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soon as possible. Or you can call the FOI Case Manager at 604-871-6584.
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EXECUTIVE SUMMARY

Northwest Hydraulic Consultants Ltd. (NHC) conducted a sea level rise (SLR) and flood risk assessment of
the Central Waterfront District for the Vancouver Fraser Port Authority (VFPA). The study examined
present day flood risks due to high tides and storm surge, and how these risks may change with future
SLR. The study was undertaken to integrate with existing mapping previously done for the City of
Vancouver (CoV) and aid the VFPA and the CoV in planning for future flood mitigation needs in the
Central Waterfront District. The study used a combination of aerial LiDAR and terrestrial LiDAR collected
in 2018 / 2019 for this study to build a Digital Elevation Model (DEM) to represent the topography in the
study area. Four scenarios representing a combination of SLR and storm surge return periods were
modelled.

Utilizing the model outputs NHC has prepared maps showing flood depths and extents. A hazard analysis
was also undertaken to characterize the flooding, examine the likely disruption and damage effects of
the flooding on the infrastructure and assets in the area, and suggest mitigations. The modelling found
SLR to be the main factor which influenced the flood depths. In the models, ingress of flood waters into
the study area tends to occur at three consistent points of varying elevation:

= Southwest corner of the SeaBus Terminal parking lot (approximate EI. 2.9 m);

= The low point in the wall on the north side of Vancouver Convention Centre West (VCCW)
(assumed El. 3.1 m); and

= The eastern edge of the Coal Harbour seawall at the Sea Plane walkway (approximate El. 3.4 m).

For present day conditions flooding is localized and relatively shallow, impacting mainly the area around
the SeaBus Terminal (the non-floating portion on the land). With 0.5 metres of SLR, the SeaBus Terminal
and nearby railyard are both impacted by flooding, and there is inundation through a low area on the
VCCW wall which affects the lower level of VCCW. With 1.0 metre of SLR, flooding covers a significantly
larger area including the SeaBus Terminal, the railyards, all sides of VCCW, much of Waterfront Road and
connected underground parking structures, and potentially affects the SkyTrain tunnels. The extensive
flooding and increasing flood depths start to increase wave and velocity hazards in this and the following
scenario. In the final scenario with 1.6 metres of SLR, all areas flooded with 1.0 metres of SLR are also
flooded as well as the lower level of Canada Place. As SLR increases, flood depth increases, and wave
effects impact a larger area.

As the area is heavily developed and relies on waterfront access and water-based transportation for
many of its functions, the main mitigations suggested are ‘hard’ protective measures including raising
existing barriers and floodproofing infrastructure.
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1 INTRODUCTION

1.1 Purpose

Northwest Hydraulic Consultants Ltd. (NHC) was retained by the Vancouver Fraser Port Authority (VFPA)
to conduct a sea level rise (SLR) and flood risk assessment of the Central Waterfront District. The
purpose of the study is to provide information on present day flood risk due to high tides and storm
surge, and how these risks may change with SLR. The study is intended to integrate with previously
prepared mapping for the City of Vancouver (CoV) and aid the VFPA and the CoV in planning for future
flood mitigation needs in the Central Waterfront District.

1.2 Project Background

It is expected that climate change will contribute to SLR and an increased occurrence of storm events
over the coming decades, which will affect VFPA and CoV assets. In 2014, NHC completed a Coastal
Flood Risk Assessment (CFRA) for the CoV to evaluate the vulnerability of the CoV shoreline due to high
tides, storm surge, and SLR (NHC, 2014).

The 2014 CoV study found that Waterfront Road is vulnerable to flooding; however, limited topographic
data was available for the section of Waterfront Road beneath Canada Place Way, and so the nature of
the flooding was largely unknown. This study is intended to be an extension of the 2014 CoV study, with
a focus on the underground section of Waterfront Road between Howe Street and Thurlow Street at the
Convention Centre and Canada Place.

The scope of this study includes:
= Collection of outstanding topographic data along Waterfront Road and the development of an

improved digital elevation model (DEM) of the Central Waterfront District.

= Development of a two-dimensional hydraulic model to better understand the flood hazard along
Waterfront Road through analyzing four scenarios representing various storm and SLR
combinations.

= Anassessment of the flood risk to key assets in the Central Waterfront District in these
scenarios.

= Recommendations for design requirements, infrastructure upgrades, and gaps requiring further
study to address the identified risks and support future development potential in the area.

Central Waterfront District Topographic Surveys, GIS, and Flood Risk Modelling Project 5
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1.3 Site Description

The Central Waterfront district is a focal point of the downtown area with a mixture of land uses and has
significant tourist, transportation and business infrastructure. The area borders downtown Vancouver to
the South, and Burrard Inlet to the north (See Figure 1.1 for an overview map of the study area.)

Burrard Inlet is a tidal waterway with peak water levels associated with low pressure storms and tidal
fluctuations which usually coincide in the winter months (December to February). This area of the
harbour is generally well sheltered from exposure to large waves, and is dominated by a combination of
small wind-waves along with frequently occurring vessel wake waves. SLR is predicted in this location.

Figure 1.1 Study area along Waterfront Road at the Convention Centre and Canada Place

The area is complex and has multiple levels. The street level of Canada Place and the northern extents of
Howe and Burrard Streets are built up upon elevated decking. This area is a busy public thoroughfare
with significant tourist, commuter and local business and conference traffic. The upper level has access
to the VCCW, Canada Place (Cruise Ship Terminal, Convention Centre East, Pan Pacific Hotel, Port of
Vancouver offices, etc), Harbour Air and numerous other businesses within these buildings. The upper
level also contains a publicly accessible seawall walkway and numerous public art installations.

Below this level, Waterfront Road runs roughly east-west at a low elevation. It is open to the east, and
goes below ground on the west side of the study area where it eventually u-turns and rises to connect
with the above grade West Cordova Street. Near to this u-turn is access to the seawall at Coal Harbour

Central Waterfront District Topographic Surveys, GIS, and Flood Risk Modelling Project 6
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and to the seaplane terminal on the western side of the VCCW. At the east end of Waterfront Road,
there is the SeaBus Terminal to the north and a railyard to the south. The SeaBus Terminal is operated
by TransLink and provides a key transportation link between North Vancouver and downtown. The
railyard is operated by Canadian Pacific Railway, while TransLink operates the SkyTrain and West Coast
Express tracks along the southwestern side of the railyard.

Where Waterfront Road proceeds underground, to the south there are entrances to several
underground parking structures, loading bays and utilities for servicing buildings and businesses
including the Fairmont Waterfront and Pacific Rim hotels, a variety of small businesses and offices. To
the north of Waterfront Road, there are utilities and loading docks for the VCCW and Canada Place.
These facilities are heavily used for conferences, events, cruise ship loading, and host the Port of
Vancouver offices. Several of these facilities are highlighted in Figure 1.2.

Figure 1.2 Image of the study area with key features highlighted (Google Earth, ESRI Basemap)

Central Waterfront District Topographic Surveys, GIS, and Flood Risk Modelling Project 7
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2 DATA COLLECTION AND REVIEW

2.1 LiDAR and Bathymetry Review

Aerial LiDAR of the study area was provided by the CoV. The LiDAR was flown by Eagle Mapping and
collected overnight on August 27 and 28, 2018. The LiDAR point cloud was at a resolution of 20 points
per metre. NHC received the data in LAS format and used the bare-earth classification for the DEM.

Bathymetric data of Burrard Inlet was collected in support of the 2014 CoV study. The data was from
single and multibeam data from the Canadian Hydrographic Service (CHS), which was converted from
chart datum to geodetic (chart datum is -3.1 m geodetic).

The current study requires topographic detail of Waterfront Road beneath Canada Place Way, which
cannot be captured by aerial LiDAR. NHC coordinated the collection of terrestrial LiDAR to provide detail
along Waterfront Road. The terrestrial LIDAR was collected by Underhill Geomatics Ltd. from April 10 to
May 21, 2019, using a Leica RTC360 Scanner and a Trimble R10 Network Rover. The accuracy for
terrestrial LIDAR changes with distance from the scanner, and can be expressed as follows:

=  Angular accuracy 18”
= Range accuracy 1.0 mm + 10 ppm
= 3D point accuracy

- 19mMm @ 10 m

- 29mMm@20m

- 53mm@40m

A sample of the terrestrial LiDAR point cloud at the Shaw Tower parkade along Waterfront Road is
shown in Figure 2.1. There was significant noise and artifacts in the supplied terrestrial LiDAR and
consequently the project team was required to devote significant time and effort to cleaning this data
for use in the building of the DEM.
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Figure 2.1 Sample of terrestrial LiDAR point cloud, looking west along Waterfront Road near the
entrance to the Shaw Tower parkade

2.2 Field Surveys

Site inspections revealed several areas that required additional data that was either not included in the
terrestrial LIDAR or in an area of sparse returns. Such areas include the sea walls, parking structures and
a low trough-like structure near the eastern end of the area beneath Canada Place Way. The trough is
approximately one metre wide and a half metre deeper than the surrounding parking area. This low area
would allow any water that flows over the Waterfront Road crest to inundate the western edge of the
railroad tracks to the south.

The aerial LiDAR did not adequately capture seawall elevations or areas beneath rooftops and
overhangs. The DEM based on aerial LiDAR was modified based on elevations sampled from the
terrestrial LIDAR point cloud and confirmed with field measurements relative to deck / road elevations.

The parkades were not picked up in the terrestrial LiDAR, but the road elevations at their entrances
were. To determine the depth of these structures, two field visits were conducted and depths, relative
to road elevations were collected using a laser range finder with vertical height capabilities. Elevations
were checked against available record drawings. A final site inspection was conducted after the DEM
was completed and initial model runs had been conducted. This inspection was intended to confirm
assumptions that were made during the DEM development and clarify the layout of topographic
features that lacked accurate representation in the data. Subsequent DEM revisions were made to
improve the model.
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3 HYDRAULIC MODELLING

3.1 DEM Development

The DEM for this project was developed from a combination of aerial LiDAR from the City of Vancouver
(collected by Eagle mapping, August 2018), terrestrial LiDAR for the area under Canada Place Way
(collected by Underhill, April to May 2019) and bathymetry extracted from the previous model created
by NHC (based on CHS data). The two LiDAR datasets were compared in overlapping flat areas such as
roads and parking lots and checked in random locations for consistency in elevation. Average observed
differences were 2 to 3 cm with one surface not consistently higher than the other. The DEM was
produced using the following Coordinate System: NAD1983 CSRS UTM Zone 10N; CGVD28 in order to
keep the results consistent with the previous study and the commonly used CGVD28 vertical datum.

To reflect the high resolution of the LiDAR data sets, the DEM was generated at a 0.5 m cell size. The
DEM covers the Vancouver harbour including English Bay, Burrard Inlet and Indian Arm as well as the
area including the Central Waterfront District extending west to Vancouver Convention Centre West
(VCCW) and south to Hastings Street.

The DEM was developed to support the hydraulic modelling effort. As a result, the DEM is not a true
representation of the topography at all locations. Some important notes regarding the DEM creation are
as follows:

= The boundary between the terrestrial LiDAR (representing underground areas) and aerial LiDAR
(representing unobscured areas) results in abrupt increases in elevation within the DEM in some
locations (Figure 3.1). These areas were confirmed to be outside of the limits of expected
flooding.

=  Where areas required modifications in elevations due to poor coverage of the terrestrial LiDAR
or inaccessible areas, grids of fixed elevation were mosaicked into the DEM. The assumed
elevations were based on information extrapolated from the LiDAR, from record drawings, or
based on field observations, and were generally made to limit their influence on the model
results. This adjustment is visible in locations including Canada Place and VCCW. Residual
extrapolated model surface areas (visible as triangular artifacts) are visible in the DEM
topography, however do not reduce the accuracy of the modelling.

= The lowest parking level of each parkade is represented in the DEM. Intermediate parking levels
are not represented within the DEM.

= The coast-facing walls surrounding VCCW, and some concrete barriers are explicitly included
within the DEM where they have an effect on the modelling.

= Buildings and walls were only included in the DEM in locations where they have a significant
influence of flooding within the study area. This includes VCCW and certain parkade / loading
bay walls.
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Figure 3.1 Terrain profile showing example of abrupt transition in DEM between above ground aerial
LiDAR ground (left) and underground terrestrial LiDAR (right)

3.2 Modelling

3.2.1 Model Development

We developed a two-dimensional (2D) hydraulic model using RAS2D (v5.0.7). RAS2D was selected
because of its ability to utilize variable cell sizes in its computational mesh, while retaining the resolution
of the underlying topography contained in the DEM.

The model domain covers Burrard Inlet, from Point Atkinson to the northern extent of Indian Arm
(Figure 3.2). The computational mesh is comprised of 100 m cell sizes, with refinements to 50 m
between First Narrows and Second Narrows, 25 m along the shoreline between First Narrows and
Second Narrows, and variable cell sizes down to 5 m within the study area (Figure 3.3). The DEM
described in Section 3.1 was used to represent the bathymetric and topographic data within the model
domain, with an underlying grid size of 0.5 m.
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Figure 3.4 Sample tidal cycle used as forcing for overland model (Scenario 1 shown).

3.2.3 Model Validation

We ran a scenario using the December 17, 2012 spring tide event to validate the model results, focusing
on the study area. Figure 3.5 compares the observed and modelled flood extents during the event, and
shows reasonable agreement between the two. No validation data was available to verify the
performance of the overland component of the model.
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Figure 3.5 Comparison of observed (photo and red-dashed line) and modelled flood extents near
SeaBus Terminal for December 17, 2012 (Note: the SeaBus Terminal and other floating
structures were not included in the model)

3.2.4 Model Limitations
The accuracy of simulated water levels and other output data is limited by the following:

= The current model focuses on the section of Waterfront Road below Canada Place Way. The
accuracy of the model output is limited by the accuracy of the DEM. The topographic detail of
underground areas away from Waterfront Road are not fully resolved due to difficulty gaining
access to these areas for surveys. These areas include:

- The SkyTrain tunnel and section of rail line west of Waterfront Station
- Additional parking areas south of the SkyTrain line
- The access road and loading bays on the north and east sides of VCCW

= One critical location identified for flood ingress is through a low section of wall along the north
side of VCCW (Figure 3.6). Numerous attempts were made to contact VCCW to provide wall
elevations, but we did not receive the information. The model assumes an elevation of 3.1 m
(geodetic) at the low point. The assumed elevation influences when flooding will overtop the
wall.

Central Waterfront District Topographic Surveys, GIS, and Flood Risk Modelling Project 15
Vancouver Fraser Port Authority
Final Report

City of Vancouver - FOI 2022-067 - Page 18 of 82



Figure 3.6 View of north side of VCCW showing varying elevation of wall that is poorly resolved on
LiDAR and survey information.

= The barrier walls surrounding the VCCW were included in the model and were assumed to
provide flood protection. These structures may not have been designed to be watertight (Figure
3.7) or withstand hydraulic and debris impact loads during a flood event.

Figure 3.7 View of barrier wall at southeast corner of VCCW (Note that expansion joint is not sealed
watertight).

= With the exception of VCCW and critical locations near the parkades and loading bays, walls and
buildings were not included in the DEM or the model. The extents shown reflect the extents
reached by unimpeded flow.

=  The modelled flood levels are based on ground conditions at the time of the surveys, and
supplemented by assumptions made during DEM development based on available information.
Changes to ground elevations, land use or buildings from those included in the model will affect
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flood levels. Similarly, obstructions caused by fences, walls, hedges, vehicles, pillars, boats, and
debris that may be present during a flood are not represented in the model.

= The storm hazard return periods used in each scenario assume that future meteorological
conditions that influence storm surge are similar to those experienced in the past, which may
not be the case.

= |nteraction between other water sources (i.e. precipitation, groundwater, or sewer surcharge)
and complex interactions between subsurface drainage networks and structures (e.g. SkyTrain
infrastructure, underground parking above the lowest parking levels, sump pumps, conduits,
etc.) were not considered, and can affect localized flood levels.

= Drainage systems (storm pipes, catch basins, and pumping systems) were not included in the
model. These systems may provide some flood relief during the recession of the flood, but
would likely have limited effect on the flood peak. Drainage systems may provide additional
pathways for back-flooding, circumventing other flood barriers if backflow prevention devices
(e.g. flap gates) do not exist.

=  The surface porosity and water storage capacity is not modelled. Some areas such as the railyard
which is covered in crushed gravel, may store floodwater below the modelled elevation.

The model limitations and uncertainties should be considered when making decisions based on the
model results.
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4 WAVE EFFECT ASSESSMENT

When inundation occurs, waves will propagate from coastal waters, past sea barriers such as the
seawall, and travel inland. Variation in topography and obstacles such as headlands, the seawall and
buildings, result in spatial variability of the wave field. A nearshore wave model, Simulating Waves
Nearshore (SWAN), of Burrard Inlet was developed to simulate the propagation of waves over the
flooded area. SWAN incorporates physical processes such as wave propagation, wave generation by
wind, white-capping, shoaling, wave breaking, bottom friction, sub-sea obstacles, wave setup and
wave-wave interactions in its computations. SWAN Version 41.20A was used for the study.

Waves caused by sources other than wind, including boat traffic, tsunamis or landslides are not
considered in the analysis.

4.1 Wave Model Set up

Two SWAN model grids are used for the analysis: a fine grid model of Central Waterfront District and
vicinity was nested in a coarse grid model of the Burrard Inlet (Figure 4.1). The coarse grid measures
about 30 km east-west, and 13 km north-south, with each grid cell measuring 50 m by 50 m. The fine
grid measures about 4.7 km east-west, and 2.4 km north-south, with each grid cell measuring 10 m by
10 m. The model elevations are generated using the same DEM data used for the hydraulic model.

Figure 4.1 SWAN model grids

The wave model is initialized with the maximum water levels from the hydraulic model and forced with
coastal water boundary conditions and local winds. In the previous NHC study for the CoV (NHC, 2014),
the wave effect was evaluated based on typical wave conditions observed during high water events. The
same storm conditions were adopted for this study. Wave conditions from the northwest and northeast
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were considered - the corresponding wind speeds are 10 and 12 m/s for northwesterly and
northeasterly storms, respectively.

4.2 Wave Model Results

The SWAN model domain and vector fields showing the transformation of typical waves from the
northwest and northeast under Scenario 4 conditions are shown in Figure 4.2 and Figure 4.3,
respectively. Two percent exceedance wave height (H.y) distributions are shown with coloured shading,
and wave direction and relative heights are shown with vectors. The vectors are shown for every 10 grid
cells (i.e. 100 m apart).

In the previous NHC study for the CoV (NHC, 2014), a “wave effect boundary” was shown on the flood
maps to denote the landward extent of waves of a sufficient height to be of concern as a hazard. This
criteria was selected based on a FEMA study (Federal Emergency Management Agency (FEMA), 2014)
which notes that “Recent post disaster assessments and wave tank research have shown that waves as
small as 1.5 feet (0.45 metres) can cause significant structural damage.” For planning purposes and to
take a cautionary approach, the “wave effect boundary” is defined as smoothed representation of the
0.3 m Hyy contour in this study. These are represented as the purple line in Figure 4.2 and Figure 4.3. The
maps in appendix A show the most landward extent of wave effects for all directions of waves for a

given scenario of water depth.

Overall wave effects in the Central Waterfront District were found to be small. However, it is noted that
on the VCCW there is a vertical wall (see Figure 3.6 and Figure 3.7) that will, with future SLR, become
increasingly exposed to wave impacts. This study has not examined the capacity of infrastructure in the
study area to withstand wave loading and to assess flooding it is assumed that there are no failures of
the infrastructure (i.e. waves do not knock down the wall around the lower level of the VCCW.) It is also
noted that this study utilizes the present day configuration of the Centerm container terminal, but that
an expansion westward of this terminal is planned in the near future that, when completed, will likely
serve to reduce the wave effects in the Central Waterfront District.
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Figure 4.2 Wave height distribution — Scenario 4, Northwesterly Event

Figure 4.3 Wave height distribution — Scenario 4, Northeasterly Event
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5 FLOOD HAZARD MAPPING

The flood mapping developed from the modelled scenarios is provided in Appendix A and has been
developed following the Engineers and Geoscientists of BC (EGBC) floodplain mapping standards
(APEGBC, 2017). For each scenario, two sets of maps are provided: a flood depth map and a flood extent
map. The flood depth map does not include freeboard, but shows the maximum modelled extents, areas
of high velocity and wave effects as described in Section 4. The flood extent map shows the maximum
modelled extent, an additional 0.6 metres of freeboard, areas of high velocity, and wave effects as
described in Section 4.

The depth classifications used in the mapping for this project differ from the previous CoV study
mapping to better differentiate the shallow flood depths that tend to occur in this area, and reflect the
level of detail of the hydraulic model.

On both sets of maps, areas exposed to wave and velocity hazards have been denoted. The wave
affected areas were determined as described in Section 04, and are denoted by a dashed line along the
perimeter of the flood extents in areas where waves are expected. Areas with potentially high velocity
due to steep slopes or channelized flow (e.g. parkade entrances, access roads) are denoted on the maps,
and were determined based on the model results and our understanding of the site.

The base mapping shown is a combination of aerial imagery and the hillshaded DEM developed for the
study area. The DEM is shown where the important underground features are not evident from satellite
imagery (Waterfront Road beneath Canada Place Way). Further detail around the DEM development and
combination of surface and sub-surface elevations can be found in Section 3.1.
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Figure 6.1 Initial flooding locations (dashed line shows underground access road linking flooding at
VCCW low point with Waterfront Road)

In Scenario 1, flooding occurs during the design event, with water first inundating the area from the
southwest corner of the SeaBus Terminal parking lot, overtopping Waterfront Road and extending into
the railyard.

In Scenario 2, at the onset of the design event, the water first inundates the corner of the SeaBus
Terminal parking lot, overtops Waterfront Road, and begins to flow through the railyard. As the water
level continues to rise, the water then overtops the low point in the wall on the north side of VCCW and
floods the access road around the building (Figure 6.2). The flooding from the VCCW wall and the SeaBus
Terminal do not connect.

Central Waterfront District Topographic Surveys, GIS, and Flood Risk Modelling Project 23
Vancouver Fraser Port Authority

Final Report
City of Vancouver - FOI 2022-067 - Page 26 of 82






6.2 Design Flood Impact

6.2.1 Scenariol

Scenario 1 is modelled with 0.0 m of SLR and a 500 year storm hazard return period. Scenario 1 aligns
with a scenario modelled in the 2014 CoV study and represents a significant storm with present-day
ocean levels.

In Scenario 1, the impact of the flooding is limited to the SeaBus Terminal parking lot and the western
portion of the railyard (Figure 6.3), since Waterfront Road is only overtopped near the peak of the storm
event. The western portion of the railyard is lower than the eastern portion, and closer to the limited
inundation source. Flood depths in this area are less than 0.5 m. Velocities are not anticipated to be
significant, however the area adjacent to the shorelines will be affected by waves which increase the
hazard posed by the water depth. The flooding in the SeaBus area will impede deck access to the SeaBus
Terminal by bicycles and cars. The non-floating part of the SeaBus Terminal including the elevators and
escalators down from the over-track walkway will be impacted by the flooding. Functionality is
anticipated to be interrupted during the storm event which is expected to have approximately 3 hours of
active® flooding. Damage due to the 0.5 m depth of water on the exterior of the building is expected to
be minor, especially if emergency floodproofing (i.e. sandbags) is implemented. Damage could include
impact to electrical and mechanical systems that could disable elevators and escalators for a long period
of time. If the floodwaters include debris carried from other locations around the harbour, damage
could be more significant. The access to the two Port of Vancouver docks on the west side of the SeaBus
Terminal is flooded.

1 Active flooding refers to the period of time from when flooding starts, to when recession of floodwaters causes hydraulic
disconnection between the flooded area and the ocean. In reality, the area may be flooded for a longer time period, but as
drainage and surface porosity are not modelled, this cannot be estimated.
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Figure 6.3 Photo looking NW from SeaBus elevated walkway

Flooding in Scenario 1 is also expected to impact the western portion of the railyard with flood depths
less than 0.2 m. This minimal flooding may cause temporary interruption to railway operations, but is
not expected to cause any damage. Velocities in this area will be minimal, and wave effects are not
anticipated.

6.2.2 Scenario 2

Scenario 2 is modelled with 0.5 m of SLR and a 50 year storm hazard return period. This scenario is an
interim planning scenario showing a shorter-term SLR scenario with a likely storm hazard.

In Scenario 2, the flooding on the SeaBus Terminal parking lot reaches up to 0.75 m. At this depth, the
access would be interrupted as identified in Scenario 1 and velocities and waves would be a hazard to
people in the area. More substantial damage may occur to the SeaBus Terminal due to the depths,
velocities and possible debris. Repairs would likely need to be made before use resumes. The access to
the two Port of Vancouver docks on the west side of the SeaBus Terminal is flooded. The active flooding
at the SeaBus Terminal lasts approximately 4 hours.

Flooding in the railyard covers most of the tracks with depths between 0.1 m and 0.5 m. This is likely to
interrupt track usage, as some electronic brakes on railcar wheels are below 0.5 m. Interruptions to track
access would also be expected as flood depths between 0.1 m and 0.5 m can cause people to fall and are
potentially dangerous (APEGBC, 2017; Cowichan Valley Regional District, n.d.). Although access to and
use of the tracks would be interrupted, it is unlikely that significant damage would occur due to the low
velocities anticipated. The railway tracks in the railyard should be inspected before resuming use to
ensure no erosion occurred. Water also flows into the covered railway tracks below 200 Granville Street
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up to depths of approximately 0.1 m. Water here is anticipated to cause interruption but not damage.
Inspection of tracks should be done before use resumes.

Water entering through the low point in the wall on the north side of VCCW floods the lower level the
north and east sides. Depths in this area are less than 0.5 m, and would interrupt and pose a hazard to
operations in this area including loading and unloading. The active flooding at VCCW lasts approximately
2 hours. The water is unlikely to cause significant structural damage, although may flood low-lying
electrical infrastructure, and could flood below-grade loading facilities (e.g. elevators) and damage any
items stored here for convention centre uses.

The water from the north of VCCW flows onto Waterfront Road both near VCCW and at the SeaBus
Terminal, impacting access to Canada Place. Flow depths exceed 0.3 m in both locations which can cause
a hazard to vehicle traffic as this depth can float many types of vehicles (Cowichan Valley Regional
District, n.d.). During a Scenario 2 flood event, lower-level access to the 4K level of Canada Place? would
be interrupted.

Some localized flooding occurs along the eastern edge of the Coal Harbour seawall at the seaplane
walkway to depths of approximately 0.3 m for less than an hour.

6.2.3 Scenario 3

Scenario 3 is modelled with 1.0 m of SLR and a 500 year storm hazard return period. With this level of
SLR, minor flooding under high tide conditions without significant storm surge may occur (see Section
6.3 for further discussion on this situation).

In Scenario 3, flooding at the SeaBus Terminal reaches depths between 1.0 m and 1.5 m. At this depth,
the water and associated waves are very hazardous and expected to cause substantial damage to the
terminal buildings which may take significant time to repair. Based on depth-damage curves used in the
United States for commercial and institutional buildings, depths between 1.0 m and 1.5 m cause damage
approximately equal to 50% of the building’s value (FEMA, n.d.). Depending on resources available, this
type of damage can take between one month and one year to fully repair. Service delivery would be
interrupted to varying degrees during the repair period. The access to the two Port of Vancouver docks
on the west side of the SeaBus Terminal is flooded. The active flooding at the SeaBus Terminal lasts
approximately 6 hours.

The water in the railyard near the SeaBus Terminal reaches between 0.5 and 1.0 m. As the bottom of
railcars are typically approximately 0.9 m off the ground, these flood depths have the potential to
damage rail cargo and move railcars. Some of the buildings south of the railyard along Water Street also
experience inundation in this scenario. Water flows into the covered railway tracks below 200 Granville
Street up to depths of approximately 1.3 m. This depth of water could cause damage to railcar cargo and

2 4K is the name of the lower level of Canada Place (the level which connects with Waterfront Road) and refers to the dock
elevation being 4000mm above mean sea level.

Central Waterfront District Topographic Surveys, GIS, and Flood Risk Modelling Project 27
Vancouver Fraser Port Authority
Final Report

City of Vancouver - FOI 2022-067 - Page 30 of 82



may cause erosion or other damage. As discussed in the limitations section, the topography near the
SkyTrain tunnel entrance is not fully resolved in this model. It is anticipated that there may be
connectivity between the underground rail passageway with 1.3 m of flooding and the SkyTrain tunnels
leading to flooding of the SkyTrain tunnel in this scenario.

Water entering through the low point in the wall on the north side of VCCW and along the eastern edge
of the Coal Harbour seawall floods all sides of the lower level of the VCCW building. For much of the
lower level, the flooding is between 0.5 m and 1.2 m deep. The active flooding from VCCW lasts
approximately 4.5 hours, and the flooding from the Coal Harbour seawall lasts approximately 4.0 hours.
Along the lower level of the main convention centre building, flooding would disrupt loading and
unloading operations in this area. Walking or operating a vehicle in this area would be hazardous, and
the water and waves may cause damage to loading facilities, especially electrical components and
inundate loading docks, however infrastructure on the lower level was not able to be confirmed for this
project. The seaplane terminal and Harbour Air facilities are located along the lower level of the western
portion of the convention centre. The glass walled exterior of the terminal would be exposed to
approximately 0.5 m of flooding, which, with the impact of waves and potential debris, could cause
flooding inside the building. Flooding inside the building would require significant repair with damage
potentially equaling 25% of the value of the structure (FEMA, n.d.). Waterfront Road is impacted by
flooding in multiple locations in this scenario. It is inundated with between 0.5 m and 1.0 m of water
near VCCW. The water along Waterfront Road would flow into parking structures along this road and
would accumulate. The flooding in the parkade, while not fully resolved in the model, is expected to
reach significant depths, potentially fully flooding several floors and damaging contents including
vehicles, and parkade infrastructure such as elevator, electrical and mechanical systems (Figure 6.4).
Water entering the parkade structures also creates potentially high velocity areas where flows could
increase the danger to people and vehicles in the area, and not allow vehicles to exit via the access
ramps. Water that accumulates in parkades may not have any pathway to drain back out once the high
tide recedes. While Waterfront Road is not flooded directly in front of Canada Place, there is flooding
over the road near the SeaBus Terminal parking lot at depths of approximately 1.0 m. This flooding
would eliminate access to and from Canada Place along the 4K level.
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substantial damage to the terminal buildings which may take several days to repair. The access to the
two Port of Vancouver docks on the west side of the SeaBus Terminal is flooded.

The water in the railyard near the SeaBus Terminal reaches between 1.0 m and 1.8 m. These flood
depths have the potential to damage rail cargo and float or move railcars. Some of the buildings south of
the railyard along Water Street also experience inundation in this scenario. Water flows into the covered
railway tracks below 200 Granville Street up to depths of approximately 1.8 metres. This depth of water
could cause damage to railcar cargo and may cause erosion or other damage. As discussed in the
limitations section, the topography near the SkyTrain tunnel entrance is not fully resolved in this model.
The elevated SkyTrain track has flooding at depths of approximately 0.3 metres at its northeastern end.
As it is also anticipated that there may be connectivity between the underground railway and the
tunnels, the SkyTrain is likely flooded in this scenario. Water entering through the low point in the wall
on the north side of VCCW and along the eastern edge of the Coal Harbour seawall floods all sides of the
lower level of the VCCW building. The active flooding from VCCW lasts approximately 6.5 hours, and the
flooding from the Coal Harbour seawall lasts approximately 6 hours. For much of the lower level, the
flooding is between 1.0 m and 2.0 m deep. Along the lower level of the main convention centre building,
flooding would disrupt loading and unloading operations in this area. Walking or operating a vehicle in
this area would be hazardous, and the water and waves may cause damage to loading facilities,
especially electrical components and inundate loading docks, however infrastructure on the lower level
was not able to be confirmed for this project. The seaplane terminal and Harbour Air facilities are
located along the lower level of the western portion of the convention centre. The glass walled exterior
of the terminal would be exposed to approximately 1.5 m of flooding, which, with the impact of waves
and potential debris, would cause flooding inside the building and likely require significant repair.

Waterfront Road is impacted by flooding in multiple locations in this scenario. It is inundated with
around 1.4 m of water near VCCW. The water along Waterfront Road would flow into parking structures
along this road and would accumulate. The flooding in the parkade, while not fully resolved in the
model, is expected to reach significant depths, potentially fully flooding several floors and damaging
contents including personal vehicles, and parkade infrastructure such as elevator, electrical and
mechanical systems. Water entering the parkade structures also creates potentially high velocity areas
where flows could increase the danger to people and vehicles in the area, and not allow vehicles to exit
via the access ramps. Waterfront Road directly in front of Canada Place is flooded to depths of
approximately 0.5 m, and flooding over the road near the SeaBus is approximately 1.5 m deep. This
flooding would eliminate access to and from Canada Place along the 4K level. The flooding along
Waterfront Road near the SeaBus Terminal also impacts HVAC infrastructure at 200 Granville Street,
with flooding up to 1.4 m adjacent to the concrete barrier exterior as shown in Figure 6.5.

The 4K level of Canada Place is also flooded with approximately 0.5 m of water. With this depth and
potential wave effect, the 4K level would be hazardous to people and vehicle travel. Infrastructure on
the 4K level could be damaged including: the shore power entrance located near Waterfront Road;
optical fibre cables which run from seabed to ceiling along the south side of the building; electrical and
Telus service through an underground duct along waterfront road; the water supply service room
adjacent to Waterfront Road; the West Gate electric room; the electrical, mechanical, pump, generator,
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backup generator and meter rooms along the east side of Canada Place; the Pacific Cruise Lines (PCL)
main switchgear room; the Holland America Line (HAL) main switchgear room; the sanitary sewer which
connects from ceiling to sanitary main; various utility boxes; various shore power connections; and
mobile gangways used for passenger loading onto or off cruise ships. The infrastructure on the outer
aprons would be directly exposed to water and waves and would likely have significant water damage.
Berthing operations would not be possible when the deck is flooded. The infrastructure on the interior
of the building would be affected by floodwater which reaches the interior of the building. Some water is
likely to reach the interior through loading docks and unsealed pathways.

6.2.5 Scenario Comparison

Table 6.2 compares the approximate flooding depths at key locations and infrastructure for each of the
scenarios.
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= Seal ingress points into lower floors of buildings, parkades, SkyTrain and loading bays through
passive flood barriers, waterproofing, pumping, etc.

= |dentify critical infrastructure located at lower levels and relocate and / or floodproof.

=  Modify storage procedures for potential environmental contaminants / operational equipment
to reduce likelihood of contamination or damage during flood.

=  Ensure disaster response operations can function during a flood (personnel access, power and
communications).

= |mprove drainage systems (catch basins, storm pipes) to allow efficient drainage following
recession of a large tide-storm combination and ensure flap gates and backflow valves are
installed and maintained.
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7 CONCLUSIONS AND RECOMMENDATIONS

7.1 Summary of Findings

Through site visits and LiDAR collection and refinement, an understanding of elevations in the Central
Waterfront District area was established, and a DEM showing ground elevation was developed.
Modelling of four different SLR and storm surge scenarios with this DEM showed predicted flooding
patterns in the district. Flood levels, while increased by storm surge events, seem to be most strongly
affected by SLR.

The SeaBus Terminal is the first area to flood and experiences the deepest flooding as it has almost no
protection and a low elevation at the shoreline. The railyard behind the SeaBus is also affected by fairly
significant flooding, due a low point in Waterfront Road near the SeaBus Terminal parking lot.

Flooding of the lower level at VCCW also occurs at various depths depending on the scenario, with
ingress through a low point in the wall along the north side of VCCW and at higher water levels via the
eastern edge of the Coal Harbour seawall. This flooding would affect the seaplane terminal facilities as
well as loading and infrastructure on this level.

Waterfront Road is flooded in most scenarios, and access to lower level of Canada Place is impacted.
Flooding along Waterfront Road leads to flooding and anticipated high velocity hazards associated with
the parkades along the road.

Canada Place experiences relatively limited flooding when compared to other buildings in the central
waterfront area. It is only flooded in Scenario 4, and flood depths are less than 1.0 m. Flood depths are
enough to damage infrastructure on the 4K level, especially electrical and mechanical equipment, and
may impact the ability of the VFPA offices to function effectively during a major flood event. Further, this
study has not examined the potential failure modes of the infrastructure on the 4K level of Canada Place
from direct exposure to wave impacts. That said, the timeline for Scenario 4 may correspond with the
expected service life of the existing infrastructure and a rebuild or upgrade might occur at or before such
a scenario occurs.

As the area already has features that limit flooding, mitigation recommendations are focused on
verifying their capability to withstand flooding and increasing the heights of existing defences, especially
at low points. Over time, floodproofing to increase resiliency can also be considered.

7.2  Future Study

The project and associated limitations of analysis identified several items which need further study. The
ability of the various seawalls and barriers analyzed in the project to remain watertight and withstand
hydraulic and debris impact forces should be confirmed through additional analysis. The most critical
location for this is around VCCW, where the walls provide considerable protection of Waterfront Road
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and the VCCW access road / loading bays until the elevation of the lowest point in the wall is exceeded.
The elevation of the lowest point in the wall also must be confirmed. If further analysis finds that the
elevation of the wall is considerably lower, the walls are not watertight, or are not capable of
withstanding the anticipated forces, then the model results should be re-examined.

The hydraulic modelling effort focuses on overland flooding, and the potential effects of water depths
inside buildings is not analyzed. If this is of interest, future projects could focus on refining the estimates
and potential impacts of flood depths within building interiors and also to include storm drainage.

The impacts of flooding on the SkyTrain tunnels are estimated but not confirmed due to insufficient
topographic data west of Waterfront Station. There is the potential for significant disruption to the
SkyTrain system and West Coast Express in the event of the flood. To better understand these impacts,
additional data on rail line elevations should be collected and the model should be refined to confirm
critical elevations and hydraulic connections.

The impacts of other water sources are not considered, including precipitation, groundwater, and
surcharge of storm or sanitary systems. These water sources could be considered through additional
analysis and may contribute to higher water levels.

As mitigation options are considered and implemented, modelling could be updated with intended
elevations to assess the effectiveness of the proposed solutions on mitigating flooding in the area.

8 CLOSURE

It has been our pleasure to work with the Port of Vancouver on this interested project. Please feel free
to contact Grant Lamont via email at GLamont@nhcweb.com if you have any questions about this

report.
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APPENDIX A

Depth and Flood Extent Maps
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Wave Model Results
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1 INTRODUCTION AND LIMITATIONS

The Port of Vancouver wishes to better understand flood risk at the Central Waterfront District area.
NHC has undertaken flood modelling for combinations of tides, storm surge, and sea level rise. Utilizing
the water depths from this modelling the SWAN wave model was utilized to simulate wind storm events
in Vancouver Harbour to determine the potential maximum wave heights in the project area at the time
of a high water event.

The wave model utilized the bare-earth DEM (Digital Elevation Model) that was used for the flood
inundation modelling. Some structural details and buildings are not accounted for in this DEM. Known
short-comings include:

e Seaplane floats and docks at the Vancouver Convention Centre West are not included in the
model. These will provide some sheltering of waves propagating into Coal Harbour area.

e The Helijet float is not included in the model. This will provide some level of wave attenuation
that is not reflected in the model.

e The flooding inundation model DEM set the 4K level of Canada Place as a solid level. As such,
the Point of Canada Place is modelled as a solid structure and not as a pile supported structure.
As water levels are at or near the crest of this structure the wave attenuation is deemed
reasonable for some aspects of wave transmission at low water levels would not be properly
simulated in the case of wave energy travelling below the deck.

e The SeaBus terminal provides wave attenuation that was deemed important to the study area.
The floating terminal was included as a wave attenuation float with 5% wave transmission.

e (Cargo containers at Centerm and Vanterm terminals are not included in the model. This will
provide some level of wave attenuation that is not reflected in the model.

o Small fences, jersey barriers, and curbs are below the resolution of the SWAN model, and are
not captured.
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2 WAVE MODEL RESULTS

Six storm events are considered for each of the four water level scenarios:
1. Northwesterly winds from 293 degrees (True)
2. Northwesterly winds from 315 degrees (True)
3. Northwesterly winds from 337 degrees (True)
4. Northeasterly winds from 23 degrees (True)
5. Northeasterly winds from 45 degrees (True)
6. Northeasterly winds from 67 degrees (True)

The model result are presented in the following subsections. Two percent exceedance wave height (H2x)
distributions are shown with coloured shading, and wave direction and relative heights are shown with
vectors. The vectors are shown for every 10 grid cells (equivalent to 100 m apart).

In the previous NHC study for the City of Vancouver (NHC, 2014), a “wave effect boundary” was shown
on the flood maps to denote the landward extent of waves of a sufficient height to be of concern as a
hazard. This criteria was selected based on a FEMA study (Federal Emergency Management Agency
(FEMA), 2014) which notes that “Recent post disaster assessments and wave tank research have shown
that waves as small as 1.5 feet (0.45 metres) can cause significant structural damage.” For planning
purposes and to take a cautionary approach, the “wave effect boundary” is defined as smoothed
representation of the 0.3 m Hy contour in this study. This is represented as the purple line the figures.
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2.1 Scenariol

wave effect boundary

5480500
H.., (m)
0.80
0.70
060
0.50
040
0.30
0.20
0.10
0.00

5480000

JRTHING (m)

ARARAAMN

Figure 1 - Scenario 1 water level, and wind from NW at 293 degrees (True)
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Figure 2 - Scenario 1 water level, and wind from NW at 315 degrees (True)
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Figure 3 - Scenario 1 water level, and wind from NW at 337 degrees (True)

Figure 4 - Scenario 1 water level, and wind from NE at 23 degrees (True)

Central Waterfront District Topographic Surveys, GIS, and Flood Risk Modelling Project 4
Appendix B — Wave Model Results

Final
City of Vancouver - FOI 2022-067 - Page 57 of 82



Figure 5 - Scenario 1 water level, and wind from NE at 45 degrees (True)

Figure 6 - Scenario 1 water level, and wind from NE at 67 degrees (True)
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2.2 Scenario 2
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Figure 7 - Scenario 2 water level, and wind from NW at 293 degrees (True)
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Figure 8 - Scenario 2 water level, and wind from NW at 315 degrees (True)
Central Waterfront District Topographic Surveys, GIS, and Flood Risk Modelling Project 6
Appendix B —Wave Model Results
Final

City of Vancouver - FOI 2022-067 - Page 59 of 82



wave effect boundary

5460500

H,,, (M)
0.80
0.70
060
050
040
030
0.20
0.10
0.00

5450000

JRTHING (m)

5459500

Figure 9 - Scenario 2 water level, and wind from NW at 337 degrees (True)

Figure 10 - Scenario 2 water level, and wind from NE at 23 degrees (True)
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Figure 11 - Scenario 2 water level, and wind from NE at 45 degrees (True)

Figure 12 - Scenario 2 water level, and wind from NE at 67 degrees (True)
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2.3 Scenario 3
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Figure 13 - Scenario 3 water level, and wind from NW at 293 degrees (True)
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Figure 14 - Scenario 3 water level, and wind from NW at 315 degrees (True)
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wave effect boundary
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Figure 15 - Scenario 3 water level, and wind from NW at 337 degrees (True)

Figure 16 - Scenario 3 water level, and wind from NE at 23 degrees (True)
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Figure 17 - Scenario 3 water level, and wind from NE at 45 degrees (True)

Figure 18 - Scenario 3 water level, and wind from NE at 67 degrees (True)
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2.4 Scenario4
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Figure 19 - Scenario 4 water level, and wind from NW at 293 degrees (True)
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Figure 20 - Scenario 4 water level, and wind from NW at 315 degrees (True)
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Figure 21 - Scenario 4 water level, and wind from NW at 337 degrees (True)
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Figure 22 - Scenario 4 water level, and wind from NE at 23 degrees (True)
Central Waterfront District Topographic Surveys, GIS, and Flood Risk Modelling Project 13
Appendix B — Wave Model Results
Final

City of Vancouver - FOI 2022-067 - Page 66 of 82



Figure 23 - Scenario 4 water level, and wind from NE at 45 degrees (True)

Figure 24 - Scenario 4 water level, and wind from NE at 67 degrees (True)
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