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EXECUTIVE SUMMARY
LNG Canada Development Inc. (LNG Canada) is proposing to construct and operate a liquefied natural
gas (LNG) export facility in the District of Kitimat, British Columbia (BC). Construction of the LNG Canada
Export Terminal (the Project) includes an LNG processing and storage site as well as a marine terminal to
export LNG via shipping. The Project is anticipated to result in “serious harm to fish” (as defined by
Fisheries and Oceans Canada to include permanent alteration or destruction of fish habitat).
Stantec Consulting Ltd. and Triton Environmental Consultants Ltd. have prepared this conceptual fish
habitat offsetting plan on behalf of LNG Canada to outline the proposed measures to offset residual
serious harm to fish from Project activities and works as required under paragraph 35(2)(b) of the
Fisheries Act. The estimated area of residual serious harm to fish from Project activities and works
2

2

includes up to 104,865 m of wetted freshwater fish habitat, 7,714 m of estuarine fish habitat, and
2

87,262 m of marine fish habitat.
The offsetting options outlined in this plan are designed to address local restoration priorities and fisheries
management objectives, and to maintain the sustainability and ongoing productivity of commercial,
recreational, and Aboriginal (CRA) fisheries. The fish habitat offsetting plan will be further developed and
refined through consultation with Haisla Nation, other potentially affected Aboriginal groups, and Fisheries
and Oceans Canada. The proposed offsetting measures are located on both Crown and private lands, or
in marine waters, and include the following options:
Freshwater Habitat Creation and Enhancement Measures



Beaver Creek realignment (18,600 m ) will provide spawning and rearing habitat for fish and
maintain connectivity with the upper Beaver Creek watershed. In addition to the realignment,
habitat features, such as pools, boulder clusters and cobble features will be constructed in
the channel. The construction of pool and complex cover habitats will maintain the habitat
function currently present in Beaver Creek, and allow for overwintering and rearing habitat for
juvenile salmonids.



Anderson Creek realignment (4,500 m ) will include a gravel-cobble bed, to encourage coho
salmon (Oncorhynchus kisutch) and chum salmon (Oncorhynchus keta) spawning and will
have armoured banks to keep the creek constrained during high flow events. Riparian
vegetation will be encouraged to grow along the western shore of the creek while the eastern
shore will be within the proposed safety zone for the LNG facility and therefore will need to be
clear of vegetation.

2
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Kitimat River side channel realignment (4,221 m ) will avoid the loss of seasonal Pacific
salmon (Oncorhynchus spp.) rearing habitat, and will limit bank erosion during freshet.
Similar to the existing side channel the realigned channel will have a gravel/cobble bed with
pools and large woody debris/rock features on the outside of any channel bends to provide
rearing habitat for fish.



Various options to enhance side channel or tributary habitat are being considered
2
(72,950 m ). These options will include the re-establishment of stream flow to habitats
isolated by earlier diversions, development of new groundwater-fed channels for eulachon
spawning and/or coho overwintering habitat (e.g., along the lower Kitimat River) as well as
construction of a new side channel near Raley Creek.



Potential barrier removal options have been identified within the Kitimat River watershed
(e.g., Lone Wolf Creek). Fish passage options could include physical removal of the barrier or
construction of a fishway to bypass the barrier, and could provide access to approximately
25,000 m² of upstream habitat suitable for coho salmon. The estimate does not account for
additional side channels or tributaries which could also provide coho salmon habitat. Fish
sampling conducted at Lone Wolf Creek to date has demonstrated Dolly Varden (Salvelinus
malma) presence in the channel upstream of the barriers.

2

Estuarine and Marine Habitat Creation, Enhancement, and Restoration Measures

iv



Creation of salt marsh habitat (10,000 m to >100,000 m per created marsh) will be achieved
through construction of marsh benches or excavation of upland areas, adjacent to existing
salt marsh habitat in Kitimat Arm, followed by the planting of marsh vegetation (e.g., Carex
lyngbyei). The salt marshes will be strategically located near salmon-bearing streams to
enable juvenile salmon to take advantage of these newly created habitats. The salt marsh will
provide habitat for a variety of other CRA fishery species, including spawning habitat for
Pacific herring (Clupea pallasii). Construction of salt marsh benches will also create intertidal
boulder/rock habitat which will provide habitat for a variety of marine fish, invertebrate, and
algae species.



Eelgrass bed expansion and/or creation will involve the expansion of existing common
eelgrass (Zostera marina) beds, or creation of new eelgrass beds in Kitimat Arm. Potential
expansion and creation sites will be evaluated for the characteristics known to be correlated
with eelgrass growth success such as elevation, current velocity, salinity, substrate, and light
regime. The expansion or creation of eelgrass beds in Kitimat Arm will provide habitat for a
variety of CRA fishery species, including refuge for juvenile fish, nursery habitat for
Dungeness crab (Metacarcinus magister), and spawning habitat for Pacific herring.



Subtidal reef creation (1,000 m to 10,000 m per reef structure) in Kitimat Arm will increase
the structural complexity of subtidal soft-bottom habitat, providing attachment surfaces for
algae and sessile invertebrates, and refuge and forage habitat for CRA fishery species,
including out-migrating juvenile salmon, rockfish (Sebastes spp.), lingcod (Ophiodon
elongatus), surfperch (family Embiotocidae), herring, and pandalid shrimp.

2
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Habitat enhancement and restoration in Minette Bay will entail removal of large woody debris
that has accumulated in foreshore areas and in the salt marsh habitat, and the removal of
abandoned vessels and treated wood piles. These restoration measures are expected to
promote recolonization of affected habitats by a variety of fish and invertebrate species,
promote growth of marine vegetation, increase food supply for CRA fishery species including
Pacific salmon, and improve water and sediment quality in the bay. The area of degraded
habitat to be restored will be determined from field surveys.

Biological Manipulation Measures



Increased hatchery production in the Kitimat River watershed—LNG Canada could provide
long-term funding to increase production from the Kitimat River Hatchery of coho and chum
salmon; two fish species which would be affected by the Project. This funding could include
incentives for the hatchery to provide training programs for technicians from Haisla Nation,
and outplantings to streams of concern to Haisla Nation. To increase the likelihood of
success and to reduce the time delays between the effects on freshwater fish habitat and the
functioning of the habitat creation and enhancement measures, juvenile salmon from the
Kitimat River Hatchery could also be introduced to the new habitats to promote olfactory
imprinting and homing to these sites as adult spawners. In the event one or more of the
barrier removal options is deemed unfeasible, hatchery outplants could also be used to
transplant fish to areas upstream of barriers to take advantage of under-utilized habitat.
Returning fish could either be harvested at or near the barrier, or could be captured for
subsequent hatchery supplementation in consecutive years. The relative value and
percentage of biological manipulation as a component fish habitat offsetting measures would
need to be determined based on the level and duration of funding provided. The level of
funding could also be decreased based on the demonstrated success of other offsetting
measures, or could be increased if some offsetting features prove to be ineffective or nonfunctional.

Complementary Measures



Fish habitat restoration and enhancement fund—as a complementary measure to other
components of the fish habitat offsetting plan, LNG Canada is proposing to partner with
Haisla Nation, DFO, the Province of British Columbia, and key stakeholders to create a fish
habitat restoration and enhancement fund that will provide strategic funding for habitat
offsetting projects that support local restoration priorities and fisheries management
objectives in the Kitimat region. The fish habitat restoration and enhancement fund will
enable LNG Canada to undertake a collaborative and proactive approach to habitat offsetting
that supports the ongoing health and productivity of fish habitat for CRA fishery species. This
fund would be used as a complementary measure towards 10% of the required offsetting,
and a contingency measure as part of the habitat effectiveness monitoring program. The
structure of the fund would be based on similar fish and wildlife restoration programs
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implemented by BC Hydro in various regions of the province (e.g., Bridge Coastal Fish and
Wildlife Restoration Program, Peace Williston Fish and Wildlife Restoration Program).



Eulachon propagation—a second complementary measure under consideration as part of the
fish habitat offsetting plan is funding research into eulachon propagation, to assist in the
recovery of the Kitimat River eulachon population and to offset habitat affected by the Project,
through the development of an eulachon hatchery program in conjunction with DFO’s Kitimat
River Hatchery (Jacobs 2014, pers. comm.). LNG Canada proposes to work collaboratively
with Haisla Nation and DFO to further investigate the feasibility of a eulachon hatchery
program, and, if determined to be feasible, develop and implement the program. Due to the
uncertainty about eulachon propagation in hatcheries this program would initially be
implemented as a scientific research component of the complementary measures portion of
the fish habitat offsetting plan. However, should the research determine eulachon
propagation is feasible, the program could be moved to the biological manipulation
component of the offsetting plan.

The successful implementation of the proposed offsetting measures described in this conceptual fish
habitat offsetting plan will result in a net increase in the productive capacity of freshwater, estuarine, and
marine fish habitats, and will benefit a number of CRA fisheries in the Kitimat River and estuary, and
Kitimat Arm.
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ACRONYMS AND ABBREVIATIONS
BC .................................................................................................................... British Columbia
CD ........................................................................................................................... chart datum
CRA ........................................................................... commercial, recreational, and Aboriginal
DFO ...........................................................................................Fisheries and Oceans Canada
DO .................................................................................................................. dissolved oxygen
EOF ........................................................................................................ early offloading facility
FPIP ............................................................................ Fisheries Productivity Investment Policy
FPP .................................................................................................. Fisheries Protection Policy
ha ................................................................................................................................... hectare
HHWL ................................................................................................... highest high water level
HU ........................................................................................................................... habitat units
L ............................................................................................................................................ litre
LKWPM................................................................. Lower Kitimat Watershed Planning Meeting
LNG ........................................................................................................... liquefied natural gas
LSA ................................................................................................................... local study area
LWD ............................................................................................................. large woody debris
mg ................................................................................................................................ milligram
MFLNRO .................................... Ministry of Forests, Lands and Natural Resource Operations
MOE ...................................................................................................... Ministry of Environment
MOF ................................................................................................. materials offloading facility
Qmax ....................................................................................................................................................................................maximum flow
RoRo .................................................................................................................... roll-on, roll-off
ROV .................................................................................................. remotely operated vehicle
ROW ........................................................................................................................ right-of-way
RSA ............................................................................................................. regional study area
RTA .................................................................................................................... Rio Tinto Alcan
TSS ......................................................................................................... total suspended solids
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1

INTRODUCTION

LNG Canada Development Inc. (LNG Canada) is proposing to construct and operate a liquefied natural
gas (LNG) export facility, the LNG Canada Export Terminal (the Project), that will consist of an LNG
processing and storage site and marine terminal for exporting LNG via shipping.
Project activities and works are expected to result in serious harm to fish (as defined by Fisheries and
Oceans Canada [DFO] to include permanent alteration or destruction of fish habitat). Stantec Consulting
Ltd. and Triton Environmental Consultants Ltd. have prepared this conceptual fish habitat offsetting plan
on behalf of LNG Canada to outline the proposed measures to offset residual serious harm to fish. The
options outlined in this plan will be further developed and refined through consultation with Haisla Nation,
other potentially affected Aboriginal groups, and DFO.

1.1

Regulatory Context

The legislative authority for the management and conservation of fish and fish habitat in Canada is
provided by the federal Fisheries Act. In November 2013, amendments to the Fisheries Act introduced in
2012 came into force, along with the Applications for Authorization under Paragraph 35(2)(b) of the
Fisheries Act Regulations. DFO is the federal agency responsible for administration of the Fisheries Act,
and regulations and policies governing marine and freshwater fish and fish habitat. The fisheries
protection provisions of the Fisheries Act establish regulatory requirements for the protection of fish and
fish habitat, including the subsection 35(1) prohibition against serious harm to fish that are part of, or
support, a commercial, recreational, or Aboriginal (CRA) fishery.
Serious harm to fish is defined under section 2 of the Fisheries Act as “the death of fish or any permanent
alteration to, or destruction of, fish habitat”. This definition is further refined in the Fisheries Protection
Policy Statement (FPP) (DFO 2013a) as follows:



Permanent alteration to fish habitat—an alteration to fish habitat of a spatial scale, duration,
and intensity that limits or diminishes the ability of fish to use such habitats as spawning
grounds, or as nursery, rearing or food supply areas, or as a migration corridor, or any other
area in order to carry out one or more of their life processes.



Destruction of fish habitat—an elimination of habitat of a spatial scale, duration, and intensity
that fish can no longer rely upon such habitats for use as spawning grounds, or as nursery,
rearing or food supply areas, or as a migration corridor, or any other area in order to carry out
one or more of their life processes.
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The FPP outlines DFO’s hierarchy of measures for fish protection (DFO 2013a). Proponents are required
to demonstrate that projects are planned with the following hierarchy in mind, presented in order of
priority:



Avoidance—as a top priority, reasonable effort should be made to design and plan the project
such that serious harm to fish is avoided during all phases of the project.



Mitigation—when avoidance of serious harm to fish is not possible, potential impacts must be
mitigated to reduce the extent, intensity, and duration of serious harm to fish.



Offsetting—if the project is likely to result in residual serious harm to fish after the application
of avoidance and mitigation measures, offsetting measures must be developed to
counterbalance these impacts, with the goal of maintaining or improving the productivity of
the CRA fishery.

Project activities and works that result in residual serious harm to fish will require an authorization under
paragraph 35(2)(b) of the Fisheries Act (hereafter referred to as “Fisheries Act authorization”) to proceed.
To acquire a Fisheries Act authorization, LNG Canada is required to prepare a fish habitat offsetting plan
that describes how residual serious harm to fish will be offset. The Fisheries Productivity Investment
Policy (FPIP) provides guidance on undertaking effective measures to offset serious harm to fish that are
part of, or that support, a CRA fishery, consistent with the fisheries protection provisions of the Fisheries
Act (DFO 2013b).
LNG Canada will be implementing measures to avoid and mitigate serious harm to fish. These measures
are described in the LNG Canada environmental assessment Application. The purpose of this conceptual
fish habitat offsetting plan is to describe measures to offset residual serious harm to fish that cannot be
avoided or mitigated.

1.2

Factors Involved in Offsetting

Offsetting involves the creation, restoration or enhancement of fish habitat to maintain or improve the
sustainability and ongoing productivity of an affected CRA fishery. The offsetting measures proposed in
this plan will be developed with input from DFO, Haisla Nation, and other potentially affected Aboriginal
groups.

1.2.1 Habitat Productive Capacity
Habitat loss and gain is often expressed as a measure of area, and is quantified using mathematical
calculations and GIS analyses. However, fish distribution and abundance across ecosystems is
determined not only by the area of available habitat, but also by the quality, or “productive capacity” of the
available habitat. Productive capacity is defined as “the maximum natural capability of habitats to produce
healthy fish, safe for human consumption, or to support or produce aquatic organisms upon which fish

1-2
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depend” (DFO 1986). Aside from the amount of physical space available for use by aquatic organisms,
the productive capacity of fish habitat is influenced by a number of physical and biological factors:



degree of reliance on habitat by CRA fishery species for their life processes



habitat complexity (number of ecological niches available)



species diversity



biomass



food production



availability of prey



protection from predators



primary production, and



physical properties (e.g., water flow, currents, disturbance regimes, temperature, dissolved
oxygen, and pH).

In developing offsetting measures for the Project, both the quality (productive capacity) and quantity (i.e.,
area) of affected fish habitats are considered.

1.2.2 Offsetting Guidelines
As set out in DFO (2013b), offsetting measures must meet the following guiding principles:



Principle 1: Offsetting measures must support fisheries management objectives or local
restoration priorities



Principle 2: Benefits from offsetting measures must balance project effects



Principle 3: Offsetting measures must provide additional benefits to the fishery; and



Principle 4: Offsetting measures must generate self-sustaining benefits over the long term.

According to DFO (2013b), offsetting measures should be implemented in the vicinity of the project or
within the same watershed or water body whenever possible, given that the offsetting measures are most
likely to balance habitat losses when they benefit the specific fish populations and areas that are affected.
When determining the amount of habitat offsetting required for the Project, the following factors must be
considered:



type and productive capacity of both the affected fish habitat and the created, restored, or
enhanced fish habitats



temporal loss of productive capacity associated with the time required for created, restored,
or enhanced habitats to reach full productive capacity
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risk associated with failure of the proposed offset habitats, and



regional and local availability of affected habitats.

1.2.3 Offsetting Categories
DFO (2013b) categorizes offsetting measures into four types: habitat restoration and enhancement;
habitat creation; chemical and biological manipulations; and complementary measures. In brief, these are
described in DFO (2013b) as:



Habitat restoration and enhancement—physical manipulation of existing habitat to improve
function and productive capacity.



Habitat creation—development or expansion of the aquatic habitat into a terrestrial area.
According to DFO (2013b), priority will be given to options that create the same type of
habitat as that which is expected to be destroyed by the project; in some cases, one habitat
type may be replaced by another type if there is sufficient knowledge to suggest that higher
productivity will result.



Chemical and biological manipulations—chemical manipulation of water bodies, stocking of
fish or shellfish, and management or control of invasive species.



Complementary measures—investments in data collection and scientific research related to
maintaining or enhancing the productivity of CRA fisheries. Complementary measures, in the
form of funding for data collection and scientific research designed to fill knowledge gaps
regarding fisheries productivity, may be considered in addition to other offsetting measures
described above. According to DFO (2013b), complementary measures can only be used to
offset 10% of the required amount of offsetting.

The measures proposed in this conceptual fish habitat offsetting plan include habitat restoration,
enhancement, and creation measures; biological manipulations; and complementary measures. No
offsetting measures categorized as chemical manipulations are proposed at this time.

1.3

LNG Canada’s Approach

The goal of LNG Canada’s offsetting strategy is to support the sustainability and ongoing productivity of
CRA fisheries by increasing the productive capacity of freshwater, estuarine, and marine fish habitats in
Kitimat River, estuary, and Kitimat Arm. DFO’s guiding principles for offsetting described above serve as
the basis for this conceptual fish habitat offsetting plan. To identify fisheries management objectives and
local restoration priorities, LNG Canada has met with Haisla Nation and key stakeholders to discuss
offsetting opportunities, undertaken a thorough review and assessment of the habitat restoration priorities
identified by Haisla Nation in the lower Kitimat River and estuary (Appendix A), and reviewed fisheries
management objectives identified in DFO’s Integrated Fisheries Management Plans. LNG Canada’s
priority is to implement offsetting measures that benefit the fish species, populations, and life stages that

1-4
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are affected by the Project. The offsetting plan will include measures to address any time lags or
uncertainty associated with the effectiveness of the offsets. LNG Canada’s offsetting measures will
directly benefit CRA fisheries by creating, enhancing, or restoring habitats that support life processes of
fishery species. LNG Canada’s offsetting measures will benefit CRA fishery species for a duration that is
greater than or equal to the duration of Project effects. The habitat restoration and enhancement fund
proposed in this plan will address both historic and emerging effects to habitat in the Kitimat region.
Habitat effectiveness monitoring will allow LNG Canada to monitor the long-term effectiveness of
offsetting measures and to determine whether contingency measures should be implemented.
The offsetting measures presented in this plan are the result of a detailed evaluation of over 30 different
freshwater, estuarine, and marine offsetting options. Throughout 2014, biologists and scientists have
conducted numerous site visits, desktop and field studies to assess the feasibility of the various offsetting
options. Through this process, a number of offsetting options were determined to be not feasible and
were removed from the plan due to land ownership, third party responsibility for habitat restoration
opportunities (i.e., not an “orphan site”), and various biophysical factors (e.g., existing fish habitat, access
and engineering constraints). As a result, the proposed offsetting measures described in this plan
represent the best available options for balancing the Project’s effects to fish and fish habitat and for
supporting the sustainability and ongoing productivity of CRA fisheries in the Kitimat region.
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2

FRESHWATER RESOURCES

2.1

Freshwater Fisheries Resources in the Kitimat River System

Freshwater habitats in the freshwater and estuarine fish and fish habitat local study area (LSA) include
the following gazetted streams (Figure 2.1-1):



Kitimat River (watershed code: 910-673500)



Anderson Creek (watershed code: 910-673500-03300), and



Moore Creek (watershed code: 910-674000).

The Kitimat River is an important access corridor for migrating anadromous fishes including all five
species of Pacific salmon (Oncorhynchus spp.), steelhead and rainbow trout (O. mykiss), cutthroat trout
(O. clarki clarki), Dolly Varden (Salvelinus malma), and eulachon (Thaleichthys pacificus). Most, if not all
species spawn in habitats upstream of the Project footprint. Off-channel habitats to the west of the
mainstem Kitimat River support threespine stickleback (Gasterosteus aculeatus) as well as juvenile coho
(O. kisutch) and chum salmon (O. keta). Eulachon is historically abundant in the Kitimat River and is
highly valued by Haisla Nation, who conduct eulachon surveys in the lower reaches of the Kitimat River.
The majority of eulachon observations recorded in the provincial fisheries database are located in the
lower 8 km of the river mainstem in the vicinity of the Project, indicating that eulachon are most likely to
use spawning habitat in this part of the Kitimat River (FISS 2014).
Anderson Creek is the main tributary of the Kitimat River in the vicinity of the Project. Beaver Creek
(ungazetted; watershed code 910-673500-03300-33800), known to Haisla Nation as Yaksa wa’wais, is
the main tributary of Anderson Creek and flows directly through the Project footprint. Of the creeks and
streams affected by the Project, Beaver Creek will be most affected. All these freshwater streams have
varying degrees of off-channel habitat influenced by various factors that determine habitat suitability. The
primary factors are stream discharge and seasonal changes in water quality, principally the availability of
dissolved oxygen (DO).
Moore Creek (watershed code 910-674000) is the southernmost stream on the west side of Kitimat River
flowing east from the Coast Mountains, running roughly parallel to Anderson Creek. Moore Creek falls is
a known fish barrier located immediately upstream of Haisla Boulevard. Like Anderson Creek, Moore
Creek is channelized through the Rio Tinto Alcan (RTA) aluminum smelter.
Numerous CRA fishery species are found in freshwater habitats of the Kitimat River system. Distribution
and relative abundance of these species are influenced by existing landscape modifications that have
affected surface and subsurface hydrology in the Kitimat estuary.
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Table 2.1-1 lists the freshwater fish species of interest and life stages found in Kitimat River and the most
relevant tributary streams. Fish species include four species of anadromous salmonids known to spawn in
the area: coho, chum, pink (O. gorbuscha), and (river) sockeye (O. nerka) salmon and two species of
anadromous salmonids that migrate up Kitimat River to access spawning grounds, namely chinook
salmon (O. tshawytscha) and steelhead trout.
Table 2.1-1:

Freshwater Fish Species of Interest in Major Waterbodies of the Kitimat River
System

Species

Life Stage

Coho salmon
(Oncorhynchus kisutch)

Juvenile

Chum salmon
(Oncorhynchus keta)

Juvenile

Pink salmon
(Oncorhynchus gorbuscha)

Juvenile

Estuary


Adult


Adult


Adult
Sockeye salmon
(Oncorhynchus nerka)

Juvenile



Adult
Chinook salmon
(Oncorhynchus tshawytscha)
Rainbow trout
(Oncorhynchus mykiss)
Steelhead trout
(Oncorhynchus mykiss)
Cutthroat trout
(Oncorhynchus clarki clarki)
Dolly Varden
(Salvelinus malma)
Eulachon
(Thaleichthys pacificus)

Juvenile



Kitimat
River

Moore
Creek

Anderson
Creek

Beaver
Creek




















































Adult



Juvenile









Adult









Juvenile



Adult



Juvenile







Adult







Juvenile







Adult







Juvenile



Adult
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Other fish species distributed throughout the Kitimat River system include lamprey (Entosphenus
tridentatus) and numerous sculpins (family Cottidae).
Freshwater habitat conditions in the LSA are spatially complex because of past activities related to
stabilization of natural hydrogeological processes in support of ongoing industrial and government
development in the area. These include construction of protective dikes; road, rail, pipeline, and other
linear corridors; stream channelization through industrial sites; leachate from effluent lagoons; hatchery
enhancement; landfills; and large industrial footprints. The 2-km long dike, installed by RTA, limits access
for fish between Kitimat River to the east of the dike and estuarine habitat to the west of the dike.

2.2

Freshwater Fish Habitat Affected by the Project

Freshwater fish habitat present in the LSA has been characterized through literature review and field
studies. The results of these studies are provided in the Freshwater and Estuarine Fish and Fish Habitat
TDR (Triton Environmental Consultants Ltd. 2014). Project mechanisms that affect freshwater fish and
fish habitat are described in Section 5.7 of the LNG Canada environmental assessment Application.
A seasonal assessment of fish production consisted of multiple site visits over the study period. Specific
abiotic conditions revealed aspects of fish distribution associated with rearing, spawning, overwintering,
spring migration of juvenile Pacific salmon, and the redistribution of fish during peak flow events in the
Kitimat River watershed (Table 2.2-1). Juvenile coho salmon represents the single most widespread
species observed during the field studies in freshwater habitats.
The following sections describe the freshwater habitat types in the LSA that are anticipated to be affected
by Project activities and works, specifically:

2-4



freshwater riparian habitat



mainstem aquatic habitat, and



off-channel aquatic habitat (including fish-bearing wetlands).
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Table 2.2-1:

Seasonal Assessment of Freshwater Fish Production in the Kitimat River System,
2012 to 2013

Season

Month

Late Spring

May

Early Summer

Late Summer

Fall

Late Fall

Winter

Late Winter

June

September

October

December

January

March

Abiotic Conditions




Biotic Conditions

Intermediate to high flows



Moderate freshwater off-channel
habitat

Fry/smolt seaward migrations (all
species)



Residence in estuary tidal channels
(CM/CO/CH/TSB/CLA)




Warming temperatures
Moderate off-channel DO



Rearing in freshwater off-channel
habitats (CO/RB/DV/TSB)




Peak spring freshet



Maximal aquatic freshwater offchannel habitat

Residence in estuary tidal channels
(CO/TSB/CLA)






Warming temperatures

Rearing in freshwater off-channel
habitats (CO/RB/DV/TSB)




Base flows




Spawning (PK/SK/CO)




Warm temperature



Rearing in freshwater off-channel
habitats (CO/RB/DV/TSB)




Peak freshet flows




Spawning (CO)




Cool temperature



Migration to winter habitats (all
species)




Intermediate to base flows



Moderate to low freshwater offchannel habitat

Residence in estuary tidal channels
(TSB/CLA)



Migration to winter habitats (all
species)




Overwintering (all species)





Overwintering (all species)

Moderate off-channel DO

Minimal wetted freshwater offchannel habitat
Minimal off-channel DO

Maximal wetted freshwater offchannel habitat
Moderate off-channel DO




Cool temperatures




Base flows

Residence in estuary tidal channels
(TSB/CLA)

Residence in estuary tidal channels
(CO/TSB/CLA)

Low off-channel DO

Low wetted freshwater off-channel
habitat




Cold temperatures




Base flows




Cold temperatures

Residence in estuary tidal channels
(TSB/CLA)

Low off-channel DO

Minimal wetted freshwater offchannel habitat

Fry seaward migrations (CM/PK)
Residence in estuary tidal channels
(CM/TSB/CLA)

Minimal off-channel DO

NOTES:
CH – Chinook salmon; CLA – Pacific staghorn sculpin; CM – chum salmon; CO – coho salmon; DO – dissolved oxygen;
DV – Dolly Varden char; PK – pink salmon; RB – rainbow trout; SK – sockeye salmon; TSB – threespine stickleback
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2.2.1 Freshwater Riparian Habitat
The majority of freshwater riparian losses are associated with stream habitat, since a high percentage of
wetland habitats are inaccessible to fish. Linear corridors such as roads, rail lines and dikes have affected
groundwater-fed ponds and wetland complexes that are hydraulically disconnected at all levels of stream
discharge. These habitats have not been included in the quantification of serious harm to freshwater fish
habitat (Section 2.3). However, wetland riparian habitats that benefit fish production, such as through
shade, cover, and allochthonous inputs from litterfall, have all been included in the quantification of
serious harm.

2.2.2 Mainstem Aquatic Habitat
Anderson Creek, its tributary Beaver Creek, and Moore Creek are the mainstem aquatic habitats affected
by the Project (Figure 2.1-1).
2.2.2.1

Anderson Creek

Anderson Creek is the main tributary of Kitimat River in the vicinity of the Project (Figure 2.1-1). An
existing dike (constructed in the 1960s) approximately 2 km in length prevents all surface interaction
between Anderson Creek and the Kitimat River mainstem. Anderson Creek enters the Project footprint
from the west on an alluvial fan that is slightly elevated in relation to lower Beaver Creek, which is the
main tributary of Anderson Creek. Previously existing landscape modifications have affected surface
interactions between Anderson and Beaver creeks upstream of the mainstem confluence. A number of
side channels and sloughs provide surface and subsurface ‘cross-channel’ inputs to Beaver Creek from
Anderson Creek upstream of their confluence.
Anderson Creek contains habitat that is more suitable to spawning compared to Beaver Creek. Adult
chum, pink, sockeye, and coho salmon have all been observed in Anderson Creek along with adult Dolly
Varden and rainbow trout.
2.2.2.2

Beaver Creek

Beaver Creek is a low gradient tributary to Anderson Creek (Figure 2.1-1) dominated by run and pool
habitats flowing through deciduous and mixed mature forests. There is abundant cover in the form of
large woody debris (LWD), undercuts, instream and overhanging vegetation, and deep pools. Beaver
Creek has minimal spawning habitat but is suitable for rearing and overwintering of juvenile salmonids,
especially coho salmon. Adult coho salmon are present in reduced numbers in Beaver Creek, but likely
access spawning habitats upstream of the Project footprint. Adult Dolly Varden, and even juvenile
chinook salmon have also been observed in Beaver Creek. Juvenile chinook salmon present in Beaver
Creek are expected to have migrated upstream from the Kitimat estuary after having been flushed into
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the estuary during high Kitimat River flows, because they are otherwise absent from the rest of the
drainage. Evidence suggests that Beaver Creek provides rearing and overwintering habitat for juvenile
salmonids that migrate in from other streams including Anderson Creek, Moore Creek, and Kitimat River
via the estuary channels.
2.2.2.3

Moore Creek

Moore Creek flows through the RTA aluminum smelter property and directly into Anderson Creek and
Kitimat Arm (Figure 2.1-1). Off-channel surface connectivity is restricted between Moore Creek and
Anderson Creek to the north as well as between Moore Creek and adjacent estuary channels to the south
by constructed dikes. Moore Creek remains perennially connected to Anderson Creek as a single
channel.
In the vicinity of the Project, Moore Creek is a low gradient (less than 1%), large channel habitat with tidal
influence. Bed material is predominantly composed of fine sediment. Gravel deposits are more dominant
in the upstream end of the lower reach as the gradient increases marginally to about 1%. Riparian
vegetation is predominantly grasses associated with a tidally-influenced estuarine landscape. There is
minimal to no canopy closure (0% to 20%) with reduced overall cover, most of which is dominated by
undercut banks with trace amounts of LWD. The reach is not suitable for spawning and is considered
poor to moderate for rearing and overwintering. There are no migration barriers.
2.2.2.4

Kitimat River Side Channel

The Kitimat River side channel system comprises a principal flowing side channel that drains into an
oxbow channel and is connected to the right bank of Kitimat River mainstem. Cover is provided by
overhanging vegetation, LWD, and undercut banks. These attributes, along with the low velocities of the
side channels, provide moderate to good rearing habitat for juvenile salmon. Salmonid spawning habitat
is low quality due to the high content of fine materials, with a subdominant component of gravels;
however, the side channel substrate above the oxbow is suitable for spawning by chum salmon, as
groundwater upwelling provides overwintering potential in areas of sufficient stream depth. Despite gravel
being the subdominant substrate type, salmonid spawning in this area is considered low to moderate
quality due to the high quantity of fine materials; however, the side channel substrate upstream of the
oxbow may be suitable for spawning by eulachon.
The outlet of the oxbow channel is perennially hydraulically connected to the Kitimat River mainstem,
whereas the upstream flowing portion only exhibits hydraulic connectivity at high water levels. A debris
jam at the upstream end of the side channel inhibits influence from the mainstem Kitimat River. Migration
of fish throughout the side channel likely comes from the downstream end. Beaver activity is widespread
throughout Kitimat River West area, which has increased the amount of LWD cover. Suitable adult fish
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staging and holding habitat throughout the downstream portion of the oxbow channel can be attributed to
sufficient depths and low velocities. The downstream portion of the side channel is tidally influenced and
catch data from the side channel draining in from the north show a presence of coho and chum salmon.
No eulachon were observed during field studies.

2.2.3 Off-channel Aquatic Habitat
All freshwater streams listed previously in the description of mainstem aquatic habitat also have varying
amounts of off-channel habitat (Figure 2.1-1). The suitability and productivity of the off-channel habitat is
closely tied to stream discharge and seasonal changes in water quality, principally the availability of DO.
Hydraulic connectivity between the mainstem Kitimat River and off-channel aquatic habitat associated
with Beaver, Anderson, and Moore creeks is prevented by the presence of the 2 km long dike.
Smaller side channels of the Kitimat River side channel system are either ephemeral or blocked from the
estuary by the 2 km long dike to the south creating a ponded area. Coho salmon can access the ponds
from upstream, where it drains out of the oxbow portion of the main Kitimat River side channel. Coho
salmon of multiple age classes have been observed in these larger ponds on the south end immediately
adjacent to the 2 km long dike. Side channels that drain into these ponds are ephemeral and lead to
stranding and entrapment effects at low water levels. The Kitimat River side channel’s additional offchannel aquatic habitat is located predominately in mature coniferous and deciduous forests with a thick
canopy offering abundant shade and cover. Additional cover is provided by overhanging vegetation,
LWD, and some undercut banks.
Anderson and Beaver creeks are perennially hydraulically connected to each other at several points
upstream of the main confluence within the Project footprint, but disconnected from Kitimat River by the 2
km long dike. Interconnecting side channels provide multiple points of access between the two streams,
but no interaction occurs with the Kitimat River side channel system. Fish are able to migrate between
Beaver and Anderson creeks at all times of the year. Coho salmon and threespine stickleback occupy offchannel habitats that include the wetland complexes extending off the mainstems of Anderson and
Beaver creeks within the Project footprint. The interaction between mainstem channels, surface and
groundwater inputs to Beaver Creek from Anderson Creek, and hydraulically connected wetland habitat
present spatial complexity across a variety of habitat characteristics west of the dike.
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2.3

Quantification of Residual Serious Harm to Freshwater Fish

The anticipated area of residual serious harm to freshwater fish is quantified based on current
engineering design for the LNG facility and the timing and location of life processes of CRA fishery
species. This represents a conservative estimate of the residual serious harm to fish and will be updated
in consultation with DFO as more detailed engineering design information becomes available.

2.3.1 Calculating Area of Residual Serious Harm to Freshwater Fish
2.3.1.1

Freshwater Riparian Fish Habitat

The evaluation of affected freshwater riparian habitat in the LSA is based on data collected in the
Freshwater and Estuarine Fish and Fish Habitat TDR and the Vegetation TDR (Stantec Consulting Ltd.
2014a; Triton Environmental Consultants Ltd. 2014). Aquatic habitats in the LSA include streams
(mainstem and off-channel habitat), and wetlands that are either fish accessible or have surface water
connection to fish bearing watercourses (a component of aquatic off-channel habitat). Delineation of
riparian habitat considered for fish bearing streams and wetlands is based on DFO’s standard setback of
30 m (DFO 1992).
2.3.1.2

Mainstem Aquatic Habitat

The area of affected mainstem aquatic habitat is based on consideration of relevant life stages of CRA
fish species derived from baseline field studies, and aquatic connectivity on either side of the 2 km long
dike. Analysis of productive capacity of mainstem aquatic habitat in the Project footprint considers
seasonal variation in flows, particularly during late winter. Freshet occurs in late spring and fall. Such
pulse flows appear to prematurely flush juvenile fish from Kitimat River, which remain in the estuary until
salinity levels force them to retreat upstream. This phenomenon occurs in both spring and fall; however,
flows associated with the fall freshet have the highest exceedance frequency.
A predominance of juvenile coho fry suggests that total abundance following fall freshet represents a
combination of native and upstream “pulse” migrants from spring and fall, such that the end of fall would
represent a maximum fish abundance west of the dike. Fish are then forced to remain in the system over
winter, as constrained by the dike and the estuary. The conditions would lead to reduction in flows and
thus reduce available habitat. For this reason, winter base-flow conditions are considered the limiting
factor in determining annual fish productive capacity of this part of the system.
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2.3.1.3

Off-channel Aquatic Habitat

In addition to mainstem habitat, a considerable amount of hydraulically connected aquatic off-channel
habitat exists in the Project footprint and is periodically available to fish. Availability of off-channel habitat
depends on seasonal flow conditions and is likely determined by upstream surface and subsurface inputs.
Availability of DO is also an important limiting factor in the system.
Off-channel aquatic habitat was assessed in the channels and wetlands on the east and west sides of the
dike. Off-channel aquatic habitats are categorized as either cross-channels (i.e., flowing from Anderson
Creek into Beaver Creek), side channels, or back channels (i.e., sloughs and groundwater inputs).
Channels were surveyed to determine width of aquatic habitat, DO, length, hydraulic connectivity, and
fish presence. Given the time-specific discharge for each set of field observations, it was possible to
aggregate them into a total estimated aquatic area for off-channel fish habitat at a known discharge.

2.3.2 Summary of Residual Serious Harm to Freshwater Fish
The type, productive capacity, quantity, and estimated area of freshwater fish habitat affected by Project
activities and works is summarized in Table 2.3-1. A summary of productive capacity, fish use and effects
characterization by habitat type is provided in Appendix B. Freshwater habitats in the LSA are presented
in Figure 2.1-1. Note that estimates of both gross aquatic area and a refined area of habitat units (HU;
pools, riffles, etc.) within the habitat preferences of CRA fishery species are included. At the conceptual
level, there is insufficient information available to allow for comparison to the refined HU estimate for the
offsetting measures. Thus, at this time the comparison is made of the gross aquatic area of both the
losses and potential gains (i.e., the estimate uses a conservative approach and is considered high).
Table 2.3-1:

Type, Productive Capacity, and Area of Affected Freshwater Fish Habitat
Productive
Capacity

Habitat Type

Component

Mainstem
Aquatic Habitat

Anderson
Creek

Moderate

Beaver Creek

High

Potential Area of
Permanent Alteration
or Destruction (HU/m²)

Potential Area of
Residual Serious
Harm to Fish (m2)

Modifications and upgrades
to existing haul road; creek
realignment at bridge

2,673

2,673

LNG facility site

17,234

17,234

Project Mechanism

Upstream diversion of Beaver
Creek
Moore Creek

Low

Modifications and upgrades
to existing haul road

Kitimat River
Side Channel

Low

LNG facility site
Total:
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Habitat Type

Component

Off-channel
Aquatic Habitat
(includes
wetlands)

Anderson
Creek

Beaver Creek

Kitimat River
Side Channel

Potential Area of
Permanent Alteration
or Destruction (HU/m²)

Potential Area of
Residual Serious
Harm to Fish (m2)

LNG facility site

3,564

3,564

Creek realignment at bridge

1,275

1,275

Modifications and upgrades
to existing haul road

351

0

Upstream diversion of Beaver
Creek

44,264b

44,264

LNG facility site

14,358

14,358

Workforce accommodation
centre (s)

12,760

12,760

LNG facility site

17,988

0

Productive
Capacity

Project Mechanism

Moderate

High

Moderate

Total:
Total Aquatic Freshwater Habitat Affected:

94,560 m2
124,901 m

2

76,221
104,865

NOTES:
a
Represents gross wetted area of the mainstem channel upstream of the Project footprint due to modifications that allow for
channel realignment. It is assumed have an optimum habitat suitability (i.e., HSI = 1) and is based on a conservative estimate.
b
Represents a conservative estimate of aquatic off-channel habitat upstream of the Project and accessible to fish; area requires
more detailed examination but is located on land owned by a third party.

In addition to the direct losses of freshwater aquatic habitat, an estimated 1,058,755 m² of freshwater
riparian habitat is expected to be affected by Project activities and works. Section 2.3.2 outlines the
approach used in calculating the area of potentially lost riparian habitat.

2.4

Freshwater Offsetting Strategy

The following sections describe potential freshwater offsetting measures. The offsetting measures are
presented according to guidance in DFO (2013a, b) and are expected to offset residual serious harm to
freshwater fish caused by Project activities and works. The locations of the proposed freshwater offsetting
options are presented in Figure 2.4-1. Gross habitat gains are presented in this section. In some cases
(e.g., diversions/re-diversions), small areas of habitat loss may be necessary to realize larger habitat
gains. Such refinements will be factored into calculations of habitat gain as the design process
progresses.

2.4.1 Freshwater Fish Habitat On-site Realignment
As described earlier, Project activities and works will result in serious harm to fish, primarily along Beaver
and Anderson creeks and along the Kitimat River side channel on the eastern side of the Project footprint.
The first priority for developing offsetting measures is to maintain stream flow, and develop habitat
features, in the immediate vicinity of the affected habitats. Therefore, realignment of Beaver Creek,
Anderson Creek, and the Kitimat River side channel is proposed as described below.
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The general approach for identifying conceptual freshwater offsetting measures is to create similar
habitats to those being permanently altered or destroyed by Project activities and works. However,
Beaver Creek is thought to be an area of refuge for juvenile fish flushed out into the Kitimat estuary during
freshet as well as for rearing of juvenile salmonids from fish that spawn in either the upper reaches of
Beaver Creek or the adjacent Anderson Creek. The proposed realignments include both spawning and
rearing habitats for salmonids in areas that would not be affected by the freshet, thus achieving the offset
of serious harm to fish in the Kitimat River system overall.
2.4.1.1

Beaver Creek Realignment

The Project footprint directly overlaps a section of Beaver Creek. To maintain hydraulic connectivity
between upper reaches of the creek and the estuary, it is necessary to realign the creek around the
proposed Project site. The proposed realignment (Figure 2.4-1) starts where the stream crosses under
the old Eurocan haul road to the west of the abandoned pulp mill site. The proposed channel realignment
would generally parallel the haul road until the realigned channel crosses under Haisla Boulevard, west of
the existing overpass. From this point it would parallel Haisla Boulevard to the west of the preferred LNG
Canada construction camp location, then east along the southern boundary of the camp, passing under
the RTA rail line, then turning south between the rail line and the proposed contractor’s laydown area
(Figure 2.4-1). Past the laydown area, the alignment would flow southeast to where it would confluence
with Anderson Creek. This diversion would maintain Beaver Creek’s capacity for migratory access,
rearing, and overwintering of numerous species, including coho salmon, rainbow trout and Dolly Varden.
The channel realignment requires excavations of up to 7 m and channel widths of 30 m to 35 m
(assuming a 5 m channel bottom width and 2H:1V side slopes).
The Beaver Creek realignment will have a low gradient, lower than the existing stream alignment over
much of its length. Habitat features, such as pools deep enough to support overwintering and rearing of
fish (approximately 1 m below average grade) along with boulder clusters and cobble features will be
constructed in the channel. In some areas, wider channel sections that would imitate off-channel habitats
could be included in the design. The construction of pool and complex cover habitats would maintain the
habitat functions currently present in Beaver Creek and allow for overwintering and rearing habitat for
juvenile salmonids. In the upper section of the channel (upstream from Haisla Boulevard), the channel
would be generally steeper and would be constructed with features to allow coho salmon and rainbow
trout to spawn.
The realigned channel would confluence with Anderson Creek upstream of the proposed new bridge
crossing (Section 2.4.1.2). The gradient would increase downstream of the present Anderson Creek
channel, making it possible to construct a narrower channel (4 m to 5 m width) with habitat features
(boulder clusters and cobble cross-channel weirs) that provide grade control and channel complexity.
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2.4.1.2

Anderson Creek Realignment

Anderson Creek flows through the RTA site from west to east and currently passes under the old Eurocan
haul road before turning 90° to flow south towards the estuary. This alignment, if maintained, would
continue to result in the deposition of sediments around the current bridge location, which may result in
the need for future dredging of the channel. However, because it is expected that the existing bridge
would have to be reconstructed, relocating the bridge to the south and creating a new, realigned channel,
generally flowing southeast from the existing alignment through a new bridge crossing about 120 m south
of the existing bridge is proposed (Figure 2.4-1). Although existing Anderson Creek fish habitats to the
east of the haul road would be lost, the new channel could be constructed in a manner that would at least
maintain availability of spawning habitats for coho and chum salmon. The alignment would also decrease
the risk of needing future dredging in the area to maintain channel conveyance and reduce the likelihood
of the disturbance of the created fish habitats.
2.4.1.3

Kitimat River Side Channel Realignment

The east side of the Project footprint extends over part of an existing Kitimat River side channel
(Figure 2.1-1). This offsetting measure involves realignment of the Kitimat River side channel along the
eastern edge of the Project footprint to avoid loss of seasonal rearing habitat in the channel
(Figure 2.4-1). The realigned channel would be constructed immediately adjacent to, but east of the
Project footprint and the downstream end of the channel would confluence with the existing Kitimat River
channel.
The realigned channel would have a similar cross-section to the existing channel (5 m to 7 m width) but
with armored side slopes to limit bank erosion during freshet. The realigned channel would have a
gravel/cobble bed with pools and LWD/rock features on the outside of any channel bends.

2.4.2 Freshwater Fish Habitat Creation
The second priority is to maintain production of the CRA fish species most affected by the Project,
namely, coho and chum salmon. Numerous freshwater offsetting measures are currently proposed that
focus on developing coho and chum salmon spawning and rearing habitats. Some of these options were
derived from a list of potential offsetting options identified during the Lower Kitimat Watershed Planning
Meeting (LKWPM; January, 10 2013), and others have subsequently been identified through consultation
with Haisla Nation and by Triton and Stantec.
Wherever possible, offsetting options will be implemented prior to construction to minimize temporal
effects on the productivity of freshwater fish habitat. Some of these measures involve activities and works
on private land, and LNG Canada will work to obtain approval from the land owners to gain access to
these sites.
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Examples of some of the options being considered are provided below.
2.4.2.1

Kitimat River Groundwater Side Channel

This offsetting measure involves creation of a groundwater-fed channel along the east side of Kitimat
River floodplain, to provide spawning habitat for chum salmon and off-channel rearing habitat for coho
salmon (Figure 2.4-1).
The channel design involves excavation of a 1,100 m long groundwater-fed channel along a relic side
channel on the east side of Kitimat River, downstream from its confluence with Hirsch Creek. The channel
design would include the following characteristics:



channel width – 10 m



side slopes – 2H:1V



gradient – approximately 0.8%



side slopes lined with small (0.25 m nominal diameter) riprap to limit bank destruction due to
chum spawning activity



rearing pools and habitat complexing would be provided along the channel margins to create
coho salmon rearing habitat, and



up to a 50 cm depth of 200 mm minus graded spawning gravel in the channel bed.

Construction of an armored setback dike along the upstream portion of the side channel to protect it from
high Kitimat River discharges may be considered. The dike would be constructed with materials
excavated from the proposed channel and the face of the dike would be armored with riprap. Total habitat
gain for this option is estimated to be approximately 8,800 m
2.4.2.2

2
.

Golf Course Creek Extension

As noted in the subsequent section, this offsetting measure would incorporate and benefit from several
other offsetting options constructed further upstream and/or in the same area (Figure 2.4-1). The
proposed project includes excavation of 850 meters of channel generally south along the margin of a side
channel of the Kitimat River to join up with freshwater option 5 (Figure 2.4-1). The channel would be
850 m long and 8 m wide (at the water surface) and have the following features:



side slopes – 2H:1V



gradient – approximately 0.9%



side slopes lined with small (0.25 m nominal diameter) riprap to limit bank destruction due to
chum spawning activity



up to a 50 cm depth of 200 mm minus graded spawning gravel in the channel bed to create
riffles
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LWD features and pools to provide spawner holding and juvenile rearing areas, and



off-channel habitat with floating LWD to provide additional rearing areas for juvenile coho
(wherever possible based on the local topography).

Total habitat gain for this option is estimated to be approximately 6,800 m
2.4.2.3

2
.

Hirsch Creek

There are multiple compensation options associated with Hirsch Creek. Some of the options are
described here.



Golf Course Creek with Increased Flow: Potential to construct additional channels along
the left (southern) side of the Hirsch Creek fan near the confluence with Kitimat River
(Figure 2.4-1). The proposed channels would join up with the existing drainage, Golf Course
Creek, increasing the volume of discharge in the creek. This increased discharge, would
enhance rearing conditions during critical summer and low winter flow periods. The additional
discharge would also increase the amount of available habitat in the creek by increasing
channel width over the length of the creek. Minimal construction work would be required near
the confluence of Golf Course Creek and the proposed new channel to ensure the long term
stability of the channel at that location. Other enhancements such as installation of LWD
structures, excavation of additional off-channel areas, or gravel supplementation may also be
undertaken at select locations. Productive capacity would be increased due to a variety of
influences including improving thermal regulation in the channel, increased dissolved oxygen,
and reducing fish strandings in areas currently dewatered at low river levels. Total habitat
2
gain for this option is estimated to be approximately 2,400 m



Kitimat River Groundwater Side Channel: This offsetting measure involves creation of
coho and chum salmon spawning and rearing habitat by excavating a channel within the
existing floodplain on the east bank of the Kitimat River, downstream of the confluence of
Hirsch Creek and the Kitimat River (Figure 2.4-1). The channel alignment would follow an
abandoned side channel from Hirsch Creek and would rejoin an active Kitimat River side
channel approximately 850 m downstream. The channel will be approximately 850 m long
and 6 m wide (at the water surface). The features of channel design are described below.
2
Total habitat gain for this option is estimated to be approximately 5,100 m .



Hirsch Creek Tributary and Groundwater Side Channel: This offsetting measure involves
creation of coho and chum salmon spawning and rearing habitat by excavating a channel
adjacent to the existing floodplain on the south bank of Hirsch Creek (Figure 2.4-1). Source
water from the existing tributary/ groundwater channel augmented with additional volume
from infiltration ponds would allow excavation of a channel expected to be 1,500 m long by
7 m wide (at the water surface). The features of channel design are described below.
Construction of an armored setback dike along the north (right bank) of the channel to protect
the channel from high discharges in Hirsch Creek may need to be considered. The dike
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would be constructed with materials excavated from the proposed channel and the face of
the dike armored with riprap. Total habitat gain for this option is estimated to be
2
approximately 10,500 m .



Hirsch Creek Groundwater Side Channel: This offsetting measure involves creation coho
and chum salmon spawning and rearing habitat in a remnant side channel downstream from
the Highway 17 bridge on the north bank of Hirsch Creek (Figure 2.4-1). The proposed
design includes an 800 m long and 6 m wide (at the water surface) channel fed by ground
water and excavated within the existing floodplain. The proposed channel would join with a
series of existing groundwater channels further downstream in the floodplain. The channel
design features are described below.
Construction of an armored setback dike at the upstream end of the channel to limit high
discharges in Hirsch Creek from entering the channel will be considered. The dike would be
constructed with materials excavated from the proposed channel and the face of the dike
would be armored with riprap. Total habitat gain for this option is estimated to be
approximately 4,800 m2.



Hirsch Creek Side Channel and Infiltration Pond: There are a number of abandoned
channels along the south margin of Hirsch Creek This option would include excavation of a
450 m long by 6 m wide (at the water surface) channel with a groundwater infiltration pond at
its upstream end to create coho rearing habitat. The downstream end of the channel would
join with an existing side channel along the upper portion of the Hirsch Creek fan
(Figure 2.4-1). The channel design features are described below.
Construction of an armored setback dike along the north (right bank) of the channel to protect
the channel from high discharges in Hirsch Creek will also be considered. The dike would be
constructed with materials excavated from the proposed channel and the face of the dike
armored with riprap. Total habitat gain for this option is estimated to be approximately
2.
2,700 m



Hirsch Creek Tributary and Side Channel: This offsetting measure involves enhancing
coho salmon spawning and rearing habitat in an existing channel within the floodplain on the
south bank of Hirsch Creek (Figure 2.4-1). The project benefits from excavation of a
groundwater infiltration pond at the upstream end of the channel (freshwater option 13
below), which would increase flow in the channel, particularly in the summer and winter low
flow periods. This augmented flow is expected to increase the productive capacity during
critical low flow periods. Productive capacity would be increased due to a variety of influences
including but not necessarily limited to:
•

improving thermal regulation in the channel under summer and winter low flow
conditions

•

increasing dissolved oxygen levels in the channel

•

reducing stranding in areas currently dewatered at low river stages
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•

increasing nutrient exchange in the primary channel and in off channel areas, and

•

increasing wetted area, and pool depths.
2

Total habitat gain for this option is estimated to be approximately 2,400 m .



Hirsch Creek Infiltration Pond: As noted in the preceding section, this offsetting measure
involves the excavation of a groundwater infiltration pond, near the upstream end of an
existing tributary/ groundwater channel on the Hirsch Creek floodplain (Figure 2.4-1). The
infiltration pond is expected to be 100 m long by 10 m wide at the water surface. Pond design
features are described below.
Construction of an armored setback dike along the north (right bank) of the pond to protect it
from high discharges in Hirsch Creek will also be considered. The dike would be constructed
with materials excavated from the proposed pond and the face of the dike would be armored
2
with riprap. Total habitat gain for this option is estimated to be approximately 1,000 m .

Design features to be included in the side channels are:



side slopes – 2H:1V



gradient – between approximately 0.6% and 1.4% depending on the channel



side slopes lined with small (0.25 m nominal diameter) riprap to limit bank destruction due to
spawning activity



up to a 50 cm depth of 200 mm minus graded spawning gravel in the channel bed



LWD features and pools to provide spawner holding and juvenile rearing areas, and



off-channel habitat with floating LWD to provide additional rearing areas for juvenile salmon
(wherever possible based on the local topography).

Design features to be included in the ponds are:
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side slopes – 2H:1V



side slopes lined with small (0.25 m nominal diameter) riprap, and



LWD features and pools to provide spawner holding and juvenile rearing areas.
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2.4.2.4

Raley Creek Extension/ Side Channel

Raley Creek is a tributary of the Wedeene River which enters the Wedeene River approximately 9 km
upstream of the confluence with the Kitimat River (Figure 2.4-1). Along the west bank of the Wedeene
River, downstream of Raley Creek, there is a bench with wetlands and two small tributaries currently
utilized by rearing coho salmon. This option would include construction of a new 1,500 m long channel
along the bench to create a 7 m wide spawning and rearing channel targeted at coho salmon. Water
would be supplied by a partial diversion of Raley Creek into the new channel using an infiltration gallery
placed under the bed of Raley Creek. The channel would have the following design features:



side slopes – 2H:1V



gradient – approximately 3.1%



side slopes lined with small (0.25 m nominal diameter) riprap to limit bank destruction due to
chum spawning activity



up to a 50 cm depth of 200 mm minus graded spawning gravel in the channel bed



LWD features and pools to provide spawner holding and juvenile rearing areas especially in
the areas of the current wetlands



off-channel habitat with floating LWD to provide additional rearing areas for juvenile coho
(wherever possible based on the local topography), and



the two current tributaries would be diverted into the proposed channel to enhance the flows
in the creek.

Armoring of the south bank of Raley Creek at the point of diversion would be required to ensure bank
stability and protection of the proposed channel from Raley Creek freshet flows. Total habitat gain for this
option is estimated to be approximately 10,500 m

2
.

2.4.3 Freshwater Fish Habitat Barrier Removals
In addition to channel realignments and fish habitat creation, 16 documented barriers to fish migration
were identified within the Kitimat River watershed during a search of Provincial fisheries information
databases, with some streams having multiple barriers. Based on available data and field investigations,
15 of the 16 barriers were removed from further consideration due to factors including, but not necessarily
limited to:



unsuitable stream gradient upstream of the barrier (surrogate for low fish habitat potential)



the presence of multiple barriers over a prolonged distance



lack of any actual barrier observed in the field



height of the barrier observed in the field, and



barriers to fish migration at culvert crossings.
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The remaining barrier to fish migration which could provide suitable conditions to establish fish access is
discussed in the following section.
2.4.3.1

Lone Wolf Creek Cascades

Lone Wolf Creek is a tributary to the Wedeene River (Figure 2.4-1), and currently there is a barrier to
anadromous fish migration approximately 1 km upstream of the crossing of the Wedeene forest service
road (FSR). This cascade has several steps created by both bedrock (3 m to 5 m) and large woody debris
(1.5 m). There are also two to three channels (depending on water level in the creek) that pass water over
the cascade. The initial desktop review did not identify the presence of any fish upstream of the Lone
Wolf Creek barrier, although no fish sampling information was identified to confirm or deny this
assumption. However, fish sampling conducted as part of the field investigations has confirmed the
presence of Dolly Varden (Salvelinus malma) upstream of the barrier. Multiple options are being
considered for developing fish passage past the barrier to allow access to approximately 25,000 m² of fish
habitat upstream (based on 4,200 m length by 6 m average channel width):





A diversion channel around the south side of the barrier. The channel would have the
following features:
•

slope of 3% to 5%

•

habitat features (LWD, pools, boulder clusters) to create resting areas and steps to
allow fish to ascend the channel, and

•

a generally narrow channel to carry flows existing during coho upstream migration
while allowing freshet flows to pass over the existing barrier.

A fishway, either a steep-pass fishway, similar to one being considered for Little Wedeene
River, or a step-pool design blasted into the existing bedrock channel are also being
considered. Either of these designs would allow passage over the western-most channel at
the barrier.

2.4.4 Biological Manipulations
2.4.4.1

Increased Hatchery Production in the Kitimat River Watershed

LNG Canada could provide long-term funding to increase production from the Kitimat River Hatchery.
This funding could include incentives for the hatchery to provide training programs for technicians from
Haisla Nation and outplantings to streams of concern to Haisla Nation. To increase the likelihood of
success and to reduce the time delays between the effects on freshwater fish habitat and the functioning
of the offsetting measures, juvenile salmon from the Kitimat River Hatchery could also be introduced to
the new habitats to promote olfactory imprinting and homing to these sites as adult spawners (Dittman
and Quinn 1996). In the event one or more of the barrier removal options is deemed unfeasible hatchery
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outplants could also be used to transplant fish above barriers to take advantage of unused habitat
upstream of these barriers. Returning fish could either be harvested at or near the barrier or could be
captured for subsequent hatchery supplementation in consecutive years.
Increased production from the Kitimat River Hatchery facility from the biological manipulation fund should
be focused on species such as coho and chum salmon affected by the Project. Presumably an
investment of 10% of the annual budget could theoretically translate into a 10% increase in production at
the facility, which translates into approximately 170,000 chum fry and 50,000 coho smolts. Although this
general assumption does not take into account that the cost to propogate and raise salmon varies by
species (e.g. chum salmon only require adult collection and egg incubation before release, whereas coho
salmon are typically reared for one full year before release, which adds substantially to the overall cost of
production), the two species of interest represent the high and low end of the production costs.
The relative value and percentage of biological manipulation as a component of the fish habitat offsetting
plan would need to be determined based on the level and duration of funding provided. The level of
funding required could also be reduced following the demonstrated success of other offsetting measures,
or could be increased if some offsetting measures prove to be ineffective or non-functional. At this time no
habitat credit has been assigned to biological manipulation but it is proposed that this offsetting measure
could compromise between 10% and 25% of the total offsetting habitat balance.

2.4.5 Complementary Measures
2.4.5.1

Fish Habitat Restoration and Enhancement Fund

As a complementary measure to other components of the fish habitat offsetting plan LNG Canada is
proposing to partner with Haisla Nation, DFO, the Province of British Columbia, and key stakeholders to
create a fish habitat restoration and enhancement fund that would provide strategic funding for habitat
offsetting projects that support local restoration priorities and fisheries management objectives in the
Kitimat region. The fish habitat restoration and enhancement fund would enable LNG Canada to
undertake a collaborative and proactive approach to habitat offsetting that supports the ongoing health
and productivity of fish habitat for CRA fishery species. This fund would be used as a complementary
measure towards 10% of the required offsetting, and a contingency measure as part of the habitat
effectiveness monitoring program. The structure of the fund would be based on similar fish and wildlife
restoration programs implemented by BC Hydro in various regions of the province (e.g., Bridge Coastal
Fish and Wildlife Restoration Program, Peace Williston Fish and Wildlife Restoration Program). A number
of the projects being considered by the LKWPM but not included in the offsetting plan (Appendix A) are
good potential candidates for implementation under this fund.
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2.4.5.2

Develop an Eulachon Hatchery Program

A second complementary measure under consideration as part of the fish habitat offsetting plan is
funding research into Eulachon propagation. Eulachon are an important Aboriginal fishery resource in BC,
including for the Haisla Nation who harvest eulachon in their traditional territory for food, social, and
ceremonial purposes (Powell 2013). The Central Pacific Coast eulachon population is designated as
endangered by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC), and the
Kitimat River population has been virtually extirpated (COSEWIC 2011). To assist in the recovery of the
Kitimat River eulachon population, Haisla Nation has expressed interest in developing a eulachon
hatchery program in conjunction with DFO’s Kitimat River Hatchery (Jacobs 2014, pers. comm.). There is
a lack of information documenting specific techniques needed to design and execute such a program.
However, an operating facility in Bella Coola Valley, BC has successfully spawned and incubated
eulachon eggs for release to the Bella Coola estuary (Jacobs 2014, pers. comm.). Previous studies
suggest that other species of the smelt family (Osmeridae) have been successfully cultured in a hatchery
and released (Fisch et al. 2010; Jones et al. 2013). To offset fish habitat affected by the Project and to
promote recovery of eulachon in the Kitimat River, LNG Canada proposes to work collaboratively with
Haisla Nation and DFO to further investigate the feasibility of a eulachon hatchery program, and, if
determined to be feasible, develop and implement the program. Due to the uncertainty about eulachon
propagation in hatcheries this program would initially be implemented as a scientific research component
of the secondary measures portion of the fish habitat offsetting plan. However, should the research
determine eulachon propagation is feasible, the program could be moved to the biological manipulation
component of the offsetting plan.
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3

ESTUARINE RESOURCES

3.1

Estuarine Fisheries Resources in the Kitimat Estuary

A number of CRA fishery species occur in the Kitimat estuary, including six species of anadromous
salmonids: chinook, coho, chum, pink, (river-type) sockeye salmon, and steelhead trout. Adult salmon
and steelhead trout migrate through the estuary into the Kitimat River and adjacent freshwater habitats to
access spawning grounds. These fish species are all known to occupy estuarine habitats as juveniles,
both during seaward migrations and directly following spring and fall freshet events. Distribution and
relative abundance of these species are influenced by existing landscape modifications that have affected
surface movement of water in the Kitimat estuary and Kitimat Arm.
The estuary receives distinct upstream freshwater input from a main channel draining Kitimat River to the
east. Additional large channels to the west also drain the combined inputs for Anderson and Moore
creeks and remain hydraulically disconnected from Kitimat River throughout the entire salt marsh. They
flow separately into Kitimat Arm; however, a freshwater lens at the surface permits a degree of interaction
between habitats in the estuary. The interaction is greatest at peak flows when the salinity levels drop and
permit the movement of freshwater fish, likely including underdeveloped coho salmon fry and parr flushed
out of Kitimat River.
Smaller dendritic tidal channels are temporary refuge for fish flushed from the freshwater system during
peak flows, as well as those undergoing seaward migrations. Underdeveloped coho salmon also appear
to remain in the estuary following freshet events until salinity levels increase enough to impart osmotic
stress which likely makes them retreat to freshwater habitats. The channels connecting Anderson and
Moore creeks are more readily accessible to retreating fish, suggesting that this part of the estuary
supports a surplus of juvenile coho salmon densities (i.e., additional fish sourced from the Kitimat River),
compared to production by spawners alone.
Eulachon is historically abundant in Kitimat River and holds high value to Haisla Nation, which annually
conducts eulachon surveys in the lower reaches of Kitimat River, near the upper end of the estuarine
influence.
Pacific staghorn sculpin (Leptocottus armatus) and threespine stickleback were the most commonly
observed species during field studies, at all life stages and all seasons in the estuary tidal channels.
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3.2

Estuarine Fish Habitat Affected by the Project

Estuarine fish habitat present in the freshwater and estuarine fish and fish habitat LSA was characterized
though literature review and field studies. The results of these studies are provided in the Freshwater and
Estuarine Fish and Fish Habitat TDR (Triton Environmental Consultants Ltd. 2014).
The following estuarine fish habitat types may be affected by Project activities and works:



estuarine riparian habitat



estuarine aquatic habitat, and



estuarine entrapment habitat.

3.2.1 Estuarine Riparian Habitat
The evaluation of affected riparian habitat in the LSA is based on data collected for the Freshwater and
Estuarine Fish and Fish Habitat TDR and the Vegetation TDR (Stantec Consulting Ltd. 2014a; Triton
Environmental Consultants Ltd. 2014). Riparian habitat types include vegetation lining the following
estuarine ecosystems located in the environmentally sensitive area of salt marsh habitat defined in the
District of Kitimat Official Community Plan (Stantec Consulting Ltd. 2008):



salt marsh



wetland ecosystems, and



tidal channels.

3.2.2 Estuarine Aquatic Habitat
The evaluation of affected aquatic estuarine habitat in the LSA considered important temporal and spatial
elements affecting the value of fish habitat. The estuarine aquatic habitat affected by the Project footprint
includes salt marsh habitat with a tidal aquatic component and a seasonally aquatic component that is
only subject to flooding effects during spring tides (Figure 2.1-1). The tidal component includes all large
and small channels draining the surface of the salt marsh. This has been treated as estuarine aquatic
habitat holding year-round fisheries value; baseline results indicated seasonal use by salmonids as well
as the regular presence of species that are part of CRA fisheries (e.g., juvenile coho salmon) or species
that support such fisheries (e.g., threespine stickleback).

3.2.3 Estuarine Entrapment Habitat
Salt marsh habitat located along the south end of the LNG loading line ROW corridor is mostly dry, but
does receive annual flooding events during spring tides and becomes temporarily accessible to estuarine
fish species (Figure 2.1-1). The area remains flooded during the spring tides due to a limited capacity to
drain though a single narrow channel less than 5 m wide. This habitat is not considered to have as high
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fisheries value because of the potential for fish to become stranded following the spring tides, and has
thus been categorized as an area of entrapment.

3.3

Quantification of Residual Serious Harm to Estuarine Fish

The anticipated area of residual serious harm to estuarine fish habitat is quantified based on current
engineering design for the LNG facility and the timing and location of life processes of CRA fishery
species. This area represents a conservative estimate of the area of residual serious harm to fish and will
be updated in consultation with DFO as more detailed engineering design information becomes available.

3.3.1 Calculating Area of Residual Serious Harm to Estuarine Fish
The quantification of residual serious harm to estuarine fish is based on data collected for a terrestrial
ecosystem map in the Freshwater and Estuarine Fish and Fish Habitat and Vegetation TDR (Stantec
Consulting Ltd. 2014a; Triton Environmental Consultants Ltd. 2014). The terrestrial ecosystem map
identifies the spatial layout of estuarine channels relative to wetland ecosystems.
3.3.1.1

Estuarine Riparian Habitat

The area delineated by the Project footprint represents the total amount of land to be disturbed by the
Project, unless specifically noted. This includes the following elements as they pertain to estuarine
riparian habitat:



LNG facility



haul road upgrade, and



LNG loading line.

Delineation of riparian habitat considered for estuarine tidal channel and wetland ecosystems is based on
DFO’s standard setback of 30 m (DFO 1992).
3.3.1.2

Estuarine Aquatic and Entrapment Habitat

The evaluation of affected estuarine aquatic habitat and estuarine aquatic entrapment habitat included in
the evaluation considered all habitats contained within the Kitimat River estuary (defined by the
environmentally sensitive area of salt marsh habitat in the District of Kitimat Official Community Plan;
Stantec Consulting Ltd. 2008). Delineation of the total area of estuarine aquatic habitat and estuarine
aquatic entrapment habitat considered the upper tidal mark for all estuarine tidal channels and seasonally
affected salt marsh habitat in relation to the Project footprint, including the following components:



LNG facility
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haul road upgrade, and



LNG loading line.

3.3.2 Summary of Residual Serious Harm Estuarine Fish
The type, productive capacity, quantity, and estimated area of estuarine fish habitat affected by Project
activities and works is summarized in Table 3.3-1. A summary of productive capacity, fish use and effects
characterization by habitat type is provided in Appendix B. Estuarine fish habitat is shown in Figure 2.1-1.
Table 3.3-1:

Type, Productive Capacity, and Area of Affected Estuarine Fish Habitat

Habitat Type

Productive
Capacity

Estuarine aquatic
habitat

High

Estuarine entrapment
habitat

Low

Project Mechanism




LNG facility site



Modifications and upgrades to
existing haul road



LNG loading line ROW

Potential Area of
Permanent Alteration
or Destruction (m2)

Potential Area of
Residual Serious
Harm to Fish (m2)

7,714

7,714

15,788

0

23,502

7,714

LNG loading line ROW

Total Aquatic Estuarine Habitat Affected:

In addition to the direct losses of estuarine aquatic habitat, an estimated loss of approximately 26,106 m

2

of moderately productive estuarine riparian habitat is expected.

3.4

Estuarine Offsetting Strategy

The proposed measures to offset residual serious harm to estuarine fish from Project activities and works
are described in Section 4.4 Marine Offsetting Strategy.
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4

MARINE RESOURCES

4.1

Marine Fisheries Resources in Kitimat Arm

Douglas Channel and Kitimat Arm on BC’s north coast provide ample habitat for a wide variety of marine
fish species. Some fish species reside in the region throughout their life cycle, while other species migrate
to the North Coast seasonally or during certain life stages (Lucas et al. 2007a). Marine fish habitat types
in Kitimat Arm include marine riparian habitats, intertidal habitats, subtidal habitats, estuaries, and kelp
and eelgrass beds (Jamieson and Davies 2004; Lucas et al. 2007a; Lucas et al. 2007b). Marine fish
habitat features in the marine resources regional study area (RSA) for the LNG facility in upper Kitimat
Arm are shown in Figure 4.1-1. Estuary, marsh or lagoon, and rock with gravel beach are the most
common shore types in upper Kitimat Arm (MFLNRO 2005).
Since the 1950s, Kitimat River and estuary have been subject to a variety of human disturbances
associated with past and present industrial operations including an aluminum smelter, a pulp and paper
mill, a methanol plant, and log storage and handling facilities (Levings 1976; Cottrell and Hall 1981;
MacDonald and Shepherd 1983). The shoreline in the marine resources local study area (LSA) for the
LNG facility is classified as a constructed shore type (Figure 4.1-1; MFLNRO 2005).
A total of 409 species of marine fish have been reported in the coastal and offshore waters of BC (Hart
1973; Peden 2013). Over 75 species of marine fish and 100 species of marine invertebrates are known to
occur in Kitimat Arm. A number of these species are captured in CRA fisheries, including groundfish,
pelagic fish, anadromous fish, crab, shrimp, and bivalve molluscs (Lucas et al. 2007a). Key marine CRA
fishery species and fish species at risk that occur in Kitimat Arm are listed in Table 4.1-1.
Table 4.1-1:

Marine CRA Fishery Species and Fish Species at Risk in Kitimat Arm

Taxa

CRA Fishery
Species

Species at Risk
Act

COSEWIC

Provincial Status

Marine and Anadromous Fish
Chum salmon
Oncorhynchus keta
Coho salmon
Oncorhynchus kisutch
Chinook salmon
Oncorhynchus tshawytscha
Pink salmon
Oncorhynchus gorbuscha
Sockeye salmon
Oncorhynchus nerka
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Taxa
Steelhead trout
Oncorhynchus mykiss
Cutthroat trout
Salmo clarki clarki
Dolly Varden char
Salvelinus malma
Pacific herringa
Clupea pallasii
Eulachon
Thaleichthys pacificus
Surf smelt
Hypomesus pretiosus
Cod
Family Gadidae
Greenling
Family Hexagrammidae
Bocaccio
Sebastes paucispinis
Canary rockfish
Sebastes pinniger
Darkblotched rockfish
Sebastes crameri
Quillback rockfish
Sebastes maliger
Rougheye rockfish
Sebastes sp. type I and type II
Splitnose rockfish
Sebastes diplorproa
Yelloweye rockfish
Sebastes ruberrimus
Yellowmouth rockfish
Sebastes reedi

CRA Fishery
Species

Pacific sand lance
Ammodytes hexapterus
Sablefish
Anoplopoma fimbria

4-2

Provincial Status






endangered






endangered



threatened



special concern



threatened



special concern

special concern

special concern

special concern





threatened
special concern

Sebastolobus altivelis
Family Emiotocidae

COSEWIC



Longspine thornyhead
Perch

Species at Risk
Act
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Taxa
Pacific halibut
Hippoglossus stenolepis
Flatfish/Righteye flounder
Family Pleuronectidae
Sculpin
Family Cottidae
Green Sturgeon
Acipenser medirostris

CRA Fishery
Species




Tope
Galeorhinus galeus

North Pacific spiny dogfish
Squalus suckleyi
Skate
Family Rajidae

Provincial Status



Hexanchus griseus

Lamna ditropis

COSEWIC



Bluntnose sixgill shark

Salmon shark

Species at Risk
Act

special concern

special concern

special concern

special concern

special concern

special concern

red




special concern



Marine Invertebrates
Dungeness crab
Metacarcinus magister
Alaska king crab
Paralithodes camtschaticus
Red rock crab
Cancer productus
Shore crab
Hemigrapsus spp.
Shrimp
Family Pandalidae
Giant Pacific octopus
Octopus dofleini
Opal squid
Loligo opalescens
Northern abalone
Haliotis kamtschatkana
Bivalve molluscsb
Class Bivalvia
Sea urchin
Strongylocentrotus spp.










endangered

endangered

red




October 2014
Project No. 1231-10458

4-3

LNG Canada Export Terminal
Conceptual Fish Habitat Offsetting Plan
Section 4: Marine Resources

Taxa
Sea cucumber
Class Holothuroidea
Sea stars
Class Asteroidea
Sea anemones
Order Actiniaria

CRA Fishery
Species

Species at Risk
Act

COSEWIC

Provincial Status





NOTES:
CRA fishery species listed above include species reported in the facility RSA, or are likely to occur in the facility RSA (see Sources
below).
Species at risk is defined as species designated as extirpated, endangered, threatened, or special concern under the Species at
Risk Act or by the Committee on the Status of Endangered Wildlife in Canada.
CRA – commercial, recreational, or Aboriginal
COSEWIC – Committee on the Status of Endangered Wildlife in Canada
a
Includes roe
b
Includes: Baltic macoma clam (Macoma balthica), intertidal clams (Protothaca staminea, Saxidomus giganteus), soft shell clam
(Mya arenaria), geoduck (Panopea generosa), cockle (family Cardiidae), blue mussels (Mytilus spp.), northern horse mussel
(Modiolus modiolus), oyster (Ostrea lurida)
c
Bivalve shellfish biotoxin closures and sanitary contamination closures are in effect for the entire facility RSA (DFO 2013c).
SOURCES: Species list compiled from: Bell and Kallman (1976); Levings (1976); MacDonald and Shepherd (1983); Jacques
Whitford (2005); Clarke and Jamieson (2006); Hyatt et al. (2007); Schweigert et al. (2007); Jacques Whitford Ltd. (2010); Powell
(2011); Government of Canada (2012); DFO (2013d); DFO (2013e); Powell (2013); LNG Canada baseline field surveys.
Conservation status compiled from: COSEWIC (2009); Government of Canada (2012); Conservation Data Centre (2013)

The Project is located in DFO Fisheries Management Area (FMA) sub-area 6-1. Commercial salmon
fisheries (i.e., gillnet, seine, and troll) are open seasonally and typically operate from mid-June to the end
of August (DFO 2013f). FMA sub-area 6-1 is closed to commercial fishing for Dungeness crab year-round
(DFO 2014). The commercial shrimp trawl and trap fisheries are seasonal, with the trap fishery operating
during the summer, and the trawl fishery operating June through March (DFO 2013g). DFO bivalve
shellfish biotoxin closures are in effect for all of FMA sub-area 6-1. Bivalve shellfish sanitary
contamination closures are in effect for FMA sub-area 6-1 (DFO 2013f).
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4.2

Marine Fish Habitat Affected by the Project

Marine fish habitat in the marine resources facility LSA (Figure 4.2-1) is characterized though literature
review and three field studies: intertidal surveys, a subtidal remotely operated vehicle (ROV) survey, and
salt marsh surveys. The results of these studies are provided in the Marine Resources TDR (Stantec
Consulting Ltd. 2014b). Project mechanisms that affect marine resources are described in Section 5.8 of
the LNG Canada environmental assessment Application. Marine fish habitat types affected by the Project
include marine riparian, intertidal and subtidal soft substrate, eelgrass, salt marsh, and constructed
intertidal (i.e., rock riprap) (Table 4.2-1 and Figure 4-2-1). These habitat types were defined by tidal
elevation and water depth (i.e., riparian, intertidal, subtidal) and dominant biophysical characteristics (e.g.,
substrate type, structural complexity, biogenic habitats).
Table 4.2-1:

Marine Habitat Types in the Marine Resources Facility LSA

Habitat Type

Definition

Marine riparian

Fish habitat between the higher high water large tide (HHWLT), which is approximately + 6.5 m
CD in Kitimat Arm, and 30 m horizontal distance inshore

Intertidal mudflat

Fish habitat between 0 m CD and HHWLT; dominated by sediment ≤ 2 mm diameter and gradual
slope

Salt marsh

Fish habitat between 0 m CD and HHWLT; dominated by marsh vegetation (e.g., sedge) and tidal
channels

Eelgrass

Fish habitat consisting of eelgrass (Zostera spp.); grows in intertidal and shallow subtidal in soft
sediment

Constructed intertidal

Fish habitat between 0 m CD and HHWLT; dominated by artificial structures (e.g., rock riprap)

Subtidal soft substrate

Fish habitat below 0 m CD; dominated by sediment ≤ 2 mm diameter

Productivity is complex to measure directly, given that it reflects numerous functions and processes in a
variety of habitat types and involving a wide range of species. Therefore, the area of habitat and its
productive capacity (qualitative) provides a surrogate measure for habitat productivity. Productive
capacity is described qualitatively considering baseline information collected from literature review and
field studies. DFO defines productive capacity as “the maximum natural capability of habitats to produce
healthy fish, safe for human consumption, or to support or produce aquatic organisms upon which fish
depend” (DFO 1986). Table 4.2-2 provides the qualitative classifications of critical, important, and
marginal fish habitat described by DFO (1998). Critical fish habitat, as defined by DFO (1998), is not the
same as critical habitat designated for species at risk under the Species at Risk Act.
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Table 4.2-2:

DFO (1998) Classifications for Fish Habitat

Qualitative Descriptor

Definition

Critical fish habitat

Habitats considered to be rare, to have high productive capacity, and to support fish during
sensitive life stages.

Important fish habitat

Habitats used by fish for feeding, growth, and migration that, while important to the fish stock, are
not considered critical. This may be because there is a relatively large amount of similar habitat
that is readily available to the stock, or because the habitat has been disrupted by past human
activity.

Marginal fish habitat

Habitat considered to have low productive capacity and to contribute only marginally to fish
production

SOURCE: Adapted from DFO (1998)

4.2.1 Marine Riparian Habitat
Marine riparian habitat in the marine resources facility LSA affected by the Project consists of small to
medium size coniferous and deciduous trees, shrubs, sedge, and grasses. It covers an area of
2

approximately 16,049 m and was determined to contribute relatively little to the overall productive
capacity of adjacent marine fisheries and to be marginal fish habitat (Table 4.2-2) because it is not an
important factor in temperature regulation (i.e., shade) or food and nutrients, though coarse debris inputs
may contribute to cover. Loss of the marine riparian habitat is not expected to affect the life processes of
any CRA fishery species and is therefore not considered serious harm to fish as defined by DFO (2013a).
More detailed information on vegetation in the Project footprint is provided in the Vegetation TDR
(Stantec Consulting Ltd. 2014a).

4.2.2 Intertidal Habitats
Intertidal habitats affected by the Project consist of mudflat habitat, eelgrass habitat, salt marsh habitat,
and constructed habitat.
4.2.2.1

Intertidal Mudflat Habitat

Intertidal mudflat is the dominant habitat type in the low and mid intertidal zone of the marine resources
facility LSA. Marine vegetation cover in this habitat type is scarce. Marine invertebrates observed in the
intertidal mudflat included bivalve molluscs (Macoma spp.), shrimp (family Crangonidae), and stubby
isopods (Gnorimosphaeroma oregonensis).
The intertidal mudflat habitat in the LSA was determined to have low productive capacity and to be
marginal fish habitat (Table 4.2-2). Freshwater input and heavy sediment loads from Kitimat River appear
to be a limiting factor in the establishment of certain species of marine algae and invertebrates. The large
amount of similar habitat available in Kitimat Arm, human disturbance from past and present industrial
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activities, and its limited structural complexity are additional factors contributing to the classification of the
intertidal mudflat habitat as having low productive capacity.
4.2.2.2

Salt Marsh Habitat

The salt marsh habitat located north of the Eurocan Basin in the marine resources facility LSA
(Figure 4.2-1) was created as compensation habitat for the Eurocan Pulp and Paper terminal expansion
landfill in 1989. A containment and protection dike consisting of quarry tailings was constructed along the
southern boundary of the habitat compensation zone. Riprap was placed on top of the dike to create
rocky habitat. The remainder of the habitat compensation zone was filled with sand and silt. Existing
vegetation in the habitat compensation zone was removed prior to infill and then replanted once
construction was complete. The salt marsh is isolated from Kitimat River to the east, and all surface water
exchange occurs through an opening in the dike along the southern boundary of the marsh.
2

The salt marsh covers an area of approximately 84,000 m and consists of marsh vegetation and a
network of tidal channels. Log debris is abundant in the northern area of the marsh in the high intertidal
zone. The marsh substrate consists of mud and is covered by beds of unattached rockweed (Fucus sp.)
in many areas. Two species of marine algae, six species of marsh plants, two species of marine
invertebrates, and eight species of marine fish were observed in the salt marsh during the surveys.
Lyngbye’s sedge (Carex lyngbyei), rockweed, silverweed (Potentilla anserina ssp. pacifica), gammarid
amphipods, and stubby isopods were the most common species observed. The marsh is subject to
inundation at high tide. Between April 2012 and June 2013, eight fish species were observed in the marsh
including five species of Pacific salmon, threespine stickleback, Pacific staghorn sculpin, and starry
flounder (Platichthys stellatus).
The salt marsh was determined to have high productive capacity and to be important fish habitat
(Table 4.2-2) because it provides seasonal habitat for juvenile salmon, and year-round habitat for starry
flounder, Pacific staghorn sculpin and threespine stickleback. It is not considered to be critical fish habitat
as defined by DFO (1998) because there is a relatively large amount of similar or more productive salt
marsh habitat in the Kitimat estuary and Kitimat Arm, and because the habitat has been disrupted by past
human activity.
4.2.2.3

Eelgrass Habitat

Two patchy eelgrass (Zostera marina) beds were identified in the marine resources facility LSA. The first
2

bed is located southwest of the marine terminal area (Figure 4.2-1), and covers approximately 9,100 m .
2

2

Within the bed, 12 small patches of eelgrass were identified ranging in size from 1 m to 30 m with
2

densities of 10% to 95% cover, and covering a combined total area of approximately 83 m . A second
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2

eelgrass bed covering an area of approximately 3,262 m is located in the Eurocan Basin with densities
ranging from 25% to 50% cover (Golder Associates Ltd. 2014a).
The eelgrass beds have high productive capacity and were determined to be important fish habitat
because they provide nursery habitat and refuge areas for fish and invertebrates, and support a variety of
CRA fishery species including Dungeness crab, salmon, and herring. They are not considered critical fish
habitat (Table 4.2-2) because of their relatively small size and patchiness.
4.2.2.4

Constructed Intertidal Habitat

Constructed intertidal habitat is the dominant habitat type in the high intertidal zone of the marine
resources facility LSA. The salt marsh is bounded by a narrow (~6 m wide), rock riprap dike partially open
to Kitimat Arm to the south, and the remainder of the marsh is bounded by riprap, woody debris, and
roads. Rock riprap revetment slopes run along the RTA Wharf “B” and Methanex jetty in the intertidal
zone (Figure 4.2-1). Eight species of marine algae were observed in this habitat type during the intertidal
survey, with rockweed being the most common species. Marine invertebrates observed in this habitat
type include common acorn barnacles (Balanus glandula), amphipods, stubby isopods, rockweed isopods
(Idotea wosnesenskii), shore crabs (Hemigrapsus spp.), Sitka periwinkles (Littorina sitkana), and limpets
(Lottia spp.).
The constructed intertidal habitat was determined to have low productive capacity and to be marginal fish
habitat (Table 4.2-2). Freshwater input and heavy sediment loads from Kitimat River, the large amount of
similar rocky habitat available in Kitimat Arm, and human disturbance from past and present industrial
activities contribute to the classification of the constructed intertidal habitat in the marine resources facility
LSA as having low productive capacity.

4.2.3 Subtidal Habitats
Subtidal habitats in the LSA affected by the Project include soft substrate habitat.
4.2.3.1

Subtidal Soft Substrate Habitat

Subtidal habitat in the LSA is characterized by soft substrates with limited structural complexity (i.e., very
low occurrence of rock substrates and biogenic habitats) at water depths of 0 m CD to approximately 133 m CD. Fifty-one marine fish and invertebrate species were observed in this habitat type during the
subtidal ROV survey; none of which have been identified by federal or provincial governments as species
at risk. Marine CRA fishery species observed during the subtidal survey include flounders, Pacific cod
(Gadus macrocephalus), walleye pollock (Theragra chalcogramma), Dungeness crab, and pandalid
shrimp. Five species of algae and common eelgrass were observed in the LSA during the subtidal survey.
The diversity and density of marine vegetation observed during the subtidal survey were low. This is likely
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due to the limited occurrence of hard substrates suitable for colonization by algae, and light attenuation
due to turbidity and water depth.
Subtidal soft substrate habitat was determined to have low productive capacity and to be marginal fish
habitat (Table 4.2-2). Freshwater input and heavy sediment loads from Kitimat River, the large amount of
similar habitat available in Kitimat Arm, the limited structural complexity of the habitat, and human
disturbance from past and present industrial activities contribute to the classification of the subtidal habitat
in the marine resources facility LSA as having low productive capacity.

4.3

Quantification of Residual Serious Harm to Marine Fish

The anticipated area of residual serious harm to marine fish is quantified based on current engineering
design for the marine terminal and the timing and location of life processes for CRA fishery species. This
area represents a conservative estimate of the residual serious harm to fish and will be updated in
consultation with DFO as more detailed engineering design information becomes available.

4.3.1 Calculating Area of Residual Serious Harm to Marine Fish
Residual serious harm to fish is calculated separately for each marine fish habitat type described in
Section 4.2. To calculate the area of residual serious harm to fish, engineering drawings showing the
layout of the marine terminal, in-water infrastructure and areas of works (e.g., dredging) are overlaid onto
a base map with bathymetric contours. ArcGIS software is used to calculate the spatial extent of affected
habitats in plan view. In addition to the areal extent of affected fish habitat, the productive capacity of
these habitats is described in qualitative terms in Section 4.2.
4.3.1.1

Intertidal Mudflat Habitat

Intertidal mudflat habitat will be destroyed during construction of the EOF, MOF, and heavy haul road,
and the installation of sheet piled wall. The estimated total area of intertidal mudflat habitat permanently
2

altered or destroyed from Project activities and works is 8,068 m . Additional areas of intertidal mudflat
habitat may be converted to salt marsh habitat and rock riprap habitat as part of the marine offsetting
program.
Dredging is usually followed by a decline in species abundance, population density, and biomass of
benthic organisms in the affected area (Newell et al. 1998; Gilkinson et al. 2005). According to Newell et
al. (1998), the recovery rate of benthic communities following cessation of dredging is highly variable and
depends on the type of community affected and the extent to which the affected community is naturally
adapted to sediment disturbance and suspended particle load. The dredge area is characterized by
estuarine mud and sand substrate and by frequent natural disturbance from variations in river outflow,
TSS, and tidal currents (Bell and Kallman 1976). Studies suggest that for habitats similar to this, the
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recovery time for benthic communities and fish assemblages typically ranges from six months to two
years (Newell et al. 1998; Bilkovic 2011). Therefore, it is expected that marine fish and invertebrate
communities will colonize the dredge area following cessation of dredging. While a temporary decrease in
the productive capacity of the intertidal mudflat is expected over a six month to two-year period following
dredging operations, dredging will not result in the permanent alteration or destruction of fish habitat.
2

Approximately 43,538 m of intertidal mudflat habitat will be temporarily altered by dredging of the marine
terminal.
4.3.1.2

Salt Marsh Habitat

The MOF and heavy haul road will be constructed across the intertidal mudflat at the north end of the
Eurocan Basin and the southern portion of the salt marsh habitat (Figure 4.2-1), isolating the salt marsh
2

from tidal waters and resulting in the destruction of approximately 84,000 m of salt marsh habitat. After
the marsh has been isolated, LNG Canada may dispose of dredge material that does not meet screening
criteria for disposal at sea in this area (Figure 4.2-1).
4.3.1.3

Eelgrass Habitat
2

Approximately 3,262 m of eelgrass is located in the dredge area and is expected to be destroyed during
dredging at the marine terminal. It is anticipated that changes in water depth from dredging will prevent
recolonization of eelgrass on the mudflat following dredging. Additional areas of eelgrass in the vicinity of
the marine terminal may also be permanently altered or destroyed by altered sediment transport, erosion,
and deposition patterns resulting from dredging and marine construction activities. LNG Canada will
monitor eelgrass beds in the LSA during construction and the first five years of operations to determine
whether there are changes in the spatial extent and density of eelgrass from marine construction and
dredging. If it is determined that there is a reduction in the spatial extent and density of eelgrass from the
Project, this loss will be offset.
4.3.1.4

Constructed Intertidal Habitat
2

Approximately 14,193 m of intertidal constructed habitat (i.e., rock riprap) will be destroyed during
excavation activities along the RTA Wharf “B” and Methanex jetty, and during construction of the EOF
and MOF (Figure 4.2-1).
2

The excavated rock riprap habitat would be replaced with approximately 4,970 m of new riprap in the
intertidal zone. Placement of rock riprap in the intertidal zone would provide fish with structural habitat
and interstitial spaces for refuge and spawning, and would provide invertebrates and algae with substrate
for attachment (Beauchamp et al. 1994; Pondella et al. 2002; Gratwicke and Speight 2005; Toft et al.
2007; Pister 2009). According to Newell (1998), species that colonize habitats with unpredictable short-
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term variations in environmental conditions, such as shallow subtidal, intertidal, and estuarine habitats,
are subject to frequent catastrophic mortality. These species are thus naturally selected for maximum
rates of population increase and are well suited for the rapid invasion and colonization of recently created
empty habitats (Newell et al. 1998). Marine algae, fish, and invertebrate communities are expected to
become established in the constructed intertidal habitats within one to two years following construction
and would contribute to offsetting residual serious harm to fish (Sousa 1979; Dethier 1984; Newell et al.
1998).
4.3.1.5

Subtidal Soft Substrate Habitat
2

Approximately 55,707 m of subtidal soft substrate habitat will be destroyed during installation of piles,
sheet piled wall, soil improvements and scour protection at the LNG berths, EOF and MOF (Figure 4.2-1).
As explained in Section 4.3.1.2, benthic communities and fish assemblages are expected to recover in a
period of six months to two years following the cessation of dredging. Therefore, dredging will not result in
2

the permanent alteration or destruction of subtidal habitat. An estimated 190,800 m of subtidal habitat will
be temporarily altered by dredging at the marine terminal.
The excavated areas along the RTA Wharf “B” (Figure 4.2-1) at the LNG berths are expected to transition
2

into approximately 24,725 m of subtidal soft substrate habitat following dredging.

4.3.2 Summary of Residual Serious Harm to Marine Fish
The type, productive capacity, and estimated area of marine fish habitat affected by Project activities and
works is summarized in Table 4.3-1. A summary of productive capacity, fish use and effects
characterization by habitat type is provided in Appendix B.
Table 4.3-1:

Type, Productive Capacity, and Area of Affected Marine Fish Habitat

Habitat
Typea

Effect Type

Salt marsh

Destruction

Intertidal
mudflat

Destruction

Productive
Capacityb

Habitat
Description

Moderate;
important fish
habitat

Marsh
vegetation and
tidal channels

 Construction of

Low; marginal
fish habitat

Mud and tidal
flat

 Construction of

Project Activity

Potential Area of
Permanent
Alteration or
Destruction (m2)

Potential
Area of
Serious Harm
to Fish (m2)

84,000

84,000

8,068

0

≥ 3,262

≥ 3,262

heavy haul road
and MOF
heavy haul road,
MOF and EOF

 Installation sheet
piled wall
Eelgrass
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Permanent
alteration or
destruction

Moderate;
important fish
habitat

Patchy
eelgrass bed

 Dredging
 Altered sediment
transport
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Habitat
Typea
Constructed
intertidal

Effect Type

Productive
Capacityb

Habitat
Description

Permanent
alteration

Low; marginal
fish habitat

Rock
boulder/riprap

Project Activity

 Excavation of

Potential Area of
Permanent
Alteration or
Destruction (m2)

Potential
Area of
Serious Harm
to Fish (m2)

14,193

0

55,707

0

165,230

87,262

RTA Wharf “B”
and Methanex
jetty

 Construction of
EOF and MOF
Subtidal soft
substrate

Destruction

Low; marginal
fish habitat

Mud seabed

 Soil
improvements
and scour
protection

 Installation of
piles and sheet
pile wall
Total:
NOTES:
a
See Table 4.2-1 for definitions
b
See Table 4.2-2 for definitions

4.4

Marine Offsetting Strategy

The following sections describe potential marine offsetting measures. The offsetting measures are
presented according to guidance in DFO (2013a, 2013b) and are expected to fully offset residual serious
harm to fish from project activities and works. The proposed marine offsetting options are located in sites
throughout Kitimat Arm and estuary and are presented in Figure 4.4-1.

4.4.1 Marine Fish Habitat Creation
Three habitat creation options are proposed to offset Project effects on marine fish habitat:



salt marsh habitat



eelgrass habitat



subtidal reef habitat.

Creation of these productive habitats is expected to support the ongoing productivity of affected CRA
fishery species in Kitimat Arm.
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4.4.1.1

Salt Marsh Creation

Salt marshes are among the most highly productive fish habitats. Nutrient-rich detritus produced by
terrestrial and aquatic plant communities in salt marsh habitat sustains a diverse community of benthic
invertebrates, including annelid worms as well as isopod and amphipod crustaceans (Higley and Holton
1981; Envirowest Environmental Consultants 1990). Benthic invertebrate communities, in turn, provide
food and rearing habitat for a variety of fish species, including Pacific staghorn sculpin and juvenile
salmonids (Higley and Holton 1981; Bottom et al. 2005). For juvenile salmonids, in particular, salt marsh
habitat provides optimal opportunities for rearing, foraging, growth, refuge from predators, and salinity
acclimation (Miller and Simenstad 1994, 1997). Studies have shown that the productivity of salmonid
rearing habitat in constructed marshes is comparable to natural marshes (Tutty et al. 1983; Shreffler et al.
1990; Miller and Simenstad 1994, 1997).
Ideal site conditions for the successful establishment of salt marsh habitat include:



presence of naturally accreted sediments and appropriate sedimentation rate



appropriate elevation for optimal duration and frequency of tidal inundation and salinity levels



proximity to a seed source to permit natural colonization of marsh species



low potential for undesirable plant establishment, and



gently-sloping terrain (0.1% to 2.0% slope).

Choosing a site that is immediately adjacent to an existing salt marsh is an ideal way to achieve these
conditions, since existing sites already have ideal soil salinity, substrate particle size, sedimentation rate,
wave force, seed sources, and nutrient regime (Envirowest Environmental Consultants 1990; Stevens et
al. 1993; Adams and Williams 2004). By creating an area with ideal slope and elevation, there can be
high confidence in the successful establishment of additional salt marsh habitat.
Salt marsh habitat can be created in two ways: in-filling intertidal and subtidal areas to extend existing
marsh habitat seaward (salt marsh bench); or excavating and grading upland areas to extend existing
marsh habitat shoreward (Envirowest Environmental Consultants 1990; Stevens et al. 1993; Adam and
Williams 2004).
Salt Marsh Bench
A number of sites in Kitimat Arm have been identified that could potentially support the creation of salt
marsh benches (Figure 4.4-3). Salt marsh creation would involve infilling an area of the intertidal zone
with clean marine sediment that meets screening criteria for disposal at sea to an elevation capable of
sustaining salt tolerant plant species, and protected by a rock boulder/riprap retaining wall.
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Revegetation of the created salt marsh could be accomplished either through salvage and transplant of
sedge mats from affected areas of the marine terminal, or through the use of wetland plant plugs from
nursery stock. Existing drainage patterns would be maintained through the marsh by designing the grade
of the proposed tidal channels and the retaining wall to provide fish access into the marsh during mean
high tide water levels and egress during the ebb, and to prevent the pooling of excess water in the marsh.
Final design grading could incorporate a high degree of landscape diversity including newly created
islands, pools, and tidal channels.
Extending seaward from the edge of the existing salt marsh, the newly established salt marsh would
grade at an elevation of approximately +4.3 m CD and slope of approximately 0.1 %, (depending on the
results of a topographical survey of the adjacent reference site). At the outer edge of the marsh, the
retaining wall would tie into the existing grade and substrate at an elevation of approximately +2 m CD,
and would provide intertidal rock wall habitat (Figure 4.4-2).
The proposed rock riprap/boulder retaining wall, located along the periphery of the salt marsh, would
create rocky intertidal habitat while stabilizing the salt marsh bench. The proposed rock riprap/boulder
wall is expected to be colonized by a diverse community of marine fish, invertebrate, and algae species
equivalent to that which would typically establish on natural rock habitats, such as rockweed, barnacles,
bivalve molluscs, amphipods, and gastropods (Cottrell and Hall 1981; Pister 2009). Rockweed provides
cover for juvenile salmon, spawning substrate for Pacific herring, and habitat for invertebrates that serve
as fish food (Cottrell and Hall 1981).
Rock riprap structures are also known to attract and support a variety of marine fish species and serve as
good sport fishing sites (Pister 2009). Studies suggest that fish species typically begin using constructed
riprap habitat for shelter, feeding, and spawning purposes immediately following implementation
(Bohnsack and Sutherland 1985).
By replacing a large area of relatively low quality mudflat habitat with relatively high quality salt marsh and
intertidal rock habitats, it is anticipated that this offsetting option would result in a net increase in
productive capacity of marine fish habitat for CRA fishery species in Kitimat Arm.
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Comparable examples of this technique for salt marsh creation are shown in Photographs C-2 through
C-3 in Appendix C, taken from constructed and functioning fish habitat offsetting projects on the Skeena
and Nass rivers. Potential sites that could support the creation of salt marsh benches are shown in
Figure 4.4-3, and include:



Wathlsto Creek



Ochwe Cove



Danube Bay



Falls River



Eagle Bay



Emsley Cove



Kitsaway Island North



Kitsaway Island South



Hugh Creek



Heysham Creek



North Anderson Point



Gobeil Bay



Minette Bay

Salt Marsh Island
A second option for creating salt marsh habitat involves constructing a salt marsh island along the
northwestern shore of Minette Bay (Figure 4.4-4). Construction would involve excavating a
decommissioned causeway that extends into Minette Bay to an elevation capable of sustaining brackish
estuarine plant species (e.g., Lygbye’s sedge). The island would be created by excavating a narrow ditch
between the causeway and the mainland, allowing tidal waters to flow around the island. Riprap/boulders
would be placed along the outer perimeter of the island, providing structural support and hard substrate
for organisms to attach to (Figure 4.4-4). As with the marsh bench, revegetation of the island could be
accomplished either through salvage and transplant of sedge mats from affected areas of the marine
terminal, or through the use of wetland plant plugs from nursery stock.
2

Construction of the salt marsh island would result in the creation of 2,860 m of salt marsh habitat, and
2

1,044 m of intertidal rock habitat. The salt marsh island would provide habitat for CRA fishery species
such as juvenile salmon and wildlife (e.g., shorebirds and waterfowl). The rock habitat around the island
is expected to be colonized by rockweed, barnacles, bivalve molluscs, amphipods, and gastropods
(Cottrell and Hall 1981; Pister 2009).
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Preliminary investigations to confirm the technical feasibility of this option would entail a
soils/geotechnical investigation. The decommissioned causeway is privately owned by a third party, so a
long-term/permanent land access agreement would need to be negotiated between LNG Canada and the
third party.
Salt Marsh Creation by Upland Excavation
A third option for creating salt marsh habitat involves excavating and grading upland areas adjacent to
existing marshes to an elevation capable of sustaining salt tolerant plant species (e.g., Lyngbye’s sedge),
and creating tidal channels that connect the newly created marsh to adjacent open waters to provide a
corridor for fish passage.
There are a number of potential sites in Kitimat Arm that could potentially support the creation of salt
marsh habitat. The newly created marsh would be designed as an extension of the existing adjacent
marsh habitat by considering existing elevation and slope such that there is a twice-daily influx of tidal
waters to the marsh. Final design grading could incorporate a high degree of landscape diversity
including newly created riparian areas, islands, pools, and tidal channels. The new marsh habitat would
provide ecological functions for both marine fish and wildlife such as rearing habitat for juvenile salmonids
as well as staging, breeding, and foraging habitat for shorebirds and waterfowl. Revegetation of the
created marsh could be accomplished either through salvage and transplant of sedge mats from affected
areas at the marine terminal, or use of wetland plant plugs from nursery stock.
Preliminary investigations to confirm the technical feasibility of this option would entail a
soils/geotechnical investigation and survey of the existing fish, wildlife and vegetation resources at
potential sites.
4.4.1.2

Eelgrass Bed Expansion and/or Creation

The creation of eelgrass beds in Kitimat Arm by expanding existing eelgrass beds and/or creating new
eelgrass beds in favourable locations is another potential offsetting measure (Figure 4.4-1). Eelgrass is
associated with increased fish abundance, biomass, species richness, and life history diversity (Hughes
et al. 2002).
Eelgrass beds tend to occur in the intertidal and shallow subtidal zone, typically at the heads of inlets or in
shallow, muddy estuaries and deltas. Eelgrass has an important ecological role in tidal flats, providing
valuable habitat for a number of economically, culturally and ecologically important species including
juvenile salmon, Pacific herring, rockfish, and Dungeness crab (Wilson and Atkinson 1995; Nelson and
Waaland 1997; Bos and van Katwijk 2007). Adult Dungeness crab and salmon are also attracted by the
abundance of small prey fish, and mobile and burrowing invertebrates that live in and around the beds
(Dean et al. 2000; Nelson and Waaland 1997; Johnson et al. 2010). In addition to their high productivity,
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eelgrass beds help to maintain the physical integrity of shorelines and mudflats and support vital
biochemical processes and nutrient pathways (Bos and van Katwijk 2007; Hansen and Reidenbach
2012).
Extensive eelgrass beds occurred historically in outer delta areas along the western shore of Minette Bay,
with the most extensive beds located in the channel areas at the entrance to Minette Bay (Bell and
Kallman 1976; Hay 1976; Cottrell and Hall 1981). Eelgrass has also been documented near Hospital
Beach, and in Bish and Emsley coves on the western shore of Kitimat Arm (Jacques Whitford Ltd. 2005,
2010; Kitimat Valley Naturalists 2011). It has been estimated that less than 10% of the area of eelgrass
that existed in the mid-1970s remains in the Kitimat River delta (Kitimat Valley Naturalists 2011).
Eelgrass is commonly featured in compensation and restoration programs owing to its high productive
capacity and its high ecological value (Marion and Orth 2010a, 2010b). Transplanting eelgrass often
involves the relocation of viable seedlings grown in aquaria or collected from donor plants, or mature
plants taken from healthy donor beds, to a suitable restoration site. Standard planting techniques offer
low to moderate risk, though they tend to be extremely labour intensive, requiring divers to plant the
individual units by hand (Orth et al. 1999). Eelgrass restoration efforts that involve the use of adult plants,
seedlings, or seeds have demonstrated varied success (Orth et al. 1999). However, new mechanized
techniques have begun to show promise in eelgrass restoration owing to a reduction in overall restoration
costs as well as improved restoration success (Marion and Orth 2010b). This technique uses a
commercial eelgrass seed harvester to collect large quantities of seed from a donor site which are then
dispersed at a restoration site through the use of a seed distribution buoy, hand broadcasting or direct
seed planting (Marion and Orth 2010b).
In BC, transplanted eelgrass beds have been successfully established at a variety of sites along the
coast. In a review of 15 eelgrass transplant projects completed between 1985 and 2000, seven were
rated as successful and three as failures (Precision Identification 2002). The eelgrass offsetting measure
would draw upon lessons learned from these sites to maximize the likelihood success.
To identify the most appropriate location(s) in Kitimat Arm for eelgrass bed expansion and/or creation
efforts, intertidal and subtidal habitat surveys would need to be conducted to assess potential sites based
on parameters that are known to be correlated with eelgrass growth success such as elevation, current
velocity, salinity, substrate, and light regime (Envirowest Environmental Consultants 1990).
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4.4.1.2.1

Expansion of Existing Eelgrass Beds

To maximize the likelihood of successful establishment and growth of transplanted eelgrass, Orth et al.
(2012) recommends that restoration sites encompass one or more existing remnant eelgrass beds. Sites
with existing beds are more likely to have the appropriate physical attributes and environmental
conditions including light availability, sediment type, current velocity, and salinity (Phillips 1974).
Where suitable remnant eelgrass beds exist, it may be necessary to add fine grained sediments along the
outer margin of the existing eelgrass meadows to increase the area of suitable depth within the
restoration site. To prevent this material from being eroded by currents and wave action, a rock berm
would have to be constructed along the seaward edge.
According to Wright (2005), proposed transplant sites within 100 m of an existing natural meadow are
considered within the range of natural revegetation and typically receive a low suitability rating. The
creation of new eelgrass beds is, therefore, also being considered as an offsetting option.
4.4.1.2.2

Creation of Eelgrass Beds

Most eelgrass transplant programs include the physical manipulation of substrate elevations (Envirowest
Environmental Consultants 1990). Where surveys and testing identifies potential eelgrass bed creation
sites at which substrate depth is not appropriate for eelgrass establishment, elevated subtidal benches
could be constructed using marine sediments and protected by riprap retaining walls along their
periphery.
By replacing a large area of relatively low quality mudflat habitat with productive eelgrass habitat, we
anticipate that this offsetting option would result in a net increase in productive capacity of marine fish
habitat for CRA fishery species in Kitimat Arm. High quality intertidal/subtidal rock reef habitat will also be
created by virtue of retaining walls, which may be constructed around the newly created eelgrass beds.
Rock reefs would also provide fish with structural habitat and interstitial spaces for refuge and spawning,
and would provide invertebrates and algae with substrate for attachment (Beauchamp et al. 1994;
Pondella et al. 2002; Gratwicke and Speight 2005; Toft et al. 2007; Pister 2009).
4.4.1.3

Subtidal Reef Creation

This offsetting option involves the creation of subtidal rock reef habitat in Kitimat Arm (Figure 4.4-5). The
creation of artificial reefs is an effective way of increasing the productive capacity of subtidal fish habitats.
Artificial reefs increase the structural complexity of soft bottom habitat, providing an attachment surface
for algae and sessile invertebrates, and refuge and forage habitat for a number of fish and invertebrate
species targeted in CRA fisheries, including out-migrating juvenile salmon, rockfish, lingcod (Ophiodon
elongates), surfperch (family Embiotocidae), herring, and pandalid shrimp (Buckley and Hueckel 1985;
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Hueckel et al. 1989). Subtidal reefs have been successfully constructed at other sites along the northeast
Pacific coast including Roberts Bank, Barkley Sound, Puget Sound, San Clemente, and San Diego
(Gascon and Miller 1980; Buckley and Hueckel 1985; Cheney et al. 1994; Vancouver Port Authority et al.
2006; Elwany et al. 2011).
The creation of subtidal rock reefs would replace a relatively low quality soft bottom subtidal habitat with
relatively high quality, structurally complex habitat, and is anticipated to result in a net increase in
productive capacity of marine fish habitat for CRA species in Kitimat Arm.
A number of factors will be taken into consideration when selecting the location, size, and structure of a
reef. Reefs would be constructed within the photic zone (less than -20 m CD in Kitimat Arm) to promote
the establishment and growth of algae, which provides refuge and forage habitat for fish and
invertebrates. To maximize the amount of dissolved oxygen and food delivery (e.g., plankton) around a
reef, it would be constructed in an area exposed to subsurface wave energy. The rocks would have a
diameter of 0.5 m to 1.0 m and would be comprised of a variety of shapes to create crevices and
interstitial spaces within the reef, thereby providing refuge habitat and increasing the surface area of the
reef. An open matrix structure would promote exposure to tidal flushing, further increasing oxygen and
food availability within the reef. The rocks would be placed on relatively flat bottom because steep slopes
may cause the reef to subside. Prior to placement of the rock, a graded granular bedding material would
be placed on the seafloor to help support the weight of the reef (Figure 4.4-5). This material would
increase the density of the soft bottom under the reef, thus preventing settling of the reef into the
substrate beneath. The location and depth of the reef will be selected to ensure that the safe navigation of
vessels in Kitimat Arm is not affected. A site with no future development plans will be selected to ensure
the ecological value of the subtidal reef habitat is maintained over the long-term.
Depending on design, a typical subtidal rock reef structure can provide approximately 1,000 m 2 to 10,000
2

m of rock reef habitat. A potential reef location was selected to illustrate the conceptual design for this
offsetting option; however, there are a number of sites Kitimat Arm that would support the creation of rock
reef habitat. The conceptual site is approximately 200 m north of MK Bay Marina in upper Kitimat Arm
(Figure 4.4-5). Current design of the reef involves the construction of two segments, located
approximately 25 m apart. Each segment would be 25 m long, 25 m wide, and 2 m high. The potential
site has a depth of -8 m CD, so the reef would be approximately -6 m CD at its highest point. Segmenting
the reef would increase habitat heterogeneity and the number of available niches for establishment by
2

marine organisms. Based on the conceptual design, the total area of the reef is 1,250 m . The area
surrounding the reef is also expected to create edge habitat, which provides foraging habitat and
increases water flow.
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The exact locations of in-water structures and enhancement features would be decided upon following
consultation with Haisla Nation, DFO, Transport Canada, and other interest groups. Further intertidal and
subtidal studies would also be required, to determine the optimal habitat features and most suitable
locations.

4.4.2 Marine Fish Habitat Restoration
4.4.2.1

Minette Bay Restoration

The restoration of foreshore areas of Minette Bay was identified an offsetting measure (option 11) during
the 2013 LKWPM (Appendix A). The removal of LWD, abandoned vessels, and old wood pilings is
proposed as a means of restoring the ecological function and increasing the productive capacity of
marine fish habitat in the bay (Figure 4.4-6).
LWD from historic and current log handling and storage operations in Minette Bay has accumulated on
the foreshore. The accumulation of LWD in salt marshes can disturb and smother the marsh vegetation
and has been associated with decrease in plant species and lower vegetation cover (Envirowest
Environmental Consultants 1990; Thomas 2002; MacLennan 2005). Removal of LWD from the foreshore
is expected to result in the recovery of marsh vegetation in affected areas, and an increase in productive
capacity for CRA fishery species that use marsh habitat, including salmon (Envirowest Environmental
Consultants 1990; Thomas 2002). Removal of LWD could be achieved by establishing a floating staging
area on a barge with equipment such as excavators, backhoes, and wood chippers.
Abandoned vessels and treated wood pilings are known to adversely affect marine fish habitat.
Abandoned vessels can physically alter or destroy fish habitat, and release a variety of contaminants into
the marine environment that degrade water quality over time (NOAA 2013). Abandoned vessels also
pose a navigational hazard to boaters, impede recreational use of the area, and are aesthetically
displeasing.
Wood pilings are treated with chemical preservatives, such as creosote, designed to make them toxic to
organisms known as marine borers that would otherwise consume the wood as food (Hutton and Samis
2000). Over time, toxic constituents of creosote, primarily polycyclic aromatic hydrocarbons (PAHs), are
released from the pilings. PAHs from creosote may be dispersed by tides and currents and settle in
sediments, where they become bioavailable for uptake by marine biota (Goyette and Brooks 1998;
Anchor Environmental 2007). For example, oysters exposed to creosote-contaminated sediment can
accumulate PAHs in the same proportions that are found in the sediment (Smith 2006). Accumulation of
PAHs can have both acute and chronic effects on marine organisms (Hutton and Samis 2000; Werme et
al. 2010). Pacific herring spawn on hard structures, including pilings, and the eggs are especially
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sensitive to creosote exposure. Even on piles over 40 years old, eggs showed reduced hatching success
and larvae showed morphological abnormalities (Vines et al. 2000).
Removal of abandoned vessels and piles are expected to benefit CRA fishery species in Minette Bay by
preventing contaminant leaching, improving water quality, and restoring natural light penetration and
water flow, which may promote growth of marine vegetation.
Selection of abandoned vessels or piles to remove will consider the feasibility of removal (e.g., access for
removal, availability of storage sites) and the potential benefits to habitat of removal (Werme et al. 2010).
Washington State recently conducted the largest pile-removal project in the U.S. and has developed the
following best management practices for creosote-treated pile removal (Werme et al. 2010):



Vibratory extraction is preferred over vertical pulling or cutting. This method involves
attaching a vibratory hammer to the pile to break the seal between the pile and the sediment
and pulling with a crane or excavator. This technique is typically faster than vertical pulling
and may result in less resuspension of sediments. Handling and disposal costs may be lower
because of less attached sediment.



Complete pile removal is preferred over partial removal. Piles that cannot be completely
removed should be cut at least one foot below the substrate line.



Sediment disturbance should be minimized and containment measures, such as a floating
boom with absorbent pads, should be used to capture debris suspended during removal.

4.4.3 Complementary Measures
4.4.3.1

Fish Habitat Restoration and Enhancement Fund

As a complementary measure to other components of the fish habitat offsetting plan LNG Canada is
proposing to partner with Haisla Nation, DFO, the Province of British Columbia, and key stakeholders to
create a fish habitat restoration and enhancement fund that will provide strategic funding for habitat
offsetting projects that support local restoration priorities and fisheries management objectives in the
Kitimat region. The fish habitat restoration and enhancement fund will enable LNG Canada to undertake a
collaborative and proactive approach to habitat offsetting that supports the ongoing health and
productivity of fish habitat for CRA fishery species. This fund would be used as a complementary
measure towards 10% of the required offsetting, and a contingency measure as part of the habitat
effectiveness monitoring program. The structure of the fund would be based on similar fish and wildlife
restoration programs implemented by BC Hydro in various regions of the province (e.g., Bridge Coastal
Fish and Wildlife Restoration Program, Peace Williston Fish and Wildlife Restoration Program). A number
of the projects being considered by the LKWPM but not included in the offsetting plan (Appendix A) are
good potential candidates for implementation under this fund.
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SUMMARY OF FISH HABITAT OFFSETTING STRATEGY

The goal of LNG Canada’s offsetting strategy is to support the sustainability and ongoing productivity of
CRA fisheries by increasing the productive capacity of freshwater, estuarine, and marine fish habitats in
Kitimat River, estuary, and Kitimat Arm. This will be achieved through a combination of habitat creation,
enhancement, and restoration measures; biological manipulations; and complementary measures.
Based on current engineering design, the estimated area of residual serious harm to fish from Project
2

2

activities and works includes up to 104,865 m of wetted freshwater fish habitat, 7,714 m of estuarine fish
2

habitat, and 87,262 m of marine fish habitat. The amount of offsetting provided will depend on the extent
and nature of residual serious harm to fish, the relative productivity of the affected habitats, and the type
of offsetting habitat(s) created. Once the final offsetting measures have been selected, offsetting ratios
will be developed in consultation with DFO to account for any time lag, uncertainty, or out-of-kind
offsetting measures. Habitat gains associated with Project construction activities are not proposed as
direct offsets for residual serious harm to fish, but should be taken into consideration in offsetting
temporal losses in the productive capacity of affected fish habitats and/or determining the overall
offsetting ratio.
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IMPLEMENTATION AND MONITORING

6.1

Implementation Schedule and Access

Timelines for implementing offsetting measures, including construction timing windows to avoid sensitive
life stages of CRA species, will be determined when Project details are finalized; and upon selection of
preferred offsetting options through discussion with DFO, Haisla Nation, other affected Aboriginal groups,
and key stakeholders. Where possible, offsetting measures will be implemented early, such that offset
habitat is functional when Project construction begins. This approach has been recommended by DFO
(2013b) to avoid temporal loss of habitat productive capacity during the interim period when offsetting
measures have not attained full functionality. Early or concurrent implementation will also allow for the
salvage of live vegetation (i.e., sedge mats) from the Project site for use in construction of habitat offsets.
Care will also be taken to appropriately time the construction of seasonally sensitive offsetting features to
increase the likelihood of success.

6.2

Monitoring and Reporting

Implementation of habitat offsetting measures will be accompanied by a monitoring program with a
twofold focus: (1) compliance monitoring to ensure offsetting measures are constructed according to the
fish habitat offsetting plan and (2) habitat effectiveness monitoring to ensure offsetting measures are
successful. Assessing adherence to the conditions of the Fisheries Act authorization will be a key feature
of both monitoring programs. Detailed monitoring plans will be finalized in the final fish habitat offsetting
plan, and will likely be incorporated directly into the conditions of the Fisheries Act authorization.
Anticipated monitoring components are outlined and described below.

6.2.1 Compliance Monitoring
The purpose of compliance monitoring is to confirm that offsetting measures are implemented according
to the plan and in compliance with the terms and conditions of the Fisheries Act authorization.
Compliance monitoring will take place during the construction of the offsetting features. At least one
experienced supervisor will be on site during start-up and at critical periods of construction. Information
that will be documented during construction will include:



written and photo-documented sequence of events during construction



any changes in the design necessary to adapt to unanticipated conditions



technical issues that arise during construction and how they were addressed



confirmation that all offsetting components meet design requirements, and



confirmation that relevant terms and conditions of the Fisheries Act authorization are met.
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Any anticipated changes to the design of offsetting features will be submitted to DFO in writing prior to
implementation.

6.2.2 Compliance Reporting
At the conclusion of construction of the offsetting features, a report will be prepared summarizing the
information listed above. The report will include detailed ‘as built’ drawings, descriptions of what was
completed, any effects, as well as mitigation measures that were employed during construction of
offsetting features. The effectiveness of these mitigation measures at reducing or avoiding effects on fish
habitat will also be described. This report will be submitted to DFO within 90 days of completion of
construction of offsetting features.

6.2.3 Habitat Effectiveness Monitoring
Effectiveness monitoring following construction will confirm that created habitats are functioning as
intended and providing sufficient gains to fisheries productive capacity as required by the Project’s
Fisheries Act authorization. Specific success criteria, monitoring methods, and measurable parameters
will be tailored to the offsetting measures selected in the final fish habitat offsetting plan. If success
criteria are not met by the end of the monitoring program, a work plan will be developed and additional
monitoring or offsetting may need to be undertaken. Monitoring will continue until all success criteria have
been met.

6.2.4 Habitat Effectiveness Reporting
Results of the effectiveness monitoring program will be compiled annually and submitted to DFO for
review at the end of each calendar year. Furthermore, these reports would also be provided to Haisla
Nation and local stakeholders. After Year 5 of the effectiveness monitoring program, a summary report
will be issued with recommendations based on the success of the offsetting measures.

6.3

Consultation and Engagement

6.3.1 Consultation with Aboriginal Groups
Project activities and works will affect freshwater, estuarine, and marine fish habitats within the asserted
traditional territory of Haisla Nation. LNG Canada held meetings with Haisla Nation in September 2013
and August 2014 to discuss Project effects to fish and fish habitat, and options for habitat offsetting. A
draft of this plan was provided to Haisla Nation in August 2014 for feedback. LNG Canada is committed to
ongoing consultation with Haisla Nation and other affected Aboriginal groups until the final fish habitat
offsetting plan is submitted to DFO. This consultation will take two forms: 1) discussion of proposed
offsetting measures at Working Group meetings, and 2) updates to this fish habitat offsetting plan will be
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circulated to representatives of Haisla Nation and other affected Aboriginal groups by e-mail and hard
copy, and feedback will be requested. Following each round of consultation, verbal and/or written
comments/suggestions provided by Aboriginal groups will be considered by LNG Canada and, where
possible, will be incorporated into the final fish habitat offsetting plan.

6.3.2 Consultation with Regulatory Agencies
LNG Canada met with representatives from DFO and the Ministry of Forests, Lands and Natural
Resource Operations in June 2014 to discuss options for habitat offsetting. LNG Canada is committed to
ongoing consultation with DFO and relevant provincial regulatory agencies regarding the application for a
Fisheries Act authorization and the final fish habitat offsetting plan. This consultation will take two forms:
1) discussion of proposed offsetting measures at Working Group meetings, and 2) a draft of this fish
habitat offsetting plan will be circulated to DFO representatives by e-mail, and feedback will be requested.
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CLOSURE

This conceptual fish habitat offsetting plan has been prepared by Stantec and Triton, on behalf of LNG
Canada in support of the environmental assessment Application and an application for a Fisheries Act
authorization. The offsetting measures described in this conceptual fish habitat offsetting plan have been
prepared to facilitate discussions between LNG Canada, DFO, and Aboriginal groups in support of the
final offsetting plan and Fisheries Act authorization for Project activities and works that will result in
serious harm to fish. The information presented in this report uses the best available information at the
time of preparation, and will require further refinement before final construction of engineered structures
can take place. If you have any questions or comments regarding the content of the plan, please contact
the undersigned.
Respectfully submitted,
Stantec Consulting Ltd.

Original signed by:

Original signed by:

Chris Burbidge, B.Sc., MMM, EPt
Marine Scientist
Report Author

Ravi Chatterji, Ph.D.
Fisheries Scientist
Technical Reviewer

Gerrit J. Velema, M.Sc., R.P.Bio.
Fisheries Biologist
Report Author

Matthew Ramsay, M.Sc., P.Ag.
Restoration Ecologist
Technical Reviewer
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Table A–1

Summary of Offsetting Measures Identified during the Lower Kitimat Watershed Planning Meeting
Included in
Conceptual
Offsetting Plan

Namea

Descriptiona

01 Wathl Creek

Barrier assessment, gravel catchment , side
channel re-activations

No

This option was not included because the existing habitat type and
potential area of habitat gain are not suitable for target species (i.e., coho
salmon).

02 Moore Creek blockage in
estuary #1

Remove or breach dike blocking estuary channels

No

This option is not feasible because the site is located within Project
footprint.

03 Moore Creek blockage in
estuary #2

Remove or breach dike blocking estuary channels

No

This option is not feasible because the site is located within Project
footprint.

04 Moore Creek mainstem

Moore Creek main stem- located in RTA smelter
yard

No

This option is not feasible because the site is located in the RTA smelter
yard.

05 1963 RTA dike

Remove or breach existing "unused dikes"

Yes

See freshwater option 2 (Section 2.4.2.2).

06 1963 RTA dike

Remove or breach existing "unused dikes"

No

This option is not feasible because the site is located within Project
footprint.

07 1963 RTA dike

Remove or breach existing "unused dikes"

No

This option is not feasible because the site is located within Project
footprint.

08/09 Anderson Creek

Enhancement of existing rearing channel, with
intake/diversion from Anderson Creek

No

This option is not feasible because the sites are located within Project
footprint.

10 Beaver Creek

Modify debris catcher/trash rack (grizzly) upstream
of culvert to improve/stabilize fish passage

Yes

This option could be addressed as part of Beaver Creek re-alignment
(Section 2.4.1.1). However, the structure is owned by a third party and is
not considered "orphaned", so DFO may not permit LNG Canada to
pursue this as an offsetting option.

11 Minette Bay

Clean-up/remove logging debris accumulated in
estuary

Yes

See marine option 4 (Section 4.5.2.1).

12 Daudette Creek

Divert Daudette Creek back to original channel into
Pine Creek, instead of directly into Minette Bay

Yes

See freshwater option 1 (Section 2.4.2.1).

13 Lower Pine Creek
tributary crossing

De-activate road and remove crossing

No

This option is not included in the plan because the potential area of
habitat gain is small. This option could be addressed as part of the
proposed fish habitat restoration and enhancement fund (Section 2.4).

14 Unnamed tributaries of
Pine Creek

Undersized culvert(s) with outfall drop(s) affecting
fish passage. Assess and modify to improve
passage.

No

This option is not included in the plan because the potential area of
habitat gain is small. This option could be addressed as part of the
proposed fish habitat restoration and enhancement fund (Section 2.4).
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Included in
Conceptual
Offsetting Plan

Namea

Descriptiona

15 Unnamed tributaries of
Pine Creek

Undersized culvert(s) with outfall drop(s) affecting
fish passage. Assess and modify to improve
passage

No

This option is not included in the plan because the potential area of
habitat gain is small. This option could be addressed as part of the
proposed fish habitat restoration and enhancement fund (Section 2.4).

16 Cordella Creek

Cordella Creek - lack of channel complexity, assess
for fish use and potential restoration

No

This option is not included in the plan because the potential area of
habitat gain is small. This option could be addressed as part of the
proposed fish habitat restoration and enhancement fund (Section 2.4).

17 New hospital area, base
of Haisla Hill

Ground water channels that feed into Daudette and
Pine creeks, part of proposed development assess for habitat improvement/protection

No

This option is not included in the plan because the potential area of
habitat gain is small. This option could be addressed as part of the
proposed fish habitat restoration and enhancement fund (Section 2.4).

18 Former Methanex
property (now owned by
Shell)

Remove armouring to increase channel habitat and
work with other dike removals (e.g. projects 2, 3, 5,
6 & 7)

No

This option is not feasible because the site is located within Project
footprint.

19 Sumgas Creek

Sumgas Creek, various habitat enhancements and
channel redirection through town of Kitimat

No

This option is not included in the plan because the potential area of
habitat gain is small. This option could be addressed as part of the
proposed fish habitat restoration and enhancement fund (Section 2.4).

20 Iron Oxbow

Assess iron oxbow and treatment ponds in vicinity
of former Eurocan site for contamination

No

This option is not included because of uncertainty regarding the status of
the treatment ponds, and third party property ownership.

21 Methanex diffuser
removal

Methanex diffuser removal - no description in text

No

This option is not included because of uncertainty regarding the status of
diffuser and potential habitat gain.

22 Eurocan Lower Dike

Remove or breach dike to re-establish channels (in
conjunction with project 20 and 21?)

Yes

See freshwater option 3 (Section 2.4.2.3).

23 Kitimat hatchery channel

Construct enhanced rearing channel through
forested area using discharge water from Kitimat
hatchery

Yes

See freshwater option 4 (Section 2.4.2.4).

24 Kitimat hatchery/eulachon
enhancement R&D

Use Kitimat hatchery for artificial propagation
research for eulachon enhancement

Yes

See Section 2.4.5.

25 Eurocan upper dike

No recommendations - dike(s) maintain/direct water
flow to hatchery intake

No

This option is not feasible because the dike is still required to maintain
flow to hatchery intake and for the water intake being proposed as part of
the Project footprint.

26 Historic side channel

No recommendations - dike(s) maintain/direct water
flow to hatchery intake

No

This option is not feasible because the dike is still required to maintain
flow to hatchery intake and for the water intake being proposed as part of
the Project footprint.
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Included in
Conceptual
Offsetting Plan

Namea

Descriptiona

27 Kentron Creek

Dries up during low stage conditions. Assess
options to improve conditions and reduce stranding
mortalities

No

This option is not feasible because the existing habitat is located on
property owned by a third party, and some works have already been
undertaken by the landowner to address stranding. This option could be
addressed as part of the proposed fish habitat restoration and
enhancement fund (Section 2.4).

28 Duck Creek

Duck Creek- old culvert on Wedeene Rd at 38 km
(south of bridge). Assess options to reduce
stranding mortalities after high flows.

No

This option is not included because the potential area of habitat gain is
small. This option could be addressed as part of the proposed fish habitat
restoration and enhancement fund (Section 2.4).

29 Hirsch Creek golf course
side channel

Lower golf course side channel - assess options to
increase water volume and enhance

Yes

See freshwater options 5, 6, 7, 8, 9 11, and 12 (Section 2.4).

29 Hirsch Creek golf course
side channel

Upper golf course side channel - assess options to
increase water volume and enhance

Yes

See freshwater options 5, 6, 7, 8, 9 11, and 13 (Section 2.4).

30 Hirsch Creek Bridge off
channel

Potential side channel or off-channel habitat

No

This option is not included because the area was determined to be
existing fish habitat and there is little or no potential for habitat gain.

31 Hirsch Creek Jumping
Bridge Road

Crossing should be assessed for fish passage
potential, culvert removal or other options

No

This option is not included because the structure is owned by a third
party and is not considered "orphaned", so DFO may not permit LNG
Canada to pursue this as an offsetting option. This option could be
addressed as part of the proposed fish habitat restoration and
enhancement fund (Section 2.4).

32 Old crown Zellerback
Road

Crossings should be assessed for fish passage
potential, culvert removal or other options

No

This option is not included because the structure is owned by a third
party and is not considered "orphaned", so DFO may not permit LNG
Canada to pursue this as an offsetting option. This option could be
addressed as part of the proposed fish habitat restoration and
enhancement fund (Section 2.4).

33 Clay slough on Hirsch
Creek

Assess for possible riparian work to stabilize slope
and reduce sediment mobilization

No

This option is not included because the potential area of habitat gain is
small. This option could be addressed as part of the proposed fish habitat
restoration and enhancement fund (Section 2.4).

34 Collapsed box culvert on
old road through ecological
reserve

Old box culvert should be assessed for fish
passability removal/ or other options

No

This option is not included because the structure is owned by a third
party and is not considered "orphaned", so DFO may not permit LNG
Canada to pursue this as an offsetting option. This option could be
addressed as part of the proposed fish habitat restoration and
enhancement fund (Section 2.4).
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Included in
Conceptual
Offsetting Plan

Namea

Descriptiona

35 Power line road ford

Heavily used by recreation vehicles, (needs a clear
span structure), assess for options to reduce
vehicle impacts

No

This option is not included because the potential area of habitat gain is
small. This option could be addressed as part of the proposed fish habitat
restoration and enhancement fund (Section 2.4).

36 Mainstem Kitimat offchannel

Possible side channel re-activation. Construction or
stabilization of flow (e.g. provide perennial flow)

No

This option is not included because the potential area of habitat gain is
small. This option could be addressed as part of the proposed fish habitat
restoration and enhancement fund (Section 2.4).

SOURCE: aLKWPM (2013)
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Table B–1

Productive Capacity, Fish Use and Effects Characterization by Habitat Type

LSA Habitat Type

Productive Capacity
Ranking

Justification

Key CRA Fish Species

Relative Distribution of Affected
Habitat Type(s)

Project Activities/Works

Effect Characterization

Freshwater Fish and Fish Habitat
Mainstem Aquatic Habitat
– Anderson Creek

Moderate





Mainstem Aquatic Habitat
– Beaver Creek

High

Habitat ranking for salmonids in the LSA:
•
Spawning – moderate to excellent
•
Rearing – poor to moderate
•
Overwintering – moderate
•
Migration – moderate to good
•
Staging/holding – moderate to good
Spawning habitat for coho, chum, and pink salmon. Adult
sockeye have also been observed holding in sections of the
spawning habitat.



Channelized section of Anderson Creek runs through the RTA
aluminum smelter in the freshwater and estuarine fish and fish
habitat LSA; this section has been previously dredged and
contains a series of weirs put in place for fish habitat
enhancement



Existing dike prevents all surface interaction between
Anderson Creek and the Kitimat River mainstem



Anderson Creek is not considered an important salmon
producing stream in the Kitimat River system (Bell and Kallman
1976; MacDonald and Shepherd 1983)



Habitat ranking for salmonids in LSA:
•
Spawning – poor to moderate
•
Rearing – moderate to excellent
•
Overwintering – good
•
Migration – poor to moderate
•
Staging/holding – moderate to good



High quality rearing and overwintering habitat for juvenile
salmonids, particularly coho salmon, from Anderson Creek,
Moore Creek, and Kitimat River



Abundant cover in the form of LWD, undercuts, in-stream and
overhanging vegetation, and deep pools



Subject to substantial waste loading from leachate at old
landfill and refuse sites from the mill















Chinook salmon
Chum salmon




Coho salmon
Pink salmon
Sockeye salmon
Cutthroat trout
Rainbow trout

Cutthroat trout
Dolly Varden
Rainbow Trout

Anderson Creek represents
17.3% of total length of chum
escapement streams
(gazetted) in the freshwater
and estuarine fish and fish
habitat RSAa



Anderson Creek is 1 of 5 chum
escapement streams
(gazetted) in the RSAa



Anderson Creek represents
13.9% of total length of coho
salmon escapement streams
(gazetted) in the RSAa



Anderson Creek is 1 of 9 coho
escapement streams(gazetted)
in the RSAa



Beaver Creek and associated
off-channel aquatic habitat
provides above average
rearing and overwintering
habitat for juvenile salmon
compared to other streams in
the freshwater and estuarine
fish and fish habitat RSA

Dolly Varden

Coho salmon

See Figure B-1
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Modifications and
upgrades to existing
haul road
Realignment of
Anderson Creek to
avoid Project
footprint

LNG facility site
Realignment of
Beaver Creek to
avoid Project
footprint

Effect Type:



Serious harm – Destruction of 2,673 m2 of habitat

Justification:



Although depressed in terms of its overall spawning capacity (due to
effects from upstream channelization through the RTA smelter),
Anderson Creek has the best spawning habitat for salmonids in the
freshwater and estuarine fish and fish habitat LSA



Chum, pink, and possibly the few stray sockeye observed (depending
on ecotype) produce fry that would still have immediate and direct
access to the estuary

Effect Type:



Serious harm – Destruction of 22,394 m2 of habitat

Justification:



Destruction of habitat used by populations of CRA fishery species for
life processes



High quality rearing and overwintering habitat for juvenile salmonids,
particularly coho salmon, from Anderson Creek, Moore Creek, and
Kitimat River



High productive capacity, which may result from its ability to support a
surplus of juvenile coho salmon that have been produced upstream in
Kitimat River (whether hatchery released or otherwise). Juvenile fish
likely access the stream through the estuary following peak flow events.



Area of destruction associated with the upstream diversion of Beaver
Creek as part of the channel realignment (5,160 m2) represents gross
wetted area of the mainstem channel upstream of the Project footprint.
This section of Beaver Creek is assumed have an optimum habitat
suitability (i.e., HSI = 1) and is based on a conservative estimate. This
area requires more detailed investigation to confirm serious harm to
fish.
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LSA Habitat Type

Productive Capacity
Ranking

Justification

Key CRA Fish Species

Relative Distribution of Affected
Habitat Type(s)

Project Activities/Works

Effect Characterization

Freshwater Fish and Fish Habitat
Mainstem Aquatic Habitat
– Moore Creek

Mainstem Aquatic Habitat
– Kitimat River Side
Channel

Off-channel Aquatic
Habitat – Anderson Creek

Low

Moderate

Moderate



Habitat ranking for salmonids in LSA:
•
Spawning – poor
•
Rearing – moderate to good
•
Overwintering – moderate
•
Migration – good
•
Staging/holding – moderate to good



Poor water quality downstream of RTA smelter on Moore
Creek (observed minimum pH of 3.6; concentrations of certain
metals have been shown to exceed guidelines for the
protection of aquatic life)



Moore Creek is not considered an important salmon spawning
stream in the Kitimat River system (Bell and Kallman 1976;
MacDonald and Shepherd 1983)



Habitat ranking for salmonids in LSA:
•
Spawning – moderate (chum)
•
Rearing – poor to moderate (coho and chum)
•
Overwintering – moderate
•
Migration – good
•
Staging/holding – moderate to good




Eulachon spawning – poor



Previous disturbances to Kitimat River from adjacent industrial
developments may have contributed to a decline in productivity



See entry above for Mainstem Aquatic Habitat – Anderson
Creek









Coho salmon
Pink salmon




Cutthroat trout
Rainbow trout

Chum salmon

See Figure B-1



Moore Creek represents11.2%
of total length of coho
escapement streams
(gazetted) in the freshwater
and estuarine fish and fish
habitat RSAa

Effect Type:



Moore Creek is 1 of 9 coho
escapement streams
(gazetted) in the RSAa



Affected side channel is
approximately 1.6 km long;
many other side channels
along the 97.7 km length of
Kitimat River




See entry above for Mainstem
Aquatic Habitat – Anderson
Creek.



Permanent alteration of 417 m2 of habitat

Justification:





Coho salmon

Modifications and
upgrades to existing
haul road

Permanent alteration of a small area of Moore Creek associated with
modifications and upgrades to existing haul road will not prevent CRA
fishery species from carrying out their life processes

LNG facility site

Effect Type:

Realignment of
Kitimat River side
channel to avoid
Project footprint



Modifications and
upgrades to existing
haul road

Effect Type:

LNG facility site



Serious harm – Destruction of 3,577 m2 of habitat

Justification:



Destruction of habitat used by populations of CRA fishery species for
their life processes

Limited spawning potential due to high content of fine materials
and subdominant component of gravels



See entry above
for Mainstem
Aquatic Habitat –
Anderson Creek






Realignment of
Anderson Creek to
avoid Project
footprint



Permanent alteration of 351 m2 of habitat

Justification:
Permanent alteration of a small area of off-channel habitat associated
with modifications and upgrades to existing haul road will not prevent
CRA fishery species from carrying out their life processes
Effect Type:



Serious harm – Destruction of 4,839 m2 of habitat

Justification:

October 2014
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Destruction of habitat used by populations of CRA fishery species for
their life processes (LNG facility site, Anderson Creek realignment)



Emergent coho fry have immediate access to Anderson Creek offchannel habitat. Although much of the off-channel habitat is ephemeral,
there are wetland ponds that are perennial. Several channels also flow
from Anderson Creek into Beaver Creek and provide immediate access
to rearing habitat in Beaver Creek mainstem and off-channel habitats.
These channels will be lost and reduce the productive capacity of
Anderson Creek.
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LSA Habitat Type

Productive Capacity
Ranking

Justification

Key CRA Fish Species

Relative Distribution of Affected
Habitat Type(s)

Project Activities/Works

Effect Characterization

Freshwater Fish and Fish Habitat
Off-channel Aquatic
Habitat – Beaver Creek

Off-channel Aquatic
Habitat – Kitimat River
Side Channel

High

Low







See entry above for Mainstem Aquatic Habitat – Beaver Creek



High quality rearing and overwintering habitat for juvenile
salmonids, particularly coho salmon, from Anderson Creek,
Moore Creek, and Kitimat River

Poor coho salmon rearing habitat



Previous disturbance to the Kitimat River side channel system
due to industrial developments has likely contributed to a
decline in productivity

See entry above
for Mainstem
Aquatic Habitat –
Beaver Creek

See entry above
for Mainstem
Aquatic Habitat –
Kitimat River Side
Channel






See entry above for Mainstem
Aquatic Habitat – Beaver
Creek
Beaver Creek and associated
off-channel aquatic habitat
provides above average
rearing and overwintering
habitat for juvenile salmon
compared to other streams in
the freshwater and estuarine
fish and fish habitat RSA

See entry above for Mainstem
Aquatic Habitat – Kitimat River
Side Channel








LNG facility site

Effect Type:

Realignment of
Beaver Creek to
avoid Project
footprint



Workforce
accommodation
centre(s)

LNG facility site

2

Serious harm – Destruction of 71,382 m of habitat

Justification:




High productive capacity



High quality rearing and overwintering habitat for juvenile salmonids,
particularly coho salmon, from Anderson Creek, Moore Creek, and
Kitimat River



Area of destruction associated with the upstream diversion of Beaver
2
Creek as part of the channel realignment (44,264 m ) represents a
conservative estimate of aquatic off-channel habitat accessible to fish
upstream of the Project. This area requires more detailed investigation
to confirm serious harm to fish.

Destruction of habitat used by populations of CRA fishery species in the
freshwater and estuarine fish and fish and fish habitat RSA for their life
processes

Effect Type:



2

Destruction of 17,988 m of habitat

Justification:



Affected off-channel habitat along the east side of the existing dike
supports coho salmon rearing habitat, but is only seasonally
hydraulically connected to the Kitimat River side channel system and
therefore represents an area of entrapment that poses risk to salmon



Habitat does not contribute to the overall productivity of coho salmon

Estuarine Fish and Fish Habitat
Estuarine – Aquatic

High



Consists of salt marsh habitat with a tidal aquatic component
and a seasonally aquatic component



Provides foraging, refuge and rearing habitat for a variety of
species including Pacific salmon and starry flounder



Detritus and small invertebrates (e.g., amphipods, isopods)
provide food supply for variety of fish species




Provides nutrient cycling and primary production
In-bound spawner and out-bound juvenile migration route for
Pacific salmon











Chinook salmon
Chum salmon
Coho salmon




See Figure B-1
0.1% of total area of Kitimat
b
River Estuary

Pink salmon
Sockeye salmon
Cutthroat trout
Dolly Varden





LNG facility site

Effect Type:

Modifications and
upgrades to existing
haul road



LNG loading line

2

Serious harm – Destruction of 7,714 m of habitat

Justification:




High productive capacity



Historic loss of salt marsh habitat in Kitimat River estuary

Destruction of habitat used by populations of CRA fishery species for
their life processes

Steelhead trout
Starry flounder
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LSA Habitat Type

Productive Capacity
Ranking

Justification

Key CRA Fish Species

Relative Distribution of Affected
Habitat Type(s)

Project Activities/Works

Effect Characterization

Estuarine Fish and Fish Habitat
Estuarine – Aquatic
Entrapment

Low




Consists of salt marsh habitat with a tidal aquatic component
and a seasonally aquatic component
Provides foraging, refuge and rearing habitat for a variety of
species including Pacific salmon and starry flounder



Detritus and small invertebrates (e.g., amphipods, isopods)
provide food supply for variety of fish species




Provides nutrient cycling and primary production



Temporarily accessible to fish during spring tides; potential for
fish to become stranded in this habitat because a single narrow
(<5 m width)exit channel limits drainage



Limited contribution to temperature regulation (i.e., shade) and
to food and nutrient supply

In-bound spawner and out-bound juvenile migration route for
Pacific salmon











Chinook salmon



N/A

Chum salmon




Coho salmon

See Figure B-1
0.3% of total area of Kitimat
b
River Estuary

Pink salmon





Sockeye salmon

LNG facility site

Effect Type:

Modifications and
upgrades to existing
haul road



LNG loading line

Cutthroat trout
Dolly Varden

2

Permanent alteration of 15,788 m of habitat

Justification:




Low productive capacity



Potential for entrapment poses risk to juvenile salmon

Populations of CRA fishery species do not rely on affected habitat for
their life processes

Steelhead trout
Starry flounder

Marine Fish and Fish Habitat
Marine Riparian

Low






Intertidal Mudflat

Low





Coarse debris inputs may contribute to cover
Limited areal extent and patchiness

See Figure B-2
Negligible compared to marine
riparian habitat in the marine
resources facility RSA




Human disturbance from past and present industrial activities

Construction of
heavy haul road,
MOF and EOF

Effect Type:

Disposal of
contaminated dredge
material




Low productive capacity



Large areas of higher quality marine riparian habitat exist throughout
the marine resources facility RSA

Majority of riparian habitat in the marine resources LSA is
landscaped
In-bound spawner and out-bound juvenile migration route for
Pacific salmon
Foraging habitat for marine fishes and invertebrates
Capelin spawn in vicinity of Hospital Beach, but area not
directly affected by Project activities and works



Pacific herring are not reported to spawn in affected area, but
juveniles and adults occur in the LSA



Freshwater input and heavy sediment loads limiting factor in
establishment of marine species









Limited structural complexity of habitat











Dungeness crab




Area closed to shellfish harvesting due to contamination
Human disturbance from past and present industrial activities
Contaminants (primarily PAHs) at levels higher than ISQG and
Disposal at Sea Tier 1 screening criteria are present mainly in
the upper 3 m of sediment









2

Permanent alteration and destruction of 16,049 m of habitat

Justification:
Populations of CRA fishery species do not rely on affected habitat for
their life processes

Dredging

Effect Type:

Construction of
heavy haul road,
MOF and EOF




Installation sheet pile
wall




Low productive capacity



Large areas of higher quality intertidal mudflat habitat exist throughout
the marine resources facility RSA

Flatfish
(Pleuronectidae)



Benthic communities and fish assemblages typically recover within six
months to two years following dredging

Shiner perch



Net effect of dredging will be an improvement in sediment quality within
the Eurocan Basin area

Chinook salmon
Chum salmon
Coho salmon

See Figure B-2
8.9% of total shoreline of
habitat type in the marine
c
resources facility RSA

Pink salmon
Sockeye salmon
Capelin
Pacific herring

Whitespotted
greenling
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2

Destruction of 8,068 m of habitat
2

Temporary alteration of 43,600 m of habitat

Justification:
Populations of CRA fishery species do not rely on affected habitat for
their life processes
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LSA Habitat Type

Productive Capacity
Ranking

Justification

Key CRA Fish Species

Relative Distribution of Affected
Habitat Type(s)

Project Activities/Works

Effect Characterization

Marine Fish and Fish Habitat
Constructed Intertidal

Eelgrass

Moderate

High






Foraging habitat for marine fishes



Pacific herring are not reported to spawn in affected area, but
juveniles and adults occur in the LSA




Structurally complex habitat



Human disturbance from past and present industrial activities



Provides foraging, refuge and nursery/rearing habitat for a
variety of species, including juvenile Pacific salmon and
juvenile Dungeness crab



Salt marsh

High

In-bound spawner and out-bound juvenile migration route for
Pacific salmon




Attachment surface for algae and invertebrates
Provides refuge habitat (e.g., algae, interstitial spaces) for
marine fishes including juvenile salmon









Chinook salmon
Chum salmon




Coho salmon
Pink salmon

See Figure B-2
7.0% of total shoreline of
constructed/ rocky intertidal
habitat in the marine resources
facility RSAd




Excavation of RTA
Wharf “B” and
Methanex jetty

Effect Type:

Construction of EOF
and MOF




Moderate productive capacity



Large areas of higher quality intertidal rocky habitat throughout the RSA
along the shoreline of Kitimat Arm



Project will involve creation of new constructed intertidal habitat

Sockeye salmon
Pacific herring
Shiner perch



Permanent alteration and destruction of 14,193 m2 of habitat

Justification:
Populations of CRA fishery species do not rely on affected habitat for
their life processes

Freshwater input and heavy sediment loads limiting factor in
establishment of marine species

Nutrient cycling and primary production

Provides foraging, refuge and rearing habitat for a variety of
species including Pacific salmon and starry flounder
Detritus and small invertebrates (e.g., amphipods, isopods)
provide food supply for variety of fish species, particularly
juvenile salmon




Provides nutrient cycling and primary production





Similar habitat throughout estuary and Kitimat Arm

Previous habitat compensation site for Eurocan Pulp and
Paper Co.











Chinook salmon








Chinook salmon

Chum salmon




Coho salmon

See Figure B-2
7.1% of total area of eelgrass
habitat in upper Kitimat Arme




Dredging

Effect Type:

Altered sediment
transport



Pink salmon
Sockeye salmon
Pacific herring
Flatfish
Shiner perch
Dungeness crab

Chum salmon
Coho salmon
Pink salmon




See Figure B-2
3.3% of total length of salt
marsh bio band in marine
resources facility RSAf

Sockeye salmon
Starry flounder




Serious harm – Destruction of 3,262 m2 of habitat

Justification:




High productive capacity



Changes in water depth from dredging will prevent recolonization of
eelgrass on the intertidal mudflat




Limited distribution of eelgrass habitat in upper Kitimat Arm

Destruction of eelgrass habitat used by populations of CRA fishery
species for their life processes

Historic loss of eelgrass habitat in upper Kitimat Arm

Construction of
heavy haul road and
MOF

Effect Type:

Disposal of
contaminated dredge
material




High productive capacity



Historic loss of salt marsh habitat in Kitimat River estuary



Serious harm – Destruction of 84,000 m2 of habitat

Justification:
Destruction of habitat used by populations of CRA fishery species for
their life processes

Human disturbance from past and present industrial activities
Limited connectivity to other areas of estuary
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LSA Habitat Type

Productive Capacity
Ranking

Justification

Key CRA Fish Species

Relative Distribution of Affected
Habitat Type(s)

Project Activities/Works

Effect Characterization

Marine Fish and Fish Habitat
Subtidal soft substrate

Low



Foraging habitat for variety of marine fishes, particularly
juvenile and adult Dungeness crabs, pandalid shrimp and
flatfish



Epibenthic materials (e.g., woody debris) provides refuge
habitat for Dungeness crab and pandalid shrimp





Limited structural complexity of habitat
Human disturbance from past and present industrial activities
Contaminants (primarily PAHs) at levels higher than CCME
ISQG and Disposal at Sea Tier 1 screening criteria are present
mainly in the upper 3 m of sediment







Dungeness crab



Walleye pollock

Pandalid shrimp
Flatfish
Shiner perch




See Figure B-2
0.3% of total area of habitat
type in the marine resources
facility RSAg

Whitespotted
greenling





Dredging

Effect Type:

Soil improvements
and scour protection




Permanent alteration of 55,707 m2 of habitat




Low productive capacity




Subtidal soft substrate habitat abundant throughout Kitimat Arm



Net effect of dredging will be an improvement in sediment quality within
the Eurocan Basin area

Installation of piles
and sheet pile wall

Temporary alteration of 190,800 m2 of habitat
Justification:
Populations of CRA fishery species do not rely on affected habitat for
their life processes
Benthic communities and fish assemblages typically recover within six
months to two years following dredging in this habitat type

NOTES:
CCME – Canadian Council of Ministers of the Environment
CRA – commercial, recreation, and Aboriginal
EOF – early offloading facility
ISQG – interim sediment quality guidelines
LSA – local study area
MOF – materials offloading facility
N/A – not applicable
PAHs – polycyclic aromatic hydrocarbons
RSA – regional study area
DEFINITIONS:
Freshwater and estuarine fish and fish habitat LSA includes freshwater and aquatic riparian habitat in a portion of the Kitimat River mainstem channel from the marine environment upstream to the location of the existing Methanex water intake, its side channels downstream of the intake, and streams
affected by the LNG facility. It also includes estuarine habitat in the tidally influenced channels west of the Kitimat River mainstem that have the potential to be affected by Project development activities, including the LNG facility, LNG loading line, and workforce accommodation centre(s).
Freshwater and estuarine fish and fish habitat RSA consists of the Kitimat River mainstem and side channels, direct tributaries to Kitimat Arm and estuarine habitats, including those found in Minette Bay. The RSA generally extends east and west to the Kitimat River valley walls south of Highway 37
and Kitimat, extending to Emsley Cove on the west shore of Douglas Channel and Clio Bay on the east shore. The RSA includes all associated freshwater streams and estuarine areas. Freshwater and estuarine habitats contained in the RSA are those areas above the average low-tide water mark.
Marine resources facility LSA is defined by a 500 m buffer around the marine terminal to encompass the marine terminal footprint, LNG carrier berthing areas, and marine waters affected by underwater noise from construction, operation, and decommissioning activities. The 500 m buffer is based on
professional judgment and past experience of the environmental assessment team. This area overlaps with the traditional territory of Haisla Nation.
Marine resources facility RSA encompasses marine waters from the head of Kitimat Arm south to the northern tip of Coste Island and is based on professional judgment and past experience of the environmental assessment team. It encompasses habitats used during sensitive life stages of fish species
that may be affected by the Project, including important spawning areas and migration routes. This area overlaps with the traditional territory of Haisla Nation.
Productive capacity is defined by DFO (1998) as the maximum natural capability of habitats to produce healthy fish, safe for human consumption, or to support or produce aquatic organisms upon which fish depend.
Serious harm to fish is defined by DFO (2013) as:




the death of fish;
a permanent alteration to fish habitat of a spatial scale, duration or intensity that limits or diminishes the ability of fish to use such habitats as spawning grounds, or as nursery, rearing, or food supply areas, or as a migration corridor, or any other area in order to carry out one or more of their life
processes;


the destruction of fish habitat of a spatial scale, duration, or intensity that fish can no longer rely upon such habitats for use as spawning grounds, or as nursery, rearing, or food supply areas, or as a migration corridor, or any other area in order to carry out one or more of their life processes.
Residual serious harm to fish is the remaining serious harm to fish after the application of avoidance and mitigation measures. Avoidance and mitigation measures related to effects to fish and fish habitat are described in Section 5.7 Freshwater and Estuarine Fish and Fish Habitat and Section 5.8 Marine
Resources of the LNG Canada Export Terminal Project Environmental Assessment Application.
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Appendix B: Productive Capacity, Fish Use and Effects Characterization by Habitat Type

a

Number and length of salmon escapement streams based on gazetted streams identified in FISS (2014) and MOE (2014). Calculation does not include Kitimat River.
Area of affected estuarine aquatic habitat determined from GIS analysis and field studies. Total area of Kitimat River Estuary determined from Schedule A of Stantec (2008).
c
Length of affected intertidal mudflat habitat determined by GIS analysis of orthophotos and field studies. Total length of intertidal mudflat habitat determined from total length of “estuary, marsh and lagoon”, “mud flat”, and “sand flat” shore types from MFLNRO (2005a).
d
Length of constructed intertidal habitat and rocky intertidal habitat determined using GIS analysis of “man-made”, “gravel beach”, “ rock cliff”, “ rock with gravel beach”,” rock with sand beach”, “rock sand and gravel beach” shore types from MFLNRO (2005).
e
Area of eelgrass habitat determined from Golder (2013a).
f
Length of salt marsh bio band determined using GIS analysis of “Salicornia” bio band from MFLNRO (2005b).
g
Area of affected subtidal – soft substrate habitat determined from Project dredge footprint. Total area of subtidal – soft substrate habitat determined from BCMCA (2009).
b

SOURCES:
The following information sources were used to characterize habitats and fish use in the LSAs and RSAs:
Bell, L.M. and R.J. Kallman. 1976. The Kitimat River Estuary: Status of Environmental Knowledge to 1976. Department of the Environmental Regional Board of Pacific Region. Vancouver, BC.
British Columbia Marine Conservation Analysis (BCMCA). 2009. Physical Representation - Benthic Classes. BC Marine Conservation Analysis Atlas. Available at: http://bcmca.ca/datafeatures/eco_physical_benthicclasses/ Accessed: October 2014.
Cambria Gordon. 2009. Kitimat Estuary Fish Use Assessment. Prepared for Rio Tinto Alcan, Kitimat, BC. Unpublished.
Fisheries and Oceans Canada (DFO). 1998. Habitat Conservation and Protection Guidelines, 2nd Edition. Fisheries and Oceans Canada. Ottawa, ON.
Fisheries and Oceans Canada (DFO). 2013. Fisheries Protection Policy Statement. Available at: http://www.dfo-mpo.gc.ca/habitat/cg2/pol/index-eng.html Accessed: October 2014.
Fisheries Information Summary System (FISS). 2014. BC Ministry of Environment Fisheries Inventory. Available at: http://www.ilmb.gov.bc.ca/risc/pubs/aquatic/fiss/index.htm. Accessed: October 2014.
Golder Associates Ltd. 2013a. Marine Sediment Investigation Program Kitimat, BC. Data Report for Environment Canada in Support of a Potential Disposal at Sea Application for Shell Canada Energy LNG Canada Project. Victoria, BC.
Golder Associates Ltd. 2013b. Rio Tinto Alcan 2013 Biophysical Baseline Report. Submitted to Rio Tinto Alcan. Kitimat, BC. Unpublished.
Golder Associates Ltd. 2014. Eelgrass Underwater Surveys – December 2013. Upper Kitimat Arm and Eastern and Northern Shorelines. Technical Memorandum. Prepared for Rio Tinto Alcan, Kitimat, BC. Unpublished.
Hay, D. E. and P. B. McCarter. 2012. Herring Spawning Areas of British Columbia: A review, Geographic Analysis and Classification. Fisheries and Oceans Canada. Nanaimo, British Columbia, Canadian Manuscript Report of Fisheries and Aquatic Sciences 2019. Volumes 1-6.
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. vi + 55.
Levings, C.D. 1976. Intertidal invertebrates and habitats at the Kitimat River estuary. Fisheries Research Board of Canada Manuscript Series 1397.
MacDonald, D.D. and B.G. Shepherd. 1983. A Review of the Kitimat River Watershed. Fisheries and Oceans Canada. Vancouver, BC. 164 pp.
Ministry of Environment (MOE). 2014. Habitat Wizard. Available at: http://www.env.gov.bc.ca/habwiz/. Accessed: October 2014.
Ministry of Forests, Lands, and Natural Resource Operations (MFLNRO). 2005a. REPETITIVE _SHORE_TYPES. Coastal Resource Information Mapping System (CRIMS). Available at: http://webmaps.gov.bc.ca/imf5/imf.jsp?site=dss_coastal. Accessed: October 2014.
Ministry of Forests, Lands, and Natural Resource Operations (MFLNRO). 2005b. SHZN_BIOBANDING_LINES_SP. Coastal Resource Information Mapping System (CRIMS). Available at: http://webmaps.gov.bc.ca/imf5/imf.jsp?site=dss_coastal. Accessed: October 2014.
Slaney, T., G. Birch and M.D. Burgh. 1982. 1981 Investigations of downstream migrations and estuarine rearing in juvenile salmonids of rivers in Kitimat and Kildala Arms, BC. Prepared for the Department of Fisheries and Oceans Enhancement Operations.
Stantec Consulting Ltd. 2008. District of Kitimat Official Community Plan. Prepared for District of Kitimat, BC.
Stantec Consulting Ltd. 2014. Marine Resources Technical Data Report. Prepared for LNG Canada Development Inc.
Triton Environmental Consultants Ltd. 2014. Freshwater and Estuarine Fish and Fish Habitat Technical Data Report. Prepared for LNG Canada Development Inc.
Warrington, P.D. 1987. Skeena-Nass Area, Lower Kitimat River and Kitimat Arm Water Quality Assessment and Objectives: Technical Appendix. Resource Quality Section, Water Management Branch, Ministry of Environment and Parks. Victoria, BC.
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Fish Habitat
Regional Study Area

References:
Fisheries Information Summary System (FISS). 2014. BC Ministry of
Environment Fisheries Inventory. Available at:
http://www.ilmb.gov.bc.ca/risc/pubs/aquatic/fiss/index.htm. Accessed:
October 2014.
Ministry of Environment (MOE). 2014. Habitat Wizard. Available at:
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Photo C-1:

Intertidal mudflat located below a fringe of existing salt marsh in Minette Bay
(credit: Stantec Consulting Ltd., Terrace office)
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Photo C-2:

Groynes constructed in the Skeena River near the confluence with the Khyex River
(credit: Stantec Consulting Ltd., Terrace office)

Photo C-3:

Sedge platform constructed in the Nass River (credit: Stantec Consulting Ltd.,
Terrace office)
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Photo C-4:

Sedge platform constructed in the Nass River (credit: Stantec Consulting Ltd.,
Terrace office)
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