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13 MARINE RESOURCES 

 13.1 Introduction 
Marine resources have been selected as a valued component (VC) because of the potential 
for interactions with project activities and their importance to local communities. The marine 
waters surrounding Prince Rupert provide diverse habitats supporting many species that 
contribute to the ecological, cultural, and economic well-being of the region. Fish (and fish 
habitat) and marine mammals are the key components of this VC. Marine sediment and 
water quality are key components of fish habitat, and contaminant levels may affect fish and 
marine mammals. 

The Project has potential to affect marine habitats and species during all project phases 
through: 

 Change in sediment or water quality (leading to potential for toxicological concerns or 
increased total suspended solids [TSS]) 

 Change in fish habitat 

 Direct mortality or physical injury to fish or marine mammals 

 Change in behaviour of fish or marine mammals (as a consequence of underwater 
noise produced by project activities). 

The focus of this assessment is on species of commercial, recreational, cultural, or 
conservation concern, and related habitats. Consideration of potential project effects on 
marine resources is also required under the Fisheries Act, the Species at Risk Act (SARA), 
and the Canadian Environmental Protection Act (CEPA). 

The Marine Resources assessment focuses on potential effects on fish populations. The 
potential effects on fisheries are addressed in the Navigation and Marine Resource Use 
assessment (Section 15). Potential effects on marine resources from accidents and 
malfunctions, such as accidental fuel release and marine mammal vessel strikes, are 
assessed separately in this EIS/Application (Section 22).  

 13.2 Scope of Assessment 

 13.2.1 Regulatory and Policy Setting 

Canada’s Fisheries Act, 1985 (including June 12, 2012, amendments), and SARA, 2002, 
administered by Fisheries and Oceans Canada (DFO), are the primary laws providing 
protection for fish and fish habitat and marine mammals in the project boundaries. The 
CEPA, 1999, administered by Environment Canada, regulates disposal of dredged material 
at sea. This regulation and the Canadian Council of Ministers of the Environment (CCME) 
sediment and water quality guidelines (WQG) for protection of marine life are used to 
assess potential effects of contaminants in sediment and water. 
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Fisheries Act—Key sections of the Fisheries Act that apply to this assessment are:  

 Section 35—prohibits any serious harm to fish that are part of, or support, a 
commercial, recreational or Aboriginal (CRA) fishery. 

 Section 36—prohibits the deposition of deleterious substance(s) into waters used by 
fish. 

The following definitions will be used for this assessment. The definition of “fish” in the 
Fisheries Act includes (a) parts of fish, (b) shellfish, crustaceans, marine animals and any 
parts of shellfish, crustaceans or marine animals, and (c) the eggs, sperm, spawn, larvae, 
spat and juvenile stages of fish, shellfish, crustaceans and marine animals. “Fish habitat” is 
defined in the Fisheries Act as “the spawning grounds and nursery, rearing, food supply and 
migration areas on which fish depend directly or indirectly to carry out their life processes”. 
“Serious harm to fish” is defined in the Fisheries Act as “the death of fish or any permanent 
alteration to, or destruction of, fish habitat”. “Fish that support a fishery” (i.e., commercial, 
recreational, and Aboriginal [CRA] fishery) include key prey species and biogenic habitats 
(e.g., corals and sponges) that provide direct support functions, as well as species that 
support CRA fisheries indirectly (Kenchington et al. 2012). The current state of scientific 
knowledge on the role of direct supporting fisheries (i.e., key prey species and biogenic 
habitats) is stronger than that of the indirect supporting fisheries. Other important definitions 
in the Fisheries Act remain unchanged. DFO’s policies and guidance documents that 
address the management of fish habitat include: 

 Fisheries Protection Policy Statement (DFO 2013e) 

 The Fisheries Protection Program Operational Approach (DFO 2013a) 

 Fisheries Productivity Investment Policy (DFO 2013b) 

 Practitioners Guide to the Risk Management Framework for DFO Habitat 
Management Staff, Version 1 (DFO 2010a) 

 DFO Regional Operational Statements for British Columbia and the Yukon 
(DFO 2013c). 

DFO’s Fisheries Protection Policy Statement (DFO 2013e) applies to all activities in or near 
water that could result in serious harm to fish by chemical, physical or biological means. The 
guiding principle of this policy is to ‘maintain’ or ‘improve’ the productive capacity of 
fisheries. A Fisheries Act authorization is required for project activities that will result in 
serious harm to fish and requires that offsetting be provided through habitat creation, 
restoration or enhancement. A Conceptual Fish Habitat Offsetting Strategy (CFHOS) for the 
Project is provided in Appendix K. Offsetting options presented in this document will be 
refined through discussions with DFO and consultation with Aboriginal groups. A final Fish 
Habitat Offsetting Plan will be developed during the permitting phase as part of the 
application for a Section 35(2) authorization for the Project. 

Marine mammals are protected under the Marine Mammal Regulations (SOR/93-56) of the 
Fisheries Act, which prohibit the disturbance and killing of marine mammals for reasons 
other than fishing under a licence. Some marine mammal species found in the local 
assessment area (LAA) are also protected under SARA (see Section 13.3.2). 
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Species at Risk Act (SARA)—Through SARA, the Government of Canada manages 
endangered and threatened species at risk to prevent them from becoming extinct and to 
aid in their recovery. SARA also provides management direction for species of special 
concern to prevent them from becoming threatened or endangered. The Committee on the 
Status of Endangered Wildlife in Canada (COSEWIC) is designated under SARA as the 
independent body of experts tasked to assess species according to their level of 
conservation concern: extinct, extirpated, endangered, threatened, special concern, not at 
risk or data deficient. DFO takes COSEWIC assessments into account, along with recovery 
potential assessments, socio-economic assessments, and other information, before listing 
aquatic species under SARA. For SARA-listed species in this assessment, their COSEWIC 
status is either the same as the SARA listings or downgraded in the case of the humpback 
whale (Appendix M), and therefore the COSEWIC status of each species is not explicitly 
provided. 

If a species is listed under Schedule 1 of SARA as extirpated, endangered or threatened, it 
is an offence to kill, harm, harass, capture or take an individual (s. 32[1]), and that species 
has legal protection related to the species’ residence and critical habitat as specified in 
SARA (s. 56, 58[1]). 

Canadian Environmental Protection Act (CEPA)—Environment Canada administers 
CEPA under Part 7, Division 3. A permit under CEPA will be required for disposal of at sea 
of clean dredged or excavation materials, fisheries waste, ships, inert matter, 
uncontaminated organic matter, and bulky substances. Schedule 6 of CEPA provides 
several provisions for disposal at sea, including reduction and management of material to be 
disposed; information requirements for the material to be disposed, including chemical and 
physical characterization; disposal at sea site selection information requirements; and 
several other provisions required for inclusion within a permit application for disposal at sea. 
Environment Canada has several permitting requirements, including Minimum Sample 
Collection Guidelines, Minimum Sample Analytical Requirements, and Data Requirements 
for Dredging Projects (see Appendix L, Marine Sediment and Water Quality Technical Data 
Report [TDR]), in addition to new sediment sampling guidelines that are currently being 
developed. 

Sediment quality is assessed against screening criteria for disposal at sea and CCME 
sediment and water quality guidelines for protection of marine life, including interim 
sediment quality guidelines (ISQG) and probable effects levels (PEL). 

 13.2.2 Influence of Consultation on the Assessment 

Concerns regarding the potential effects of the Project on the marine environment have 
been identified by Aboriginal groups, government departments, stakeholders, and the public 
(see Table 13-1). 
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Table 13-1: Key Issues Raised During Consultation 

Issue Issue Raised by Influence on the Assessment 

Cumulative 
effects 

Aboriginal groups, 
government agencies 

 Assessed in Section 13.6. 

Effects on 
Skeena River 
fisheries 

Aboriginal groups, fishing 
industry, local 
community, 
environmental non-
government 
organizations (ENGOs) 

 Focus on assessment of effects to fish 
species of Aboriginal, commercial, and 
recreational importance. 

 Field studies were conducted within the 
project development area (PDA) and within 
approximately 500 m of the jetty-trestle centre 
line. 

 Project-specific studies were integrated with 
data from the literature on Skeena River 
fisheries (see Appendix M, Marine Resources 
TDR). 

Effects on fish 
habitat (e.g., 
Flora Bank 
eelgrass bed) 

Aboriginal groups, fishing 
industry, local 
community, ENGOs and 
other organizations, DFO 

 Field studies were conducted within 500 m of 
the PDA to fully characterize fish habitat. 

 Field studies were conducted to delineate and 
characterize Flora Bank, augmented with 
review of satellite images at Flora Bank and 
other areas around Lelu Island. 

 Habitat offsetting will potentially involve 
eelgrass transplantation. 

Re-suspension of 
sediment 
containing 
dioxins and 
furans 

Aboriginal groups, local 
community, Environment 
Canada 

 Additional samples, beyond Environment 
Canada’s recommended number, were 
collected to quantify vertical (depth) and 
horizontal (surface area) distribution of 
contaminants (including dioxins and furans) in 
the materials off-loading facility (MOF) (see 
Appendix L, Marine Sediment and Water 
Quality TDR). 

 Samples of marine country food tissues were 
collected and analyzed for the human health 
and ecological risk assessment (see 
Section 19). 

Effects on fish 
and marine 
mammals from 
underwater noise 

Aboriginal groups, local 
community 

 Project activities that will generate underwater 
noise at levels higher than ambient conditions 
have been modelled. 

Full 
characterization 
of sediment to be 
dredged and 
disposed of at 
sea 

Environment Canada  Sediment sampling program was adapted 
based on discussions with Environment 
Canada and recent changes to their sampling 
requirements 

 

Potential effects to Skeena River fisheries coupled with concerns about the eelgrass bed on 
Flora Bank were the key issues expressed during consultation for this Project by Aboriginal 
groups, the public, and stakeholders. Publicly available information from traditional use 
studies (Anderson 2006; Marsden 2011; Menzies 2011) show that a number of fisheries 
resources (sockeye and pink salmon, steelhead trout, and clams) are harvested extensively 
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in the LAA. Flora Bank is an important rearing area for Skeena River salmon, containing a 
rich community of invertebrates, including Dungeness crab and Pandalus shrimp 
(Department of the Environment 1973a; Higgins and Schouwenburg 1973), and is important 
to local avifauna (see Section 11). The recent closure of the Skeena River sockeye fishery 
to Aboriginal, commercial, and recreational fisheries has amplified this issue among 
Aboriginal groups, stakeholders, and non-government organizations. Media coverage of the 
closure was reported by CBC (2013). 

Recognizing the importance of the Flora Bank eelgrass bed to these fisheries and the 
ecological processes of Chatham Sound, field surveys were conducted to characterize the 
eelgrass bed, building upon available information (see Section 13.3.2.2 and Appendix M for 
details). Results of these surveys informed the assessment of change in fish habitat 
(Section 13.5.3). 

DFO and Environment Canada attended Working Group meetings and Environment Canada 
was provided with field survey workplans and survey results to obtain feedback on potential 
project effects. Environment Canada provided comments on the sediment sampling program 
for disposal at sea and requested additional, and more detailed, characterization of dioxins 
and furans in sediment. This occurred in October 2013 and results (see Appendix L) are 
used to assess changes in sediment and water quality as a result of project activities 
(Section 13.5.2). 

 13.2.3 Selection of Potential Effects 

Potential effects on marine resources were identified through discussions with Environment 
Canada and DFO, consultation with Aboriginal groups, public consultation, and professional 
judgment and experience of the study team. The following potential effects on marine 
resources were identified: 

 Change in sediment or water quality 

 Change in fish habitat 

 Direct mortality or physical injury to fish or marine mammals 

 Change in behaviour of fish or marine mammals. 

 13.2.3.1 Change in Sediment or Water Quality 

Sediment and water quality will be affected by sediment disturbance during project 
construction through dredging, blasting, pile driving, sediment disposal, and during 
operations through vessel maneuvering and maintenance dredging at the berths. These 
activities have the potential to increase TSS levels, which can reduce light penetration for 
plant growth and affect gills and other sensitive tissues of fish and marine mammals. 
Physical harm effects associated with elevated TSS levels, such as gill abrasion for fish, are 
described in Section 13.5.4, and chronic effects related to TSS and contaminants are 
discussed in Section 13.5.2. Sediment dispersal could introduce contaminants (such as 
dioxins and furans) to new locations where they could become available for uptake by 
marine biota. Human and ecological health effects are discussed in Section 19. 
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 13.2.3.2 Change in Fish Habitat 

Change in the quantity and quality of the physical and biological attributes of fish habitat will 
occur as a result of project activities during the construction, operations, and 
decommissioning phases. 

Project activities expected to result in quantifiable changes to fish habitat include dredging, 
blasting, excavation of intertidal and subtidal habitats within the MOF, pile installation, and 
sediment deposition from vessel maneuvering at the berths during operations. Pile 
installation for the marine terminal, MOF, and pioneer dock, and installation of sewage pipes 
along the seabed between Lelu Island and the mainland (under the bridge) will also result in 
changes to fish habitat. 

 13.2.3.3 Direct Mortality or Physical Injury to Fish or Marine Mammals  

Direct mortality or physical injury to fish can be caused by burial, crushing or blasting. 
Blasting can also injure or kill marine mammals. Project activities that could cause burial or 
crushing include one-time events during construction such as dredging and excavation, pile 
driving, disposal of dredged sediment at sea, and installation of sewage pipes under the 
bridge. Sedimentation (burial) from vessel maneuvering at the berths will occur throughout 
operations. In addition, elevated TSS levels caused by vessel maneuvering during arrival 
(berthing) and departure might include lethal and sub-lethal effects causing injury to fish. 
Chronic (sub-lethal) effects as a result of TSS concentrations are discussed in Section 
13.5.2. 

Underwater noise from blasting and pile driving can cause injury to marine mammals, 
potentially causing indirect mortality (or direct mortality in the case of blasting) and can 
cause mortality to fish. Marine mammals and fish could sustain auditory injury from 
underwater noise associated with impulsive (pulse) sounds such as blasting and pile driving. 
These activities also produce pressure waves, which can rupture fish swim bladders or other 
internal organs, causing injury or potential mortality (Popper and Hastings 2009). Skeena 
River CRA fisheries were identified during consultation as a key concern with respect to 
potential injury or mortality to species. 

 13.2.3.4 Change in Behaviour of Fish or Marine Mammals 

Underwater noise from project activities has the potential to impair communication or cause 
displacement of fish or marine mammals from preferred habitats. Project activities likely to 
generate underwater noise include blasting, dredging, pile driving, disposal at sea, 
construction-related vessel traffic, and shipping liquefied natural gas (LNG). 

During operations, LNG carriers will travel though the LAA between the marine terminal and 
the Triple Island Pilot Boarding Station (accompanied by one escort tug during both inbound 
and outbound transits). At full capacity, one LNG carrier per day is expected to call on the 
marine terminal. Berthing will involve the LNG carrier and up to four tugs. Site 
decommissioning and clean-up will also require use of vessels. All of these activities will 
emit underwater noise that could affect the behaviour of fish or marine mammals. 



 Pacific NorthWest LNG 
Environmental Impact Statement and Environmental Assessment Certificate Application 

Section 13: Marine Resources 

 
 

 

February 2014 
Project No. 1231-10537 

  

 
 13-7 

 

 13.2.4 Selection of Measurable Parameters 

The measurable parameters used to assess potential effects on marine resources are 
described in Table 13-2. 

Table 13-2: Measurable Parameters for Marine Resources 

Potential Effect 
Measurable Parameter(s) and 

Units of Measurement 
Notes or Rationale for Selection of the 

Measureable Parameter 

Change in 
sediment or water 
quality 

 Contaminant 
concentrations in sediment 
and water 

 TSS concentrations in 
water column (mg/L) 

 Disposal at sea screening criteria 
and CCME and BC guidelines for 
protection of marine life are used to 
assess potential for effects. 

Change in fish 
habitat 

 Area of fish habitat 
permanently altered or 
destroyed (m2) 

 Area of habitat permanently altered 
or destroyed is required under 
Section 35 of the Fisheries Act, 
according to the definition of “serious 
harm to fish”. 

Direct mortality or 
physical injury to 
fish or marine 
mammals 

 Qualitative likelihood of 
injuring or killing marine 
mammals or fish  

 Direct mortality, or injury that leads 
to mortality or reduced fitness, can 
negatively affect population viability. 

 Compliance with Section 35 of the 
Fisheries Act and Section 32(1) of 
SARA. 

 Predicted noise levels can be 
compared to published thresholds 
predicted to cause injury to marine 
mammals and mortality to fish. 

Change in 
behaviour of fish or 
marine mammals 

 Timing (seasonal), duration 
(hr.), sound level (dB) and 
extent (km from sound 
source) of underwater 
noise potentially affecting 
marine mammals 

 Timing (seasonal) and 
duration (hr.) of underwater 
noise potentially affecting 
fish 

 Change in behaviour can reduce 
access to habitats important for 
completing life-cycle stages (e.g., 
feeding), potentially affecting 
population viability. 

 Predicted noise levels can be 
compared to published thresholds 
predicted to affect marine mammal 
behaviour. 

 Published thresholds do not exist for 
fish; therefore, time and duration are 
used to qualitatively assess changes 
in behaviour caused by underwater 
noise. 
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 13.2.5 Boundaries 

 13.2.5.1 Temporal Boundaries 

The temporal boundaries encompass all project phases and activities that potentially 
interact with fish and fish habitat and marine mammals. Based on the current project 
schedule, the temporal boundaries for each project phase are: 

 Construction   Q1 2015 – Q4 2018 

 Operations   Q1 2019 – 2048+ 

 Decommissioning  2048+ 

Temporal boundaries also include timing of ecologically important events such as peak 
seasons of species abundance. These are linked to important life cycle stages (e.g., 
feeding, migration, spawning); periods of peak plant growth (e.g., eelgrass and kelp) 
providing for high productivity and an increase in available fish habitat; and population or 
habitat trends that occur over several years. 

Spring and summer are the most important seasons for fish and marine mammals in the 
LAA. Juvenile salmon, the most common life stage of salmon using the LAA, migrate from 
the Skeena and Nass rivers into coastal waters in June seeking food and refuge. Eulachon 
begin to migrate into the Skeena and Nass Rivers from offshore environments in March and 
April (see Appendix M). 

Many marine mammals are found within the LAA year-round. Humpback and Northern 
resident killer whales use the LAA seasonally. Generally, they arrive in May and feed in the 
area until October and July, respectively (see Appendix M). 

 13.2.5.2 Spatial Boundaries 

 Project development area (PDA)—Lelu Island to within 30 m of the average high 
water mark, the bridge abutments, and access road corridor, and areas covered by 
the bridge, pioneer dock, MOF, marine terminal, and associated dredging. This 
includes the physical area over which construction (e.g., dredging, blasting, pile 
driving) and operations (e.g., berthing, shipping, effluent disposal) activities will occur 
(see Figure 13-1). The project components likely to affect marine resources are the 
jetty-trestle extending southwest from Lelu Island to the LNG carrier berths, the MOF 
and turning basin on the north side of Lelu Island, the pioneer dock east of the MOF, 
and the bridge between Lelu Island and the mainland. 

 Local assessment area (LAA)—The spatial extent of the LAA includes the area over 
which project effects on marine resources are expected to occur. The LAA includes 
the PDA, three potential shipping routes (between the terminal and Triple Island Pilot 
Boarding Station), plus an approximate 10 km buffer on either side of the potential 
shipping routes but extending further south into Arthur Pass (between Smith and 
Porcher islands) to assess potential effects from underwater noise based on acoustic 
modelling results (see Appendix N: Modelling of Underwater Noise for Pacific 
NorthWest LNG Marine Construction and Shipping Scenarios). The landward 
boundary of the marine environment is the higher-high water (HHW) mark. The four 
effects may occur at different spatial scales and locations within this boundary. 



 Pacific NorthWest LNG 
Environmental Impact Statement and Environmental Assessment Certificate Application 

Section 13: Marine Resources 

 
 

 

February 2014 
Project No. 1231-10537 

  

 
 13-9 

 

Effects on fish are expected to occur within a smaller area, and will be concentrated 
within 500 m around the jetty-trestle, berths, bridge, MOF and turning basin, and 
pioneer dock. Effects on fish at the proposed disposal at sea site, Brown Passage 
(see Figure 13-1), are predicted to occur within a 1 km diameter of the disposal site, 
as determined by sediment dispersal modelling (see Appendix O: Sediment 
Modelling of Dredging off Lelu Island, Prince Rupert, BC Canada and Disposal of 
Dredgate at Brown Passage). 

 Regional assessment area (RAA)—The RAA has the same boundary as the LAA 
and provides the biogeographic context for assessing effects on populations of fish 
and marine mammals. Geographic areas beyond the RAA are considered, where 
appropriate, in order to provide a full description of key life-history stages for marine 
mammals and, to a lesser degree, fish stocks. 

 The RAA is the area in which cumulative effects may occur in combination with other 
projects. 

Figure 13-1 illustrates the spatial boundaries for this VC. 

 13.2.5.3 Administrative and Technical Boundaries 

Several administrative boundaries are considered in this assessment: 

 The Prince Rupert Port Authority (PRPA) boundary, where regulations pertinent to 
project activities, such as vessel speed limits, apply in particular areas. 

 Pacific Fisheries Management Area (PFMA) 4, managed by DFO; PFMA sub-areas 
4-1, 4-2, 4-5, 4-9, 4-10, 4-11, 4-12, and 4-13 are found in the LAA. This is particularly 
important when considering linkages between the fisheries component of the 
Navigation and Marine Use VC (Section 15) and the Marine Resources VC. 

 A bivalve shellfish closure for Paralytic Shellfish Poisoning (red tide) and other 
marine toxins exists for all sub-areas of PFMA 4. This applies to oysters, clams, 
scallops, mussels, and geoducks (DFO 2013d). The majority of PFMAs 1 through 10 
are closed to the harvesting of bivalve shellfish due to the inconsistent and 
incomplete biotoxin monitoring program and water quality testing program on the 
north coast of BC (Davies 2013). There are specific openings in well-defined areas 
that have fisheries with established management programs. These fisheries have all 
necessary components in place (e.g., biotoxin monitoring, water quality testing) to be 
classified as “approved” for shellfish harvesting and meet all of the requirements set 
out under the Canadian Shellfish Sanitation Program (Davies 2013). 

 A year-round long-term ban on crab harvesting is in place for PFMA sub area 4-11, 
which encompasses Porpoise Harbour to the westernmost point of Lelu Island (DFO 
2013f) and includes the MOF and turning basin. This is related to dioxin and furan 
levels associated with historical pulp mill effluent discharges. 

 There is a Sanitary Shellfish Closure (number 4.3), “Prince Rupert Harbour” that 
encompasses the waters surrounding the PDA (except the MOF and pioneer dock 
sites). Shellfish harvesting is prohibited in this area, which is one of many sanitary 
closures related to release of untreated domestic sewage on the north coast (DFO 
2013d). 
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Technical boundaries are defined by the availability and quality of data and information. 
Technical information was obtained from peer-reviewed published literature, government 
reports, and scientific literature. 

 13.2.6 Residual Effects Description Criteria 

Residual effects are those that cannot be fully avoided through avoidance, mitigation or 
offsetting measures. Descriptors used to characterize and assess residual effects on marine 
resources are defined in Table 13-3. 

Table 13-3: Characterization of Residual Effects for Marine Resources 

Characterization Description 
Quantitative Measure or Definition of 

Qualitative Categories 

Characterization of Residual Effects 

Context Refers primarily to the current 
and future sensitivity and 
resilience of the VC to change 
caused by the Project. 
Consideration of context draws 
heavily on the description of 
existing conditions of the VC, 
which reflect cumulative effects 
of other projects and activities 
that have been carried out, and 
especially information about 
the impact of natural and 
human-caused trends in the 
condition of the VC. 

Low resilience (L)—under baseline conditions, 
marine resources are rarely exposed to 
anthropogenic effects and are highly sensitive 
to them; such changes could trigger large and 
lasting ecological effects. 

Moderate resilience (M)—under baseline 
conditions, marine resources are occasionally 
exposed to anthropogenic effects and are 
sensitive to them; such changes trigger small 
and short-term ecological effects. 

High resilience (H)—under baseline 
conditions, marine resources often experience 
anthropogenic effects and are unaffected by 
them; such changes trigger no detectable 
ecological effects. 

Magnitude Refers to the expected size or 
severity of the residual effect. 
When evaluating magnitude of 
residual effects, consideration 
is given to the proportion of the 
VC affected within the spatial 
boundaries and the relative 
effect 

Negligible (N)—no measurable change in fish 
and marine mammal populations, habitat 
quality or quantity, or contaminant levels. 

Low (L)—a measurable change but within the 
range of natural variability (change in 
population levels or contaminant concentrations 
consistent with baseline levels). Will not affect 
population viability. 

Moderate (M)—measurable change outside 
the range of natural variability but not posing a 
risk to population viability. 

High (H)—measurable change that exceeds 
the limits of natural variability and may affect 
long-term population viability (includes 
exceedances of thresholds for sediment and 
water quality and underwater sound levels, 
considering natural background levels). 

Extent Refers to the spatial scale over 
which the residual effect is 
expected to occur 

P—effect is restricted to the PDA. 

L—effect is prevalent in the LAA. 
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Characterization Description 
Quantitative Measure or Definition of 

Qualitative Categories 

Duration Refers to the length of time the 
residual effect persists—which 
may be longer than the 
duration of the physical work or 
activity that gave rise to the 
residual effect 

Short-term (S)—change limited to project 
construction and decommissioning phases. 

Medium-term (M)—change continues for up to 
two years following construction or 
decommissioning before returning to baseline 
condition. 

Long-term (L)—change continues for more 
than two years after construction project phase, 
or continues during operations project phase. 

Permanent (P)—measurable parameter 
unlikely to return to baseline level. 

Reversibility Pertains to whether or not the 
residual effect on the VC can 
be reversed once the physical 
work or activity causing the 
disturbance ceases 

Reversible (R)—will recover to baseline 
conditions after project closure and 
reclamation. 

Irreversible (I)—permanent. 

Frequency Refers to how often the 
residual effect occurs and is 
usually closely related to the 
frequency of the physical work 
or activity causing the residual 
effect 

Single event (S)—occurs once (e.g., blasting). 

Multiple regular event (M)—occurs often 
throughout the construction, operations, or 
decommissioning phase (e.g., dredging, pile 
driving). 

Continuous (C)—effect occurs continuously 
throughout the life of the Project (e.g., 
shipping). 

Likelihood of Residual Effects 

Likelihood Refers to whether or not a 
residual effect is likely to occur 

L—low probability of occurrence 

M—medium probability of occurrence 

H—high probability of occurrence 

 13.2.7 Significance Thresholds for Residual Effects 

A significant residual adverse effect on marine resources is one that results in any of the 
following: 

 A change in sediment or water quality that would result in toxicological risks to 
aquatic life, considering the water and sediment quality guidelines (and conservatism 
built into those guidelines). 

 Any residual effect with a high likelihood of affecting population viability of fish or 
marine mammals (these effects are likely to be of high magnitude and permanent). 

 Any residual effect with a high likelihood of causing mortality to species at risk. 
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 13.3 Baseline Conditions 

 13.3.1 Baseline Methods and Data Sources 

Baseline information was compiled from literature reviews and focused field studies 
(Appendices L and M). Literature review combined information from three sources: 
published literature (i.e., primary peer-reviewed research and “grey” literature including 
technical reports); publically available databases on species distributions; and expert 
knowledge (e.g., personal communications and expert knowledge of the assessment team). 

In addition to the review of existing information, the following complementary field studies 
were completed: 

 Sediment and water quality: Physical and chemical characteristics of intertidal and 
subtidal sediment and water quality were identified through field studies to assess 
the potential for release of contaminants and TSS during dredging at the MOF and 
disposal of the sediment. The field program was developed through consultation with 
Environment Canada and was compliant with Environment Canada’s guidance for 
screening sediment for disposal at sea. Detailed methods and results are provided in 
Appendix L. Sediment was sampled from the proposed dredge area within the MOF 
and turning basin in May, July, and October 2013 at a variety of depths at 36 
locations. Parameters of interest were polycyclic aromatic hydrocarbons (PAHs), 
polychlorinated biphenyls (PCBs), metals, dioxins and furans, particle size and total 
organic carbon. Detailed surveys to identify horizontal and vertical distribution of 
dioxins and furans within the dredge area were included. 

 Intertidal surveys: Intertidal species and habitats were quantified at the MOF, the 
jetty-trestle abutment, the bridge, and the pioneer dock locations where the Project 
has the potential to affect these communities. Standard methods were used to 
quantify community assemblages. Specifically, quadrats (0.5 m x 0.5 m) were 
distributed across intertidal zones along transects placed perpendicular to the 
shoreline. Within each quadrat, density (for solitary organisms such as snails, limpets 
etc.) or relative abundance (% cover, for encrusting and colonial species, such as 
seaweeds and sponges) of marine species was recorded for all species observed. In 
addition, eelgrass patches were delineated using a hand-held GPS unit; eelgrass 
shoot density and percent cover were estimated within 0.25 m x 0.25 m quadrats 
randomly distributed across the patches. Infaunal invertebrate communities were 
described by excavating 0.25 m x 0.25 m quadrats to approximately 30 cm; all 
animals were identified to the lowest practical taxonomic level and recorded as 
density m-2. 

 Subtidal surveys: Subtidal substrates and species were quantified using a remote-
operated vehicle (ROV). The ROV transects were positioned to capture all subtidal 
habitat types within the LAA (Appendix M). Resulting footage was analysed by 
trained biologists, who identified the presence of marine species and dominant 
substrate types. Links between species presence and substrate types were 
identified. Furthermore, since ROV transects were geo-referenced, the distribution of 
these species and substrates were mapped to identify spatial trends. 
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 Surveys of eelgrass on Flora Bank: Owing to the importance of Flora Bank as 
salmon rearing habitat, several methods were used to estimate, triangulate and 
ground-truth eelgrass extent and composition across this area. The extent of 
eelgrass was estimated by circumnavigating the bank with a hand-held GPS unit. 
These surveys were supplemented by assessing conditions on transects running 
perpendicular to the slope of the bank, from subtidal to intertidal zones, along which 
the first (i.e., deepest) observation of eelgrass was noted. In addition, eelgrass shoot 
percent cover and canopy height were estimated in 0.5 m x 0.5 m quadrats 
distributed across the Bank in a stratified random manner. These field surveys were 
supplemented by analysis of satellite imagery acquired in 2011 to further estimate 
the distribution of eelgrass across the Bank. These estimated distributions were 
compared to previous remote-sensing estimates to obtain insight into interannual 
variability in the extent of this important eelgrass area. 

Incidental observations of broadly dispersed or rare species that did not fall within the 
structured field surveys were also incorporated. 

Field assessments were conducted during spring and summer months (May to September 
2013). However, eelgrass surveys were conducted in June only and, therefore, may not 
represent the full potential extent of marine vegetation reached in late summer. Additionally, 
the complete distribution and abundance of fish and marine mammals found in the field 
survey area (as defined in Section 13.2.5.2) at different times of the year could not be 
captured during field surveys. These limitations are well understood and supplemented by 
information in the literature review, which indicates the seasonal importance of the LAA for 
several species including salmon. 

See Appendix L and Appendix M for results of detailed surveys, which are summarized below. 

 13.3.2 Overview of Baseline Conditions 

Marine habitats and species within the LAA are typical of the north coast of BC. The 
physical oceanography of the region, including the seafloor topography and substrata, water 
conditions and currents, are similar to those found elsewhere on the north coast; however, 
the LAA is strongly influenced by the Skeena River. The outflow of the Skeena River affects 
currents, salinity, and turbidity and influences species and community assemblages in the 
area. 

Human activities have affected the marine environment around Prince Rupert (Stantec 
Consulting Ltd. 2009). Coupled with environmental factors, fish population abundance is 
influenced by human activities including exploitation by fisheries, stock and enhancement 
activities (e.g., hatcheries), and habitat changes. Contaminant levels in sediment and water 
have been affected by historical and current industrial activities such as a pulp mill (now 
closed), terminals and port facilities, fish processing facilities, a log dump, and from release 
of sanitary waste and storm water from developed areas. 

 13.3.2.1 Sediment and Water Quality 

Intertidal surface sediments in the PDA are composed primarily of sands and silt; subtidal 
surface sediments are composed of fine sand, silt and clay; and deeper sediments contain 
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some pockets of gravel, coarse sand, or clay at various depths. Bedrock was encountered 
at 5.5 m to 12.5 m below mudline in core samples taken in the MOF dredge area. 
Information on existing contaminant levels found in samples taken in the MOF dredge area 
is provided in Appendix L and summarized here: 

 Total PAH concentrations were below the disposal at sea screening criterion of 
2.5 mg/kg in all samples; when detected, concentrations of some individual PAH 
compounds exceeded their CCME ISQG. 

 PCB concentrations were all below the detection limit (0.02 mg/kg) and the disposal 
at sea screening criterion of 0.1 mg/kg. 

 Arsenic concentrations exceeded the ISQG (7.24 mg/kg) in 45 of 82 samples, with a 
maximum of 12.8 mg/kg, but did not exceed the PEL (41.6 mg/kg). 

 Copper concentrations exceeded the ISQG (18.7 mg/kg) in 56 of 82 samples, with a 
maximum of 40.7 mg/kg, but did not exceed the PEL (108 mg/kg). 

 Mercury, cadmium and lead concentrations were below the screening criteria (0.75, 
0.60, and 30.2 mg/kg, respectively). 

 Dioxins and furans were measurable in all 35 samples collected from various 
sediment depths to 1.5 m depth in intertidal and subtidal habitat and were higher 
than the CCME ISQG in some samples. 

Dioxins and furans are a legacy of historical discharges at the former Skeena Cellulose pulp 
and paper mill on Watson Island, about 3 km from the MOF. They are of concern because 
they are taken up by biota and bioaccumulate in the food chain, leading to toxicological risks 
for vertebrates (fish, marine mammals, and humans). Dioxin and furan concentrations are 
reported as toxic equivalencies (TEQ) calculated using toxic equivalency factors (TEF) for 
fish based on the World Health Organization 1998 guidelines (CCME 2001; 
Van den Berg et al. 1998) to allow comparison with the CCME ISQG (0.85 pg/g TEQ) and 
PEL (21.5 pg/g TEQ). In the MOF dredge area, TEQs ranged from 0.06 to 2.53 pg/g, and 
highest concentrations were measured in subtidal habitat, in the surface 0 to 0.4 m layers of 
sediment: 

 TEQs in intertidal sediment were below the ISQG in five of six samples from the 
surface 0.075 m (with one exception, sample SS15, with 0.86 pg/g). 

 TEQs for deeper sediment from cores in subtidal habitat (from 0.4 m or 0.5 m to 
1.0 m depth) were below the ISQG in seven of the nine samples (two exceptions 
were 1.37 pg/g and 1.06 pg/g), and levels were negligible (0.06 pg/g to 0.08 pg/g) in 
the three samples collected from 1.0 m to 1.4 m depth. 

 TEQs for shallow sediment in subtidal habitat (from 0 m to 0.4 m or 0.5 m depth) 
were higher than the ISQG in six of the seven samples collected from surface grabs 
and cores, with a range of 0.68 pg/g to 2.64 pg/g. 

 All concentrations were well below the PEL, with the maximum concentration 
(2.64 pg/g) at about 12% of the PEL (21.5 pg/g). 

Sediment characteristics within the MOF dredge area are typical of the Prince Rupert area 
and do not indicate localized contaminant accumulations (results were similar to those from 
other locations around Lelu Island and from the Fairview Phase II and Canpotex programs; 
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see Appendix L). The exceedances of ISQG for copper and arsenic reflect baseline 
conditions for the area; they are consistent across the area at all depths of sediment. 

Sediment particle size at the marine berth dredge area was measured from three boreholes 
drilled for geotechnical surveys. Two boreholes contained mainly loose fine sand and silt, 
with some clay layers; the other borehole contained mainly loose silt and soft clay layers. 
Characteristics of subtidal sediment to the southeast of Agnew Bank are: 

 Sediment consists predominantly of sand and silt, with some clay in the 14 surface 
and core samples collected. 

 Total PAH concentrations were below detection limits (0.02 mg/kg for individual 
parameters) and the disposal at sea screening criterion of 2.5 mg/kg in all samples. 

 PCB concentrations were below the detection limit (0.02 mg/kg) and the disposal at 
sea screening criterion of 0.1 mg/kg in all samples except one (0.120 mg/kg). 

 Arsenic concentrations exceeded the ISQG in all 14 samples, with a maximum of 
12.7 mg/kg, but did not exceed the PEL. 

 Copper concentrations exceeded the ISQG in 12 of 14 samples, with a maximum of 
35.6 mg/kg, but did not exceed the PEL. 

 Mercury, cadmium, chromium, lead, and zinc concentrations were below the 
screening criteria in all samples. 

 Dioxins and furans were measurable in 19 surface, core (0 to 0.5 m depth) and 
detailed core (0.2 m increments to 1.0 m) samples. Concentrations were lower than 
the ISQG, ranging from 0.080 to 0.234 pg/g TEQ and with the majority of 
compounds present at levels below the detection limits. 

Sediments present at the disposal site in Brown Passage were also screened for 
contaminants by Environment Canada in April and October 2011 (Lewis 2013). Sediment that 
meets disposal at sea screening criteria has been deposited at Brown Passage several times 
in the past decades. Results for the 55 samples collected in 2011 were generally similar to 
those collected from around Lelu Island, with the exception of lower arsenic, copper and 
dioxin/furan levels at Brown Passage. The sediment characteristics are: 

 Total PAHs: less than 0.02 mg/kg to 1.86 mg/kg, all below the disposal at sea 
screening criterion 

 Arsenic: less than 5.0 mg/kg to 7.7 mg/kg, with one sample higher than the 
screening criterion 

 Copper: 3.1 mg/kg to 24.3 mg/kg, with nine samples higher than the screening 
criterion 

 Cadmium: 0.06 mg/kg to 0.67 mg/kg, with one sample higher than the screening 
criterion (0.6 mg/kg) 

 Mercury: 0.006 mg/kg to 0.064 mg/kg, all below the screening criterion (0.75 mg/kg) 

 Dioxins and furans: 0.026 pg/g to 0.509 pg/g TEQ. 
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 13.3.2.2 Fish and Fish Habitat 

A rich diversity of marine fish and invertebrates inhabit the LAA, and many of these species 
are of importance to CRA fisheries. All five Pacific salmon (Oncorhynchus spp.) occur 
around the project site. These anadromous species show landward and seaward migrations, 
the exact timing of which varies among species. Generally, juveniles migrate (predominantly 
from the Skeena River) through Flora Bank and then to the deep waters of the North Pacific 
from March through to July; adults return to their natal streams to spawn from June through 
to November. Refer to Table 13-4 for a summary of these sensitive life history periods. 
Many adults and juveniles pass the project site during these migrations. In addition to 
salmon, other important CRA species in the area include anadromous eulachon 
(Thaleichthys pacificus), Pacific herring (Clupea pallasii), Pacific halibut (Hippoglossus 
stenolepsis) and rockfishes (Sebastes spp.). 

Table 13-4: Sensitive Life History Periods of Pelagic Marine Fish Species 
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Chinook1 

Oncorhynchus 
tshawytscha 

       P     

Chum2 

Oncorhynchus keta 
            

Pink2 

Oncorhynchus gorbuscha 
       P     

Sockeye3   
Oncorhynchus nerka 

       P     

Coho4 

Oncorhynchus kisutch 
          P  

Steelhead5 (summer run) 

Oncorhynchus mykiss 
            

Steelhead5 (winter run) 

Oncorhynchus mykiss 
            

Eulachon6,7 

Thaleichthys pacificus 
  P          

Pacific herring8 

Clupea pallasii 
  P P         

NOTE:  

Grey boxes = Return spawning migration (salmon) 

Cross hatch = General spawning period (for salmon, steelhead, and eulachon this occurs outside the LAA, upriver 
within the Skeena River) 

P = Peak spawning period  

Lines with dots = Outbound juvenile migration (salmon and eulachon) / offshore juvenile migration (herring).  

SOURCES: 
1 Naughton et al. (2008), 2 Hyatt et al. (2007), 3 DFO (2005), 4 DFO (1999), 5 Beacham et al. (2012), 6 McCarter and 
Hay (1999) 7 Moody and Pitcher (2010), 8 DFO (2013g) 
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Invertebrates are ubiquitous in the LAA, with community composition defined by habitat 
type, and several species form important components of local CRA fisheries. Soft 
substrates, including those within naturally protected areas around Lelu Island, support 
sediment-dwelling (“infaunal”) invertebrates, such as clams (e.g., Macoma spp. and 
Clinocardium nuttallii), shrimps, amphipods, and worms (polychaetes and nemerteans). 

Seven rockfish species of conservation concern may be present in the LAA (Table 13-5); 
however, none of these species were observed during ROV surveys (see Appendix M). 
Some or all of these rockfish species are likely to occur in deeper water habitats within the 
LAA. Given that most demersal rockfish species inhabit rocky substrates of high structural 
complexity, it is presumed that rockfish abundance within the PDA is relatively low, as this 
area is dominated by soft substrates. Bluntnose sixgill shark, eulachon, green sturgeon, 
North Pacific spiny dogfish, and Northern abalone may also be present but were not 
observed during ROV surveys (Appendix M). 

Table 13-5: Marine Fish and Invertebrates of Conservation Concern Potentially 
Occurring in the LAA 

Common Name Scientific Name 
Provincial 

Status1 
SARA Status2 COSEWIC3 

Bluntnose sixgill shark Hexanchus griseus No status Schedule 1, 
special concern 

special 
concern 

Bocaccio Sebastes 
paucispinis 

No status No status endangered 

Canary rockfish Sebastes pinniger No status No status threatened 

Darkblotched rockfish Sebastes crameri No status No status special 
concern 

Eulachon (Nass/Skeena 
Rivers population) 

Thaleichthys 
pacificus 

Blue No status special 
concern 

Green sturgeon Acipenser 
medirostris 

Red Schedule 1, 
special concern 

special 
concern 

North Pacific spiny dogfish Squalus suckleyi No status No status special 
concern 

Quillback rockfish Sebastes maliger No status No status threatened 

Northern abalone Haliotis 
kamtschatkana 

Red Schedule 1, 
endangered 

endangered 

Rougheye rockfish Sebastes 
aleutianus 

No status Schedule 1, 
special concern 

special 
concern 

Yelloweye rockfish 

(Pacific Ocean outside 
waters population) 

Sebastes 
ruberrimus 

No status Schedule 1, 
special concern 

special 
concern 

Yellowmouth rockfish Sebastes reedi No status No status threatened 

NOTES:   
1 Information obtained from the BC Ministry of Environment (BC Ministry of Environment 2013). 
2 Information obtained from the Species at Risk Public Registry (Government of Canada 2012). 
3 Information obtained from the Committee on the Status of Endangered Widlife in Canada Wildlife (COSEWIC 2013). 
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The eelgrass beds on Flora Bank are ecologically valuable to the region (Department of the 
Environment 1973b) and provide rearing habitat for out-migrating salmon, predominantly 
from the Skeena River, and support healthy populations of invertebrates including 
Dungeness crab and Pandalus shrimp (DFO 1985). Existing literature, field surveys, and 
remote sensing inferences of eelgrass distribution, indicate that Flora Bank eelgrass beds 
are fairly consistently distributed over time. Eelgrass beds are restricted to the intertidal 
areas of Flora Bank because the high TSS influence of the Skeena River limits the photic 
zone, impairing subtidal plant growth (Faggetter 2009, 2013; see Appendix M). 

Agnew Bank has relatively low species diversity, with the main fauna consisting of sparsely 
distributed invertebrates, such as orange sea pens (Ptilosarcus gurneyi), Pandalus shrimp, 
tunicates, sponges, and various mollusc species. 

Photic (sunlit) waters over the hard substrate of Porpoise Channel support kelp stands, in 
which thrive numerous species of crab, echinoderms, and fishes. 

The rocky shorelines of Lelu Island and nearby areas, which comprise a mix of bedrock, 
large boulders, rocks and gravel areas, support a rich subtidal and intertidal seaweed 
community. These communities are dominated by rockweed (Fucus gardneri), sea lettuce 
(Ulva spp.), Turkish washcloth (Mastocarpus papillatus), sea sac (Halosaccion glandiforme), 
and kelps (e.g., Laminaria spp., Alaria spp.). Invertebrate communities on rocky shores 
include barnacles (Balanus spp. and Semibalanus spp.), limpets (e.g., Lottia spp.) and 
periwinkles (e.g., Littorina littorea). The most important commercially-harvested 
invertebrates within the LAA are Dungeness crab and Pandalus shrimp, which are abundant 
around Agnew Bank. 

Rocky subtidal areas support diverse seaweed communities, including numerous species of 
kelp. These plants provide food and shelter for mobile and sessile invertebrates and fish. 
Soft sediments rarely support seaweeds but provide suitable habitat for burrowing 
invertebrates, crabs (e.g., Dungeness, Metacarcinus magister), shrimp (Pandalus spp.) and 
flatfish (family Pleuronectidae). 

The area is known to be important to juvenile salmon (DFO 1985; Higgins and 
Schouwenburg 1973), rockfish (Sebastes spp.), cod (family Gadidae), particularly Pacific 
cod, (Gadus macrocephalus), eulachon (Thaleichthys pacificus) and Pacific herring (Clupea 
pallasii) (Hart 1988). Sand lance (Ammodytes hexapterus) is an important forage species 
that may be found in the LAA and has historically been caught around Flora Bank (Higgins 
and Schouwenburg 1973). In the area that is most likely to be affected by construction 
activities and where field surveys were focused, flatfish, eelpouts (Zoarcidae), and 
pricklebacks (Stichaeidae) are the most common fish in the LAA year round. Of these, only 
flatfish are commercially valuable. 

 13.3.2.3 Marine Mammals 

Several marine mammal species are resident or seasonally present in the LAA (see 
Table 13-6). Of the most commonly observed species, humpback whale (Megaptera 
novaeangliae), northern resident and Bigg’s killer whale (Orcinus orca) and harbour 
porpoise (Phocoena phocoena) have been identified by the Province of British Columbia, 
COSEWIC, and SARA as species of conservation concern. Dall’s porpoise (Phocoenoides 
dalli), Pacific white-sided dolphin (Lagenorhynchus obliquidens), and harbour seal (Phoca 
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vitulina richardsi) also frequent the area. Other species that are less common in the LAA 
include Loughlin’s northern sea lion (Eumetopias jubatus monteriensis, previously ‘Steller’ 
sea lion), fin whale (Balaentoptera physlaus), gray whale (Eschrichtius robustus), minke 
whale (Balaenoptera acutorostrata scammonii), and sea otter (Enhydra lutris). There are no 
Loughlin’s northern sea lion rookeries in the LAA (DFO 2010b). The closest known year-
round haulout site in on Warrior Rocks (outside the LAA to the southwest of Stephens 
Island) and the closest known major winter haulout is west of Baron and Dunira islands, just 
north of the LAA (DFO 2010b) (see Figure 13-1). Marine mammals in the Prince Rupert 
area generally increase in numbers during the summer months, coinciding with the 
seasonally migrating fish (e.g., salmon, Pacific herring). 

Table 13-6 lists marine mammal species that are considered most likely to occur within the LAA.  

Table 13-6: Provincial, Federal, or International Listings of Marine Mammal 
Species found in the LAA 

Common Name Scientific Name 
Provincial 

Status1 
SARA 

Status2 
IUCN 

Category3 

Fin whale Balaentoptera physlaus Red threatened endangered 

Humpback whale Megaptera novaeangliae Blue threatened least concern 

Minke whale Balaenoptera acutorostrata 
scammonii 

Yellow Not listed least concern 

Gray whale Eschrichtius robustus Blue special 
concern 

least concern 

Northern resident 
killer whale 

Orcinus orca Red threatened data deficient 

Bigg’s killer whale 
(previously ‘transient’ 
killer whale) 

Orcinus orca Red threatened data deficient 

Dall’s porpoise Phocoenoides dalli Yellow Not listed least concern 

Harbour porpoise Phcoena phocoena Blue special 
concern 

least concern 

Pacific white-sided 
dolphin 

Lagenorhynchus 
obliquidens 

Yellow Not listed least concern 

Sea otter Enhydra lutris Blue Special 
concern 

endangered 

Harbour seal Phoca vitulina richardsi Yellow Not listed least concern 

Loughlin’s northern 
sea lion (previously 
‘Steller’ sea lion) 

Eumetopias jubatus 
monteriensis 

Blue special 
concern 

least concern 

NOTES:  
1Information obtained from the BC Ministry of Environment (BC Ministry of Environment 2013). 
2Information obtained from the Species at Risk Public Registry (Government of Canada 2012a). 
3Information obtained from the IUCN Red List of Threatened Species (IUCN 2012). 
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 13.4 Project Interactions with Marine Resources 
Project activities with the potential to interact with marine resources are listed in Table 13-7 
and ranked by their potential to result in effects. 

Table 13-7: Potential Effects on Marine Resources 

Project Activities and Physical Works 

Potential Effects 

Change in 
Sediment 
or Water 
Quality 

Change 
in Fish 
Habitat 

Direct 
Mortality / 
Physical 

Injury 

Change in 
Behaviour 

Construction 

Site preparation (land-based)  1 0 0 0 

Onshore construction 1 0 0 0 

Vehicle traffic 0 0 0 0 

Dredging 2 2 2 2 

Marine construction 2 2 2 2 

Waste management and disposal 1 0 0 0 

Disposal at sea 2 2 2 2 

Operational testing and commissioning 1 0 0 0 

Site clean-up and reclamation 1 1 0 0 

Operations 

LNG facility and supporting infrastructure on 
Lelu Island 

0 0 0 0 

Marine terminal use  2 2 2 2 

Shipping 1 1 0 2 

Waste management and disposal 1 0 0 0 

Fish habitat offsetting 0 0 0 0 

Wetland habitat offsetting 0 0 0 0 

Decommissioning 

Dismantling facility and supporting 
infrastructure 

1 1 1 2 

Dismantling of marine terminal 1 1 1 2 

Waste disposal 1 0 0 0 

Site clean-up and reclamation 1 0 1 0 

KEY: 

0 = No interaction. 

1 = Potential adverse effect requiring mitigation, but further consideration determines that any residual adverse 
effects will be eliminated or reduced to negligible levels by existing codified practices, proven effective 
mitigation measures, or best management practices (BMPs). 

2 = Interaction may occur, and resulting effect may exceed acceptable levels without implementation of project-
specific mitigation. Further assessment is warranted. 
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 13.4.1 Justification of Interaction Rankings 

Activities ranked as 0 are considered to have no interaction with marine resources, with no 
spatial overlap causing effects. 

Activities ranked as 1 in Table 13-7 have an interaction that could result in adverse effects, 
therefore requiring some mitigation. These include: 

 Site preparation (land-based) 

 Onshore construction 

 Waste management and disposal (during all project phases) 

 Operational testing and commissioning (with respect to change in sediment or water 
quality as a result of liquid waste discharges) 

 Marine terminal use (with respect to change in sediment or water quality as a result 
of liquid waste discharges, bilge, or ballast water release)  

 Shipping (with respect to change in fish habitat and change in sediment quality) 

 Dismantling facility and supporting infrastructure, including the marine terminal 

 Site clean-up and reclamation for the decommissioning and construction phases. 

Based on experience with similar projects, professional judgment, and ability to mitigate 
through legislated standards, the potential effects associated with the activities listed above 
will be negligible, but are considered here. 

Land-based site preparation and onshore construction might result in change in sediment or 
water quality as the interaction will occur mainly through release of sediment from the 
construction sites. These effects will be managed through standard erosion and sediment 
control plans (e.g., sediment fences for foreshore activities, use of temporary diversion 
berms and sandbags) that ensure water quality guidelines are met in the marine 
environment (see Summary of Proposed Environmental and Operational Management 
Plans, Section 24). 

Waste management and disposal for liquids, solids, and hazardous materials are subject to 
federal and provincial regulations and monitoring; following codified and best management 
practices and adhering to permit conditions will manage any effects. As described in the 
Project Description (Section 2), there will be discharge of LNG tank testing seawater, and 
stormwater runoff from the Project. Sanitary and maintenance wastewater will either be 
transferred to the Port Edward publicly owned treatment works or discharged to the marine 
environment after treatment and under terms of the wastewater discharge permit. The other 
effluent sources will be discharged to the marine environment following appropriate 
treatment and in accordance with the permit. 

Liquid waste discharges within the Port Authority jurisdiction are regulated by the PRPA and 
are also regulated by BC Ministry of Environment (BC MOE) under the Environmental 
Management Act (EMA), 2004 and must meet the associated Waste Discharge Regulation. 
The Project would likely fall under the “Oil and Natural Gas Industry – Large” classification of 
the regulation and would be considered a Tier 1 industry that is deemed to be a risk to the 
environment and public health. As such, discharges associated with the Project (including 
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those during operational testing and commissioning) will require a Waste Discharge 
Permit(s) and will be required to meet permit conditions for effluent quality. If guidelines 
cannot be met, effluent will either be treated or disposed of off-site. Monitoring programs will 
be in place, to track compliance to permit conditions. Other best practices to reduce the 
entry of deleterious substances into the water require fuelling and maintenance of vehicles 
and equipment be conducted away from the water. A spill containment plan will also be 
developed (see Section 22: Accidents and Malfunctions). 

The potential effects of release of bilge and ballast water from LNG carriers during marine 
terminal use on water quality are assigned a rank of 1 because they are effectively mitigated 
through standard procedures and best management practices. In particular, all vessels 
visiting the facility will manage ballast water in compliance with the Canada Shipping Act, 
2001 Ballast Water Control and Management Regulations. An International Maritime 
Organization approved ballast water management plan will be required, with ballast water 
exchanged not more than 200 nautical miles offshore. All vessel-based waste will be 
managed according to the Canada Shipping Act, Vessel Pollution and Dangerous 
Chemicals Regulations, which requires treatment of oily bilge water prior to release. These 
practices are intended to prevent the introduction of invasive species and oily contaminants. 

Shipping is not expected to result in wake effects outside the range of natural variation; 
shoreline habitats in the LAA are exposed to large open ocean swells and wind generated 
waves from Hecate Strait. The results of previous wake effects studies in more confined 
environments of Douglas and Principe Channels (Moffatt and Nichol 2010, 2011) can be 
used to conservatively infer wake effects in the LAA, which is more exposed. These studies 
suggest that the height and frequency of wake waves generated by LNG carriers and 
associated escort tugs in this area are within the range of naturally occurring wind and swell 
generated waves (Moffatt and Nichol 2010, 2011). Therefore, marine fish and habitats that 
occur in the LAA are acclimated to wave action, and will not be adversely affected by vessel 
wake. As a result, no further assessment of the effects of vessel wake on fish and fish 
habitat is warranted. 

The lifespan of the Project will likely exceed 30 years. Upon closure, a final 
Decommissioning Plan will be developed consistent with PRPA planning initiatives and the 
standards and regulations that will be developed at the time. The potential interactions 
between decommissioning and marine resources (e.g., underwater noise) are similar to 
those during construction. Based on current information regarding existing fish habitat, and 
decommissioning methods and technologies, serious harm to fish, including permanent 
alteration to, or destruction of, fish habitat is not expected as a consequence of 
decommissioning activities, though this conclusion should be reviewed closer to the time 
such activities would take place. Decommissioning activities could have an effect on fish 
habitat or sediment and water quality by dismantling and removal of marine-based 
structures and shore-based clean-up activities; however, it is expected that all intertidal-
based structures that have been colonized by encrusting marine epifauna and seaweeds will 
be left in place; others will be removed. The fate of structures away from the intertidal (e.g., 
marine terminal piles) is less certain and will likely depend on public opinion, 
political/regulatory climate and engineering capabilities.  
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Post-commissioning clean-up and potential decommissioning of the MOF could increase the 
likelihood of injury or mortality to fish if equipment and activities crush marine organisms. 
Although decommissioning and clean-up mechanisms are not yet known, this potential 
effect would be highly localized, have a low magnitude effect on local populations, and be 
easily reduced through mitigation measures. Similarly, clean-up mechanisms following 
construction will apply standard best practices and appropriate mitigation measures. 

Because all of these effects can be mitigation through the standard practices outlined 
above, no additional analysis is warranted. 

Project activities identified in Table 13-7 that could potentially cause a significant adverse 
effect were ranked as 2. A conservative approach is used in applying rankings, whereby 
potential interactions with a meaningful degree of uncertainty are assigned a rank of 2, 
ensuring that a detailed effects assessment is conducted. These activities are carried 
forward in the assessment and are discussed in Section 13.5. 

 13.5 Effects Assessment 

 13.5.1 Analytical Methods 

Change in Sediment or Water Quality 

Change in sediment or water quality is assessed by comparing baseline (Section 13.3.2) 
and predicted project-related chemical concentrations to CCME and BC water and sediment 
quality guidelines for protection of marine life and to Environment Canada screening criteria 
for disposal of sediment at sea. Sediment and water quality guidelines indicate levels below 
which adverse effects on marine life are not expected. Due to the conservative methods in 
which they are derived (use of large safety factors, mix of toxicity endpoints in laboratory 
tests) and their generic nature, the guidelines do not define levels at which adverse effects 
could occur. 

Project effects on water quality were also assessed by modelling the sediment plume that 
could result from continuous days of dredging at the MOF and comparing results to CCME 
water quality guidelines for TSS which pertain to chronic effects on marine biota. Effects on 
water quality from dredging at the marine berths were predicted using available 
oceanographic information and particle size information from sediment samples taken in the 
area during geotechnical and sediment quality surveys. Predictions from preliminary models 
were used to assess potential increased TSS from vessel maneuvering at the marine 
berths. The results are compared against the guidelines described below.  

Modelling results and predictions for TSS levels are compared to the CCME WQG for the 
protection of marine aquatic life (CCME 2013) and BC Approved WQG (BC MOE 2006), 
which are the same. For continuous activities (24 hours to 30 days), the WQG is an increase 
in TSS of no more than 5 mg/L above background. For activities of 24 hours or less, the 
WQG is an increase of no more than 25 mg/L above background. The continuous activity 
WQG is more appropriate to ongoing dredging activities and the shorter term WQG is more 
appropriate to individual disposal events. Water quality guidelines represent levels at which 
chronic (non-lethal) effects to marine aquatic life may occur. 
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Change in Fish Habitat 

Change to fish habitat was assessed by identifying the location, area (m2), and type of 
habitat that will be lost or altered as a result of project activities in marine riparian, intertidal 
and subtidal zones. The area (m2) of eelgrass beds expected to be permanently destroyed 
or altered is identified separately due to its ecological importance, especially for out-
migrating juvenile salmon and other species associated with Skeena River fisheries. Area 
(m2) provides a surrogate measure for change in productivity, which is a complex 
phenomenon to measure directly, given that it reflects numerous functions and processes in 
a variety of habitat types and involving a wide range of species. 

Direct Mortality or Physical Injury  

Direct mortality or physical injury addresses any direct effects of project activities that result 
in the death or injury of individual fish or marine mammals. The effects of crushing or burial 
are assessed based on the presence of the organism in the area affected and the ability of the 
organism to move away from these activities. This effect also addresses pressure-related 
injuries to fish caused by noise impulses resulting from blasting, which are determined based 
on established thresholds, as described below and in detail in Section 13.5.3. 

Physical Injury and Change in Behaviour Caused by Underwater Noise 

Effects due to underwater noise are determined based on the timing, duration, and 
magnitude (dB) at a reference pressure of 1 µPa (micropascal) of predictive underwater 
acoustic modelling (see Appendix N). Because no behavioural thresholds exist for fish, the 
assessment of change in behaviour is qualitative in nature determined based on timing 
(seasonal) and duration. Results are compared to established underwater noise thresholds 
for injury and sensory disturbance, which are different for continuous (non-pulse) and 
impulsive (pulse) sounds. Decibels re: 1 µPa is the accepted standard for measuring 
underwater sound in relation to fish and marine mammals (Popper et al. 2006; Richardson 
et al. 1995; Southall et al. 2007a). 

Thresholds used are primarily broadband, applying generally to all species, as species-
specific thresholds for marine mammals have been established only for northern resident 
killer whales (based on observed behavioural responses), as discussed in Section 13.5.4. 

 13.5.1.1 Assumptions and the Conservative Approach 

Information used in this assessment is based on information on construction, operations, 
and decommissioning phases described in the Project Description (Section 2) and on data 
from baseline studies (Appendices L and M). When detailed information is unknown, a 
conservative approach was taken by making assumptions based on worst-case scenarios, 
i.e., scenarios where project effects would be of greater magnitude or duration. Assumptions 
using this conservative approach include: 

 Sediment dispersion during dredging at the MOF and disposal of this sediment was 
modelled conservatively using the maximum potential dredge volume. 
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 Sediment dispersion, accumulation, and TSS concentrations during dredging at the 
marine berths and disposal of this sediment were determined using worst-case 
scenarios including the disposal of sediment with a high composition of fine particle 
size (silt and clay). Modelling of sediment dispersal, TSS plumes, and acoustic 
assessments used conservative assumptions based on literature, regulatory 
thresholds, or maximum potential activity (e.g., maximum known dredge volume, 
maximum known intensity of activity, modelling during seasons of extreme weather 
conditions potentially causing more widespread dispersal) when detailed project 
information was not available. 

 It is assumed that marine-based structures that have formed attachment sites for 
marine plants and animals will be left in place following decommissioning. 

 Important lifecycle stages will occur at the same time as project activities. If the 
timing of these activities is uncertain (e.g., juvenile salmon will be present on Flora 
Bank and adult salmon might be present throughout the LAA during construction 
activities), it is assumed that construction activities will occur during these important 
lifecycle stages. 

 The most conservative, publicly available thresholds are used to predict injury to fish 
and marine mammals from underwater noise (see Section 13.5.4.1). 

 Modelling results for underwater noise are reported using the more conservative 
radius of R95% (i.e., encompassing 95% of the area over which sound levels exceed 
a threshold) (see Appendix N). 

 Modelling of underwater noise was undertaken to predict worst-case scenarios of 
pile driving and vessel berthing sound levels. Predictions for the marine terminal 
were made in shallow and deep areas; the shallow area is approximately mid-way 
along the jetty-trestle the deep area is on the western edge of Agnew Bank, the 
worst-case location for sound propagation for activities other than shipping. The 
marine terminal is situated within the shallow areas of Agnew Bank; therefore deep 
water predictions for activities other than shipping are highly conservative.. 

 Vessel speeds for LNG carriers are used in the assessment of potential effects of 
other vessels engaged in construction activities (e.g., shipping of materials to the 
MOF, disposal at sea). This is considered to be conservative as these vessels are 
expected to travel at the same speeds and produce less noise due to their smaller 
size. 

Several regulatory thresholds are conservative. For example, acoustic thresholds for marine 
mammals applied in the U.S. are considered conservative and are being revised (see 
Sections 13.5.4 and 13.5.5 for more detail). Similarly, Canadian ISQGs and PELs for dioxins 
and furans are intentionally conservative since they combine toxicity test results and 
endpoints from a wide range of aquatic species and apply ten-fold safety factors. 
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 13.5.2 Change in Sediment or Water Quality 

 13.5.2.1 Potential Effects 

Various construction (dredging) and operations (vessel maneuvering during berthing and 
maintenance dredging at the marine berth area) activities are expected to affect sediment 
and water quality through dispersal of contaminants present in sediments and increases 
from background TSS levels. This effect is linked to the potential effects on fish and marine 
mammals (e.g., toxicological effects, discussed in Section 19, and gill damage) and on fish 
habitat (reduction in vegetation-providing habitat). No project activities during 
decommissioning are expected to result in adverse effects that cannot be addressed 
through use of codified practices, best management practices and adherence to regulations 
and permit conditions. 

Dredging at the MOF and turning basin and disposal of dredged material at Brown Passage 
will result in resuspension of marine sediment, leading to increases in TSS levels and 
potential for dispersal of contaminants from sediment. Dredging at the MOF is expected to 
occur over six months and require approximately 205 one-way trips to the ocean disposal 
site at Brown Passage. Dredging of the berth area is expected to occur over one year, 
resulting in approximately 2,350 one-way trips to Brown Passage. Maintenance dredging at 
the marine berth area is expected to occur every two to five years, with disposal at Brown 
Passage. Disposal at sea is known to increase turbidity, change sediment stability, and 
increase nutrient loading (Bolam and Rees 2003; Essink 1999). Pile installation, shoreline 
infilling, and breakwater construction might also disturb the sediment. 

Dredging at the MOF will be conducted over an area of 54,000 m2 to a depth of 12.5 m, 
removing 690,000 m3 of material. Up to 75,000 m3 is expected to rock that can be reused 
during construction. The remaining 615,000 m3 will be disposed of, if of suitable quality, at 
sea. Dredging is expected to occur using a clamshell dredge, which typically releases up to 
1% of sediment due to bottom wake (disturbance of the sediment-water interface) from: 
capturing sediment in the clamshell bucket; release during closing; loss of sediments from 
the shovel while rising through the water column; draining during slewing and washing from 
descent through the water column; and debris captured in the dredge (Schroeder and 
Ziegler 2004) (see Appendix O). About half of the sediment release occurs at the bottom 
5 m of the water column (Hayes et al. 2007). 

Dredging at the marine berths during construction will be conducted over an area of 
846,000 m2 (0.846 km2) to a depth of 15.6 m (below chart datum, CD), removing 
approximately 7 million m3 of sediment, which is expected to be of somewhat similar 
chemical composition to sediment found in the MOF. Dredging is expected to occur using a 
cutter-suction dredge, which has similar sediment release rates to a clamshell dredge. 
Maintenance dredging volumes and equipment will be determined when more engineering 
information is available. 

Trenching for the installation of water and sewage pipes has the potential to result in 
increased TSS concentrations. Best practices and standard mitigation measures such as 
the use of silt curtains and working during low tide, when feasible, will ensure that WQGs 
are not exceeded. 
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Total Suspended Solids (TSS) 

MOF Dredge Area 

A three dimensional numerical modelling study was conducted by ASL Environmental 
Services Inc. (see Appendix O) at the dredge and disposal sites (Brown Passage) to 
estimate TSS levels and deposition of sediments from dredging and disposal activities. 
Effects were modelled assuming use of a clamshell dredge, but no other mitigation 
measures. 

For activity at the dredge location, predicted TSS concentrations are shown for a typical tidal 
cycle in Figure 13-2 (for flood flow and flood slack tide conditions) and Figure 13-3. (for ebb 
flow and ebb slack conditions). On a flood tide, the sediment plume will flow northeastward; 
on an ebb tide, it will flow southwestward. Within the dredge area and in small areas to the 
north and south along the shore of Lelu Island, TSS concentrations are expected to be 
higher than the 5 mg/L WQG that is most appropriate for continuous activity; however, 
outside the active dredging area, TSS levels will typically not exceed background levels by 
more than 1 mg/L. Highest modelled TSS events include: 

 Up to 17 mg/L above background on a flood flow and 42 mg/L on flood slack, with 
highest levels in the bottom 1.7 m of the water column 

 Up to 16 mg/L above background on an ebb flow and 37 mg/L for ebb slack, with 
highest levels at about 9.7 m above the seabed. 

For disposal activity at the Brown Passage disposal site, TSS concentrations through the 
200 m deep water column were modelled at 0, 6, and 12 hours after sediment release from 
the barge (see Appendix O, Figures 13, 14 and 15). Modelling results are compared to the 
CCME and BC WQG of 25 mg/L above background for activities less than 24 hours, which 
is appropriate, given that each dumping event is isolated in time and location from the 
previous one (within the 1 km diameter disposal site). 

Plume modelling for immediately after disposal is shown in Figure 13-4. The model 
predicted that TSS levels would be highest (1,100 mg/L above background) in deep water 
(180 m depth) immediately after sediment is released from the barge. Near bottom TSS 
levels are predicted to decrease to 45 mg/L and 10 mg/L at 6 and 12 hours after the event, 
respectively, due to sediment settling and to dilution in surrounding water. For the majority of 
the water column, TSS levels are predicted to be below the 25 mg/L WQG, with TSS levels 
of less than 2 mg/L above background in the surface 10 m, up to 25 mg/L in mid depths (to 
>50 m) and 29 mg/L at 100 m, with highest TSS values only at the center of the dumping 
site associated with a specific event. The spatial extent of the major TSS plumes is 
concentrated within the disposal site for all depths: maximum TSS values 3 km away from 
the disposal site in any direction are below the 5 mg/L WQG for continuous activities at 0, 6, 
and 12 hours after a disposal event. After 12 hours, TSS values at all depths and through 
the entire modelling domain are expected to be less than 25 mg/L above background. After 
the completion of all disposal operations, TSS levels in Brown Passage are expected to 
decrease to less than 1 mg/L above background within a few days, as the suspended 
sediment settles out on the seabed. 
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Marine Berth Dredge Area 

The sediment particle size at the berth area (fine sand and silt) is finer than that at the MOF 
(sand and silt); therefore, longer durations of elevated TSS levels are predicted as a result 
of dredging. The percent of sediment released will depend on the dredge method: cutter-
suction dredges, as planned for the berth area, release a similar or smaller proportion of 
sediment compared to the clamshell dredge planned at the MOF. Review of oceanographic 
data indicates that surface TSS plumes will tend to move north to northwestward, in the 
same direction as the Skeena River plume, away from Flora Bank (Fissel 2014). At least 
50% of the sediment will be released within 5 m of the bottom. TSS levels are not expected 
to exceed the 5 mg/L WQG that is most appropriate for continuous activity during the dredge 
period, except at the immediate dredge area, where they may be up to 25 mg/L above 
background. At distances of 2 km or more from the dredging activity, the TSS values will be 
further reduced to about 1 mg/L or less. 

During disposal of sediment from the marine berth dredge area at Brown Passage, the TSS 
plumes are predicted to be more extensive and of higher concentrations compared to 
disposal of MOF sediment due to the larger volume for disposal, finer particle size, and a 
greater number of barge trips each day. Disposal of this sediment has the potential to result 
in exceedances of the TSS WQG, which could result in chronic effects to aquatic life, 
especially if these concentrations occur for extended periods of time. The sediment will be 
dispersed and deposited primarily at the disposal site and to the east of the site, as 
indicated for disposal of MOF sediment (see Figure 13-5), but with some differences due to 
the longer disposal period for marine berth sediment, covering all seasons (see quantitative 
information in Section 13.5.3).  

Marine Terminal Operations 

During operations, TSS increases are expected as a result of vessel maneuvering during 
berthing. Preliminary modelling results for LNG carrier maneuvering assisted by four tugs on 
arrival and departure at the marine berth area indicate that TSS increases after one LNG 
carrier departure or approach are predicted to exceed the 5 mg/L above background WQG 
for continuous activities, reaching levels of approximately 500 mg/L over the northern 
portion of Flora Bank at low water slack. After 26 days of LNG carrier departures and 
approaches, TSS levels are predicted to exceed the 5 mg/L WQG over a larger area at low 
water slack, with a maximum TSS level exceeding 1,000 mg/L over a small area of Flora 
Bank at the trestle abutment. 

Maintenance dredging and disposal is expected to result in lower TSS levels compared to 
dredging during construction due to a smaller volume of sediment. Concentrations are 
expected to be below the 5 mg/L WQG. 

Dispersal of Contaminants in Sediment 

MOF Dredge Area 

Sediment in the MOF dredge area was characterized chemically by following a workplan 
that fulfills requirements for a disposal at sea permit application (described in Section 13.3, 
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with full results available in Appendix L). Concentrations of contaminants are compared to 
Environment Canada screening criteria for disposal of sediment at sea (Environment 
Canada 2013) and to CCME sediment quality guidelines (CCME 2013), which include the 
ISQG, below which adverse effects on marine organisms are not expected, and the PEL, 
above which adverse effects are expected to be frequently observed. Concentrations 
between the ISQG and the PEL represent the range in which effects are occasionally 
observed. 

Levels of contaminants measured within the PDA are consistent with results for other 
studies in the Prince Rupert area (Fairview Phase II, Canpotex) and do not indicate 
localized contaminant accumulations (Section 13.3.2 and Appendix L). Contaminant levels 
in sediment at the Brown Passage disposal site were generally similar to those collected 
from the PDA, with the exception of lower arsenic, copper and dioxin/furan levels at Brown 
Passage. Within the PDA, the PAH, PCB, mercury, cadmium and lead concentrations were 
below the disposal at sea screening criteria. Copper and arsenic concentrations were higher 
than the screening criteria (i.e., the CCME ISQG) in more than half the samples and reflect 
background (natural) conditions for the area (consistent across the PDA at all depths of 
sediment). The dioxin and furan levels (0.06 to 2.53 pg/g TEQ, highest in subtidal habitat, in 
the surface layers of sediment) reflect historical inputs from the closed Skeena Cellulose 
pulp mill about 3 km from Lelu Island. All concentrations were well below the PEL (21.5 pg/g 
TEQ). Dioxins and furans can be of concern because they are taken up by biota and 
bioaccumulate in the food chain, leading to toxicological risks for vertebrates (fish, marine 
mammals, and humans).  

Disturbance of small amounts of sediment containing relatively low amounts of 
contaminants during dredging (release of about 1 percent of the dredge volume using a 
clamshell dredge) would result in dispersal along the northeastward and southwestward 
paths indicated in the TSS plumes shown in Figure 13-2 and Figure 13-3, and the sediment 
would settle into areas with similar chemistry and contaminant levels. 

Marine Berth Dredge Area 

Sediment contaminant levels from samples taken approximately 3 km south of the marine 
berth dredge area were generally below applicable guidelines, including total PAH (below 
detection limits in all samples), total PCB (below the detection limit in all samples except 
one, an isolated instance of a sample with PCB 20% higher than the 0.1 mg/kg disposal at 
sea screening criterion), mercury, cadmium, chromium, lead, and zinc (below the screening 
criteria in all samples), and dioxins and furans (below the CCME ISQG). Arsenic 
concentrations exceeded the ISQG in all 14 samples, with a maximum of 12.7 mg/kg, but 
did not exceed the PEL. Copper concentrations exceeded the ISQG in 12 of 14 samples, 
with a maximum of 35.6 mg/kg, but did not exceed the PEL. 

Similar to comments made about the MOF dredge area, disturbance of small amounts of 
sediment during dredging at the marine berth dredge area (during construction), with 
associated low contaminant levels, would result in the same patterns of contaminant 
dispersal described for TSS from the dredge area, settling into areas with similar chemistry 
and contaminant levels. Similar dispersal is expected as a result of maintenance dredging, 
with a smaller range of dispersal due to a smaller volume of sediment.  
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Sediment dispersal at Brown Passage as a result of disposal of marine berth area sediment 
at sea is expected to have similar dispersion patterns as MOF sediment, with lower levels of 
contaminants and therefore a lower risk of toxicological effects on marine biota.  

 13.5.2.2 Mitigation 

The dredge volume and area of the MOF have been reduced to the extent feasible. 

Options for beneficial re-use of sediment from the marine berth area dredge area are being 
investigated (e.g., placement of some of the sediment at the edge of Flora Bank to extend 
the area of productive eelgrass habitat), which would reduce the amount of sediment 
disposed of at Brown Passage. 

The following mitigation measures will be implemented to reduce the potential for project-
related changes in sediment or water quality (TSS modelling was done assuming use of a 
clamshell dredge but without other mitigations such as silt curtains):  

 A 30 m vegetation buffer will be retained around the perimeter of Lelu Island, except 
at access points (e.g., at the bridge, pioneer dock, MOF, trestle, and pipeline 
interconnection). Sediment and erosion control measures will be used (e.g., 
sediment fences) for land-based construction, particularly at the shoreline, to reduce 
TSS inputs into the water. 

 TSS and turbidity will be monitored during in-water construction activities (e.g., 
shoreline infilling, pile installation, blasting, dredging, and ocean disposal). In the 
event that TSS levels exceed applicable water quality guidelines outside of the 
immediate work area (defined in consultation with regulatory agencies), the rate of 
the activity will be adjusted (e.g., slowed), or additional mitigation measures 
implemented (e.g., silt curtains) to minimize the spatial extent of elevated TSS. 

 Dredging operations will be conducted using methods and/or equipment that 
reduces sediment spill. 

 At the disposal site, sediment will be disposed within the approved disposal area at 
a point distant from the area used on the previous trip. 

Pacific NorthWest LNG Limited Partnership (PNW LNG) is committed to meeting the 
appropriate TSS WQG over the long-term during dredging at the marine berth area and 
disposal of that sediment. Various scenarios will be modelled to identify the best strategies 
and the following mitigation measures will be considered: 

 Extend disposal timelines beyond one year, resulting in fewer disposal events per 
day. 

 Beneficial re-use of sediment for construction or fish habitat enhancement. Habitat 
enhancement could result in the reduction of up to half of the dredged sediment to 
be disposed at sea from the marine berth area (see Appendix K). 

 Consider alternative disposal sites in addition to Brown Passage. 

To reduce TSS from vessel maneuvering the following mitigation measures will be applied:  

 A portion of the seabed will be armoured in the marine berth area. 
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 Arrivals and departures of LNG carriers will be avoided at low water slack tide and 
as the tide rises from low water up to mean sea level (MSL). 

 Use of tugs with less powerful propulsion systems (e.g., Voith Schneider) will be 
evaluated. 

 13.5.2.3 Characterization of Residual Effects 

Total Suspended Solids 

At the MOF dredge area, TSS levels are predicted to exceed the WQG for continuous 
activity (5 mg/L above background) only within the active dredging area and in isolated 
areas along the Lelu Island shore to the north and south of the dredge area, mainly near the 
bottom of the water column. Concentrations in surface waters are expected to be lower than 
the WQG. Similar concentrations and spatial trends are expected to result from dredging at 
the marine berth dredge area. Flora Bank already experiences extended periods of elevated 
TSS during the Skeena River spring freshet, which brings high sediment loads to the Bank. 
For dredging at both the MOF and marine berth areas, increases of 5 mg/L TSS over 
background are expected to have moderate magnitude effects on water quality, be local in 
geographic extent, occur over multiple regular events, with medium-term duration and be 
reversible in an area expected to have high resilience (the area already experiences periods 
of high TSS associated with freshet). 

During disposal of sediment from the MOF area at Brown Passage, TSS levels are expected 
to be elevated and above the WQG for activities less than 24 hours in duration (25 mg/L 
above background) only in the deepest waters (180 m and deeper) immediately following 
release of sediment from the barge (maximum modelled TSS of 1,1000 mg/L). Levels will 
meet the WQG in near surface waters (0 to >50 m) but are predicted to be just above the 
WQG in >100 m waters (29 mg/L above WQG) for up to 6 hours after the disposal event). 
Concentrations at all depths are expected to meet the WQG within 12 hours of the disposal 
event. After the completion of all disposal operations, TSS levels will decrease to less than 
1 mg/L above background within a few days, as the suspended sediment settles out on the 
seabed and is further dispersed.  

Maintenance dredging at the marine berth area is expected to result in lower TSS levels 
compared to capital dredging during construction. These effects are expected to be low to 
moderate in magnitude, be local in extent, occur continuously during operations (long-term), 
be reversible, and occur within a context of high resilience. 

The application of appropriate mitigation measures will ensure that disposal of sediment 
from the marine berth dredge area will meet the WQG at the shallow depths important for 
biological productivity (surface to 100 m depth). Exceedances of the WQG in deep waters 
(> 100 m) would be acceptable as they are generally short-term in nature (see results for 
MOF sediment described above) and are not expected to affect population viability, 
especially within the designated disposal site. The effects at the disposal site would be 
moderate in magnitude, local in geographic extent, occur over multiple regular events, short-
term in duration (for a given event) and reversible in an area designated for disposal 
activities (expected to have high resilience). 
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Preliminary modelling results for vessel maneuvering predict that timing of arrivals and 
departures between MSL and high high water mean tide (HHWMT) will reduce TSS levels. 
With departures in this time interval, maximum TSS levels after 25 days of vessel 
maneuvering are expected to be between 25 mg/L and 500 mg/L at MSL and between 5 
and 54 mg/L at HHWMT. Using tugs with lower propulsion systems and armouring of the 
seabed at the vessel berths is expected to further reduce TSS levels. 

The maximum predicted TSS levels are higher than the 5 mg/L and 25 mg/L WQGs. 
Exceedances of the 5 mg/L WQG (continuous activity) are modelled to occur over the 
northern portion of Flora Bank and at the marine berth area as a result of vessel berthing. 
The WQGs are conservative and incorporate safety factors to protect marine life. Additional 
considerations for evaluating the potential for adverse effects come from published 
literature. Adult fish and highly mobile invertebrates typically avoid areas with elevated TSS 
levels (Martens and Servizi 1993; Newcombe and Jensen 1996; Wilber and Clarke 2001) 
and, therefore, exposure durations are generally limited to minutes or hours. It is likely that 
some individuals will experience chronic effects; however, changes in population viability are 
not expected, due to the small area where exceedances will occur, relative to available 
habitat including the majority of Flora Bank and the other eelgrass beds in Chatham Sound 
(see Section 13.5.3.3). Effects of vessel maneuvering during berthing are expected to be 
moderate in magnitude, local in extent, occur continuously over the long-term, and be 
reversible following operations within an area considered to have high resilience to these 
TSS concentrations. 

Dispersal of Contaminants in Sediment 

The change in sediment quality accompanying the increased TSS levels, and the associated 
risk of contaminant exposure to marine organisms, would be relevant for dioxins and furans, 
as the other contaminants are present at levels below the disposal at sea screening criteria 
(PAH, PCB, mercury, cadmium) or reflect natural occurrence (copper, arsenic). At both the 
MOF and berth dredge sites, change in sediment quality is expected to be low as the 
dispersed sediment would settle in an area of similar chemical composition. The effect 
would be low in magnitude, local in geographic extent, occur over multiple regular events, 
and be medium-term in duration in an area of similar sediment chemistry. 

Given that contaminant levels at the marine berth area are expected to be lower than levels 
at the MOF, the effects of dredging (during construction and operations) on contaminant 
levels are expected to be of low magnitude, local in geographic extent, occur over multiple 
regular events, medium to long-term in duration in an area of similar sediment chemistry 
with a moderate resilience to exposure from local contaminants. Effects of increased TSS 
concentrations and sediment deposition as a result of dredging are reversible.  

Similarly, vessel maneuvering at the marine berths resulting in increases in TSS 
concentrations, is not expected to result in elevated contaminant levels, as contaminant 
levels are expected to be low and reflective of conditions within the surrounding area. The 
effects of contaminant dispersal as a result of this activity are expected to be low in 
magnitude, local in geographic extent, reversible, long-term and continuous throughout 
operations, and in an area of similar sediment chemistry (moderate resilience of exposure to 
local contaminants). 
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The change in sediment quality at Brown Passage would be low to moderate in magnitude 
for sediment from the MOF and marine berth dredge areas (existing dioxin and furan 
concentrations at Brown Passage are lower than at the MOF dredge area), local in 
geographic extent, occur over multiple regular events, be medium-term in duration and 
reversible in an area designated for sediment disposal (i.e., high resilience). For the MOF, 
only a portion of the surface 0.2 m to 0.5 m layer of sediment (depending on location in the 
dredge area) would contain dioxin and furan levels higher than the CCME ISQG. The 
amount of sediment that contains elevated dioxin and furan concentrations is small in 
relation to the total volume to be disposed of (about 4% of the total dredge volume of 
615,000 m3, conservatively assuming that all intertidal and subtidal sediment in the top 
0.5 m of the 54,000 m2 dredge area is affected). Mixing of sediment within a barge load will 
dilute the dioxins and furans to concentrations below the ISQG and release at Brown 
Passage will further dilute and disperse the dioxins and furans over the entire 1.85 km 
diameter disposal area. The progressive dredging and disposal of deeper sediment (to up to 
12.5 m depth, with negligible dioxins and furans measured below 1.0 m depth) will result in 
capping of the shallower sediment deposited at Brown Passage. These processes are 
expected to result in final concentrations of dioxins and furans below the ISQG. For the 
marine berth dredge area, dioxins and furans in sediment are expected to be below the 
ISQG, but might be higher than at Brown Passage. 

Considerations for Dioxins and Furans  

Caution is needed when comparing the measured dioxin and furan levels in sediment to the 
CCME guidelines. An exceedance of the ISQG does not indicate that adverse effects will 
occur, as the ISQG is a value below which effects are not expected to occur. For dioxins 
and furans, both the ISQG and the PEL (the level above which adverse effects are expected 
to occur) were derived using 10-fold safety factors because a mix of toxicity test results and 
endpoints (no effect and low effect) for freshwater and marine species was used. No recent 
literature on toxicity or bioaccumulation of dioxins and furans has been identified, 
presumably because this is a legacy contaminant. The maximum measured concentrations 
were higher than the ISQG but almost ten times lower than the PEL. On this basis, 
deposition of sediment contaminants at the Brown Passage disposal site does not appear to 
pose a risk to health of fish, marine mammals or humans: existing levels at Brown Passage 
and in the dredge material are similar for metals, PAHs and PCBs (well below the PEL and 
most are below the ISQG). Only the dioxin and furan levels differ noticeably. 

Further information about potential bioaccumulation concerns related to dioxins and furans 
is provided in Appendix L. Toxicological risks for dioxins and furans in sediment are 
associated with food chain effects (i.e., bioaccumulation) rather than direct toxicity in 
sediment. Benthic organisms such as crabs and other marine invertebrates take up dioxins 
and furans in the organic matter contained in sediment and pass them on when they are 
consumed by predators (e.g., benthic-feeding fish) and to higher level predators (other fish, 
marine mammals, humans). At the disposal site, water is about 200 m deep, where the 
diversity and abundance of organisms is expected to be lower than in shallower water. 

The ecological implications of introducing dioxins and furans at Brown Passage are limited. 
Marine resources at the disposal site were characterized for the Fairview Phase II 
environmental assessment (Stantec 2010). While there are important marine benthos 
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species in the general area (e.g., Dungeness crab, tanner crab and shrimp), the important 
habitat areas do not appear to overlap with the Brown Passage disposal site. Although the 
disposal site is located adjacent to the boundary for important Dungeness crab habitat, the 
disposal site itself (at 200 m depth) is unlikely to be used extensively by Dungeness crab, as 
this species inhabits maximum depths of 180 m (DFO 2013k) and is typically found at 
depths shallower than 50 m (DFO 2001). Some fisheries overlap with the Brown Passage 
site; however, there is relatively low effort/catch in the disposal site for the main fisheries, 
compared to adjacent areas. The main fisheries, based on publicly available spatial catch 
data are shrimp, salmon, and groundfish including rockfish (by hook and line fishing) (DFO 
2011b). The dispersal of sediment outside of the designated Brown Passage disposal site 
could introduce contaminants such as dioxins and furans into these other areas; however, 
the concentrations in water and sediment would be well below thresholds for effects on biota 
and on human and other mammalian consumers of the biota. 

 13.5.2.4 Likelihood 

The likelihood of a residual effect from project activities on sediment and water quality is 
high due to the type of disturbance from dredging and disposal and recognized dispersal of 
sediments. 

 13.5.2.5 Determination of Significance of Residual Effects 

Residual effects on sediment and water quality are indicated for the construction period, 
associated with dredging. The residual effects are TSS WQG exceedances over the 180-
day dredging period at the MOF and the 365-day dredging period at the marine berth 
dredge area (in the immediate dredge area) and low magnitude short-term changes in 
availability of contaminants (dioxins and furans) at the MOF dredge area. TSS 
concentrations during vessel berthing are predicted to exceed WQGs for continuous 
exposure; however, the levels are not expected to affect viability of fish populations (see 
Section 13.5.4). 

Contaminants associated with dredging during construction or vessel berthing and departure 
during operations are not expected to pose toxicological risks to marine biota. Dioxins and 
furans are present in a small amount of sediment relative to the volume of the MOF dredge 
site (in the surface to 0.5 m depth) at concentrations that are higher than at the disposal site. 
This is not expected to cause effects to aquatic life as the elevated levels are at least ten 
times lower than the established PEL guidelines which also include a ten-fold safety factor. 
Other contaminant concentrations were below disposal at sea screening criteria in all 
samples. 

The residual effect of a change in sediment or water quality associated with TSS and 
contaminants is, therefore, predicted to be not significant, as they will not result in 
toxicological risks to aquatic life. 

 13.5.2.6 Confidence and Risk 

Confidence is moderate that effects of the Project on sediment and water quality are not 
significant for the following reasons: 



 Pacific NorthWest LNG 
Environmental Impact Statement and Environmental Assessment Certificate Application 

Section 13: Marine Resources 

 
 

 

February 2014 
Project No. 1231-10537 

  

 
 13-35 

 

 The dredging effects will be in compliance with legislation (Fisheries Act) and 
established guidelines and thresholds (CCME for sediment and water quality, 
Disposal at Sea Regulations), except that TSS levels will be elevated in immediate 
proximity to dredge activities. 

 The baseline information for the MOF is well understood, enabling for an effective 
characterization of effects. 

 The spatial and temporal extent of elevated TSS levels associated with dredging 
(and disposal) of sediment from the marine berths are predicted to be similar to 
predicted effects at the MOF. will be confirmed during follow-up modelling that will 
consider mitigation measures to meet appropriate WQGs (see Section 13.7). 

 Project design and operational details are subject to change. 

 Prediction of increased TSS and deposition as a result of vessel maneuvering at the 
marine berths will be confirmed during follow-up modelling (see Section 13.7). 

 Mitigation measures are known to be effective. 

Since the confidence in this prediction is not low, no additional risk analysis has been 
conducted. 

 13.5.3 Change in Fish Habitat 

 13.5.3.1 Potential Effects 

Construction of facility structures and disposal of dredged sediment at sea will result in 
localized changes in fish habitat. Blasting, dredging and construction around the pioneer 
dock, the MOF, potential breakwaters and turning basin will result in temporary disturbance, 
permanent alteration and destruction of intertidal and subtidal habitats, as well as marine 
riparian vegetation. The location of the berths was strategically sited to avoid Flora Bank 
and reduce effects on the regionally important eelgrass bed. The installation of piles to 
support the jetty-trestle and berths at the marine terminal will affect a small area of subtidal 
habitat along the northeast edge of Flora Bank and Agnew Bank. Maintenance dredging, 
berth armouring, and breakwater installation at the berthing area and turning basin will result 
in permanent alteration and destruction of subtidal habitats. Installation of the bridge 
between the facility and the mainland will involve loss of, marine riparian habitat and a small 
amount of intertidal habitat in the muddy channel to the east of Lelu Island. Trenching of 
intertidal habitat under the bridge to install the sewage pipe will result in the alteration of fish 
habitat. Marine fish habitats that could be affected by the Project are marine vegetation 
(predominantly bull kelp [Nereocystis leutkeana] and eelgrass [Zostera spp.]), rocky 
shorelines and soft sediment. 

Construction of the facility infrastructure (the MOF, bridge, marine terminal, potential 
breakwaters, pioneer dock and sewage interconnection) will result in the permanent 
alteration and destruction of habitat. The total area that will be permanently altered or 
destroyed is approximately 1,250,197 m2 (1.25 km2). This equates to approximately 0.11% 
of the LAA which is 1,116.2 km2. Table 13-8 summarizes the amounts and types of habitat 
that will be permanently altered or destroyed, constituting “serious harm” under the Fisheries 
Act. The following information is also described in the CFHOS (Appendix K).  
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Table 13-8: Type and Amount of Marine Habitat Permanently Affected during 
Project Construction 

Habitat Type 

Area (m2) 

Total Area 
(m2) 

Marine 
Terminal 

and 
Breakwaters 

MOF 
Lelu Island 

Access 
Bridge 

Pioneer 
Dock 

Water / 
Sewage 

Pipelines 

Marine 
riparian 

(destruction) a 
2,143 19,833 3,322 537 0 25,835 

Intertidal 
(alteration) b 

38,019 35,905 0 0 120 74,044 

Intertidal 
(destruction) 

229 43 6 5 0 283 

Eelgrass 
(destruction) 

935 904 0 0 0 1,839 

Subtidal 
(alteration) 

 
1,147,795 0 0 0 0 1,147,795 

Subtidal 
(destruction) 

399 0 0 2 0 401 

Total Habitat 
Affected 

1,189,520 56,685 3,328 544 120 1,250,197 

NOTES: 
a Areas of alteration and destruction given do not include area gained through offsetting features. 
b Destruction: Habitat no longer available to marine organisms. 
c Alteration: Habitat altered but still available for marine organisms. 

Marine Terminal 

There is potential for habitat change at the marine terminal from installation of project 
infrastructure (e.g., piles) and project activities (e.g., dredging and vessel berthing). At Flora 
Bank and Agnew Bank, the berths will be linked to the main facility by a 2.4 km long jetty-
trestle, supported by steel piles (see Figure 13-1). Where the jetty-trestle meets Lelu Island 
(the abutment), concrete shoreline protection will be installed from 0 m to 21.3 m above CD. 
The primary activity associated with construction of the jetty-trestle will be installation of the 
piles, shoreline protection, potential breakwaters, and marine terminal dredge area slope 
and partial seabed armouring. During operations, maintenance dredging is expected to 
occur within the marine berth dredge area approximately every two to five years, resulting in 
a permanent alteration of 736,000 m2. Scour around trestle pilings will result in an alteration 
of 35,944 m2. This is described further below. In total the marine terminal will affect 
approximately 1,147,795 m2 of subtidal substrate, comprised of bare mud and sand, and 
approximately 38,248 m2 of intertidal substrate (see Table 13-8). Approximately 2,143 m2 of 
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marine riparian habitat will also be lost as a result of marine terminal construction. Pile 
installation, breakwater construction, and dredge area slope and partial seabed armouring 
will result in the creation of 383,605 m2 of habitat. 

The jetty-trestle is designed to reduce effects on the adjacent Flora Bank. Flora Bank 
supports an eelgrass bed that is recognized as a biologically rich area, and an important 
resource for Skeena River salmon (Department of the Environment 1973a; DFO 1985; 
Higgins and Schouwenburg 1973). Field surveys, complemented with remote-sensing-
based mapping, indicated the presence of eelgrass directly beneath the jetty-trestle in a 
small cove close to Lelu Island. 

The approximately 15 m wide jetty-trestle will stand clear of the water with an elevation 
ranging from 21.3 m (at the shore) to 13.5 m (seaward tip) above CD. Shading effects from 
the jetty-trestle are expected to be minimal due to its height, width and northeast-southwest 
orientation (Appendix K). 

Regional scour due to long-term coastal processes on Flora and Agnew Banks is known to 
occur. Local scour around individual and groupings of piles could occur at the jetty-trestle, 
resulting in increased scour on or near Flora Bank. Total scour around the piles has been 
calculated as 74,890 m2, which will result in a loss of eelgrass of 927 m2.The area of 
eelgrass expected to be affected by the jetty-trestle, due to pile installation and scour 
combined, is 935 m2. In comparison, the total area of eelgrass on Flora Bank is 0.64 km2 or 
640,000 m2, based on satellite imagery analysis, and the affected eelgrass area comprises 
0.15% of that total area.  

The effects of artificial marine structures on juvenile salmon depend on the design and 
orientation of the structure, and effects on underwater light (Hass et al. 2002; Simenstad et 
al. 1999). The jetty-trestle will be oriented to avoid all but a small patch of the Flora Bank 
eelgrass, which will limit the shading effect for juvenile salmon. In-water structures, such as 
piles, can also change sediment-deposition regimes; such shifts could drive modifications in 
the structure of surrounding marine habitats. 

Thickness of sediment deposition as a result of dredging at the marine berth area is 
expected to be approximately 110 mm (0.11 m) within the dredge area and approximately 1 
mm per month (12 mm per year) or less between the marine berth dredge area and Coast 
Island (Fissel 2014). Deposition beyond Coast Island will be approximately 0.3 mm per 
month (Fissel 2014), and may occur over Flora Bank, potentially affecting the eelgrass bed. 
Eelgrass burial of 25% of the above ground shoot length has been shown to result in 50% 
mortality to eelgrass over 24 days (this equates to a burial thickness of 4 cm) (Cabaco and 
Santos 2007; Mills and Fonseca 2003). Another study indicated that critical sedimentation 
thresholds for eelgrass range from 2 to 10 cm/year (Erftemeijer and Lewis III 2006). 

Preliminary modelling done for sediment deposition at Brown Passage following dredging at 
the marine berth area predicts a maximum deposition thickness of 3.5 m following disposal 
of the approximately 7 million m3 of sediment. The greatest deposition will be concentrated 
within the disposal site, with a maximum deposition of 0.1 m occurring immediately adjacent 
to the disposal site and decreasing with distance from the disposal site (typically between 
0.001 m and 0.01 m). This is not expected to result in a permanent alteration or destruction 
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of fish habitat, as most deposition will occur in a designated disposal site with similar 
substrate. 

Brown Passage and the surrounding area is likely comprised of fine particles (muddy 
substrate), based on benthic classes identified in the British Columbia Marine Conservation 
Analysis (BCMCA 2009) and Environment Canada sampling results (Lewis 2013). There 
may be some rocky habitat in the general area, given that rockfish landings are reported in a 
4 km x 4 km area overlapping Brown Passage (mainly to the west) and approximately 2 km 
north of Brown Passage (DFO 2011a). As the majority of sediment deposition is predicted to 
occur at the disposal site and eastward, minimal deposition would occur in any potentially 
rocky areas. Because Brown Passage is a designated disposal site, it is likely that adjacent 
areas have experienced sedimentation in the past and are resilient to these levels of 
deposition. Therefore, effects on habitat at and near the disposal site are expected to be 
short term as organisms will re-colonize the affected areas.  

Eelgrass mortality is not expected as a result of dredging (no eelgrass observed during field 
studies at the marine berth area, see Appendix M) or disposal at sea (not present in deep 
water). There is potential for loss of small portions of eelgrass on the northern edge of Flora 
Bank near the jetty-trestle abutment, associated with sediment dispersal during vessel 
berthing that occurs at low tide. Preliminary modelling results indicate a maximum 
deposition of >37.5 mm (3.75 cm) over a small area of Flora Bank following 28 days of 
departure at low water slack. Beyond 28 days, this could result in smothering of eelgrass. 
There might also be an effect on eelgrass due to high TSS concentrations; however, 
eelgrass on Flora Bank appear to adapt to naturally high TSS levels associated with Skeena 
River inputs by photosynthesizing when TSS levels are low enough to allow for light 
penetration, likely mainly during low tides (as evident in the rarity of eelgrass in subtidal 
areas) (see Appendix M). 

Any loss of eelgrass attributable to vessel maneuvering would be considered a permanent 
alteration or destruction of fish habitat (i.e., serious harm) and would require offsetting.  

Materials Offloading Facility 

At the MOF, construction will include blasting and dredging of rocky shorelines and 
sediments to 12.5 m below CD to accommodate the primary berths (see Figure 13-2). A 
total of 73,704 m2 of marine habitat will be affected. Of this area, 35,948 m2 will be intertidal 
habitat (lost and altered), 17,019 m2 will be subtidal habitat (temporary disturbance), 904 m2 
will be eelgrass, and 19,833 m2 will be marine riparian habitat. Intertidal and subtidal 
habitats comprise a range of substrates from bedrock, boulders, and cobbles through to 
mud and sand. Riparian habitat comprises a dense mix of coastal forest vegetation 
(including western red cedar, red alder, western hemlock, Douglas fir, and salal). 

The installation of the MOF will also create new marine habitat. To accommodate 
containment booms and clean-up boats at the MOF, 800 m2 will be blasted and dredged 
to -3 m. This area will remain open to the water and be colonized by both intertidal and 
subtidal marine invertebrates such as mussels (Mytilus complex), barnacles (e.g., Balanus 
and Semibalanus) and limpets (e.g., Lottia spp.) and a diverse mix of seaweeds. Upright 



 Pacific NorthWest LNG 
Environmental Impact Statement and Environmental Assessment Certificate Application 

Section 13: Marine Resources 

 
 

 

February 2014 
Project No. 1231-10537 

  

 
 13-39 

 

piles installed to support the MOF will provide attachment sites for similar invertebrate 
species; however, algae are unlikely to grow since no light will penetrate the area beneath 
the dock. The total wetted surface area (i.e., the area below the HHW mark) of the MOF 
piles is approximately 4,064 m2. 

Dredging and disposal of dredged material will result in a temporary disturbance to fish 
habitat as a result of sediment deposition over existing substrate near the dredge site and at 
the disposal site. At the MOF dredge site, modelling (Appendix O) indicates a maximum 
thickness of 0.011 m of sediment would be deposited per month of dredging, with dredging 
expected to occur over a total of six months. The deposition of re-suspended sediments 
from the dredge area would primarily occur within the dredge area on the northwest side of 
Lelu Island, at the junction of channels to the northeast of Lelu Island, and along the 
southwest coast of Port Edward (see Figure 13-7). 

Disposal of the dredge material at Brown Passage is not expected to result in permanent 
alteration or destruction of fish habitat. Stressed environments similar to Brown Passage, 
which has historically been used for sediment disposal since 1972, generally recover within 
nine months (Bolam and Rees 2003). Re-colonization may occur via vertical migration of 
buried benthic organisms through the disposed material, horizontal migration from 
neighboring areas by migrating adults or post-larval individuals, and larval recruitment 
(Bolam and Rees 2003). 

Deposition of MOF sediment at the Brown Passage disposal site was modelled at 20 days 
after completion of all disposal activities, after all sediment would have settled (see 
Figure 13-5). The modelling results predicted that 71% of the disposed material would be 
deposited within the disposal site (1 nautical mile in diameter) to a thickness of 0.029 m to 
2.1 m, in water 100 to 200 m deep. Outside the disposal site, deposition of less than 0.01 m 
would occur, primarily to the southeast. 

Pioneer Dock 

Pile installation for the pioneer dock will result in the loss of 544 m2 of habitat, comprising 
almost entirely marine riparian habitat with less than 1.5% (7 m2) being intertidal and 
subtidal habitat. However, pile installation will also result in the creation of 29 m2 of habitat 
(wetted and surface area of piles), which will provide attachment substrate for algae and 
invertebrates. 

Lelu Island Access Bridge and Water Supply/Sewage Pipelines 

The bridge connecting the facility with mainland infrastructure will have a marine footprint of 
3,328 m2, comprised almost entirely of marine riparian habitat (3,322 m2) of a similar nature 
to that occurring around the MOF and a small area of intertidal habitat (6 m2). Below the 
bridge, two 150-mm sewage pipes will be installed directly on the seabed between Lelu 
Island and the mainland, resulting in the alteration of 120 m2 of intertidal habitat. This will 
result in habitat creation of the same total area, providing hard substrate for attachment over 
soft sediment habitat. The soft sand and mud within this habitat supports sparse patches of 
eelgrass and sediment-dwelling (infaunal) invertebrates, including Pacific gaper clam 
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(Tresus nuttallii) and Nuttall’s cockle (Clinocardium nuttallii). Gravel and cobble areas in the 
upper intertidal also support seaweed communities, while a mix of coastal forest and 
grasses cover the back beach and marine riparian zones. This area of water is used as a 
passage for juvenile salmon migrating to sea, predominantly from the Skeena River. 

 13.5.3.2 Mitigation 

The primary mitigation measure is avoidance of sensitive marine habitats, where feasible, 
during project design. The marine terminal was sited to reduce disturbance on Flora Bank 
and effects on the regionally important eelgrass bed. Field surveys confirmed minimal 
eelgrass cover beneath the jetty footprint (see Appendix M). 

Mitigation measures incorporated to reduce changes to fish habitat caused by project 
activities are as follows: 

 Hard multi-facetted shoreline protection material (e.g., rip-rap boulders) will be used 
where needed (e.g., trestle abutment) to promote colonization by marine biota.  

 Habitat offsetting will be implemented to achieve no net loss of productivity. 

 The outer limits of foreshore construction areas (the MOF, marine terminal, bridge 
and pioneer dock) will be demarcated to avoid habitat damage outside of these 
areas. 

Additional mitigation measures discussed in Section 13.5.2.2 (Change in Sediment or Water 
Quality) to reduce effects from vessel maneuvering at the marine berths during operations 
will mitigate the effects of TSS and sedimentation on fish habitat.  

 13.5.3.3 Characterization of Residual Effects  

There will be no residual adverse effects to fish habitat as a result of the Project; habitat 
offsetting measures pursuant to Section 35(2) of the Fisheries Act will ensure there is no net 
loss in productivity. A detailed Fish Habitat Offsetting Plan will be developed in consultation 
with local Aboriginal groups and other Aboriginal groups, DFO, the Skeena Fisheries 
Commission and other interested groups before construction and will be implemented 
before or during operations. See Appendix K for the CFHOS developed to demonstrate the 
feasibility of the offsetting approach. The plan will explicitly consider DFO’s offsetting 
hierarchy and will focus on offsetting of the same habitat type as is being lost within the 
same area as the effect. The overall goal of habitat offsetting is to ensure DFO’s principle of 
no net loss of productivity is met. Several offsetting options are presented within the 
CFHOS, one of which is the creation of a corridor of habitats along Smith Island on the 
south shore of Inverness Passage, which is an important conduit for out-migrating juvenile 
salmon from the Skeena River (DFO 1985; Higgins and Schouwenburg 1973a). The 
proposed offsetting habitat along the salmon migration corridor would include shallow-water 
rocky reefs which are used by rearing juvenile Pacific salmon in the region (Cheney et al. 
1994; Higgins and Schouwenburg 1973). The objective of the salmon migration offsetting 
features is to increase the availability and connectivity of refuge habitat for juvenile salmon 
as they migrate to sea. As a consequence, inshore juvenile survivorship, which is a critical 
life stage for Pacific salmon, is likely to increase. Another offsetting option is the expansion of 
Flora Bank using sediment from the proposed marine berth dredge area (see Appendix K). 
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This would increase the habitat available for eelgrass through a combination of natural 
colonization and transplanting, increasing the productivity with widespread benefits to 
juvenile salmon and other marine organisms. These options and other identified in the 
CFHOS are conceptual and will be refined through further studies, discussions with DFO 
and consultations with Aboriginal people, community members, and other interested parties. 

Only a small portion of eelgrass (935 m2, representing 0.15% of total eelgrass on Flora 
Bank) is expected to be lost during construction. Offsetting will ensure there will be no net 
loss of productivity and potentially a gain in productivity through the creation of new eelgrass 
habitat at suitable locations within the LAA. Arrivals and departures of LNG carriers between 
MSL and HHWMT will reduce the effects of sediment deposition on Flora Bank, with no 
deposition expected to occur in this area during HHWMT. There is potential for deposition 
over Flora Bank at MSL; however, total thickness is expected to be lower than the low water 
slack scenario with a lower likelihood of causing burial.  

Flora Bank is expected to remain intact and continue to provide refuge for out-migrating 
salmon and eulachon from the Skeena River. In addition, several other eelgrass beds have 
been documented throughout the LAA (Faggetter 2013), which likely also provide refuge for 
juvenile salmon and other CRA species. Some of these beds are larger and have higher 
eelgrass abundance than Flora Bank (e.g., Porcher Island near Useless Point and 
Tsimpsean Peninsula near Swamp Island). Several are also healthier than Flora Bank: of 
29 eelgrass beds surveyed by Faggetter (2013), those at Flora Bank and Marrack Island 
were tied for the lowest health index of 2 (on a scale of 1 being the lowest and 10 being the 
highest). Two eelgrass beds near Porcher Island were ranked the highest (index of 8.5 and 
9). Most of the eelgrass beds were ranked as having medium to high health, with 7 of 
29 beds assigned an index lower than 5. 

Project construction and operations will result in permanent and temporary changes to fish 
habitat; however, habitat offsetting will result in the creation of new high-value habitats for 
salmon and other CRA fishery species. The net result will be a neutral or positive change in 
fish habitat, ensuring no net loss of productivity. The ecological context in which these 
changes will occur is expected to be moderate, as marine resources within the LAA have 
been exposed to anthropogenic effects causing changes to fish habitat (see Section 13.6 for 
specific projects) and communities are expected to recolonize affected areas rapidly. The 
effects are expected to be of moderate magnitude, as this will cause a measurable change 
outside the range of natural variability, but will not pose a risk to population viability as 
habitat offsetting features will benefit species potentially affected, including salmon. Effects 
on changes in fish habitat will occur within the LAA, constituting one-time events causing 
neutral or positive changes which are long-term, permanent, and reversible, with an overall 
benefit through gains in productivity via habitat offsetting. It is expected that with marine-
based structures left in place there will be no adverse residual effects to fish habitat. 

 13.5.3.4 Likelihood 

The Project will affect marine fish habitat, particularly during the construction phase. While 
immediate effects of construction are expected to be adverse (e.g., loss or alteration of 
habitat), the implementation of offsetting measures will ensure that the productivity of fish 
habitat is not diminished. Following the application of mitigation measures (including 
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offsetting), there is low likelihood of an adverse residual effect on change in (permanent 
alteration or destruction of) fish habitat. 

 13.5.3.5 Determination of Significance of Residual Effects 

With the implementation of habitat offsetting measures, project effects on fish habitat are 
expected to be neutral or positive. As a result, the residual effect of change in fish habitat is 
expected to be not significant. 

 13.5.3.6 Confidence and Risk 

The confidence in this prediction is considered to be high because the Project will be in 
compliance with the Fisheries Act and that habitat offsetting will result in positive changes to 
fish habitat. The confidence level is based on the following: 

 The project effects on fish habitat will be in compliance with the Fisheries Act. 

 The baseline information is well understood enabling an effective characterization of 
effects. 

 Mitigation measures are known to be effective. 

 The habitat compensation measures will result in positive changes to fish habitat. 

Since the confidence in this prediction is not low, no additional risk analysis has been 
conducted. 

 13.5.4 Direct Mortality or Physical Injury to Fish or Marine Mammals 

 13.5.4.1 Potential Effects 

Project construction could cause direct mortality or physical injury to fish or marine 
mammals. Blasting and impulsive underwater noise can cause permanent physical damage 
to tissue or organs (barotrauma) in fish (Popper and Hastings 2009), direct mortality to 
marine mammals (blasting only), and temporary or permanent auditory injury to marine 
mammals (Popper and Hawkins 2012; Richardson et al. 1995). Sediment deposition from 
vessel maneuvering at the berths may result in injury or mortality to fish by burial or 
smothering caused by sediment deposition. Vessel maneuvering at the berths may also 
result in TSS levels that can cause injury or mortality to fish and invertebrates. 

Construction activities may increase the likelihood of fish or marine mammal injury or 
mortality through the following mechanisms and project activities: 

 Blasting 

 Injury or mortality to fish or marine mammals through direct physical injury 

 Increased TSS (from dredging, disposal at sea, and vessel maneuvering at the 
berths) 

 Injury or mortality to fish 

 Crushing or burial (during dredging, disposal of sediment at sea, pile driving, other 
marine construction, and vessel maneuvering at the berths) 
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 Injury or mortality to fish 

 Underwater noise (pile driving) 

 Injury or mortality to fish (barotrauma) 

 Temporary or permanent auditory injury to marine mammals or fish. 

Blasting 

Blasting will be required to remove bedrock prior to dredging at the MOF. This has the 
potential to displace, injure, or kill animals within the blast area. The primary effect of 
blasting will be on fish and invertebrates that inhabit the rocky subtidal and intertidal areas. 
The sudden nature of blasting means that species are unlikely to be able to evade the 
effects. Pricklebacks are the dominant fish in these habitats year-round; however, several 
species of importance to CRA fisheries might be found in the area at certain times of the 
year. For example, juvenile salmon use Flora Bank eelgrass habitats from March to July 
(see Appendix M). 

Dungeness crab, which is an important fisheries species, is also likely to be exposed to 
blasting. However, this species is rare in the work area (MOF) compared to Agnew Bank, 
where it is abundant. Intertidal species that inhabit rocky areas and that could be affected as 
a consequence of blasting are likely to recolonize the rip-rap habitat created beneath the 
MOF loading dock upon completion of construction. Marine mammals could be injured 
(Richardson et al. 1995) or killed by blasting if they come within close range (see 
Section 13.5.4.2 for mitigation measures to prevent this). 

Crushing or Burial 

Dredging 

Dredging has the potential to displace, bury or crush benthic or demersal fish and 
invertebrates (Newell et al. 1998) within intertidal and subtidal areas adjacent to Porpoise 
Harbour at the MOF and marine berth dredge areas, potentially affecting the abundance and 
biomass of benthic organisms (Newell et al. 1998). 

A range of fish and commercially harvestable invertebrates occur within the MOF dredge 
area. Dominant finfish species observed within the dredge area during field surveys were 
flatfish (Pleuronectidae), pricklebacks (Stichaeidae), northern ronquil (Ronquilus jordani), 
and eelpouts (Lycodes spp.) (see Appendix M). During intertidal surveys the dominant 
infauna species observed were Macoma spp. (clams), bay ghost shrimp (Neotrypaea 
californiensis), and polychaete, and nermertea worms. Commercially important Dungeness 
crab, echinoderms (predominantly sea urchins and sea cucumbers), and bivalves 
(predominantly Macoma spp.) also inhabit the area. Salmon may also be found in the area 
during adult spawning migration or juvenile out-migration from the Skeena River, despite the 
absence of observations during field surveys. 

At the proposed marine berth dredge area, dominant species include pricklebacks within the 
main berth area, eelpouts at the drop-off around Agnew Bank, and various species of flatfish 
(see Appendix M). As mentioned above, salmon may be present in this area during 
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migration periods into and out of the Skeena River. Dungeness crab was the only 
commercially important species found in the area; other invertebrates present included 
jellies, hydroids, anemones, molluscs, and some echinoderms (e.g., sea stars). 

Vulnerability of species within the proposed dredge areas largely depends on their mobility. 
Echinoderms and intertidal invertebrates, especially infauna species, are more likely to 
experience injury or mortality from dredging, as they are slow-moving or sessile. Flatfish are 
unlikely to move away from dredging activity as they tend to remain stationary when 
threatened and rely on camouflage to evade detection (Ryer et al. 2008), although they may 
eventually swim away from imminent danger. Most fish and crabs will perceive the 
equipment as a potential threat and will retreat and avoid dredging activities. 

Disposal of Sediment at Sea 

Disposal of the dredged sediment at sea has potential to increase the likelihood of injury or 
mortality to organisms living on or in the seafloor at the disposal site as a result of burial, 
smothering, or crushing (Bolam and Rees 2003). Most mobile species (such as fish and 
crabs) can avoid burial and shed small amounts of settling sediment, however, epibenthic 
species will be covered. Benthic animals have been shown to migrate vertically to the 
surface (Bolam and Rees 2003) following burial, even when buried by more than 30 cm of 
sediment (Newell et al. 1998). Brown Passage has been used for ocean disposal within the 
last ten years as a federally regulated site. The species that inhabit the disposal site can 
either avoid or withstand such burial (e.g., most fish) or can quickly recolonize the newly laid 
sediment (e.g., invertebrates). It is anticipated that the disposal site will rapidly return to a 
similar condition once disposal is complete. 

Other Marine Construction 

Installation of steel piles, sewage pipes, and shoreline protection at the abutment of the 
jetty-trestle with Lelu Island can also lead to injury or mortality. In the case of steel piles, 
only sediment-dwelling bivalves and other infauna would be affected; all other species could 
move from the pile sites. The effect of pile installation is expected to have a negligible effect 
on populations of bivalves, which are abundant throughout the LAA. Shoreline protection will 
be installed in a location with a diverse rocky intertidal community of marine species (see 
Appendix M). However, no commercially important species were recorded within this 
location, and the biological community is expected to colonize the shoreline protection 
material within several years of its construction.  

Installation of the sewage pipes by trenching under the bridge location will affect infauna that 
cannot move from the area during installation. Trenching is also expected to result in injury 
and mortality to slow moving invertebrates that may be present.  

Vessel Maneuvering at the Berths 

Vessel maneuvering from LNG carriers and tugs during berthing and departure is likely to 
result in deposition of sediment over areas outside the marine berth area, with the greatest 
thickness (>37.5 mm) of sediment deposition occurring directly within the berth area over 
the short-term (22 hours after vessel departure and approach). During low water slack, the 
northwestern edge of Flora Bank will experience sedimentation, with maximum deposition 
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(>37.5 mm) occurring over a small area near the jetty-trestle abutment. As previously 
discussed, benthic animals can migrate vertically to the surface (Bolam and Rees 2003) 
following burial, even when buried by more than 30 cm of sediment (Newell et al. 1998).  

Increased TSS 

Within the LAA, salmon and herring are the most sensitive CRA species to injury or mortality 
from high TSS concentrations; whereas Dungeness crab (McFarland and Peddicord 1980; 
Peddicord and McFarland 1976) and bivalve molluscs (Wilber and Clarke 2001) exhibit 
higher tolerances. Lethal and sublethal effects on salmon as a result of high TSS levels vary 
widely according to the duration of activities and TSS concentrations, and juveniles are 
more susceptible to mortality compared to adults (McFarlane and King 2003; Newcombe 
and Jensen 1996; Wilber and Clarke 2001). High levels of TSS (generally > 1,000 mg/L for 

a duration greater than 1 day) can result in salmonid (Wilber and Clarke 2001) and herring 

(Boehlert and Morgan 1985) mortality, while lower levels (< 1,000 mg/L for a duration less 
than 1 day) may cause chronic effects to salmonids (i.e., loss of foraging capability, reduced 
growth, increased susceptibility to disease, increased stress, interference with homing and 
migration, decreased incubation success, gill clogging) (Bash et al. 2001; Bilotta and Brazier 
2008; Greig et al. 2005; Lazar et al. 2010; Shrimpton et al. 2007; Wilber and Clarke 2001). 

Adult fish and highly mobile invertebrates typically avoid areas with elevated TSS levels 
(Martens and Servizi 1993; Newcombe and Jensen 1996; Wilber and Clarke 2001) and 
therefore exposure durations are generally limited to minutes or hours (Newcombe and 
Jensen 1996; Wilber and Clarke 1998). TSS concentrations from dredging at the MOF and 
disposal of MOF sediment are expected to be below levels associated with  gill abrasion, 
fish mortality, or sublethal effects, with the majority of depths and locations having TSS 
levels well below these limits (Appendix O) and, therefore, gill abrasion or mortality to fish 
species (including invertebrates) is not expected. At Brown Passage, levels will be highest 
near the bottom and they will decrease rapidly throughout the water column following 
disposal.  

Disposal of sediment from the marine berth dredge area is not expected to exceed WQGs 
for continuous activities with the application of mitigation measures (see Section 13.5.2) and 
will therefore not result in injury or mortality to fish (including invertebrates) as lethal effects 
occur at higher concentrations as discussed above. 

The TSS effects associated with construction of the marine terminal (i.e., from pile driving) 
near Flora Bank are expected to be minimal due to highly localized sediment displacement 
and are likely to be largely masked by the large natural amount of sedimentation from the 
Skeena River, particularly during freshet. 

After 28 days of LNG carrier departures/approaches at low water slack (but not other times), 
TSS levels will exceed 1,000 mg/L over a small area on the northern portion of Flora Bank 
(near the jetty-trestle abutment). Unmitigated, this could result in lethal effects to salmonids, 
which can experience lethal effects at 1,000 mg/L for durations greater than 1 day (Wilber 

and Clarke 2001).  
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Underwater Noise 

Continuous (often referred to as non-pulse) sounds such as those produced by shipping and 
dredging are not likely to cause mortality or injury to marine mammals, as they lack the rapid 
rise-time to maximum pressure that characterizes pulse noises. Sound source levels from 
dredging and shipping are below published thresholds for injury (see Section 13.5.4.1 for 
underwater sound profiles of these activities). 

Blasting and pile driving produce sudden, intense noises. These pressure pulses can cause 
auditory injury or pressure injuries to fish and marine mammals close to the sound source. 
The distance over which injury might occur depends on a variety of oceanographic factors 
that attenuate sound (e.g., depth, water temperature) and the sensitivity of the receiver to 
the noise being emitted. 

In fish with swim bladders (e.g., salmon, herring, rockfish), pressure waves created by 
concussive impacts (e.g., pile driving) can rupture the swim bladder and/or damage other 
internal organs and tissue. Vulnerability to and the potential implications of such injuries, 
depend on the type of swim bladder a species possesses (Halvorsen et al. 2012). Beyond 
this effect, auditory effects of underwater noise on fish are poorly understood (Popper and 
Hawkins 2012). 

This section includes sub-sections describing auditory injury thresholds for marine 
mammals, injury thresholds for fish, and sound profiles of key project activities. 

For marine mammals, excessively loud noises can cause auditory injury leading to 
permanent hearing loss or impairment (Ketten 2012). This effect is known as a ‘permanent 
threshold shifts’ (PTS). Temporary effects on hearing (i.e., auditory fatigue) are referred to 
as ‘temporary threshold shifts’ (TTS). PTS and TTS are commonly measured using two 
metrics, sound pressure level (SPL) and sound exposure level (cumulative - SELcum or root 
mean square - SELrms). These metrics are further explained in Appendix N. 

The vulnerability of individuals to PTS and the potential implications of associated injuries 
depend on a wide range of variables including the species, pre-existing injuries, distance 
from source, local bathymetry, and sound frequency (Ketten 1995). Consequently, the 
effects of noise on marine mammals are highly context dependent and difficult to predict, 
and may vary substantially between species and individuals. Due to this uncertainty, 
mitigation measures consider the maximum possible threshold exceedances for underwater 
noise to cetaceans (see Section 13.5.4.2). 

Injury Thresholds for Marine Mammals 

There are no regulatory thresholds or guidance in Canada to assess the effects of 
underwater noise on marine mammals. 

Published thresholds used in this assessment (presented in Table 13-9) include: 

1. Southall et al. (2007) cumulative injury criteria (potentially causing PTS) for 
pinnipeds and cetaceans measured in SPLpeak and SEL levels. 
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2. The National Oceanic and Atmospheric Administration (NOAA) interim sound 
threshold guidance on injury criteria (potentially causing PTS) for pinnipeds and 
cetaceans measured in SPLrms (NOAA 2013). 

Table 13-9: Permanent Auditory Injury Criteria for Marine Mammals (PTS) 

Species 
Group 

Southall et al. (2007) NOAA 

SPLpeak 
(dB re: 1 μPa) 

SELcum (dB re: 1 μPa2s) 
SPLrms 

(dBRMS re: 1 μPa) 

Pinnipeds 218 186 (pulse) 203 (non-pulse) 190 

Cetaceans 230 198 (pulse) 215 (non-pulse) 180 

NOTES: 

SPLpeak values apply to single, multiple, and non-pulse sound sources. SPLRMS do not specifically distinguish 
between different types of sound sources. 

 

Detailed information on how these thresholds are determined and their limitations are 
described in Appendix N. This assessment considers both sets of guidelines and 
conclusions are based on the more conservative result. Exceeding any of these criteria 
would constitute a high potential for auditory injury to marine mammals. 

As TTS relates to temporary auditory fatigue and not permanent injury, marine mammals 
are expected to recover from this effect shortly after exposure; therefore, Southall et al. 
(2007) TTS criteria are not used in this assessment but are discussed qualitatively. In 
addition, NOAA regulatory thresholds for injury only consider PTS. 

Injury Thresholds for Fish 

Despite the lack of information on auditory effects (injury) on fish, interim guidance criteria 
have been developed (Popper et al. 2006) and adopted by the Fisheries Hydroacoustic 
Working Group (2008) for exposure to noise generated by pile driving (Ketten 2012; Popper 
et al. 2006): SPLpeak of 206 dB re: 1 μPa; and SELcum of 187 dB re: 1 μPa2s. This 
assessment considers exceeding these criteria to constitute a high potential for injury or 
mortality to fish. 

Sound Profiles of Key Project Activities 

Blasting, pile driving and dredging are the three main construction activities that will produce 
underwater noise. Blasting triggers momentary pulses of very high pressure that quickly 
diminish to background levels. Pile driving and blasting will follow DFO guidelines, as 
described under mitigation measures in Section 13.5.4.2. 

Peak sound levels generated by blasting activities depend on the construction regime (e.g., 
charge size and type of explosive, depth and configuration of blast holes, blast delay pattern 
and timing). 

Likewise, noise levels generated from pile driving activities depend on the type of pile being 
driven (e.g., wood, steel), its diameter (larger piles have larger SPLpeak and SELcum), the 
method of installation (e.g., impact hammer vs. vibratory driver), and the size of the hammer 
(Illingworth & Rodkin 2007). Propagation of sound in the water column depends on the 
water depth (i.e., deeper water results in greater propagation), bathymetry, geology, and 
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presence of other in-water structures (ICF Jones and Stokes and Illingworth and Rodkin Inc 
2009). 

Current engineering designs for the Project specify the use of 600-1,400 mm diameter steel 
piles for the MOF, marine terminal, and bridge. Given the abundance of soft sediment in the 
area, it is likely that a vibratory hammer can be used at most, if not all, locations for 
construction. Although example sound levels are available for pile driving in the literature 
(e.g., Hildebrand 2009; Illingworth & Rodkin 2007), more representative predictions are 
determined by modelling (Appendix N). Modelling assumed that one hammer will be used at 
a time; the addition of one or more hammers working simultaneously would result in an 
increase in the extent and intensity of underwater noise. 

The modelling results predict sound levels (dB) and extent (in km) of underwater noise from 
impact and vibratory pile installation (with and without bubble curtains as mitigation) 
compared to the previously discussed thresholds known to affect marine mammals and fish. 
The sound was modelled at the MOF and marine terminal to assess potential for injury and 
changes in behaviour. Acoustic results from the MOF are used to infer the extent of noise 
from pile driving at the bridge, and are considered conservative as the bridge is located over 
a very shallow area where propagation is likely to be less extensive. 

Sound levels from vibratory pile drivers are lower than for impact pile drivers (Illingworth & 
Rodkin 2007). Modelling results support this, showing that the use of a vibratory hammer 
decreases sound levels (relative to impact drivers) to below NOAA injury criteria for 
cetaceans and pinnipeds at all modelled locations. Vibratory pile driving exceeds Southall et 
al. (2007) PTS injury criteria (using the SELcum metric) only at close proximity to the sound 
source. To experience PTS, an animal would need to be in close proximity of pile driving for 
an entire 24 hour period, which is highly unlikely (see Appendix N). For impact pile driving, 
the predicted extent (in km from the sound source) of potential PTS-inducing sound levels is 
summarized in Table 13-10 for each marine mammal functional hearing group, under both 
unmitigated and mitigated (i.e., bubble curtain) scenarios for comparison. As Southall et al. 
(2007) thresholds are more conservative (198 dB re 1 µPa2•s for cetaceans and 186 dB re 
1 µPa2•s for pinnipeds), only these are presented in Table 13-8 and used in the assessment 
of potential effects. Exceedances of NOAA thresholds (190 dB re 1 µPa for cetaceans and 
180 dB re 1 µPa for pinnipeds) occur over smaller areas, with a maximum radius of 0.41 km 
for impact pile driving with a bubble curtain at the marine terminal (see Appendix N). 
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Table 13-10: Predicted Extent (km) of Potential Injury to Marine Mammals from 
Impact Pile Driving based on Southall et al. (2007) Thresholdsa 

Impact Pile 
Driving Location 

Low-Frequency 
Cetaceans 

(mysticetes, 
baleen whales) 

Mid-Frequency 
Cetaceans (some 

odontocetes, 
toothed whales) 

High-Frequency 
Cetaceans 

(specialized 
odontocetes) 

Pinnipeds 

198 dB re 1 µPa2·s 
186 dB re 1 

µPa2·s 

Deep scenario  
(unmitigated) 

4.1 km 3.8 km 3.7 km 16 km 

Deep scenario 
(bubble curtain) 

0.96 km 0.65 km 0.61 km 5.0 km 

Shallow scenario  
(unmitigated) 

2.6 km 2.6 km 2.5 km 21 km 

Shallow scenario 
(bubble curtain) 

0.83 km 0.81 km 0.80 km 4.1 km 

MOF (unmitigated) 0.75 km 0.71 km 0.72 km 1.1 km 

MOF (bubble 
curtain) 

0.60 km 0.50 km 0.47 km 0.80 km 

NOTES: 

Source: Appendix N. 
a Based on cumulative SEL, calculated by adding the SEL of all sound sources an animal could be exposed to over 
a 24-hour period (for instance, each separate pile driving strike) (see Appendix N). 

 13.5.4.2 Mitigation 

The following mitigation measures will be implemented to reduce the potential for injury or 
mortality to fish and marine mammals:  

 DFO’s Blasting Guidelines (Wright and Hopky 1998) will be implemented, including 
enforcing a safety radius of 500 m, and ensuring marine mammals are not present in 
the safety radius prior to blasting. 

 Blasting will be conducted within DFO least-risk timing windows (November 30 to 
February 15, (DFO 2013h))  to reduce mortality to fish during important lifecycle 
stages. 

 Dungeness crabs will be relocated from construction zones using proper handling 
techniques and strategies that limit stress. 

 Material from the dredge area that is suitable for construction or habitat offsetting will 
be used rather than disposing of it at sea to reduce potential crushing of marine 
organisms. 

 A Pile Driving Management plan will be implemented to outline low noise techniques 
(such as vibratory hammer with bubble curtain) to be used to install piles, where 
technically feasible. If an impact pile driver is used (with bubble curtain) a marine 
mammal observation program will be implemented. 
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Additional mitigation measures discussed in Section 13.5.2.2 (Change in Sediment or Water 
Quality) to reduce effects from vessel maneuvering at the marine berths will reduce injury 
and mortality to fish as a result of TSS and burial by sediment deposition. 

 13.5.4.3 Characterization of Residual Effects 

Blasting 

According to DFO blasting guidelines, sounds produced by a 100 kPa blast are unlikely to 
harm marine mammals that are at least 500 m from the source (Wright and Hopky 1998). 
Appropriate mitigation measures have been developed accordingly and these include 
delaying blasting activities if a marine mammal is present within 500 m of the blasting zone 
(Wright and Hopky 1998). 

Blasting is expected to cause an increased risk of mortality or injury to fish, larvae, or eggs 
within the immediate vicinity of the blast; however, the development of a blasting 
management plan, based on DFO’s blasting guidelines, will limit the extent of this effect. 
Moreover, most species of commercial importance are expected to be rare or absent from 
the blast area. Dungeness crabs will be relocated prior to blasting. No fish species at risk or 
of management concern are known to occur in the proposed blast area. 

Crushing or Burial 

With the implementation of mitigation strategies as described above, the residual effect of 
physical injury and mortality to fish due to dredging, disposal at sea, and installation of the 
water and sewages pipes is expected to be generally limited in spatial extent to the 
immediate vicinity and areas in close proximity of these activities. Sedentary or slow-moving 
fish and invertebrates are least likely to be able to avoid injurious effects. While individuals 
near such activities might be lost, these species are expected to begin recolonizing the 
affected areas following completion of construction with no adverse effects on the viability of 
local populations. 

Maintenance dredging at the marine berths will occur every two to five years throughout the 
operations phase and has the potential to result in injury and direct mortality for individual 
organisms. This is not expected to affect population viability within Chatham Sound due to 
the high abundance of soft-sediment throughout the area (Appendix M) and the ability of 
organisms to re-colonize the marine berth dredge area from surrounding areas of similar 
substrate. Maintenance dredging and disposal during operations is expected to have a lower 
magnitude effect compared to the construction phase, due to the smaller amount of 
sediment involved.  

Because dredged sediment will be disposed of at Brown Passage, a disposal site 
designated by Environment Canada, communities are expected to be resilient and able to 
re-colonize the area following disposal. Modelling indicates that deposition outside of Brown 
Passage will occur primarily in an easterly direction, with thicknesses ranging from 0.001 m 
to 0.1 m after disposal of all marine berth area sediment (approximately 7 million m3) is 
complete (12 months). As previously discussed, only immobile species are expected to 
experience burial as most species will be able to migrate vertically through the sediment.  
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Mitigation measures for vessel maneuvering are expected to reduce potential burial of 
organisms. Burial will cause injury or mortality only to immobile species that cannot move 
vertically through sediment or avoid the activity. Given the lack of hard substrate in the 
vicinity of the berthing area, immobile species typical of rocky habitats are unlikely to occur 
in most areas that will experience increased sedimentation. However, some sediment 
accretion in rocky areas along the north and northwest coasts of Lelu Island might occur, 
and this could result in the burial of sessile invertebrates and algae.  

Marine fish species at risk (Northern abalone, bluntnose sixgill shark, and rougheye and 
yelloweye rockfish [SARA]) and of management concern (bocaccio, canary, darkblotched, 
quillback, and yellowmouth rockfish, eulachon, green sturgeon, North Pacific spiny dogfish 
[COSEWIC]) (see Table 13-5) are not likely to be affected by blasting, burial, or crushing, or 
effects of underwater noise as they are not expected to be found in locations where these 
effects might occur (see Section 13.5.2). Northern abalone are slow-moving and, if present, 
would likely have been observed during field surveys. Yelloweye and rougheye rockfish are 
usually found at depths of 170 m and 30 m or deeper, respectively, and are usually 
associated with hard substrates rather that soft-substrates (COSEWIC 2007, 2008) and are 
therefore unlikely to be affected by construction activities. 

Increased TSS 

Marine organisms, particularly eelgrass and sediment-dwelling invertebrates, are adapted to 
seasonal variations in TSS levels, as are juvenile salmon, which migrate to Flora Bank 
during late spring and summer when TSS levels are naturally high. 

Residual effects caused by elevated TSS, associated with vessel maneuvering during 
berthing and departure will be reduced by applying mitigation measures (seabed armouring, 
arrivals and departures between MSL and HHWMT, use of tugs with less powerful 
propulsion). As discussed in Section 13.5.2.3, TSS levels between 5 and 500 mg/L are 
expected to occur on arrivals and departures between MSL and HHWMT. These levels are 
expected to occur over a small area of Flora Bank and within the marine berth area turning 
basin. These levels are below those that cause lethal effects to salmon and other species 
and are therefore not expected to result in injury or mortality. In addition, salmon and other 
species are expected to avoid areas of high TSS concentrations.  

TSS levels associated with dredging at the MOF and marine berth dredge areas are not 
expected to cause injury or mortality, with levels not expected to exceed the WQG of 5 mg/L 
for continuous activity, except immediately within the marine berth dredge area (see 
Section 13.5.2). These are well below the acute toxicity levels of 1,000 mg/L for salmon 
identified by Wilber and Clarke (2001). Maintenance dredging at the marine berth area and 
disposal of this sediment are expected to result in TSS concentrations below the WQG of 
5 mg/L, with only a small volume of sediment to be dredged compared to construction.  

During disposal of dredged sediment from the MOF, TSS levels in the deepest waters of 
Brown Passage are predicted to be high (up to 1,100 mg/L); however, these levels will be 
localized and occur for only a few hours immediately after the disposal. Levels through the 
rest of the water column will range from 1 to 25 to 30 mg/L above background. The TSS 
levels predicted for bottom waters could result in lethal effects to fish if they last 24 hours or 
more (Wilber and Clarke 1998, 2001); however, such high levels will last for less than 
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24 hours and the activity will occur in a designated disposal site, under permit, in an area 
selected for its low environmental sensitivity compared to shallower areas closer to shore. 
As previously discussed, TSS levels from disposal of marine berth sediment will be below 
appropriate WQGs and therefore will not cause injury or mortality to fish.  

Underwater Noise 

Impact pile driving using a bubble curtain is not expected to exceed fish injury criteria 
(SPLpeak of 206 dB re: 1 μPa; SELcum of 187 dB re: 1 μPa2s) except within the immediate 
vicinity of the pile. The radii (R95% radius, see Section 13.5.1.2 and Appendix N) at the 
marine terminal and MOF are 0.011 km, 0.142 km, and less than 0.006 km, respectively 
(see Appendix N). Fish close to the pile are expected to relocate in response to preparatory 
activities such as the installation of bubble curtains. Therefore, it is unlikely that fish will be 
injured or killed during pile driving. 

Bubble curtains are a common sound-attenuation strategy (ICF Jones and Stokes and 
Illingworth and Rodkin Inc 2009), and designs are available with isolation casings that 
contain bubbles, making them effective in areas of high current (ICF Jones and Stokes and 
Illingworth and Rodkin Inc 2009), such as in Porpoise Channel. 

With vibratory methods of pile installation (with a bubble curtain) used as a mitigation 
measure, there will be no effect of injury or mortality from pile driving on marine mammals or 
fish, based on NOAA and Southall et al. (2007) injury criteria (see Appendix N). If an impact 
hammer with a bubble curtain is used, cetaceans within 1.0 km of the sound source may be 
exposed to sound levels capable of causing permanent auditory injury (see Table 13-10 and 
Table 13-11). In this case, a MMO will monitor this area to reduce the potential for such 
exposure, as described in Section 13.5.4.2. 

Species that are expected to be found within the 1.0 km radius where injury criteria (Southall 
et. al 2007) are exceeded (using an impact hammer) for underwater noise are harbour 
porpoise, Dall’s porpoise, Northern resident and Bigg’s killer whales, and humpback whale 
(see Table 13-11). Loughlin’s Northern sea lion and harbour seal are found within a larger 
radius of 5.0 km (see Table 13-11). Pacific white-sided dolphin may also be affected within a 
1.0 km radius. Species such as fin and minke whale spend limited time in the LAA and are 
found closer to Triple Island, outside the area of potential injury (PTS). If these species were 
to occur within areas of ensonification, the implementation of the MMO program will assist in 
preventing PTS to these species. The potential extents of residual effects to marine 
mammal species most likely to occur in the LAA are presented in Table 13-11. 

The ranges over which marine mammals may experience PTS can be inferred from 
modelling results for impact pile driving. Although radii have not been calculated, the areas 
of ensonification exceeding TTS thresholds will be more extensive than those identified for 
PTS, and can be inferred from Appendix N (Figure A-1 to Figure A-24). This is important for 
harbour porpoise which, relative to other marine mammals, are particularly sensitive to 
construction noise and often exhibit behavioural response to underwater noise (Kastelein et 
al. 2011). DFO’s Management Plan for the Pacific harbour porpoise lists acoustic 
disturbance as a threat of medium to high concern (DFO 2009). TTS is a temporary 
condition and marine mammals are expected to recover shortly after exposure to 
underwater noise. 
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Table 13-11: Marine Mammals Injury Threshold Exceedances (PTS) and Residual Effects Caused by Underwater Noise 
from an Impact Hammer with Bubble Curtain 

Species 

Maximum1 
Extent of 
Potential 

Injury2   

Spatial and Temporal Overlap with Ensonified 
Areas 

Status and Population Abundance Estimates,  
Queen Charlotte Basin7 

Harbour 
porpoise 
and Dall’s 
porpoise3 

0.80 km 

 Concentrations of harbour and Dall’s porpoises 
found throughout ensonified areas (BC 
Cetacean Sightings Network 2013; Best and 
Halpin 2011) 

 Ensonified area occurs over the width of 
Porpoise Channel between Lelu and Ridley 
Island. 

 Present year-round (see Appendix M). 

Harbour porpoise (Special Concern, SARA) 

 2,806 to 3,647 individuals 

 High density around Prince Rupert and throughout 
the southern portion of Chatham Sound (overlapping 
with the pile driving radius). 

 Other high-density areas exist south and west of the 
LAA and over a large area in Hecate Strait. 

Dall’s porpoise (Not Listed, SARA) 

 4,232 to 4,540 individuals 

 Density low to moderate around Prince Rupert, 
within LAA density is highest near Stephens Island. 

 Area of highest density is large area north of Haida 
Gwaii. 

Northern 
resident 
and Bigg’s 
killer 
whale4 

0.81 km 

 Killer whales have been observed within this 
radius (see BC Cetacean Sightings Network 
2013). 

 Northern resident present May-July (see 
Appendix M). 

 Bigg’s present year-round (see Appendix M). 

 Both species threatened, SARA 

 251-264 individuals (combined, both species) 

 Density in Chatham Sound approximately same as 
other areas in the Queen Charlotte Basin, with 
highest densities in Caamaño Sound. 

Humpback 
whale5 

0.96 km 

 Humpback whales have previously been 
observed within this radius, but concentrations 
are around Triple Island (see BC Cetacean 
Sightings Network 2013). Present in highest 
densities May-October although observations of 
adults and juveniles have been made in winter 
months (see Appendix M). 

 Threatened, SARA 

 995-1431 individuals 

 Areas of high density outside the LAA west of Triple 
Island with highest densities in southern Hecate 
Strait. 
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Species 

Maximum1 
Extent of 
Potential 

Injury2   

Spatial and Temporal Overlap with Ensonified 
Areas 

Status and Population Abundance Estimates,  
Queen Charlotte Basin7 

Loughlin’s 
Northern 
sea lion6 

5.0 km 

 No major haulouts or rookeries overlap with 
ensonified area. 

 Present year-round, sightings in ensonified 
areas not as likely as for other species (see 
Appendix M). 

 Special Concern, SARA 

 2692-4817 individuals 

 Density mapping does not show the presence of any 
Loughlin’s northern sea lions in the LAA except near 
Triple Island (Best and Halpin 2011). 

Harbour 
seal6 

5.0 km 

 Frequent observations made during field surveys 
in Porpoise Channel and near Flora Bank. 

 Haulout sites in and around the LAA likely 
support over 1,000 seals (DFO 2010b). 

 Present year-round (see Appendix M). 

 Not Listed, SARA 

 2562-4181 individuals 

 Densities low in LAA relative to the Queen Charlotte 
Basin; highest densities in Caamaño Sound (hauled 
out). 

NOTES: 
1 Maximum radii of all three locations modelled for pile driving: MOF and marine terminal (see Appendix N). 

2 Injury determined according to Southall et al. (2007) PTS thresholds for cetaceans and pinnipeds (198 and 186 dB re 1 µPa2·s, respectively), using SEL cum (see 
Table 13-10 and Appendix N). 
3 Based on audiogram weighted results for high-frequency cetaceans (specialized odontocetes). 
4 Based on audiogram weighted results for mid-frequency cetaceans (some odontocetes, toothed whales). 
5 Based on audiogram weighted results for low-frequency cetaceans (mysticetes, baleen whales). 
6 Results are not audiogram weighted. 
7 Information derived from Best and Halpin (2011). Range is based on average observations of distance sampling estimates and abundance estimates for all surveys 
conducted in the Queen Charlotte Basin (shown in Figure 1, Best and Halpin [2011]). Best and Halpin (2011) stipulate the abundance estimates may underestimate 
true population size. 

.
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Mitigation measures are expected to reduce the effects of injury to marine mammals. The 
small size of harbour and Dall’s porpoise can make MMO observations difficult in adverse 
weather; however, avoidance behaviour may further limit the potential for injury. Population 
viability is not expected to be affected given the relatively localized nature of this effect and 
the population sizes of both species (see Table 13-11). 

Following mitigation, some pinnipeds may still be exposed to sound levels capable of 
causing PTS at distances beyond those covered by the marine mammal observation 
program (i.e., for distances up to 5.0 km from the berths or 4.1 km from the jetty-trestle). 
However, like harbour porpoise, a study by (Kastelein et al. 2012), demonstrated that seals 
may also avoid underwater sound sources at distances that exceed those expected to 
cause injury (PTS). The results of this study also showed that some seals were attracted to 
the underwater sound source and it is therefore uncertain whether harbour seals and other 
pinnipeds such as Loughlin’s northern sea lion may vacate the area at the onset of such 
activities (therefore reducing their time of exposure, and likelihood of permanent auditory 
damage). As pinnipeds spend a limited amount of time with their ears underwater and there 
are no haulout sites within the areas of threshold exceedances, there is a low likelihood that 
pinnipeds will become injured. While PTS would reduce an individual’s fitness and could 
lead to indirect mortality (e.g., through higher susceptibility to predation), actual PTS 
occurrences are likely to be rare and are not expected to have an effect on the viability of 
pinniped populations in the region (see population sizes in Table 13-11). 

Fish and marine mammals are expected to have a moderate resilience for burial, crushing, 
and blasting, as migratory species have likely been exposed to similar project activities from 
existing projects (see Section 13.6) and have likely recolonized the area affected. Immobile 
species are not expected to experience population effects as a result of burial, crushing, or 
blasting, as species that will be affected are widespread in the LAA and will begin 
recolonizing affected habitats immediately following the completion of construction. 

Marine mammals and fish likely have a moderate resilience to underwater noise with sound 
levels that have potential to cause injury. Local populations have likely been exposed to 
underwater noise from other projects and are likely to return to these areas following 
construction. The magnitude of these effects are expected to be moderate for burial, 
crushing, blasting, and underwater noise, with changes outside the range of natural 
variability that are not expected to affect population viability for any species. Injury or 
mortality will occur over the short term during the construction period (multiple regular 
events), long-term during maintenance dredging in the operations phases (causing crushing 
and some burial), and continuously over the long-term during operations (vessel 
maneuvering causing burial). These effects will occur primarily within the PDA but 
continuous effects of underwater noise will extend into the LAA. Effects are expected to be 
reversible at the population level for marine mammals and fish. Few, if any, marine 
mammals are expected to become injured and this is not expected to affect local 
populations. Although some fish and invertebrates will be killed during construction, their 
populations are expected to be restored within one or two generations. 
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Increases of TSS from project activities causing injury or mortality are expected to be 
moderate in magnitude, local in geographic extent, occur over multiple regular events 
(construction) and over the long-term (operations) and medium-term (construction) and be 
reversible. Marine organisms in the area are exposed to naturally high concentrations of 
TSS during Skeena River freshet and are therefore considered to have moderate resilience. 

 13.5.4.4 Likelihood 

The likelihood of injury or mortality to fish from project activities involving blasting, burial, or 
crushing is high. The likelihood of injury or mortality from underwater noise to fish and 
marine mammals is low to moderate. 

 13.5.4.5 Determination of Significance of Residual Effects 

Harbour porpoise (listed as special concern under SARA) could be harmed through 
propagation of underwater noise from pile driving; however, with mitigation the potential for 
this is reduced, and effects to population viability are considered unlikely. 

The residual effects of injury and mortality to fish as a result of burial or crushing are not 
predicted to affect population viability of any species found in the LAA, nor are any fish 
species at risk or of management concern expected to be killed or injured. The use of 
mitigation measures to restrict the geographic extent of increased changes in TSS levels at 
the marine berth (during construction and operations) and MOF dredge areas (during 
construction), respectively, are important for managing adverse effects of TSS on fish 
(particularly juvenile salmonids) and invertebrates. The predicted changes in TSS are not 
expected to result in lethal effects to fish and will therefore not affect the viability of fish or 
invertebrate populations.  

As population viability is unlikely to be affected and the likelihood of mortality to species at 
risk or of management concern as a result of the Project is low, the residual effect of direct 
mortality or physical injury to fish or marine mammals is predicted to be not significant. 

 13.5.4.6 Confidence and Risk 

Confidence in the assessment of direct mortality or physical injury to fish from crushing or 
burial is high. This is due to the mitigations (e.g., relocation of commercially important 
Dungeness crabs), localized nature of this effect (i.e., limited to the immediate vicinity of 
construction or disposal at sea) and the correspondingly nil effect that this will have on 
population viability. Confidence in the assessment of direct mortality or physical injury to fish 
and marine mammals due to blasting is likewise rated as high, due to the implementation of 
effective mitigation measures (i.e., monitoring of changes in pressure levels and 
enforcement of a blasting safety radius). 

Although the confidence in the assessment of injury or mortality to fish from blasting, 
crushing, and burial is high, the overall confidence level for injury or mortality to fish or 
marine mammals is moderate for the following reasons: 

 Acoustic effects are poorly understood for most species. 

 Distribution and abundance of marine mammals in the LAA is not well defined. 
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 Assumptions made in acoustic models about source sound levels specific to the 
project have not been field validated. 

 Project design and operational details are subject to change. 

Since the confidence in this prediction is not low, no additional risk analysis has been 
conducted. 

 13.5.5 Change in Behaviour  

 13.5.5.1 Potential Effects 

Construction, operations, and decommissioning can create underwater noise resulting in 
behavioural effects to marine mammals and fish. Blasting and pile driving produce sudden, 
loud sounds that could trigger behavioural changes in both fish and marine mammals. 
Dredging, disposal at sea, and construction-related vessel movement produce continuous 
(non-pulse) underwater noise that could affect the behaviour of fish and marine mammals. 
LNG carriers will also produce underwater noise during operations (shipping and berthing), 
which is variable depending on speed and water depth, among other factors. 

Behavioural effects caused by underwater noise are expected to be more prominent during 
the construction phase compared to operations, as in-water construction activities (e.g., pile 
driving) are known to produce louder underwater noise levels than operational activities 
(e.g., vessel movements). 

Underwater noise can cause stress (Rolland et al. 2012; Wright et al. 2007; Wysocki et al. 
2006; Hastings and Popper 2005; Rolland et al. 2012; Southall et al. 2007a) which may 
cause physiological responses such as lowered immune response and diminished 
reproductive effort (Southall et al. 2007a), affect communication (Clark et al. 2009; Popper 
and Hawkins 2012; Richardson et al. 1995; Risch et al. 2012; Southall et al. 2007a; Williams 
et al. 2013), and trigger avoidance behaviours that can disrupt migration (Southall et al. 
2007a; van Opzeeland and Slabbekoorn 2012) or foraging patterns (e.g., Slotte et al. 2004; 
Sundermeyer et al. 2012; Tougaard et al. 2012; Williams et al. 2006). However, the actual 
reactions of marine mammals and, especially fish, are difficult to predict and depend on a 
multitude of variables including the type, magnitude and duration of noise, the species and 
its distance from the sound source, and the activity state of the animal at the time (Popper 
and Hawkins 2012; Richardson et al. 1995). 

Potential behavioural responses of fish to underwater noise include change in behavior, 
small temporary movements for the duration of the sound, large movements that displace 
fish from their normal locations, and large-scale changes in migration routes (Popper and 
Hastings 2009). Construction noise is expected to trigger behavioural changes in fish that 
are close to construction activities. Behavioural changes in fish from non-pulse noises have 
not been well-studied but are likely to be greater in hearing specialists (e.g., herring) than 
generalists (e.g., salmon). Fish hearing specialists rely on auditory signals for 
communication, foraging and schooling; they have greater hearing sensitivity and perceive 
sounds over wider bandwidths than generalists (Popper and Lu 2000). 
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Species of importance to CRA fisheries most likely to be affected by underwater noise from 
construction are migrating salmon and eulachon. Most herring spawning occurs further 
away from the PDA, north of Digby Island and north of Porcher Island (see Appendix M, 
Figure 7). Juvenile herring may be found in the LAA following spawning, potentially using 
Flora Bank and other eelgrass beds in the region for rearing. One deceased herring was 
observed in the eelgrass beds that were delineated during foreshore surveys near the jetty-
trestle abutment. Rockfish, lingcod, and Pacific cod (Gadidae) could also be affected, but 
are generally found further offshore, away from the construction area. The most common 
reaction is expected to be a short-lived startle response by fish near the onset of pulse 
noises (e.g., in close proximity to a pile during impact driving); however, normal behaviour is 
likely to resume within seconds (sensu Wardle et al. 2001). Some species may also move 
away from particularly noisy areas (Thomsen et al. 2012), but such reactions are expected 
to be minimal beyond 500 m of sound sources. 

Marine mammals most likely to experience effects of underwater noise include humpback 
whale, northern resident killer whale, Bigg’s killer whale, Dall’s porpoise, harbour porpoise, 
Pacific white-sided dolphin, and harbour seal. Loughlin’s northern sea lion may also occur in 
the LAA and experience behavioural effects. Fin whales are usually absent from the LAA; 
however, they occasionally feed around Triple Island from July to August (see Appendix M, 
Table 2) and could therefore be affected by underwater noise from shipping. 

Behavioural effects to marine mammals from underwater noise can vary widely. Responses 
may include temporary displacement or avoidance of ensonified areas (of particular concern 
in areas that may provide important habitat for feeding or important life cycle stages), 
increased energy expenditure, reduced foraging efficiency, and increased stress potentially 
causing adverse physiological responses (Richardson et al. 1995; Rolland et al. 2012). 
Noise can also affect the ability of marine mammals to communicate and perceive sounds in 
their environment potentially affecting navigation, mate selection, predator avoidance, and 
prey detection (Payne and Webb 1971; Tyack and Clark 2000). Marine mammal species 
vary in their sensitivity to underwater noise and the bandwidth of sounds that they can hear 
(Richardson et al. 1995; Southall et al. 2007a). The same sound could attract some species 
but deter others (Southall et al. 2007a). 

Underwater noise is listed as a concern in recovery strategies and management plans for 
marine mammals listed under SARA and found in the LAA (e.g., DFO 2007, DFO 2008, 
DFO 2009, DFO 2013f). Harbour porpoise are particularly sensitive to sound. DFO’s 2009 
management plan for the Pacific harbour porpoise identifies acoustic disturbance as a threat 
to harbour porpoises (special concern, SARA) of a medium to high concern. This is due to 
its potential for displacement, effects on feeding (and prey availability), reproductive 
success, and social behaviour (DFO 2009). Observed behavioural responses include 
temporary habitat avoidance and exclusion from regions with chronic increases in noise 
levels (DFO 2009). 
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Both northern resident and Bigg’s killer whales are often seen in acoustically active groups; 
the former forages (often quite vocally) on fish and the latter forages silently on acoustically 
sensitive mammalian prey (i.e., pinnipeds and small cetaceans). Both populations likely rely 
on the ability to detect their prey acoustically. Harbour seals are the most frequently 
documented prey for Bigg’s killer whale, followed by harbour porpoise, Dall’s porpoise, and 
Loughlin’s northern sea lion. Declines affecting the population viability of any of these 
species could negatively affect the Bigg’s killer whale. Because both groups of killer whales 
communicate acoustically (Deecke et al. 2005; Ford and Ellis 1999), continuous underwater 
noise may result in masking (interfering with acoustic communication) and reduction of 
foraging efficiency (DFO 2007; Williams et al. 2006). Furthermore, research has 
demonstrated that Bigg’s killer whales can be displaced from their habitats as a result of 
intense anthropogenic underwater noise (DFO 2013i). 

Long-term implications of underwater noise are unknown for individual and populations of 
humpback whales (DFO 2013j). 

Behavioural Thresholds for Marine Mammals 

The interim behavioural thresholds for marine mammals (measured in SPLrms) used by 
NOAA will be applied in this assessment. Although Southall et al. (2007) criteria are 
considered more comprehensive for assessing impulsive noise causing PTS (injury) in 
marine mammals, Southall et al. (2007) did not provide quantitative thresholds for 
behavioural disturbance. NOAA’s behavioural thresholds, which are the same for both 
pinnipeds and cetaceans) are: 

 120 dBRMS re: 1 μPa for continuous sounds (e.g., shipping and dredging) 

 160 dBRMS re: 1 μPa for pulse sounds (e.g., impact pile driving) (Federal Register 
2005). 

NOAA thresholds are general, apply to all marine mammal species, and do not account for 
differences in marine mammal hearing abilities; however, specific behavioural disturbance 
thresholds have been developed for northern resident killer whales and these will be applied 
in this assessment. Killer whale disturbance thresholds were predicted by MacGillivray et al. 
(2012) based on behavioural responses to whale-watching vessels observed during field 
trials (Williams et al. 2002a; Williams et al. 2002b). Received sound levels of approximately 
64 dB re: HT (hearing threshold for northern resident killer whale) were shown to cause 
overt avoidance responses and sound levels of approximately 57 dB re: HT were shown to 
cause subtle avoidance responses (MacGillivray et al. 2012). 

For the assessment of potential behavioural effects on northern resident killer whale, the 57 
dB re: HT threshold will be used as it is more conservative than the threshold for overt 
avoidance (64 dB re: HT). Species-specific behavioural effects thresholds have not been 
established for harbour porpoise; therefore, the killer whale threshold will be used, with 
audiogram-weighting for harbour porpoise applied. This is considered to be a conservative 
approach as it results in a larger predicted area of potential behavioural effects to harbour 
porpoise than would be predicted using the NOAA criteria. NOAA thresholds will be used for 
all other species. Acoustic modelling was used to assess behavioural effects on marine 
mammals from shipping, berthing, and pile driving. 
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Behavioural Thresholds for Fish 

Hearing thresholds do not exist for behavioural responses in fish caused by underwater 
noise, unlike for injury (see Section 13.5.4.1). Behavioural changes have been reported in 
some species of rockfish (Sebastes spp.) for pulse-like sounds at (received) levels as low as 
160 dB re: 1 μPa (McCauley et al. 2000); however, several species of cod (family Gadidae) 
have been recorded resuming previous behaviours within seconds of pulses exceeding 200 
dB re: 1 μPa (e.g., Wardle et al. 2001). Herring have shown startle responses at received 
levels of 122 dB to 138 dB re: 1 μPa and clear behavioural responses when underwater 
noise was 20 dB to 25 dB above ambient noise levels (Kastelein et al. 2008). Nevertheless, 
researchers warn against extrapolating results of anthropogenic sound across contexts or 
different species of fish (Popper and Hastings 2009). This means that widely-applicable (i.e., 
across diverse species groups) behavioural thresholds for fish are not available. Therefore, 
the assessment of behavioural effects on fish is qualitative in nature and is based on 
available literature. 

 13.5.5.2 Mitigation 

Several of the mitigation measures recommended in Section 13.5.4.2 will also reduce the 
potential for behavioural change to fish and marine mammals (e.g., use of a vibratory 
hammer with bubble curtain at the marine terminal). Other mitigation are: 

 LNG carriers, tugs, and barges will not exceed a speed of 16 knots within the LAA. 

 LNG carrier vessel speed will be reduced to 6 knots when approaching the Triple 
Island Pilot Boarding Station. 

 13.5.5.3 Characterization of Residual Effects 

This section describes the sound profiles of key project activities, including modelling results 
based on threshold exceedances, followed by the characterization of potential residual 
effects on marine mammals and fish. 

Sound Profiles of Project Activities 

It is anticipated that sound produced during various phases of the Project will exceed 
behavioural thresholds for marine mammals. Table 13-12 summarizes areas of behavioural 
threshold exceedances for modelled project activities (see Appendix N). Activities exceeding 
behavioural thresholds are impact and vibratory pile driving (with and without bubble 
curtains), berthing, and transit of tanker (assuming two accompanying tugs) in deep 
(approximately 20 m) and shallow (approximately 1 m) areas. A detailed assessment of the 
effects to fish and marine mammals (species-specific) is provided below, according to each 
project phase. 
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Table 13-12: Threshold Radii for NOAA1 Behavioural Response for Pulse and Non-
pulse Sources and Northern Resident Killer Whale Thresholds2 for 
Non-pulse Sources 

Location Activity 

Pulse 
Sources (all 

species) 
160 dB re 

1 µPa 
SPLRMS 

Non-pulse 
Sources (all 

species) 
120 dB re 

1 µPa 
SPLRMS 

Harbour 
Porpoise 

57 dB re HT 

Killer Whale 
57 dB re HT 

Deep 
scenario  

Impact pile driving 
(bubble curtain) 

1.0 km - - - 

Vibratory (bubble 
curtain) 

- 3.2 km 2.4 km 4.5 km 

Berthing (2 tugs) - 15 km 4.3 km 11 km 

Berthing (4 tugs) - 18 km 5.6 km 15 km 

Shallow 
scenario  

Impact pile driving 
(bubble curtain) 

0.94 km - - - 

Vibratory (bubble 
curtain) 

- 3.6 km 5.3 km 15 km 

MOF Impact pile driving 
(bubble curtain) 

0.61 km - - - 

Vibratory (without 
bubble curtain) 

 0.81 km 0.75 km 0.77 km 

Vibratory (bubble 
curtain) 

- 0.70 km 0.70 km 0.71 km 

Vessel 
Transit 

Shallow –12 knots (2 
tugs) 

- 10 km 3.2 km 9.9 km 

Shallow – 9 knots (2 
tugs) 

- 3.4 km 1.1 km 2.3 km 

Deep –12 knots (2 tugs) - 8.9 km 3.3 km 10 km 

Deep – 9 knots (2 tugs) - 2.2 km 0.56 km 2.3 km 

NOTES: 

Source: Appendix N. 
1 Federal Register (2005). 
2 Harbour porpoise thresholds based on northern resident killer whale thresholds developed by MacGillivray et al. 
(2012) and accounting for differences in harbour porpoise audiograms. 

Construction 

A vibratory hammer with bubble curtain will be used for pile driving whenever feasible 
(except at the MOF where a bubble curtain results in only a small reduction in underwater 
sound); however, during this activity all species may still exhibit behavioural responses 
within a radius ranging from 0.75 to 3.2 km from the sound source, based on NOAA 
broadband thresholds (non-species specific) (see Table 13-9). The predicted harbour 
porpoise and killer whale audiogram-weighted levels for the onset of behavioural response 
(57 dB re HT) (MacGillivray et al. 2012) are exceeded at all three modelled locations (MOF, 
deep, and shallow-water scenarios). Maximum radius exceedances from vibratory pile 
driving with bubble curtain occur at the shallow scenario (jetty-trestle) and extend 5.3 km for 
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harbour porpoise and 15 km for killer whale (see Table 13-12). Within these areas of 
ensonification, behaviour of marine mammals could be affected during pile-driving activities; 
this is anticipated to occur for approximately three years. 

In the rare case that impact pile drivers may be used, the NOAA behavioural threshold of 
160 dB re 1 µPa will be exceeded, with or without a bubble curtain. Model results show the 
threshold is exceeded over smaller areas compared to exceedances for vibratory pile 
driving. However, it is important to note that the predicted extent of exceedances for pulse 
and non-pulse sounds are not comparable as they are calculated differently and based on 
different threshold values. Continuous impact pile driving (not possible to calculate) would 
exceed thresholds over areas greater than the vibratory hammer if metrics were 
comparable. 

Sound levels produced during dredging tend to be strongest at low frequencies and are 
typically less than those produced by pile driving and blasting (Richardson et al. 1995; 
Thomsen et al. 2009). While sound levels vary greatly among dredging methods (reviewed 
in Richardson et al. 1995), clamshell dredging, which is planned for construction of the 
MOF, typically produces SPLpeak values of approximately 167 dB re: 1 μPa (measured at 1 
m from the source) (Richardson et al. 1995). Cutter-suction dredging, which may occur at 
the marine berth area, is likely to result in higher SPLpeak values than a clamshell dredge as 
it can be 10-25 dB louder than clamshell dredging, affecting behaviour over greater 
distances and for longer periods of time, as it produces a continuous noise. 

Underwater noise produced during dredging is characterised by a cacophonic mix of tones 
owing to the variety of dredging-associated sound sources (CEDA 2011). Other noises 
associated with dredging include those stemming from support vessels, including engine 
and mechanical sounds, propeller cavitation, and deposition of dredge material onto barges 
(CEDA 2011). Underwater noise from dredging was not modelled because sound source 
levels are not expected to exceed those produced by pile driving. Although dredging and 
pile driving are not expected to occur simultaneously at the MOF, there may be overlap of 
dredging and pile driving at the marine berth area resulting in increased intensity of 
underwater noise; potentially causing behavioural effects over greater distances. 
Construction activities at the MOF and marine terminal may overlap, resulting in some 
overlap of underwater noise, causing behavioural effects within both areas at the same time. 

Shipping associated with disposal at sea will result in underwater noise that could affect the 
behaviour of marine mammals. Dredging and disposal of dredged material at sea from the 
MOF are expected to occur over six months, with one trip every 18 hours to the disposal site 
at Brown Passage. Barge capacity is expected to be 3,000 m3, and will require 
approximately 205 one-way trips of barges and assisting tugs to ship 615,000 m3 of dredge 
material. Dredging and disposal at sea of dredge material from the marine berth area is 
expected to result in approximately 2,350 one-way trips of barges (3,000 m3 capacity) and 
assisted tugs to dispose of approximately 7 million m3 of sediment at Brown Passage. This 
will be approximately seven trips per day for 365 days. It is unlikely that barge and assisting 
tug speeds will exceed those of LNG carriers used during operations. 
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Modelling results for LNG carriers can provide conservative estimates for the effects of 
construction-based vessel activities due to the anticipated slower vessel speeds and smaller 
sizes of vessels associated with transportation of construction materials. Effects of 
construction-based vessel movement are expected to be of equal or lesser magnitude to 
those of operational shipping. 

Operations 

Shipping and berthing are expected to produce underwater noise that could cause change 
in behaviour to fish and marine mammals. During operations, LNG carriers will dock at the 
berths offshore from Lelu Island. During transit to the marine terminal, LNG carriers will 
travel at speeds of approximately 19 knots outside the LAA, decelerating on the approach to 
Triple Island to 6 knots for pilot embarkation. From Triple Island to the Kinahan Islands, 
carriers will likely be accompanied by one to four tugs travelling at speeds of 12 to 16 knots. 
Average speeds are likely to be approximately 12 knots as vessels will accelerate when 
leaving Triple Island, then decelerate prior to reaching the Kinahan Islands. Between 
Kinahan Islands and the marine terminal, LNG carriers will be accompanied by up to four 
tugs to assist with berthing and will decelerate upon approaching the marine terminal.  LNG 
departures from the marine terminal will follow the same process as arrivals, only in reverse. 
The facility will function year round, meaning that shipping activity will be consistent 
throughout the year. Approximately one LNG carrier will berth at the marine terminal every 
two days initially, increasing to one carrier per day (i.e., 350 per year).  

Maintenance dredging at the marine berth area will also result in increased shipping as 
barges carrying dredged sediment will be mobilized using tugs to the disposal site at Brown 
Passage. As previously mentioned, vessel speeds and capacities are expected to be of 
lower magnitude for this activity (similar to construction-phase activities). The number of 
barge trips to Brown Passage will be smaller than during construction. Dredging can also 
create underwater noise; however, the small volume of sediment compared to dredging 
during construction will result in short-term behavioural effects.  

Acoustic modelling included two vessel speeds, 12 and 9 knots, at two representative 
depths (one at approximately 20 m and one at approximately 1 m) (Appendix N). Results 
show that a reduction from 12 to 9 knots results in a reduction in the behavioural 
disturbance radius from 7.2 km (at 12 knots) to 1.7 km (at 9 knots), in the deep water 
scenario. Vessel speeds greater than 12 knots are expected to result in an increase in noise 
and a larger area of disturbance compared to the modelled speed of 12 knots. Speeds 
exceeding 12 knots are expected to occur within a portion of the LAA for short periods of 
time between Triple Island and the Kinahan Islands during the total transit time of 
approximately 1.5 hours (assuming an average speed of 12 knots). The reduction in vessel 
speed to 6 knots at the Triple Island Pilot Boarding Station will reduce effects of underwater 
noise, particularly for humpback whales that are present in this area (and likely feeding) 
from May through October. 

Acoustic model inputs used a surrogate vessel, representing the closest ship class for which 
source level measurements were available (Appendix N). At vessel speeds of 12 knots, 
NOAA behavioural disturbance thresholds for cetaceans and pinnipeds (120 dBRMS re: 
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1 μPa) are exceeded over a radius of 18 km during carrier berthing and over radii of 10 km 
and 8.9 km when transiting at 12 knots in shallow and deep waters, respectively.  

Predicted behavioural thresholds for killer whales are exceeded over a distance of 15 km for 
subtle avoidance effects (57 dB re HT) during berthing operations. In transit, subtle 
avoidance was predicted at 9.9 km and 10 km from the source, in shallow and deep water, 
respectively (see Appendix N). Behavioural exceedances for harbour porpoise are expected 
over shorter distances from the sound source than for killer whale (see Table 13-12).  

Behavioural responses of marine mammals to shipping noise could be similar to those 
detailed for construction-related noises; potentially resulting in temporary avoidance of 
ensonified areas. Effects of shipping noise are expected to ensonify areas over the short 
term while transiting to the berth (approximately 1.5 hours at average speeds of 12 knots 
between Triple Island and the marine berths), potentially causing temporary displacement or 
habitat avoidance (Morton and Symonds 2002; Southall et al. 2007b). Highly mobile species 
such as killer whales could encounter the transiting vessel more than once. Vessel berthing 
will result in an ensonified area exceeding behavioural thresholds within a radius of 15 km; 
however, this is expected to be a short-term effect occurring over a maximum of one to two 
hours per day during berthing, depending on weather conditions. The extent of underwater 
noise from berthing is expected to be less than the model predictions. The model scenario 
was based on a deep water berth scenario; however the berth will be located on the shallow 
waters of Agnew Bank and bordered to the south by Flora bank. Therefore, the sound is not 
expected to attenuate as far as it would if the berth was located in deep water. 

Decommissioning  

Decommissioning activities that could alter fish and marine mammal behaviour are those 
that produce underwater noise above behavioural thresholds. These include dismantling of 
marine-based structures (if relevant) and associated vessel movement. Underwater noise 
produced by vessels involved in decommissioning activities is expected to be comparable to 
that of operational activities. Decommissioning will occur over a shorter time (i.e., limited to 
the period required to transport materials off the island), with vessels of smaller capacity, 
length, and transit frequency than the LNG carriers. The effects of behavioural change for 
fish and marine mammals during decommissioning are, therefore, likely to be of lower 
magnitude than those considered for shipping during the operations phase. 

Effects on Fish 

There is potential for fish (e.g., eulachon, herring, rockfish) to react to construction noises; 
however, if such reactions occur, they are likely to be spatially and temporally limited. The 
few studies on salmonid responses to underwater noise indicate extensive variability across 
species (Nedwell et al. 2006). Salmon may show local avoidance of particularly noisy zones 
(Feist et al. 1996), but this reaction is expected to be limited in spatial extent, short-lived, 
and unlikely to affect feeding ability or overall population well-being (Nedwell et al. 2006). 
These observations are likely attributed to the fact that salmon are hearing generalists and, 
therefore, are relatively insensitive to underwater noise levels. As a point of comparison, the 
Strait of Georgia, encompassing the Fraser River estuary (which boasts BC’s largest salmon 
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runs), has experienced rapid increases in coastal development and shipping traffic; yet the 
noise produced by associated activities has not been linked to changes in salmon migrating 
in and out of the Fraser River (Marmorek et al. 2011). Although lack of evidence does not 
constitute evidence of no effect, this observation suggests that salmon may be tolerant to 
changes in their acoustic environment relative to other potential stressors. 

Effects on Marine Mammals 

During construction, and after mitigation, pile driving is expected to result in potential 
residual effects to marine mammals over distances of up to 15 km over a three-year 
schedule. Shipping and berthing during operations could also affect species’ behaviours. 
Harbour porpoise are expected to experience residual effects to behaviour from underwater 
noise as they frequent the area year-round. Harbour porpoise are listed as special concern 
under SARA and are an important prey species for Bigg’s killer whales. Effects on killer 
whales are also of concern, given their known occurrence in the area of behavioural 
threshold exceedance and their SARA status of threatened. Effects on Loughlin’s northern 
sea lion are also discussed as they are a species of special concern under SARA and could 
experience effects of underwater noise. Effects to harbour seal are expected to be similar to 
those incurred to Loughlin’s northern seal lion. 

Dall’s porpoise are also common in the LAA; however, fewer studies have been conducted 
on their sensitivity to noise. Dall’s porpoise are attracted to vessels and are often seen 
wake-riding and therefore are not expected to demonstrate behavioural effects from 
shipping. Effects of pile driving on this species are not well known and can be inferred from 
the assessment of harbour porpoise, as conservative measure. Effects on Pacific white-sided 
dolphin can also be conservatively inferred from those to Harbour porpoise. Effects on other 
baleen whales that are observed less frequently in the LAA (fin whale, minke whale, gray 
whale) can be inferred from the effects to humpback whale, as a conservative measure. 

Harbour Porpoise 

Previous studies of harbour porpoise responses (Brandt et al. 2011; Kastelein et al. 2011; 
Lucke et al. 2011) indicate that pile driving is likely to result in avoidance of areas of habitat 
for harbour porpoise within behavioural threshold exceedance zones. According to acoustic 
modelling results, areas of avoidance may occur within Porpoise Channel and a portion of 
Prince Rupert Harbour where several harbour porpoise observations have been made (see 
Appendix M, Figure 7). 

Acoustic modelling suggests that behavioural responses of harbour porpoise from vibratory 
pile driving using a bubble curtain will occur over distances of up to 5.6 km (see Table 
13-12), based on the northern resident killer whale criteria determined by MacGillivray et al. 
(2012). At this location (the jetty-trestle), underwater noise propagates to the north due to 
the presence of Flora Bank. Threshold-exceeding underwater sounds from pile driving at the 
marine terminal and MOF will reach areas that are frequented by harbour porpoise, 
particularly at the MOF where pile driving may result in behavioural responses throughout 
Porpoise Channel regardless of whether an impact (with bubble curtain) or vibratory hammer 
is used (see Table 13-12). 
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Although abundance and population trends of harbour porpoise in the area are largely 
unknown, estimates by Best and Halpin (2011) indicate there are 2,806 to 3,647 individuals 
in the Queen Charlotte Basin (refer to Table 13-11), with high densities around Prince 
Rupert, the southern portion of Chatham Sound and a very large area of Hecate Strait. This 
suggests that, under the worst case scenario, if harbour porpoise are displaced for 3 years 
over a maximum distance of 5.3 km due to pile driving (see Table 13-11), they will have 
other suitable habitat available to them. Therefore, potential changes in harbour porpoise 
behaviour attributed to project construction are not expected to affect the viability of the 
population. 

Bigg’s and Northern Resident Killer Whales 

The killer whale behavioural response threshold will be exceeded over a maximum radius of 
15 km (for the subtle response threshold of 57 dB re: HT) during vibratory pile driving at the 
jetty-trestle. Because harbour porpoise and other marine mammals in the LAA are important 
prey species for Bigg’s killer whale; potential displacement of these species during pile 
driving could indirectly result in displacement of Bigg’s killer whale. While the Project may 
affect localized distributions of these species over the short-term, it is not expected to affect 
the population viability of any of these species. 

The LAA has not been identified as critical habitat or a DFO Important Area for killer whales 
(DFO 2008). Recent scientific advice from DFO has indicated that waters within 3 nautical 
miles of Pacific coast are necessary habitat to meet the recovery objectives for Bigg’s killer 
whale (DFO 2013i). Anthropogenic acoustic disturbance is considered an activity that could 
delay the recovery of this species but this is dependent upon the geographic extent, 
duration, and intensity of the activity (DFO 2013i). Although killer whales might exhibit 
behavioural response over large areas of the LAA as a result of project activities, this will 
occur mainly during pile driving over three years, which is a short-term effect relative to the 
operations phase of the Project, and the type of behavioural response is uncertain. It is not 
anticipated that this will have an effect on the viability of either killer whale population. The 
area predicted to be ensonified has similar population density to other areas in the Queen 
Charlotte Basin (refer to Table 13-11); therefore, it is expected that other habitats can be 
utilized during the construction period. 

Humpback Whale 

DFO classifies potential adverse effects on humpback whale in terms of risk. The risk of 
effects on habitat are deemed low to moderate, depending on the confinement of the habitat 
(i.e., fjords and narrow channels where sound dissipation is restricted would result in higher 
risk) (DFO 2013j). The LAA is open to Chatham Sound and acoustic disturbance is, 
therefore, a relatively lower risk than in other areas. Based on repeat sightings of individual 
humpback whales observed within 100 km of each other over multiple years (Ford et al. 
2009) and limited interchange between feeding areas (Calambokidis et al. 2008), humpback 
whales may exhibit site fidelity and may be slow to re-colonize areas (DFO 2013j). The 
Triple Island area contains a high concentration of humpback whale sightings relative to the 
rest of the LAA and could be a feeding area (see Appendix M, Figure 6). Modelling results 
indicate the humpback whales could experience behavioural responses over a radius of 
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8.9 km at the Triple Island area during shipping and over 18 km during berthing with 4 tugs 
(see Table 13-12); however, behavioural response of humpback whale to underwater noise 
is not well understood. A study by Borggaard et al. (1999) indicates that humpback whales 
show some tolerance to frequent vessel traffic and are more affected by blasting and 
continuous dredging, with decreased return rates to feeding grounds as a long-term effect of 
blasting. Todd et al. (1996) suggest that low-frequency sounds did not result in obvious 
behavioural responses to humpback whales but that blasting may have led to increased 
entanglement of humpback whales in fishing gear. As indicated in Table 13-11, humpback 
whales are concentrated outside the LAA and, therefore, it is expected that population 
viability would remain unaffected by project activities. 

Loughlin’s Northern Sea Lion 

Acoustic disturbance may affect Loughlin’s northern sea lion (eastern Pacific sub-species of 
the Steller sea lion) habitat use (i.e., displacement from feeding areas), foraging success, 
and limit the availability of prey, potentially resulting in decreased reproductive rates (DFO 
2010b). However, these effects are of primary concern near rookeries (i.e., breeding areas) 
and acoustic disturbance is considered a low concern for Loughlin’s sea lion when in aquatic 
habitat, according to the SARA management plan for the species. The management plan 
classifies the severity of threat from disturbance at the population-level as “likely low”, and 
this species is described as being able to habituate to chronic disturbances (DFO 2010b). 

Project-related underwater noise constitutes multiple regular events during pile driving, 
dredging, and blasting in the construction phase and is continuous during shipping activities 
in the operations phase. Marine mammals and fish are expected to have moderate to high 
resilience to underwater noise from project-related shipping activities, given the relatively 
low source levels and the high volume of vessel traffic that currently exists within the LAA. 
Resilience to pile driving is expected to be low to moderate, given the relatively high source 
levels and the duration of this activity (approximately 3 years). Based on implementation of 
the mitigation measures, it is expected that the residual effects of project-related underwater 
noise on fish and marine mammal behaviour during construction and operations will be 
moderate in magnitude, medium (construction) to long-term (operations) in duration, limited 
to the LAA, and reversible. Residual effects of project-related underwater noise on fish and 
marine mammal behaviour during decommissioning are predicted to be low in magnitude, 
short-term in duration occurring over multiple regular events, limited to the LAA, and 
reversible within a context of moderate ecological resilience. Based on density estimates 
from Best and Halpin (2011), it is concluded that potential behavioural effects will not affect 
the long-term viability of harbour porpoise, killer whale, or other marine mammal populations 
in the Queen Charlotte Basin. 

 13.5.5.4 Likelihood 

The likelihood of a residual effect on marine mammal and fish behaviour is high. Although 
behaviour will likely be affected by underwater noise associated with project construction 
and operations (shipping), this is not expected to affect population viability. 
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 13.5.5.5 Determination of Significance of Residual Effects 

Based on the implementation of mitigation measures, it is expected that residual effects of 
change in behaviour of fish and marine mammals due to project-related underwater noise 
will be not significant because the viability of local populations will not be adversely affected. 
The level of confidence associated with this significance assessment is moderate. Current 
understanding of how underwater noise affects marine organisms remains underdeveloped, 
particularly for marine fish. Nevertheless, the recommended mitigation strategies are 
conservative and, therefore, likely to reduce the potential residual effects. 

 13.5.5.6 Confidence and Risk 

A moderate level of confidence is given to the assessment of residual effects of the Project 
on behavioural effects. Confidence is not high primarily due to a lack of detailed engineering 
information (e.g., pile driving details) as well as scientific uncertainty over sound levels 
capable of causing behavioural effects (see Section 13.5.5.6 for further details). Since the 
confidence in this prediction is not low, no additional risk analysis has been conducted. 

 13.5.6 Summary of Residual Effects 

With mitigation and habitat offsetting, the viability of local populations, or the species and 
community assemblages of the LAA are not expected to be compromised by project 
activities (Table 13-13). Mitigation measures will reduce project changes to sediment and 
water quality, reduce injury to fish and marine mammals, and reduce behavioural effects 
from underwater noise. With the implementation of habitat offsetting, the Project is expected 
to meet DFO’s principle of no net-loss of productive capacity of habitat. Overall, residual 
effects are expected to be low to high in magnitude, short to long-term in duration, local in 
extent and reversible. Residual effects on marine resources (including fish habitat, direct 
mortality or physical injury to fish or marine mammals, the behaviour of fish or marine 
mammals, and sediment and water quality) are expected to be not significant. 
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Table 13-13: Summary of Residual Effects on Marine Resources 

Project Phase Mitigation/Compensation Measures 
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Change in Sediment or Water Quality   

Construction  A 30 m vegetation buffer 
around Lelu Island. 

 Sediment and erosion control 
measures will be used.  

 TSS and turbidity will be 
monitored, the rate of the 
activity will be adjusted, or 
additional mitigation 
measures implemented as 
required. 

 Dredge operations will be 
conducted using methods 
that reduce sediment spill.  

 Sediment will be disposed in 
an area distant from the area 
used on the previous trip 
(within the disposal site). 

 A portion of the seabed will 
be armoured in marine 
terminal berth area. 

 Arrivals and departures of 
LNG carriers will be avoided 
at low water slack tide and as 
the tide rises from low water 
up to mean sea level. 

 Use of tugs with less 
sediment scour-inducing 
propulsion systems (such as 
the Voith-Schneider design), 
will be evaluated. 

M–H L–M L S–M R M H N M Physical and chemical 
characterization of 
marine sediment will be 
completed for the marine 
terminal dredge area. 
This will be completed 
as part of the disposal at 
sea application, and will 
include modelling of 
sediment plumes, and 
sedimentation rates 
during dredging and 
disposal of sediment. 

TSS and turbidity 
monitoring during 
dredging and disposal of 
marine sediment and 
during operations 

Operations M–H L–M L L R C 

Decommissioning  N/A N/A N/A N/A N/A N/A 

Residual Effects 
for All Phases 

M-H L–M L L R M/C 
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Project Phase Mitigation/Compensation Measures 

Residual Effects Characterization 

L
ik

el
ih

o
o

d
 

S
ig

n
if

ic
an

ce
 

C
o

n
fi

d
e

n
ce

   
Follow-up and  

Monitoring 

C
o

n
te

xt
 

M
ag

n
it

u
d

e
 

E
xt

en
t 

D
u

ra
ti

o
n

 

R
ev

er
si

b
ili

ty
 

F
re

q
u

en
cy

 

Change in (permanent alteration or destruction of) Fish Habitat   

Construction  Hard multi-facetted shoreline 
protection material will be 
used where needed (e.g., at 
the trestle abutment) to 
promote colonization by 
marine biota.  

 Habitat offsetting will be 
implemented to achieve no 
net loss of productivity. 

 The outer limits of foreshore 
construction areas will be 
demarcated. 

M M L P R S L N H Monitoring as part of 
the Fish Habitat 
Offsetting Strategy 

Monitoring of Flora 
Bank eelgrass bed 
extent and density 

Operations M M L P R S 

Decommissioning No effects predicted 

Residual Effects 
for All Phases 

M M L P R S 

Direct Mortality or Physical Injury to Fish or Marine Mammals   

Construction   DFO’s Blasting Guidelines 
will be implemented.  

 Blasting will be conducted 
within DFO least-risk timing 
windows. 

 Dungeness crabs will be 
relocated from construction 
zones. 

Material from the dredge 
area that is suitable for 
construction or habitat 
compensation will be used, 
where possible. 

 Implement a Pile Driving 
Management 

M M P–L S R S/M H N M Monitor underwater 
noise during pile driving 
to confirm effectiveness 
of mitigation 

Operations 
M M P–L L R C 

Decommissioning  
No effects predicted 

Residual Effects 
for All Phases 

M M L L R C 
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Project Phase Mitigation/Compensation Measures 

Residual Effects Characterization 
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Change in Behaviour of Fish or Marine Mammals   

Construction  Vessels will not exceed a 
speed of 16 knots within the 
LAA. 

 LNG carrier vessel speed 
will be reduced to 6 knots 
when approaching the Triple 
Island Pilot Boarding Station. 

L–M M L M R M H N M None. 

Operations M–H M L L R C 

Decommissioning M L L S R M 

Residual Effects 
for All Phases 

L-M M L L R M/C 
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KEY  

 

CONTEXT: 

Low resilience (L)—under baseline 
conditions, marine resources are 
rarely exposed to anthropogenic 
effects and are highly sensitive to 
them; such changes could trigger 
large and lasting ecological effects. 

Moderate resilience (M)—under 
baseline conditions, marine 
resources are occasionally exposed 
to anthropogenic effects and are 
sensitive to them; such changes 
trigger small and short-term 
ecological effects. 

High resilience (H)—under 
baseline conditions, marine 
resources often experience 
anthropogenic effects and are 
unaffected by them; such changes 
trigger no detectable ecological 
effects. 

 

 

MAGNITUDE: 

Negligible (N)—no measurable 
change in fish and marine mammal 
populations, habitat quality or 
quantity, or contaminant levels. 

Low (L)—a measurable change but 
within the range of natural variability 
(change in population levels or 
contaminant concentrations 
consistent with baseline levels). Will 
not affect population viability. 

Moderate (M)—measurable change 
outside the range of natural 
variability but not posing a risk to 
population viability. 

High (H)—measurable change that 
exceeds the limits of natural 
variability and may affect long-term 
population viability (includes 
exceedances of thresholds for 
sediment and water quality and 
underwater sound levels, 
considering natural background 
levels). 

 

EXTENT: 

P—effect is restricted to the PDA. 

L—effect is prevalent in the LAA. 

 

 

 

 

DURATION: 

Short-term (S)—change limited to project 
construction and decommissioning phases. 

Medium-term (M)—change continues for up 
to two years following construction or 
decommissioning before returning to 
baseline condition. 

Long-term (L)—change continues for more 
than two years after construction project 
phase, or continues during operations project 
phase. 

Permanent (P)—measurable parameter 
unlikely to return to baseline level. 

 

REVERSIBILITY: 

Reversible (R)—will recover to baseline 
conditions after project closure and 
reclamation. 

Irreversible (I)—permanent. 

 

FREQUENCY: 

Single event (S)—occurs once (e.g., 
blasting). 

Multiple regular event (M)—occurs often 
throughout the construction, operations, or 
decommissioning phase (e.g., dredging, pile 
driving). 

Continuous (C)—effect occurs continuously 
throughout the life of the Project (e.g., 
shipping). 

 

 

LIKELIHOOD OF RESIDUAL 
EFFECT: 

Based on professional judgment. 

L—low probability of occurrence. 

M—medium probability of 
occurrence. 

H—high probability of occurrence. 

 

SIGNIFICANCE: 

S = significant. 

N = not significant. 

 

CONFIDENCE 

Based on scientific information and 
statistical analysis, professional 
judgment and effectiveness of 
mitigation, and assumptions made. 

L—low level of confidence. 

M—moderate level of confidence. 

H—high level of confidence. 
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 13.6 Cumulative Effects  

 13.6.1 Context for Cumulative Effects 

The RAA contains cold, nutrient-rich waters that create conditions for high primary productivity and 
support a diversity of habitats and species. The Skeena River provides freshwater input over much of the 
RAA, including Flora Bank where an eelgrass bed provides important rearing habitat to many fish species 
of ecological, economic, and cultural importance (e.g., salmon). 

Many marine mammal species are present in the RAA throughout the year, with some species 
(e.g., northern resident killer whales and humpback whales) having seasonal peaks in abundance. The 
most common marine mammals found in the RAA year-round are harbour porpoise (special concern, 
SARA) and harbour seals. See Appendix M and Section 13.3 for species commonly found in the area. 

Past, present, and future activities within the RAA include development of shoreline infrastructure within 
the PRPA boundary and associated shipping activities along shipping lanes aligned east to west within 
the RAA. These activities have the potential to cause cumulative adverse effects on the marine 
environment. 

Prince Rupert is considered the land, air, and water transportation hub of BC’s north coast, with a 
population of 12,508 (544 in Port Edward) (Statistics Canada 2012). There are several industrial uses of 
Prince Rupert Harbour and numerous other economic, recreational, and cultural activities, including 
Aboriginal, commercial, and recreational fishing. The PRPA 2020 Land Use Management Plan identifies 
Lelu Island as a potential site for industrial development and recreational uses, and neighbouring Ridley 
Island as an industrial use site (Prince Rupert Port Authority 2011). There are two existing marine 
industrial terminals on the northwest side of Ridley Island: Ridley Terminals Inc. (primarily coal storage 
and shipping) and Prince Rupert Grain Limited, with rail and road access and jetties capable of handling 
vessels greater than 300 m in length. 

Past, existing, and future industrial developments within the RAA that could interact cumulatively with the 
PNW LNG Project to affect marine resources are listed in Table 13-14. Table 13-14 does not list small-
scale human uses of the marine environment, including fishing activity and marine transportation such as 
Aboriginal, commercial, and recreational fishing boats, eco-tourism operators, and recreational power and 
sailboats. 
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Table 13-14: Potential Cumulative Effects on Marine Resources 

Other Projects and Activities with 
Potential for Cumulative Effects 

Potential Cumulative Effects 

Change in 
Sediment or 

Water Quality 

Change in Fish 
Habitat 

Direct 
Mortality or 

Physical 
Injury 

Change in 
Behaviour 

Atlin Terminal     

Canpotex Potash Export Terminal     

CN Rail Line     

Douglas Channel LNG    

Enbridge Northern Gateway Project    

Fairview Container Terminal Phase I     

Fairview Container Terminal Phase II    

Kitimat LNG Terminal Project    

LNG Canada Project    

Mount McDonald Wind Power Project    

NaiKun Wind Energy Project    

Northland Cruise Terminal    

Odin Seafood    

Pinnacle Pellet Inc.    

Prince Rupert LNG Facility     

Prince Rupert Gas Transmission Project    

Prince Rupert Ferry Terminal    

Prince Rupert Industrial Park    

Prince Rupert Grain Limited    

Ridley Island Log Sort    

Ridley Terminals Inc.    

Rio Tinto Alcan Aluminium Smelter and 
Modernization Project 

   

WatCo Pulp Mill    

Westcoast Connector Gas Transmission 
Project 

   

NOTES: 

 = Those ‘other projects and activities’ whose effects are likely to interact cumulatively with the Project’s residual effects. 
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 13.6.2 Cumulative Effects Assessment 

Cumulative effects on marine resources are assessed for each effect defined in Section 13.2.3, using a 
two-step process. In conducting the cumulative effects assessment, the residual effects arising from 
interactions that scored either a 1 or a 2 in Table 13-7 are considered. The first step consists of two 
questions: 

 Is there a project residual effect? 

 Does the project residual effect overlap spatially and temporally with those of other past, present 
or reasonably foreseeable future projects? 

Where the answers to both of these two questions are affirmative, a check mark in Table 13-14 indicates 
that there is potential for the Project to contribute to cumulative effects on marine resources. Potential 
contribution of these project effects to cumulative effects is assessed through the second step, which 
consists of one question: 

 Is there a reasonable expectation that the contribution (i.e., addition) of the Project’s residual 
effects would cause a change in cumulative effects that could affect the viability or sustainability of 
the VC? 

No residual adverse effects to fish habitats are expected and therefore cumulative effects are not 
assessed. The remaining three effects assessed have residual effects that are likely to overlap spatially 
and temporally with other projects, causing a change in cumulative effects. Each effect is therefore 
assessed for potential cumulative effects. 

Existing projects in the RAA may have resulted in injury or mortality to fish or marine mammals through 
project works at the time of construction. Because these effects occurred several years ago, local fish and 
marine mammal populations and communities are expected to have recovered and cumulative effects 
between these existing projects and the Project are not discussed further. Similarly, existing projects are 
not expected to affect marine sediment and water quality as they are required to adhere to regulations set 
out in the EMA and other regulatory legislation (e.g., Canada Shipping Act ballast water release 
provisions). These projects will, however, affect behaviour of marine mammals as a result of shipping. 
This is further discussed below. 

 13.6.2.1 Change in Sediment or Water Quality 

Past (non-operational) projects, such as the WatCo Pulp Mill, are not expected to have dredging or 
disposal activities that overlap temporally with planned construction activities for the Project. There is 
some legacy sediment contamination (dioxins and furans) associated with effluent from this former pulp 
mill that overlaps spatially with the project RAA. Given that the levels of contamination within the dredge 
area for the Project do not pose a concern for bioaccumulation or toxicological effects on marine biota, it 
is not anticipated that the Project will contribute to cumulative sediment quality effects in addition to the 
legacy contamination present in the vicinity of the dredge area. 

Existing (operational) projects (Fairview Container Terminal Phase I, Prince Rupert Grain Limited, Ridley 
Terminals Inc., and the Westview Terminal at Pinnacle Pellet Inc.) could interact with the Project from 
ongoing maintenance dredging (for example, to maintain a sufficiently deep passage for shipping 
activities to and from a marine terminal). These events are expected to be infrequent, with localized and 
short-term increases in turbidity. Furthermore, dredged material would be disposed in compliance with the 
Disposal at Sea Regulations. Although it is possible for such dredging activities to occur concurrently with 
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dredging associated with the Project, such activities would be spatially discrete: the closest of these 
projects is approximately 3 km away on Ridley Island (Prince Rupert Grain Ltd. and Ridley Terminals 
Inc.), with the Fairview Container Terminal (Phase I) and the Westview Terminal (Pinnacle Pellet Inc.) 
located further north on Kaien Island. For these reasons, the incremental effects on water and sediment 
quality associated with construction activities for the Project are not expected to contribute significantly to 
cumulative effects from existing projects. 

In the case of the proposed pipeline projects (Prince Rupert Gas Transmission Project and Westcoast 
Connector), marine routing options under consideration could result in the installation of pipelines on or 
under the seabed. Pipeline installation methods have varying degrees of sediment disturbance and 
associated effects to water quality; however, methods have not yet been identified for those projects. Any 
sediment-disturbing activities would be localized to the immediate vicinity of the pipeline corridor, and 
short-term, singular events, even for methods with maximum sediment disturbance potential (e.g., 
trenching and burial of the complete length of the pipelines). 

In the case of the marine terminals, the construction phase of the proposed Prince Rupert LNG Project is 
most likely to overlap in space and/or time with the project construction phase. Details of potential effects 
to sediment and water quality from dredging and disposal activities associated with this project are not 
known. For sediment quality, it is assumed that the contaminant profile within the footprint of the Prince 
Rupert LNG facility would be similar to that of the project facility, given close proximity, with contaminants 
falling below the disposal at sea screening criteria or well below the CCME PEL, or reflecting natural 
background occurrence. 

For water and sediment quality, the other marine terminals also propose to dredge marine sediments to 
achieve safe navigation depths. The Canpotex Potash Export Terminal Project seeks approval to dispose 
of up to 440,000 m3 of dredge material at a new disposal site within the PRPA boundaries, not at Brown 
Passage (Stantec Consulting Ltd. 2011). However, the PRPA and Canadian National Railway Company 
propose to dispose of dredged sediment associated with Stage 2 of Fairview Terminal Phase II 
Expansion Project (180,000 m3) at Brown Passage (Government of Canada 2012b). A preferred dredge 
disposal site for the Prince Rupert LNG facility has not been selected (AECOM 2013); but disposal at 
Brown Passage is also possible for this project. Given that these projects have multi-year construction 
schedules, it is possible, though unlikely, that dredging and disposal activities would be scheduled to 
occur during the project construction period. Should that occur, it is anticipated that regulatory authorities 
would dictate timing windows for dredging and disposal for each proponent in order to avoid temporal 
overlap associated with TSS plumes if the same disposal site is being used. Dredging activities at the 
other proposed terminals might also be required in the future to maintain a sufficiently deep passage for 
shipping activities to and from the terminal. Dredging events are expected to be infrequent, with localized 
and short-term increases in turbidity, and disposal of dredge material would be done in compliance with 
the Disposal at Sea Regulations. 

In summary, cumulative effects on sediment and water quality are not anticipated due to compliance with 
the Disposal at Sea Regulations. Residual project effects on sediment and water quality include TSS 
exceedances of WQG during dredging and disposal; these are expected to be short to long-term and are 
primarily within the dredge and disposal areas. Dioxins and furan concentrations are above ISQG levels 
but below PEL levels and are not expected to result in toxicological risks to aquatic life. Spatial and 
temporal overlap of dredging of marine sediment and associated disposal at sea could occur during 
construction of the Fairview Terminal Phase II Expansion the Prince Rupert LNG Project and the Project. 
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Such effects are anticipated to pose a high level of disturbance over a short -term duration for each 
project individually and are not expected to overlap in time with the Project’s construction timing windows. 
Hence no cumulative effects on TSS or contaminant levels are predicted. Mitigation of any cumulative 
effects associated with disposal of dredge material at Brown Passage could be achieved through the 
scheduling of non-overlapping disposal timing windows for each project. The Project’s contribution to the 
cumulative effects of change in sediment or water quality is predicted to be not significant. 

 13.6.2.2 Change in Fish Habitat 

Fish habitat offsetting measures will ensure no net loss in productivity, resulting in no adverse residual 
effects to fish habitat (see Section 13.5.2). Therefore, an assessment of cumulative effects is not required 
for fish habitat. 

 13.6.2.3 Direct Mortality or Physical Injury to Fish or Marine Mammals 

The Canpotex Potash Export Terminal, Fairview Container Terminal Phase II, Prince Rupert LNG Facility, 
Prince Rupert Gas Transmission Project, and Westcoast Connector are expected to interact cumulatively 
with the Project for direct mortality or physical injury to fish or marine mammals (see Table 13-14). 

Some invertebrates and/or sedentary or slow moving fish are likely to be killed by construction activities 
involving blasting, dredging, excavation, pile driving, and disposal at sea, with mortality confined to the 
immediate area of these activities. This is not expected to have an effect on the long-term viability of 
populations of invertebrates or sessile, slow-moving fish species. The affected species and community 
types are locally abundant in the RAA and are likely to recolonize and recover via the creation of 
productive offsetting habitat. 

Ensonified areas from project construction activities (pile installation and blasting) are likely to overlap 
spatially and temporally with other construction activities for the Project (e.g., blasting at the MOF coupled 
with pile driving at the jetty-trestle) or those of the Prince Rupert LNG Project and Canpotex Projects on 
Ridley Island. 

It is most likely that a vibratory hammer will be used for pile installation for the Project; however, if an 
impact hammer is required (with use of a bubble curtain to reduce underwater noise) some marine 
mammals, primarily harbour seal, could be exposed to sound levels capable of causing permanent 
auditory damage. Injury to harbour porpoises and other species of marine mammal is possible but not 
likely given the mitigation measures. 

Concurrent pile driving from multiple projects will result in a larger area of injury potential, especially if all 
three projects (i.e., the Project, the Prince Rupert LNG Project and the Canpotex Project) have temporal 
overlap; however, the duration and degree of overlap is uncertain at this time. It is presumed that other 
projects requiring the installation of in-water piles will employ a vibratory hammer wherever possible. 
Given the abundance of soft sediment in the area, it is likely that a vibratory hammer can be used at 
most, if not all, locations for construction of the Project. Project mitigation measures, namely use of 
vibratory hammer and bubble curtains, are expected to substantially reduce the potential for injury to 
marine mammals and thus the potential for overlapping effects from other pile driving or blasting activities 
associated with other projects. It is presumed that other marine projects recently permitted will also be 
required to mitigate potentially injurious levels of noise from their projects. If using an impact hammer with 
a bubble curtain is the only viable option for one or more projects, the potential for injury to marine 
mammals will increase and a greater number of individuals could be affected, including harbour porpoise, 
which is listed under SARA as Special Concern. 
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In summary, the Project will result in residual effects to fish and marine mammals that are not significant 
as they will not affect population viability. Construction activities could overlap spatially and temporally 
with other projects; however, the Project is unlikely to contribute to these effects in a way that affects the 
population viability and sustainability of any species of fish or marine mammal. Therefore, the Project’s 
contribution to the cumulative effect of direct mortality or physical injury to fish or marine mammals is 
predicted to be not significant. 

 13.6.2.4 Change in Behaviour of Fish or Marine Mammals 

The residual effects of the Project on change in behavior of fish or marine mammals are expected to act 
cumulatively with other Projects listed in Table 13-14. The spatial extent of behavioural effects would 
increase due to the effects of other projects. The zone of behavioural avoidance will vary depending on 
the species, the source level and the frequency of activity for each project, and the degree of overlap with 
zones of ensonification from other projects. Noise from pile driving, whether vibratory or impact, is 
expected to last for approximately three years and will likely overlap with marine construction noise from 
Prince Rupert LNG, and potentially Canpotex, increasing the magnitude and extent of this effect. 

Noise from shipping is likely to act cumulatively with existing and proposed projects during construction 
(i.e., material shipping, disposal at sea), operations (shipping LNG and other products), and 
decommissioning (i.e., shipping materials) as timelines for the reasonably foreseeable projects align 
closely with the Project. At full build-out of the Project, up to 350 LNG carriers will berth at the marine 
terminal per year. 

The PRPA plans to increase annual shipping from 1,000 to 2,000 ships (4,000 movements) by 2025 
(PRPA 2013). This includes all projects listed in Table 13-14 that have a shipping component. All shipping 
traffic into both the Prince Rupert Harbour and Kitimat will follow shipping lanes around Triple Island 
where overlapping of underwater noise could result in a larger area where behavioural effects (e.g., 
potential avoidance or masking) could occur. Not included in this number are tugs, ferries, water taxis, 
cruise ships, fishing vessels, recreational vessels, and other vessels that also contribute to underwater 
noise in the RAA. Development of the Project is expected to increase large vessel traffic by 35% at full 
build out based on current PRPA numbers of 1,000 vessels per year. The Project is expected to 
represent 17.5% of the total annual large vessel traffic in the area once total traffic has increased to 2,000 
vessels per year. 

Shipping is expected to result in only a temporary increase in underwater noise at a given location, 
resulting in potential behavioural effects for less than half an hour with the passing of each individual 
vessel. However, cumulatively, an increase in traffic levels will increase the duration over which the RAA 
is ensonified, potentially causing longer term avoidance of high traffic areas by marine mammals. 
Masking could also occur as a result of cumulative increases in traffic, potentially affecting the ability of 
marine mammals to find prey or communicate. A recent study by Williams et al. (2013) demonstrated that 
current underwater noise levels at Triple Island have resulted in a loss of communication space for killer 
whales, potentially reducing the distance over which they are able to communicate. 

Cumulative effects of vessel berthing would occur from spatial and temporal overlap from the Project, 
Prince Rupert LNG, and Canpotex, potentially resulting in larger ensonified areas than what is 
predicted for PNW LNG alone. As berthing related vessel movement is temporary, occurring over no 
more than a few hours per vessel. Temporal overlap is expected to be minimal as PRPA will likely 
stagger arrivals and departures of large vessels operating within the general area. However, the 
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number of hours of underwater noise per day is likely to increase as a result of increased numbers of 
vessels berthing in the RAA. 

Marine mammals are most likely to experience residual behavioural effects from underwater noise during 
pile driving, but also from shipping and berthing to a lesser extent. Effects include potential for localized 
avoidance of these areas for the duration of the construction phase for the Project (i.e., 3 years) and 
temporary displacement during shipping and berthing (approximately two hours). Effects are expected to 
overlap spatially and temporally with other projects, which could act cumulatively to affect behavior over 
larger areas and for longer durations, particularly during construction. The Project is expected to 
contribute to cumulative effects causing changes in behaviour to fish and marine mammals, particularly 
harbour porpoise during the construction phase. However, these effects are not expected to affect 
population viability of any species, given the large geographic ranges of those species likely to be 
affected. For example, the range of harbour porpoise spans most of southern Chatham Sound as well as 
a large area in Hecate Strait (Best and Halpin 2011). Therefore, the Project’s contribution to the 
cumulative effect of change in behaviour of fish or marine mammals is predicted to be not significant. 

 13.6.2.5 Summary of Cumulative Effects 

Cumulative effects to sediment quality are not anticipated due to compliance with the Disposal at Sea 
Regulations; however, cumulative effects to water quality are likely to occur if there is any spatial and 
temporal overlap of dredging and disposal of marine sediment for other reasonably foreseeable projects. 
Mitigating these cumulative effects by appropriate scheduling of dredging and disposal at sea make this 
effect not significant. 

Cumulative effects on direct mortality or physical injury are expected to be moderate in magnitude, due to 
potential increases in injury to marine mammals caused by overlap in pile driving schedules with other 
reasonably foreseeable projects. This is not expected to have an effect on population viability and is 
therefore predicted to be not significant. In addition, underwater noise from pile driving might deter marine 
mammals from the area before injury occurs.  

Pile driving, shipping, and berthing will act cumulatively with other projects, increasing the spatial extent 
over which marine mammal behaviour could be affected. Marine mammals, namely harbour seals, 
harbour porpoise, and killer whales, could experience behavioural effects over larger areas and for longer 
periods of time as a result of concurrent construction and operations activities. These effects are not 
expected to affect population viability due to the large area of available habitat (see Section 13.5.4.3) and 
are therefore predicted to be not significant. 

Confidence in the conclusions for cumulative effects of direct mortality or physical injury to fish and 
marine mammals has been considered at numerous scales. Confidence in the cumulative assessment of 
injury or mortality from crushing or burial and from blasting is moderate, for similar reasons to residual 
effects (e.g., uncertainty of TSS concentrations caused by vessel maneuvering during berthing and 
departure). While this effect will act cumulatively with construction effects of other projects, it is assumed 
that other projects will implement similarly effective mitigation measures, the spatial scale and number of 
organisms affected will remain limited, and no effects on population viability are expected. Prediction 
confidence has been rated as low to moderate for cumulative effects of noise with respect to the 
population-level response of marine mammals (including the SARA-listed harbor porpoise) to underwater 
noise and uncertainty regarding details of construction and operational noise to be generated by other 
projects with spatial and temporal overlap with the Project. 
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Prediction confidence in the assessment of cumulative effects on sediment and water quality is moderate 
due to the use of non-quantitative values for contaminant concentrations and TSS at the marine berth for 
the Project that are required for comparison with established guidelines. Sampling data and modelling 
results will be used to refine predictions. 

 13.7 Follow-up and Monitoring 
Monitoring programs will occur before, during, and after the construction of the Project, with details to be 
further determined collaboratively with Aboriginal groups, communities, stakeholders, and government 
departments including DFO and Environment Canada. Follow-up and monitoring programs include: 

 Physical and chemical characterization of marine sediment will be completed for the marine 
terminal dredge area as part of the disposal at sea permit application. This will include modelling of 
sediment plumes and sedimentation rates during dredging and disposal of sediment, to confirm 
predictions of the assessment. 

 Monitoring as part of the Fish Habitat Offsetting Strategy 

 Monitoring change in  Flora Bank eelgrass bed extent and density to confirm predictions of the 
assessment. 

 Monitor underwater noise during pile driving to confirm effectiveness of mitigation and predicted 
effects on marine mammals 

 TSS and turbidity monitoring during dredging and disposal of marine sediment and during 
operations to confirm modelling predictions. 

 13.8 Conclusion 
Project residual effects on marine resources are predicted to be not significant. Changes in sediment or 
water quality will be short-term and are not expected to affect fish health or marine resources as a whole. 
Changes to fish habitat and sediment and water quality will be localized, and mitigation measures 
(including habitat offsetting) are considered effective and well established. Increases in potential for direct 
mortality and physical injury to fish and marine mammals are expected to occur during construction. 
Marine mammals, and to a lesser extent fish, are expected to experience changes in behaviour during 
project construction, operations, and decommissioning. Harbour porpoise are the marine mammals most 
likely to change their behaviour (e.g., avoid areas during construction), primarily during the construction 
period. Because of the short term duration of most effects, the viability of local populations will not be 
affected. Mitigation measures will reduce the potential for mortality and injury and residual effects are not 
expected to affect population viability of any species. The overall project effect on marine resources is 
determined to be not significant. Cumulative effects on marine resources are either not expected to occur, 
or are expected to be not significant. 

The prediction confidence in this assessment is deemed to be moderate. 

 13.9 References 
AECOM. 2013. Prince Rupert LNG Project Description. Vancouver. iv + 149 pp. pp 

Anderson, M.S. 2006. The Allied Tribes Tsimshian of North Coastal British Columbia: Social organization, 
economy and trade. University of British Columbia 



 Pacific NorthWest LNG 
Environmental Impact Statement and Environmental Assessment Certificate Application 

Section 13: Marine Resources 

 
 

 

February 2014 
Project No.1231-10537 

  

 
 13-81 

 

BC Cetacean Sightings Network. 2013. BC Cetacean sightings database. Vancouver Aquarium Marine 
Science Centre, and Fisheries and Oceans Canada. Available, version  

Bash, J., C. Berman and  S. Bolton. 2001. Effects of turbidity and suspended solids on salmonids. Center 
for Streamside Studies, University of Washington 

BC Marine and Pile Driving Contractors Association. 2003. Best management practices for pile driving 
and related operations.  

BC MOE. 2006. British Columbia Approved Water Quality Guidelines. Ministry of Environment, Science 
and Information Branch.  

BC MOE. 2013. BC conservation data centre. Available at: http://www.env.gov.bc.ca/cdc/. Accessed: 
August 19, 2013. 

BCMCA. 2009. Physical Representation – Benthic Classes. British Columbia Marine Conservation 
Analysis. Available at: 
http://bcmca.ca/datafiles/individualfiles/bcmca_eco_physical_benthicclasses_atlas.pdf. Accessed: 
November 2013. 

Beacham, T.D., C.G. Wallace, K.D. Le and  M. Beere. 2012. Population Structure and Run Timing of 
Steelhead in the Skeena River, British Columbia. North American Journal of Fisheries 
Management 32:262-275. 

Best, B. and P. Halpin. 2011. Predictive marine mammal modelling for Queen Charlotte Basin, British 
Columbia: Technical report. Raincoast Conservation Foundation. 120 pp 

Bilkovic, D.M. 2011. Response of tidal creek fish communities to dredging and coastal development 
pressures in a shallow-water estuary. Estuaries and Coasts 34:129-147. 

Bilotta, G.S. and R.E. Brazier. 2008. Understanding the influence of suspended solids on water quality 
and aquatic biota. Water Research 42:2849-2861. 

Boehlert, G.W. and J.B. Morgan. 1985. Turbidity enhances feeding abilities of larval Pacific herring, 
Clupea harengus pallasi. Hydrobiologia 123(2):161-170. 

Bolam, S.G. and H.L. Rees. 2003. Minimizing impacts of maintenance dredged material disposal in the 
coast environment: A hbaitat approach. Environmental Management 32(2):171-188. 

Borggaard, D., J. Lien and  P. Stevick. 1999. Assessing the effects of industrial activity on large 
cetaceans in Trinity Bay, Newfoundland (1992–1995). Aquatic Mammals 25(3):149-161. 

Brandt, M.J., A. Diederichs, K. Betke and  G. Nehls. 2011. Responses of harbour porpoises to pile driving 
at the Horns Rev II offshore wind farm in the Danish North Sea. Marine Ecology Progress Series 
421:205-216. 

Cabaco, S. and R. Santos. 2007. Effects of burial and erosion on the seagrass Zostera noltii. Journal of 
Experimental Marine Biology and Ecology 340:204-212. 

Calambokidis, J., E.A. Falcone, T.J. Quinn, A.M. Burdin, P.J. Clapham, J.K.B. Ford, C.M. Gabriele, R. 
LeDuc, D. Mattila, L. Rojas-Bracho, J.M. Straley, B.L. Taylor, J.U. R., D. Weller, B.H. Witteveen, 
M. Yamaguchi, A. Bendlin, D. Camacho, K. Flynn, A. Havron, J. Huggins, N. Maloney, J. Barlow 



Pacific NorthWest LNG 
Environmental Impact Statement and Environmental Assessment Certificate Application 
Section 13: Marine Resources 

 

 
 

  
February 2014 

Project No. 1231-10537 

 

13-82 
 

 

and  P.R. Wade. 2008. SPLASH: Structure of Populations, Levels of Abundance and Status of 
Humpback Whales in the North Pacific. . F. r. f. C. A. F.-.-R.-U. S. D. o. Commerce. 57 pp. pp. 

Canada., E. 2013. Disposal at Sea Minimum Sample Collection Requirements. Available at: 
http://www.ec.gc.ca/Publications/default.asp?lang=En&xml=C481E864-FADB-4DDC-9D4E-
7F5A9F40D3DD. Accessed: May 2013. 

CBC. 2013. First Nations Skeena Sockeye Fishery Shut for First Time. Available at: 
http://www.cbc.ca/news/canada/british-columbia/story/2013/08/12/bc-sockeye-ban-skeena.html. 
Accessed: August 20, 2013, 2013. 

CCME. 2001. Canadian Sediment Quality Guidelines for Protection of Aquatic Life. Polychlorinated 
dibenzo-p-dioxins and polychlorinated dibenzo furans (PCDD/Fs), using toxicity equivalency 
factors for fish. C. C. o. M. o. t. Environment. Winnipeg. 

CCME. 2013. Canadian Environmental Quality Guidelines Summary Table. Available at: http://st-
ts.ccme.ca/. Accessed: January 23, 2014, 2013. 

CEDA. 2011. Underwater Sound In Relation to Dredging. Central Dredging Association. 6 pp 

Cheney, D., R. Oestman, G. Volkhardt and  J. Getz. 1994. Creation of rocky intertidal and shallow 
subtidal habitats to mitigate for the construction of a large marina in Puget Sound, Washington. 
Bulletin of Marine Science 55(2-3):772-782. 

Clark, C.W., W.T. Ellison, B.L. Southall, L. Hatch, S.M. Van Parijs, A. Frankel and  D. Ponirakis. 2009. 
Acoustic masking in marine ecosystems: Intuitions, analysis, and implication. . Marine Ecological 
Progress Series 395:201-222. 

COSEWIC. 2007. COSEWIC assessment and status report on the rougheye rockfish Sebastes sp. type I 
and Sebastes sp. type II in Canada. Committee on the Status of Endangered Wildlife in Canada. 
Ottawa. viii + 36 pp 

COSEWIC. 2008. COSEWIC assessment and status report on the Yelloweye Rockfish Sebastes 
ruberrimus, Pacific Ocean inside waters population and Pacific Ocean outside waters population, 
in Canada. Ottawa. vii + 75 pp 

Deecke, V.B., J.K.B. Ford and  P.J.B. Slater. 2005. The vocal behaviour of mammal-eating killer whales: 
communicating with costly calls. Animal Behaviour 69:395-405. 

Department of the Environment. 1973a. Preliminary environmental effect assessment superport 
development Prince Rupert region, summary conclusions and recommendations 1. 

Department of the Environment. 1973b. Preliminary environmental effect assessment superport 
development Prince Rupert region, summary conclusions and recommendations. Environment 
Canada. Ottawa, ON. 

DFO (Cartographer). (1985). Map no. 1.: Juvenile Salmon Resource  

DFO. 1999. Stock Status of Skeena River Coho salmon  D6-02. F. a. O. Canada. 

DFO. 2005. Skeena River Sockeye Salmon (update). 2003/047. F. A. O. Canada. 

DFO. 2007. Recovery Strategy for the Transient Killer Whale (Orcinus orca) in Canada. Fisheries and 
Oceans Canada. Vancouver, BC. vi + 46 pp. 



 Pacific NorthWest LNG 
Environmental Impact Statement and Environmental Assessment Certificate Application 

Section 13: Marine Resources 

 
 

 

February 2014 
Project No.1231-10537 

  

 
 13-83 

 

DFO. 2008. Recovery Strategy for the Northern and Southern Resident Killer Whales (Orcinus orca) in 
Canada. Species at Risk Act Recovery Strategy Series. Ottawa, ON. ix + 81 pp 

DFO. 2009. Management plan for the Pacific Harbour Porpoise (Phocoena phocoena) in Canada. 
Fisheries and Oceans Canada. Ottawa. v + 49 pp. pp. 

DFO. 2010a. Practitioners Guide to the Risk Management Framework for DFO Habitat Management 
Staff. Habitat Management and Environmental Science. F. a. O. Canada. 25 pp. 

DFO. 2010b. Management Plan for the Steller sea lion (Eumetopias jubatus) in Canada [Final]. Species 
at Risk Act Management Plan Series. Fisheries and Oceans Canada. Ottawa, ON. vi + 69 pp 

DFO. 2011a. Commercial Fisheries Data, 2000-2009. Acquired from Pacific Biological Station Stock 
Assessment Harvest Log Database. 

DFO. 2011b. MAPSTER (version 3.0). Fisheries and Oceans Canada, Pacific Region, Oceans, Habitat 
and Enhancement Branch. Fish and fish habitat related information served from an ESRI ArcIMS 
Server using the WMS Connector. Available at: http://www-heb.pac.dfo-mpo.gc.ca/maps/maps-
data_e.htm. Accessed: November, 2008. 

DFO. 2013a. Fisheries Protection Program Operational Approach. Available at: http://www.dfo-
mpo.gc.ca/habitat/cg2/approach-eng.html Accessed: November 2013. 

DFO. 2013b. Fisheries Productivity Investment Policy: A Proponent’s Guide to Offsetting. Available at: 
http://www.dfo-mpo.gc.ca/pnw-ppe/offsetting-guide-compensation/index-eng.html Accessed: 
December 2013. 

DFO. 2013c. Regional Operational Statements for British Columbia and Yukon Available at: 
http://www.pac.dfo-mpo.gc.ca/habitat/os-eo/index-eng.htm. Accessed. 

DFO. 2013d. Area 4 - Pacific Region Sanitary Closures. Available at: http://www.pac.dfo-mpo.gc.ca/fm-
gp/contamination/sani/area-secteur-04/area-secteur-04-eng.html. Accessed. 

DFO. 2013e. Fisheries Protection Policy Statement. Available at: http://www.dfo-
mpo.gc.ca/habitat/cg2/pol/index-eng.html Accessed: November 2013. 

DFO. 2013f. Areas 4 and 104 (Prince Rupert/Porcher Island). Available at: http://www.pac.dfo-
mpo.gc.ca/fm-gp/rec/tidal-maree/a-s4-eng.html. Accessed: December 2, 2013, 2013. 

DFO. 2013g. Herring Spawning Dates in Six Regions. Available at: http://www.pac.dfo-
mpo.gc.ca/science/species-especes/pelagic-pelagique/herring-hareng/herspawn/pages/timereg-
eng.html#2. Accessed: November 12, 2013. 

DFO. 2013h. BC and Yukon Marine / Estuarine Timing Windows. Available at: http://www.pac.dfo-
mpo.gc.ca/habitat/timing-periodes/tp-marine-marin-eng.htm#4. Accessed. 

DFO. 2013i. Information in Support of the Identification of Critical Habitat for Transient Killer Whales 
(Orcinus orca) off the West Coast of Canada  2013/025. F. a. O. Canada. 

DFO. 2013j. Recovery Strategy for the North Pacific Humpback Whale (Megaptera novaeangliae) in 
Canada [PROPOSED]. x + 67 pp. pp 



Pacific NorthWest LNG 
Environmental Impact Statement and Environmental Assessment Certificate Application 
Section 13: Marine Resources 

 

 
 

  
February 2014 

Project No. 1231-10537 

 

13-84 
 

 

DFO. 2013k. Pacific Region Integrated Fisheries Management Plan, Crab by Trap, January 1, 2013 to 
December 31, 2013. F. a. O. Canada. 

DFO (Ed.). 2001. Fish Stocks of the Pacific Coast. Government of Canada. 

Erftemeijer, P.L.A. and R.R.R. Lewis III. 2006. Environmental impacts of dredging on seagrasses: A 
review. Marine Pollution Bulletin 52:1553-1572. 

Essink, K. 1999. Ecological effects of dumping of dredged sediments; options for management. Journal of 
Coastal Conservation 5:69-80. 

Faggetter, B. 2013. Chatham Sound Eelgrass Study Final Report. Prepared for World Wildlife Fund by 
Ocean Ecology. Prince Rupert, B.C. 

Federal Register. 2005. Endangered Fish and Wildlife; Notice of Intent to Prepare an Environmental 
Impact Statement  05-525. United States of America. National Marine Fisheries Service, National 
Oceanic Atmospheric Administration & Commerce. 

Feist, B.E., J.J. Anderson and  R. Miyamoto. 1996. Potential Impacts of Pile Driving on Juvenile Pink 
(Onchorhynchus gorbuscha) and Chum (O. keta) Salmon Behavior and Distribution. Fisheries 
Research Institute, School of Fisheries, University of Washington. Seattle, WA. viii+58 pp pp 

Fisheries Hydroacoustic Working Group. 2008. Agreement in Principle for Interim Criteria for Injury to Fish 
from Pile Driving Activities. Memorandum. Available at: 
http://www.wsdot.wa.gov/NR/rdonlyres/4019ED62-B403-489C-AF05-
5F4713D663C9/0/BA_InterimCriteriaAgree.pdf. Accessed: October 6, 2013, 2013. 

Ford, J.K.B. and G.M. Ellis. 1999. Transients: Mammal-hunting Killer Whales of British Columbia, 
Washington, and Southeastern Alaska UBC Press. Vancouver. 

Ford, J.K.B., A.L. Rambeau, R.M. Abernethy, M.D. Boogaards, L.M. Nichol and  L.D. Spaven. 2009. An 
Assessment of the Potential for Recovery of Humpback Whales off the Pacific Coast of Canada. 
DFO Can. Sci. Advis. Sec. Res. Doc. 2009/015. . F. a. O. Canada. iv + 33 p. pp. 

Gilkinson, K.D., D.C. Gordon, K.G. MacIsaac, D.L. McKeown, E.L.R. Kenchington, C. Bourbonnais and  
W.P. Vass. 2005. Immediate impacts and recovery trajectories of macrofaunal communities 
following hydraulic clam dredging on Banquereau, eastern Canada. . ICES Journal of Marine 
Science 62:925-947. 

Government of Canada. 2012a. Species at Risk Public Registry. Available at: 
http://www.sararegistry.gc.ca/default_e.cfm. Accessed: August 19, 2012. 

Government of Canada. 2012b. Comprehensive Study Report Pursuant to the Canadian Environmental 
Assessment Act For the Proposed: Fairview Terminal Phase II Expansion Project in Prince 
Rupert, British Columbia  Canadian Environmental Assessment Registry Reference Number 08-
03-37956. E. C. Fisheries and Oceans Canada, and Canadian Transportation Agency. xx + 416 
pp. 

Greig, S.M., D.A. Sear and  P.A. Carling. 2005. The impact of fine sediment accumulation on the survival 
of incubating salmon progeny: Implications for sediment management. Science of the Total 
Environment 344:241-258. 



 Pacific NorthWest LNG 
Environmental Impact Statement and Environmental Assessment Certificate Application 

Section 13: Marine Resources 

 
 

 

February 2014 
Project No.1231-10537 

  

 
 13-85 

 

Halvorsen, M.B., B.M. Casper, F. Matthews, T.J. Carlson and  A.N. Popper. 2012. Effects of exposure to 
pile-driving sounds on the lake sturgeon, Nile tilapia and hogchoker. Proceedings of the Royal 
Society Biological Sciences 279(1748):4705-4714. 

Hart, J.L. 1988. Pacific Fishes of Canada. Fisheries Research Board of Canada. Ottawa, ON 

Hass, M.E., C.A. Simenstad, J.R. Cordell, D.A. Beauchamp and  B.S. Miller. 2002. Effects of Large 
Overwater Structures on Epibenthic Juvenile Salmon Prey Assemblages in Puget Sound, 
Washington. Prepared for: Washington State Transportation Commission 

Hastings, M.C. and A.N. Popper. 2005. Effects of sound on fish  43A0139. Report for the California 
Department of Transportation. Sacramento, CA. 

Hayes, D.F., T.D. Borrowman and  P.R. Schroeder. 2007. Process-Based Estimation of Sediment 
Resuspension Losses during Bucket Dredging. . Proceedings, XVIII World Dredging Congress 
2007 Paper presented at the Proceedings, XVIII World Dredging Congress 2007, WEDA, Lake 
Buena Vista, Florida, USA. 

Higgins, R.J. and W.J. Schouwenburg. 1973. A Biological Assessment of Fish Utilization of the Skeena 
River Estuary, with Special Reference to Port Development in Prince Rupert. (No. Technical 
Report 1973-1). Northern Operations Branch, Department of the Environment, Fisheries and 
Marine Service 

Hildebrand, J.A. 2009. Anthropogenic and natural sources of ambient noise in the ocean. Marine Ecology 
Progress Series 395:5-20. 

Hyatt, K., M.S. Johannes and  M. Stockwell. 2007. Appendix I: Pacific Salmon. In B. G. Lucas, S. Verrin & 
R. Brown (Eds.), Ecosystem Overview: Pacific North Coast Integrated Management Area 
(PNCIMA). Canadian Technical Report of Fisheries and Aquatic Sciences 2667. vi + 55. 

ICF Jones and Stokes and Illingworth and Rodkin Inc. 2009. Technical Guidance for Assessment and 
Mitigation of the Hydroacoustic Effects of Pile Driving on Fish. 298 pp 

Illingworth & Rodkin. 2007. Compendium of Pile Driving Sound Data. (report). Prepared for the California 
Department of Transportation. Petaluma, CA. 129 pp 

IUCN. 2012. IUCN Red List of Threatened Species. version 2012.2. Available at: 
http://www.iucnredlist.org/details/13006/0. Accessed: June, 2013. 

JASCO Applied Sciences (A. McCrodan & D. Hannay). 2013. Modelling of Underwater Noise for Pacific 
NorthWest LNG Marine Construction and Shipping Scenarios. Prepared for S. C. Ltd.  

Kastelein, R., R. Gransier, R. van Mierlo, L. Hoek and  C. de Jong. 2011. Temporary hearing threshold 
shifts and recovery in a harbor porpoise (Phocoena phocoena) and harbor seals (Phoca vitulina) 
exposed to white noise in a 1/1-octave band around 4 kHz. Journal of the Acoustical Society of 
America 129(4):2432-2432. 

Kastelein, R.A., R. Gransier, L. Hoek, A. Macleod and  J.M. Terhune. 2012. Hearing threshold shifts and 
recovery in harbor seals (Phoca vitulina) after octave-band noise exposure at 4 kHz. Journal of 
the Acoustical Society of America. 132(4):2745-2761. 



Pacific NorthWest LNG 
Environmental Impact Statement and Environmental Assessment Certificate Application 
Section 13: Marine Resources 

 

 
 

  
February 2014 

Project No. 1231-10537 

 

13-86 
 

 

Kastelein, R.A., S. van der Heul, W.C. Verboom, N. Jennings, J. van der Veen and  D. de Haan. 2008. 
Startle response of captive North Sea fish species to underwater tones between 0.1 and 64 kHz. 
Marine Environmental Research 65:369-377. 

Kenchington, E., D.E. Duplisea, J.M.R. Curtis, J.C. Rice, A. Bundy, M. Koen-Alonso and  S.E. Doka. 
2012. Identification of Species Habitats that Support Commercial, Recreational or Aboriginal 
Fisheries in Canada. Fisheries and Oceans Canada. National Capital Region. 

Ketten, D.R. 1995. Estimates of Blast Injury and Acoustic Trauma Zones for Marine Mammals from 
Underwater Explosions. In R. A. Kastelein, J. A. Thomas & P. E. Nachtigall (Eds.), Sensory 
Systems of Aquatic Mammals. Woerden: De Spil Publishers. 391-407. 

Ketten, D.R. 2012. Marine Mammal Auditory System Noise Impacts: Evidence and Incidence. In A. N. 
Popper & A. Hawkins (Eds.), The Effects of Noise on Aquatic Life. Springer Science+Business 
Media. 207-214. 

Lazar, A.N., D. Butterfield, M.N. Futter, K. Rankinen, M. Thouvenot-Korppoo, N. Jarrit, D.S.L. Lawrence, 
A.J. Wade and  P.G. Whitehead. 2010. An assessment of the fine sediment dynamics in an 
upland river system: INCA-Sed modifications and implications for fisheries. Science of the Total 
Environment 408:2555-2566. 

Lucke, K., P.A. Lepper, M.-A. Blanchet and  U. Siebert. 2011. The use of an air bubble curtain to reduce 
the received sound levels for harbor porpoises (Phocoena phocoena). Journal of the Acoustical 
Society of America 130(5):3406-3412. 

MacGillivray, A., G. Warner and  D. Hannay. 2012. Northern Gateway Pipeline Project: Audiogram-
Weighted Behavioural Thresholds for Killer Whales. Version 3.0. Technical memorandum by 
JASCO Applied Sciences for Stantec Consulting Ltd. for Northern Gateway Pipeline Project.  

Marmorek, D., D. Pickard, A. Hall, K. Bryan, E. Martell, C. Alexander, K. Wieckowski, L. Greig and  C. 
Schwarz. 2011. Fraser River Sockeye Salmon: Data Synthesis and Cumulative Impacts. Cohen 
Commission Technical Report ESSA Technologies Ltd. Vancouver. 273p pp 

Marsden, S. 2011. The Gitkxaala, Their History, and their Territories (Porcher Island, Banks Island, Pitt 
Island and Adjacent Islands). Report Submitted To Janes Freedman Kyle Law Corporation 

Martens, D.W. and J.A. Servizi. 1993. Suspended sediment particles inside gills and spleens of juvenile 
Pacific salmon (Oncorhynchus spp.). Canadian Journal of Fisheries and Aquatic Science 50:586-
590. 

McCarter, P.B. and D.E. Hay. 1999. Distribution of Spawning Eulachon Stocks in the Central Coast of 
British Columbia as Indicated by Larval Surveys. DFO Canadian Stock Assessment Secretariat 
Research Document 99/177. 67 pp 

McCauley, R.D., J. Fewtrell, A.J. Duncan, C. Jenner, M.N. Jenner, J.D. Penrose, R.I.T. Prince, A. 
Adhitya, J. Murdoch and  K. McCabe. 2000. Marine Seismic Surveys: Analysis and propagation 
of Air-gun Signals and Effects of Air-gun Exposure on Humpback Whales, Sea Turtles, Fishes 
and Squid. (No. R99-15). Prepared for Australian Petroleum Production and Exploration 
Association, Centre for Marine Science and Technology, Curtin University. Perth, Australia. 198 
pp 



 Pacific NorthWest LNG 
Environmental Impact Statement and Environmental Assessment Certificate Application 

Section 13: Marine Resources 

 
 

 

February 2014 
Project No.1231-10537 

  

 
 13-87 

 

McFarland, V.A. and R.K. Peddicord. 1980. Lethality of a suspended clay to a diverse selection of marine 
and estuarine macrofauna. Archives of Environmental Contamination and Toxicology 9(6):733 - 
741. 

McFarlane, G.A. and J.R. King. 2003. Migration patterns of spiny dogfish (Squalus acanthias) in the North 
Pacific Ocean. Fisheries Bulletin 101(2):358-367. 

Menzies, C.R. 2011. Gitxaała Use and Occupancy in the Area of the Proposed Northern Gateway 
Pipeline Tanker Routes. Prepared on behalf of Gitxaała Nation 

Mills, K.E. and M.S. Fonseca. 2003. Mortality and productivity of eelgrass Zostera marina under 
conditions of experimental burial with two sediment types. Marine Ecology Progress Series 
255:127-134. 

Moffatt and Nichol. 2010. Vessel Wake Study. Prepared for Prepared for Northern Gateway Pipelines Inc.  

Moffatt and Nichol. 2011. Vessel Wake Study. Prepared for Prepared for KM LNG Operating General 
Partnership.  

Moody, M.F. and T.J. Pitcher. 2010. Eulachon (Thaleichthys pacificus): Past and Present. U. o. B. C. 
Fisheries Centre, Canada. 

Morton, A.B. and H.K. Symonds. 2002. Displacement of Orcinus orca (L.) by high amplitude sound in 
British Columbia, Canada. ICES Journal of Marine Science 59:71-80. 

Naughton, G.P., A. Gottesfeld and  C. Carr-Harris. 2008. Stock-specific distribution of juvenile Chinook 
salmon (Oncorhynchus tshawytscha) in the Skeena River, British Columbia 2007-2008. . 
Available at: http://skeenafisheries.ca/pdfs/pub_Skeena_juv_ch_and_co.pdf. Accessed: 
September 19, 2013. 

Nedwell, J.R., A.W.H. Turnpenny, J.M. Lovell and  B. Edwards. 2006. An investigation into the effects of 
underwater piling noise on salmonids. Journal of the Acoustical Society of America 120(5):2550-
2554. 

Newcombe, C.P. and J.O. Jensen. 1996. Channel suspended sediments and fisheries: a synthesis for 
quantitative assessment of risk and impact. North American Journal of Fisheries Management 
16(4):693-727. 

Newell, R.C., L.J. Seiderer and  D.R. Hitchcock. 1998. The impact of dredging works in coastal waters: a 
review of the sensitivity to disturbance and subsequent recovery of biological resources on the 
sea bed. Oceanography and Marine Biology 36:127−172. 

NOAA. 2013. Interim Sound Threshold Guidance. Available at: 
http://webcache.googleusercontent.com/search?q=cache:kKKlrl-
RRiUJ:www.nwr.noaa.gov/protected_species/marine_mammals/killer_whales/southern/interim_s
ound_threshold_guidance.html+NOAA+Interim+Sound+Threshold+Guidance+190+dB+180+dB&
cd=1&hl=en&ct=clnk&gl=ca. Accessed: July 14, 2013, 2013. 

Payne, R.S. and D. Webb. 1971. Orientation by means of long-range acoustic signalling in baleen 
whales. Annals of the New York Academy of Sciences 188:110-142. 



Pacific NorthWest LNG 
Environmental Impact Statement and Environmental Assessment Certificate Application 
Section 13: Marine Resources 

 

 
 

  
February 2014 

Project No. 1231-10537 

 

13-88 
 

 

Peddicord, R. and V. McFarland. 1976. Effects of suspended dredged material on the commercial crab, 
Cancer magister.In P. A. Krenkel, J. Harrison & J. C. Burdick, III (Eds.), Proceedings of the 
specialty conference on dredging and its environmental effects Paper presented at the 
Proceedings of the specialty conference on dredging and its environmental effects, Mobile, 
Alabama. 633-644. American Society of Civil Engineers. 

Popper, A.N., T.J. Carlson, A.D. Hawkins, B.L. Southall and  R.L. Gentry. 2006. Interim Criteria for Injury 
of Fish Exposed to Pile Driving Operations: A White Paper.  

Popper, A.N. and M.C. Hastings. 2009. The effects of human-generated sound on fish. Integrative 
Zoology 4(1):43-52. 

Popper, A.N. and A. Hawkins (Eds.). 2012. Effects of Noise on Aquatic Life (Vol. 730). New York. 
Springer. 

Popper, A.N. and Z. Lu. 2000. Structure–function relationships in fish otolith organs. Fisheries Research 
46(1–3):15-25. 

Prince Rupert Port Authority. 2011. Port of Prince Rupert 2020 Land Use Management Plan. Prince 
Rupert. (March 2, 2013) 

Richardson, J., C.R. Greene Jr, C. Malme and  D. Thomson. 1995. Marine Mammals and Noise. 
Academic Press. San Diego. 

Risch, D., P.J. Corkeron, W.T. Ellison and  S.M. Van Parijs. 2012. Changes in humpback whale song 
occurrence in response to an acoustic source 200 km away. PLoS ONE 7(1):e29741, 29741-
29746. 

Rolland, R.M., S.E. Parks, K.E. Hunt, M. Castellote, P.J. Corkeron, D.P. Nowacek, S.K. Wasser and  S.D. 
Kraus. 2012. Evidence that ship noise increases stress in right whales. Proceedings of the Royal 
Society B-Biological Sciences 279:2363-2368. 

Ryer, C.H., J.L. Lemke, K. Boersma and  S. Levas. 2008. Adaptive coloration, behavior and predation 
vulnerability in three juvenile north Pacific flatfishes. Journal of Experimental Marine Biology and 
Ecology 359(1):62-66. 

Schroeder, P. and C.K. Ziegler. (2004). Understanding, predicting and monitoring contaminant releases 
during dredging., Paper presented at “Addressing Uncertainty and Managing Risk at 
Contaminated Sediment Sites”, USACE/USEPA/SMWG Joint Sediment Conference, US Army 
Corps of Engineers. 

Shrimpton, J.M., J.D. Zydlewski and  J.W. Heath. 2007. Effect of daily oscillation in temperature and 
increased suspended sediment on growth and smolting in juvenile chinook salmon, 
Oncorhynchus tshawytscha. Aquaculture 273:269-276. 

Simenstad, C.A., B. Nightingale, R. Thom and  D.K. Shreffler. 1999. Impacts of Ferry Terminals on 
Juvenile Salmon Migrating along Puget Sound Shorelines Phase I: Synthesis of State of 
Knowledge. Final Research Report for Washington State Transportation Center (TRAC). 

Slotte, A., K. Hansen, J. Dalen and  E. Ona. 2004. Acoustic mapping of pelagic fish distribution and 
abundance in relation to a seismic shooting area off the Norwegian west coast. Fisheries 
Research 67(2):143-150. 



 Pacific NorthWest LNG 
Environmental Impact Statement and Environmental Assessment Certificate Application 

Section 13: Marine Resources 

 
 

 

February 2014 
Project No.1231-10537 

  

 
 13-89 

 

Southall, B.L., A.E. Bowles, W.T. Ellison, J.J. Finneran, R.L. Gentry, C.R. Greene, D. Kastak, D.R. 
Ketten, J.H. Miller, P.E. Nachtigall, W.J. Richardson, J.A. Thomas and  P.L. Tyack. 2007a. 
Special Issue: Marine mammal noise exposure criteria. Aquatic Mammals 33(4). 

Southall, B.L., A.E. Bowles, W.T. Ellison, J.J. Finneran, R.L. Gentry, C.R. Greene, D. Kastak, D.R. 
Ketten, J.H. Miller, P.E. Nachtigall, W.J. Richardson, J.A. Thomas and  P.L. Tyack. 2007b. 
Marine mammal noise exposure criteria:  Initial scientific recommendations. Aquatic Mammals 
33(4). 

Stantec. 2010. Assessment of Disposal at Sea Activities in Support of the Comprehensive Study 
Environmental Assessment For the Fairview Terminal Phase II Expansion, Prince Rupert, BC.  

Stantec Consulting Ltd. 2009. Environmental Impact Statement - Fairview Terminal Phase II Expansion 
Project Including Kaien Siding. In Prince Rupert Port Authority and Canadian National Railway 
Company (Ed.) (Vol. 1). Burnaby: Prince Rupert Port Authority and Canadian National Railway 
Company,. 

Stantec Consulting Ltd. 2011. Proposed New Disposal at Sea Sites for Canpotex Potash Export Terminal, 
Ridley Island, Prince Rupert, BC. Prepared for C. T. Ltd. Burnaby, BC. 

Statistics Canada. 2012. Focus on Geography Series, 2011 Census. Statistics Canada Catalogue no. 98-
310-XWE2011004, Analytical products, 2011 Census. Statistics Canada. Ottawa, Ontario. 

Sundermeyer, J.K., K. Lucke, M. Dahne, A. Gallus, K. Krugel and  U. Siebert. 2012. Effects of 
Underwater Explosions on Presence and Habitat Use of Harbor Porpoises in the German Baltic 
Sea. In A. N. Popper & A. Hawkins (Eds.), Effects of Noise on Aquatic Life. Vol. 730, 289-291. 

Thomsen, F., S. McCully, D. Wood, F. Pace and  P. White. 2009. A Generic Investigation into Noise 
Profiles of Marine Dredging in Relation to the Acoustic Sensitivity of the Marine Fauna in UK 
Waters with Particular Emphasis on Aggregate Dredging: PHASE 1 Scoping and Review of Key 
Issues. (CEFAS). CEFAS. Lowestoft 

Thomsen, F., C. Mueller-Blenkle, A. Gill, J. Metcalfe, P.K. McGregor, V. Bendall, M.H. Andersson, P. 
Sigray and  D. Wood. 2012. Effects of Pile Driving on the Behavior of Cod and Sole. In A. N. 
Popper & A. Hawkins (Eds.), Effects of Noise on Aquatic Life. Vol. 730, 387-388. 

Todd, S., P.T. Stevick, J. Lien, F. Marques and  D. Ketten. 1996. Behavioral effect of exposure to 
underwater explosion in humpback whales. Can. J. Zool 74:1661-1672. 

Tougaard, J., L.A. Kyhn, M. Amundin, D. Wennerberg and  C. Bordin. 2012. Behavioral Reactions of 
Harbor Porpoises to Pile-driving Noise. In A. N. Popper & A. Hawkins (Eds.), Effects of Noise on 
Aquatic Life. Vol. 730, 277-280. 

Tyack, P.L. and C.W. Clark. 2000. Communication and acoustic behavior of dolphins and whales. In W. 
W. L. Au, A. N. Popper & R. R. Fay (Eds.), Hearing by Whales and Dolphins. New York: Springer-
Verlag. 156-224. 

Van den Berg, M., L. Birnbaum, A.T.C. Bosveld, B. Brunström, P. Cook, M. Feeley, J.P. Giesy, A. 
Hanberg, R. Hasegawa, S.W. Kennedy, T. Kubiak, J.C. Larsen, F.X.R.v. Leeuwen, A.K.D. Liem, 
C. Nolt, R.E. Peterson, L. Poellinger, S. Safe, D. Schrenk, D. Tillitt, MatsTysklind, M. Younes, F. 



Pacific NorthWest LNG 
Environmental Impact Statement and Environmental Assessment Certificate Application 
Section 13: Marine Resources 

 

 
 

  
February 2014 

Project No. 1231-10537 

 

13-90 
 

 

Wærn and  T. Zacharewski. 1998. Toxic Equivalency Factors (TEFs) for PCBs, PCDDs, PCDFs 
for Humans and Wildlife. Environmental Health Perspectives 106(12):775-792. 

van Opzeeland, I. and H. Slabbekoorn. 2012. Importance of Underwater Sounds for Migration of Fish and 
Aquatic Mammals. In A. N. Popper & A. Hawkins (Eds.), Effects of Noise on Aquatic Life. Vol. 
730, 357-359. 

Wardle, C.S., T.J. Carter, G.G. Urquhart, A.D.F. Johnstone, A.M. Ziolkowski, G. Hampson and  D. 
Mackie. 2001. Effects of seismic air guns on marine fish. Continental Shelf Research 21(8-
10):1005-1027. 

Wilber, D.H. and D.G. Clarke. 1998. Estimating secondary production and benthic consumption in 
monitoring studies: A case study of the impacts of dredged material disposal in Galveston Bay, 
Texas. Estuaries 21(2):230-245. 

Wilber, D.H. and D.G. Clarke. 2001. Biological effects of suspended sediments: A review of suspended 
sediment impacts on fish and shellfish with relation to dredging activities in estuaries. North 
American Journal of Fisheries Management 21:855−875. 

Williams, R., D.E. Bain, J.K.B. Ford and  A.W. Trites. 2002a. Behavioural responses of male killer whales 
to a ‘leapfrogging’ vessel. Journal of Cetacean Research and Management 4(3):305-310. 

Williams, R., C.W. Clark, D. Ponirakis and  E. Ashe1. 2013. Acoustic quality of critical habitats for three 
threatened whale populations. Animal Conservation. 

Williams, R., D. Lusseau and  P.S. Hammond. 2006. Estimating relative energetic costs of human 
disturbance to killer whales (Orcinus orca). Biological Conservation 133:301-311. 

Williams, R., A.W. Trites and  D.E. Bain. 2002b. Behavioural responses of killer whales (Orcinus orca) to 
whale-watching boats; opportunistic observations and experimental approaches. Journal of the 
Zoological Society of London 256:255-270. 

Wright, A.J., N.A. Soto, A.L. Baldwin, M. Bateson, C.M. Beale, C. Clark, T. Deak, E.F. Edwards, A. 
Fernández, A. Godinho, L.T. Hatch, A. Kakuschke, D. Lusseau, D. Martineau, M.L. Romero, L.S. 
Weilgart, B.A. Wintle, G. Notarbartolo-di-Sciara and  V. Martin. 2007. Do marine mammals 
experience stress related to anthropogenic noise? International Journal of Comparative 
Psychology 20:274-316. 

Wright, D.L. and G.E. Hopky. 1998. Guidelines for the Use of Explosives In or Near Canadian Fisheries 
Waters. Canadian Technical Report of Fisheries and Aquatic Sciences,. (No. 2107). Minister of 
Public Works and Government Services Canada. Winnipeg, MB. 39 pp 

Wysocki, E.L., J.P. Dittami and  F. Ladich. 2006. Ship noise and cortisol secretion in European freshwater 
fishes. Biological Conservation 128:501-508. 

Personal Communication 

Davies, S., A/Area Chief, Resource Management-North Coast Area, Fisheries and Oceans Canada. 
2013. Shellfish closures in FMA 4. email, Prince Rupert, BC. September 20, 2013. 

Fissel, D., ASL Environmental Sciences Inc. 2014. Sediment Transport and Fate Resulting from Dredging 
and Disposal at Sea Project Operations. January 23, 2014. 



 Pacific NorthWest LNG 
Environmental Impact Statement and Environmental Assessment Certificate Application 

Section 13: Marine Resources 

 
 

 

February 2014 
Project No.1231-10537 

  

 
 13-91 

 

Lewis, S., Senior Program Scientist. Environment Canada. 2013. Sediment quality at Brown Passage, 
2011. email, Vancouver, BC. August 16, 2013. 

 13.10 Figures 
See the following pages. 

  



Stephens
Island

Porcher
Island

Smith
Island

Kaien
Island

Digby
Island

Melville
Island

Dunira
Island

Baron
Island

Lucy
Islands

C h a t h a m
S o u n d

Triple
Island

Work Channel

Kennedy
Island

Ferry Route

Kinahan
Islands

Rachael
Islands

Lelu
Island

Prince

Rupert H
arbour

Alwyn
Lake

DIANA
LAKE
PARK

Georgetown
Mills

LAX
KW'ALAAMS 1

See Inset MapPrince Rupert
Port Authority
Boundary

Diana
Lake

Woodworth
LakeTUGWELL

ISLAND 21

S 1/2
TSIMPSEAN 2

Metlakatla
Prince
Rupert

Port
Edward

Osland

Porcher
IslandHunts

Inlet

Oona River

16

Brown Passage
Disposal Site

370000

370000

380000

380000

390000

390000

400000

400000

410000

410000

420000

420000

59
80

00
0

59
80

00
0

59
90

00
0

59
90

00
0

60
00

00
0

60
00

00
0

60
10

00
0

60
10

00
0

60
20

00
0

60
20

00
0

60
30

00
0

60
30

00
0

60
40

00
0

60
40

00
0

2/1
7/2

01
4 -

 6:
54

:45
 P

M 
   V

:\a
cti

ve
\12

31
10

53
7\g

is\
fig

ure
s\g

en
era

l\m
xd

s\e
ng

lis
h\f

ig_
12

31
10

53
7-3

88
_m

ari
ne

_s
tud

y_
are

as
_e

a.m
xd

Marine Resources
Local Assessment Area and
Regional Assessment Area

Pacific NorthWest LNG

DATE:

DRAWN BY:

PROJECTION:
DATUM:
CHECKED BY:

PREPARED BY:

PREPARED FOR:

FIGURE NO:

13-1

Sources: Government of British Columbia; Prince Rupert Port Authority; Government of
Canada, Natural Resources Canada, Centre for Topographic Information; Progress
Energy Canada Ltd.
Although there is no reason to believe that there are any errors associated with the data
used to generate this product or in the product itself, users of these data are advised that
errors in the data may be present.

FIGURE ID:

Disposal at Sea Site
Local and Regional
Assessment Area
Potential Shipping
Route
Project Component
Turning Basin
Materials Offloading Facility

Airport
City or Town
Pilotage Station
Electrical Power
Transmission Line
Ferry Route
Highway
Railway

Secondary Road
Watercourse
Indian Reserve
Prince Rupert Port
Authority Boundary
Protected Area
Waterbody

0 5 10 15 km

17-FEB-14
123110537-388
K. POLL A. GROMACK

UTM - ZONE 9
NAD 83

1:325,000

Lelu
Island

Ridley
Island

Smith
Island

Kitson
Island

Smith
Island

1

2

3
4 5

4

5

Project Components
1 - Vessel Berths
2 - Trestle
3 - Materials Offloading Facility (MOF)
4 - Pioneer Dock
5 - Bridge

Inset Map
1:100,000



 Pacific NorthWest LNG 
Environmental Impact Statement and Environmental Assessment Certificate Application 

Section 13: Marine Resources 

 
 

 

February 2014 
Project No.1231-10537 

  

 
 13-93 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13-2: Model-Derived TSS (mg/L above background, maximum value in the water column) 
at Flood Flow from Dredging 

Notes: Top panel, 3 p.m., January 12, 2015. Bottom panel (flood slack), 6 p.m., January 12, 2015. 
Numbers mark depths (above seabed) of maximum values in vertical column. Blue contours present the 
areas of TSS greater than 5 mg/L. (Source: See Appendix O). 
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Figure 13-3: Model-Derived TSS (mg/L above background, maximum value in the water column) 
from Dredging 

Notes: Ebb flow (top panel), 9 p.m., January 12, 2015. Ebb slack (bottom panel), midnight, January 13, 
2015. Numbers mark depths (above seabed) of maximum values in vertical column. Blue contours 
present the areas of TSS greater than 5 mg/L. Source: See Appendix O. 
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Figure 13-4: TSS Plume in the Water Column from Disposal at Sea (Brown Passage) 

Notes: Modelled for a disposal trip, 0 hours after disposal. The black circle marks the designated disposal area (1.85 km in diameter). 

Source: See Appendix O. 
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Figure 13-7: Estimated Deposition (mm) after Dredging Completed (interval between each 
contour is 5 mm) 

Source: See Appendix O 

 

 




