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I.   Purpose 
 

Pacific NorthWest LNG Limited Partnership (the Proponent) has proposed a facility for the liquefaction, 

storage, and export of liquefied natural gas (LNG). Liquefaction and storage would occur on Lelu Island 

and export would occur via a jetty and suspension bridge to the marine terminal berths beyond Agnew 

Bank. The project is undergoing environmental assessment (EA) by the Canadian Environmental 

Assessment Agency (CEAA). The Government of British Columbia (BC) has already granted the 

project an EA certificate.  

 

The Lax Kw’alaams have engaged Dr. Asit Mazumder, Professor of Aquatic Sciences and Fisheries, 

Department of Biology, University of Victoria to conduct an independent review of the Proponent’s 

technical studies related to marine fish and fish habitat submitted as part of the federal environmental 

assessment for its project proposed for Lelu Island and key studies that reached different conclusions. 

 

The purpose of this review is to inform the Lax Kw’alaams membership about the strengths and 

weaknesses of each entity’s studies, to enable them to come to an informed judgment as to the likely 

safety of the project with regard to the valued fisheries upon which the Lax Kw’alaams depend and have 

depended for generations. 

Methodology 
 

The review included a desktop analysis of the following technical studies: 

 

1)   The plan proposed by the Proponent to transport natural gas to the liquefying facility on Lelu 

Island and the infrastructure to load LNG on ships for transport to Asia-Pacific, with a focus on 

potential impacts to marine fish and fish habitat;  

2)   The EAs conducted to-date by the federal and provincial regulatory agencies;  

3)   The monitoring reports by environmental consulting firms Stantec and Hatch (Nov 10, 2015) on 

behalf of the Proponent; 

4)   The plans proposed by the Proponent to offset the alterations and damages done to the marine 

fish and fish habitat during the construction and maintenance of the facilities; and 

5)   Other existing studies and reports prepared by Pacific Salmon Foundation, Ocean Ecology, 

Sediment Transport Study (McLaren 2015)  and others on the Skeena River estuary. 
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The desktop analysis informed the findings of this report.  

II.   The Existing Environment 
	  

The Skeena River is the second longest river in BC, after the Fraser River. It is one of longest un-

dammed rivers in the world. It is an exceptionally productive river with several millions of adult salmon 

returning each year. This river also supports exceptional resident and anadromous rainbow (steelhead), 

sea-run cutthroats and char (Holtby 1999, Cox-Rogers et al 2004). Together, these salmoniid species 

have been contributing to enormous commercial, sport and aboriginal fisheries for generations with 

exceptional social and economic value (Gottesfeld and Rabnett 2008). The Skeena estuary is also 

important habitat for herring and Eulachon spawning. The unique productivity of the Skeena River is 

linked to its productive streams and tributaries and lakes in the 65000 km
2
 watershed as well as a highly 

productive and complex 1500 km
2
 estuary. 

 

Unlike other large coastal river systems, the Skeena estuary is a semi-enclosed estuary, which enables it 

to provide highly productive and complex habitats for out-migrating salmon smolts. In this nursery 

habitat, juvenile salmon spend weeks to months feeding and growing before out-migrating to the open 

ocean. Given that early marine growth is extremely critical to the survival of juvenile salmon as 

explored by many studies, the importance of estuaries in sustaining salmon productivity cannot be 

overstated. A relationship has been shown between early growth and survival of juvenile salmon from 

the estuarine ecosystems off the Oregon and Washington coasts (Magnusson and Hilborn 2003). A 

University of Victoria study recently showed that faster growth following a few months of ocean entry 

(estuary) and rearing and feeding seems to be related to their overwinter, open-ocean survival (Hertz et 

al 2016). It is estimated that each year approximately over 300 million juvenile salmon out-migrate from 

the Skeena River, of which over 80% (Chinook, chum and pink) of them feed in the eel grass and kelp 

habitats in the shallow banks of the estuary, while the remaining 20% (coho, sockeye and steelhead) 

feed in more deeper and open water (Ocean Ecology, 2014). 

 

Thorough assessments of the abundance and distribution of difference fish species at different times of 

year are critical to understanding the potential impacts the project may have on different marine fish 

species. Higgins and Shouwenburg (1973) had no difficulty in capturing large number of juvenile 



	   5	  

salmon during the spring and summer of 1972, suggesting high density of juvenile salmon. More 

recently Carr-Harris et al (2015) surveyed the entire estuary in 2007 and again in 2013, and were able to 

capture all species of salmon throughout estuary in both years, and found high densities of sockeye, 

Chinook and coho in the project area. A subsequent and more extensive survey of the Skeena estuary by 

Moore et al (2015) during 2013 to 2015 found that juveniles of all species of Pacific salmon and 

steelhead use the Flora Bank region of the Skeena River estuary throughout the spring and the summer. 

They also showed that all 5 five species of salmon actively feed and grow for weeks to months in the 

estuary.  They also found that Coho salmon, Chinook salmon and sockeye salmon were on average 9 

times, 3.5 times, 37 times more abundant, respectively in Flora Bank compared with the other sub-

regions.  

 

The May 2016 report produced on behalf of the Proponent by Stantec reached a very different 

conclusion, showing very low densities for all the species of juvenile salmon in the project development 

area (Stantec 2016). There could be a number of reasons for this, including different fish sampling 

methodologies, as their hydroacoustic fish survey showed some of the highest densities of fish at the pier 

and berthing area, although that survey was not able to identify species, or not sampling during 

comparable periods of time: while other studies sampled in the spring and early summer dates, the 

Proponent sampled during January 2015 to February 2016, but the sampling efforts were not consistent 

and April to June samples were missing for many of the sampling sites including Flora Bank. It is 

established that juvenile salmon out-migrate from the Skeena River into the estuary and then into the 

open ocean during spring and summer, although the specific time of entry to the estuary and migration 

to open ocean for each of the salmon species are not well understood.  

III.   Project Design 
 
The project has been proposed to be located on Lelu Island and its adjacent waters within the Skeena 

estuary (Figure 1). At full-built stage, the project facility will include a 192 ha LNG facility on Lelu 

Island, 160 ha of this space will be permanently altered. In addition, there will be permanent alteration 

of land to construct a two-lane bridge connecting Lelu Island to the mainland.  These on-land alterations 

may affect marine resources through damages to fish bearing stream habitats. I mention this construction 

because it will be constructed through Inverness Passage, an important migratory route for both outgoing 

juvenile salmon and returning adult salmon to their spawning rivers and streams. The soft sand and mud 
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within this habitat supports sparse patches of eelgrass and sediment-dwelling (infaunal) invertebrates, 

including Pacific gaper clam (Tresus nuttallii) and Nuttall’s cockle (Clinocardium nuttallii). Gravel and 

cobble areas in the upper intertidal also support seaweed communities, while a mix of coastal forest and 

grasses cover the back beach and marine riparian zones. This area of water is used as a passage for 

juvenile salmon migrating to sea, predominantly from the Skeena River. In reviewing the Proponent’s 

submissions (PNW-LNG Proposal Feb 2014), I found that these studies did not discuss the impact to the 

area that will be blasted and dredged to bring the natural gas pipeline from the mainland to the LNG 

facility on Lelu Island, nor the consequences of such blasting and dredging.  

 

The LNG facility on Lelu Island will be connected to a marine terminal by a 2.4 km long jetty-trestle, 

supported by steel piles at Flora Bank and Agnew Bank (Figure 2). Where the jetty-trestle meets Lelu 

Island (the abutment), concrete shoreline protection will be installed from 0 m to 21.3 m above current 

depth (CD). The primary activity associated with construction of the jetty-trestle will include installation 

of the piles, shoreline protection, potential breakwaters, and marine terminal dredge area slope and 

partial seabed armoring. Approximately 2,143 m
2
 of marine riparian (shoreline) habitat will also be lost 

as a result of marine terminal construction. Steel piles will cause local and regional scour of sediment 

due to alteration of circulation processes on Flora and Agnew Banks. 

 

During operations, maintenance dredging is expected to occur within the marine berth dredge area 

approximately every two to five years, resulting in a permanent alteration to 736,000 m
2
 around the 

marine terminal and berthing area. Scour (disturbance of sediment due to alteration of current by the 

structure) around trestle pilings will result in 35,944 m
2
 of damage of eelgrass beds and sediments, Local 

scour around individual and groupings of piles could occur at the jetty-trestle, resulting in increased 

scour on or near Flora Bank. Local scour around individual and groupings of piles will occur at the jetty-

trestle, resulting in increased scour on or near Flora Bank. 

 

In total, the marine terminal will affect approximately 1,147,795 m
2
 of sub-tidal substrate (ocean bottom 

below the lowest tide depth), comprised of bare mud and sand, and approximately 38,248 m
2
 of 

intertidal substrate (ocean bottom between low tide and high tide; as described in Proponent’s 

submission). To put these alterations in perspective, the area of the estuary that will be dredged and 

blasted is equivalent to 192 CFL football fields and the area on Lelu Island that will be permanently 

altered is equivalent to 270 CFL football fields (5,559 m
2
 per field).   







	   9	  

dredged sediment at sea have high potential to affect ocean bottom (substrates important to animals and 

plants). Blasting, dredging and construction have the potential to affect the following characteristics of 

importance to the Skeena estuary: 

•   Changes in sediment and water quality through release of contaminants from disturbance of 

contaminated sediments and disposal of dredged sediments at the sea have the potential to spread 

the toxic contaminants.  

•   Changes in sediment and water quality through potential increase in total suspended solids (TSS) 

and increase in turbidity (reduces light preventing floating plants and benthic plants like brown 

algae and eel grass to grow). 

•   Changes in rearing habitats for juvenile Pacific salmon (Chinook, coho, sockeye, pink and chum) 

and other juvenile salmoniids (sea-run trout and sea-run rainbow trout or steelhead), spawning 

habitats for herring due to loss of eel grass and kelp habitats, and migration of spawning adult 

salmon to their home river and streams due to increased noise during construction, increased 

engineered structure, and increased number of vessels in the Skeena River estuary. 

•   Potential for direct mortality and physical injury of marine mammals, fish and invertebrates 

during blasting and dredging and possibly due to increased marine traffic (~350 per year), 

especially of large vessels.  

•   There is potential for marine and anadromous freshwater species to lose reproductive viability 

due to reduced numbers due to loss of rearing and spawning habitats, and interrupted migratory 

pathways.   

 

The physical structures may also hinder fish migration pathways. Able et al (2013) used sonar 

equipment to demonstrate the avoidance of piers by small-sized fish in Hudson River estuary. Moore et 

al (2013) showed how a floating bridge disrupted seaward migration and increased mortality of 

steelhead smolts in Hood Canal, Washington State. Rosenau (2016) provided an excellent review on 

how engineered structure can affect migration of fish. This report presented many examples from around 

the world that show these impacts (e.g., Kahler et al 2000; Haas et al 2002; Toft et al 2007). Haas et al. 

(2002) found that the the floating bridge reduced the epibenthic prey assemblages used by juvenile salmon in 

Puget Sound, Washington. Toft et al. (2007) also demonstrated changes to food supplies as a result of 

shoreline alteration. In addition, Kahler et al. (2000) looked at the effects of bulkheads, piers, and other 

artificial structures and shorezone development on Ecological Society of America (ESA)-listed salmonids in 

lakes in Seattle, Washington area and found there to be impacts associated with the production of these fishes 
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due to shifts in feeding behavior. Much of the impact of piers, docks, jetties and rip rap to migration patterns 

and feeding appears to be related to predation on juvenile salmonids with predators using these  

anthropogenic structures as cover-habitat for foraging. Pacific Coast showed that juvenile salmon try to avoid 

dock areas of ferry terminals (Simenstad et al 1999). Similarly, Ono et al. (2010) presented results showing 

areas of pilings being avoided by juvenile salmon.	  

Marine	  Structure	  Impacts	  on	  Sediment	  Transport	  and	  Fish	  Habitat	  

 

Given the uniqueness and critical fish habitat, there have been significant efforts in modeling if and how 

the marine structure could affect sediment transport to Flora Bank and potentially damage this critical 

fish habitat. The Flora Bank, about 4 km2, is considered a unique geomorphic feature, unlike most 

depositional banks formed in estuaries due to riverine sediment accumulation into deltas. For example, 

Agnew and Horsey Banks have been formed by the Skeena River plumes, while the Flora Bank has been 

formed as a glacial relict 8000 years ago. McLaren (2014) states, there is no geomorphological term or 

name that can be applied to define Flora Bank. Although it is located in a riverine estuary, it features no 

characteristic of a delta and does not appear to be associated with Skeena River. It is probably more 

important to recognize that such a sandy bank with enormous eelgrass beds exits in the middle of such 

high-energy environment. Flora Bank is composed of fine, medium and coarse sand, in contrast with the 

surrounding sub-tidal bank areas which are composed of a mix of sediments that also includes silts and 

clays. While the Proponent suggests that Skeena estuary is similar to other estuaries along the west coast, 

McLaren (2014) suggested that there is no comparable feature anywhere on British Columbia coast 

(Figure 18 taken from McLaren 2015). Because of this uniqueness and critical importance of Flora Bank 

and the potential of the marine structure to affect it through changing the sediment structure of the bank 

and thus the quality of the habitat, CEAA asked the Proponent to develop sediment transport models to 

test and predict what the effects could be (Hatch Nov 10, 2015).  

Deleted: , and indicated that he could not see any particular 

reason for the sand to remain on the bank and be stable for 

100s of years
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hundreds of meters down to meter-scale resolution around the structures. Specifically, Hatch (Nov. 

2015) used MORPHO model domain for an approximate 3 x 3 km area, centered on Flora Bank. These 

two types of models are known as dynamic models, and their sensitivities are driven by physical 

processes and the accuracy of the model are dependent on the quality of the data for these processes. 

 

Model results indicate that measurable erosion and deposition only occurs on Flora Bank in the presence 

of larger waves. Morphological changes during the freshet  (spring snow melt) condition simulations, for 

example, are much smaller than those during storms or longer-term simulations that include many 

smaller wind events. Results also indicate that the patterns of net total transport during the 50-year storm 

are spatially homogeneous, indicating that material moves over Flora Bank but without strong spatial 

gradients in transport, little erosion or deposition occurs. Analysis of existing conditions modeling 

results confirms the reasons why Flora Bank has been reported to be remarkably stable over very long 

periods of time. It is known that Flora Bank is an effective energy dissipation feature that is generally 

resistant to significant net elevation changes (McLaren 2015), but the Hatch (Nov. 2015) does not show 

detailed sediment transport under fully constructed marine offloading structure in extreme storm events. 

Results of the sediment grain size sensitivity testing conducted in Hatch (Nov, 2015) indicates that 

predictions regarding the potential morphological impacts of the marine structures are not very sensitive 

to the assumed sand grain sizes on Flora Bank using either the 4-fraction of 6-fraction grain size 

distribution. The net sediment transport flux (Figure H–103 in Hatch 2015) during the tide-dominant 

period, indicate that the tidal currents are not capable of transporting large amounts of sediments on 

Flora Bank. They also found that even with the localized changes in current velocity, the changes in the 

net sediment transport flux are negligible during the tide-dominant period. These interpretations are 

rather very qualitative and do not enable predictions to be made on potential damage or habitat loss on 

Flora Bank with certainty. 

 

On the other hand, McLaren (2014) sediment transport (STA) model uses a kinematic type of model in 

which the movement and behavior of sediments are determined without regard to the physical processes 

(tide, current, water level) that may be responsible. In his modeling approach, he argued that such an 

understanding is important in making rational sediment management decisions and could be used to 

make quantitative assessments. McLaren (2014) argued that for Flora Bank sand to remain in place, the 

net effect of the processes (i.e., the energy produced by the combined action of tidal-, river-, wave- and 

wind-driven currents) must be equal on both the NW and SE sides of the bank. If this were not so, the 
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sand would be unable to remain and Flora Bank, as it is seen today, would not exist. For this reason, it is 

believed that a reduction of energy along any portion of the perimeter of the bank caused by the pilings 

obstructing the currents (regardless of which process or combination of processes are responsible for 

generating the currents) will result in an inability for the sand to continue being held in place. The 

suggested loss of sand is illustrated and explained in Figure 20 below from McLaren (2015). The 

prediction is leads to the suggestion that the reduction in energy might result in an increase in fine-

grained sediment being deposited over Flora Bank, which does not happen under current conditions 

because Skeena River sediment cannot settle on Flora Bank due to high energy at high tides. It should be 

noted that McLaren’s (2015) predictions are made from extensive collection and grain-size 

determination of over 2500 sediment samples (Figure 4 from McLaren 2015).  I conclude that 

McLaren’s sedeiment transport models are based on large number of field-based data and that 

predictions are highly robust.  
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V.   Conceptual	  Fish	  Habitat	  Offsetting	  Strategy	  	  
 

Chatham Sound potentially supports five fish species listed under the Species at Risk Act (SARA), each 

of which could be affected. They are: 

•   Northern abalone (Endangered: Haliotis kamtschatkana) 

•   Two species of rockfish (Special Concern: Sebastes aleutianus; S. ruberrimus) 

•   Bluntnose sixgill shark (Special Concern: Hexanchus griseus) 

•   Green sturgeon (Special Concern: Acipenser medirostris).  

In addition to their protection under SARA, these fish and their habitat are protected under the Canada 

Fisheries Act, including Section 35. (1): “No person shall carry on any work, undertaking or activity that 

results in serious harm to fish that are part of a commercial, recreational or Aboriginal fishery, or to fish 

that support such a fishery.” 

 

Construction of the marine terminal, associated blasting and dredging and the construction of the trestle 

and jetty will have effects on productive and critical nursery and migratory habitat of salmon and 

spawning habitat of Eulachon, Pacific Herring and surf smelts on Flora Bank and adjacent waters. To 

mitigate or compensate for these impacts, the Proponent has proposed a number of measures in an effort 

to offset damage to existing marine fish habitat, such as: 

•   Creation of subtidal rock reefs 

•   Creation of eelgrass habitat through transplantation 

•   Creation of a salmon migration corridor through Inverness Passage 

•   Creation/enhancement of eelgrass habitat on Flora Bank 

The Proponent proposed the subtidal rock reefs be built within photic depth (enough light for plants), 

along with kelp seed transplants to create additional habitats. It also proposed creating additional 

eelgrass habitats on Flora Bank and other suitable locations to compensate for the eelgrass habitats that 

will be lost during construction.  

 

The Proponent’s studies were not clear how a migratory corridor for salmon would be created. Coastal 

and estuarine ecosystems are very complex and engineered offsetting solutions cannot reproduce all of 

the variables involved in achieving an ecosystem’s or site’s dynamic equilibrium. Clearer information is 

needed on how ecological processes may affect the Proponent’s proposed fish habitat offsetting 

strategies, including how the proposed offset environments will behave relative to existing fish habitat, 
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which would be disturbed by the project. 

 

A detailed habitat-offsetting plan has not yet been submitted. The Proponent has noted it will be 

developed and submitted as a part of the application for an authorization under Section 35(2) of the 

Fisheries Act (PNW-LNG EIS Application Section 13).   

 

The Proponent also noted that the construction of some in-water project components will result in the 

creation of new habitat surface. It suggested that the vertical portion of the pilings from the Material 

Offloading Facility (MOF), the trestle, berths, access bridge, and pioneer dock that are below the highest 

high water (HHW mark but above the seafloor will provide hard substrate for sessile invertebrate and 

algal colonization. It also suggested that water / sewage pipes beneath the access bridge will create new 

habitat structure. In addition, The Proponent stated that the breakwaters, which will be armored with 

large diameter riprap, could provide hard substrate for the attachment and colonization by invertebrates, 

fish, and (where the depth range is appropriate), and algal growth.  The existing literature shows that 

these man-made hard structures are colonized by undesirable invasive species with wide environmental 

tolerance and high reproductive capacity and local species are not able to out-compete the invasive 

species (Moore et al 2013; Oto et al 2010; Rosenau 2016)  

 

One of the major shortcomings found in the Proponent’s submissions was the inadequacy of baseline 

data on the complex structure and functioning of the Skeena River estuary. Including the Proponent’s 

original EIS and subsequent responses to federal government Information Requests (IRs), including the 

November 10, 2015 and May 24, 2016 reports, the Proponent has not provided sufficient data on the 

major drivers affecting the fish habitat and fisheries in the Skeena estuary. I found insufficient evidence 

to find the Proponent’s offsetting plan to credibly produce net zero loss of commercial, recreational or 

aboriginal fish and fish habitat.  

 

Because the unique conditions of the Skeena estuary relative to other BC river systems, the location of 

the project is of key concern. The project would pose significantly lower risks for valued marine 

resources, particularly fish and fish habitat, if it were located at a different site, without the potential to 

affect as sensitive and important an ecosystem as the Skeena estuary, especially the critical fish habitat 

on Flora Bank (Moore et al 2015 Rosenau 2016, Ocean Ecology 2015 Pacific Salmon Foundation 2015).  
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VI.   CEAA	  Assessment	  of	  PNW-‐LNG	  Proposal	  on	  Marine	  Resources	  
 

In its Draft EA Report, CEAA writes, the	  footprint	  of	  the	  suspension	  bridge,	  marine	  trestle,	  marine	  terminal	  

berths,	  and	  associated	  scour	  protection	  would	  affect	  a	  total	  of	  21	  505	  m2	  of	  habitat	  on	  Agnew	  Bank,	  an	  open	  

water,	  subtidal,	  soft	  silt-‐clay	  habitat	  used	  by	  crabs	  and	  flatfish.	  Of	  this,	  the	  Proponent	  identified	  the	  

infrastructure	  footprint	  (8760	  m2)	  as	  permanent	  loss	  of	  habitat,	  meeting	  the	  serious	  harm	  definition	  of	  the	  

Fisheries	  Act.	  The	  construction	  of	  the	  Materials	  Offloading	  Facility	  in	  Porpoise	  Channel	  would	  permanently	  

destroy	  31	  569	  m
2
	  of	  intertidal	  soft	  bottom	  habitat,	  19	  825	  m

2
	  of	  riparian	  habitat,	  1830	  m2	  of	  eelgrass	  habitat,	  

and	  6800	  m2	  of	  rock	  habitat.	  Of	  these,	  the	  Proponent	  identified	  effects	  to	  the	  eelgrass	  habitat	  and	  rock	  habitat	  

as	  serious	  harm	  given	  their	  use	  by	  marine	  plants	  (e.g.	  eelgrass	  and	  kelp),	  juvenile	  salmonids,	  herring,	  surf	  smelt,	  

sandlance,	  and	  crab.	  The	  construction	  of	  the	  Lelu	  Island	  access	  bridge	  and	  the	  pioneer	  dock	  would	  affect	  3859	  

m2	  of	  riparian	  and	  16	  m
2
	  of	  intertidal	  soft	  bottom	  habitat	  at	  Lelu	  Slough;	  the	  Proponent	  did	  not	  identify	  these	  

changes	  as	  serious	  harm. 

 

CEAA asked the Proponent to investigate and propose how it could mitigate such impacts and how it 

could offset the expected loss of fish and fish habitat. The Proponent proposed number of mitigation and 

offsetting strategies, while there are major uncertainties regarding the outcomes of the proposed 

mitigation and offsetting strategies.  

	  

Fisheries and Oceans Canada advised that, to the extent possible, all in water works during construction 

should be undertaken during the appropriate timing windows of least risk, i.e. timing windows that are 

less risky for sensitive life stages of marine fish. The windows of least risk would be developed based on 

pre-construction surveys of marine fish in the Project area. How does one define windows of less risk? If 

we recognize that all species play a key role in the ecosystem and do not restrict our focus to the 

commercial, recreational and aboriginal fisheries species, then it may not be possible to identify reliable 

windows of less risk. 

	  

With regard to effects to fish habitat, including Flora Bank, Fisheries and Oceans Canada concluded 

advised CEAA that, subject to a comprehensive, long-term monitoring program and the implementation 

of additional mitigation measures, there would be a low potential of significant adverse effects to fish 

and fish habitat resulting from the presence of the marine terminal. If damage to fish habitat becomes 

serious, it will be difficult to mitigate in such a dynamic ecosystem. Acknowledging that some localized 

erosion would be expected to occur at the margins of Flora Bank due to the presence of the south-west 
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tower which may lead to gradual morphological changes, Fisheries and Oceans Canada advised that the 

Proponent appears to have adequately predicted impacts to fish and fish habitat, and has identified 

appropriate offsetting measures. I disagree with CEAA here, as the serious lack of high quality and long-

term baseline data from the sites that would be affected make it impossible to reliably make such a 

prediction. 

 

With	  regard	  to	  the	  proposed	  dredging	  and	  disposal,	  Environment	  and	  Climate	  Change	  Canada	  raised	  concerns	  

regarding	  the	  Proponent’s	  water	  quality	  and	  sediment	  dispersion	  modeling	  results	  because	  of:	  	  

•   uncertainties	  regarding	  the	  final	  volume	  of	  sediment	  proposed	  to	  be	  disposed	  of	  compared	  to	  the	  

volumes	  used	  for	  modeling;	  	  

•   the	  physical	  and	  chemical	  characteristics	  of	  that	  sediment	  used	  in	  the	  modeling;	  	  

•   the	  dredging	  technology	  to	  be	  used;	  and	  	  

•   the	  planned	  timing	  and	  intensity	  of	  dredging	  and	  disposal	  activities	  (e.g.	  a	  single	  season	  or	  extended	  

over	  several	  years).	  	  

Furthermore,	  the	  modeling	  was	  done	  before	  ocean	  current	  data	  from	  field	  monitoring	  at	  Brown	  Passage	  

became	  available	  (December	  2014),	  data	  which	  suggested	  that	  ocean	  currents	  were	  stronger	  than	  initially	  

predicted.	  	  

	  

Environment	  and	  Climate	  Change	  Canada	  recognized	  this	  gap	  in	  the	  Proponent’s	  research	  and	  advised	  that	  

short-‐	  and	  long-‐term	  fate	  modeling	  using	  the	  final	  sediment	  volumes	  at	  the	  disposal	  site,	  as	  well	  as	  additional	  

information	  regarding	  the	  locations	  of	  sponge	  reefs	  relative	  to	  any	  sediment	  dispersion	  plumes,	  would	  be	  

required	  before	  it	  would	  issue	  a	  disposal	  at	  sea	  permit.	  Contrary	  to	  the	  Proponent’s	  suggestion	  in	  its	  EIS,	  

Environment	  and	  Climate	  Change	  Canada	  mentioned	  that	  Brown	  Passage	  is	  not	  a	  designated	  disposal	  site.	  

	  

The	  CEAA	  report	  also	  cites	  concerns	  raised	  by	  Aboriginal	  groups.	  The	  Lax	  Kw’alaams	  Band,	  Metlakatla	  First	  

Nation,	  Gitxaala	  Nation,	  Kitsumkalum	  First	  Nation,	  Kitselas	  First	  Nation	  and	  Gitga’at	  First	  Nation	  expressed	  

concerns	  regarding	  the	  adequacy	  of	  baseline	  data	  for	  fish	  and	  fish	  habitat:	  the	  length	  of	  studies	  done	  to	  date,	  

the	  species	  targeted	  and	  parameters	  measured	  by	  the	  studies,	  the	  methodologies	  used,	  and	  interpretation	  of	  

data.	  The	  lack	  of	  baseline	  data	  regarding	  eulachon,	  in	  particular,	  was	  raised.	  Lax	  Kw’alaams	  Band	  provided	  their	  

own	  research	  report	  describing	  fish	  use	  of	  the	  area,	  noting	  that	  while	  the	  Proponent’s	  sampling	  methods	  had	  a	  

relatively	  low	  capture	  efficiency	  resulting	  in	  very	  low	  sample	  sizes	  for	  juvenile	  salmonids.	  

The CEAA assessment report concluded the following: 

•   With	  respect	  to	  water	  quality,	  the	  Agency	  understands	  that	  the	  Project	  would	  resuspend	  seabed	  
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sediments	  in	  the	  waters	  surrounding	  the	  Project	  area	  during	  construction	  (e.g.	  dredging)	  and	  operations	  

(e.g.	  scour	  around	  marine	  infrastructure,	  propeller	  scour),	  likely	  introducing	  total	  suspended	  solids	  

concentrations	  above	  the	  Canadian	  Water	  Quality	  Guidelines	  for	  the	  Protection	  of	  Aquatic	  Life,	  where	  

chronic	  effects	  to	  aquatic	  life	  could	  occur	  even	  with	  mitigation	  measures. 

•   The	  Agency	  agrees	  with	  Fisheries	  and	  Oceans	  Canada	  that	  the	  Proponent	  would	  need	  to	  modify	  the	  

proposed	  construction	  activities	  to	  further	  mitigate	  effects	  of	  elevated	  total	  suspended	  solids	  outside	  of	  

windows	  of	  least	  risk,	  that	  is,	  when	  fish	  are	  more	  likely	  to	  be	  using	  an	  area	  for	  sensitive	  life	  stages. 

•   With	  respect	  to	  direct	  mortality,	  physical	  injury,	  or	  behavior	  change	  to	  fish	  during	  construction	  activities,	  

the	  Agency	  recognizes	  that	  the	  Proponent	  has	  committed	  to	  conduct	  subtidal	  blasting	  during	  least	  risk	  

timing	  windows	  to	  reduce	  effects.	  However,	  the	  Agency	  is	  of	  the	  opinion	  that	  there	  is	  still	  the	  potential	  

for	  such	  effects	  from	  dredging,	  pile	  driving,	  and	  sediment	  disposal	  at	  sea. 

•   With	  respect	  to	  effects	  to	  fish	  habitat	  and	  marine	  plants	  from	  the	  presence	  of	  the	  marine	  terminal,	  the	  

Agency	  is	  satisfied	  that	  the	  three-‐dimensional	  modeling	  results	  provide	  an	  adequate	  understanding	  of	  

the	  potential	  hydrodynamic	  and	  morphological	  changes	  to	  Flora	  Bank	  and	  surrounding	  areas,	  and	  that	  

those	  potential	  changes	  would	  not	  result	  in	  serious	  harm	  to	  fish	  habitat	  as	  described	  in	  the	  Fisheries	  Act. 

•   Fisheries	  and	  Oceans	  Canada	  advised	  the	  Agency	  that	  the	  Proponent	  appears	  to	  have	  adequately	  

predicted	  impacts	  to	  fish	  and	  fish	  habitat,	  and	  has	  identified	  appropriate	  offsetting	  measures. 

•   The	  Agency	  is	  of	  the	  opinion	  that	  there	  is	  uncertainty	  as	  to	  both	  the	  number	  and	  types	  of	  fish	  potentially	  

affected	  by	  the	  changes	  in	  water	  quality,	  as	  well	  as	  the	  effectiveness	  of	  the	  proposed	  mitigation	  

measures,	  and	  as	  such	  has	  identified	  a	  follow-‐up	  program	  to	  verify	  that	  effects	  would	  not	  be	  significant	  

and	  determine	  the	  effectiveness	  of	  mitigation	  measures. 

Despite	  concerns	  over	  potential	  impacts	  to	  marine	  fish	  and	  fish	  habitat	  and	  the	  lack	  of	  data	  and	  inconsistencies	  

in	  the	  Proponent’s	  proposal,	  CEAA	  has	  thus	  far	  concluded	  that	  the	  Project	  is	  not	  likely	  to	  cause	  significant	  

adverse	  environmental	  effects	  on	  marine	  fish	  and	  fish	  habitat,	  including	  marine	  plants,	  taking	  into	  account	  the	  

implementation	  of	  mitigation	  measures.	  I	  am	  unable	  to	  reach	  the	  same	  conclusion	  as	  CEAA,	  given	  the	  serious	  

issues	  with	  the	  lack	  of	  baseline	  data	  informing	  the	  Proponent’s	  modeling	  in	  particular. 

VII.   Conclusions of the Review 
	  

Based on the Proponent’s proposal and other studies I have reviewed, the greatest shortcoming is the 

lack of baseline data to enable adequate assessment of the complex interactions among natural elements 

– organic and inorganic – in this unique and complex ecosystem. Prudent ecosystem-based management 
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would require adequate baseline understanding before concluding a project’s impacts can be acceptably 

mitigated by proposed engineered habitat offsetting measures (PNW-LNG EIS Application Appendix 

G10).  

 

Two fisheries reports, one by the Proponent’s consultant (Stantec) and the other by the researchers from 

Simon Fraser University show very different distribution and abundance of fish species. The Stantec 

report is inconsistent and its presentation of data (as median rather than averages ± errors) compromises 

the real patterns. Moore et al (2015) is a peer reviewed paper published in a highly respected academic 

journal and accordingly has gone through the rigorous review of the quality of the methods used, quality 

of the data and their interpretations. While Moore et al (2015) show significantly higher densities of all 

species of salmon on Flora Bank compared to all other sites, Stantec (2016) report shows very low 

numbers on Flora Bank.  

 

More consistent and comprehensive data on water quality, invertebrates and fish from the estuary are 

needed to understand the distribution, feeding and migration of salmon and other dominant fish species. 

Modelling of sediment transport as a function of the LNG offloading structure should be investigated 

further. If the modeling and predictions are done wrong, the marine structure may have significant 

adverse effects on Flora Bank. It would also be important to model and simulate how the returning adult 

salmon might change their migration route and might hold themselves longer in the estuary before 

moving into their natal streams, tributaries and lakes. 

 

Upon reviewing the Proponent’s EIS and subsequent studies as well as other key studies which have 

reached different conclusions from the Proponent, I find the assumptions and lack of quality baseline 

data that have gone into the Proponent’s modeling and monitoring experiments make it difficult to 

conclude the project is at low risk of significantly impacting Flora Bank and other important fish habitat.  
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