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Dear Ms. Ponsford:

Subject: DFO Comments on the Proponent’s November 10, 2015 Information
Request Response for the Pacific Northwest LNG Project.

Please find attached (Appendix #1) Fisheries and Oceans Canada (DFO) comments on
the Information Request (IR) responses provided by Pacific Northwest LNG (the
Proponent). DFO’s review was based on the 13 documents provided by the Proponent
on November 10, 2015 and the December 2,2015 table responding to DFO Science
requests.

In undertaking the review of the Proponent’s information, DFO Science was requested to
provide specialist advice on the 3D Model. The results of DFO Science review are
provided in the attached Pre-Publication Canadian Science Advisory Secretariat (CSAS)
report titled Technical Review of Final 3D Modeling — Potential Effects of Marine
Structures on Site Hydrodynamics and Sedimentation from the Construction of the
Pacific Northwest Liquefied Natural Gas Terminal (Appendix #2). The information
provided in the CSAS report, combined with Natural Resources Canada (NRCan) review
of the 3D Model was used to formulate DFO’s determination on likelihood of significant
adverse effects to fish and fish habitat.

DFO would like to acknowledge the effort and commitment of the Proponent to
undertake a robust and science based 3D modeling exercise to assist in predicting effects
to habitat in and around the project, including Flora Bank, and reducing the uncertainty
of potential impacts the project may have on fish and fish habitat. The final 3D
simulations and report would not have been possible without the scrutiny, input and
assistance of the Tsimshian First Nations, Natural Resources Canada and the Agency.



As requested, DFO’s comments on the Proponent’s response were formulated to answer
the Agency’s three primary issues:
1. What is DFO’s advice to the Agency regarding the likelihood of significant
adverse effects?
2. What additional mitigation measures would DFO suggest are required to avoid
significant adverse environmental effects?
3. What elements of the Proponent’s follow up monitoring program are important to
verify the assessment of the effectiveness of mitigation measures and does DFO
have any suggested follow up programs?

To assist in answering these three questions, the Agency provided DFO with a series of
additional subsidiary questions. DFO’s detailed response to the three primary questions
and the subsidiary questions are provided as Appendix 1 to this letter. The following
provides a summary of DFO’s conclusions with respect to the three questions posed by
the Agency.

1. What is DFO’s advice to the Agency regarding the likelihood of significant
adverse effects?

In the fall of 2014, the Proponent undertook a significant change in their project design
to mitigate project related impacts on valuable habitat within the Skeena River Estuary.
The primary mitigation measure consisted of the proposed construction of al.5 km long
free span bridge followed by a 1.3 km pile supported trestle and berth (the marine
structure).

In determining potential impacts of the marine structure on habitats in and around the
project footprint, including Flora Bank, the Proponent first developed a 2D sediment
model to predict potential alterations to natural sediment movement, followed by a more
robust Delft 3D modeling exercise. The Delft3D model results underwent a thorough
review by First Nations, DFO and NRCan scientists with expertise in this field. DFO
Science confirmed that the modelling approach used by the Proponent was adequate to
evaluate potential impacts of the project on habitats within and around the project, e.g.
Flora Bank.

DFO concurs with the Proponent’s conclusions that no significant effects are expected
from the trestle pilings, with the South West Tower and Anchor Block likely to cause the
greatest disturbance. In Natural Resources Canada’s (NRCan) view, the impact of the
marine structures on currents, waves, sediment transport, and seabed morphology for
various seasonal and storm conditions has been modelled with acceptable certainty and
therefore NRCan has confidence in the Proponent’s conclusions regarding sediment
transport and morphological changes in the project area. Impacts associated with these
two large structures are predicted to be localized, resulting in a low risk to commercial,
recreation and Aboriginal fisheries. It is expected that some current sedimentary
processes will be altered, and it is acknowledged that uncertainty remains with regard to
the time required for a state of equilibrium to be reached following infrastructure



installation. However, the modeling indicates that the use of scour protection is an
effective mitigation measure to prevent erosion and increased levels of total suspended
solids. Consequently, subject to robust and long term monitoring program and
implementation of effective mitigation measures, the effects of the marine structure on
fish and fish habitat have been categorized as having a low potential of resulting in
significant adverse effects.

The greatest risk and uncertainty of the project is in regards to the effects of the project
on marine mammals, specifically harbour porpoises. The Proponent has indicated that
pile driving activities will result in behavioural impacts to harbour porpoises, however,
limited information has been provided in terms of what these behavioural changes could
encompass. In addition, the Proponent has not clearly identified if there is alternative
habitat available for harbour porpoises potentially displaced by pile driving activities. In
addition, the pile driving is scheduled to occur continuously for 21 months which is of a
duration that would increase the potential risk of adverse effects to harbour porpoises.

The Proponent has committed to implementing mitigation measures for pile driving
activities including the use of vibratory hammers and limiting impact pile driving to only
when anchoring the piles. The Proponent has also proposed the use of an adaptive
management approach which could include the use of pile in pile mitigation for impact
pile driving should underwater noise monitoring indicate that additional mitigation
measures are required. Due to the large presence of harbour porpoises in the area, DFO
recommends that pile in pile and bubble curtain noise mitigation be used at all times
when impact pile driving is required.

Due to the extensive use of the project development area by harbour porpoises, level of
uncertainty in behavioural effects, duration of works, and uncertainty of available
alternative habitats, the proposed pile driving works are considered a high risk of
resulting in significant adverse effects to harbour porpoises. The use of mitigation
measures such as vibratory hammers, bubble curtains, pile in pile, acoustic monitoring,
and marine mammal observers, adverse effects to marine mammals may be mitigated,
however there will likely remain residual effects to harbour porpoises. Given the
susceptibility of harbour porpoises to underwater noise; after implementation of
mitigation measures, DFO believes there remains a medium to high risk of the project
having significant adverse effects on harbour porpoises.

2. ‘What additional mitigation measures would DFO suggest are required to avoid
significant adverse environmental effects?

The Proponent has identified specific mitigation measures to be used during the various
stages of construction. DFO concurs with those proposed mitigation measures and also
recommend the following additional mitigation measures be implemented:

e To the extent possible, all in water works should be undertaken during the
appropriate instream works window.
e An environmental monitor should be retained to provide oversight and to ensure



compliance with all mitigation measures during in water works. The
environmental monitor should consist of a Qualified Environmental Professional
with the ability to suspend works if impacts to fish and fish habitat occur.
Oversight of the environmental monitor should be the responsibility of a biologist
with accreditation with the BC College of Applied Biology.

e The environmental monitor be responsible for preparing weekly monitoring
reports.

e Recommended that the SW Tower and Anchor Block be round in nature, or
shaped in such a manner to reduce potential erosion based on detailed engineering
designs. A round structure should also be used during construction (e.g. coffer
dam) to mitigate scour and increased TSS impacts.

e Rip rap aprons around the SW Tower and Anchor Block should be implemented
during construction to mitigate against scour and increased levels of TSS. In
addition it is expected that rip rap aprons will be used following construction.

o Should erosion around the two structures be found to continue to occur for a
period exceeding five years, the proponent should undertake additional mitigation
measures to address this continued erosion.

e Recommended that prior to submitting a Request for a Fisheries Act
Authorization to DFO, that the Proponent undertake additional high resolution
modeling of the SW Tower and Anchor Block based on proposed construction
ready designs. This second model min would further confirm the preliminary
model results and provide more accurate projections of potential impacts and
mitigation measures based on an updated project design,

o Recommend that scour protection be used around the SW Tower and Anchor
Block, as the model indicated that the use of this type of mitigation measure
greatly reduced the level of erosion and sediment release. Scour protection
should be included during and after construction.

e Vibratory pile driving should be undertaken at all times possible with the use of
bubble curtains to mitigate underwater noise.

o Impact pile driving should only be undertaken when necessary (i.e. to anchor piles
into bedrock). When impact pile driving is required, mitigation measures should
be undertaken including the use of pile in pile and bubble curtains.

e Underwater acoustic monitoring should be undertaken to monitor the effects of
pile driving. This information should be used to develop marine exclusion zones.

e All pile driving and dredging activities should be undertaken using a marine
marmnmal observers to ensure that marine mammals are not present within the
exclusion zones during in water works .

3. What elements of the Proponent’s follow up monitoring program are important to
verify the assessment of the effectiveness of mitigation measures and does DFO
have any suggested follow up programs?

As a minimum, as set out in the greater detail in Appendix 1, the following additional
components should be included within the follow up monitoring program for the Pacific
Northwest LNG project:



e Biological monitoring should continue through construction and for a period
lasting a minimum of ten years following commencement of operation. This
monitoring should consisting of:

o Compliance monitoring to evaluate compliance with conditions set forth
as conditions to environmental assessment approvals, permits, licenses or
authorizations issued for the Project.

o Effectiveness monitoring to evaluate the success of prescribed mitigation
and offsetting measures to reduce, mitigate, and offset for Project effects.

o Response monitoring to determine if the Project is having any long-term
effects on the environment. This program typically collects data on
specific environmental indicators to determine trends over time.

e Follow-up monitoring of the extent and density of eelgrass beds associated with
Flora Bank to confirm that the indirect impacts to eelgrass from marine
infrastructure are within the range of natural variability.

e Follow-up monitoring of the bathymetry of Flora Bank to confirm that indirect
impacts to Flora Bank from the marine infrastructure are within the ranges
predicted.

e Follow-up monitoring of underwater noise during pile installation to confirm the
radius of marine mammal exclusion zones and the effectiveness of mitigation
(e.g., bubble curtains, pile-in-pile installation).

e Turbidity/TSS monitoring during dredging activities.

e Monitoring of TSS and sediment deposition rates during and after construction of
marine terminal structures to confirm that the values of TSS and rates and extent
of deposition are within the ranges predicted.

e Monitoring of TSS and changes in bathymetry (i.e., sediment elevation) around
the berth areas, along with characterization of propeller wash derived scour and
associated TSS and sediment movement/deposition during LNG carrier
maneuvering and berthing. (The simulations indicate that that if the trestle is
going to change the net erosion and deposition it will likely happen along the
western flank from Agnew and Flora Bank from the northwest corner of Agnew
Bank to Kitson Island. This area should be included within the follow up
monitoring terms of reference).

e Monitoring of TSS and changes in bathymetry (i.e., sediment elevation) around
the material off loading facility (MOF), along with characterization of propeller
wash derived scour and associated TSS and sediment movement/deposition
during tug boat maneuvering and docking at the MOF.

e Follow up study of the SW Tower and Anchor Block to determine changes in
current velocities, including extent, duration and effects on fish and fish habitat,
including those on Flora Bank eelgrass.

e Proponent should undertake acoustic monitoring during all pile driving activities
and develop marine mammal exclusion zones.

e Marine mammal observations and monitoring should be continued during
construction and a period of at least ten years following construction and
beginning of operations.

e Development of a Marine Mammal Protection Plan to be developed in
consultation with DFO. The plan should include provisions for continued



presence and density studies, acoustic modeling and monitoring, development of
mitigation measures including review of new and emerging technologies,
development of marine mammal exclusion zones and use of marine mammal
observers.

Should you have any questions or concerns regarding the contents of this letter or
attached comments table, please contact Mr. Alain Magnan at alain.magnan(@dfo
mpo.ge.ca or by phone at 250-756-702 1.

Yours sincerely,

<signature removed>

Cheryl Webby, Regional Director
Ecosystem Management Branch

Attachment 1: DFO Response to the Agency Inforiation Request Questions of November 12, 2015
Attachment 2: DFO CSAS Review of the Delft 3D Model

Cc: Alain (Al) Magnan, FPP, Nanaimo
Renny Talbot, FPP, Nanaimo
Darren Chow, FPP, Prince Rupert
Jessica Coulson, NRCan
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Attachment #1
Pacific Northwest LNG
DFO Response to the Agency Information Request Questions of November 12, 2015

Pacific NorthWest Liquid Natural Gas Ltd. (the Proponent) is proposing to construct a large
scale liquefied natural gas (LNG) export terminal near Prince Rupert, BC within the Skeena
River estuary (herein after referred to as the ‘Project’). The Project would involve the
development of combined suspension bridge and pile trestle from Lelu Island to a terminal
berth, a materials offloading facility (MOF), pioneer dock and access bridge to Lelu Island.

The proposed suspension bridge would connect Lelu Island and Agnew Bank, approximately
1,500 m to the northwest of Flora Bank, and would be supported by two large isolated in-
water supporting structures, referred to as the Southwest (SW) Tower and the Anchor Block.
The SW Tower is located closest to Flora Bank and consists of a rectangular structure
measuring approximately 20 x 36 m having a footprint of 735 m% The Anchor Block is the
larger of the two structures measuring approximately 45 m x 44 m having a footprint of 1,980
m?, however it is located furthest away from Flora Bank. From the seaward end of the bridge,
a trestle supported by 180 steel pilings would continue for approximately 1,300 m to a marine
berth. The marine berth would consist of approximately 164 steel piles and would provide
access to two LNG carrier loading platforms.

On June 2, 2015, the Canadian Environmental Assessment Agency (the Agency) informed
Pacific Northwest LNG (the Proponent) that additional information was needed in order to
fully respond to the February 23, 2015 Information Request (IR) pertaining to the potential
effects of the marine terminal infrastructure on sediment transport and hydrodynamic changes
of Flora Bank. On November 10, 2015, the Proponent provided its final response to the
Agency’s IR.

Fisheries and Oceans Canada (DFO) has completed its review of the Proponent’s final
response to the Agency’s IR and in doing so, has considered the information provided by the
Proponent with respect to this IR as well as the previous information submitted. DFO’s
response is supported by the Canadian Science Advisory Secretariat (CSAS) report titled
Technical Review of Final 3D Modeling — Potential Effects of Marine Structures on Site
Hydrodynamics and Sedimentation from the Construction of the Pacific Northwest Liquefied
Natural Gas Terminal (Jan 2016), included as an attachment to this document.

DFO Science Review:

Within the June 2, 2015 letter from the Agency to the Proponent, five key areas of the
Proponent’s information were deemed to be insufficient, requiring additional modeling work
to substantiate predicted effects. The five areas of concern included:

1. Wind and wave input forcing fields used to drive the 3D model.

2. Modelling of extreme storm events.

3. Modelling of flows in proximity to large structures (the Anchor Block and SW

Tower).

4. Long term simulations and use of time-averaged forcing inputs to drive the model.

Model outputs related to sediment transport.

v



APPENDIX 1: PNW LNG - DFO Response to the Agency IR Questions Dated November 12, 2015

Based on the DFO Science review (attached CSAS report), DFO found that the Supplemental
Modelling Report (Hatch Ltd., 2015b) addresses adequately and with sufficient accuracy the
concerns expressed by CEAA in its June 2, 2015 letter to the Proponent. Accordingly, DFO
found that the information provided by the Proponent was sufficient to complete a review, and
that the modelling approach was adequate to evaluate the potential impacts of the Project on
Flora Bank.

In addition to undertaking an assessment of the five areas of concern, DFO Science was
requested to review the information and model results from the Proponent to determine the
validity of their conclusions. A summary of the DFO Science conclusions of the Proponent’s
report area as follows:

o The simulations show that the SW Tower and Anchor Block are the marine structures
most likely to have an impact on Flora Bank. Concomitantly, the results show that the
trestle pilings can be expected to have a.very limited impact on Flora Bank due to their
small size.

e The SW Tower is more likely to have an impact than the Anchor Block on Flora Bank
owing to the direction of ambient currents, and because it is to be situated closer to the
margin of the Bank.

o The high resolution simulations show that scouring of the bottom sediment occurs
beyond the scour protection at the margin of Flora Bank, due to the flows that develop
in the lee of the large structures during flood tide. This erosion can be expected to lead
to a slow, gradual change in the sea bed at the western margin of Flora Bank. Such
erosion is of limited areal extent and relatively distant from historical locations of the
eel grass beds found on Flora Bank.

o The simulations show that erosion beyond the scour protection will lead to episodic
increases in levels of total suspended solids (TSS) over Flora Bank on flood tide
during periods when tidal flows are strong (spring tides).

e Results from the simulations show that the episodic increases in TSS may last for a
few hours and extend hundreds of metres from the SW Tower onto Flora Bank.

e The simulations show considerably reduced scour when the obstruction presented by
the SW Tower is changed from a rectangular shape to a circular one. This can be
expected also to lead to reductions in TSS.

e Circularly shaped marine structures are recommended as this is likely to reduce the
scour at the margin of Flora Bank, and to mitigate against increased levels of TSS.
Circular structures (e.g., a circular cotter dam) would also be helpful to reduce scour
an TSS levels during the construction phase of the Project.

o Monitoring of morphological changes and of TSS levels over Flora Bank is
recommended. The duration of such a monitoring program is uncertain, given the
uncertainty in the time scale for the equilibrium scour depth to be reached. It is
conceivable that such a program could last for several years.
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APPENDIX 1: PNW LNG - DFO Response to the Agency IR Questions Dated November 12,2015

CEAA Questions:

In the review of the Proponent’s submission, federal departments were requested by the
Agency on November 12th to respond to three specific questions to assist in their analysis and
determination of conclusions of potential adverse environmental effects. In a follow up e-mail
dated November 12th, the Agency also requested that DFO respond to additional questions
relating to these three primary questions. As requested, the following are DFO’s responses to
all of the Agency’s questions dated November 12th, 2015.

Question #1: Based on current information, what is DFO’s updated advice to the Agency
regarding the likelihood of significant adverse effects from the Project?

Based on the information provided to date and DFO’s review of the Proponent’s information,
it is the Department’s view that the Proponent has undertaken a robust and scientific review of
potential impacts the project may cause to fish and fish habitat. In addition, the Proponent has
identified potential mitigation and offsetting measures which in their opinion will provide for
the sustainability and ongoing productivity of commercial, recreational and Aboriginal
fisheries.

DFO concurs with the Proponent’s conclusions that no significant effects are expected from
the trestle pilings, with the South West Tower and Anchor Block likely to cause the greatest
disturbance. In Natural Resources Canada’s (NRCan) view, the impact of the marine
structures on currents, waves, sediment transport, and seabed morphology for various seasonal
and storm conditions has been modelled with acceptable certainty and therefore NRCan has
confidence in the Proponent’s conclusions regarding sediment transport and morphological
changes in the project area. Impacts associated with these two large structures are predicted to
be localized, resulting in a low risk to commercial, recreation and Aboriginal fisheries. It is
expected that some current sedimentary processes will be altered, and it is acknowledged that
uncertainty remains with regard to the time required for a state of equilibrium to be reached
following infrastructure installation. However, the modeling indicates that the use of scour
protection is an effective mitigation measure to prevent erosion and increased levels of total
suspended solids. Consequently, subject to robust and long term monitoring program and
implementation of effective mitigation measures, the effects of the marine structure on fish
and fish habitat have been categorized as having a low potential of resulting in significant
adverse effects.

The greatest risk and uncertainty of the project is in relation to the potential effects of the
project on marine mammals, specifically Harbour Porpoises. Harbour Porpoises are currently
listed as a Schedule 1 Species of Special Concern within the Species at Risk Act (SARA).
DFO’s review has concluded that with implementation of mitigation measures, there remains
a moderate to high risk of the project having significant adverse effects to Harbour Porpoises.

The following provides DFO’s response to the list of secondary questions posed by the
Agency on November 12, 2015.

J|Page January 13, 2016



APPENDIX 1: PNW LNG - DFO Response to the Agency IR Questions Dated November 12, 2015

1)

2)

The Proponent’s estimate of serious harm to fish and fish habitat including species at
risk, and potential for viable offsetting projects consistent with DFO'’s Federal
Fisheries Protection Policy Statement.

DFO has met with the proponent on several occasions and reviewed the document
entitled Pacific Northwest LNG Mitigation and Offsetting Commitments for Fish, Fish
Habitat and Marine Mammals. This document provides information on the Project’s
anticipated impacts on fish and fish habitat which will result in serious harm to fish
and their proposed offsetting strategy. The Proponent’s calculation of potential
impacts and the offsetting strategy provided to DFO is consistent with DFO’s Fisheries
Protection Policy Statement.

Based on the information provided, it appears as though the Proponent has adequately
predicted impacts to fish and fish habitat and identified appropriate offsetting
measures to provide for the sustainability and ongoing productivity of commercial,
recreational and Aboriginal fisheries. Detailed offsetting plans will be required to be
submitted to DFO at the regulatory stage.

The Proponent'’s estimates of erosion and deposition immediately around the SW
Tower and Anchor Block with scour protection in place, and associated effects to fish
and fish habitat.

The Proponent’s 3D model simulations consisted of a regional model to look at the
overall predicted effects on Flora Bank and a separate high resolution, two
dimensional model (MORPHO) to look specifically at the predicted effects of the SW

Tower and Anchor Block.

The Proponent’s conclusions of the regional model indicated that the bridge and trestle
pilings will result in an overall dampening of wave and wind forces on Flora Bank. As
such, potential effects of these structures would be seen as a slight reduction in erosion
and sedimentation on Flora Bank as compared to existing conditions. Based on a
decrease in potential erosion and sedimentation, the Proponent’s conclusions were that
there would not be any negative effects to fish and fish habitat. NRCan’s conclusions
were that the impact of the marine structures on currents, waves, sediment transport,
and seabed morphology for various seasonal and storm conditions has been modelled
with acceptable certainty and therefore NRCan had confidence in the Proponent’s
conclusions regarding sediment transport and morphological changes in the project
area.

The Proponent’s use of the high resolution model was based on feedback provided by
the Departments on June 2"¢ 2015. The Proponent’s MORPHO model confirmed that
erosion had the highest potential to occur near the SW Tower and Anchor Block. This
erosion will be localized to the two structures and is not predicted to extend to any of
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APPENDIX 1: PNW LNG - DFO Response to the Agency IR Questions Dated November 12, 2015

the eelgrass beds within Flora Bank. In addition, the model runs incorporating scour
protection (rip rap apron) indicated that this type of mitigation measure significantly
reduced the amount of erosion which can occur.

The Proponent predicted that erosion around the two structures should reach
equilibrium within a few months to a few years and the amount of erosion should be
small. DFO’s review could not find any evidence of when equilibrium would occur.
However, the rate of erosion beyond the scour protection is predicted to be minimal in
the rate of 5-10 cm a year. As such, long term erosion should be monitored, and if
required additional mitigation measures (e.g. scour protection) can be incorporated
should erosion be found not to reach a state of equilibrium. Should erosion around the
two structures be found to continue to occur for a period exceeding five years, the
proponent should undertake additional mitigation measures to address this continued
erosion.

It should be noted that these rates of erosion are based on a large rectangular structure.
Should the Proponent use a round structure in the final design, rates of erosion would
be reduced. Overall, the effects of erosion were found to be localized and in close
association with the two large structures. In addition, the SW Tower was found to
have the highest risk of impacting fish and fish habitat due to it being located near
Flora Bank. The modeling indicates that erosion is not predicted to impact the
existing eel grass beds. The use of scour protection seems to be an effective
mitigation measure to use to reduce potential erosion. Long term monitoring would
confirm if equilibrium is reached. If equilibrium is not reached, measures such as
scour protection could be implanted to mitigate long term impacts. Based on these
observations, and subject to implementation of mitigation measures and robust
monitoring plan, there is a low level of risk of the erosion around these two structures
negatively impacting fish and fish habitat.

DFO recommends the following mitigation and monitoring program be undertaken to
mitigate impacts on fish and fish habitat caused by the SW Tower and Anchor Block:

e The final design of the SW Tower and Anchor block should consist of circular
shaped marine structures as they were shown in the high resolution models to
effectively mitigate against scour and increased levels of TSS. Circular
structures (e.g., a circular cotter dam) should also be incorporated during
construction.

e Rip rap aprons around the two structures should be implemented during
construction to mitigate against scour and increased levels of TSS.

e Follow-up monitoring of the extent and density of eelgrass beds associated
with Flora Bank to confimm that the indirect impacts to eelgrass from marine
infrastructure are within the range of natural variability.

e Follow-up monitoring of the bathymetry of Flora Bank to confirm that indirect
impacts to Flora Bank from the marine infrastructure are within the ranges
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APPENDIX 1: PNW LNG - DFO Response to the Agency IR Questions Dated November 12, 2015

3)

predicted.

e Should erosion around the two structures be found to continue to occur for a
period exceeding five years, the proponent should undertake additional
mitigation measures to address this continued erosion.

e Monitoring should be maintained for a minimum period of ten years or until
such time as equilibrium is reached, whichever is the longest.

The Proponent’s estimates of elevated Total Suspended Solids concentrations around
the tower and anchor blocks and potential effects to fish, taking into consideration the
Canadian Water Quality Guidelines.

The Proponent’s MORPHO model indicates that the area prone to the greatest erosion
on the marine structure consists of the SW Tower and Anchor Block. The trestle and
berth structures are unlikely to create sufficient erosion to result in any significant
increase in total suspended solids (TSS). As such, the potential for increased levels of
TSS would be as aresult of eddies forming around the two structures placing sediment
into suspension due to increased velocities.

The Proponent’s conclusions seem to indicate that TSS will dissipate within tens of
meters of the two structures. These conclusions are contradicted by the Proponent’s
simulations which show evidence that increased TSS levels may continue for 500 to
1000 m beyond the two structures.

Based on the simulations, TSS levels will vary seasonally based on tides and wind
directions, with the spring and neap tides showing the highest increases. Highest
levels of TSS increases are predicted to occur on flood tides where increases in TSS
may be observed in the range of 9 to 30 mg/L extending out 150 m from the structures.
From this point, TSS levels are shown as decreasing as velocities in the eddies reduce,
allowing the particles to settle out of suspension. These elevated levels of sediment
are expected to last in the range of approximately 3 hours on every flood tide.
Increased turbidity is expected to occur on both ebb and floor tides. However, the risk
to fish is expected to be greatest on flood tides as the increased levels of TSS will
overlap with the Flora Bank eel grass beds.

The Proponent has indicated that these elevated levels should subside within a period
of months to a year as equilibrium is reached. However, little information is provided
on when equilibrium will be reached to support these conclusions. As such, there is
the potential that these levels of suspended sediment may persist for the life of the
project, or until such time as additional scour protection is provided where continued
erosion is seen to occur.

The Canadian Water Quality Guidelines for the Protection of Aquatic Life
(Guidelines) recommends a maximum increase of 25 mg/I. of TSS for periods up to 24
hours in clear water conditions. For high flow and/or turbid conditions the guidelines
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APPENDIX 1: PNW LNG - DFO Response to the Agency IR Questions Dated November 12, 2015

recommend a maximum increase of 25 mg/L above background levels any time
background levels are between 25 and 250 mg/L. When TSS levels increase beyond
250 mg/L, increases should not exceed more than 10% of background levels.

The model predicts that maximum peaks in increased TSS levels will last for a short
period of time, be limited to a small distance beyond the structures and be limited to
flood and ebb tides. For the most part, these increased peaks of turbidity will generally
fall within the 25 mg/L recommendations of the Guidelines. There might be
occurrences when the 25 mg/L threshold is exceeded by approximately 5 mg/L.
However, following implementation of mitigation measures, and subject to ongoing
monitoring, when taking into consideration the time and concentration of these events,
the potential for negative impacts to fish is considered low.

Several additional factors should also be taken into consideration in concluding a low
probability of effect. The first is the localized effect of the increased turbidity and the
ability of most fish species using this area having the ability and swim strength to
avoid these areas as required. The second is that the square structures will likely be
changed in the final design to a round structure, or one that creates less erosion. The
use of scour protection is shown as an effective mitigation measure to reduce erosion
and subsequent increases in TSS.

DFO recommends the following mitigation and monitoring program be undertaken to
mitigate potential impacts of increased TSS on the SW Tower and Anchor Block:

e The final design of the SW Tower and Anchor block should consist of circular
shaped marine structures as they were shown in the high resolution models to
effectively mitigate against scour and increased levels of TSS. Circular
structures (e.g., a circular cotter dam) should also be incorporated during
construction.

e Rip rap aprons around the two structures should be implemented during
construction to mitigate against scour and increased levels of TSS.

e Monitoring of TSS and sediment deposition rates during and after construction
of marine terminal structures to confirm that the values of TSS and rates and
extent of deposition are within the ranges predicted.

e Turbidity/TSS monitoring during dredging activities should also be
undertaken.

e Monitoring of TSS and changes in bathymetry (i.e., sediment elevation) around
the berth areas, along with characterization of propeller wash derived scour and
associated TSS and sediment movement/deposition during LNG carrier
maneuvering and berthing. (The simulations indicate that that if the trestle is
going to change the net erosion and deposition it will likely happen along the
western flank from Agnew and Flora Bank from the northwest corner of ‘

|Page January 13. 2016



APPENDIX 1: PNW LNG - DFO Response to the Agency IR Questions Dated November 12, 2015

4)

Agnew Bank to Kitson Island. This area should be included within the follow
up monitoring terms of reference).

e Monitoring of TSS and changes in bathymetry (i.e., sediment elevation) around
the material off loading facility (MOF), along with characterization of propeller
wash derived scour and associated TSS and sediment movement/deposition
during tug boat maneuvering and docking at the MOF.

e Monitoring should be maintained for a minimum period of ten years or until
such time as equilibrium is reached, whichever is the longest.

The Proponent s estimates of increases in current velocities around the tower and
anchor blocks and associated effects to fish mobility and use of the habitat.

The Proponent’s MORPHO model predicts maximum currents of 35 - 45 cm/s to be
generated by the SW Tower and Anchor Block in eddies which will extend 50 — 100 m
beyond the structures and decrease in velocity with increasing distance from the
structures. This is a 10 — 20 cm/s increase over the background current of 25 cm/s. The
altered currents are expected to be short in duration, extending to the east of the
structures for 2 to 3 hours during flood tide and to the west of the structures for 2 to 3
hours during ebb tide. In addition, the area of influence is also predicted to be narrow
(1-2 structure widths), but could extend anywhere from 500 m to 1000 m from the
structures.

Increased velocities have the potential of affecting a wide range of fish species that use
the specific habitat near the SW Tower and Anchor Block. Most of these fish will
have the ability to avoid and/or have sufficient swim or burst speeds to avoid any
negative effects. Fish at greater risk of being impacted include smaller fish such as
juvenile salmonids, pacific herring and surf smelt. The most vulnerable of the salmon
species to increased currents are the pink and chum salmon which emerge from the
Skeena River to the estuary almost immediately after hatching. For pink salmon fry the
first few weeks are spent in shallow waters and along irregular shorelines that shelter
from strong currents and waves. Chum salmon spend about three weeks in the estuary
and move with the tides. Both of these species are known to utilize eelgrass beds,
such as those found on Flora Bank for a short period of time as they begin to outgoing
migration,

The pink and chum salmon have a life history that puts them in the near shore waters
at a small size and as a result they have the lowest swimming speeds. Prolonged swim
speeds of both of these species can be under the background current velocity of 25
m/s. The increased velocities over the background levels would affect these juvenile
species and possibly displace them. However, as these areas of increased velocity
have little overlap with the eelgrass locations, potential risk to juvenile fish are
expected to be low.

No direct death is expected to occur as a result of these structures as the additional
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5)

velocities created by the eddies will be insufficient to kill fish. A potential negative
effect of the increased velocities is that it may obstruct the ability of fish to orient to
preferred habitats if they are captured within an eddy. During ebb tides the stronger
current velocity may push fish further out of protected coastal waters however this
may only occur for a few hours every day, and only for this fish within 100 to 200 m of
the structure. As the edge of the eelgrass beds commence approximately 150 m away
from the SW Tower, this further limits the risk to juvenile fish. As it is located
furthest away from Flora Bank, the Anchor Block is expected to have an even lower
potential negative effect of increased velocities on fish. Subject to implementation of
mitigation measures, and undertaking long term monitoring, overall risk of impact of
increased velocities on fish is expected to be low due to the limited peak time of
stronger currents, location of eddies in relation to eelgrass, limited area of increased
velocities and the complexities of currents that these fish are exposed to naturally.

DFO recommends the following mitigation and monitoring program be undertaken to
mitigate impacts of increased velocities around the SW Tower and Anchor Block:

o The final design of the SW Tower and Anchor block should consist of circular
shaped marine structures as they were shown in the high resolution models to
effectively mitigate against increased velocities. Circular structures (e.g.,a
circular cotter dam) should also be incorporated during construction.

e The Proponent should undertake a study of the SW Tower and Anchor Block
to determine changes in current velocities, including extent, duration and
effects on fish and fish habitat, including Flora Bank eelgrass beds.

The information provided regarding effects to marine mammals and availability of
alternative habitat — specifically, please indicate DFO’s views regarding the
likelihood of significant adverse effects, both direct and cumulative, to marine
mammals including species at risk.

In effort to understand and advise on potential project related impacts to marine
mammals, DFO has reviewed the document titled Pacific NorthWest LNG Project
Marine Mammal Program Interim Report, June 30, 2015 in conjunction with the EIS.
Within the EIS the Proponent has indicated that after the implementation of mitigation
measures, such as bubble curtains, underwater noise generated from pile installation is
anticipated to result in behavioural change of most marine mammals up to 3.6 km
from the sound source, 5.3 km for Harbour Porpoises, and 15 km for killer whales.

The Pacific NorthWest LNG Project Marine Mammal Program Interim Report, June
30, 2015 displays marine mammal observation results collected from two geographical
areas within Chatham Sound. The two areas have been referred to as Area A and Area
B. Area A includes the vast majority of Chatham Sound and Area B includes the area
within approximately a 10km radius from the proposed LNG vessel berths. Visual
observation of the maps contained within the Pacific NorthWest LNG Project Marine
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Mammal Program Interim Report, June 30, 2015 indicate that Area A is roughly three
times the size of Area B.

With the exception of killer whales, marine mammal observations within Area B were
proportional greater than Area A. The greatest contrast was seen in Harbour Porpoise
observations within the two areas. For six months of surveys within Area A, 48
Harbour Porpoises were observed as compared to 208 Harbour Porpoises observed in
AreaB. Considering the proportion of area surveyed (Area A is three times the size of
Area B) Harbour Porpoises were observed using habitats within Area B 13 times more
than habitats within Area A. This elevated abundance is likely the result of
concentrated and abundant prey within Area B.

Concentrated year round abundance of Harbour Porpoises within Area B provides
evidence that these marine mammals depend on the habitats found within Area B. If
these marine mammals are displaced from this habitat it is uncertain if sufficient
alternative habitats exists that contains the concentration and abundance of prey
required to maintain the current Harbour Porpoise population.

The marine mammal of highest risk is the Harbour Porpoise which is found year round
and in significant numbers in the vicinity of the project development area. The
Species at Risk Act (SARA) has listed the status of Harbour Porpoises as a Schedule 1
Species of Special Concern. Species of Special Concern are those that could become
threatened or endangered because of a combination of biological characteristics and
identified threats. As a Species of Special Concern, the list of prohibitions under
SARA would not apply, neither is there a requirement to identify critical habitat.

A requirement of SARA listed species (including Species of Special Concern) is the
development of a management plan. For Harbour Porpoises, the SARA Management
Plan identifies the most significant threats as consisting of entanglement in fishing
gear, habitat degradation, toxic spills, acoustic disturbance, and contamination by
persistent bio-accumulative toxic chemicals. For this particular project, the greatest
risk would be due to acoustic disturbances, which could also result in habitat
degradation if individuals are forced away from specific feeding grounds.

The Harbour Porpoise SARA Management Plan states that these animals are
particularly susceptible to underwater noise, with impacts possibly interfering with
foraging, navigation or social communication. Underwater sources of acoustic
disturbance includes both chronic (increased shipping, marine construction) and acute
noise (pile driving, underwater explosives). Of particular note, is that the SARA
Management Plan identifies the installation of steel piles (which cause vibration)
resulted in increased intervals between re-sights in both construction and reference
areas, indicating that even attenuated noise levels in reference areas well outside the
construction zone were sufficient to cause changes in porpoise behaviour.
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There remains some uncertainty in the Proponent’s report as to what constitutes a
behavioural effect. Behavioural effect could be as minor as a directional course
change, to completely avoiding a specific area. As Area B appears to provide year
round habitat for marine mammals, specifically Harbour Porpoises, implementing
effective mitigation measures and undertaking marine mammal monitoring will be
critically important.

Overall, it is anticipated that pile driving activities will result in some form of
behavioural effect to marine mammals. For the most part, the use of vibratory
hammers and bubble curtains will mitigate some of the potential impacts to marine
mammals and reduce risks of behavioural change. However, the use of impact
hammers, which when used in combination with large diameter steel piles and no
mitigation measures have been shown to create noise levels which can exceed safe
thresholds for marine mammals. As the use of impact hammers will only be used
periodically to anchor pilings into the bedrock, this reduces the risk that this activity
poses. However, due to the significant impact that this activity can have on fish and
marine marmmals, it is important that appropriate mitigation measures be employed
even if this pile driving method is rarely used.

The use of appropriate and effective mitigation measures will be important to ensure
that behavioural effects to marine mammals are mitigated so as to avoid displacement
of these mammals, specifically Harbour Porpoises. As a minimum, pile driving should
be undertaken utilizing a vibratory hammer. Vibratory hammers have been shown to
be a primary mitigation measure against underwater noise. If impact pile driving is
undertaken to anchor the piles into bedrock, or any other high sound generating
method is used, then additional mitigation measures will be required including the use
of bubble curtains and placement of a protective sleeve around the pile (pile in pile)
method.

It is uncertain at this time if the use of bubble curtains during pile driving will be
sufficient to mitigate impacts to marine mammals. As the effectiveness of bubble
curtains is limited in high current areas, such as the project site, it is anticipated that
this mitigation measure will have limited value. As such, DFO recommends that the
Proponent implement pile in pile and bubble curtain noise mitigation methods in
addition to underwater acoustic monitoring and the use of marine mammal observers
to monitor the effects of pile driving.

In addition, DFO also recommends that the Proponent continue to undertake marine
mammal monitoring during and following construction for a period of ten years. This
monitoring will provide information on effectiveness of mitigation measures and
inform potential adaptive management techniques.

Overall, there remain uncertainties with potential impacts to marine mammals,
specifically Harbour Porpoises, that are found near the project site in high densities
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year round. The Proponent has indicated that pile driving activities will result in
behavioural impacts to marine mammals, however, limited information has been
provided in terms of what these behavioural changes could encompass. In addition,
the Proponent has not clearly identified if there is alternative habitat available for
marine mammals potentially displaced by pile driving activities. Pile driving is
scheduled to occur for 21 months continuously. This duration increases the potential
risk of adverse effects to marine mammals. As previously mentioned, the SARA
Management Plan for Harbour Porpoises identifies underwater noise as one of the
significant threats to this Species of Special Concern.

The Proponent has committed to implement certain mitigation measures for pile
driving activities including the use of vibratory hammers and impact pile driving only
when anchoring the piles. The Proponent has also proposed the use of an adaptive
management approach which could include the use of pile in pile mitigation for impact
pile driving should underwater noise monitoring indicate that additional mitigation
measures are required. As previously mentioned, due to the large presence of marine
marmnmals, DFO recommends that pile in pile and bubble certain noise mitigation be
used at all times when impact pile driving is required. In addition, a robust monitoring
plan should be utilized for all pile driving activities which should include acoustic
modeling and monitoring and marine mammal observers and marine mammal
exclusion zones.

Due to the extensive use of the project development area by Harbour Porpoises, level
of uncertainty in behavioural effects, duration of works, and uncertainty of available
alternative habitats, the proposed pile driving works are considered a high risk of
resulting in significant adverse effects to Harbour Porpoises. The use of mitigation
measures such as vibratory hammers, bubble curtains, pile in pile, acoustic monitoring,
and marine mammal observers, adverse effects to other marine mammals may be
mitigated, however there will likely remain residual effects to Harbour Porpoises.
Given the susceptibility of Harbour Porpoises to underwater noise; after
implementation of mitigation measures, DFO believes there remains a medium to high
risk of the project having significant adverse effects on Harbour Porpoises.

DFO recommends the following mitigation and monitoring program be undertaken to
mitigate impacts on marine mammals:

o Development of a Marine Mammal Protection Plan to be developed in
consultation with DFO. The plan should include provisions for continued
presence and density studies, acoustic modeling and monitoring, development
of mitigation measures including review of new and emerging technologies,
development of marine mammal exclusion zones and use of marine mammal
observers.

e Proponent should undertake acoustic monitoring during all pile driving
activities and develop marine mammal exclusion zones.
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® Marine mammal exclusion zones should be closely monitored by qualified
marine mammal observers.

e Vibratory pile driving should be undertaken at all times possible with the use
of bubble curtains to mitigate underwater noise.

o Impact pile driving should only be undertaken when necessary (i.e. to anchor
piles into bedrock). When impact pile driving is required, mitigation measures
should be undertaken including the use of pile in pile and bubble curtains.

e Marine mammal observations and monitoring should be continued during
construction and a period of at least ten years following construction and
beginning of operations.

Question #2: Considering the current information, including the suite of mitigation
measures described in the Proponent’s letter to DFO dated August 19, 2015, what
mitigation measures would DFO suggest are required to avoid significant adverse
environmental effects? Please identify any additional mitigation measures beyond those
in the letter that DFO would consider necessary to avoid significant adverse effects.

Mitigation measures are defined as those measures to reduce the spatial scale, duration, or
intensity of serious harm to fish that cannot be completely avoided. Determining appropriate
mitigation measures is dependent on understanding the work, undertaking or activity and the
construction method that will be used for each construction activity.

In addition to the mitigation measures outlined in the August 19, 2015 letter to DFO, and
those previously identified in this response, the following mitigation measures are
recommended to avoid significant adverse environmental effects:

e To the extent possible, all in water works should be undertaken during the appropriate
instream works window.

e An environmental monitor should be retained to provide oversight and to ensure
compliance with all mitigation measures during in water works. The environmental
monitor should consist of a Qualified Environmental Professional with the ability to
suspend works if impacts to fish and fish habitat occur. Oversight of the
environmental monitor should be the responsibility of a biologist with accreditation
with the BC College of Applied Biology.

o The environmental monitor be responsible for preparing weekly monitoring reports
which identifies:

o Work completed to date.

Pictures of the in water works and mitigation measures applied.

Issues of noncompliance observed during construction.

Confirmation of how and when noncompliance issues were corrected.

Description of accidents and or unexpected events which may have resulted in

impacts to fish and fish habitat and how these issues were addressed.

e Recommended that the SW Tower and Anchor Block be round in nature, or shaped in

O 0 OO
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such a manner to reduce potential erosion based on detailed engineering designs. A
round structure should also be used during construction (e.g. coffer dam) to mitigate
scour and increased TSS impacts.

o Rip rap aprons around the SW Tower and Anchor Block should be implemented
during construction to mitigate against scour and increased levels of TSS. In addition
it is expected that rip rap aprons will be used following construction.

e Should erosion around the two structures be found to continue to occur for a period
exceeding five years, the proponent should undertake additional mitigation measures
to address this continued erosion.

o Recommended that prior to submitting a Request for a Fisheries Act Authorization to
DFO, that the Proponent undertake additional high resolution modeling of the SW
Tower and Anchor Block based on proposed construction ready designs. This second
model run would further confirm the preliminary model results and provide more
accurate projections of potential impacts and mitigation measures based on an updated
project design.

e Recommend that scour protection be used around the SW Tower and Anchor Block, as
the model indicated that the use of this type of mitigation measure greatly reduced the
level of erosion and sediment release. Scour protection should be included during and
after construction.

o Vibratory pile driving should be undertaken at all times possible with the use of
bubble curtains to mitigate underwater noise.

e Impact pile driving should only be undertaken when necessary (i.e. to anchor piles into
bedrock). When impact pile driving is required, mitigation measures should be
undertaken including the use of pile in pile and bubble curtains.

e Underwater acoustic monitoring should be undertaken to monitor the effects of pile
driving. This information should be used to develop marine exclusion zones.

e All pile driving and dredging activities should be undertaken using a marine mammal
observers to ensure that marine manunals are not present within the exclusion zones
during in water works

The following provides DFO’s response to the list of secondary questions posed by the
Agency on November 12th, 2015.

1) As the Proponent intends to use the 2015 studies to inform least-risk timing windows,
does DFO have any comments regarding the methodologies being used?

The methodologies being used by the Proponent are sufficiently rigorous to determine
the seasonal timing of the various fish species in and around of the project area. This
information can then be used to create more accurate least risk timing windows which
are based on local fish populations and distributions.

i) Do the studies adequately target the relevant species, e.g. eulachon?

14|Page January 13, 2016



APPENDIX 1: PNW LNG - DFO Response to the Agency IR Questions Dated November 12, 2015

The Proponent has undertaken a robust series of studies to determine species presence
and distribution within the project area. The study has resulted in the capture of
numerous species within the project area. Some species such as adult eulachon have
not been captured. The study timing and collection method used appear adequate to
have captured adult eulachon. The Proponent was successful at capturing larval fish
when target species, such as eulachon, were anticipated to be present. The Proponent,
however, has not done the analysis necessary to identify captured larval fish species.
This information is expected to be provided at the conclusion of the one year study in
advance of any requests for Fisheries Act Authorization.

ii) Are the necessary physical areas included in the studies, e.g. Brown Passage?

The study area boundary replicated the Project Development Area delineated in the
Environmental Impact Statement (EIS). This area did not include Brown Passage. To
dispose material within Brown Passage the Proponent will require a Disposal at Sea
permit issued by Environment Canada. To receive this permit the Proponent will be
required to undertake the necessary benthic habitat surveys to determine potential
impacts to the marine ecosystem. If it is determined that disposal activities will result
in serious harm to fish, the Proponent will be required to obtain a Fisheries Act
authorization prior to commencing works, undertakings or activities.

iii) Is the timing of the studies appropriate?

The Proponent has provided DFO with data collected between December 2014 and
August 2015. The Proponent has indicated that additional data has been, and is
currently, being collected to show species use, abundance and distribution within the
project development area between September 2015 and February 2016. Data
displaying year round utilization is appropriate. The additional data collected will be
used to determine appropriate timing windows once completed.

2) Discussions and advice to date from DFO to the Agency have suggested that activities
in addition to in-water blasting be limited by least-risk timing windows, e.g. blasting
activities above water, dredging, impact pile driving, vibratory pile driving, disposal
of sediment at sea. What is DFO'’s updated advice regarding limiting activities outside
of least-risk timing windows? What would any such limitations be? (e.g. should there
be no dredging outside of least-risk timing windows, or should dredging be permitted
outside of those windows but only with additional mitigation measures?)

Mitigation measures are defined as those measures to reduce the spatial scale,
duration, or intensity of serious harm to fish that cannot be completely avoided. There
are numerous mitigation measures which can be used; with many of them used in
combination (i.e. fish salvage preceding site isolation works). The use of least risk
timing windows is considered as one in a series of effective mitigation measure. The
advantage of using least risk timing windows is that it is a cost effective and relatively
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easy mitigation measure to use. However, this does not preclude a Proponent utilizing
other mitigation measures to allow them to undertake the works outside of the least
risk timing windows.

Undertaking works outside of the least risk timing window can in some circumstances
be undertaken subject to implementation of additional and more robust mitigation
measures. The objective of these additional mitigation measures is due to the fact that
construction activities may interfere with more sensitive fish life cycle periods such as
migration, spawning and incubation. As such, undertaking works outside of the work
window typically requires a broader range of mikgation measures, combined with
increased monitoring effort to ensure that the works do not impact these more sensitive
life stages.

In past discussions DFO has advised that high risk activities such as underwater
blasting, dredging, impact pile driving and disposal at sea should be limited to least-
risk timing window. DFO has reviewed the Proponent’s interim data on fish use in
and around the project development area and remains supportive of the use of least-
risk timing windows to avoid impacts on CRA fish species. Other mitigation measures
such as sediment containment fences and bubble curtains have varying degrees of
success in high current environments. The project development area is within an
environment that is subjected to high currents.

The Proponent’s current proposal is to install piles for marine infrastructure across
Agnew Bank using a combination of vibratory and impact pile driving techniques for a
continuous 21 months. No timing windows have been proposed for this activity. Itis
anticipated that the implementation of bubble curtains and/or pile within pile
installation will be an effective measures to mitigate death and injury to marine fish
and mammals. It is uncertain, however, if these measures will mitigate impacts
associated with behavioural change (i.e. herring spawning on Flora Bank). In water
construction outside of least-risk timing window may result in avoidance of habitats
within the project development area believed to be important for CRA fish, including
marine mammals, and the fish that support CRA fisheries.

If least-risk windows cannot be adhered to, DFO recommends that additional
mitigation measures be implemented to reduce impacts associated with behavioural
change. Additional mitigation measures could include the implementation of
techniques such as combining pile within pile and bubble curtain noise dampening
techniques and undertaking acoustic monitoring. In addition, additional monitoring
should be undertaken for any work, undertaken or activity that occurs outside of the
least risk window. This should include undertaking underwater video and acoustic
monitoring to determine the range of behavioural change occurring around the works.
This would also include the use of marine mammal observers and the use of marine
mammal exclusion zones.
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As herring are known to have a higher sensitivity to noise and as they’ve been shown
to spawn on Flora Bank in the late spring/summer period, it is recommended herring
be closely monitored during the spawning season to determine the effectiveness of the
pile driving mitigation measures. This should include acoustic monitoring to
determine sound levels on Flora Bank and field sampling to determine if herring are
spawning on the eelgrass beds. An adaptive management approach could be
undertaken during should herring be found to be avoiding Flora Bank as a result of the
pile driving activities, including implementation of a brief instream work window
during this period to ensure that spawning occurs.

Question #3: The Proponent has outlined a follow-up program in its final response
(section 7 of the Response Summary). What elements of this program does DFO think
are important to verify the predictions of the assessment and effectiveness of mitigation
measures? Does DFO have any suggestions regarding additional elements of a follow-up
program that should be included?

DFO has reviewed section 7 of the Proponent’s response summary. Based on our review,
DFO recommends that all elements outlined in Section 7 of the response summary (e.g.
Marine Fish and Fish Habitat Follow-up Program, Fish Habitat Offset Monitoring) should be
included as a follow up program as they are important to verify the predictions of the
assessment and effectiveness of mitigation measures.

As a minimum, the following additional components should be included as part of a follow up
monitoring program for the Pacific Northwest LNG project:

e Biological monitoring should continue through construction and for a period lasting a
minimum of ten years following commencement of operation. This monitoring
should consisting of:

o Compliance monitoring to evaluate compliance with conditions set forth as
conditions to environmental assessment approvals, permits, licenses or
authorizations issued for the Project.

o Effectiveness monitoring to evaluate the success of prescribed mitigation and
offsetting measures to reduce, mitigate, and offset for Project effects.

o Response monitoring to determine if the Project is having any long-term
effects on the environment. This program typically collects data on specific
environmental indicators to determine trends over time.

e Follow-up monitoring of the extent and density of eelgrass beds associated with Flora
Bank to confirm that the indirect impacts to eelgrass &om marine infrastructure are
within the range of natural variability.

e Follow-up monitoring of the bathymetry of Flora Bank to confirm that indirect impacts
to Flora Bank from the marine infrastructure are within the ranges predicted.

e Follow-up monitoring of underwater noise during pile installation to confirm the
radius of marine mammal exclusion zones and the effectiveness of mitigation (e.g.,
bubble curtains, pile-in-pile installation).
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e Turbidity/TSS monitoring during dredging activities.

e Monitoring of TSS and sediment deposition rates during and after construction of
marine terminal structures to confirm that the values of TSS and rates and extent of
deposition are within the ranges predicted.

e Monitoring of TSS and changes in bathymetry (i.e., sediment elevation) around the
berth areas, along with characterization of propeller wash derived scour and associated
TSS and sediment movement/deposition during LNG carrier maneuvering and
berthing. (The simulations indicate that that if the trestle is going to change the net
erosion and deposition it will likely happen along the western flank from Agnew and
Flora Bank from the northwest comer of Agnew Bank to Kitson Island. This area
should be included within the follow up monitoring terms of reference).

e Monitoring of TSS and changes in bathymetry (i.e., sediment elevation) around the
material off loading facility (MOF), along with characterization of propeller wash
derived scour and associated TSS and sediment movement/deposition during tug boat
maneuvering and docking at the MOF.

e Follow up study of the SW Tower and Anchor Block to determine changes in current
velocities, including extent, duration and effects on fish and fish habitat, including
those on Flora Bank eelgrass.

e Development of a Marine Mammal Protection Plan to be developed in consultation
with DFO. The plan should include provisions for continued presence and density
studies, acoustic modeling and monitoring, development of mitigation measures
including review of new and emerging technologies, development of marine mammal
exclusion zones and use of marine mamrmal observers.
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TECHNICAL REVIEW OF FINAL 3D MODELLING -
POTENTIAL EFFECTS OF MARINE STRUCTURES ON SITE
HYDRODYNAMICS AND SEDIMENTATION FROM THE
CONSTRUCTION OF THE PACIFIC NORTHWEST LIQUEFIED
NATURAL GAS TERMINAL

1.0 Context

Pacific NorthWest Liquid Natural Gas Ltd. (PNW LNG) is proposing to construct a large scale
liquefied natural gas (LNG) export terminal near Prince Rupert, BC, within the Skeena River
estuary (herein after referred to as the ‘Project’). The Project would involve the development of
combined suspension bridge and pile trestle from Lelu Island to a terminal berth, a materials
offloading facility (MOF), pioneer dock and access bridge to Lelu Istand.

The proposed suspension bridge would connect Lelu Island and Agnew Bank, approximately
1,500 m to the northwest of Flora Bank, and would be supported by two isolated in-water
supporting structures, referred to as the Southwest (SW) Tower and the Anchor Block. From the
seaward end of the bridge, a trestle supported by steel pilings would continue for approximately
1,300 m to a berth and traffic deck.

On April 8, 2013 the Canadian Environmental Assessment Agency (CEAA) issued a Notice of
Commencement that they had begun an environmental assessment pursuant to the Canadian
Environmental Assessment Act (CEAA 2012) for the PNW LNG project located on Lelu Island.

The Environmental Impact Statement (EIS) and Addendum submitted by PNW LNG to the
Canadian Environmental Assessment Agency on 28 February 2014 and 12 December 2014,
respectively, provided information with regard to potential effects of marine operations and
marine structures upon the sea bed and habitat at Agnew and Flora Banks. The Addendum also
provided detailed responses to Information Requests posed by the Government of Canada in
regard to sediment deposition, and included a report that provided a sediment transport and
deposition analysis. This report was based on work that utilized 2D models and was conducted
by PNW LNG’s marine engineering consultant, Hatch Ltd.

On February 23, 2015, PNW LNG received a new Information Request from CEAA requesting
additional 3D hydrodynamic and sedimentation modelling. A Terms of Reference was
developed to guide the additional assessment. The Proponent responded to the February 23"
CEAA request by submitting a report dated May 5, 2015 entitled “3D Modelling of Potential
Effect of Marine Structures on Site Hydrodynamics and Sedimentation” (Hatch, 2015a).

Fisheries and Oceans Canada (DFO) Science Branch had provided informal advice to DFO
Fisheries Protection Program (FPP) on previous drafts of baseline and post-construction
modelling undertaken by PNW LNG to assess the potential effects of marine operations and
marine structures on the sea bed and habitat at Agnew and Flora Banks. Following the
Proponent’s submission of the May 5, 2015 report (Hatch, 2015a), FPP placed a request to
Science Branch to provide a formal technical review of PNW LNG's draft 3D baseline and post-
construction hydrodynamic modelling. A Canadian Science Advisory Secretariat (CSAS)
Science Response (DFO, 2015) was developed in response to this request from FPP. The
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Pacific Region Science Response: Technical Review, PNW LNG Final
Modelling Report - APPROVED PRE-PUBLICATION

CSAS Science Response (DFO, 2015) outlined primary areas of concern with respect to the
Hatch (2015a) 3D modelling report. These concerns were conveyed in a DFO response (June
2, 2015) to CEAA.

On June 2, 2015, PNW LNG received notice from CEAA that they had not satisfied the
requirements of the Information Request #2, noting that the technical reviews provided by
Natural Resources Canada (NRCan), and DFOQ, “indicates that their expert advice and direction
to PNW in conducting its modelling work was not sufficiently taken into consideration, which has
resulted in a lack of information”. CEAA indicated to PNW LNG that their conclusions needed to
be substantiated by further rigorous and thorough modelling results. CEAA informed PNW LNG
that additional information was required before they could complete their environmental
assessment report. Five key concerns regarding 3D modelling were identified in the

June 2, 2015 CEAA correspondence. These were itemized as follows:

e Concerns regarding the wind and wave input forcing fields used to drive the 3D model.
e Concerns with the modelling of extreme storm events.

e Concerns with the modelling of flows in proximity to large structures (the Anchor Block and
SW Tower).

* Concerns regarding the long term simulations and use of time-averaged forcing inputs to
drive the model.

e Concerns regarding model outputs related to sediment transport.

PNW responded to CEAA’s June 2, 2015 Information Request with submission of a report dated
November 10, 2015 and entitled “Pacific Northwest LNG 3D Modelling Update - Supplemental
Modelling Report” (Hatch, 2015b). DFO FPP is now requesting that DFO Science review PNW
LNG'’s final submission of modelling of potential effects of proposed structures to Flora Bank
and Agnew Bank areas in response to CEAA’s Information Request and provide advice
regarding the following:

1. Assess whether the five key concerns as outlined above have been addressed with
sufficient accuracy and adequacy to facilitate an evaluation of PNW LNG's conclusions.

2. If the information and model results from PNW LNG are found to be sufficient; evaluate the
validity of PNW LNG's conclusions, based on information and results as presented in the
Supplemental Modelling Report.

This Science Response Report results from the Science Response Process of December 2015
on the Technical Review of final 3D modelling - potential effects of marine structures on site
hydrodynamics and sedimentation from the construction of the Pacific Northwest Liquefied
Natural Gas Terminal.

2.0 Analysis of Supplemental Modelling Report

This section provides a review of the Supplemental Modelling Report (Hatch, 2015b), with
respect to the five concerns raised by CEAA over the modelling work presented in the earlier
report (Hatch, 2015b), to address question 1 above. For each of these concerns, background
information is provided and the response of the Proponent is summarized. In each case, an
assessment is made on whether the work presented in the Supplemental Modelling Report
(Hatch, 2015b) is adequate and of sufficient accuracy to allow an assessment of the impact of
the Project on Flora Bank. In Section 3, key results are highlighted to assist DFO Fisheries
Protection Program in making its assessment of the Project. The concluding section
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summarizes and recommends possible mitigation measures that DF O Fisheries Protection
Program may wish to consider.

2.1 Wind and wave forcing inputs
2.1.1 Background

To examine the potential impacts of the Project on Flora and Agnew Banks, PNW LNG
implemented a regional hydrodynamic model based on the Delft3D model (Deltares, 2014a and
2014b). This model is suitable for a representation of the hydrodynamics of flows over the
project site, including the simulation of wave-driven currents (using the Simulating WAves
Nearshore [SWAN] wave model) and changes in bottom morphology associated with sediment
deposition and erosion. The regional model is driven by surface wind forcing and, at its lateral
open boundaries, by incoming waves (swell) from the Pacific. An earlier DFO technical review of
this modelling (DFO, 2015) questioned the approach taken to specify these forcings of the
regional model, which, it was argued, would introduce unnecessary errors. Specifically, the
following was deemed inadequate:

1. Use of wind data from a single buoy to specify the wind forcing over the entire regional
domain, leading to a uniform wind field. It was suggested that use of gridded wind products
was more suitable as this would allow the specification of realistic, spatially variable winds
over the region.

2. Specification of uniform wave information at the outer boundary of the model, based on data
from a single buoy. It was noted that “measurements at a single point cannot represent the
variability of the wave field along the entire outer boundary of the wave model regional grid
domain.” It was suggested that using available gridded products to specify the wave forcing
at the boundary would reduce unnecessary errors and improve the simulations

2.1.2 Proponent’s revisions

The work reported in the Supplemental Modelling Report now makes use of a gridded wind
product to provide spatially variable wind fields that are applied to drive currents and locally
generated waves in the regional model. The report mentions that four different re-analysis
products were considered to allow for the wind forcing over the model domain. Wind forcing
from the Climate Forecast System Reanalysis (CFSR) Version 2 was selected to drive the
model as this wind product had the finest spatial resolution and most complete coverage of the
four gridded wind products that were considered. A comparison of the resolution of the four
datasets is given in Appendix C, Figure C1, to support the Proponent’s selection of CFSR.

In addition to the revised wind forcing, the regional model is now driven at its lateral boundaries
by spatially variable data on offshore waves. Two data products were considered:
WAVEWATCH I1I®, a standard product made available by the National Oceanic and
Atmospheric Administration of the United States Dept. of Commerce, and re-analysis wave data
from the European Centre for Medium Range Weather Forecasting (ECMWF). WAVEWATCH
11I® was selected as it offered superior spatial resolution. Water depths in wave model
simulations have been informed by estimates from the flow simulations.

2.1.3 Assessment

The wind and wave input forcings that have been incorporated in the model to produce the
results presented in the Supplemental Modelling Report represent a clear improvement over
previous work; they conform to the peer-reviewed scientific literature for the forcings to be used
in a regional model. Accordingly, DFO assesses that the concern raised by CEAA in this regard
has been addressed adequately and with sufficient accuracy by the Proponent. Simulations with
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the revised wind and wave forcing compare somewhat more favourably relative to previous
simulations with respect to wave observations collected at a buoy deployed by PNW near the
Project site. This improvement is due primarily to the use of spatially variable winds. However,
for the observations that were collected at the PNW buoy, conditions were sufficiently benign
that offshore waves appear to have relatively little impact at the Project site; for conditions such
as the 50-year and 100-year extreme storm events (next section) a larger impact of offshore
waves at the Project site is expected. A comparison with winds measured at buoys in Hecate
Strait and Dixon Entrance showed very good agreement with the CFSR winds (Figure C-2). This
is not surprising since it’s very likely that winds from these buoys were assimilated into the re-
analysis product. The report mentions that the CFSR winds were “improved locally using
assimilation of Holland Rock winds with equivalent duration of 90 minutes.” The extent to which
this was necessary is uncertain since Holland Rock winds are probably already assimilated into
the CFSR dataset.

2.2 Modelling of extreme storm events
2.2.1 Background

The potential impact of the proposed marine structures on Flora Bank during extreme weather
events is an important consideration. In fact, under a changing climate, conditions may vary and
extreme events with long return periods must be examined carefully. DFO (2015) found that the
modelling of storm events presented in Hatch (2015a) was inadequate with respect to the
intensity, duration and direction of the storm events given consideration. Specifically, the review
concluded that

“The analysis does not adequately consider an extreme storm for the 50-year return period, or
an appropriate set of 50-year extreme storms, thereby underestimating the potential impact of
the installation of marine structures on the surrounding environment. Although the Proponent
does estimate the 50-year and 100-year winds at the Holland Rock buoy ... several of the other
conditions needed to estimate 50-year extreme storm impacts are scaled back or not explored.
in particular, the analysis only considers a storm propagation direction that orients the marine
structures downstream from Flora Bank, thus making it essentially impossible for the marine
structure to impact Flora Bank.”

DFO (2015) indicated that a careful examination of storm events required the following:

“The orientation of the artificial case should have several scenarios, including the cases where
the waves pass Flora Bank first, then the marine structures second; and vice versa, with wave
hitting the marine structures first, then Flora Bank second, etc. ... The extreme storm cases
should also consider storms where uniform winds are blowing at various angles with respect to
the marine structures, Flora Bank, and Agnew Bank, and holding steady for at least half a day,
or more, and include simulations with, and without, marine structures to see the full effects of
the marine structures on the surrounding region. Model runs should show the full possible
effects. Winds should be at the 50-year return level, at least, and ideally also include 100-year
return levels.”

2.2.2 Proponent’s revisions

Appendix G of the Supplemental Modelling Report discusses the approach taken to construct a
set of synthetic storm events. Of the four cases considered, three have the marine structures
upwind of Flora Bank with wind directions varying from northwest, west and southwest. The
fourth case has the wind from the southeast. In each case the magnitude of the wind forcing is
specified according to an estimated 50-year return period that is based on a 21-year record of
wind measured by Environment Canada at the nearby Holland Rock Station. The synthetic
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storm is given a Gaussian time dependence with an overall duration of 11 days, and an e-
folding time scale of about five days. Wind directions are held constant over the entire storm
duration. The storm cases are chosen to coincide with a period of spring tides, thus allowing a
combination of strong tidal flows and strong wind and wave driven currents.

2.2.3 Assessment

The synthetic extreme storm case developed in the Supplemental Modelling Report (Appendix
G) meets the requirements stated in DFO (2015) for the specification of an extreme storm
event. In addition to specifying winds of sufficient intensity, a conservative approach has been
adopted in which the duration of the synthetic storm is substantially longer than any storm
measured in the 21 year record of winds at the Holland Rock buoy. Thus, the waves generated
by the storm will not be limited by duration. As suggested in DFO (2015), multiple directions for
the wind have been specified such that in the different cases the proposed marine structures
are situated either upwind or downwind relative to Flora Bank. Thus, there is inclusion of long-
fetch swell waves that can be generated by intense cyclones in the Northwest Pacific,
propagating towards the Flora Bank area from the Northwest. DFO assesses that the synthetic
storms specified in the Supplemental Modelling Report to examine the response to an extreme
weather event are sufficient and that this concern raised by CEAA has been addressed
adequately.

2.3 Modelling of flows in proximity of large marine structures (Anchor Block and
SW Tower)

2.3.1 Background

The project advanced by the proponent requires the installation of marine structures that extend
through the water column in proximity of the northwest flank of Flora Bank. As noted earlier, the
Project consists of a bridge supported by the SW Tower and the Anchor Block, as well as a
trestle supported by a set of pilings. As noted in DFO Science Response 2015/027 (DFO,
2015), the SW Tower and the Anchor Block are the largest, most substantial structures; the
modelling work presented in the 3D Modelling Report of May 5, 2015 (Hatch 2015a) suggested
that these structures would produce the largest perturbations to the natural flow regime of the
region.

Hatch (2015a) presented modelling work in which the marine structures (the Anchor Block, the
SW Tower, and the series of trestle pilings) were represented within the regional Delft3D-Flow
model as ‘porous plates’ that exert drag on the flow. This representation was accepted in the
DFO review as areasonable approach for the ensemble of trestle supports. (Further discussion
of the trestle supports is given below.) However, the DFO review was critical of using porous
plate representations of the SW Tower and Anchor Block. Specifically, the DFO review
mentioned the hydrodynamic response that is expected in proximity of these large structures:

“,.. flows impinging on such large structures will be blocked on the upstream side and
accelerated along the sides of the obstacle. At the trailing edge there will be boundary layer
separation and a turbulent wake in the lee of the structures. Given the proximity of the proposed
structures to Flora Bank, the jet-like flows and vortices that will be shed in the lee of the
structure can be expected to impinge on the sides of the Bank during flood tide. There is
potential for these energetic flows to scour the Bank.”

It was noted that the porous plate representation of the large structures was unlikely to produce
an accurate representation of the expected changes to the hydrodynamic regime:
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“T he relatively coarse resolution of the model (which necessitates the porous plate
parameterization) is problematic for modelling the effect of the two large structures (the anchor
block and the tower), and it is far from clear whether the effects of these structures are
adequately represented. In particular, it is likely that the model is unable to adequately resolve
the strong flows and shear generated in the lee of the structures. The turbulent flows and
vortices that will be shed in the lee of the anchor block and tower are probably absent in the
simulations, and the jet-like separated flows are bound to be more diffuse than in reality. All of
this is likely to bias the results to underestimating the effects of these large structures.”

Lastly, to overcome this difficulty, it was mentioned in the DFO review that:

“The obvious remedy for these problems would have been to conduct simulations that are of
locally much higher resolution (perhaps in a nested model) in which the marine structures and
turbulent flows are explicitly resolved.”

2.3.2 Proponent’s revisions

In response to the critique outlined above, the Proponent implemented high-resolution, two-
dimensional models for the regions in proximity of each of the two large structures. The
MORPHO modelling system (Kolomiets et al 2014) was selected to simulate fine-scale physical
processes around the proposed SW Tower and SW Anchor Block. Boundary conditions for
these high-resolution models were extracted from the coarser resolution regional Delft3D model.
MORPHO allows for wetting and drying of the seabed which is important for Flora Bank. The
model uses an unstructured grid and was implemented with a variable lateral resolution that is
finest immediately adjacent to the structures (~1.5 m grid size), and becomes substantially
coarser with distance, increasing to approximately 200 m near the boundaries of the fine
resolution domain.

The Supplemental Modelling Report and the accompanying video animations provided results
from a set of simulations with the high-resolution models. These simulations included high-
resolution model runs of the Anchor Block and SW Tower for a set of three different cases:

1. Sea surface elevations and currents driven by tides and freshet river discharge for a 28-day
simulation period

2. Asin (a), but with only tidal forcing

3. Tides and storm currents due to wind/waves from the west (270°N) for a simulated 50-year
storm event

There were also sensitivity tests provided by the Proponent that examined the influence on the
main results of variations in sediment grain size, changes due to the introduction of scour
protection about the structures, and a change in the shape of the SW Tower from the basic
rectangular shape to a circular shape.

Generally, results from these simulations show the modifications to the flow structures
anticipated in DFO (2015). Specifically, this includes the formation of jet-like flows on the sides
of the structures that impinge locally on the side of Flora Bank during a flood tide. As well,
vortices of alternating sign are shed in the wake of the structures that subsequently propagate
over the bank on flood tides. This response is similar to a von Karman vortex street; the
frequency of oscillation of the flow in the lee of the structures appears to be consistent with this
interpretation (Appendix - Technical Notes for Section 2.3).

The high resolution simulations show that some scouring of the bottom sediment at the margin
of Flora Bank occurs in response to the flows that develop in the lee of the structures during
flood tides. This is in contrast to the previous results given in Hatch (2015a) that were based on
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the porous plate representation of the large structures. The latter failed to indicate any scour of
Flora Bank associated these structures (e.g., Figures 7-4 to 7.7, Appendix B, Hatch Ltd 2015a).
A fuller discussion of the important results from the high resolution modelling is included in
Section 3 of this review.

2.3.3. Assessment

The new high-resolution simulations represent a clear and substantial improvement over the
previous modelling of the flows in the vicinity of the two main structures. Specifically, they
directly address the criticism of the representation of these structures as porous plates within a
coarse resolution grid. The high resolution simulations display the essential physical processes
that are expected to occur as flows encounter large marine structures. As such, simulations with
the high-resolution models provide a credible basis for assessing the changes to the
hydrodynamic regime introduced by these structures. They also form a basis for assessing the
impact of these changes on sediment erosion, dispersal and deposition. In addition, the high
resolution modelling now allows an investigation into the effects of changing the shape of the
structures and the installation of scour protection.

Still, some caution is required to interpret the results from these simulations. The coarsening of
the grid resolution with distance from the structures likely leads to an increase in the implicit
numerical diffusion of the model. Accordingly, the vortices that are shed by the model are likely
to be subject to such diffusive effects, and will be dissipated more quickly than if the fine
resolution had been maintained over the entire high resolution grid. This may have an impact on
the distance over which the eddies can transport sediments that are suspended by the flows
near the structures. In particular, scaling arguments (Appendix - Technical Notes for Section
2.3) suggest dissipation of eddies through bottom friction on a length scale of about ~1000 m,
while the simulations show eddies dissipating over a somewhat shorter scale. Numerical
diffusion may be the source of this discrepancy.

2.4 L ong-term simulations
2.4.1 Background

An objective of the Hatch (2015a) 3D modelling study was to examine the extent to which the
Project would lead to long term morphological changes to Flora Bank by modifying large-scale
flow and transport processes. Simulations based on the Delft3D model were reported that
extended for duration of 134 days and included a morphological acceleration factor (MORFAC)
of 13.5. Since the morphology may evolve slowly, this factor is used to avoid long,
computationally costly integrations of the hydrodynamics. This is accomplished by scaling the
fluxes of suspended sediment between the overlying fluid and the sea bed by an acceleration
factor, MORFAC. The simulated morphological evolution is then said to represent the expected
changes over a period of time given by product of MORFAC and the actual duration of a given
simulation. In this case, the simulations were taken to represent morphological change over
13.5 times 134 days, that is, 5 years.

DFO (2015) raised several concerns with regard to the tidal and wind forcing and the freshwater
discharge from the Skeena River that was applied in the hydrodynamic simulations with
MORFAC > 1. In particular, rather than including the actual tidal forcing, the simulations
included only a ‘representative tide’ that eliminated the spring-neap fortnightly modulation of the
tides. The winds and waves were averaged over 7 day intervals, and the annual cycle of river
discharge was compressed into a 26.9 day period. it was noted in the review that:

“The weekly averaging the winds and waves eliminates the peaks in these fields associated with
the passage of storms, while use of a representative tide eliminates the largest tidal currents
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associated with spring tides. As a result, the likelihood of exceeding the critical threshold for
sediment suspension and transport is underestimated in the model. As well, elimination of neap
tides reduces the likelihood of meeting the threshold for sediment deposition.”

In addition, DFO (2015) noted that the compression of the annual cycle of river discharge was
highly problematic. As a result,

“The volume of freshwater and amount of suspended sediment discharged from the Skeena
River into the coastal ocean is severely underrepresented in the model. This will lead to an
underestimation of the buoyancy-driven circulation, as well as of the total suspended solids
(TSS) in the water column.”

2.4.2 Proponent’s revisions

A set of new simulations with the Delft3D regional model is presented in the Supplementary
Modelling Report (Hatch , 2015b). For these cases the forcing provided by tides, winds, waves,
and river discharge varies continuously, without the time averaging used in Hatch (2015a). For
these new cases, referred to in the report as the ‘time series simulations’, no morphological
acceleration has been applied (i.e., MORFAC is set to unity). A number of different cases are
described. There are three simulations of relatively long duration. One extends for one year,
covering the time period Sept. 2012 - Sept. 2013, and has 1-hour coupling between the flow and
wave modules. Two additional runs have 3-hour wave-flow coupling which is less
computationally demanding, and cover the periods, Sept. 2012- Sept. 2013 and May 2013 -
May 2014. These simulations capture the annual cycle, including a period of winter storms, as
well as a freshet period for the Skeena River discharge. There are also shorter simulations of 3-
4 months for the winter storm and summer freshet periods.

The proponent has improved the regional ocean modelling by increasing the number of vertical
layers in Delft3D from 5 to 10 to address concerns about the simulation of the salinity and
stratification in the vicinity of Flora Bank (Appendix E). They have also improved the
comparisons between the observed and modelled currents by expanding the time period used
for the comparison in Porpoise Channel, by including data from Inverness Passage, and by
using quantitative metrics for the comparisons (Appendix F).

2.4.3 Assessment

As requested in DFO (2015), the new long-term simulations make use of continuously varying
forcing, and no longer use weekly-averaged winds and waves. Results from these simulations
are now more credible than the previous cases presented in the May 5 report. DFO assesses
that the concerns expressed in DFO (2015) over the questionable averaging of the wind and
wave forcing, and the compressed record of freshwater discharge from the Skeena River, have
been addressed adequately. [n addition, by correcting the representation of the discharge from
the Skeena River, concerns have been alleviated over the discharge of suspended sediment
from the river.

Consideration of the Figures in Appendix F shows that the uncertainty in the peak current speed
relative to the observations in Porpoise Channel and Inverness Passage is about 20%. The
material in Appendices J and K and the model inter-comparison of Chen et al. (2013), suggests
that the uncertainty in the current speeds over the bank (where there are no observations) is in
the range of 20% - 40% (this applies to both the regional model and the high resolution model).

Overall, the uncertainties in the currents are consistent with the expectation in the international
community that in situations dominated by currents the sediment transport quantities, such as
erosion and transport rates, are expected to be accurate to within a factor of 2 or so (NRCan's
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Research Scientist, pers. comm., 2015). Note that a 40% uncertainty in currents means a factor
of 2 uncertainty in the bottom stress.

The regional ocean model simulations are useful for assessing the pre-construction conditions
and the potential impacts of the trestles. These simulations have insufficient horizontal
resolution to properly assess the potential impacts of the two large marine structures: the SW
Tower and the Anchor Block.

DFO notes that no morphological acceleration has been included in the year-long simulations;
therefore these cases do not model potential changes occurring on multi-year time scales. A
review by NRCan has focused on the regional modelling and has determined that “the impact of
the marine structures on currents, waves, sediment transport, and seabed morphology for
various seasonal and storm conditions has been modelled with acceptable certainty.”

2.5 Model results on sediment transport
2.5.1 Background

In an earlier technical review, NRCan raised concerns regarding model results on total
suspended solids (TSS) and sediment transport. More specifically, it was recommended that
“sediment transport rate and direction” as well as “net sediment transport flux and direction, and
net erosion and deposition rates and distribution patterns” be included in the analysis of the
model results. In addition, concerns were raised about the underestimation of TSS by the
model. Finally, it was suggested that conclusions related to the effect of the marine structures
on TSS are not supported by the model results.

2.5.2 Proponent’s revisions

Appendix K on sediment mobility and transport was added by the Proponent in response to the
above concern. It provides a detailed look at the sediment transport calculations and presents
estimates of the fraction of the time for which the sediment is being eroded during the
simulations. Nine locations were selected for this analysis (Fig. K-1) that make use of the 28 day
freshet simulation of 2014. For each location, a time series of flow relative to the critical flow
velocity (determined by the Shields method) is presented (Figs K-14 to K-22). It was found that
the sediments are set in motion by the tidal flow during a relatively small fraction of the
simulation period (0.3% to 21.8%) when the peak tidal flow exceeds the estimated critical
velocity, and do not travel far. A similar analysis is repeated for two of the locations using the
high resolution MORPHO results, with similar results.

2.5.3 Assessment

DFO has determined that the concerns raised regarding the limited supporting information on
sediment simulation have been addressed adequately. A more fulsome assessment of the
regional model predictions of sediment transport, seabed erosion, and deposition has been
provided by NRCan.

3.0 Evaluation of Model Results and Consequences

In this section, results presented in the Supplement Modelling report are examined with respect
to topics of primary interest to DFO Fisheries Protection Program.

Three key topics are considered:
1. Potential for material alteration of the Flora Bank
2. Changes in Total Suspended Solids (TSS) over Flora Bank
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3. Changes in the currents in the vicinity of the structures

3.1 Potential for material alteration of Flora Bank
3.1.1 SW Tower and Anchor Block

The results presented by the proponent have consistently shown that the perturbations to the
natural flows with the greatest potential for material alteration of Flora Bank are associated with
the two largest structures, the SW Tower and the Anchor Block. Results of the high resolution
simulations are most relevant in this regard as these cases have sufficient spatial resolution to
represent the dominant physical processes that are expected to occur in proximity of these large
structures. The tide-only case is probably the most useful one as it likely provides the best
representation of the conditions that typically prevail through most of the year. The tide+freshet
case is appropriate only for times of appreciable river discharge which is limited to a period of
about four weeks during spring to early summer.

The following are some of salient results of the high resolution modelling with respect to the
potential for material alteration of Flora Bank.

e The high resolution simulations show that some scouring of the bottom sediment at the
margin of Flora Bank is likely to occur due to the flows that develop in the lee of the
structures during flood tide. This erosion leads to a slow, gradual change in the seabed at
the western margin of Flora Bank.

¢ Asdiscussed below, this slow gradual erosion may persist for an indefinite period of time,
perhapsfor many years.

e The erosion over a period of one year (based on linear extrapolation of a 28-day simulation)
is of limited areal extent and relatively remote from the historical locations of eel grass beds.
This is also the case for the simulation of the 50-year return period storm.

e Although the Anchor Block is larger than the SW Tower, it is evident from the results that the
potential for scour on Flora Bank arises mainly from the presence of the SW Tower. This is
due to the direction of ambient currents and because the SW Tower is to be situated closer
to the Bank.

¢ In the case of the SW Tower, the 5 cm/year erosion contour extends within the 3.8 metre
depth contour that is taken to delineate the edge of Flora Bank (e.g., Figures 6-30, 6-39, 6-
44). The area over the Bank for which greater than 5 cm/year of sediment is eroded is about
1-2 times larger than the area of the tower and its scour protection in the tides-only case,
and about three times larger in the 50-yr storm case.

e Scour protection (rip-rap) is an effective measure to mitigate scour immediately about the
structures. This applies to both the construction and operation phases of the Project. it
should be noted, however, the rip-rap has little influence beyond the areas that are directly
protected.

e The simulations show considerably reduced erosion at the margin of Flora Bank when the
obstruction presented by the SW Tower is changed from a rectangular shape to a circular
one (e.g., Figures 6-43, 6-44). This would appear to be an obvious measure that could be
taken to mitigate the potential impact of the SW Tower on Flora Bank. It would also be an
appropriate mitigation measure to apply curved rather than rectangular temporary structures
during construction as required.

e The freshet component of the tides + freshet simulation provides about a 5 cm/s current
from east to west across the bank. This effectively reduces the flow over the Bank during
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flood tide. As a result, there is somewhat reduced erosion of the margin of Flora Bank in the
tide+freshet case relative to the tide-only case.

3.1.2 Trestle structures

The trestle has been represented in the regional model as a porous plate that exerts drag on the
flow. The level of drag was calibrated to reduce flows and wave energy by a factor of 0.9 (i.e.
blocking 10% of wave energy and current). Given that the design of the trestle pilings is such
that they will block 1-2% of the area along the length of the trestle, this reduction factor is
regarded as a conservative one that is likely to overestimate the effects of the trestle bents. The
50-year extreme storm simulation (Section 6.1.1; Figure 6-7) indicates that the trestle is most
likely to alter the net erosion and deposition patterns along the western flank from Agnew and
Flora Bank from the northwest corner of Agnew Bank to Kitson Island. In order to verify the
Proponent’s predictions, this area would be the most suitable for monitoring for potential long
term changes in bottom morphology. Otherwise, the modelling results suggest that the impact of
the trestle on Flora Bank is likely to be limited.

3.1.3 Remaining uncertainties

The high resolution simulations consistently show that the greatest potential for material
alteration of the bank is found in immediate proximity of the SW Tower. While the duration of the
simulations is insufficient to provide information on the long-term evolution of the bank in this
area, the most likely scenario is for continued slow erosion at rates similar to those evident in
the tide-only high-resolution simulation. The duration of this continued slow erosion is uncertain.

A discussion is given in Section 6.4 ofthe Supplemental Modelling Report regarding the long
term evolution of the bank due to scour in proximity of the SW Tower and Anchor Block.
Extensive literature on the topic of scour is cited to argue that a steady state will be achieved.
The key conclusion is that while the eddies shed in the lee of the SW Tower and Anchor Block
during flood tide lead to erosion beyond the scour protection, eventually an equilibrium will be
reached after which scour “will slow to a relative halt when the sediment around the structure is
too deep to be mobilized” [page 169]. The Proponent also asserts that “equilibrium depths
around the edges of the rip-rap scour protection are likely to be reached in several months to a
few years” [page 170]. First, it may be noted that the simulations show that scour is not limited
to the edge of the scour protection. Near the SW Tower, the scour extends beyond the 3.8 m
depth contour taken to mark the edge of Flora bank (e.g. Figures J-4 and J-56, for the tide-only
and storm cases, respectively.) Second, it is worth noting that no evidence has been adduced to
support the time scale of several months to a few years.

It is not possible, in fact, to determine from either the simulations presented in the Supplemental
Modelling Report, nor from the cited scientific literature, the time it will take for scour to come to
a halt and to achieve a state of equilibrium. Nor can any estimate be given for the final extent of
scour. As emphasized in the Supplemental Modelling Report (page 169), “the rate of scour will
be slow”. Accordingly, the fractional change in the depth of the seabed will also vary slowly.
Since scour “will slow to a relative halt when the sediment around the structure is too deep to be
mobilized”, it would not be unreasonable to expect that such a process will operate continuously
in the vicinity of the structures for long time, perhaps even as long as the lifetime of the Project.
As discussed in the next section, this may be expected to have a persistent impact on levels of
total suspended solids (TSS) over the Bank.

3.2 Changes in Total Suspended Solids (TSS) on Flora Bank

This section examines results from high-resolution model simulations with respect to changes in
total suspended solids (TSS) due to installation of the SW Tower and Anchor Block. It should be
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noted that while the tide-only simulation is considered to be the case that is most representative
of typical conditions, many of the results discussed in Supplemental Modelling Report are drawn
from the tide+freshet case. Accordingly, to evaluate changes in TSS it has been necessary to
place greater reliance on the video animations of the tide-only case. The following are some of
the salient results on TSS presented in the Supplement Modelling Report and the
accompanying flow animations.

The simulations show increases in TSS over the western side of Flora Bank due to the
presence of the marine structures, particularly the SW Tower. These increased levels of
TSS arise from the erosion and suspension of sediment due to the increased currents that
develop in proximity of the structures.

The flow animations clearly show that, during flood tide, vortices shed in the lee of the
structures are effective at transporting the suspended sediment from the area around the
structures onto the Bank.

The increases in TSS can be characterized as short-lived, episodic events that occur mainly
during periods of spring tides when tidal currents are strong (Appendix 1 — Technical Notes
for Section 3.2). TSS levels are generally lower during neap tides when tidal currents are
weak (Figure 6-35 of the Supplemental Modelling Report).

Such episodic events also occur in the simulations without the structures, but less
frequently. For example, in the tide+freshet simulation (Figure 6-35 of the Supplemental
Modelling Report) without the SW Tower, there are three events in which the TSS
concentration at a location east of the SW Tower exceeds 5 mg/L over 28 days. The
simulation with the marine structures in place has 14 or 15 such events over a similar
period, a 5-fold increase. (Here we are not counting the two large spikes in TSS that occur
both with and without the marine structures and which are likely artifacts of the drying of the
Bank during very low tides.)

Examination of the tides-only video shows that the episodic increases in TSS levels on the
western side of Flora Bank can be larger by a factor of 3-4 than those seen in the
freshet+tide case (Appendix 1 — Technical Notes for Section 3.2)

A pronounced east-west asymmetry is evident in Figure 6-34 of the Supplemental Modelling
Report which shows the maximum instantaneous increase in TSS near the marine structure
during the 28 day tide+freshet simulation. This asymmetry is likely associated with inclusion
of the freshet-driven current in this simulation. While no similar figure has been provided for
the more representative tide-only case, an attempt to compensate for the asymmetry leads
to augmented TSS levels to the east of the SW Tower that is comparable to the factor of 3-4
mentioned above.

In the simulations, the transport of suspended solids reaches the nearest eel grass beds
which lie about 150 m to the east of the proposed location of SW Tower. The tide-only
simulation suggests that the episodic increases in TSS may have values in the range of
9-30 mg/L at the location of the closest eelgrass observed in the surveys (150 m from the
SW Tower).

Sensitivity tests show that a change in shape of the SW Tower from rectangular to circular
leads to reduced levels of TSS. This is directly related to the reduced erosion at the margin
of the Bank induced by a circular Tower.
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3.2.1 Remaining uncertainties
With respect to TSS, uncertainties remain with regard to four main points:

e There is uncertainty over how long the changes in TSS will persist. This is related to the
question of the persistence of slow erosion about the marine structures, particularly the SW
Tower. As noted in Section 3.1.3, this time scale cannot be estimated with confidence from
the results presented in the Supplement Modelling Report. It is possible that somewhat
elevated levels of TSS will persist for years over the western side of Flora Bank.

e There is uncertainty associated with the distance over which suspended sediment will be
transported onto Flora Bank by eddies shed in the lee of the structures during flood tide. It is
possible that the transport of sediment is limited by the length scale over which the vortices
are dissipated. As suggested in Section 2.3.3, this scale may be underestimated in the
simulations due to the coarsening of the grid resolution of the model with distance from the
marine structure, which will increase the implicit numerical diffusion of the model.

e There is uncertainty regarding the duration of the episodes of elevated TSS levels. Results
such as those shown in Figure 6-34 suggest that there will be short-lived, episodic ‘spikes’ in
TSS on the western side of Flora Bank, occurring on flood tide during periods of stronger
tidal current. It is difficult, however, to provide a more quantitative estimate from the
information that is presented in the Supplemental Modelling Report. An estimate can be
made by assuming that, for example, the eddies have a scale width of about 100 m and are
advected at a speed of about 0.25 m/s by the background flow. Then passage of a
sediment-laden eddy past a point will take about 10 minutes. Assuming several such eddies
(say 8-10) during a flood tidal cycle would lead to a period of about 1.5 hours during which
time TSS levels are elevated. If this occurs some 15 times during a 28 day period, then
periods of elevated TSS would be present about 3% of the time. This suggests that locally
elevated TSS levels will occur during a small fraction of the time, generally consistent with
the spiky record of TSS in Figure 6-34.

¢ Finally, while it is clear from the simulation that levels of TTS are reduced considerably with
a change to a circular the shape for the SW Tower, it is not possible to provide a quantitative
estimate of this reduction from the results presented in the Supplemental Modelling Report.

3.3. Changes in currents in the vicinity of the structures
3.3.1 SW Tower and the SW Anchor Block

The high resolution simulations show that the structures introduce modifications to the
background flow that are similar to those encountered in high Reynolds number flows about
solid obstacles that extend through the water column (White 1979). Specifically, the flow is
blocked upstream and accelerated in boundary layers along the sides of the structures. There is
separation of these boundary layers immediately downstream of the structures. Vortices of
alternating sign are shed continuously downstream in a pattern that is similar to a von Karman
vortex street (White 1979).

The vortices shed downstream produce temporally and spatially varying perturbations to the
otherwise fairly uniform background tidal flows over Flora Bank. The varying perturbations
include regions of enhanced and reduced flow. The results show that SW Tower and SW
Anchor Block can generate eddies with currents between 1.5 and 2 times the background flow
that extend 50-100 m from the structures during spring (strong) tide conditions and 500 m
during the extreme 50 year storm (see Appendix 1- Technical Notes for Section 3.3 for details).
The enhanced currents will occur in the lee of the structures — that is downstream relative to the
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flow direction. During spring tides conditions this means currents of 35-45 cm/s at distances of
50-100 m from the structures. Overall, on evely tidal cycle (12.4 hours), the enhanced currents
last for 2-3 hours to the east of the structure and then three hours later they last for 2-3 hours to
the west. The width of the enhanced current region is 1-2 times the size of the structure. The
enhanced currents will extend through the water column over the bank (the water is shallow). It
should also be noted that currents associated with downstream eddies will vary on relatively
short time scales (e.g., 10-20 minutes) compared to the variation in tidal currents.

The Proponent states (page xxi of Executive Summary) that

“... modelling results indicate that localized current changes and eddies in the local vicinity of
the proposed SW Tower and SW Anchor block (within tens of metres of the structures) are
evident, but are transient, mobile and of limited magnitude.”

This statement understates the spatial extent of the increased currents that are evident in the
model results.

3.3.2 Trestles

The trestles are modelled as frictional elements (porous plates) in the regional model
simulations (Delft-3D) and so will result in slightly weaker currents for the water passing through
the trestles. Given that the trestle piles only block 1-2% of the area along the length of the
trestle (page 10), they are expected to have an impact on the currents that is limited to the
immediate proximity of the trestle bents.

3.3.3 Remaining uncertainties

As is nearly always the case, the Reynolds number of the real flows will be larger than those of
the numerical simulations. Hence, in the actual flows there will invariably be greater turbulence
in the wake behind the main structures than is seen in the high resolution simulations. In
addition, the shedding of vortices may be more chaotic, and less periodic, than in the
simulations.

As argued in Section 2.3.3, DFO expects that the eddies will propagate further onto the Bank
than indicated by the simulations, and therefore the enhanced currents will extend further
downstream from the two main structures. Under typical tidal conditions DFO maintains that
100-200 m would be a conservative estimate of the extent of the enhanced currents (35-45
cm/s).

4.0 Conclusions
Main results of this review are:

e DFO finds that the Supplemental Modelling Repoit (Hatch, 2015b) addresses adequately
and with sufficient accuracy the concerns expressed by CEAA in its June 2, 2015 letter to
the Proponent. Accordingly, DFO finds that the information provided by the Proponent is
sufficient to complete a review, and that the modelling approach is adequate to evaluate the
potential impacts of the Project on Flora Bank.

e The regional ocean model, based on Deflt3D is sufficient for describing the background
(preconstruction) conditions, and for assessing the potential impacts of the pilings used to
support the trestle.

¢ The high-resolution modelling results are most suitable for assessing the potential impacts
of the two large marine structures: the SW Tower, and the SW Anchor Block.
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Salient results of the modelling work presented in the Supplemental Modelling Report (Hatch,
2015b) are:

The simulations show that the SW Tower and Anchor Block are the marine structures most
likely to have an impact on Flora Bank. Concomitantly, the results show that the trestle
pilings can be expected to have a very limited impact on Flora Bank due to their small size.

The SW Tower is more likely to have an impact than the SW Anchor Block on Flora Bank
owing to the direction of ambient currents, and because it is to be situated closer to the
margin of the Bank.

The high resolution simulations show that scouring of the bottom sediment occurs beyond
the scour protection at the margin of Flora Bank, due to the flows that develop in the lee of
the large structures during flood tide. This erosion can be expected to lead to a slow,
gradual change in the sea bed at the western margin of Flora Bank. Such erosion is of
limited areal extent and relatively distant from historical locations of the eel grass beds found
on Flora Bank.

The simulations show that erosion beyond the scour protection will lead to episodic
increases in levels of total suspended solids (TSS) over Flora Bank on flood tide during
periods when tidal flows are strong (spring tides).

Results from the simulations show that the episodic increases in TSS may last for a few
hours and extend hundreds of metres from the SW Tower onto the Bank. It should be noted
that this result clearly varies from the assertion in the Executive Summary that
‘Hydrodynamic effects that generate erosion and deposition, or TSS changes, dissipate
within tens of meters away from the structures.’ (Page xviii of the Supplemental Modelling
Report, Hatch, 2015b)

The simulations show considerably reduced scour when the obstruction presented by the
SW Tower is changed from a rectangular shape to a circular one. This can be expected also
to lead to reductions in TSS. There is considerable uncertainty with regard to the time scale
for equilibrium to be reached and for scour to come to a relative halt.

Recommendations for Fisheries Protection Program to consider:

1.

Circularly shaped marine structures are recommended as this is likely to reduce the scour at
the margin of Flora Bank, and to mitigate against increased levels of TSS. Circular
structures (e.g., a circular coffer dam) would also be helpful to reduce scour and TSS levels
during the construction phase of the Project.

Monitoring of morphological changes and of TSS levels over Flora Bank is recommended.
The duration of such a monitoring program is uncertain, given the uncertainty in the time
scale for the equilibrium scour depth to be reached. It is conceivable that such a program
could last for several years. The monitoring would occur at more frequent intervals early in
the project to verify the Proponent’s model projections regarding the slow, weak rate of
erosion. Subsequently, conditions could be monitored at longer intervals (e.g., annually).
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Appendix 1 - Technical Notes

2.3 Modelling of flows in proximity of large marine structures (Anchor Block and
SW Tower)

Estimating the eddy shedding time scale

Laboratory experiments show that periodic eddy shedding occurs for flow past a circular
cylinder, with the period of oscillation given by 7 - p,s,uv ., where D is the diameter of the cylinder

and ¢ the upstream flow speed. It has been found that over a very wide range of Reynolds
numbers the Strouhal number, s ~o2 (White, 1979, p. 279). Similar eddy shedding has been

found for large-scale air flow past isolated mountains with the Reynolds number is based on an
eddy viscosity, rather that the kinematic viscosity of the fluid (Thomson et al., 1977). Taking
D =40 M as a reasonable scale for the SW Tower, and an upstream flow speed ¢/ - 9.20cms* as a

representative of tidal flow speed, yields 7=16.7 minutes with 5 _o2. This is comparable to the

roughly 20 minute period of eddy shedding seen during flood tide in the high resolution
simulations.

Estimating the length scale for eddy propagation

A length, £, over which eddies may be expected to dissipate can be estimated by assuming a
balance of terms between the advection of vorticity and dissipation through bottom friction. The
former scales as ¢/ L, with Q is a scale for the vorticity, while the dissipation of vorticity scales

as c,uQ/H where C, is the bottom drag coefficient and # is the depth. Balancing the two
yields, ; - /¢, . Assuming a typical value of C, =0.0025 and taking the representative depth of
Flora Bank during flood tide as # =2.5 m gives a length scale of . =1km

3.2 Changes in Total Suspended Solids (TSS) on Flora Bank
Analysis of Figure 6-35

Figure 6-35 shows the time histories of TSS with and without marine structures at a location in
the eel grass bed for the tides+freshet case. There are two large TSS peaks for both cases:
one at hour 110 and one close to hour 200. We think that these events are caused by large
currents just as the bank is drying. Video M-12 shows that the peak at hour 110 peak occurs as
a broad flash of high TSS (lasting 10 minutes) towards the end of ebb tide just before the bank
dries. This event does not occur in video M-8 which simulates the previous ebb tide which does
not cause the bank to dry. [t seems likely that the large peak just before hour 200 has the same
cause. We assume that these two events are a function of an interaction between of the
algorithm that handles how the bank dries and the TSS calculation. In the following analysis we
ignore those 2 events.

Spring Neap/Cycle

The spring/neap cycle is the natural variation in the tidal heights and currents over the lunar
cycle of new moon, first quarter moon, full moon, third quarter moon (approximately 29 days).
Figure 6-35 shows that the magnitude of the TSS is very sensitive to the natural variations of
the tidal currents over 28 days of simulation — basically a spring/neap cycle. There are high
TSS events between hours 20 and 200 and hours 320 and 520, while there is relatively little
TSS activity between hours 200 and 320 and hours 520 and 672 (the end of the 28 days).
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3.3. Changes in currents in the vicinity of the structures

The relevant simulations are the high-resolution model simulations around the SW Tower and
the SW Anchor Block using the MORPHO model.

Videos M1 and M2 show currents around both the SW Tower and the SW Anchor Block for the
tides only simulation. The flow around the structures generates eddies that get shed from the
structure and flow away from the structures with the background currents. The peak currents
very close to the structures are about twice the background values (background about 25 cm/s
and the peaks about 50 cm/s). For flood tide (M2) the enhanced currents are typically 35-45
cm/s between 50-100 m from the structures and only on the lee side (downstream). The same
occurs for ebb tide (video M1). The eddies (and the enhanced currents) are generated for
about 2-3 hours during the peak of ebb and flood tides. Overall, every tidal cycle (12.4 hours)
the enhanced currents last for 2-3 hours to the east and then 2-3 to the west. The width of the
enhanced current region is 1-2 times the size of the structure. The tidal currents are smaller
during the neap phase of the 29 day spring/neap cycle and so the enhanced currents will be
smaller as well.

For the 50 year storm simulation the peak enhanced currents are also about twice the
background values (background about 40-50 cm/s and the peaks about 90-100 cm/s), but they
extend further from the structures. Currents of 80 cm/s are present 300-500m from the Tower
(video M4) and currents in excess of 80 cm/s propagate out of the field of view 500 m from the
SW Anchor Block (video M5).
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