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Town of Sidney

EXECUTIVE SUMMARY

Associated Engineering (Associated) and DHI Water and Environment Inc. (DHI), were engaged by the Town of

Sidney to prepare the Enhanced Flood Inundation Modelling & Mapping Project : $ bv ruof;1|=v o0f;1|b"; bv |

upon previous floodplain mapping work (i.e. the 2021 -rb|-t !;]bom-t bv|ubl|=v o0-v|-t too7 mtm7-
uof;1]|Q -m7 =o0l1tv vr;1b=bl-ttc om |_; $0%m 0= "b7m;«<=v 1o-v|tbm;: v vil_7 |

project was to:

X &m7;ul-h; - vb]; u;lomm-bvv-ml; o=]_; $0%om 0= "b7m;<=v v_ou;tbhm;8 |o 70
ITmblbr-tb|j<=v v_ou;tbhm;:

X Refine an existing spectral wave model of the Salish Sea, concentrating on improving the mesh resolution and
fidelity within the offshore and nearshore areas surrounding the Town of Sidney.
y=bm; |_; vr;l|u-t % -ihputaldtasets |_-| -u; Tv;7 |o <=oul;=|_; lo7;t:

Estimate present and future coastal flood hazard at approximately 29 locations -tom] "b7m;<=v v_ou;tbm;
X Map present and future coastal flood hazard within the Town of Sidney.

$ : v|t7< lomvb7;u;7 -rruoSbl-|;tc v:” hl o= lo-v|tbm; %b| _bm |_; $0% m=v ItTmb1lb
As part of this project, three Associated-DHI staff undertook a site reconnaissance visit in August 2023, during low

tide. The visit identified priority shoreline locations, assessed signs of sustained erosion and sediment transport,

observed surficial substrates and vegetation, and informed the selection of analytical methods for flood hazard

mapping and Flood Construction Levels (FCLSs).

Recognizing the importance of understanding local wave dynamics, two buoys were deployed off Sidney's coastline to
collect wind and wave data over nine months at the northern and southern end of the $ 0 %. mhoxeline.

A project-specific spectral wave model was developed to support the Sidney study, tailored to accurately resolve
nearshore wave dynamics along the targeted shoreline The model was forced using spatially varying atmospheric and
oceanographic inputs, derived from available water level and wind datasets within the model domain, to ensure
realistic representation of local wave generation and propagation processes. The comptational mesh resolution was
refined to 80 m, allowing for detailed representation of ba thymetric features in the area, which are critical for
capturing nuances in wave conditions along the shoreline of interest.

The spectral wave model was calibrated and validated using both offshore and nearshore measurementd_ong-term
data from the New Dungeness offshore station was used to drive the spectral wave model while measurements from
nearshore buoys at Roberts Bay and Bazan Bay enabled finduning to accurately reproduce local wave transformation
processes.

ivit|v v_0% ]Joo7 -Ju;;l;m| %b|_ oOv;u"-|bomv -] 0o|_ m;-uv_ou; vb|;v7 1lom=bulbr
project shoreline. The offshore validation further supports its use for generating the long-term hindcast needed to
estimate extreme wave conditions.
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The spectral wave model was applied to reconstruct long-term wave conditions (1994 KR024) along the Sidney
shoreline. Model outputs for the entire study area enabled extreme value analysis which informed the wave runup
assessment and subsequent mapping.

Two distinct mapping products were produced from this study: Flood Construction Level Mapping and Flood Extents
Mapping. Both map sets are intended to help the Town in guiding planning and emergency management activities.

FLOOD MAPPING CHECKLIST
The following tables provide detailed summaries of key information, as it pertains to the delivery of this project:

Task Description

Overview

x Flood Construction Level Maps

. R FCLM .

List of flood maps prepared X ecommended FCLMap set
x Flood Extent Maps

x 0.5% AEP Water Levels only; no wave contributions

Overall Approach

Town of Sidney waterfront i.e. Salish Sea
Waterbodies and flood types considered x Coastal storm flooding only.
X Tsunami hazard was not considered.

. x Land useregulation.
Primary use

x Emergency preparedness and response

Wave Modelling

MIKE 21 Spectral Wave Model
x Pacific Ocean to Salish SedBoundary: =v to0O-t )-"; o7

X Water Levels: 2D time varying water level surface, using regional

Boundary conditions and forcing .
stations.

X Winds: Spatially continuous 2D wind field , using regional stations.
Modelled Hindcast Period: 1994 K024

x

Patricia Bay (CHS Station 07277)
Sidney (CHS Station 07260)
Saanichton Bay (CHS Station 07255)
Victoria International Airport (1018620)
Kelp Reefs (1013998)

Saturna Island (1017101)

MarineLabs Wave Buoy KBazan Bay

Key sources of meteorological data
(monitoring periods specified in Section 3)

X X X X X X X X

MarineLabs Wave Buoy KRoberts Bay

I
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Task Description

Absolute values of Relative Sea Level Rise were adopted:
x 0.5m RSLR
x 1.0m RSLR

Approach to climate change projections
Note: Absolute values listed above are commonly used in coastal
engineering practice and were selected to ensure comparability across
jurisdictions.

Assuming AR6 SSP58.5 (median estimate) projections:
x 0.5m RSLR K2095
x 1.0m RSLRK2150

Note: These time horizons deviate from time horizons presented in
the current Provincial standardst. The horizons presented in this

Estimated time horizons report are based on the latest availablerelative sea level rise
projections released by Environmentand Climate ChangeCanada
(ECCC)

1(BC Ministry of Forests, Lands, Natural Resource Operations and
Rural Development: Flood Hazard Area Land Use Management
Guidelines)

x  Offshore waves were informed by 30-year MIKE 21 SW hindcast.

x NOAA New Dungeness (46088)wave buoy was key calibration
Notes on model development, calibration, site for offshore performance.

validation, sensitivity analyses etc. x Nearshore model performance was evaluated usingnine (9)

months of wave measurements collected in Bazan Bay and
Roberts Bay.

Shoreline Geomorphic Hazards

" ou;tbm; ];o0lour_bl -E-u7 %-v mo| bm~;v|b]
shoreline is rocky outcrops and hard infrastructure (e.g. seawalls and
revetments).

Is the shoreline composed of erodible or
non-erodible material?

Is shoreline migration trending to stability

[ advance / retreat? MOl EE e

Are there indicators of limited sediment

Not Investigated
supply? vestig
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Shoreline Wave Effects Summary

Summary

Two dominant wind/wave directions identified and assessed:
X North-Easterly (NE); [0°NK0°N]
X South-Easterly (SE); [90°NKL80°N]

In each quadrant, a storm selection process was carried out, identifying 60
significant storm events (on averagetwo events per year) based on the timeseries
of wave conditions at the toe of the coastal structure.

Dominant wind direction and An extreme value analysis(EVA)was performed for each quadrant to estimate the

design event used significant wave height associated with the 0.5% AEP. For subsequent wave
runup calculations, the representative mean wave direction was selected by
evaluating the range (max/min) of MWD values from the storm list and comparing
them against the orientation of the coastal transect. The wave approach angle
exhibiting the closest alignment with the transect orientation was selected as the
critical direction for each sector.

This methodology defined a representative 0.5% AEP extreme wave condition for
each directional quadrant.

Wave runup computations then carried out for the representative 0.5% AEP
extreme wave in both directional quadrants, combined with the 0.5% AEP water
Description of wave runup level, following the EurOtop (2018) methodology .
analysis
For each transect, the most critical of the two directional conditions, based on the
R2% value, was reported.

Summary of Flood Construction Level

Wave Effect Zone Beyond Wave Effect Zone

Present Day Flood Level 2.52 mCGVD2013 2.52 mCGVD2013
+ Relative Sea Level Rise 1.00 m 1.00 m
Design Flood Level 3.52 mCGVD2013 3.52 mCGVD2013
+ Wave Runup Varies by reach 0.00 m
+ Freeboard 0.60 m 0.60m

Flood Construction Level (FCL) Varies by reach (i.e. Foreshore FCL) 4.12 mCGVD2013 (i.e. Backshore FCL)

Freeboard

Standard freeboard assumption of 0.60m was appliedto account for uncertainty
in the underlying data and analysis This assumption is consistent with Provincial
Guidelines.

Considerations for selecting
freeboard

Selected freeboard 0.60m

I



Town of Sidney

Executive Summary

Flood Mapping

Treatment of dikes

Not applicable (there are no Provincially defined flood protection works within

the project area).

x Vertical: CGVD 2013

Datum
X
X
Key assumptions X
X

Horizontal: CSRS UTM Zone 10N

$ ; -m-t<vbv ru;v;m|;7 _;u;bm -Vvdt;v _<orw;tk;m; 1on
there are proposed changes to a foreshore (e.g. removing a seawall), this
would result in changes to the estimated FCL values at that location.
Tsunami hazard was not mapped.

The results outlined in this report assume that frequency and intensity of
storm surge, winds, and waves do not change as a result of climate change
Pb:;:7 <v]joulbm;vv= 70;v mo| 1_-m]; 7%1; |o 1tbl-]|;

For the purposes of this study, the focus was exclusively on coastal flooding
driven by marine sources, including storm surge, tideswaves, and projected sea
level rise. Fluvial flooding, stormwater flooding, and pluvial runoff were outside
the scope of this modelling effort. The results presented do not account for
potential interactions between coastal and inland flood mechanisms.

Key limitations

The accuracy of the results and resulting uncertainty is dependent on accuracy

of:

x LIiDAR data
X Bathymetry data

X Calibration and validation data
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GLOSSARY

Associated

AEP

CD

CGVD1928

CGVvD2013

CHS

CSRS

DEM

Associated Engineering

Annual Exceedance
Probability

Bathymetric

Chart Datum

Canadian Geodetic Vertical
Datum 1928

Canadian Geodetic Vertical
Datum 2013

Canadian Hydrographic
Service

Canadian Spatial Reference
System

Climate Change

Digital Elevation Model

Glossary

The probability of a specific event occurring, or being exceeded,
in any given year. Approximately equivalent to the concept of
<u;|fum r;ubo7=9

X 10% AEP = 1:10year return period
5% AEP = 1:20year return period
2% AEP = 1:50year return period
1% AEP = 1:100year return period
0.5% AEP = 1:200year return period

X X X X

Survey to establish elevations of underwater river channel bed
or ocean bed surfaces.

A local datum typically used for navigational purposes and
oceanographic measurements (e.g. tides) at a specific location,
port, or harbour. CD refers to the lowest normal tide, such that
water levels rarely fall below it. Tidal predictions and
hydrographic charts from the Canadian Hydrographic Service
(CHS) reference this datum.

Vertical elevation reference system, which is to be superseded
by CGVD2013.

Vertical elevation reference system, which supersedes
CGVvD1928.

A change in global or regional climate patterns, in particular a
change apparent from the mid to late 20th century onwards and
attributed largely to the increased levels of atmospheric carbon
dioxide produced using fossil fuels.

A digital representation of relief composed of an array of
elevation values referenced to a common vertical datum and
corresponding to a regular grid of points on the earth's surface.
These elevations can be either ground or reflective surface
elevations.
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DFL

DHI

DTM

ECCC

FCL

GIS

HHWLT

Designated Flood Level

Danish Hydraulic Institute
Water & Environment Inc.

Digital Terrain Model

Environment and Climate
Change Canada

Flood

Flood Construction Level

Flood Plain

Flood Plain Maps/Mapping

Flood Plain Management

Freeboard

Geographic Information
Systems

Hazard

Higher High Water Large
Tide

Glossary

A condition in which a watercourse or body of water overtops
its natural or artificial confines and covers land not normally
under water.

As per Provincial Guidelines, defined as the underside elevation
of a wooden floor system, or the top elevation of a concrete
slab, for habitable buildings It is intended to protect habitable
living space from flood damage.

A flood plain is flat or nearly flat land that is susceptible to
flooding from a watercourse, lake, or other body of water.

Maps (Mapping) that display information related to a flood, such
as the estimated extent of flooding, water depths, water
velocities, flood duration, or other information.

Flood plain management includes policies and regulations
intended to reduce flood risks associated with land use and
development in flood plains and flood hazard areas.

A vertical distance added to a flood level. The freeboard
accounts for uncertainties inherent in the estimation of the
flood level including uncertainties in storm intensities, water
levels, wave effects, and climate change impacts on these
parameters.

A potentially damaging physical event, phenomenon, or human
activity that may cause the loss of life, injury, property damage,
social and economic disruption, or environmental degradation.

The average over 19 years of the highest predictedhigh-water
level of each year.
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HHWMT

moO0

Hs

IPCC

LiDAR

LLWMT

LLWLT

MOF

MWD

MWL

NAD83

NOAA

Higher High Water Mean
Tide

Spectral significant wave
height

Significant wave height

UN Intergovernmental Panel
on Climate Change

Light Detection and Ranging

Likelihood

Lower Low Water Mean Tide

Lower Low Water Large Tide

BC Ministry of Forests

Mean wave direction

Mean Water Level

North American Datum of
1983

National Oceanic and
Atmospheric Administration

Glossary

The average from all the higher high waters froman 18.6-year
tide cycle.

The average height of the highest onethird waves, as calculated
directly from the wave spectrum (e.g., from spectral wave model
results). Hmo is determined as four times the square root of the
zeroth-order moment of the wave spectrum.

Significant wave height used in most coastal engineering design
applications. Taken as the average height of the highest one
third of waves in a wave record (Huz)

A surveying method that measures distance to a target by
illuminating the target with laser light and measuring the
reflected light with a sensor.

A general concept relating to the chance of an event occurring.
Likelihood is generally expressed as a probability or a frequency
of a hazard of a given magnitude or severity occurring or being
exceeded in any given year. It is based on the average
frequency estimated, measured, or extrapolated from records
over a large number of years, and is usually expressed as the
chance of a particular hazard magnitude being exceeded in any
one year (i.e., the Annual Exceedance Probability, AEP).

The average from all the lower low waters from an 18.6-year
tide cycle

The average over al9-year period of the lowest predicted low
water level of each year.

The average of all hourly water levels over the available period
of record.
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PWD

RP

RSLR

SLR

SWL

To2

UTM

Probability

Peak wave direction

Regulatory Flood Plain Map

Return Period

Relative Sea Level Rise

Setback

Sea Level Rise

Still Water Level

Topographic

Zero-crossing wave period

Peak wave period

Universal Transverse
Mercator

Glossary

In statistics, a measure of the chance of an event or an incident
happening. This is directly related to likelihood.

Maps used for regulatory purposes, such as developing flood
plain bylaws and informing area plans and official community
plans. For Coastal Flood Mapping Projects, the regulatory
mapping is generally based on inundation mapping for 0.5% AEP
storm events plus a freeboard allowance to establish the flood
levels and flood plain limits

Return period is a way of describing the probability of a storm
event. Return period is calculated asone divided by the annual
exceedance probability (AEP). For example, for a 16year return
period storm event, there is a 1/10=0.1=10% probability in any
given year that the event or a larger event will occur. Return
period is not the strict frequency of an event, i.e., if a 10-year
return period event occurs this year, there is still a 10%
probability that will occur next year as well.

RSLR is an absolute increase in mean sea level, incorporating th
effects of land subsidence or uplift.

Withdrawal of a building or siting of a building or landfill from
the natural boundary or other reference line to maintain a
floodway (room for flooding to occur without damaging
structures) and to allow for potential land erosion.

Sea level rise is the increase in mean sea level without
incorporating an adjustment due to local land subsidence or
uplift.

Total sea level for a given return period, including sea level rise
allowance, tide, and storm surge; analogous to the DFL.

The shape and features of a land surfaceln the context of this
study, topographic features are those above the water level (as
opposed to bathymetric which refer to features below the
water level).

—_
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1 $! & 9

1.1 Project Background

Associated Engineering (Associated) and our project partners,DHI Water & Environment, Inc. (DHI), were engaged by
the Town of Sidney to complete the Enhanced Flood Inundation Modelling & Mapping Project.

The Town of Sidney was included as a participating community in the 2021 CRD Coastal Flood Inundation Mapping

Project P>‘3* 1 "[T7<«?Q: $_-| ruof;1|=v 00f;1|b"; %o-v |O -m-t<E; -m7 |I-r lo-v|-t =too7
and three electoral areas within the capital region. First Nations communities within the project area were also invited

to use the resultant deliverables.

Given the expansive geographic bounds of the capital region, as well as a tight schedule, the 202 CRD Studywas not
able to focus on specific municipalities and their site-specific needs. The analytical procedures had to be spread across
the entire CRD coastline at alow resolution (222 transects for approximately 1,300 km of coastline). Nonetheless, the
2021 CRD Coastal Flood Inundation Mapping Project was a necessary and valuablérst step in the delineation of
coastal flood hazard within the region.

The objective of the Enhanced Flood Inundation Modelling & Mapping Project is to build upon the 202 1 project,
increasing the analytical resolution, and focusing specifically on the Town of Sidney. This study will create Flood
Construction Level (FCL) mapping that integrates with existing mapping to enhance flood risk management and

emergency planning.

Specific project extents are shown in Figure 1-1.
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