduced suitability for aquatic life or for human use,
such as for drinking or irrigation. These potential effects are based on documented effects in historic spills
and professional judgment regarding the landscape and ecosystem vulnerability.
Water and sediment quality would then be assessed mainly in terms of TPH, PAH and BTEX levels,
although effects on dissolved oxygen and pH (Harrel 1985), as well as total dissolved solids levels, could
also occur. Water quality guidelines for the protection of aquatic life are provided by Alberta (AENV
1999), British Columbia (BC MoE 2006, Internet site; Nagpal et al. 2006), and the CCME (CCME 2007).
Drinking water guidelines are provided by Health Canada (2008) and British Columbia (BC MoE 2006,
Internet site). Sediment quality guidelines are provided by the CCME (CCME 2002) and British
Columbia (BC MoE 2006, Internet site).
The geographic extent of contamination is related to:
•

volume

•

type of hydrocarbon and its physical properties in water (emulsification, surface tension, specific
gravity, viscosity)

•

type of sediment (sequestration in sediments, deposition along shorelines)

Environmental effects depend on:
•
•
•
•
•

flow regimes
climatic conditions
location
response time
composition of the hydrocarbon

7.5.1

Baseline Conditions

For a description of water quality resources along the pipeline route, see the Surface Water and Sediment
Quality TDR and Volume 6A, Section 10. In areas where human activity is minimal or does not occur,
TPH, PAH and BTEX levels are expected to be well below any applicable regulatory guidelines and not
measurable. In the absence of baseline data, cleanup would be to CCME or provincial guidelines.
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7.5.2

Potential Effects on Surface Water Resources

Hydrocarbons in fast-flowing watercourses tend to have less severe effects on water quality than in
stagnant or slow-flowing watercourses (US EPA 1999, Internet site). Although a fast-flowing watercourse
may spread the hydrocarbon over a larger area, this is offset by reduced hydrocarbon concentrations.
Some of the hydrocarbon (BTEX) evaporates from the surface, some mixes into the water column and
degrades more slowly, and the more viscous portions become stranded on shoreline substrates. Low water
temperature and the presence of ice can slow the evaporation rates of many hydrocarbons (AGRA 1995).
A fast-flowing watercourse quickly transports hydrocarbons downstream, although stranded hydrocarbons
may remain in backwaters and along shorelines and log jams, and some contaminants may infiltrate into
the sediments. After the August 2000 hydrocarbon spill into the Pine River, water quality returned to
baseline conditions in less than three weeks (Pennart et al. 2004, Internet site). Hydrocarbon was still
found in the river sediment two years later, and had the potential to leach into surface water. However,
dissolved PAH concentrations were well below any effect threshold for sensitive species in the river.
Most of the recovery of hydrocarbons that reach lakes or other slow-moving water bodies occurs within
the first week. The recovery of stranded hydrocarbons takes longer and may require manual removal.
Diluted bitumen or synthetic oil adsorbed onto riparian vegetation and coarse debris can be remobilized
into the waterbody. Bacterial degradation is relatively slow for stranded oil because of its relatively small
surface area and viscosity. In slow-flow systems, relatively insoluble PAHs may settle in sediment, and
can persist, leading to chronic toxicity for aquatic organisms and uptake into the food web. Based on
literature and experience, PAH levels may remain above sediment quality guidelines, unless remediated.

7.5.3

Mitigation Measures

The effects of a release into a watercourse would extend downstream of the RoW. Alternate water
supplies can be provided for all users with licences for withdrawal from affected waterbodies.
Containment booms, placed at strategic control points, can restrict the downstream movement of
hydrocarbons, whereas exclusion booms can prevent such from entering a sensitive area. Cleanup
procedures would be selected based on chemical composition of the hydrocarbon. Condensate evaporates
and biodegrades more rapidly than heavier hydrocarbons, such as diluted bitumen and synthetic oil, which
tend to emulsify in water. Surface tension, specific gravity and viscosity of the hydrocarbon also affect
the amount that can become sequestered in sediment or form discrete balls (US EPA 1999, Internet site).
The cleanup operations would include removal of residual stranded hydrocarbon to agreed-upon
remediation endpoints. For diluted bitumen, the most effective removal method would be to flush mobile
portions from surface waters and oiled substrates into collection areas. In a wetland, the hydrocarbons,
debris and some of the contaminated peat may be collected and transported offsite for decontamination
and disposal.
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7.5.4

Follow-up and Monitoring

Follow-up assessments and surface water quality monitoring may continue until conditions return to
baseline or when residual hydrocarbons reach acceptable background levels. TPH and PAH
concentrations may be monitored from the start of remediation until they comply with applicable
guideline levels. BTEX levels may persist for a short time but would evaporate and biodegrade quickly,
and would likely be below detection limits by the end of remediation. Sediment quality may also be
monitored for TPH and PAH until concentrations return to baseline or acceptable guideline levels.

7.6

Vegetation

The vegetation assessment considers native vegetation and does not address agricultural crops, because
these are dealt with under the discussion of non-traditional land use (see Section 8.4). Quality of native
vegetation is discussed in terms of biodiversity, which is an expression of the variability among living
organisms and the ecological systems of which they are a part (Noss 1990, 1999). Biodiversity is directly
proportional to the number of native species present. Because terrestrial vegetation and shoreline
vegetation overhanging a waterbody are vulnerable to coating by hydrocarbons, their loss through
mortality or removal during remediation could lead to a loss of biodiversity. Effects on vegetation are
recognized through two measures: the areal extent (ha) of ecosystem units that are affected (ecosite
phases in Alberta and site series in British Columbia) and the number of rare plants and rare ecological
communities that might be affected.
In Alberta, ecosystem units are defined as ecosite phases (Beckingham and Archibald 1996). In British
Columbia, ecosystem units are based on the British Columbia Ministry of Forests and Range (BC MoFR)
Biogeoclimatic Ecosystem Classification (BEC) system (BC MoFR 2006, Internet site). For information
on ecosystem classification and mapping, see Volume 6A, Section 8 and the Vegetation TDR (Reid et al.
2010).
A rare plant is defined as any native vascular or non-vascular species or subspecies that exists in low
numbers or in very restricted areas (Lancaster 2000; Kershaw et al. 2001; Douglas et al. 1998) in a single
jurisdiction. Rare ecological communities are defined as natural communities that are unusual,
uncommon, of limited extent, encountered infrequently, in decline or threatened (Allen 2003). The
Alberta Natural Heritage Information Centre (ANHIC) and the British Columbia Conservation Data
Centre (BC CDC) maintain databases of rare plant species, rare ecological communities and their
locations in each province. In addition, any species listed on Schedule 1 of the federal Species at Risk Act
(SARA) are considered to be rare, nationally.

7.6.1

Baseline Conditions

For the baseline vegetation conditions along the pipeline route, see Volume 6A, Section 8. If a spill
occurs, vegetation mapping may be used during the decision process for selecting cleanup methods and
identifying areas of importance or concern (e.g., rare plants and rare ecological communities).
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7.6.2

Potential Effects on Vegetation

Direct contact of vegetation with hydrocarbons could result in loss or deterioration in health of the plants,
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 the habitat and
provide an opportunity for invasion by non-native weedy species. However, this effect of the cleanup can
be mitigated.
Documented effects of diluted bitumen or synthetic oil spills include:
•

physical smothering (with reduced light availability), habitat modification (altered pH, decreased
dissolved oxygen) and toxicity (Hoffman et al. 2003)

•

inhibition of seed germination, plant growth and fungal colonization of the roots, mortality of
herbaceous and woody plants and long-term habitat alteration (Collins et al. 1994)

The heavier non-volatile fraction may coat leaves and stems, which can prevent gas exchange and
photosynthesis. These effects could occur shortly after exposure and lead to death of those plants that are
entirely coated. Partial oiling of leaves reduces normal photosynthetic activity but does not necessarily
result in mortality (Pezeshki et al. 2000). The lighter, more volatile fractions of condensate and synthetic
oil are most likely to cause acute toxic damage (Poncet et al. 2005) because they penetrate the tissues,
interfere with photosynthesis and metabolic functions, and can act as a solvent to dissolve the waxy
cuticle from the plant epidermis, allowing excessive water loss and desiccation.
Hydrocarbons can flow into a wetland with surface water, or water at the top of the water table, which
tends to be high in a wetland, and come into direct contact with surface vegetation and, in some areas,
roots. Aboveground parts of sedges, shrubs and trees may be damaged and lost. However, root systems
below the water table typically survive and regenerate aboveground vegetation in the next growing
season. A study of the effects of hydrocarbons in a fen in Alaska showed that emergent vegetation,
particularly shrubs and sedges, is resilient and show moderate to very good recovery (Walker et al. 1978).
Diluted bitumen or synthetic oil in a river or lake may result in the loss of non-vascular species and
low-growing vascular species at the occurrence site and downstream. The aboveground parts of perennial
plants may be affected, but not their underground reserves, which allows for recovery. Shrubs and trees
would likely not be killed, unless they are removed because of oiling. Aquatic plants, in particular
free-floating species, are vulnerable because they are at the air–water interface, where most of the
hydrocarbon is initially distributed. In addition, these species have no protected underground reserves
from which to regenerate. Condensate that becomes mixed in the water may have a toxic effect on plants
with roots exposed to either the water–condensate mixture or soil that is saturated with the mixture.
However, much of the condensate is lost through evaporation, dispersion and weathering in the first day.
Recolonization of affected non-vascular, slow-growing and free-floating vascular plants is expected by
the next growing season. Species such as shrubs, sedges and submerged plants are expected to show signs
of recovery within a year of cleanup.
A hydrocarbon release into a watercourse that flows to the marine environment (e.g., a tributary of the
Kitimat River) has the potential to affect estuarine and marine vegetation if unmitigated. Baseline
vegetation in the Kitimat River estuary has not been assessed formally. However, most of the vegetation
in the estuary is sedges in a salt marsh (Taylor 2009, pers. comm.). There may also be eelgrass beds and
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rockweed in various parts of the estuary. Sedges are sensitive to hydrocarbons by contact on aboveground
portions and sequestering of hydrocarbons in the vegetation. Burning is a more successful remediation
option for some species (e.g., Scirpus) than others (e.g., Carex) (Morris and Harper 2006). Recovery
times of five years have been documented (Morris and Harper 2006).
Documented effects of hydrocarbon on eelgrass include smothering or acute toxicity, uptake of
contaminants or substrate disturbance, and indirect effects on species that use the eelgrass habitat
(Diaz-Piferrer 1962; Lopez 1978; Zieman et al. 1984; Baca and Getter 1984; Sloan 1999). Based on
historical observations, eelgrass exposed to hydrocarbons recovers within one growing season if the root
system has not been affected, or up to 12 years if the hydrocarbon has penetrated into the sediments (Sell
et al. 1995; Kingston 2002).
In marine environments, adult rockweed plants at heavily oiled sites suggest that this species may be
relatively tolerant to oiling and resistant to smothering, but sensitive to high-intensity cleanup operations,
such as hot water and power washing (van Tamelen and Stekoll 1996). Although exposure of marine
vegetation to hydrocarbons may not lead to dramatic immediate mortality, contamination of intertidal
sediments could lead to long-term (i.e., months to years) release of contaminants, which may affect
reproduction and recruitment and delay recovery of affected populations.

7.6.3

Mitigation Measures

Northern Gateway would implement measures to mitigate effects on vegetation (see Volume 7A, Spill
Contingency Plan), including removal of heavily contaminated soil and vegetation for disposal at an
approved waste treatment and disposal facility. Rare plants and plant communities would be identified
and protected by snow fencing, or other means, to limit disturbance during the emergency response.
In wetlands, judicious removal of contaminated vegetation is essential because the roots of many trees
and shrubs may be unaffected. Shrubs such as willow would be cut at the water or peat level, and only the
affected tree branches would be pruned, to speed recovery. In river systems, affected low-growing plants
may be removed. However, affected branches of trees and shrubs would be pruned, leaving the rest of the
plant to regenerate.

7.6.4

Follow-up and Monitoring

Follow-up monitoring would be completed to assess the effectiveness of mitigation, cleanup, natural
attenuation processes and vegetation recovery. The duration of the program would depend on the
recovery rate of vegetation and the time required for residual hydrocarbons to reach acceptable
background levels. The program would be defined initially through the emergency response management
team and stakeholders and could include:
•

surveys of:
•
•
•

•

native vegetation (species composition, abundance, health and vigour)
weeds
rare plants and rare ecological communities

soil and water quality testing for hydrocarbons and other parameters
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7.7

Wildlife

Hydrocarbons have the potential to affect the health of individual animals and, in extreme cases, could
result in mortality. Because many species respond similarly, three groups of wildlife are assessed:
•
•
•

birds
freshwater fish and terrestrial mammals
reptiles and amphibians

For a description of the effects on freshwater fish, see Section 7.8.
Effects on wildlife are typically documented through toxicity or mortality (number of individuals in the
species groups affected) and areal extent of habitat loss. For most species, diluted bitumen or synthetic oil
would have a greater effect than condensate, because condensate evaporates more rapidly.

7.7.1

Baseline Conditions

Baseline wildlife information in areas along the pipeline route was documented through terrestrial
ecosystem mapping and fieldwork (see Volume 6A, Section 9). If a spill were to occur, the data can be
referred to for making decisions about cleanup methods and for identifying areas of importance
(environmentally sensitive areas).
Much of the pipeline route traverses forested land, which provides key habitat for a wide range of
mammal and bird species. Mammal species typical of this landscape include large carnivores, such as
wolf and the grizzly and black bear; ungulates such as moose, elk, woodland caribou and deer; and
furbearer species such as marten, fisher and lynx. Small mammals, including rabbits and hare, mice, voles
and squirrels, rely on forage and shelter provided by forested ecosystems. Bird species that rely on
forested habitats include a large number of songbirds, such as the Olive-sided Flycatcher and wood
warblers, and raptor species, including Northern Goshawk, Barred Owl and Western Screech-owl.
Agricultural land has limited use as key habitat for most species, because of the lack of cover or thermal
value, although it may provide seasonal forage land for some ungulates, waterfowl and game birds. In
most cases, such secondary habitats are attractive to wildlife species seeking to exploit foraging
opportunities in established territories. Typically, assemblages of small mammals (e.g., mice, voles) make
use of crop cover and grass habitats year-round and these may provide seasonal forage for raptors, larger
mammals (e.g., coyote and red fox), and snakes. Mule deer and white-tailed deer likely forage in these
areas from spring through fall. Waterfowl such as Canada Goose, Mallard and Trumpeter Swan may use
forage extensively on cultivated agricultural land from late summer into fall during migration. Game birds
such as Ring-necked Pheasant use these habitats for foraging and cover, depending on the crop type.
Wetland areas provide moderate habitat values for wildlife. Shrews and some rodents, such as mice and
voles, use fen wetlands extensively. The forage for ungulates such as moose is typically moderate, and for
species such as black bear is typically low. Aquatic insect populations in fens with standing water support
insectivorous birds and mammals. During spring, when open water areas are greatest, various duck
species may use wetlands, although the lack of open water and prey for the rest of the year would limit
their presence. Large flocks of waterfowl may use the wetlands intensively during spring and fall
migrations, particularly if there is open water habitat. Other waterbirds, such as Common Snipe and Black
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Tern, may use wetlands for breeding and nesting activity. Amphibians are likely present, but abundance
would depend on the presence of surface water and food sources (i.e., insects).
Rivers and lakes along the pipeline route provide important migratory waterfowl habitat, with the greatest
use during spring and fall. Overall importance of waterbodies to wildlife varies, depending on the
physiographic region and species present.
If SARA-listed species or species of management concern are affected by a spill along the pipeline route,
Northern Gateway would consult with provincial and federal agencies and, as appropriate, Aboriginal
groups, to identify possible options and management strategies.

7.7.2

Potential Effects on Wildlife

There are two general effects of hydrocarbons on wildlife: toxicity, potentially leading to mortality, and
reduced habitat availability. Toxicity or mortality can occur directly through:
•
•
•
•

oiling of plumage, skin or fur
oiling of eggs
ingestion of hydrocarbons
inhalation of vapour

Increased toxicity and mortality can also occur indirectly through:
•
•
•
•

habitat loss or degradation (e.g., vegetation mortality)
diminished food
diminished prey resources
shifts to less productive habitats

Both terrestrial and semi-aquatic wildlife species may be adversely affected. Species that use aquatic
environments (i.e., amphibians, waterbirds [e.g., waterfowl, shorebirds]) and freshwater and terrestrial
mammals are the most vulnerable species. Other terrestrial species, such as ground-nesting birds on
grassland habitat, could be affected if an incident were to occur close to the nest during the nesting period.
Ungulates and other terrestrial mammals that contact, inhale or ingest the hydrocarbons could also be
affected.
Toxicity or Mortality for Birds
Effects of oiling on various groups of birds have been shown in many field and laboratory studies. The
three most important factors affecting sensitivity to hydrocarbons are behaviour, distribution and
reproductive rate. Many waterbirds are most vulnerable during spring and fall migrations, when there is
the potential for large rafts of staging birds to use rivers and lakes. Although most studies have focused on
marine birds, similar effect mechanisms are predicted for birds that use freshwater environments
(waterbirds, waterfowl) and land (passerines). On land, the risk of mortality is low for birds that contact
hydrocarbons. For example, a raptor could die consuming a small mammal that has ingested oiled
vegetation or is coated in hydrocarbons, but there is a low risk of this occurring and does not pose a threat
to local raptor populations.
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Waterfowl (e.g., diving ducks, dabbling ducks and geese) that have physical contact with hydrocarbons
show a direct and immediate increase in mortality rate (Jenssen 1994; Mazet et al. 2002; Pribilof Islands
Wildlife Protection Group 2001, Internet site; Stephenson 1997). Lesser effects are predicted for
shorebirds and wading birds (e.g., Great Blue Heron, Spotted Sandpiper) because these species typically
spend little time in the open water, where the likelihood of contact with hydrocarbons is greatest. Most of
the mortality occurs because of ingestion of hydrocarbons or hypothermia caused by injury to the
plumage (Pribilof Islands Wildlife Protection Subgroup 2001, Internet site). When feathers are coated, oil
causes a mechanical disruption of the feather structure (loss of air pockets in plumage), which is required
for buoyancy and thermoregulation (Mazet et al. 2002). This greatly reduces the insulating capacity of the
plumage, so oiled birds must expend more energy to compensate and maintain a normal body
temperature. When energy stores are depleted, hypothermia and death may result (Stephenson 1997).
Effects are more severe during sensitive periods, such as moulting. Behavioural changes such as
excessive preening and difficulty flying may deplete energy stores quickly and put birds at higher risk of
predation (Stephenson 1997).
Hydrocarbons may have immediate effects on the reproductive success of waterbirds, because the oiled
birds spend excess time preening, so do not invest as much time and energy in breeding and nesting. This
is thought to affect lifetime reproductive success (Stephenson 1997). Ingestion of hydrocarbons also
affects reproductive ability (Jenssen 1994). Direct mortality of oiled eggs can occur, but is typically
infrequent because adults and nests are dispersed during the breeding season.
Adult birds are more resistant to the toxic effects of hydrocarbons, and ingestion of large amounts is
needed to cause direct mortality (Jenssen 1994). PAH accumulation can lead to altered immunological
defences (Rocke et al. 1984), which, coupled with the effects of oil on feather structure, can reduce the
survival of individuals over time.
Toxicity or Mortality for Mammals
Lethal and sublethal effects from hydrocarbons have been documented for terrestrial and semi-aquatic
mammals; semi-aquatic species are the most vulnerable. Semi-aquatic furbearers can be coated with
hydrocarbons, reducing the thermoregulatory capacity of the fur and leading to death from hypothermia
(McEwan et al. 1974; Williams et al. 1988; Hurst et al. 1991). Exposed animals may rapidly succumb to
hypothermia (Lipscomb et al. 1996) and may attempt to compensate by increasing metabolic rates (Hurst
et al. 1991). They can also inhale vapour, ingest hydrocarbons directly, or absorb them through the skin.
Contact can lead to fatal internal damage to lungs, livers and other organs. After cleanup, aquatic
furbearers may be chronically exposed, via ingestion, to hydrocarbons that remain in the environment,
and may experience habitat loss and a decline in food availability. Although some semi-aquatic mammals
can avoid heavily oiled areas, the contamination reduces the amount of habitat available over the short
term. Decreased prey abundance due to contamination, avoidance of contaminated prey or feeding areas,
changes in prey vulnerability or reduced predator success could lead to changes in food availability. In
river systems, beaver, muskrat and river otter may be exposed to hydrocarbons, particularly immediately
after an incident. Juveniles are at greatest risk during spring and summer.
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For terrestrial-based mammals, the mechanism of effects is the same as that for semi-aquatic furbearers:
contamination of fur, ingestion of hydrocarbons during preening, and chronic exposure effects from
ingestion of contaminated food. Larger terrestrial-based mammals are expected to encounter diluted
bitumen or synthetic oil incidentally, with a low risk of exposure, because they are highly mobile and
adept at avoiding contaminated areas in their large home ranges. Ungulates feeding or drinking along
river or lake shorelines are not likely to encounter hydrocarbons in amounts that result in mortality.
Species such as grizzly and black bear may ingest prey along contaminated shorelines, but the likelihood
is considered low; at most, this could lead to mortality for a limited number of individuals. Moose may be
most vulnerable to hydrocarbons in water during winter, when they concentrate in the river valley to
escape deep snow and forage for vegetation; this would result in the lower legs and hooves being in
contact with the hydrocarbons, but would be unlikely to lead to mortality. Species that depend on
subnivian or subterranean burrows (e.g., gophers and microtines) would have direct contact, if
hydrocarbons enter their burrows. Small mammals, such as shrews and voles, dwell in and among water
and wetland vegetation at the surface. As a result, they would have a high risk of exposure to
hydrocarbons.
Toxicity or Mortality for Reptiles and Amphibians
Predicting relative sensitivity among species groups of reptiles and amphibians is not possible, as their
life histories, physiology, survival strategies, and habitat requirements are diverse. Few studies have been
done on the effects of hydrocarbons on these animals. Hall and Henry (1992) found that results could not
be extrapolated from other vertebrate classes for even general conclusions about the relative toxicity of
chemicals. Because of these limitations, most studies have focused on counting the number of deceased
reptiles and amphibians. Amphibians in contact with hydrocarbons show an immediate increase in
mortality (Hedtke and Puglisi 1982; Pollet and Bendell-Young 2000). Hedtke and Puglisi (1982) found
that amphibians were generally the most sensitive of all species groups to hydrocarbon exposure. Growth
rates of tadpoles in hydrocarbon-affected wetlands varied from a small change to a large decrease (Pollet
and Bendell-Young 2000). Physiological changes, such as disruption of kidney functioning, have also
been associated with PAHs. Because emulsified oils were much more toxic than floating oils (Hedtke and
Puglisi 1982), higher mortality rates are expected with unmitigated releases into moving water. Chronic
effects include compromised physiological condition, reduced growth and development, and habitat loss
(Brandt et al. 2002; Hontela 1998; Pollet and Bendell-Young 2000).
Frogs and salamanders use wetlands extensively and these habitats provide important breeding areas.
Exposure to hydrocarbons during the spring has the potential to affect egg masses and hatched juveniles,
and may result in complete loss of breeding success for a species in that year. The abundant amphibians
in wetlands often attract reptile predators such as snakes, which may hunt along wetland margins. These
are highly sensitive groups, and direct contact with diluted bitumen or synthetic oil may result in
mortality.
Reptile and amphibian species typically use nearshore habitat (particularly submerged and other aquatic
vegetation) within large, slow-moving river systems and lakes and fast-flowing systems for foraging,
breeding and avoiding predators. This habitat use makes them highly vulnerable to direct contact in the
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immediate area of hydrocarbons. During summer, nearshore areas also contain egg masses or developing
juvenile amphibians, which could lead to reduced reproductive success that year.
In terrestrial habitats along the pipeline route, the likelihood of amphibians or reptile species being
adversely affected is relatively low. Cultivated agricultural land, typically under a seasonal regime of soil
tilling and disruption, does not provide suitable habitat for amphibians and does not allow for specialized
reptile habitat (e.g., snake hibernacula).
Habitat Loss
Effect mechanisms for habitat loss are similar among birds, mammals, amphibians and reptiles, and
include oiling of vegetation, sediments, soils and water bodies. Indirect effects can occur through
diminished food and prey resources, habitat degradation and shifts to less productive habitats. Some sites
provide rare or important habitat for wildlife (e.g., the Kitimat River estuary), and their loss or
degradation would have greater effects on wildlife than would a spill into a common type of habitat
(e.g., a forested area lacking rare plants).
A release on agricultural land could lead to contamination of land and vegetation. Removal of oiled
vegetation during remediation could:
•
•
•

displace localized, resident populations of animals with small home ranges (e.g., voles and mice)
disrupt localized key habitat for regional wildlife (e.g., white-tailed deer, Ring-necked Pheasant)
temporarily disrupt forage lands for birds during spring and fall migrations

In wetlands, vegetation mortality, habitat degradation and diminished food supply may lead to loss of
habitat for birds, semi-aquatic mammals (e.g., beaver and muskrat), resident small mammals, reptiles and
amphibians for the small number of individuals that directly use the wetland as year-round habitat. Loss
of wetland habitat is considered temporary and recover would likely occur within one year. No long-term
changes in the viability of local wildlife populations would be expected.
In river systems, a release would lead to short-term loss of use of the immediate riverine habitat area.
Trace amounts of hydrocarbons along shorelines, river margins and back channels may remain for a few
years but are not expected to interfere with habitat use. As noted in Section 7.6.2, vegetation is expected
to show signs of recovery within a year. Hydrocarbons can also infiltrate soil and stream banks and could
potentially coat vegetation within hundreds of metres of the source. Loss of river habitat for birds and
semi-aquatic or terrestrial-based mammals would be temporary and short term (i.e., less than one year),
because they can still use these areas, albeit with potential exposure to residual oil. Small off-channel
wetlands that may be exposed to complete hydrocarbon coating are considered lost habitat before
restoration, and it is possible that wildlife use would not return to baseline conditions until vegetation has
recovered.
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7.7.3

Mitigation Measures

Management of Oiled Animals
Oiled wildlife should be removed from the environment, as they would otherwise be a continuing source
of contamination to other wildlife and the environment (Jessup 1998). The Canadian Wildlife Service
(CWS 1999, Internet site) uses the criterion of “time to recovery” to assess rehabilitation priority. Rare
species with low reproductive capacity are assigned a higher priority for rehabilitation than species that
are more likely to re-establish quickly in an area. Oiled birds are not usually cleaned unless they are
designated as species at risk. CWS (1999, Internet site) requires that an oiled wildlife rehabilitation
program be established where there is reasonable hope of rehabilitation success, or there are oiled
individuals belonging to a species at risk. For the rehabilitation program to be effective, it must be
established quickly. Therefore, resources should be stationed at intervals along the pipeline route to
facilitate a rapid response time. Oiled wildlife are usually transported to a rehabilitation centre, where oil
is manually cleaned off the plumage or fur, commonly with dishwashing liquid detergents. Rehabilitation
time largely depends on the state of the individual when it is brought to the rehabilitation centre.
The goal of wildlife response is to re-introduce rehabilitated wildlife to their natural habitats and have
them re-enter breeding populations (CWS 1999, Internet site). Rehabilitation has been effective, albeit
with variable success. Jessup (1998) estimated that between 50 and 60% of birds that go through
rehabilitation successfully re-enter the breeding population. However, there are circumstances where
survival probability is low, or certain oiled individuals do not have a high priority for rehabilitation. In
these cases, CWS (1999, Internet site) advocates the most humane treatment for the oiled animal, which is
often euthanasia. The CWS would normally determine the appropriate response and treatment strategies
when euthanasia is considered an option. Only persons with permits issued by Canadian Wildlife Service
may perform euthanasia (CWS 1999, Internet site).
Management of Non-Oiled Animals
Trapping and relocating wildlife from an affected area can be effective in preventing further oiling of
wildlife, especially for larger wildlife, including terrestrial and aquatic furbearing mammals that do not
respond well to other techniques, such as hazing (US EPA 1999, Internet site; California Department of
Fish and Game 2005, Internet site). Preventing excessive time in captivity is important. Ben-David et al.
(2001) found that captive river otters released into the wild had a lower survival probability than
non-captive river otters. Even though they were not exposed to hydrocarbons, the captive, unoiled otters
had the same survival probability as the captive otters exposed to hydrocarbons. Therefore, immediate
relocation after capture may be important to increase the likelihood of survival.
The area to which wildlife are relocated should contain suitable habitat for the relocated species. After
various oil spills, regional repopulation in the affected area was faster if the refuge was closer in
proximity and habitat type to the original habitat (Cairns and Eliot 1987). Similar habitat is important
because the relocated animals require less time and resources for adaptation. Animals relocated to
sub-optimal habitats may be more likely to return to the area from which they were removed.
Territoriality of, and habitat carrying capacity for, the species being relocated should be assessed before
relocation occurs. To increase habitat quality, human access to the relocation areas can be restricted. For
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example, to remove the threat of human disturbance to recovering areas after the Exxon-Valdez oil spill,
private land determined to be beneficial for affected species and resources was purchased (Weiner et al.
1997).
Passive hazing refers to physical exclusion of individuals from an affected area. This strategy is effective
for terrestrial and semi-aquatic species. Wildlife or snow fences can be built around affected areas to
exclude larger species (BP Exploration [Alaska] 2006, Internet site). Burying the bottom of the fence to
prevent burrowing into the affected area can be done to prevent passage of smaller mammals and
amphibians (Biolinx Environmental Research and E. Wind Consulting 2004). Amphibians can be
captured using pitfalls with drift fences or nets (Mengak and Guynn 1987). For passive hazing to be
successful, wildlife attractants in the affected area should be reduced. For example, proper waste
management and disposal practices should be used by cleanup crews (BP Exploration [Alaska] 2006,
Internet site).
Active hazing refers to the use of devices to deter wildlife from entering an area. It has been used mainly
on waterbirds, but has also been effective for terrestrial mammals (Gilsdorf et al. 2002; Ronconi et al.
2004; Sellers and Miller 1999). Hazing of aquatic mammals has been shown to be ineffective and is often
considered inappropriate (California Department of Fish and Game 2005, Internet site). Important
considerations are as follows:
•

Pyrotechnics and bioacoustics are the most effective techniques for birds. Gas exploders and lasers
vary in effectiveness and success depends on the species being hazed. Techniques or combinations of
techniques that deter the most species should be employed (Gilsdorf et al. 2002).

•

Gas exploders, lights and sirens, and guard animals are the most effective hazing techniques for
mammals (Gilsdorf et al. 2002). The presence of cleanup crews may have deterred bears temporarily
after the Exxon Valdez spill (Sellers and Miller 1999, Internet site).

•

If cleanup is extended, more than one technique may be used to reduce habituation. In addition,
auditory and visual cues can be changed to reduce habituation (Gilsdorf et al. 2002).

•

Animal-activated hazing techniques are the least likely to lead to habituation, because there is a
stronger association between the animal behaviour and the deterrent (Ronconi et al. 2004).

•

Establishing the hazing effort as soon as possible is important, to prevent wildlife being attracted to
the area because of attractants, such as new scents (Gilsdorf et al. 2002).

•

Hazing is most effective in a small area. Thus, containment efforts are important in determining the
effectiveness of the hazing (California Department of Fish and Game 2005, Internet site).

•

Flammable gases may prevent the use of pyrotechnics, propane cannons, flares, or other items that
use a battery or produce a spark.

•

Noise must be considered in sensitive areas (for non-target animals).
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•

The existence of suitable habitat outside the area to be hazed is important. Wildlife need alternate
habitat sites to be available. In some cases, areas may be made more attractive by limiting human
access and activity (California Department of Fish and Wildlife 2005, Internet site).

•

Pyrotechnics work well for hunted species, but may cause diving birds to dive rather than to fly away.
Furthermore, some birds cannot fly during some stages of their moult (California Department of Fish
and Wildlife 2005, Internet site).

7.7.4

Follow-up and Monitoring

A follow-up program may be done to assess effectiveness of mitigation measures and cleanup techniques.
Mobile wildlife rehabilitation centres would be a component of the response plan, and staff from the
centres would be asked to assess the:
•
•

extent of wildlife that may have been affected
recovery success attained for the various species groups

7.8

Freshwater Fish and Fish Habitat

A hydrocarbon spill into a waterbody has a high potential to affect fish and fish habitat productive
capacity. By identifying important habitat along the pipeline route and developing mitigation measures to
protect these resources, the overall ecological function of affected aquatic ecosystems can be protected.
Fisheries and Oceans Canada (DFO) is responsible for management of fisheries resources through the
Fisheries Act. Sections of the Act particularly relevant are Section 32 (illegal killing of fish), Section 35
(destruction of fish habitat) and Section 36 (pollution of fish habitat). Section 35(1) prohibits the harmful
alteration, disruption, or destruction (HADD) of fish habitat. Fish habitat is defined by the Fisheries Act
as “spawning grounds and nursery, rearing, food supply and migration areas on which fish depend
directly or indirectly in order to carry out their life processes” (Government of Canada 1985,
Internet site).
Management of fish stocks is either a shared responsibility of the Government of Canada and the
provinces, or strictly a provincial responsibility. DFO manages salmon and marine species in the Pacific
Region, whereas British Columbia (through the MoE) manages non-anadromous fish stocks. In Alberta,
the Ministry of Sustainable Resource Development (ASRD) manages all fish stocks. Regulatory and
management tools used by DFO, British Columbia MoE and ASRD to limit effects on fish and fish
habitat because of pipeline development include:
•

DFO’s Operational Statements for the Pacific and Central and Arctic Regions

•

Alberta’s Water Act Code of Practice for Pipelines and Telecommunications Lines Crossing A Water
Body (including the associated maps) (AENV 2001, Internet site)

•

government-supported industry best management practices such as Pipeline Associated Watercourse
Crossings (3rd Edition) (prepared by Canadian Association of Petroleum Producers, Canadian Energy
Pipeline Association and Canadian Gas Association 2005)
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Effects on fish and fish habitat productive capacity can be measured through changes in amount and
quality of habitat productive capacity, fish health and mortality risk for all life stages. Habitat attributes
such as water quality, habitat type, substrate materials, cover and complexity are needed to support fish
populations and the full spectrum of aquatic life. Hydrocarbons that might affect fish populations or
habitat productive capacity also have the potential to affect aquatic plants, freshwater bivalves and
benthic macro-invertebrates. Establishing environmental protection measures, to avoid or limit effects on
fish and fish habitat productive capacity, protects other aspects of the aquatic ecosystem and the overall
health of the aquatic ecosystem.
In most cases, diluted bitumen would be expected to have a greater effect on fish and fish habitat
productive capacity than condensate, given the greater persistence of diluted bitumen. However, the
volatile, water-soluble components in condensate disperse readily into the water column, compared with
diluted bitumen, where it could lead to acute toxicity for fish and other organisms.

7.8.1

Baseline Conditions

Many of the watersheds crossed by the pipeline route sustain fish populations, such as trout and salmon,
which:
•

support recreational and commercial fisheries, subsistence fisheries and the cultural values of
Aboriginal groups

•

may be listed as threatened or endangered provincially, nationally or globally

The pipeline route crosses six major watersheds, including the North Saskatchewan, Athabasca, Peace,
Fraser, Skeena and Kitimat rivers. Fish and fish habitat vary among the different ecoregions along the
pipeline route. Literature and field programs indicate the potential occurrence of 59 fish species near the
pipeline route (see the Freshwater Fish and Fish Habitat TDR). These include 11 Pacific, 24 Arctic and 24
freshwater species. Well-recognized species include all species of Pacific salmon, steelhead, rainbow
trout, cutthroat trout, lake whitefish, mountain whitefish and the blue-listed Dolly Varden.
There is a river-spawning population of sockeye salmon, which spawns at the confluence of Hunter Creek
and the Kitimat River, and is unique to this river system. This population would be particularly
vulnerable, given its absence from other reaches of the watershed and its life history characteristics
(i.e., recovery would depend on how much time other cohorts spend at sea and the ocean survival rate of
remaining fry). Other major salmon-bearing watersheds, including the Salmon, Takla-Stuart, Nechako,
Morice, Skeena and Kitimat Rivers, provide important habitat.

7.8.2

Potential Effects on Freshwater Fish and Fish Habitat

Hydrocarbons have the potential to affect fish species and the habitat upon which they depend, by:
•
•
•

altering essential habitat
physically smothering organisms
exposing them to acute or chronic toxicity
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The effects depend on various factors, including the volume of hydrocarbon released and the time of year.
Water and air temperature (which affect evaporation, solubility, and biodegradation rates) and the
presence of ice (which can trap hydrocarbons, limit dispersion and evaporation, and hamper cleanup
efforts) vary depending on the timing. The sensitivity of aquatic biota in the receiving water and the
dispersion of hydrocarbons would be influenced by the time of the year when a release was to occur.
Juveniles (fry) are the most sensitive life stage for most species because they tend to prefer shallow water,
nearshore areas, side channels and backwaters, which are most likely to be areas where residual (post
cleanup) hydrocarbons may remain.
Changes in Fish Health and Mortality Risk
Hydrocarbons may have lethal and non-lethal effects on aquatic biota, depending on the sensitivity of the
species or life stage exposed, and degree and duration of exposure. Season and life history (i.e., resident
versus migratory species) in watercourses influence the extent of spill effects. Fry are considered the most
susceptible to the toxic effects of hydrocarbons. Adult fish are less sensitive and, depending on size of the
waterbody and presence of barriers, are frequently able to escape affected areas. Fish eggs and larvae are
more sensitive and less mobile (USFWS 2006, Internet site), so are most vulnerable. Studies have shown
reduced growth and survival of pink salmon after exposure to hydrocarbons during embryonic
development (Heintz et al. 2000) and higher sensitivity of rainbow trout larvae than adults to
hydrocarbons (Vosyliene et al. 2005). The most sensitive time of year for fish is spring, when emerging
fry and young-of-year of many species are present, particularly in the prime rearing habitat present in side
channels, wetlands and lakes.
Condensate, diluted bitumen and synthetic oil can cause acute toxicity to fish. In river systems that
support salmon and trout populations, acute toxicity could result in high mortality immediately after
exposure. After the Plateau Pipeline spill of light crude oil into the Pine River, over 1,600 dead fish
(mountain whitefish, rainbow trout, bull trout and at least four other fish species) were collected in the
first week (Baccante 2000). Rough estimates suggest that 50% to 70% of the fish that remained in the first
30 km downstream of the source may have died (Alpine 2001).
Restoration of salmonid populations to baseline levels depends on the rate of habitat recovery, species
characteristics, such as flexibility in time to maturity, and mortality rates for specific cohorts. Salmonid
species that have variable maturity times (allowing cohorts to overlap) may have the best chance to
recover. Anadromous species such as pink, chum and ocean-type chinook salmon migrate directly to sea
in spring so are not present in the stream or river for most of the year. Pink salmon have the least flexible
life cycle of the Pacific salmon. They spend one year at sea and, in their native range, this two-year life
cycle is virtually fixed. If they are still in the estuary and suffer high mortality, the population could take
several generations to recover without the overlap in cohorts common to other salmonids.
Habitat Productive Capacity
The fate and effects of hydrocarbons to a watercourse vary depending on the factors mentioned
previously, as well as characteristics such as gradient and flow (e.g., low-gradient and meandering versus
high-gradient and fast-flowing). With higher water levels during spring, diluted bitumen is more likely to
be carried from main channels into slower moving side channels and backwaters. In addition,
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hydrocarbons in a fast-flowing watercourse are likely to travel farther and more quickly downstream than
one into a slow-flowing, meandering watercourse.
Effects on habitat quality may occur through loss and alteration of riparian vegetation during emergency
response activities. If vegetation loss is unavoidable, effects could include:
•
•
•
•
•
•
•
•
•
•

increased water temperature
loss of protective cover
loss of nutrient inputs
decreased oxygen levels
decreased sediment filtering
decreased habitat for algae, invertebrates and fish
reduction in bank stability
loss of woody debris sources
increase in suspended solids, which would lower feeding success and smother developing eggs
lower productivity for benthic invertebrate and forage fish (fish food) because of reduced food
sources. This could negatively affect overwintering of juveniles or emerging fry.

Changes to instream habitat productive capacity would be most pronounced in slower moving
backwaters, side channels and marsh areas because of the persistence of residual hydrocarbons stranded
on large woody debris and other instream substrates.
Residual hydrocarbon contaminants in sediment would likely cause mortality of benthic invertebrates
(Lytle and Peckarsky 2001; US EPA 1999, Internet site), which would lower the food supply for
insectivorous fish (e.g., salmonids) until instream habitat has recovered. In fast-flowing channels, winter
and spring flows are expected to flush accumulated fine sediments and hydrocarbons from erosional areas
in the first year. However, habitat in back eddies, side channels, and other areas with reduced flow would
likely remain affected. Longer term effects on periphyton and benthic invertebrates would depend on the
degree of flushing that occurs. Hydrocarbons in surface sediments can degrade relatively quickly, but if
they sink into the sediment, contamination at depth may remain indefinitely (Reddy et al. 2002; Wang et
al. 1998). As a result, time for full recovery of stream habitat can vary.
Several studies have evaluated the recovery of river systems. After the August 2000 release of
approximately 970 m³ of light crude oil into the Pine River near Chetwynd, British Columbia,
concentrations of hydrocarbons (including PAH) in water, sediment and algae returned to levels below
detection limits at all but one site, within three months (Alpine 2001). After two years, the Pine River
ecosystem was reported to be capable of supporting fish and wildlife, and had almost returned to baseline
conditions (Pembina 2004). A controlled experiment in a marsh on the St. Lawrence River had the
following results:
•

Natural physical processes (tides and currents) removed 10 to 15% of the oil (Environment Canada
2002, Internet site).

•

Bacteria in the sediments degraded 35% of the alkenes and PAH within 21 weeks (Environment
Canada 2002, Internet site).
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•

A reduction in sediment toxicity was noted within the first year (Environment Canada 2002, Internet
site).

•

Oiled wetland sediments remained toxic to phytoplankton for up to 65 weeks (Blaise et al. 2004).

•

The predominant vegetation (Scirpus pungens) recovered in one growing season (Environment
Canada 2002, Internet site).

In a small trout stream in New York, invertebrate densities recovered to baseline levels within one year of
a diesel fuel spill, whereas species richness had not fully recovered after 15 months (Lytle and Peckarsky
2001). Community composition however recovered within two years (Peckarsky 2006, Internet site).
Recovery of Fish Populations
Restoration of populations of salmonids and other species to baseline levels depends on:
•
•
•

the rate of habitat recovery
species characteristics, such as flexibility in time to maturity
initial mortality rates of specific cohorts

Factors aiding recovery include repopulation by fry, juveniles and adults from above, or farther
downstream of, the incident.
Species such as steelhead and rainbow trout may recovery relatively quickly, because they have variable
maturity times, allowing cohorts to overlap and resident fish to migrate downstream and repopulate the
affected areas. Pink, chum and ocean-type chinook salmon migrate directly to sea in spring so are in
stream habitat for a relatively short period of their life. Pink salmon have the least flexible life cycle of the
Pacific salmon, as they have a two-year life cycle that is fixed for their natal watershed. If a spill were to
occur in a stream or move downstream into the Kitimat River estuary when pink salmon are in the area,
they would suffer high mortality, and it would take longer for the population to recover.
Some systems contain a unique population, such as the river spawning sockeye in the Kitimat River.
Effects of a spill would be large for such species, because they would not benefit from repopulation by
fry, juveniles and adults from other reaches in a watershed. Recovery of the population would depend on
how much time other cohorts spend downstream in other river habitats or at sea, and on the survival of
remaining fry.

7.8.3

Mitigation Measures

Response measures would be based on the degree of physical and chemical disturbance to fish and fish
habitat. Short-term measures would focus on containment, recovery and cleanup. Long-term measures
may include:
•
•
•

angling closures, to limit pressure on remaining stocks
stocking of species of concern to aid population recovery
habitat compensation
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7.8.4

Follow-up and Monitoring

If a spill into a watercourse occurs, the effectiveness of mitigation and cleanup measures may be assessed
at affected and unaffected sites by monitoring:
•
•
•

water
sediment
density and species richness of periphyton, invertebrate, macrophyte and fish populations

Monitoring would continue until water and sediment meet provincial guidelines for the protection of
aquatic life.

7.9

Summary of Effects on the Biophysical Environment

Hydrocarbon spills could have immediate acute adverse effects, particularly in an aquatic environment,
where fish, aquatic biota and birds that dwell on the water surface would be most affected. Hydrocarbons
dissolved in water have an immediate toxic effect on aquatic organisms, and juvenile fish are more
vulnerable than adults. Some chronic toxicity associated with any hydrocarbons might remain after
cleanup, because PAH levels in sediment may remain above applicable guidelines for the protection of
aquatic life until biodegradation has reduced the levels. Most wildlife groups would be affected to some
degree by habitat loss, particularly those species with low mobility and small home ranges. Direct contact
(e.g., smothering, coating of fur or feathers) and absorption, ingestion or inhalation of hydrocarbons can
lead to mortality of vegetation and wildlife. Mechanisms of toxicity vary depending on the organism.
The effects would depend largely on location (physical environment) and time of year. Although in some
areas, only a few individuals from a population may be affected, other locations may have a high
concentration of species that exist nowhere else, or there may be short-term or seasonal habitat for a large
percentage of an entire population (e.g., migratory birds in the Kitimat River estuary), leading to more
pronounced effects.
Emergency response plans and cleanup procedures would be implemented immediately to mitigate
adverse effects. Monitoring would be necessary to confirm that recovery continues after cleanup.
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8

Effects of Hydrocarbon Spills on Human
Environment

8.1

Approach

There is considerable literature concerning the effects of hydrocarbon spills on the human environment,
but most is related to large open-water marine releases, and there have been few attempts to quantify
these effects. The literature shows that effects are difficult to quantify because of a lack of information
about human activities and environmental conditions in the affected areas. Although the results show that
adverse effects could occur, the extent of effects depends on the:
•
•
•
•
•

volume
location
nature of the resources affected
extent of traditional and non-traditional activities in the area
duration of cleanup and recovery

Along the pipeline route, the actual costs on the human environment would only be known after cleanup
has been completed, compensation has been paid and conditions have returned to normal. Therefore, this
section has identified potential effects on the human environment, based on current knowledge of human
use of, and interest in, the resources along the pipeline route. With containment and immediate cleanup,
the effects on the human environment would be much less.
Concern for human health and safety is recognized as the first priority, followed by protection of property
and the environment. See Section 5 for a description of responses, securing of affected areas, safety and
human health concerns.

8.2

Heritage Resources

A hydrocarbon spill could result in degradation, contamination or physical loss of precontact
archaeological, historic and palaeontological resources, or could lead to loss of interpretive context.
Heritage resources are defined by:
•
•
•
•
•

the Alberta Historical Resources Act
the British Columbia Heritage Conservation Act
Aboriginal groups and public interests
British Columbia’s Archaeological Impact Assessment Guidelines
the Canadian Environmental Assessment Act

Under the Acts, heritage resources include historical, archaeological and palaeontological sites. These
resources have importance and value to the scientific, cultural and public communities.
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The ability to interpret conditions at heritage resource sites varies greatly, depending on the type of site,
which is defined based on its interpreted function (e.g., campsite, meat cache or cabin). When diagnostic
remains are not present, sites are classified based on the amount of cultural material present, such as
isolated finds or artifact scatters. Each site is assigned a heritage value that is a direct reflection of the
perceived interpretive capacity of that site. Precontact site types identified along the pipeline route include
habitation, rock art, stone quarry, a workshop, culturally modified trees, artifact scatters and isolated
finds. Sites with preserved organic remains generally have higher heritage value because of the potential
for obtaining radiocarbon dates and information regarding diet, season of site use and subsistence
practices.

8.2.1

Baseline Conditions

For a description of baseline conditions along the pipeline route, see Volume 6A, Section 13
(Palaeontology) and Volume 6C, Section 6 (Heritage Resources). This information was obtained from a
site file search for areas along, and some distance from, the RoW, a review of current literature relevant to
the area and completion of field studies for the Project.
Precontact and historic resource sites are typically:
•

clustered in areas of high landscape potential, including:
•
•
•

•

along river or lake margins
high land offering views
easy travel routes

near important resources, such as stone suitable for tool-making

Palaeontological sites are often associated with bedrock exposures in major river valleys, and interpretive
capacity for these sites depends on factors such as fossil abundance, preservation and rarity. To discover a
heritage resource site, high potential target areas within the project development area (PDA) are examined
for surface indications and tested for subsurface material. A smaller sample of low potential areas is
examined. However, it is still possible that undiscovered heritage resource sites could be present. In
general, small sites buried at shallow depths in agricultural land have low heritage value, because of the
disturbance caused by cultivation. Occasionally, a larger, older, or more deeply buried site might have
moderate to high heritage value. In contrast, many Alberta watercourses are key areas for fossil remains,
and the effects of a spill on palaeontological resources would need to be assessed.

8.2.2

Potential Effects on Heritage Resources

Heritage resource sites could be affected in various ways. The interpretive capacity of sites with preserved
organic remains could be affected through chemical interaction of the hydrocarbons and the remains,
interfering with the specialized analyses that are used to enhance site and chronological interpretations
and that include:
•
•
•
•

radiocarbon dating (both conventional and accelerator mass spectrometry [AMS])
blood protein residue analysis
stable isotope analysis
extraction of ancient DNA
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Hydrocarbon contamination may also affect the health of living culturally modified trees, an important
site type from both a scientific and Aboriginal group perspective. Cleanup activities (e.g., containment
placement, site access, soil removal) can mechanically disturb the ground and have an adverse effect. The
value of precontact, historic and palaeontological sites is measured in terms of the individual artifacts or
fossils they contain, and especially the information about the past that may be obtained from studying the
artifacts and fossils, their spatial relationship and context within the site and landscape features such as
trails. Of particular importance is the relationship of archaeological and palaeontological materials to the
strata in which they are found. Archaeological and palaeontological sites are fragile and the product of
unique processes and conditions of preservation. As a result, contamination, removal or mixing of the
artifacts and fossils and strata without scientific recording, may result in permanent loss of critical
information.
In cultivated terrain, most heritage resource sites are small and buried at shallow depths. Because
cultivation will have already destroyed site integrity, a spill may not cause further adverse effects in these
areas. Organic remains susceptible to hydrocarbon contamination are rarely preserved in such areas. Very
rarely, a larger or more deeply buried site with high or moderate heritage value could be present, in which
case the effects may be greater compared with smaller sites.
Watercourses (rivers, lakes) are generally regarded as having high potential for undiscovered historic and
precontact archaeological sites of high and moderate heritage value. Palaeontological resources at or
below the high-water mark downstream from a spill might be affected. Many Alberta watercourses are
key areas for fossil remains. A large sensitive area along the pipeline route is the Grande Prairie to
Tumbler Ridge region (KP 330 to KP 580), where dinosaur trackways and other fossils have been found
in strata exposed at the watercourses. Quaternary fossil sites are also common in river terraces. No studies
have been completed on the possible effects on palaeontological resources. However, aesthetic values
could be lowered temporarily and possibly increase weathering and erosion. The main effects would
occur during cleanup.
Closer to the coast, both precontact and historic habitation sites are more common, and these often
contain rich deposits of organic material such as shell and the bones of fish and marine mammals.
Habitation sites may have high heritage value and may contain human remains. If hydrocarbons infiltrate
the soil, considerable contamination could occur. Rock art sites are very common on rock faces
overlooking water, sometimes barely above the waterline. Contamination of pigment in pictographs could
occur from direct contact with hydrocarbons. Effects on culturally modified tree sites, habitation or
pictograph sites would need to be evaluated from an ethnic perspective by Aboriginal groups, as well as
from a scientific perspective.
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8.2.3

Mitigation Measures

Outside the RoW, mitigation requirements would be issued by the regulatory agency, under the
provisions of the notification policy in the emergency response plan. Mitigation measures will be detailed
in the Pipeline OSRP and may include the requirement for an Archaeological Impact Assessment (British
Columbia) or Historical Resources Impact Assessment (Alberta) of lands affected. Consultation with
Aboriginal groups would be expected. If sites with moderate or high heritage value have been affected,
the following could also be required:
•
•
•
•
•
•

monitoring of response activities
detailed mapping and documentation of sites
shovel testing
controlled surface collection
scientific excavation
specialized analysis, such as stem round sampling of culturally modified trees

If a portion of a site is damaged, compensatory studies outside the affected area may be required.

8.2.4

Follow-up and Monitoring

Follow-up studies may be required to document the presence of heritage resources. Northern Gateway
would follow all requirements issued under the BC Heritage Conservation Act to monitor effects and
mitigation success.

8.3

Aboriginal Traditional Knowledge and Traditional Use

The pipeline route will traverse the traditional territories of Aboriginal groups in Alberta and British
Columbia. Accidental releases could affect their traditional lands, culture, practices and lifeways.
Northern Gateway began consulting with participating Aboriginal groups during the feasibility study
phase of the Project and will continue engagement activities throughout the life of the Project
(see Volume 5A). ATK studies for the Project have been completed by, or are underway, with several
participating Aboriginal groups (see Volume 5B for information on the approach and methods for ATK
studies).
The findings of the ATK studies are documented in ATK community reports, which identify community
concerns about the potential effects of the Project on traditional lands or practices. The data presented in
the reports are primarily qualitative and based on cultural norms and values, sensory perceptions and the
oral traditions of the participants. ATK is passed on orally and, in contrast to Western science, current
observations can often have a multi-generational time perspective.
Two types of ATK may be shared during a study, traditional use information and traditional
environmental knowledge. Together, they represent an understanding of specific natural and cultural
environments that have been acquired over generations.
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Traditional use information focuses on human activities and associated sites or areas of cultural
importance in a landscape, and can include:
•

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

•

harvesting (e.g., registered trap lines, resource use and harvesting areas, special use sites such as fish
camps, berry picking areas, medicinal plant collection areas)

•

habitation areas (e.g., occupation areas, meeting areas, gathering places, cabins, campsites)

•

spiritual sites and sacred landscapes (e.g., burial sites, sacred sites, spiritual sites, sacred geography)

Traditional environmental knowledge is broader-based and represents acquired wisdom about cultural and
ecosystem variability within a landscape and across time. Traditional environmental knowledge, when
shared with practitioners of technical scientific disciplines, enables consideration of Aboriginal
perspectives when analyzing the effects of a development.

8.3.1

Baseline Conditions

For information about the participating Aboriginal groups along the pipeline route (i.e., traditional
territories, lands, communities and reserves), see Volume 5A. For a summary of the ATK studies
completed to date, see Volume 5B.

8.3.2

Potential Effects on Aboriginal Traditional Knowledge and Traditional
Use

The potential for spills, accidents or malfunctions is the most common environmental concern identified
in the ATK studies completed to date. Questions were raised about the reliability of engineered fail-safes
and preventive measures. ATK resource management strategies are strongly rooted in precautionary
principles and adaptive management (Berkes 1999). This type of cultural knowledge and experience often
leads to very different interpretations of risk and environmental sustainability than that of mainstream
society (British Columbia First Nations Environmental Assessment Working Group 2000, Internet site).
Aboriginal groups involved in the ATK program for the Project have expressed concern that a spill would
have systemic effects on the food chain and watersheds (FMA 2009a, b, c, d, e, f, g, h; Talley 2009;
Carrier Sekani Tribal Council 2006); a few groups have specifically noted that spills may adversely affect
their ability to exercise their Aboriginal rights (FMA 2009g; Carrier Sekani Tribal Council 2006).
The following concerns relative to the effects of spills, accidents or malfunctions have been identified in
the ATK community reports:
•
•
•
•
•
•
•

the environment (i.e., animals, plants, water, air and soil through watersheds and the food chain)
harvesting and use areas (including effects on human health)
community’s well being and future generations
toxicity of materials being transported
spills from construction and other equipment
air quality from burning hydrocarbons as a response measure
additional ecosystem disturbance if a damaged pipeline needs to be repaired

For further information about effects on the biophysical environment, see Section 7.
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8.3.3

Mitigation Measures

The following mitigation measures are recommended in the completed ATK community reports:
•

provide opportunities for Aboriginal groups to participate in emergency response plans and
emergency response

•

confirm pipeline integrity following events such as major earthquake, landslides, or land shifts near
the continental divide

•

verify safety measures are adequate

Participating Aboriginal groups stressed the importance of having a communication plan in place in case
an incident occurs, in particular to share information so they may avoid potentially contaminated areas for
harvesting (i.e., trapping, plant gathering, hunting, and fishing). Some groups proposed that Northern
Gateway should hold public meetings in the communities about safety measures for the Project, pipeline
maintenance, emergency response plans and emergency protocols. The matter of responsibility and
compensation was also raised. It was indicated that it would be appropriate for Elders to complete
ceremonies and to monitor effects of the spill on the environment. Assessing potential effects on the
safety of traditional foods was also recommended.
Participating Aboriginal groups will be involved in developing a spill response plan. As part of the spill
response plan for the Project, Northern Gateway will develop tactic response sheets for each of the major
watercourse crossings along the RoW (see Section 9.4 and Appendix A). Aboriginal groups will be
invited to participate in this process.

8.3.4

Follow-up and Monitoring

An underlying principle is that, through cleanup, remediation and compensation, adverse effects on the
well-being of any Aboriginal groups should be avoided. During a spill, Aboriginal groups should be
engaged to help with the cleanup, to the extent reasonably possible and will be given the opportunity to
conduct their own ceremonies. Cleanup, remediation, and compensation will help mitigate some of the
potentially adverse effects on Aboriginal groups. Monitoring described for the biophysical environment
would provide useful follow-up information.

8.4

Non-Traditional Land Use

Non-traditional land and resource use is considered the use of land and resources by humans, excluding
traditional use by Aboriginal groups. These uses could be adversely affected.
Land and resource use along the pipeline route varies depending on how private and public lands are
managed and on the different eco-regions, availability or lack of resources and proximity to rural and
urban settlements. Three main land uses are considered, which represent consumptive and
non-consumptive uses:
•
•
•

agriculture and private land activities
trapping, hunting and recreational fishing
designated recreation areas, non-consumptive recreation activities and protected areas
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A hydrocarbon release could result in changes to access and availability of resources, as well as safety
concerns associated with site cleanup, recovery and remediation. There would be a temporary disruption
of resource availability and associated inconvenience in a relatively localized area.

8.4.1

Baseline Conditions

A number of non-traditional land use activities are practiced along the pipeline route. For a description of
land use along the pipeline route, see Volume 6C, Section 5.

8.4.2

Potential Effects on Non-Traditional Land Use

On agricultural land, soil and its productive capability could be affected and result in loss or damage to
crops and pasture. Cleanup might require restricting movement of livestock, and restricting livestock from
grazing if the affected area is pastureland. Cleanup and remediation activities might disrupt crop planting
or harvesting and lead to damaged or lost crops and associated loss of income, or may cause a temporary
reduction in cropland, which might disrupt planting, growing and harvesting plans on lands. Effects
would be reversible and the affected land would likely be usable again within a year.
A hydrocarbon release into a watercourse could prevent recreational fishing from boats or shore at the
source site and downstream. Camping and boating areas could also be closed to the public immediately
after the incident. Such closures could continue until cleanup, which could last for longer periods of time,
depending on the amount of shoreline affected. Declines in fish stocks could result in longer lasting
effects on recreational and commercial recreational fisheries, such as restrictions on fishing while the
stock recovers.
There may be a minor disruption to hunting activities in a spill 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 disturbance of furbearers in the areas immediately
around response sites and reduced trapping success.

8.4.3

Mitigation Measures

The following mitigation measures would be implemented:
•

Relevant local and provincial authorities, fisheries resource user groups, landowners, farmers and
recreation groups, as applicable, would be notified immediately.

•

Traffic management strategies would be employed.

•

Advisory signs for fish consumption and recreational use would be posted at watercourse access
points and on applicable Forest District and other websites.

•

If financial losses occur, Northern Gateway would compensate affected operators for reasonable
claims according to established industry and provincial protocols.
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Those involved in developing a response plan would include:
•
•
•

government management agencies
participating Aboriginal groups
stakeholders who could be directly affected, including:
•
•
•
•
•

guide outfitters
commercial-recreational fishing operations
ecotourism operators
landowners
forestry operations

As part of the emergency response plan, Northern Gateway will develop tactic response sheets
(see Appendix A) for each of the major watercourse crossings along the RoW, providing an opportunity
for input from directly affected stakeholders.

8.4.4

Follow-up and Monitoring

Consultations will continue with relevant local and provincial authorities, commercial operators,
landowners, stakeholders and recreational user groups through the life of the Project, to avoid potential
conflicts with their activities and interests. The purpose of these consultation efforts will be to provide
individuals and communities with current information about project activities. In the unlikely event of an
accidental release, the effectiveness of emergency response measures would be monitored. If a particular
measure was found to be inadequate, other solutions would be assessed and implemented, as appropriate.
Where commercial and recreational fisheries are affected, ecological monitoring may be done, to
determine the timeline for reopening fishing activities.

8.5

Socio-economic Conditions

A hydrocarbon spill could adversely affect the well-being of people who live, work or play in affected
areas. It could also affect the economic productivity of privately owned land and resources, affect land
and resource use, including recreational use, or human health. Short-term employment for regional
residents who may be hired to cleanup and remediate the affected areas may occur.

8.5.1

Baseline Conditions

For baseline information on socio-economic conditions along the pipeline route, see Volume 6C,
Section 4.

8.5.2

Potential Effects on Socio-economic Conditions

Four main groups of land and water use could be affected:
•

Private resource and land use – Northern Gateway would be responsible for damages to land and
resources incurred through its pipeline operations. Affected persons (private landowners, persons or
companies holding timer rights, water licence holders and trappers) would be entitled to
compensation. Once compensation is paid, it is assumed there would be no adverse residual effects on
private resource and landowners.
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•

Traditional land use – Northern Gateway acknowledges that Aboriginal groups have rights to
traditional land use that are not clearly documented in licences, permits or agreements. Northern
Gateway would be responsible for economic loss and loss of traditional foods because of a spill
during operations, and affected Aboriginal groups would be entitled to compensation. Northern
Gateway is committed to avoid and limit, to the extent reasonably possible, adverse effects on
traditional lands.

•

Non-exclusive commercial use – A spill may adversely affect a wide range of commercial enterprises
that have a legal right to operate a resource-dependent company. This includes guides, fishing lodges
and commercial fishers. Such effects can be quantified in general terms at a regional level, but are
difficult to measure for individual operators because of lack of information about the commercial use
and importance of specific locations. Northern Gateway would consider claims for compensation on a
case-by-case basis.

•

Public use – Recreation may be temporarily affected as well as non-Aboriginal food gathering
(e.g., fishing, hunting and berry picking). Therefore, the public would have to travel to their next
preferred location that offers equivalent attributes and incur additional costs to do so. These effects
can also be quantified at a regional or local level, but not for individuals. Consequently, compensation
would not normally be offered to individual members of the public.

A spill would also result in cleanup and remediation costs that Northern Gateway would incur to return
environmental and socio-economic conditions to their existing condition. This would have an effect on
regional and local employment. Employment effects tend to be relatively generic: cleanup and
remediation costs and potential employment effects tend to be higher in remote areas or near affected
waterbodies, and lower in areas where spills are easily contained and cleaned up.
Northern Gateway will have trained emergency responders at various locations along the pipeline route
and additional trained contract personnel available near the RoW. Emergency response preparedness
would contribute to part-time employment for at least 100 people near the RoW, even if no emergencies
occur, and the training would develop additional capacity in the local workforce. These trained
individuals would also be able to respond to accidents and malfunctions from other projects or activities
in the region. Training, practice drills and ongoing retention of the Tier 1 emergency responders will be
part of routine pipeline operations. Aboriginal groups will be consulted to determine their interest in
providing or participating in these activities.
An emergency response might also create short-term regional employment for workers, beyond the
operational employees responsible for response, control, and cleanup. The number of workers required
would depend on the nature of the emergency, size and extent, amount of materials and equipment used,
and length of time required for recovery and cleanup.

May 2010

Page 8-9

Sec. 52 Application
Volume 7B: Risk Assessment and Management of Spills - Pipelines
Section 8: Effects of Hydrocarbon Spills on Human Environment

8.5.3

Mitigation Measures

Northern Gateway would fully compensate private landowners or resource owners for losses according to
standard practices for the pipeline industry and would make compensation available to Aboriginal groups
to offset economic and traditional food loss after a spill. However, in all cases, the intent of all cleanup
and remediation activities would be to restore the affected areas to near natural conditions as quickly as
possible, to limit any adverse effects on community well being.

8.5.4

Follow-up and Monitoring

Northern Gateway would have ongoing discussions with directly affected land and resource users to
determine whether biological and aesthetic conditions have returned to near normal after the conclusion
of a fisheries or area closure.

8.6

Summary of Effects on the Human Environment

A hydrocarbon spill could adversely affect the human environment by interfering with:
•

land uses by Aboriginal groups

•

the public, or entities with a legal right to use resources or land (e.g., landowners, licences or rights to
water, timber or trapping)

•

commercial enterprises (e.g., guides and fishing lodges)

•

the public (e.g., for recreation, fishing and camping)

Cleanup costs would be higher if hydrocarbons reach water as compared to land, because of the longer
cleanup times involved. Health and safety considerations for emergency responders and the public would
be dealt with according to the Pipeline OSRP.
Heritage resources such as precontact and postcontact physical remains or palaeontological resources
(fossils) could be damaged through contamination or during emergency response and cleanup. Although
there are some records of heritage resources along the pipeline route, more detailed study and mitigation
plans would need to be developed at the time, under direction of the provincial regulatory agency, to
avoid damage.
Northern Gateway would provide appropriate compensation to Aboriginal groups, as well as to private
resource users (e.g., fishing guides, lodges and tourism) and landowners (following standard industry
practices and methods).
Emergency response plans and cleanup procedures would be implemented immediately to mitigate
adverse effects on the human environment. Monitoring would be necessary to confirm that recovery
continues after cleanup.
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9

Examples of Hypothetical Spills along the
Pipelines

Most accidents and malfunctions can be addressed through planning, design, equipment selection, hazard
analysis and corrective action, emergency response planning and mitigation. Although there is a potential
for incidents during pipeline operations because of extreme natural events (e.g., flooding or seismic
events), human error, vandalism or equipment failure, the probability of such incidents is low.
Hypothetical examples provide a specific context to discuss hydrocarbon behaviour, environmental
effects and cleanup effectiveness. This information is used to:
•
•
•

further refine pipeline design and operational plans to reduce the risk
develop and implement an emergency response plan
develop and implement habitat protection measures to protect sensitive environments and sites

Although potential effects are summarized for each example, only those biophysical or human
components that are likely to be adversely affected are considered (see Sections 9.2.4, 9.3.4, 9.4.4 and
9.5.4). The purpose of this section is primarily for emergency response planning. For the general effects
assessments for each of the key components (i.e., soil, hydrogeology, surface water resources, vegetation,
wildlife, freshwater fish and fish habitat, heritage resources, ATK, NTLU and socio-economic
conditions), see Sections 7 and 8.

9.1

Development of Hypothetical Examples

Examples are provided for two of the three types of hydrocarbons to be transported in the pipelines—
diluted bitumen (export pipeline) and condensate (import pipeline)—to represent the range of physical
and chemical properties that would be encountered. Diluted bitumen is a persistent viscous fluid, whereas
condensate is a non-persistent, low-viscosity fluid that weathers rapidly.
The following hypothetical examples and locations are provided (see Figure 9-1):
•

medium-size diluted bitumen or condensate release on agricultural land (sample location: KP 55.1)

•

medium-size diluted bitumen or condensate release in a fen wetland (sample location: KP 234.2)

•

large-size diluted bitumen or condensate release in a low-gradient watercourse (sample location:
KP 718.3, Crooked River)

•

large-size diluted bitumen or condensate release in a high-gradient watercourse (sample location:
KP 1098.8, Hunter Creek)

Characteristics of the locations, physical settings, response times, cleanup activities and residual
hydrocarbon remaining on site after cleanup are described for each example (see Sections 9.2 through
9.5).
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Although probabilities have been calculated at each of the locations, these do not represent the probability
of oil entering a watercourse. Factors such as source location, distance to watercourse, temperature,
gradient, and depth of pipeline below the surface affect whether any hydrocarbons would reach water.
Aquatic examples consider a range of factors such as stream order, remoteness, recreational use, flow,
turbulence, access and remoteness for emergency response.
Emergency preparedness and response planning requires an understanding of the effects and probability
of a spill. For the probability at the example locations, see Table 3-2. The volume depends on numerous
parameters as described in Section 3. Northern Gateway is committed to the prevention of environmental
effects through design, mitigation and emergency response planning.

9.2

Example 1: Medium-Size Hydrocarbon Release on
Agricultural Land (KP 55.1)

Agricultural lands occur predominantly between KP 0 and KP 178 in Alberta (Eastern Alberta Plains,
Southern Alberta Uplands), and in the Interior Plateau and Coast Mountains physiographic regions of
British Columbia. The discussions in this section are relevant to all agricultural lands.
The hypothetical location on agricultural land at KP 55 is in the Eastern Alberta Plains physiographic
region (see Figure 9-2). It is located about 20 km northwest of Morinville in Sturgeon County, east of the
Alexander First Nation 134 Reserve. This location is representative of annual crop cultivated land. Major
crops in this area include canola, spring wheat, barley and alfalfa (Alberta Agriculture and Rural
Development 2008). The site is flat and more than 1 km from the nearest watercourse although an
ephemeral drainage occurs near KP 55.1 and drains toward a low-lying area with ponded water. Local
water well information at KP 55.1 indicates the groundwater table is 4 to 6 m below surface (AENV
2009c, Internet site). Soft shale bedrock occurs within 2 m of the surface and most of the sites
investigated in the area have heavy clay at the depth where the example occurs. These subsurface
characteristics prevent rapid downward migration of hydrocarbons into groundwater and most of the
hydrocarbons would be adsorbed by the soil. The most sensitive season of the year is spring, during high
agricultural activity.
In general, soils, hydrogeology, wildlife, heritage resources, traditional land use, non-traditional land use
and socio-economic conditions are the key biophysical or human-related components that may be affected
if hydrocarbons were to enter onto agricultural land. Key components likely to be adversely affected in
this example are summarized in Section 9.2.4.

9.2.1

Spill Characteristics

The hypothetical cause of the release is a subsurface leak due to induced physical stress. A volume of
100 m3 is considered medium-sized (see Table 3-1 for spill-size definitions).
The pipelines will be 0.9 m below the finished grade at KP 55.1. A subsurface leak would saturate the soil
and infiltrate downward through permeable soils until reaching impermeable layers or a water table. If the
area is water-saturated, such as during flooding or large rainfall, the hydrocarbon may seep to the surface.
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Diluted bitumen would tend to move toward low topographical areas and could affect tens to hundreds of
square metres of surface area whereas condensate could spread over thousands of square metres,
depending on soil permeability and saturation, because of its lower surface tension. Diluted bitumen
would likely have a greater adverse effect than condensate because condensate is more volatile and
evaporates quickly.
The agricultural land at KP 55.1 is in the Eastern Alberta Plains physiographic region, defined as the area
between KP 0 and KP 166, with a calculated medium-size frequency of 1 spill per 287 years
(see Table 3-2). The frequency for KP 55.1 assumes that a 2.25 km pipeline length could result in a spill
trajectory leading to the agricultural land, based on the topography at KP 55.1. The frequency of a
medium-sized leak at KP 55.1 is calculated to be 1 in 21,164 years.

9.2.2

Emergency Response

See Table 9-1 for a summary of the key response actions that would be implemented in this example.
These response actions address assumptions, safety, initial objectives and activities, protection of
environmentally sensitive areas and species, containment and control strategies, and cleanup responses.

Table 9-1

Response Action Example on Agricultural Land at KP 55.1

Activity

Description

Assumptions

Responders can safely begin response operations.
The cause has no effect on the size or duration of the event.
No injuries are associated with the incident.

Safety

Account for all personnel and determine whether there are injuries.
Establish safe and secure perimeter around the site and for access.
Emergency responders assure safety, proper personal protective equipment
(PPE) and begin air and gas monitoring to identify exclusion (hot) zone.

Initial objectives

Establish safety requirements for operational and response actions.
Secure the source of the leak.
Protect priority sensitive areas.
Coordinate response actions with Unified Command.

Procedures to stop a
discharge

Stop pumping, close valves and shut in pipeline.

Notifications

Northern Gateway Duty Officer notifies response management team and Northern
Gateway supervisor. Supervisor notifies Response Organizations and requests
that notifications be made to federal and provincial ministries and to the local fire
department. Notification is made to Aboriginal groups according to the emergency
response plan.

Fire prevention and
control

No ignition source or open lights are present.
Local police and fire departments provide security, emergency medical services
(EMS) and standby for firefighting.
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Table 9-1
Activity

Response Action Example on Agricultural Land at KP 55.1
(cont’d)
Description

Discharge tracking

SRT completes a visual assessment. As needed, boreholes are drilled to define
extent of oil in subsurface.

Protection of
environmentally
sensitive areas

Assess area to identify local environmental sensitivities. Establish berms, ditches
or trenches to prevent or limit oil from entering a sensitive area.

Containment and
control strategies

Excavate pipeline section, install temporary patch or clamp, and drain affected line
section.
Construct soil or sand bag berm and interceptor trenches to contain oil at and
near source.

Oil recovery
strategies

Excavate bulk, saturated soil.
Use pumps in interceptor trenches with possible flushing to augment flow to
trench.

Cleanup strategies

Deploy SCAT team for assessment and cleanup recommendations.
SCAT team defines cleanup endpoints that are approved by Unified Command.
Clean up oiled segment according to SCAT team recommendations (likely
excavation, flooding and flushing, and bioremediation).
Inspect segments against endpoint criteria and sign-off on criteria that are met.

Recovered oil
transfer and storage

Segregate waste into oiled versus non-oiled and liquid versus solid.
Pump recovered oily water mixture to available portable tanks, vacuum trucks and
tank trucks.
Place oily solids in temporary lined storage.

Wildlife protection

Assess wildlife at risk in immediate area. Wildlife hazing kit is readied in case of
need.
Prepare bird capture and rehabilitation unit pending field assessment.
Submit appropriate capture and hazing permits through Unified Command.
Response activities in the area should reduce the likelihood of wildlife
congregation in area.

The response actions and times would differ depending on the circumstances at the time of an incident.
Cleanup would include excavation and disposal of hydrocarbons and contaminated soils and remediation
of groundwater. This might include one or more specialized treatment processes (in-situ treatment,
bioremediation or phytoremediation). For maintenance of agricultural use, the priority would be to restore
land capability in a reasonable amount of time, so excavation and replacement of soil would be most
appropriate, considering the land is used for food production. Contaminated soils would be replaced with
soil of equal soil capability.
Although condensate evaporates quickly, it needs to be exposed to the air for this to happen. Therefore,
the cleanup response for condensate would be to expose the affected soil, and have safety controls for
vapours and ignition sources in place.
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During emergency response activities, it is estimated that up to 0.6% of diluted bitumen or 38% of
condensate would weather, mainly through evaporation, in the first two days (see Table 4-3). Evaporation
rates (see Table 4-3) are likely to be lower during cold weather. Based on professional knowledge and
general experience, approximately 99% of the volume remaining after weathering and removal would be
recovered, leaving a residual volume of less than 1 m3 of diluted bitumen or condensate.

9.2.3

Additional Mitigation Applicable on Agricultural Land

In addition to the general mitigation measures (see Sections 2 and 5), cleanup and mitigation measures
specific to agricultural land would be employed to limit the extent and severity of the leak. Measures
would be based on the degree of physical disturbance, chemical characteristics relative to undisturbed
soils, and the remediation criteria. Responses and mitigation options would include:
•

immediate notification of landowners and farmers to enable livestock owners to move livestock to
other pastures, consulting them about arranging temporary water supply for livestock and arranging
temporary fencing at the source site to keep livestock away

•

requiring cleanup and remediation crews to close gates properly, where vehicle access is required to
the area through fenced and gated lands

•

excavation of the upper soil layer as soon as possible where contaminant levels exceed provincial and
federal guidelines; the remaining subsoil may be vented to allow trace volatiles to evaporate

•

removing any liquid hydrocarbon from the water table when contaminated soils are removed

•

if required, installing pumping wells to recover residual hydrocarbon from groundwater and control
its migration

•

transport of contaminated soils to an approved facility for treatment, re-use or disposal

•

use of special treatments on site (in-situ bioremediation, phytoremediation) to treat
low-concentration-level hydrocarbons that are below provincial and federal guidelines

•

replacement of contaminated soil with a soil of equivalent soil capability rating (CLI) to that present
originally, from the same region, to prevent introduction of pests or invasive plants

•

testing replacement soil is tested to confirm similar texture, chemistry and stoniness (stakeholder
input would be sought)

•

placing of soils to avoid admixing of soil types (subsoil salinity would reduce topsoil quality);
measuring the degree of compaction in replaced soil (soil with high clay content and low coarse
fragment content is at risk for compaction and water erosion)

•

contouring of the site to prevent water accumulation and achieve similar drainage to baseline

•

drilling test holes after the initial mitigation response to provide further information on horizontal and
vertical distribution of hydrocarbons in soil, velocity of groundwater and hydrocarbon plume
movement in the subsurface and progress of any in-situ treatments

•

mitigation measures for wildlife (see Section 7.7.3) as needed, such as passive or active hazing,
trapping and removal of unoiled wildlife and rehabilitation of oiled animals and birds
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9.2.4

Potential Effects on Key Resources at Risk

The main concerns related to a hydrocarbon leak on agricultural land are alteration of soil quality and
potential contamination of groundwater used for drinking water, irrigation, or livestock watering.
Agricultural activities (e.g., crop production, livestock grazing) would be disrupted until remediation of
contaminated soil and groundwater. Although a few wildlife individuals might suffer mortality, wildlife
use of the area at KP 55.1 is expected to be low. As agricultural land has already been disturbed, its value
for heritage resources is low (see Section 8.2.2), and further adverse effects as a result of a leak, response
and remediation are unlikely.
Traditional lands or territories of Aboriginal groups are distributed along the pipeline RoW and adjacent
areas. Based on ATK studies and discussions with participating Aboriginal communities, Aboriginal
groups with traditional lands or territories overlapping this example location are:
•
•
•

Alexander First Nation
Beaver Lake Cree Nation
Enoch Cree Nation

This list will be refined as Aboriginal Engagement activities for the Project and ATK program progresses.
Alexander First Nation and Enoch Cree Nation have both completed ATK community reports. General
information on potential effects, mitigation measures, and follow-up and monitoring, as proposed by
participating Aboriginal groups in ATK community reports available to date, have been included in
Section 8.3.
At KP 55.1, the potential effects of a medium-sized leak on soil capability would be reversible with
cleanup and remediation. A relatively small area of land around the RoW would be affected and should be
cleaned up in three to four days; some soil remediation would continue for several weeks. Complete
recovery might take weeks to months, especially if condensate were to reach the groundwater and require
additional mitigation (e.g., pumping out and treating). Diluted bitumen would be unlikely to reach
groundwater, given the bedrock and clay layers present in subsurface soils; therefore, the effects on water
quality are expected to be minimal.

9.3

Example 2: Medium-Size Hydrocarbon Release in a Fen
Wetland (KP 234.2)

The hypothetical spill onto a wetland occurs at KP 234.2, in the Lower Foothills Natural Subregion of the
Southern Alberta Uplands Physiographic Region, 30 km west of Whitecourt in an uninhabited part of
Woodlands County (see Figure 9-3). It is typical of peatland wetlands in Alberta, where wetlands cover
18% of the current land base (Alberta Water Council 2008, Internet site) and is a fen according to the
Canadian Wetland Classification System. The area has low gradient and minimal drainage because of
nearly flat topography and a high water table. Overall drainage is to the south, and there are no
watercourses nearby.
The wetland is located on the south side of Highway 43, adjacent to the Alliance Pipeline and near some
roads and well pads. There is evidence of beaver dams on the north side of Highway 43. The most
sensitive time of year is spring because of the high water table and emerging vegetation.
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The key biophysical or human-related components that may be affected by a hydrocarbon release in a
wetland area are soils, surface water resources, hydrogeology, vegetation, wildlife, fish and fish habitat (if
the wetland is connected to a fish-bearing watercourse), traditional land use, non-traditional land use,
ATK, and socio-economic conditions. Key components likely to be adversely affected in this example are
summarized in Section 9.3.4.

9.3.1

Spill Characteristics

The hypothetical cause is a subsurface leak because of a pipe defect. A medium-sized spill volume of
100 m3 is selected for this example (see Table 3-1 for spill-size definitions).
The pipelines will be at least 0.9 m below finished grade at this location, upslope and south of the
wetland, in an area of clay soils. Hydrocarbons (diluted bitumen or condensate) would migrate from the
pipeline into the trench fill, saturate soil near the source and migrate down until limited by groundwater,
which is at approximately 4 m depth during the spring, or relatively impermeable soil layers.
Hydrocarbons would then move laterally on the groundwater surface and may reach surface water in the
wetland. Because the groundwater table is at the surface in the fen, most of the hydrocarbons would
spread on the water surface. The direction of travel and extent is based on surficial geology and
topography. Based on the expected presence of peat, hydrocarbons would be expected to travel along the
peat, saturating it and filling natural depressions. The topography suggests the wetland would drain to the
southeast. However, given the lack of slope, it is not expected that the hydrocarbons would migrate
outside the wetland. Potentially tens to hundreds of square metres of surface area could be affected. If
condensate were leaked, a greater amount of wetland could be affected (hundreds to thousands of square
metres), given its lower surface tension relative to diluted bitumen. Diluted bitumen would likely have the
greatest adverse effect, because the more volatile condensate would evaporate quickly once exposed to
the air.
The wetland at KP 234.2 is in the Southern Alberta Uplands physiographic region, which has a calculated
medium-size frequency of one incident per 136 years (see Table 3-2). The frequency at KP 234.2 is
calculated to be one in 27,211 years, assuming a pipeline impact length of 1.75 km.

9.3.2

Emergency Response

See Table 9-2 for a summary of the key response actions that would be implemented in this example.
These response actions address assumptions, safety, initial objectives and activities, protection of
environmentally sensitive areas and species, containment and control strategies, and cleanup responses.
The response actions and times may differ depending on circumstances at the time of an incident. The
cleanup response would include containment with booms, temporary berms (e.g., lined sandbag barriers)
or both and limited manual removal. Additional options, such as removal of peat, bio-remediation,
phytoremediation and in-situ burning would be considered. During the emergency response, it is
estimated that up to 1.5% of diluted bitumen or 50% of condensate would evaporate in the first seven
days. Evaporation rates (see Table 4-3) are likely to be lower in cold weather conditions in spring.
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Table 9-2
Activity

Response Action Example in a Wetland at KP 234.2
Description

Assumptions

Responders can safely begin response operations. The cause has no effect on the
size or duration of the event.
No injuries are associated with the incident.

Safety

Account for all personnel and determine whether there are injuries.
Establish safe and secure perimeter around the site and for access.
Emergency responders assure safety, proper PPE and begin air and gas monitoring
to identify exclusion (hot) zone.

Initial objectives

Establish safety requirements for operational and emergency response actions.
Secure the source of the leak.
Protect priority sensitive areas.
Coordinate response actions with Unified Command.

Procedures to stop
a discharge

Stop pumping, close valves and shut in pipeline.

Notifications

Northern Gateway Duty Officer notifies the response management team and
Northern Gateway supervisor. Supervisor notifies Response Organizations and
requests that notifications be made to federal and provincial ministries and to local
fire department.
Notification is made to Aboriginal groups according to the emergency response
plan.

Fire prevention
and control

No ignition source or open lights are present.
Local police and fire departments provide security, EMS and standby for firefighting.

Discharge tracking

SRT completes visual assessment. As needed, boreholes are drilled to define
extent of oil in subsurface.

Protection of
environmentally
sensitive areas

Responders place boom across wetland to prevent oil from migrating from source to
unoiled areas of wetland.

Containment and
control strategies

Excavate pipeline section, install temporary patch or clamp, and drain affected line
section.
Construct soil berm and interceptor trenches and deploy shore-sealing boom to
contain oil at and near source.

Oil recovery
strategies

Use excavators upland of wetland to remove bulk, saturated soil.
Use pumps in interceptor trenches with possible flushing to augment flow to trench.
Use skimmers to recover oil on water surface of wetland.

Cleanup strategies

Deploy SCAT team for assessment and cleanup recommendations.
Cleanup endpoints as defined by SCAT team and approved by Unified Command.
Clean up oiled segment according to SCAT team recommendations (likely flooding,
flushing, controlled localized burning, and bioremediation).
Inspect segments for against endpoint criteria and sign-off as criteria are met.
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Table 9-2

Response Action Example in a Wetland (cont’d)

Activity

Description

Recovered oil
transfer and
storage

Segregate waste into oiled versus non-oiled and liquid versus solid.
Pump recovered oily water mixture to available portable tanks, vacuum trucks and
tank trucks.
Place oily solids in temporary lined storage.

Wildlife protection

Assess wildlife at risk in immediate area. Wildlife hazing kit is readied in case of
need.
Prepare bird capture and rehabilitation unit pending field assessment.
Submit appropriate capture and hazing permits through Unified Command.
Response activities in the area should reduce the likelihood of wildlife congregation
in area.

Based on professional knowledge and general experience, 70% to 80% of the volume remaining after
evaporation could be recovered, depending on the response method. In-situ burning could result in up to
98% removal. However, burning in areas immediately next to the pipeline RoW would only be
considered if safety of the surrounding infrastructure could be secured. Controlled burning of isolated
diluted bitumen accumulations would occur where it is safe to do so.
Oiled soil and peat would also be removed, where feasible, without creating secondary effects on the
wetland. For condensate, cleanup would likely entail flushing to augment natural weathering processes
(primarily evaporation), leaving very little residual condensate (1% to 2% of the initial volume).
Because of the uncertainty over the extent of burning and removal of soil and peat, a conservative
approach is taken in estimating recovery of hydrocarbons. Without burning or aggressive excavation, a
residual volume of approximately 20 m3 to 30 m3 of diluted bitumen (20% to 30%) could remain on the
water surface in soil pore spaces and bound to vegetation after initial weathering and recovery operations
(Taylor 2009, pers. comm.). Oil remaining after cleanup endpoints had been reached would continue to
degrade, weather and breakdown naturally.

9.3.3

Additional Mitigation Applicable in a Wetland

In addition to the general mitigation measures (see Sections 2 and 5), cleanup measures applicable to
wetlands would be employed to limit the extent and severity. Measures would be based on the degree of
physical disturbance, chemical characteristics relative to undisturbed soils and remediation criteria.
Additional options for cleanup in wetlands might include:
•

manual cleanup of surface hydrocarbons using sorbents, skimmers, flushing and removal of oiled
vegetation (flushing diluted bitumen from contact surfaces and vegetation would likely not be very
successful)

•

placement of planks on organic and wet mineral soils to limit disturbance to the soil profile from
heavy machinery

•

transporting contaminated peat and inorganic soils to a designated facility for disposal or treatment
and, if feasible, replacement with soils of similar composition to that present originally
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•

removal of bitumen-coated vegetation (e.g., pruning affected tree branches and cutting shrubs off at
the wetland surface), given that roots would be protected and vegetation can regenerate from the roots

•

use of nutrient or inorganic amendments to restore soil quality, including bio-remediation (which
supports micro-organisms), phytoremediation (which supports plants) and mycoremediation (which
supports fungal mycelia and mushrooms). These technologies allow for less soil disturbance, but take
longer for remediation and do not remove all the contamination. Time is required to establish the
most appropriate amendments and target species for uptake or breakdown of the hydrocarbons.

•

allowing for natural attenuation of residual hydrocarbons once response and clean up activities near
completion, soil monitoring is in place, and there is no notable decline in vegetation and water quality

•

mitigation measures for wildlife (see Section 7.7.3) as needed, such as passive or active hazing,
trapping and removal of unoiled wildlife and rehabilitation of oiled animals and birds

Excavation of soils from a wetland may pose logistical difficulties. Wet conditions may make machinery
access to the site problematic, and drainage control measures may need to be in place before excavation.
Wet mineral soils would likely be easier to remove than peat because time would be needed to reestablish wetland plant communities. This mitigation is likely best applied to transitional wet areas
between the organic wetland soils and the drier upland soils. It may be difficult to find a source of peat. If
replacement peat is not obtained, the indentation would fill, resulting in more open water than originally
present.
Although burning of diluted bitumen may be possible in some areas, it is not considered a response
measure for the entire area because of the proximity to pipelines, highways and industrial facilities. If the
peat is saturated below the contaminated surface, burning of hydrocarbons may be possible in isolated
areas. Containment ditching that would fill with water may be required to control the burn extent. The
burning of hydrocarbons on the wetland would need to include measures that address the proximity to
Highway 43. The visibility of the burn from the highway (smoke and visual distraction to drivers) would
be managed with proper signage and reduced speed limits. Wind direction and speed would also be
considered for public safety and to protect infrastructure and surrounding forest resources. Burning of
hydrocarbons may be beneficial because it rapidly decreases hydrocarbons, results in less soil disturbance
and allows for a more rapid recovery compared with removal of contaminated peat, which results in a loss
of wetlands and, in this instance, an increase in open water.
Burning can lead to a rapid decrease in soil hydrocarbon concentrations, resulting in reduced potential for
spread into groundwater. Burning can lead to successful re-establishment of wetland vegetation, often
within one growing season (Pahl et al. 2003).
However, burning of the entire wetland (as opposed to isolated surface slicks on the water) could lead to
adverse effects on water quality through loss of wetland vegetation and alteration of nutrient and organic
matter cycling.
Morris and Harper (2006) discuss techniques for remediating oil spills in British Columbia wetlands and
outline the pros and cons of burning, including avoiding areas that contain rare plants.
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9.3.4

Potential Effects on Key Resources at Risk

A medium-sized hydrocarbon leak in the fen wetland at KP 234.2 would affect a small area of land
around the pipeline RoW (up to hundreds of square metres) and be cleaned up in a week. The quick
response and cleanup time would limit the potential for hydrocarbons to move into groundwater, which
would also be slowed by the presence of the peat, the underlying clay layer and the fact that this is a
groundwater discharge area. Given an initial spill size of 100 m3, after evaporation, the amount of residual
hydrocarbon after cleanup could range from 30 to 40 m3 (assuming that only washing and limited
physical removal methods are used). Effects would be less for condensate than for diluted bitumen
because of the relatively rapid evaporation of condensate.
Although a few animals, particularly amphibians, might suffer mortality, wildlife use of the wetland is not
expected to be high and the loss would not reduce the viability of local populations. Local areas of oiled
vegetation may die back. However, there are no rare plants or rare ecosystems identified for this fen.
Vegetation typically would return during the next emergence period, as long as roots are not extensively
damaged during cleanup operations. The wetland at KP 234.2 is not connected to a fish-bearing surface
watercourse, so effects on fish were not considered. No specific values were identified for NTLU or
socio-economic conditions.
Aboriginal groups with traditional lands or territories overlapping this example location include:
•
•
•
•
•
•
•
•
•

Alexander First Nation
Paul First Nation
Enoch Cree Nation
Alexis Nakota Sioux Nation
Driftpile First Nation
Kapawe’no First Nation
Sawridge First Nation
Sucker Creek First Nation
Swan River First Nation

This list will be refined as Aboriginal Engagement activities for the Project and ATK program progresses.
Alexander First Nation, Paul First Nation, Enoch Cree Nation, and Swan River First Nation have
completed ATK community reports. General information on potential effects, mitigation measures, and
follow-up and monitoring, as proposed by participating Aboriginal groups in their ATK community
reports available to date, have been included in Section 8.3.

9.4

Example 3: Large Hydrocarbon Release in a Low-Gradient
Watercourse (KP 718.2, Crooked River)

The hypothetical spill example at a low-gradient river is at KP 718.2 (see Figure 9-4) in the Interior
Plateau physiographic region. Crooked River is 70 km north of Prince George, British Columbia and is a
tributary to the Williston Reservoir, in the headwaters of the Peace River. Crooked River also flows into
Davie Lake, located about 6 km northwest of the small community of Bear Lake and 5 km from
Highway 97. The river is in the Central Interior hydrological zone and the Prince George Forest District
(BC MoFR 1998, Internet site). The watershed above KP 718.2 is 580 km2 in area. At KP 718.2, Crooked
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River is a high-order watercourse with high fish and wildlife values and recreational uses. It is a popular
area for recreational fishing, for both the local community and those from farther afield.
Crooked River lies within the sub-boreal spruce zone. It meanders through a large wetland and willow
complex in a gently sloping, 500-m wide valley. The river has an average wetted width of 30 m, low
velocity (1.2 to 1.4 m/s), low gradient (3% or less), numerous side channels and fine substrate. The
channel appears to be stable under normal flows, with peak flow in June. It drains north into Davie Lake
approximately 1.8 km downstream from KP 718.2. Davie Lake has a surface area of 9.7 km2, with a mean
depth of 6.2 m and maximum depth of 11 m. Riparian vegetation is mainly willows and sedges along
swampy shorelines and alder, aspen, birch and willow in well-drained areas. The lake drops off quickly to
depths greater than 2 m in most areas, resulting in little aquatic vegetation other than at the northern
outlet.
The key biophysical or human-related components that may be affected by a hydrocarbon release for a
low-gradient interior watercourse are soils, hydrogeology, surface water resources, vegetation, wildlife,
freshwater fish and fish habitat, ATK, NTLU and socio-economic conditions. For a summary of the key
components likely to be adversely affected in this example, see Section 9.4.4.

9.4.1

Spill Characteristics

A volume of 2,000 m3 is considered to be large (see Table 3-1). This hypothetical volume of 2,000 m3 is
larger than the Plateau Pipeline spill into the Pine River in 2000 (973 m3 of crude oil). Two examples of
this volume are assessed—one of diluted bitumen and one of condensate at the most sensitive time of year
(June).
At KP 718.2, the pipelines will be at a minimum depth of cover of 1.2 m below the finished grade for soil
and 0.6 m below grade for bedrock. An unmitigated release of diluted bitumen at KP 718.2 could extend
from the watercourse crossing to the mouth of Crooked River and into Davie Lake. Diluted bitumen may
occur as surface-recoverable hydrocarbons, oil on vegetation or sheens or be dispersed into the water
column. Based on a mean velocity of 1.4 m/s for Crooked River during June, diluted bitumen at KP 718.2
could reach Davie Lake (approximately 4.0 km downstream) in less than 45 minutes.
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A condensate release would have similar spatial distribution, but would be more dispersed, with
non-recoverable sheen and greater evaporation than for the diluted bitumen. Condensate would also be
more likely to disperse through the water column and result in acute toxicity for some aquatic organisms,
including plankton, fry and some benthic species. In general, effects are expected to be greatest for
diluted bitumen, because of its lower evaporation rate. However, the higher mobility of condensate would
result in a greater effect for groundwater.
The characteristics of a release at KP 718.2 can be generally applied to other low-gradient rivers draining
into lakes or other water bodies along the pipeline route. However, response strategies and locations of
control points for emergency response would be specific to each site.
The low-gradient water body at KP 718.2 is within the Interior Plateau physiographic region, which has a
calculated large-size frequency of one spill per 276 years (see Table 3-2). The frequency at KP 718.2 is
calculated to be one in 111,111 years, assuming a pipeline impact length of 1.0 km.

9.4.2

Emergency Response

See Table 9-3 for a summary of the key response actions that would be implemented if a release into a
slow-flowing stream or lake were to occur. These response actions address assumptions, safety, initial
objectives and activities, protection of environmentally sensitive areas and species, containment and
control strategies, and cleanup responses.

Table 9-3
Activity

Response Action Example in Low-Gradient Watercourses
Description

Assumptions

Responders can safely begin response operations The cause has no effect on the
size or duration of the event.
No injuries are associated with the incident.

Safety

Account for all personnel and determine whether there are injuries.
Establish safe and secure perimeter around the site and for access (control points)
locations downstream.
Emergency responders assure safety, proper PPE and begin air and gas monitoring
to identify exclusion (hot) zone.

Initial objectives

Establish safety requirements for operational and response actions.
Secure the source of the hydrocarbons.
Protect priority sensitive areas.
Coordinate response actions with Unified Command.

Procedures to stop
a discharge

Stop pumping, close valves and shut in pipeline.

Notifications

Northern Gateway Duty Officer notifies response management team and Northern
Gateway supervisor. Supervisor notifies Response Organizations and requests that
notifications be made to federal and provincial ministries and to local fire
department.
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Table 9-3
Activity

Response Action Example in Low-Gradient Watercourses (cont’d)
Description

Fire prevention
and control

No ignition source or open lights are present.
Local police and fire departments provide security, EMS and standby for firefighting.

Discharge tracking

SRT completes visual assessment. As needed, boreholes are drilled to define
extent of oil in subsurface.

Protection of
environmentally
sensitive areas

Responders mobilize to Control Point C2 (see Appendix A for a sample site-specific
response guide) and place boom across entrance of river into Davie Lake to limit
spreading in lake.
Aerial reconnaissance would provide additional criteria for protection booms on river
and lake.

Containment and
control strategies

Consider upstream and downstream diversion for river.
Excavate pipeline section, install temporary patch or clamp, and drain affected line
section.
Construct berms, weir dam or multiple boom lines downstream of the hydrocarbon
source for containment.

Oil recovery
strategies

Use pumps to recover pooled oil at source.
Use skimmers to recover oil on river and lake surface.

Cleanup strategies

Deploy SCAT team for assessment and cleanup recommendations.
Clean up endpoints according to SCAT team recommendations that are approved
by Unified Command for distinct riverbank and bed types.
Clean up oiled segment according to SCAT team recommendations (likely limited
mechanical and manual and more flooding, flushing, vegetation cutting).
Inspect segments against endpoint criteria and sign-off as criteria are met.

Recovered oil
transfer and
storage

Segregate waste into oiled versus non-oiled and liquid versus solid.
Pump recovered oily water mixture to available portable tanks, vacuum trucks and
tank trucks.
Place oily solids in temporary lined storage.

Wildlife protection

Assess wildlife at risk in immediate area. Wildlife hazing kit is readied in case of
need.
Prepare bird capture and rehabilitation unit pending field assessment.
Submit appropriate capture and hazing permits through Unified Command.
Response activities in the area should reduce the likelihood of wildlife congregation
in area.
Additional collection and exclusion booms and response for areas of high fisheries
and wildlife sensitivity (e.g., fish spawning habitat and trumpeter swan habitat).
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The actual response actions and times may differ depending on circumstances at the time of an incident.
The cleanup response for diluted bitumen would include use of numerous containment booms, sorbents
and hydrocarbon recovery devices. It might also include pumping and re-circulating of water to release
submerged diluted bitumen. Booms placed at the outlet of Davie Lake would restrict movement of
hydrocarbons downstream from the lake.
During the emergency response, it is estimated that up to 15% of the diluted bitumen would evaporate
over seven days, with over half of the evaporation occurring in the first day (see Table 4-2). The
remaining diluted bitumen would be located on the water surface, with some possibly dispersed into the
water column, and the remainder on riverbanks, vegetation and the shore of Davie Lake. On-water booms
and skimming operations would be used to recover diluted bitumen from the water surface. Cleanup
operations would remove stranded hydrocarbon along the banks of Crooked River and Davie Lake to
establish endpoints, and the rest would be left for natural attenuation. As discussed in Section 5.8, cleanup
endpoints would be determined in consultation with regulatory agencies and would be levels at which a
net environmental benefit remains (i.e., before the point at which additional remediation efforts would
result in more environmental damage than leaving remaining hydrocarbon in the system).
The cleanup and recovery time would be shorter for condensate than a similar-sized release of diluted
bitumen. Emergency response would include establishment of safety zones, use of exclusion booms to
protect sensitive habitats, and allowance for natural weathering and attenuation. At least 60% of the
condensate would evaporate within the first six hours of the spill and most would evaporate within the
first 24 hours (see Table 4-3). In addition to evaporation, dispersion into the water column would account
for most of the remaining condensate volume (Taylor 2009, pers. comm.).

9.4.3

Additional Mitigation Applicable in a Low-Gradient Watercourse

Sections of the pipeline route that cross under rivers would receive special consideration during detailed
design. Engineering considerations for spill mitigation and the protection of environmentally sensitive
areas in the streams and rivers crossed include consideration of available:
•

design enhancements to reduce spill probability, such as micro-routing, special coating protection
measures and increased depth of cover

•

geohazard assessments to route the pipelines from debris flow dominated alluvial fans or directional
drill those watercourse crossings with high risk

•

watercourse armouring, channel stabilization and other measures to achieve channel stability and
protect the pipelines from erosion and exposure

•

containment measures, such as control valves, use of local terrain and enhanced right of way

•

mitigation measures, such as co-operative planning and execution of emergency response activities,
permanent location of emergency response material at the pump stations and installation of permanent
anchors at control points along the river
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•

pre-established anchoring systems for collection, deflection and exclusion berms

•

logistical support measures for emergency response, such as enhanced access routes to downstream
control points, pre-arranged agreements and contracts for local sources of field support services, such
as security, catering, transportation and earthmoving equipment

In addition to the general mitigation and cleanup measures (see Sections 2 and 5), cleanup measures
applicable to a river and lake system would be employed to limit the extent and severity. Measures would
be based on properties and behaviour of the hydrocarbon, habitat sensitivities and access, and would
consider remediation criteria and effects of cleanup methods on the various habitats. Measures would
include, as applicable:
•

immediate notification of relevant local and provincial authorities and resource groups

•

mechanical and manual cleanup of surface hydrocarbons using skimmers, sorbents, flushing and
suction, and selective removal of oiled vegetation to collect diluted bitumen remaining after on-water
recovery

•

determining a site access and egress strategy along the area to limit the effects of trampling and
response traffic on vegetation, riparian zones and river or lake banks

•

posting of a fish-consumption advisory on signs at Davie Lake access points and on British Columbia
fishing websites

•

posting of a recreational use advisory on signs at the two recreation sites and on the Prince George
Forest District website

•

removal of bitumen-coated vegetation (e.g., pruning affected tree branches and cutting shrubs off at
the soil surface), given that roots would be protected and vegetation can regenerate from the roots

•

re-establishment of bank vegetation after cleanup efforts are complete

•

development of an alternative water supply or negotiating compensation if a groundwater or surface
water user’s facilities are adversely affected

•

allowing natural attenuation of residual hydrocarbons once cleanup endpoints (see Section 5.8) are
achieved, monitoring is in place, and there is no notable decline in vegetation and water quality

•

mitigation measures for wildlife (see Section 7.7.3) as needed, such as passive or active hazing of
Trumpeter Swans (if they are overwintering), trapping and removal of unoiled wildlife, and
rehabilitation of oiled animals and birds

9.4.4

Potential Effects on Key Resources at Risk

The overall effects of a large condensate or diluted bitumen release into Crooked River at KP 718.3
would be considered reversible, but longer term for many environmental components. After initial
emergency response, given an initial volume of 2,000 m3, 1,200 to 1,440 m3 of diluted bitumen could
remain in the system as dispersed and stranded hydrocarbons.
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Water quality, and particularly fish and fish habitat, would be adversely affected by a spill, which would
extend downstream into a lake system that also has high fisheries values. Contaminants such as PAHs in
sediment, loss of fish habitat and mortality of juvenile and adult fish in Crooked River and Davie Lake
could result in long-term effects on populations of lake whitefish, mountain whitefish, rainbow trout and
blue-listed Dolly Varden. However, reviews of incident histories suggest that recovery in streams and
rivers typically takes places in months for lighter oils and upward of three years for more persistent oils
(Green and Trett 1989). There would likely be a closure on recreational fishing until the populations have
recovered.
Although a few wildlife individuals might suffer mortality, particularly amphibians, wildlife use of the
area is not expected to be high and the loss would not reduce the viability of local populations. Oiled
vegetation would die and be removed, but there are no rare plants or rare ecosystems identified for this
area. One exception is that Crooked River is one of the few areas of interior British Columbia that
supports overwintering Trumpeter Swans. Therefore, protection of this species would be especially
critical if a release were to occur at this location during the winter. The Crooked River valley also
provides excellent moose and grizzly bear habitat.
For heritage resources, a baseline data review indicated two previously recorded sites at Davie Lake
(GdRq 1 and GdRq 2). Both sites are lithic artifact finds from the surface, collected along the shoreline of
Davie Lake, below the high water mark. Organic materials would not preserve well in this environmental
setting. Contamination of organic remains would be of less concern at this location than the effects of
ground disturbance during spill response activities.
A fishing closure would affect use of the lake for recreational fishing and boating, particularly for local
residents. A fishing closure could represent increased travel costs for local fishers to alternate fishing
locations, depending on the timing and duration of the closure.
Aboriginal groups with traditional lands or territories overlapping this example location are:
•

West Moberly First Nation

•

McLeod Lake First Nation

•

Treaty 8 First Nations (Doig River First Nation, Fort Nelson First Nation, Blueberry River First
Nation, Halfway River First Nation)

•

New Caledonia Métis Association

This list will be refined as Aboriginal Engagement activities for the Project and ATK program progresses.
General information on potential effects, mitigation measures, and follow-up and monitoring, as proposed
by participating Aboriginal groups in the ATK community reports available to date, have been included in
Section 8.3.
Condensate would weather rapidly, which would lead to lesser effects for most environmental aspects.
However, its high acute toxicity in water would lead to greater mortality of fish, and its rapid movement
through sediment into the groundwater could affect groundwater quality.
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9.5

Example 4: Large Hydrocarbon Release in a High-Gradient
Watercourse (KP 1098.7, Hunter Creek)

This hypothetical example occurs near the western end of the pipeline route (see Figure 9-5). Hunter
Creek is west of Mount Nimbus, in the upper Kitimat River watershed and flows into Kitimat River, then
Kitimat Arm, approximately 60 km downstream from KP 1098.8. Hunter Creek is a first-order tributary
with high wildlife and fisheries values, in a remote location. Based on water velocities, a release at this
location could reach the Kitimat River estuary 60 km downstream within four to ten hours, depending on
river discharge. Mitigation, response, recovery plans and some effects assessments that are described for
this example may be used at similar watercourses. However, response planning such as control point
locations is specific to each watercourse and would change with flow conditions.
Hunter Creek is in the Coast Mountain physiographic region. Upstream from the watercourse crossing at
KP 1098.8, the watershed has steep topography and a drainage area of about 65 km2. The headwaters are
located above the tree line, where rock falls and scree slopes provide abundant sediment supply to the
channel. Upper portions of the watershed also provide woody debris to the channel. The Hunter Creek
crossing is about 200 m downstream from where the channel emerges from a narrow V-shaped mountain
valley into the broad Kitimat River valley and is just upstream from a bridge. It is about 1,500 m from the
Hunter Creek crossing to the confluence with Kitimat River.
Between KP 1098.8 and Kitimat River, a large alluvial fan has developed on Hunter Creek. Alluvial fans
form where there is a reduction in sediment transport capacity of a channel, such as at a steep drop in
stream gradient. The fan is approximately 500 m wide at KP 1098.8 and more than 1,000 m at the
confluence with Kitimat River. The channel gradient near the pipeline RoW averages 4%. The alluvial
fan has resulted in low, poorly defined creek banks. Historically, Hunter Creek has shifted east and west
across the fan. The current channel, braided both upstream and downstream from the watercourse
crossing, is indicative of a steep and laterally mobile channel carrying a large volume of bed material. The
east bank has been armoured approximately 100 m upstream from the bridge, which limits eastward
migration of the channel in that area. A local topographic rise on the west bank just upstream from the
bridge similarly limits westward movement in that area. Downstream from the bridge, the channel is
unconfined and could change course suddenly, possibly during a single flood event. An active subchannel
has formed along the east bank and an abandoned subchannel is visible along the west bank downstream
from the bridge.
Average mean monthly discharge at KP 1098.8 varies from 2 m3/s in February and March to almost
15 m3/s in June. Corresponding stream velocities are estimated to range about 2 m/s to almost 5 m/s.
Hunter Creek streambed and banks are composed of coarse gravel, cobbles and boulders. Riparian
vegetation (scattered grasses and shrubs) occurs in the channel along the tops of bars. Vegetation is
scattered on the channel banks below the seasonal high water mark and more developed (grasses, shrubs
and trees) above the seasonal high water mark. Mosses grow down to the low water level. Between
KP 1098.8 and Kitimat River, Hunter Creek flows through an area of amabilis fir, western red cedar and
devil’s club, which make up a blue-listed ecological community in British Columbia.
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Wildlife and fish values for both Hunter Creek and Kitimat River are high. There are known mountain
goat ranges on the cliffs above Hunter Creek. The Kitimat River system is important to salmon stocks,
which also provide important forage for grizzly bears, bald eagles and osprey on the central coast. Hunter
Creek above the RoW and upper reaches of Kitimat River contains breeding habitat for the coastal tailed
frog (Ascaphus truei), a blue-listed species in British Columbia. The Kitimat River estuary, at the north
end of Kitimat Arm, provides year-round habitat for seabirds and seasonal habitat for staging waterfowl.
There is considerable recreational fishing, both by local people and through fishing guides, on Kitimat
River, its estuary and in Kitimat Arm. There is also likely to be a high amount of non-consumptive
recreational activity in the area, including wildlife viewing, hiking and camping. The Kitimat River
estuary, for example, is well known for waterbird viewing.
The key biophysical or human-related components that would be affected by a hydrocarbon release for a
high-gradient coastal watercourse are soils, hydrogeology, surface water resources, vegetation, wildlife,
freshwater fish and fish habitat, heritage resources, ATK, NTLU and socio-economic conditions. For a
summary of the key components that would likely be adversely affected in this example, see
Section 9.5.4.

9.5.1

Spill Characteristics

The hypothetical cause of the spill into Hunter Creek is a pipeline rupture or failure. A large volume of
2,000 m3 is selected for this example (see Table 3-1 for size definitions). This volume is greater than that
of the August 2000 crude oil spill (973 m3) from the Plateau Pipeline into the Pine River in northeastern
British Columbia, but represents a volume that could be released in a complete rupture and draw down.
The maximum credible potential volume loss at Hunter Creek is forecast to be less than 2,000 m3 because
engineering design was refined to reduce risk as a result of environmental sensitivities at Hunter Creek.
This example is for summer (June), when environmental effects would be greatest.
The pipelines at KP 1098.8 will be at least 1.2 m below the finished grade for soil and 0.6 m below grade
for bedrock.
The effects of a diluted bitumen would be much greater than they would be for the more volatile
condensate, which would quickly disperse and evaporate, leaving lower amounts of residual hydrocarbon
in the aquatic environment. Diluted bitumen could potentially move as surface recoverable hydrocarbons
from KP 1098.8 to the estuary at the north end of Kitimat Arm (past KP 1160) within four to ten hours,
depending on river discharge. Spatial extent of a condensate release would be much less, potentially
extending from KP 1098.8 to the mouth of Kitimat River as dispersed and non-recoverable sheen.
KP 1098.8 is in the Coast Mountains physiographic region, which has a calculated large size frequency of
one spill per 1,058 years for the entire region (see Table 3-2). The frequency for KP 1098.8 is calculated
to be one in 55,556 years, assuming a pipeline impact length of 2.0 km.
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9.5.2

Emergency Response

See Table 9-4 for a summary of the key response actions that would be implemented for this example.
These response actions address assumptions, safety, initial objectives and activities, protection of
environmentally sensitive areas and species, containment and control strategies, and cleanup responses.

Table 9-4

Response Action Example in High-Gradient Watercourses

Activity

Description

Assumptions

Responders can safely begin response operations The cause has no affect on the
size or duration of the event.
No injuries are associated with the incident.

Safety

Account for all personnel and determine whether there are injuries.
Establish safe and secure perimeter around the site and for access (control
points) locations downstream.
Emergency responders assure safety, proper PPE and begin air and gas
monitoring to identify exclusion (hot) zone.

Initial objectives

Establish safety requirements for operational and response actions.
Secure hydrocarbon source.
Protect priority sensitive areas.
Coordinate response actions with Unified Command.

Procedures to stop a
discharge

Stop pumping, close valves and shut in pipeline.

Notifications

Northern Gateway Duty Officer notifies response management team and Northern
Gateway supervisor. Supervisor notifies Response Organizations and requests
that notifications be made to federal and provincial ministries and to local fire
department.
Notification is made to Aboriginal groups according to the emergency response
plan.

Fire prevention and
control

No ignition source or open lights are present.
Local police and fire departments provide security, EMS and standby for
firefighting.

Discharge tracking

SRT completes visual assessment. Aerial reconnaissance would be scheduled to
provide frequent tracking, weather permitting.

Protection of
environmentally
sensitive areas

Responders mobilize to multiple downstream control points (see Appendix A), and
place boom to intercept oil moving on water surface. Potential control points are:
• access road to Hunter Creek
• downstream of forestry bridge and campground on upper Kitimat
• Kitimat Campground at Highway
• multiple locations on river adjacent to Highway
• boat ramp and bridge at Radley Park, Kitimat
Aerial reconnaissance would provide additional criteria for deploying protection
booms. Control points are at the mouth of Kitimat River estuary and marshes and
water intakes at Kitimat.
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Table 9-4
Activity

Response Action Example in High-Gradient Watercourses
(cont’d)
Description

Containment and
control strategies

Consider upstream and downstream diversion for creek.
Excavate pipeline section, install temporary patch or clamp, and drain affected
line section.
Construct berms, weir dam or multiple cascading boom lines used downstream of
hydrocarbon source for containment.

Oil recovery
strategies

Use pumps to recover pooled oil at source.
Use skimmers to recover oil on creek surface.

Shoreline cleanup
strategies

Deploy SCAT teams for assessment and cleanup recommendations.
Clean up endpoints as defined by SCAT team and approved by Unified Command
for distinct riverbank and bed types.
Clean up oiled segment according to SCAT team recommendations (likely
mechanical, manual, flooding, flushing, vegetation cutting).
Inspect segments against endpoint criteria and sign-off as criteria are met.

Recovered oil
transfer and storage

Segregate waste into oiled versus non-oiled and liquid versus solid.
Pump recovered oily water mixture to available portable tanks, vacuum trucks and
tank trucks.
Place oily solids in temporary lined storage.

Wildlife protection

Assess wildlife at risk in immediate area. Wildlife hazing kit is readied in case of
need.
Prepare bird capture and rehabilitation unit pending field assessment.
Submit appropriate capture and hazing permits through Unified Command.
Response activities in the area should reduce the likelihood of wildlife
congregation.
Provide additional collection and exclusion booms and response for areas of high
fisheries and wildlife sensitivity. Place exclusion booms and deflection booms at
the Kitimat River estuary.
Place exclusion booms at the Kitimat River Fish Hatchery water intake.

The actual response actions and times may differ depending on circumstances at the time of an incident
The estimated response time for containment is two to four hours from the initial incident, depending on
location, so It would be necessary to deploy the containment booms simultaneously at key locations in the
system (e.g., Kitimat River estuary, control points on Kitimat River). The cleanup response would include
containment (boom, weirs, and underflow dams), vacuum systems, pumps, skimmers, sorbents, hand
tools and bioremediation to remove bulk diluted bitumen from the watercourse and riverbanks.
During the emergency response, it is estimated that up to 15% of the diluted bitumen would evaporate
over the first seven days, based on weathering estimates (see Table 4-3). At least 60% of the condensate
that enters the creek and river would be expected to evaporate within six hours and the remainder would
be dispersed in the water column. The remaining diluted bitumen would be located on the water surface,
on riverbanks or vegetation, and as dispersed diluted bitumen carried downstream. Free-floating diluted
bitumen would be intercepted at boom sites and recovered with skimmers and pumps. Riverbank cleanup
would remove stranded hydrocarbons to established endpoints. As discussed in Section 5.8, cleanup
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endpoints would be determined in consultation with regulatory agencies and would be levels at which a
net environmental benefit remains (i.e., before the point at which additional remediation efforts would
result in more environmental damage than leaving remaining hydrocarbon in the system). Non-recovered
dispersed and residual stranded hydrocarbons would continue to weather and degrade over the ensuing
months to year. Evaporation and natural dispersion of condensate would leave minimal residual volume,
mostly if and where condensate had infiltrated river the banks or bed.

9.5.3

Additional Mitigation Applicable in a Coastal Watercourse

Sections of the pipeline route that cross under rivers would receive special consideration during detailed
design. Engineering considerations for mitigation and the protection of environmentally sensitive areas in
the streams and rivers crossed include consideration of available:
•

design enhancements to reduce probability, such as micro-routing, special coating protection
measures and increased depth of cover

•

watercourse armouring, channel stabilization and other measures to achieve channel stability and
protect the pipelines from erosion and exposure

•

containment measures, such as control valves, use of local terrain and enhanced right of way

•

mitigation measures, such as co-operative planning and execution of emergency response activities,
permanent location of emergency response material at the pump stations and installation of permanent
anchors at control points along the river

•

pre-established anchoring systems for collection, deflection, and exclusion berms

•

logistical support measures for emergency response, such as enhanced access routes to downstream
control points, pre-arranged agreements and contracts for local sources of field support services, such
as security, catering, transportation, and earthmoving equipment

In addition to the general mitigation measures (see Sections 2 and 5), cleanup measures applicable to a
fast-flowing stream and river system would be employed to limit the extent and severity. Measures would
be based on hydrocarbon behaviour and distribution, degree of physical disturbance from response
methods, chemical characteristics of the hydrocarbon, and established remediation criteria and might
include, as applicable:
•

immediate notification of relevant local and provincial authorities and resource groups

•

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

•

employment of a traffic management strategy

•

posting of a fish-consumption advisory on signs at Kitimat River and estuary access points and on
British Columbia fishing websites

•

posting of a recreational use advisory on signs at recreation sites and Kalum Forest District website

•

removal of bitumen-coated vegetation (e.g., pruning affected tree branches and cutting shrubs off at
the soil surface), given that roots would be protected and vegetation can regenerate from the roots
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•

re-establishment of bank vegetation communities after cleanup efforts are complete

•

development of an alternative water supply or negotiating compensation if a groundwater or surface
water user’s facilities are adversely affected

•

for the Kitimat River hatchery, protective booms around its water intake on Kitimat River or
providing an alternative source of water might be needed, depending on the time of year

•

allowing natural attenuation of residual hydrocarbons once cleanup endpoints (see Section 5.8) are
achieved, monitoring is in place and there is no notable decline in vegetation and water quality

•

mitigation measures for wildlife (see Section 7.7.3) as needed, such as passive or active hazing of
birds in the estuary, protective booms in the estuary, trapping and removal of unoiled wildlife and
rehabilitation of oiled animals and birds

9.5.4

Potential Effects on Key Resources at Risk

A diluted bitumen release at KP 1098.8 into Hunter Creek and its spread into Kitimat River and into the
estuary would have adverse effects on water quality, fish and fish habitat, terrestrial vegetation, wildlife
(especially birds), non-traditional land use and community well being. Effects could extend to the estuary
and could be noted for marine vegetation and birds. Effects on groundwater, vegetation, wildlife,
socio-economic conditions and non-traditional land use would be localized over the short (less than one
year) to long term, depending on the component and the success of the emergency response and cleanup
measures. There are no recorded heritage resource sites at KP 1098.8, and areas downstream on Hunter
Creek have not been systematically assessed. Hydrocarbons and clean up activities have the potential to
affect heritage resources.
The Kitimat River system is important to salmon stocks, which provide an important forage resource for
grizzly bears, bald eagles and ospreys. The presence of hydrocarbon contaminants such as PAHs in
sediment, loss of fish habitat and mortality of juvenile and adult fish in Hunter Creek and Kitimat River
could result in long-term effects on pink salmon and a unique population of river-spawning sockeye
salmon. Other fish species that would be affected include chum, chinook and coho salmon, rainbow trout,
steelhead, cutthroat trout and blue-listed Dolly Varden. Recovery of the sockeye salmon population
would likely take longer than it would for other species as it would not benefit from repopulation by fry,
juveniles and adults from other reaches in the watershed, and recovery would depend on how much time
other cohorts spend at sea and the ocean survival rate of remaining fry. Factors aiding recovery of
salmonid populations in the Kitimat River system include repopulation by fry, juveniles and adults from
above the spill zone and the annual release of millions of juvenile chinook, coho and chum salmon,
steelhead and cutthroat trout from the hatchery. A closure on recreational fishing would probably be in
place for some time, perhaps up to four years or more, to allow populations time to recover.
The Kitimat River estuary provides year-round habitat for seabirds and seasonal habitat for staging
waterfowl, particularly in late spring. Depending on the time of year, containment booms on Kitimat
River and exclusion booms around sensitive habitat in Kitimat River would be needed, along with hazing
to protect birds. In addition, upper reaches of Hunter Creek and Kitimat River are known to contain
breeding habitat for coastal tailed frogs, a blue-listed species in British Columbia (BC CDC 2009, Internet
site). Mitigation measures for the coastal tailed frog are outlined in the Wildlife Protection and
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Management Plan (see Volume 7A). Emergency response plans should include special consideration for
this species, consistent with the Construction EPMP.
Aboriginal groups with traditional lands or territories overlapping this example location are:
•
•
•
•

Kitselas First Nation
Tsimshian First Nation
Skin Tyee First Nation
Haisla Nation

This list will be refined as Aboriginal Engagement activities for the Project and ATK program progresses.
The ATK study completed for the Kitselas (Kitselas First Nation) indicated that fish are commonly
harvested from the Kitimat River estuary, whereas trout and salmon are harvested from Hunter Creek.
Berries are also harvested from the Hunter Creek and upper Kitimat River areas, and trapping and hunting
occurs in the upper Kitimat River area (Resource Management Team Kitselas First Nation 2007). General
information on potential effects, mitigation measures, and follow-up and monitoring, as proposed by
participating Aboriginal groups in the ATK community reports available to date, have been included in
Section 8.3.
A fishing closure would affect use of Kitimat River and the estuary for recreational fishing, which would
affect local residents, fishing guides and tourists. A fishing closure could cause increases in travel costs
for local fishers and loss of tourism revenue, depending on the timing and duration of the closure. Loss of
tourism jobs and businesses would be noticeable in a community the size of Kitimat.
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Summary and Conclusions

Spill prevention is a key priority for Northern Gateway and has been a driver in pipeline design and
routing and for planning construction and operations activities.
The pipeline design will comply with applicable codes and standards and will follow an integrated
approach (see Section 2). The project design will incorporate modern pipeline technology. Current
internal pipeline inspection technology and testing requirements will be used to identify potential pipeline
integrity anomalies, and automated remote isolation valves will improve emergency response times over
pipelines with older technologies. Modern testing methods will also enable the detection of manufacturing
flaws before pipe installation.
Northern Gateway will also commit to modern leak detection systems (e.g., internal pipeline inspection
and detection technologies) and mitigation measures (e.g., remote valve shut-off capabilities) to reduce
the effect of spills. Pipeline routing has been carefully planned to recognize and avoid risks associated
with hazardous areas (e.g., steep-sloped areas with landslide risks).
As mentioned previously (see Section 3), considering the modern design features, detection measures,
mitigation and response, the likelihood of a spill occurring along the pipeline route is low. However, if an
incident does occur, Northern Gateway will implement emergency response measures as outlined in
emergency response plans. Contingency planning including emergency response equipment, locations and
response requirements will be incorporated into the project design.
Emergency response resources will be in place to contain and clean up the site (e.g., sumps and
containment berms at pump stations). Detailed emergency response plans will be developed, and priority
response areas will be identified before project construction. Emergency response equipment will be
positioned along the pipeline route and control points along watercourses, where responders can
effectively deploy equipment to limit the downstream movement of hydrocarbons.
The potential effects of a hydrocarbon release depend on numerous factors, including size, location, time
of year and type of environmental receptor (see Sections 7, 8 and 9). Spill effects are largely reversible
with time (natural recovery) and appropriate cleanup strategies.
The effect to land would generally be localized in extent, with the greatest risk being groundwater
contamination in the immediate area from a condensate spill. Wetlands are likely to recover in two or
three growing seasons after cleanup, and effects would generally be limited to the wetland itself, with the
potential for spreading depending on site-specific topography and proximity to watercourses.
Hydrocarbons that reach rivers and other watercourses could result in adverse effects to aquatic
organisms, as well as terrestrial biota along the shorelines. Historical studies show that habitat recovery is
typically up to three years for water quality and benthic invertebrates, and one or more generations for
fish populations. If a release occurs, human activities (e.g., traditional harvesting, subsistence,
commercial and recreational activities) may also be adversely affected.
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Condensates evaporate quickly, typically producing short-lived toxic effects. Persistent oils (e.g., diluted
bitumen, synthetic oil) can also result in immediate adverse effects, mainly through direct contact, but
also tend to cause more chronic (long-term) toxic effects. If a spill were to occur, chronic toxicological
effects can be assessed by completing human health and ecological risk assessments, which provide an
indication of the degree of risk to biota and human health, and help to refine cleanup and mitigation
measures.
Northern Gateway is committed to preventing pipeline spills from occurring and will take action to avoid,
minimize and remediate all potential effects to applicable standards and regulations.
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Abbreviations
AMS ..................................................................................... accelerator mass spectrometry
ANHIC .......................................................... Alberta Natural Heritage Information Centre
ASRD ........................................... Alberta Ministry of Sustainable Resource Development
ATK ..................................................................................Aboriginal traditional knowledge
BC CDC .......................................................... British Columbia Conservation Data Centre
BC MoE............................................................ British Columbia Ministry of Environment
BC MoFR .................................................British Columbia Ministry of Forests and Range
BEC ..................................................................... Biogeoclimatic Ecosystem Classification
BTEX ............................................................... benzene, toluene ethylbenzene and xylenes
CAPP ........................................................... Canadian Association of Petroleum Producers
CCME...................................................Canadian Council of Ministers of the Environment
CEA Act ............................................................... Canadian Environmental Assessment Act
CLI .................................................................................................. Canada Land Inventory
CMT ............................................................................................ Crisis Management Team
CP .................................................................................................................. command post
CPPI ........................................................................ Canadian Petroleum Products Institute
CSA ................................................................................... Canadian Standards Association
CWS ........................................................................................... Canadian Wildlife Service
DFO ........................................................................................ Fisheries and Oceans Canada
ECRC ...................................................................... Eastern Canada Response Corporation
EPMP ...................................................... Environmental Protection and Management Plan
FMO .......................................................................................... Federal Monitoring Officer
GOSRP .............................................................................. General Oil Spill Response Plan
HADD ............................................................ harmful alteration, disruption, or destruction
IAP ....................................................................................................... incident action plans
ICS ............................................................................................. Incident Command System
KP ................................................................................................................... kilometre post
MSDS ....................................................................................... Material Safety Data Sheets
NEB .................................................................................................. National Energy Board
OPR ....................................................................................... Onshore Pipeline Regulations
OSC .................................................................................................. On-Scene Commander
OSRP .................................................................................................. oil spill response plan
PAH ................................................................................ polycyclic aromatic hydrocarbons
PDA .............................................................................................. project development area
PPE ....................................................................................... personal protective equipment
REET .............................................................. Regional Environmental Emergencies Team
right-of-way .................................................................................................................. RoW
RO .................................................................................................... response organizations
SARA....................................................................................................... Species at Risk Act
SCADA ................................................................. supervisory control and data acquisition
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SCAT ............................................................................ shoreline cleanup assessment team
SMT ............................................................................................... Spill Management Team
TDR ...................................................................................................... technical data report
TPH ........................................................................................ total petroleum hydrocarbons
USFWS................................................................................. U.S. Fish and Wildlife Service
VOC ................................................................................................. volatile organic carbon
WCMRC.................................................... Western Canada Marine Response Corporation
WCSS ............................................................................... Western Canadian Spill Services
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DATE:
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PROJECTION:

TM

DR
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DATUM:

NAD 83

KP West

Control Point:
River:

KP East

C2
Crooked

1. Site Location
Site Name:
Latitude:

Distance downstream from pipeline crossing to CP:

Davie Lake Rec Park
54 30.941

Longitude: 122 43.871

Landowner:

Contact :

Nearest Staged OSR Equipment:

Telephone:

Station 6

Nearest Logistical Support:

Distance:

km

Estimated Time:

hr

3.8 km

Upstream Control Point(s): ROW
Downstream Control Point(s): C6

Distance from Control Point:

Bear Lake
5 km

2. Site Access
Site Reliability:

Dirt boat ramp; good large staging area

Driving Directions:

Proceed north on Hwy 97 (John Hart Hwy) to 1 km north of Bear Lake PetroCanada Station. Turn left onto Davie
Lake Forest Service Road (sign) and proceed approximately 2.5 km to Davie Lake Park.

Access to Control Point:

Town boat launch site

Work Space size:

70m x 600m

Boat Launch:

Yes; packed sand gravel

Site Preparation:

Use will require park closure; Check ramp before use

3. River Characteristics
River:

Pipeline Crossing KP: 718.2

Crooked
Width (m)

Velocity (m/s)

Low Flow:
Moderate Flow:

14.5

High Flow:
Average Depth :
Left Bank:

1.8 m

Travel time (hr)

0.60

2

1.20

1

1.40

1

Elevation:

Drainage:

686 m

Topo Sheet: 93j

580 km2

Downstream: Davie Lake at 3.8km downstream of ROW

River Bed Material: sandy silt

lake - low slope

Right Bank: dirt at ramp
Comments: Convoluted, tortuous, small, shallow meandering river that flows north and initially crosses wetland for ~ 1-2km then into
Davie Lake; good ramp immediately east of river mouth at lake

4. Environmental Sensitivity
Fisheries - Salmonids or Red-listed:

RB, DV, LW, MW

Fisheries - Sensitivity:
Timing (Seasonal Use) for Sensitivities:

June 15 - August 31

Northern Gateway River Control Points Database

Field Tested?: ____Y __x_N

DRAFT February 2010

NORTHERN GATEWAY

CROOKED RIVER

SITE: C-2

PHOTOS
Boom Ops

Boat
Ramp

Staging

Objective:
Intercept oil and minimize downstream movement.

Tactics:
• Establish site access & control at park
•
•
•
•

Launch boats from park access.
Deploy river and shoreseal boom at river outlet into lake
to prevent or minimize oil in river from entering lake.
Oil recovery from boom area; consider water jet herding
if oil trapped in vegetation.
Equipment:
- Two or more lines of 100m shallow draft river boom
- 2 to 4 anchoring systems per boom line
- Shallow water skimmer system
- Floating temporary storage
- Two to three skiffs

C2

NORTHERN GATEWAY

CROOKED RIVER

SITE: C-2

View west of park staging area, boat ramp, and river (May 2009)

View north of boat ramp (May 2009)

View of boat ramp and shoreline along lake toward river (May 2009)
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