kw

Greater Vancouver

200 - 4185A Still Creek Drive
KERR WOOD LEIDAL Aoty BC VAC eco
consulting engineers T 604 294 2088

F 604 294 2090

Technical Memorandum #3A

DATE: April 23, 2021
TO: Robyn Holme, RPP, MCIP
Comox Valley Regional District
FROM: David Zabil, M.A.Sc., P.Eng.
Craig Sutherland, M.A.Sc., P.Eng.
RE: Coastal Flood Mapping Project
Technical Memo #3A — Fluvial Modelling — Oyster River Hydrology and Model Assumptions
Our File 2623.014-300
1. Introduction
Kerr Wood Leidal Associates Ltd. (KWL) was retained by the Comox Valley Regional District (CVRD) to
provide consulting engineering services for the preparation of coastal floodplain mapping. The coastal
floodplain mapping includes the anticipated effects of sea level rise and will be used by the CVRD for land
use planning, emergency planning and risk assessment.
This technical memorandum (#3A) documents the hydrologic and hydraulic modelling for the Oyster
River. Other technical memoranda will document the remaining project components.
1.1 Project Scope

The main project tasks include:

1.
2.

Conducting a mapping workshop to discuss mapping objectives and deliverables.

Collection and integration of topographic and bathymetric mapping from a variety of sources including
bathymetric data collected in the Oyster River as part of the project scope, bathymetric data in the
sea obtained from the Canadian Hydrographic Service and topographic data in upland and intertidal
areas obtained from GeoBC and other sources.

Hydrologic and hydraulic modelling of the Oyster River downstream of Highway 19 to its mouth at the
Strait of Georgia and the lower reaches of the Courtenay River, Puntledge River (downstream of the
BC Hydro Powerhouse) and Tsolum River (downstream of the Piercy Road Bridge/North Courtenay
Connector). Modelling was conducted for floods having annual exceedance probabilities (AEP)
ranging from 10% to 0.2% and included the anticipated effects of climate change. The hydrologic and
hydraulic modelling of the Oyster River is the focus of this technical memorandum.

Hydraulic modelling of coastal water levels (tide plus storm surge) and wave effects in deep and
shallow water to determine wave heights in the surf zone and the maximum elevation of wave run-up
for storm events with AEPs ranging from 10% to 0.2% and sea levels ranging from current conditions
to a projected scenario with two metres of sea level rise (to Year 2200).

A desktop geomorphologic assessment of the Oyster River and shoreline to identify areas that may
be non-erodible or exceptionally vulnerable to erosion.
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Determination of flood levels for the Oyster River, the lower Courtenay/Puntledge/Tsolum River
system and coastal areas.

Preparation of 1:4000 scale regulatory floodplain maps which show flood levels and floodplain extents
and digital mapping for flood levels, sethacks, inundation depths, wave heights and climate change
planning areas.

A series of reports and memoranda are provided to describe data sources, analysis approaches,
assumptions, and study findings:

1.
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Technical Memorandum #1 — Coastal and River Base Map Development
Technical Memorandum #2 — Fluvial and Coastal Geomorphology
Technical Memorandum #3A — Fluvial Modelling — Oyster River Hydrology and Model Assumptions

Technical Memorandum #3B — Fluvial Modelling — Courtenay River Hydrology and
Model Assumptions

Technical Memorandum #4 — Coastal Modelling
Technical Memorandum #5 — Coastal and Fluvial Mapping Products
Final Report — Coastal Flood Mapping Project

Coastal and Fluvial Models User Guide

This is Technical Memorandum #3A, which documents the hydrologic and hydraulic modelling for the
QOyster River, including:

1.

An introduction including the general scope of the CVRD Flood Hazard Mapping Project, how this
technical memorandum fits within the overall project, a glossary/abbreviations, and a list of references.

Background including study area location, watershed characteristics and limits of flood
hazard mapping.

The details of the hydrologic analysis including single station flood frequency analysis and regional
flood frequency analysis.

A summary of the hydraulic model development including model extents, assumed dike breach
location, dike breach parameters, channel and floodplain topography, channel, and floodplain
roughness values.

Details of the hydraulic model boundary conditions, assumptions, and limitations.

A review of the hydraulic model sensitivity analysis and design flow simulation results.

The objective of the hydrologic analysis and hydraulic modelling of the Oyster River was to develop flood
water level profiles and flow velocities along the river channel and across the floodplains for each of the
selected AEP floods within the study area. These modelled water levels and flow velocities were then
used to map floodplain levels, inundation extents, flood depths, flood flow velocities and flood hazard
(depth x flow velocity) parameters. A diagram of the workflow for river modelling is shown in Figure 1.
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1.2 Glossary and Abbreviations

AEP

CDM

DEM

Design Flood

El Nifio

Flood Hazard Maps

Flood Level

Freeboard

Maximum Water
Level

MAF

Annual Exceedance Probability. Probability of an event (e.g., flood event)
of equal or greater magnitude occurring in a given year. The AEP is the
inverse of the Return Period.

Cumulative Departure from Mean. Statistical approach carried out to
assess long term trends or cycles in historical climate or hydrometric data
which involves carrying out cumulative sum of the difference between
annual maximum data and the long-term average.

Digital Elevation Model. A generic term for a map that represents the
topographic elevation of the earth’s surface. A DEM can be represented as
a raster (a grid of squares, also known as a heightmap when representing
elevation) or as a vector-based triangular irregular network (TIN).

The magnitude of river discharge/ocean water levels having a specified
AEP or Return Period selected to define flood levels and flood limits for
regulatory floodplain mapping.

El Nifio is a periodic ocean circulation phenomenon that results in
atypically warm surface water in the equatorial central and east-central
Pacific Ocean. EIl Nifio events can last for several years. The warm
surface water results in changes to atmospheric circulation patterns
(weather) and ocean water levels throughout the Pacific Ocean, and to a
lesser extent, the entire globe.

Engineering maps that display the results of hydrologic and hydraulic
investigations (including water level, water depth, and velocity) and show
areas that could be flooded under different scenarios. These maps are
used for planning purposes related to land use planning, emergency
management, and flood mitigation. Note that this is the working
definition for this project and other projects, or organizations may have a
different definition.

The maximum elevation of the water surface in a given flood scenario
including freeboard.

A vertical distance added to the actual calculated flood level to
accommodate uncertainties in flood levels. Such uncertainties include
uncertainties in hydrological analysis, hydraulic modelling, and wave
modelling, climate change projections, local river hydraulic effects such
as waves and surges, and, to some extent, river, delta, and coastal
geomorphic changes which could influence flood levels. The
freeboard allowance does not accommodate uncertainties in flood
levels related to significant changes in river channel shape/location or
shoreline characteristics.

The calculated maximum water surface elevations for the specific design
flood magnitudes derived using hydraulic modelling software.

Mean Annual Flood. The average of all yearly flow maxima (found to be
approximately 43% AEP or a recurrence of 2.33 years).
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A recurring pattern of sea surface temperature variability centered over the

Oscillation mid-latitude Pacific basin similar to El Nifio but with a longer duration
(decades rather than years).

Regulatory = Maps used for regulatory purposes, such as developing floodplain bylaws

Floodplain Mapping and informing official community plans. For the Coastal Flood Mapping

Project, the regulatory mapping is based on inundation mapping for a 0.5%
AEP storm incremented by a freeboard allowance to establish the Flood
Level and floodplain limits.

An estimate of the average interval of time between events of a certain
intensity or size. The inverse of the Annual Exceedance Probability.

SRD = Strathcona Regional District.

Increase in water level caused by low atmospheric pressure and winds.

The calculated peak water surface elevations for a given AEP flood
magnitude derived using hydraulic modelling software.

Flood Hazard Analysis Guidelines

The development of methodologies for hydrological analysis and hydraulic modelling on the Oyster River
have been in accordance with professional best practices and most recent flood hazard analysis
guidelines (EGBC, 2018; EGBC, 2017; FLNR, 2018 & Natural Resources Canada, 2019).
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Oyster River Watershed and Study Area

The Oyster River is located on the eastern side of Vancouver Island, British Columbia. The watershed
has a total area of 362 km? and extends from headwaters near the top of the Forbidden Plateau to the
river mouth at the Strait of Georgia. Most of the watershed is within the Comox Valley Regional District
with some of the northern parts of the watershed laying within the Strathcona Regional District. Table 1
summarizes the watershed characteristics at three key locations along the Oyster River.

Table 1: Oyster River Watershed Characteristics

Area Mean Elevation

Watershed (km?) (m)

Hydrologic Zone

Oyster River Below Woodhus Creek 208 915

(08HDO011) Hydrometric Station Eastern Vancouver
Oyster River above Little Oyster River 314 889 Island
Oyster River at the Mouth 362 777
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The upstream reaches of the watershed drain the eastward slopes of the Vancouver Island mountains.
The highest point in the watershed, located at Mount Albert Edward, has an elevation of 2,093 m. The
middle reaches of the river flow across the coastal lowlands of the east coast of Vancouver Island before
flowing into the Strait of Georgia near the communities of Saratoga Beach and Oyster River. The
upstream reaches of the watershed are located within Strathcona Provincial Park. The majority of the
remaining watershed is located within privately owned forest lands with some agricultural and rural
residential development located along the lower reaches.

The limits of the floodplain mapping extend along the mainstem of the Oyster River from the mouth at the
Strait of Georgia north of Saratoga Beach to the Inland Island Highway (Highway 19) bridge crossing
about 17 km upstream of the mouth. One of the largest tributaries, the Little Oyster River, flows into the
Oyster River within the floodplain mapping study limits about 7.5 km upstream of the mouth. The
watershed boundary and the limits of the flood mapping study area are shown in Figure 2.

Inflow and Water Level Boundary Conditions

Hydrologic analysis to estimate the magnitude and timing of flood discharges as well as the timing and
magnitude of the design downstream coastal water level boundary condition for each AEP flood is
described in this section.

Meteorological Drivers of Floods on Vancouver Island

Floods on the Oyster River are most often the result of high-intensity frontal rainfall storms that carry
moisture from the Pacific Ocean eastward and across Vancouver Island. These storms often originate
over tropical waters in the Pacific Ocean and are know as atmospheric river events or locally as a
“Pineapple Express”. The orographic effect caused by the lifting of the warm moist air mass as it passes
over the Vancouver Island Mountain Range increases the intensity of rainfall. This can often result in
significant precipitation (>100 mm in 24 hrs) in the higher elevation portions near the western boundaries
of the watersheds. However, the precipitation intensity reduces as storms travel eastward across the
lowlands along the east coast of Vancouver Island and into the “rain shadow” of the Vancouver Island
Mountain Range. The total annual rainfall in the Vancouver Island Mountains is about three times greater
than the rainfall recorded along the lowlands along the east coast, including in the Oyster area.
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The largest floods on Vancouver Island rivers often occur in late fall or early winter (November to
February) as a result of a period of cool weather with show accumulation across the watersheds followed
by an atmospheric river event. This combination of snow accumulation on the ground with warm air and
wet conditions can result in both heavy rainfall as well as significant snowmelt resulting in extreme flows
in rivers across Vancouver Island. Given the large spatial extent of atmospheric river events, which can
be up to 200 km wide or more, they can often result in flood conditions across many Vancouver Island
watersheds at the same time. Therefore, often the Oyster River can experience extreme flood conditions
simultaneously with other rivers across the CVRD.

In addition to high flood flows in the rivers, high winter tide conditions combined with storm surge can
often increase flood levels in the lower reaches of the rivers near the Strait of Georgia. Given that
most community development within the watersheds is located near the river mouth, such as the
community of Oyster River, this combination of river flood and tide level flood result in significant flood
risk to these communities.

As flood levels increase due to the projected impacts of climate change on increased rainfall intensity and
sea-level rise, the flood risk to communities near the mouth of the Oyster River will continue to increase
into the future.

Historical Floods

High flow conditions combined with high tides have resulted in the flooding of communities along the
Oyster River. These floods have prompted the construction of erosion protection at several locations
along the length of the Oyster River as well as the construction of a dike to protect residential areas near
Glenmore Road from flooding. The following section provides a summary of past flooding events that
have occurred based on a review of previous flood assessment reports.

Recent known flood events along the Oyster River are outlined in Table 2 (BC Ministry of Environment,
2006; Ebbwater, 2018) for high flow events. The largest high sea level events occurred on December 5,
1967 and on December 16,1982 when the sea level reached 2.88 m (CGVD2013) in both events.
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Table 2: History of the Oyster River High Flow Events
Date Peak Inlst. Notes
Flow

November 14 — 20 Not Oyster River changed course with new channels across the
' highway. One channel was reported to be 2.1 m deep and 30 m
1939 recorded ;
wide.
November 28 — Not . .
December 2, 1941 recorded South abutment and approach to Highway Bridge washed out.
November 13, 1975 348 Bank erosion along the river channel. Approximately 150 cubic
yards of riprap hauled to the site.
December 26, 1980 289 Flooding along the Oyster River.
November 23, 1990 284 Flooding along the Oyster River.
November 16, 2009 375 The south end of Lorna Lane eroded. Glenmore Dike Breach.
Localized flooding to residents along Glenmore Road and
January 12, 2010 312 Wimbledon Road due to the high groundwater table.
Localized flooding to residents along Glenmore Road and
November 27, 2011 28 Wimbledon Road due to the high groundwater table.
December 9, 2014 40972 Property damage as a result of flooding.
Notes:
1. From published Peak Instantaneous Flow records for the Oyster River below Woodhus Creek (08HDO011) for the period from
1973 to 2017.
2. Largest flood on record since 1975. Peak flow as estimated by the Water Survey of Canada.

3.3 Flood Frequency Analysis

Water Survey of Canada (WSC) has been operating a hydrometric station on the Oyster River since
1973. Statistical flood frequency analysis was performed using historical river discharge records to
estimate peak flood flows. A regional flood frequency analysis using flood records from nearby
watersheds with hydrometric stations was carried out for comparison with the single-station analysis.

Single Station Flood Frequency Analysis

The Oyster River Below Woodhus Creek (08HD011) gauge, located approximately 12 km upstream from
the river mouth, has been active since 1973 and has published data available until 2017 when
hydrological analysis was carried out and provides a nearly continuous record with five years of missing
daily peak flow data (1973, 1977-1979, and 2000) and seven years of missing instantaneous peak flow
data (1973, 1977-1979, 1988, 1992, and 2000). The largest flood on record occurred on December 9,
2014, which resulted in some property damage near the river. The largest peak daily average flow and
peak instantaneous flow on December 9, 2014 was estimated by WSC to be 272 m3/s and 409 m?3/s,
respectively. The maximum water level at the gauge was 2.96 m above the staff gauge datum,
approximately 2 m above normal baseflow levels. A plot showing the record of the daily peak flows and
instantaneous peak flows is included in Figure 3.
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A flood frequency analysis was carried out using a combination of the 38 years of recorded peak
instantaneous flows from the Oyster River Below Woodhus Creek (08HDO011) gauge plus two estimated
instantaneous peak flows for 1988 and 1992 when daily peak flow records are available but without
instantaneous peak flow record. The missing instantaneous peak flow records were obtained by
multiplying the recorded daily peak flow by the average instantaneous to daily (I:D) peak flow ratio of 1.52
calculated from the entire period of record. The HYFRAN software was chosen to perform the FFA using
the average of three statistical distributions:

1. Generalized Extreme Value (GEV): fitted by Method of Weighted Moments method.
2. Three Parameter Lognormal (3PLN): fitted by Maximum Likelihood method.
3. Log Pearson Ill (LP3): fitted by the US Water Resources Council method.

The results of the FFA analysis are included in Appendix A for reference.

Based on visual observations of the FFA result plots provided by HYFRAN, all distributions were proven
to provide an acceptable fit based on the WSC 08HDO011 peak instantaneous flow data (see Appendix A).
Therefore, an average of the results for the three statistical distributions was used to derive the estimated
peak flows for the AEP floods.

The instantaneous AEP peak flows estimated at WSC 08HDO011 were scaled up to estimate the flows
used as boundary conditions for hydraulic modelling. To account for the increased contribution of flow
from the Little Oyster River in the downstream reaches of the flood mapping study area, two sites of
interest were selected for deriving flows used in hydraulic modelling:

1. The Oyster River Below Woodhus Creek (08HD011) gauge, representing flows upstream of the
confluence of the Little Oyster River.

2. The Oyster River at the Mouth, representing flows downstream of the confluence of the Little
Oyster River.

Table 1 provides the watershed areas upstream of the Oyster River Below Woodhus Creek hydrometric

station and the Oyster River at the Mouth, both of which were used for hydraulic modelling.

The following relationship estimated in 1998 (Coulson & Obedkoff, 1998) based on peak flow data across
BC was applied to scale peak flows based on the two watershed areas within the Oyster River:

Q site of interest = Q osHDO11 * (Area site of interest/ Area OBHD011)0'785

Table 3 provides the peak flow estimates at the two locations: the Oyster River Below Woodhus Creek
(08HBO011) Hydrometric Station, and the Oyster River at the Mouth.

Table 3: Estimated Peak Instantaneous Flood Discharges using Historical Records (1973 to 2017)!

River Location 10% AEP 5% AEP 1% AEP 0.5% AEP 0.2% AEP
(m3/s) (m3/s) (m3/s) (m3/s) (m3/s)
Oyster River Below
Woodhus Creek (08HB011) 324 354 406 424 444
Hydrometric Station
Oyster River at the Mouth 377 412 472 493 517
Note:

1. Peak Instantaneous Flood Discharges shown above are based on historical records and are considered suitable for current
climate conditions. These peak flow estimates do not include an allowance for projected climate change impacts.
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The flood frequency analysis used to establish the magnitude of flood discharges assumes that data used
in the analysis is stationary and does not have long-term increasing or decreasing trends. Climate
change has and will continue to result in long term changes in the magnitude of peak flows. Therefore,
the magnitude of estimated flood discharges using historical flood records does not account for non-
stationarity of historical peak flood flows as well as projected future changes in peak flows as a result of
climate change. To better understand the potential impacts of non-stationarity, a review of historical
trends in flood magnitudes and a review of regional climate change projections have been used to select
appropriate factors to increase estimated flood magnitudes to account for projected changes (see
Section 3.4 for additional detail).

Regional Flood Frequency Analysis

Regional flood frequency analysis is often used to estimate flood discharge magnitudes for ungauged
streams. Regional flood frequency analysis involves relating recorded flood statistics with characteristics
(area, elevation, etc.) of the watersheds upstream of regional hydrometric stations to predict flood
statistics for ungauged watersheds. However, for the Oyster River, a regional flood frequency analysis
using flood records from nearby watersheds with hydrometric stations was carried out for comparison with
the single-station analysis. The mean annual flood (MAF) versus drainage area for regional hydrometric
stations are shown in Figure 4.

The results indicate that the MAF estimated using regional flood frequency analysis is approximately
23% higher than the single station analysis. As the flood estimates developed using regional flood
frequency analysis represent the average flood response of watersheds in the region, the comparison
of the regional analysis results with the single station results indicates that the magnitudes of the
Oyster River flood are generally lower than those recorded on other streams in the region, likely due to
watershed characteristics.

The Oyster River Below Woodhus Creek (08HD011) gauge is located within the study area and has a
sufficiently long period of record to represent the range of historical flood response. Therefore, the results
of the single station analysis are considered to be more representative of the Oyster River flood response
and have therefore been adopted for this study.

Previous Oyster River Flood Flow Estimates

In 2017, Oyster River peak flows were estimated by McElhanney (2018) as part of the work done for
the construction of the Glenmore Dike located about 10 km downstream of Station 08HDO011. In 2018,
peak flows of the Oyster River were estimated by Ebbwater (2018) for the Oyster River/Saratoga Beach
Flood Assessment.

Table 4 provides a comparison between previous and current peak flow estimates for two key locations in
the Oyster River.
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Table 4: Comparison of Peak Flow Estimates
0.5% AEP Peak Instantaneous Flow?

: : (m®s)
River Location
2018 2018 2020
McElhanney Ebbwater KWL
Oyster River Below Woodhus Creek 430 N/A 424
Oyster River at the Mouth N/A 484 493
Notes:

1. Flood frequency analysis results based on historical flow records and does not account for the projected
impacts of climate change.

Based on the comparison with the previous flood estimates, the flood estimates provided in Table 3 are
considered to be suitable for floodplain mapping and flood hazard assessment for current climate
conditions.

Climate Change

The Federal Floodplain Mapping Guidelines (Natural Resources Canada, 2019) recognize that future
climate patterns are projected to differ significantly from the historical record and therefore suggest that:

“..assessments of flood risks to property and human life or safety would benefit from considering the
impacts of future flooding conditions under a changing climate both in coastal and inland situations”.

In addition, the 2018 Engineers and Geoscientists BC (EGBC) position paper on climate change
indicates that engineers are expected to consider impacts of climate change in their professional
practice (EGBC, 2018).

Therefore, the impacts of climate change in the Comox Valley region, including changes in
temperature and precipitation, on peak flows as well as sea-level rise have been incorporated into the
flood analysis similar.

As stated in the Case Studies on Climate Change in Floodplain Mapping (Natural Resources Canada,
2018), no broadly recognized standard methodology or approach has been established for incorporating
climate change into flood projections. Therefore, several approaches have been reviewed to select a
“climate change scaling factor” to consider climate change impacts on flood peaks. The following
sections summarize the review of these approaches and the selected climate change scaling factor.

Climate Change Projection Guidelines

The EGBC Flood Mapping in BC professional practice guidelines recommend that climate change be
considered in producing flood mapping in BC (EGBC, 2017). The EGBC Legislated Flood Assessment
in a Changing Climate in BC professional practice guidelines (EGBC, 2018) recommend that in the
absence of more detailed information, an additional 10% to 20% should be included on the peak flow
estimates based on historical records. The guidelines recommend that the lower end of the range
should be applied for watersheds where there is no significant trend in the historical data while the upper
end of the range should be applied for watersheds showing statistically significant increasing trends in
annual peak discharges.

KERR WOOD LEIDAL ASSOCIATES LTD.

consulting engineers

15




Hydrology and Model Assumptions

E—
TECHNICAL MEMORANDUM
m Technical Memo #3A — Fluvial Modelling — Oyster River
—_
April 23, 2021

Trends in Historical Data

As discussed in the previous section, EGBC in their Legislated Flood Assessment in a Changing Climate
in BC professional practice guidelines (EGBC, 2018) has recommended that trends in historical peak
flows be one way of projecting the magnitude of future changes in peak flows. Therefore, KWL
performed a trend analysis on the maximum daily flow series for several of the regional stations on
Vancouver Island using the statistical Mann-Kendall test. The trend analysis was carried out on the full
period of record for each station to incorporate the cyclical El Nifio — Southern Oscillation (ENSO) and
Pacific Decadal Oscillation (PDO) climate patterns in the analysis. The results are summarized in

Table 5. A copy of the details of the trend analysis for each of the stations is included in Appendix B.

Table 5: Trends in Vancouver Island Regional Recorded Flood Flows

Average % Change

Watershed WSC Number Period Trend SS'[_at|§t_|caIIy Per Decade
ignificant :
(Sen’s Slope)
Oyster River 08HDO011 1974-2017 Upward No 5%
Tsolum River 08HBO11 1964-2018 Upward Yes 11%
Browns River 08HB025 1960-2018 | Downward No -5%
Endlishman 08HB0OO2 | 1979-2018 | Downward No 7%
Chemainus River 08HAO001 1953-2018 Upward No 4%
Salmon River 08HBO15 1981-2017 | Upward Yes 15%
above Diversion

The results indicate both upward and downward trends in recorded peak flows for the Vancouver Island
region. This variation in trends is likely the result of natural variation, differences in forest harvesting in
the watersheds, the varying lengths of the available records as they relate to cyclical climate patterns
such as ENSO and PDO well as long term climate change impacts. This highlights some of the difficulty
in using historical records to project potential climate change impacts on peak flows.

To better understand the influence of cyclical patterns on historical flood flows, a statistical analysis of
flood records using Cumulative Departure from the Mean (CDM) was carried out. CDM is a concept
sometimes used to understand trends or cycles in precipitation or flow. The analysis involves taking
cumulative sum of the difference between the annual maximum precipitation or flow and the long-term
average for each year in the record as follows:

CDMi = Y(F; — Fayg)
Where

Fi = Annual Maximum Flow
Favg = Long-term average of Annual Maximum Flow

An increasing trend in CDM indicates a period of above average conditions, a decreasing trend in CDM
indicates a period of below average conditions and no trend in CDM indicates period of average conditions.

The analysis was carried out using annual maximum flow records for the Oyster River above Woodhus
Creek (08HDO011) over the period of record from 1974 to 2017. The analysis indicated that in general
both precipitation and flood flows show a cyclical pattern which roughly corresponds with the phase of the
Pacific Decadal Oscillation (PDO), see Figure 5. Before the 1990s, a period having generally warm PDO
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phase, flood flows were about average, during the 1990s and early 2000s, during period with warm and
cool PDO phases, flood flows were about average and since about 2005 the PDO has transitioned to
generally cool phase, the flood flows have been above average in general.

These findings are similar to the results of the flood hydrology analysis carried out for the
neighbouring Tsolum River watershed (NHC, 2010) and indicate general trend across the East Coast
of Vancouver Island that flood flows are generally higher during cool Phase of PDO and lower during
warm phase of PDO.

Modelled Climate Change Projections

Climate projections from the Pacific Climate Impacts Consortium (PCIC) at the University of Victoria
indicate that for the Comox Valley Regional District, the intensity of extreme precipitation is projected to
increase over the next 100 years. Based on the median value of downscaled output from twelve global
circulation models, the maximum daily 2% AEP (50-year return period) precipitation is projected to
increase by approximately 18% by mid-century and by 30% by the end of the century (Pacific Climate
Impacts Consortium, 2020, March).

Changes in precipitation are a significant driver of projected changes in the magnitude of peak floods.
However, this does not take into account the impact that changes in snowmelt at high elevations have on
peak flow. PCIC has carried out hydrological analysis using projected climate data to model the effect on
stream flows in three watersheds in British Columbia (PCIC, 2011). The results of the hydrological
modelling for the Campbell River watershed, the nearest available projected hydrological model data,
indicates MAF discharge in the Campbell River watershed is projected to increase by +30% by end of the
century (PCIC, 2020, April).

Climate Change Allowance

As outlined in Table 6 and discussed above, several ranges of incremental increase in peak flow have
been considered to account for projected climate change impacts on peak AEP floods.

Table 6: Summary of Projected Climate Change Impacts to Peak Flows

Projected change in peak flood flow
over next 100 years

Source/Approach Low Bound/Mid- Upper Bound/End Reference
Century of Century
EGBC Guidelines 10% 20% EGBC, 2017
Projected Change in 2% AEP precip. 18% 30% PCIC, 2020
Campbell River Projected Change in MAF 30% PCIC, 2011
Selected incremental change in peak flows 15% 30%

Based on the trend analysis and review of available background information, a factor of +15% was
applied to the peak design flood discharge based on historical records to account for projected climate
change impacts on peak floods to mid-century (nominally the year 2050) and end of the century
(nominally the year 2100). A factor of +30% was applied to the peak design flood discharge based on
historical records to account for projected climate change impacts on peak floods for the next century
(nominally the year 2200).
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Limitations and Uncertainty of Climate Change Projections

There is a consensus about the direction of future average climatic conditions globally and at a regional
scale. However, when projecting future changes to extreme weather events and changes to peak river
discharges in large, complex watersheds, there are significant uncertainties in the projection of changes
in extreme climate events.

Many extreme events, especially those associated with precipitation, occur at small temporal and spatial
scales, where current climate modelling skill is limited. Therefore, projections of future changes in
extreme events can not be made with a high level of confidence (Intergovernmental Panel on Climate
Change, 2012). These uncertainties in future changes in extreme precipitation combined with inherent
uncertainties in hydrologic modelling?, result in significant uncertainty in projections in future projections in
flood magnitude.

An analysis based on a vast body of literature including the Intergovernmental Panel on Climate Change
(IPCC) SREX3 report on climate extremes (Kundzewicz et al., 2013) concluded “presently we have only
low confidence in numerical projections of changes in flood magnitude or frequency resulting from
climate change”.

Therefore, the projected climate change scenarios used in the study do not represent accurate
predictions of future changes but describe future plausible conditions based on the available level of
understanding today.

3.5 Recommended AEP Flood Event Discharges

The recommended peak design flows for the Oyster River hydraulic modelling are shown in Table 7.

Table 7: Oyster River Design Peak Flow Estimates (m?/s) including Climate Change Allowances

Flood Oyster River below Woodhus Creek Oyster River at the Mouth

(o]] T T T I S R ——
Event Current +15% Climate +30% Climate Current +15% Climate +30% Climate

Climate Change ! Change?  Climate Change ! Change 2

10% AEP 324 373 421 377 434 490

5% AEP 354 407 460 412 473 535

1% AEP 406 467 527 472 543 614

0.5% AEP 424 487 551 493 567 641

0.2% AEP 444 511 578 517 595 672

Notes:

1. Nominally year 2050 and 2100.

2. Nominally year 2200.

1 Uncertainties in hydraulic modelling include the limitations of model algorithms, which are usually based on representing small scale
hydrological processes at the watershed scale, uncertainties inherent in representing future hydrological processes based on current land
use/land cover, and uncertainties introduced at model calibration through measurement error and interpolation.
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Design Ocean Level and Flow Hydrographs

The sections below describe the flow and water level hydrographs used in the unsteady simulation 2D
model of the lower portion of the Oyster River (the modelling approach is described in Section 4).

Design Ocean Level Hydrographs

The peak design ocean levels used at the downstream boundary of the Oyster River 2D hydraulic model
are the same as those derived for the coastal floodplain mapping. The design AEP ocean still water
levels have been used in the river hydraulic analysis, which does not account for wave effects. Technical
Memorandum #4 — Coastal Modelling provides additional details on how the design peak ocean still water
levels were derived.

The time-series selected for the design event ocean levels are based on a review of the predicted tide
series available from the Canadian Hydrographic Service. The average of the maximum peak water
levels over a rolling three-day period was calculated for the predicted tide sequence. The period with the
maximum three day rolling average peak water levels was then selected for the design flood events.

The predicted tide sequence was then adjusted to the design peak ocean level by matching the peak
predicted tide levels to the peak design flood level for each AEP design run. Figure 6 shows the tidal
sequence used as the basis for the water level boundary condition.

Design Flow Hydrographs

The design flood hydrographs for the Oyster River 2D hydraulic modelling are based on the recorded
hydrograph for the December 9, 2014 flood event. This event was chosen as it was one of the largest
floods on record and was a single peak with a single rising and falling limb which is appropriate for a
design event.

The recorded hydrograph was scaled to the design flood events by factoring each hourly discharge in the
flow record:

e first by the ratio between the baseflow at the start of the event and the peak flow; and
¢ then by the factor between the recorded peak flow and the design peak flow.

In this manner, the baseflow conditions for all the AEP events are the same. This approach also results
in an instantaneous peak flow to daily peak flow (I:D) ratio of 1.25 which is lower than the average I:D
ratio of 1.5 but is within the range of historical recorded I:D ratios (1.06 to 2.34). A storm event having a
lower I:D ratio results in a higher daily average flow for a given instantaneous peak flow. This results in a
storm event having more volume for a given instantaneous peak flow, which is a conservative assumption
for establishing a design event.

Figure 7 shows the flow hydrograph shape used for the design events.
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Coincident Flood/Tide Magnitudes

One key assumption in the development of flood inundation and flood hazard mapping is the magnitude
of the co-incident river flood discharge and the peak ocean level for a design flood event with a specified
AEP. The selection of the coincident flood magnitude and tide level needs to consider the combined
probabilities of rare extreme flood events occurring simultaneously with peak ocean tide levels and need
to be selected to ensure that the conditions are reflective of the target AEP condition.

Full combined probability analysis of storm surge events with flood events is beyond the scope of this
study. However, to keep consistency between the previous assumptions used in Courtenay River
hydraulic modelling carried out for the Integrated Flood Management Study (KWL, 2013) and those used
with the Oyster River model in this study, the coincident flood and tides used in the modelling have the
same AEP. In other words, the 0.5% AEP river flood is combined with the peak 0.5% AEP ocean level.

Although conservative, this assumption is reasonable as the underlying climatic storm events which result
in extreme winter rainfall events are similar to those which produce storm surge. Also, this assumption is
similar to coastal wave runup calculations which combine storm surge and wind-waves having the same
AEP. An example of the coincident design flood hydrograph and design ocean water level hydrograph
used for hydraulic modelling for the Oyster River is shown in Figure 8.

An analysis of the sensitivity of the selection of the combined coastal flood level and flood discharge on
peak water levels is described in more detail in Section 4.5.

Hydraulic Modelling

Hydraulic modelling to develop flood profiles and flow velocities for each AEP flood discharge and
associated downstream water level boundary condition based on channel and floodplain conveyance for
each of the AEP floods is described in this section.

Modelling Approach

The general planform of the Oyster River changes along its course within the study area. Two separate
models were used to cover the entire area of interest. A one-dimensional model spans from the
upstream end of the study area to approximately 3.5 km upstream of the Oyster River/Ocean confluence
for a total length of approximately 14 km. A two-dimensional model was used to represent the remaining
approximately 3.5 km of the Oyster River. The two models have been developed and run separately with
water level boundary conditions extracted from the downstream model for boundary conditions for the
upstream model. This is possible given that the flow at the interface of the two models is subcritical.
Figure 9 shows the spatial extent of the two modelling approaches. The two modelling approaches are
described in detail in Sections 4.3 and 4.4.

Software Selection

Floodplain mapping and spatial flood hazard data for the Oyster River will be prepared using hydraulic
modelling software. KWL has selected the HEC-RAS modelling package (Version 5.0.7) developed by
the US Army Corp of Engineers (USACE) for hydraulic modelling of the Oyster River. This package was
selected as it is free open-source software, can perform both one-dimensional and two-dimensional flow
computations, has a good track record of robust computations, has comprehensive documentation on
underlying modelling assumptions as well as software updates and is supported both through technical
community forums as well as through for-purchase training/support companies.
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For these reasons, KWL considers that HEC-RAS is the most appropriate software package to develop
hydraulic models for CVRD. For ease of model development, KWL has used an independent software
package, GeoHECRAS, for pre- and post-processing of model data. Model files and outputs from
GeoHECRAS are directly compatible with the USACE HEC-RAS software.

Upper Oyster River 1D Model

The upstream reaches of the Oyster River, upstream of the western end of Glenmore Road to Highway
19, are located within a relatively confined river valley which has been carved into the Nanaimo Lowlands
formation which runs along the east coast of mid-Vancouver Island. As a result, the dynamics of flood
flows within the upstream reaches of the Oyster River behave in a fashion that can be represented by
one-dimensional flow modelling. The underlying assumptions of these models are that flow hydraulics
can be represented using a series of cross-sections across the river channel and floodplain. Additional
assumptions include:

1. The direction of river flow is perpendicular to these cross-sections.
2. Water surface elevation is constant across the length of each cross-section.

3. Cross-sections are representative of the channel and floodplain topography for the areas between the
cross-sections.

These assumptions do not significantly reduce the accuracy of the results and help to increase
computation speed such that a large number of model runs can be executed efficiently.

The steps in the development and simulation of the one-dimensional model were as follows:

1. Defining the channel alignment, floodplain alignment, and model cross-section locations. The original
provincial floodplain mapping was used as a guide (Ministry of Environment, 1984). In overland
areas, where the extent of original floodplain mapping cross-sections was not sufficient, cross-
sections were extended to high ground.

2. Preparing model cross-sections at the selected locations using a combination of river survey data
(collected in 2019) and LIDAR data (collected in 2014 as well as 2018/2019).

3. Defining floodplain roughness based on orthographic photos to define floodplain roughness
classifications (see Figure 10).

4. Carrying out model verification by comparing results with available water level records at the Water
Survey of Canada Station as well as a sensitivity analysis.

5. Running the selected design runs for floodplain mapping and spatial flood hazard data. Due to the
limited channel and floodplain storage along this reach of the river, the model was run with a constant
discharge at the upstream boundary based on results of the hydrologic analysis and constant
downstream water level based on output from the downstream 2D model (described in more detail in
Section 4.4).

6. Extracting the model results for each design run and interpolated the results between the modelled
cross-sections to prepare floodplain mapping and data. This interpolation and spatial mapping is
performed in GIS and is described in Technical Memorandum #5 — Coastal and Fluvial Mapping
Products.
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Channel Cross-Sections in 1D Model

A river survey was carried out using RTK GPS and total station survey equipment in October 2019. The
surveyed river channel cross-section locations roughly align with the locations of the original 1984
Ministry of Environment (MoE) river channel cross-section survey locations. The only exception to the
alignment between the updated cross-sections and the MoE river channel sections are in locations where
the river channel has moved significantly since the original survey. Maps showing the approximate
locations of the original 1984 MoE and the updated 2019 cross-section locations and alignments are
included in Figure 11. The locations of the 1984 cross sections were provided to a local coordinate
system and were roughly projected to UTM coordinates. Technical Memorandum #1 — Coastal and River
Base Map Development describes the survey and base mapping.

River survey data available within the channel at designated cross-section locations was considered the
highest quality data. This data superseded the LIDAR data and, in locations of data overlap in the cross-
section, was used instead of LIDAR data. There was no interpolation of cross-sections between river
surveyed sections.

A comparison of the LIDAR elevations versus the surveyed elevations in areas of overlap shows that the
maximum difference between the two elevation sources was up to 2 m. On average the LIDAR was 0.5
m to 0.7 m higher than survey elevations. The survey did not extend into the overbank areas and
therefore the comparison is of channel elevations which, depending on water depth, may be
overestimated by the LiDAR.

Manning’s Roughness in 1D Model

Roughness values selected were primarily based on Manning’s roughness values for open channel flow
provided in Chow, V.T. (1959) Open Channel Hydraulics. Figure 10 shows the spatial extent of the
different land cover types. Table 8 provides the roughness values and land cover type used in the model
cross sections and Table 9 provides the roughness values used at each cross-section.

Table 8: Oyster River 1D Model Land Cover and Manning’s Roughness Values
Land Cover Type Manning's Roughness ‘n’ Value

Main Channel 0.045
Field 0.040
Light Tree 0.080
Heavy Tree 0.100
Residential 0.100
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Table 9: Oyster River 1D Model Cross Section Manning’'s Roughness Values
Mannings Roughness ‘n’ Value

Cross Section River Station (m) :
Left Bank Channel Center | Right Bank
1 14275 0.080 0.045 0.080
2 14025 0.080 0.045 0.080
3 13650 0.100 0.045 0.100
4 13070 0.080 0.045 0.100
5 12845 0.100 0.045 0.100
6 12260 0.080 0.045 0.100
7 11810 0.080 0.045 0.080
8 11175 0.080 0.045 0.080
9 10800 0.080 0.045 0.080
10 10605 0.100 0.045 0.100
11 10385 0.080 0.045 0.100
12 10135 0.080 0.045 0.100
13 9575 0.080 0.045 0.100
14 9145 0.080 0.045 0.100
15 8925 0.100 0.045 0.100
16 8360 0.080 0.045 0.100
17 7745 0.080 0.045 0.100
18 7345 0.080 0.045 0.100
19 6780 0.080 0.045 0.100
20 6375 0.080 0.045 0.100
21 5905 0.080 0.045 0.100
22 5530 0.080 0.045 0.100
23 4985 0.100 0.045 0.100
24 4410 0.080 0.045 0.100
25 4215 0.100 0.045 0.100
26 3765 0.100 0.045 0.100
27 3430 0.100 0.045 0.040
28 3185 0.100 0.045 0.040
29 3065 0.100 0.045 0.040
30 2635 0.100 0.045 0.100
31 2245 0.100 0.045 0.100
32 1765 0.100 0.045 0.100
33 1230 0.100 0.045 0.100
34 640 0.100 0.045 0.100
35 1 0.100 0.045 0.100
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Boundary Conditions in 1D Model

Upstream Boundary Condition

The upstream boundary conditions for the Upper Oyster River model are steady flows representing the
peak of the AEP floods.

The peak AEP flow values were calculated from the flood frequency analysis of the Oyster River below
Woodhus Creek hydrometric station. The flood frequency analysis is discussed in Section 3.3. A climate
change allowance was added to the flow value dependant on the model scenario being run.

In addition to the upstream end inflow, a flow change was added in the model at the Little Oyster River
confluence location. At this location, the flows representing the Oyster River at the mouth were used.

Downstream Boundary Condition

The downstream boundary conditions for each Upper Oyster River model run are a constant water level
representing the peak flood level for the specific AEP flood. The downstream water levels for the
upstream Qyster River model are the peak water level results of the Lower Oyster River 2D model for the
matching AEP flood event at the location of the interface between the separate 1D and 2D models.

Key Model Assumptions in 1D Model

The key assumptions used for the hydraulic modelling of the Oyster River are summarized in Table 10 for
the upstream one-dimensional hydraulic model.

Table 10: Oyster River Hydraulic Model Key Assumptions for Upstream One-Dimensional Model
Parameter Value Notes/Source

Model type One-dimensional steady-state flow. HEC-RAS software v5.0.7

Channel Geometry | Combined surveyed channel section and lidar Bathymetric Survey by Bazett
derived surface for floodplain areas. Channel Land Survey 2019

sections are located at the approximately same |2018/2019 GeoBC LiDAR
location as those surveyed for MoE Floodplain
Mapping (1984).

Channel Roughness | 0.045 Manning'’s values were
Values obtained from Chow, V.T.
(1959) Open Channel
Hydraulics, then reviewed

Floodplain 0.04 for fields. Manning's values were
Roughness Values | 0.08 for lightly treed areas. obtained from Chow, V.T.
0.1 for heavily treed areas. (1959) Open Channel
0.1 for residential areas. Hydraulics, then reviewed
Flow Boundary Peak Design Flows for the Oyster River below | The additional catchment area
Conditions Woodhus Creek in the reach above the Little downstream of the Oyster River
Oyster confluence, and for the Oyster River at | below Woodhus Creek gauge
the Mouth in the reach below the Little Oyster is represented as a flow
confluence. change in the 1D steady model
Downstream Water | Steady state, constant peak water levels from
Level Boundary the upstream end of the downstream two-
Conditions dimensional model.

KERR WOOD LEIDAL ASSOCIATES LTD.

consulting engineers

31




Hydrology and Model Assumptions

E—
TECHNICAL MEMORANDUM
m Technical Memo #3A — Fluvial Modelling — Oyster River
—_

4.4

April 23, 2021

Lower Oyster River 2D Model

Downstream of the western end of Glenmore Road and the Glenmore Dike, the valley and floodplain
widen as the Oyster River flows across the alluvial fan which has formed near the mouth with the Straight
of Georgia. Although the river channel is relatively confined between the valley wall to the south and
Glenmore Dike/Glenmore Road to the north, there is the potential for overland flooding across the
floodplain to the north of Glenmore Road. In the original provincial floodplain mapping, the floodplain
level was indeterminate in this floodplain area due to limitations in the flood modelling approach taken at
the time (Ministry of Environment, 1984).

However, with advances in hydraulic modelling and computational speed since the original floodplain
mapping was prepared it is now possible to define flood levels in this area using two-dimensional flood
modelling. Therefore, two-dimensional hydraulic modelling was used in the lower reaches to be able to
define flood levels in the river channel as well as in the floodplain area to the north. The two-dimensional
model can simulate how flow passes over the landscape without the limitations of the one-dimensional
modelling approach described previously.

The steps in the development and modelling of the two-dimensional model for the lower reaches of the
Oyster River were as follows:

1. Developing the DEM of the terrain surface using a combination of channel survey (2019) and LiDAR
(2018/2019) for the floodplain areas. Channel survey superseded LIiDAR in areas of overlap when
developing the terrain surface.

2. Adding the two bridges which span the river in this reach to the model terrain surface. Bridge
geometry and elevations were reviewed based on the topographic survey (2019) and available record
drawings. Abutments and piers were added as part of the terrain surface, while the bridge deck and
lower chords were not. It was initially assumed bridge decks and lower chords were above the
modelled water surface, and this was verified in Step 4.

3. Two model geometries were developed incorporating the terrain surface. The first extends from the
southern river valley wall to the Glenmore Dike crest and Glenmore Road centreline. This was used
to determine floodplain mapping depth and flood hazard depth along the confined river channel. The
second includes the entire river valley/alluvial fan width and a simulated dike breach of Glenmore
Dike. This second model was used to map floodplain extent and flood hazard parameters across the
floodplain north of Glenmore Dike.

4. A model mesh was created using the topographic DEM (Step 1) with mesh sizes selected to
adequately represent the topography while minimizing model run times. A zonal mesh with 2 m
spacing was assigned to areas within the river channel. Outside of the channel, a dynamically
spaced mesh was created. Break lines were added along areas of important elevation changes such
as road/embankments, side channels, and floodplain edges to ensure high points are represented in
the model. Along the break lines, the mesh size was reduced to 2 m to provide additional
topographic detail along potential flow paths.

5. Developing a map of Manning’'s roughness areas for the model by creating polygons of similar
roughness areas from orthographic images.

6. Running, testing, and debugging the model for a range of flows starting from lowest to highest to
confirm model stability.

7. Running the first model (no overtopping of Glenmore Road or Glenmore Dike) to establish floodplain
levels and flood hazard data along the river channel and floodplain immediately to the north of the
river.
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8. Running the second model (simulated dike breach of Glenmore Dike) to establish floodplain levels
and flood hazard data for floodplain areas to the north.

9. Using the second model results as well as results from previous modelling studies to establish dike
breach zone of influence along where flood levels and flow velocities are anticipated to be higher due
to the potential for dike breach anywhere along the length of the dike.

Floodplain Topography and 2D Model Mesh

The two-dimensional hydraulic model uses a computational mesh to define the finite volume elements in
which the flux of water into and out of the mesh volume is solved. HEC-RAS 2D model uses a pre-
processor routine to calculate detailed hydraulic tables representing the volume and flow conveyance
along each face of the grid which is based on the underlying topography. The 2D model mesh grid
defined for the Oyster River channel and floodplain is shown in Figure 12. The same mesh was used for
the breach and no breach scenarios, the only difference being the different topography.

The topography used for the model scenario where the dike is sufficiently high to contain the flows within
the river included a ‘glass wall’ at the dike to ensure that the flows were contained within the river corridor.

The topography used for the dike breach scenario model included a gap in the dike at the breach location
(100 m wide with the invert matching the ground level at the toe of the dike). This topography also
included a ‘glass wall’ along the dike and along Glenmore Road to prevent flows from returning to the
river, thereby representing the worst-case scenario for the area north of the dike/road. This model
scenario is used to produce the flood levels and extents in the floodplain north of the dike.

The topography used to derive the ground surface for modelling flow across the floodplain was
developed from the Geodata BC 2019 LIDAR data. Within the river channel, the topography was based
on a river channel survey (see Technical Memorandum #1 — Coastal and River Base Map Development
for more details).

Elevation difference between the bathymetry and LIDAR within the channel is not applicable as LIDAR is
not accurate in areas that are inundated. Bathymetric survey has overlap with the LIDAR along the bank
and in general there is approximately 0.1 to 0.5 m vertical difference between the on-the-ground survey
and the most recent LIDAR. This was found using spot checks at the estimated original 1984 model
cross section locations. There was not a consistent vertical shift between cross sections (which could
indicate a datum issue), the differences were seemingly random. The x-y (horizontal) location of the
surveyed channel reasonably matches the bank location in the LIDAR data.

The mesh elevations were spot checked against the underlying topography to validate the mesh
generation. The HEC-RAS 2D mesh uses area-elevation relationships to represent the topography within
each mesh element. The area-elevation relationship of several large mesh elements was compared to an
area-elevation relationship generated straight from the LIDAR topography. The two were identical
indicating no issues with the mesh generation.

To review changes in the shape of the Oyster River channel over time, a comparison of the 2019 survey
with the original 1984 survey data was attempted. In most cases, the overall shape of the channels
where comparable, except at those locations where significant changes in channel location have
occurred. Further discussion of channel planform changes is discussed in TM#2. No detailed
comparison of the cross sections was possible as the original 1984 survey cross section locations were
provided in a local horizontal coordinate system (not in UTM) and no evidence of the original surveyed
cross sections was found in the field, and therefore the 2019 and 1984 surveys could not be geo-
referenced to each other.
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Manning’s Roughness in 2D Model

For the 2D model, each mesh element needs a roughness value. These roughness values were
assigned to the mesh elements by first developing a map of Manning’s roughness areas for the model by
creating polygons of similar roughness areas from orthographic images. These roughness polygons were
assigned Manning'’s roughness values based on those recommended in the HEC-RAS and GeoHEC-
RAS software for the land cover types identified (see Table 11).

Table 11: Oyster River 2D Model Land Cover and Manning’'s Roughness Values

Land Cover Type Manning's Roughness ‘n’ Value

Road 0.013

Side Channel 0.050
Main Channel 0.045
Treed Island 0.100
Field 0.035
Heavy Tree 0.100
Light Tree 0.080
Residential 0.100
Ocean 0.035

Figure 13 shows the distribution of Manning’s roughness values throughout the 2D model domain.

Key Model Assumptions in 2D Model

Table 12 summarizes the model parameters and key assumptions used in the 2D model.
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Table 12: Oyster River Hydraulic Model Key Assumptions for Downstream 2D Model
Parameter Value Notes/Source

Model type

Two-dimensional hydrodynamic (time-
varying) flow.

HEC-RAS software v5.0.7
(GeoHEC-RAS interface).

Channel Topography/
Bathymetry

Combined surveyed full channel
bathymetry and LiDAR derived surface
for bank areas.

Bazett Land Survey 2019
bathymetric survey.

GeoBC 2018/2019 LiDAR.

Floodplain Topography

LiDAR derived surface.

GeoBC 2018/2019 LiDAR.
SRD 2016 LiDAR.

Channel Roughness
Values

Variable from 0.045 to 0.05.

Roughness regions mapped from
ortho imagery. Values from
Chow, 1959.

Floodplain Roughness
Values

Variable from 0.013 to 0.1.

Roughness regions mapped from
ortho imagery. Values from
Chow, 1959.

Two-Dimensional Grid

Uniform mesh with 2 m cell spacing
within the channel. Adaptive Meshing
with a maximum element area of

400 m2 everywhere else.

See Figure 12.

Model Computational
Timestep

A fixed time step of 1 second.

Longer duration time steps were
tested during model building and
1 second was found to be the
longest duration that maintained
model stability.

Dike Breach Length
Breach Invert Elevation

100 m.
17.2 m (equal to surrounding ground).

Water Management Consultants,
“Floodplain Mapping, Guidelines
and Specifications”, Prepared for
Fraser Basin Council, 2004
(Water Management Consultants,
2004).

Preliminary Dike Breach
Time to Full Development

N/A. Breach development was not
simulated due to instability issues.
Instead, the 2D mesh topography was
altered to include a gap in the dike.

Upstream Boundary
Condition

Unsteady hydrograph based on peak
design flows for the Oyster River at the
mouth.

Scaled up December 9, 2014
flood event.

Downstream Boundary
Conditions

Coincident Peak Ocean Levels
including Storm Surge with full diurnal
tidal time-series for the larger tide.

Downstream boundary located
within the ocean; 450 m offshore
from the river/ocean confluence.

Based on sensitivity analysis
results discussed in Section 4.5,
use ocean levels having the
same AEP as the design floods.
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Dike Breach Assumptions

The Glenmore Dike and Glenmore Road, which run along the north side of the Oyster River, provide a
degree of flood protection for developed areas close to the Oyster River. However, dikes can breach and
allow floodwaters into protected areas which can often result in flood damage. To better understand flood
risk as a result of a breach of the Glenmore Dike, the modelling has also considered dam breach analysis
in preparation for flood mapping.

Two locations were reviewed as potential worst-case breach zones. One along the Glenmore Dike near
the middle of the structure at the upstream end and the other along Glenmore Road, just downstream of
the Glenmore Dike and Glenmore Road intersection. It was assumed that the Glenmore Dike breach
location would result in a worst-case scenario due to the longer flow path across the floodplain and the
higher river levels at that breach location resulting in a larger extent of flooding. See Figure 12 for a
location of the breach.

The results of the model run without dike breach found that the peak water levels at the breach location
were significantly below dike crest elevation. Selecting dam breach parameters for this condition was
difficult as documented model parameters are generally based on a fully or nearly submerged dike. To
model the dam breach for the Oyster River, a portion of the dike (matching dike suggested dike breach
width of approx. 100 m) was removed and the resulting dike gap set at the bordering floodplain elevation
of 17.2 m. This gap allows water to flow into the protected floodplain area simulating a dike breach but
without dynamic failure of the dike.

Boundary Conditions in 2D Model

Upstream Boundary Condition

The upstream boundary condition for the Lower Oyster River model is an unsteady flow hydrograph with
peak flow equivalent to the peak AEP flood event calculated for the Oyster River at the mouth. The
design event peak flow value was calculated by scaling the results of flood frequency analysis of the
Oyster River below Woodhus Creek hydrometric station using a watershed area ratio. The flood
frequency analysis is discussed in Section 3.3.

The design flood hydrograph for the Oyster River hydraulic modelling is based on the recorded
hydrograph for the December 9, 2014 flood event.
Downstream Boundary Condition

The downstream boundary condition for the Lower Oyster River model is unsteady water level time series
as described above in Section 3.6.

Model Sensitivity/Verification

Upper Oyster River 1D Model

The recorded water levels at the Oyster River below Woodhus Creek station were converted to
CGVD2013 by comparing the surveyed water level (in CGVD2013) on 17 Oct 2019 with the recorded
gauge datum water level. The model was run for the 2011 to 2017 recorded instantaneous peak flows
and the modelled water levels were compared with the recorded CGVD2013 gauged water levels. The
comparison shows that the model slightly overestimates the recorded levels by approximately 0.2 m.
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Manning’s Roughness Value Sensitivity

To assess sensitivity to model roughness selection, the channel and overbank roughness values were
increased by 10% and a sensitivity model run of the 0.5% AEP current climate design flow was completed.

The results show that increasing the roughness by 10% raises the 0.5% AEP water level by up to 0.26 m
(see Figures 14a to 14e).

Peak Flow Sensitivity

To assess sensitivity to design flow, the results of the three climate scenario models were compared for
the 0.5% AEP design flows.

The results show that increasing the peak flow by 15% raises the 0.5% AEP water level by up to 0.40 m.
Increasing the peak flow by 30% raises the 0.5% AEP water level by up to 0.78 m.

Lower Oyster River 2D Model

Manning’s Roughness Value Sensitivity

To assess sensitivity in model roughness selection, the channel and floodplain roughness values were
increased and decreased by 10% and a sensitivity model run of the 0.5% AEP current climate design flow
was completed.

The peak water level profile along the Oyster River channel show that increasing the roughness values by
10% increases the 0.5% AEP water levels by up to 0.26 m and decreasing it by 10% lowers water levels
by up to 0.38 m (see Figures 15a and 15b).

Downstream Water Level Boundary Condition Sensitivity

As outlined previously, the selection of the magnitude of the co-incident ocean levels with the design flood
discharges is an important assumption in establishing design flood water levels. To assess the sensitivity
of this assumption, the Oyster River hydraulic model was run with two additional combinations of flows
and sea levels.

1. Combining the 0.5% AEP river flood with the 10% AEP ocean level.
2. Combining the 10% AEP river flood with the 0.5% AEP ocean level.

These two sensitivity scenarios were then compared to the model that had both the river flow and ocean
level at 0.5% AEP to determine if this combination results in overly conservative flood levels. The results
of the comparison are shown in Figure 16.

The results show that compared to the maximum profile of the above two combinations of river flood and
ocean level, the 0.5% AEP river flood and 0.5% ocean level model results in higher water levels in a
200 m stretch of the river with the maximum difference in water level being 0.17 m.

The differences in the design flood profile as a result of the selection of the downstream boundary
assumption for the Oyster River are relatively small. Therefore, the selection of the more conservative
approach of combining the river flood and ocean water level having the same AEP has a limited impact
on the water level profile and flood inundation/flood hazard results.
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Flow Direction at Bridges

Particle flow tracking lines were reviewed at the two bridges within the Oyster River 2D model domain.

As shown in Figure 17, flow directions at the Hwy 19A bridge are skewed to the bridge opening due to the
angle of the channel upstream of the bridge. The flow lines at the pier show slight deflection at the
upstream face and zone of low velocity at the downstream face. The flow lines at the Regent Street
bridge converge from the wider flooded area upstream to the narrow bridge opening.

No Flow Reversal at Mouth
The sensitivity of the downstream boundary condition was tested using two model scenarios.

First, the water level boundary was extended to cover more of the edge of the model area along the
coastline. The 0.5% AEP flow with 0.5% AEP tidal boundary with Year 2100 sea level rise model was
rerun with the extended boundary. The extended boundary did not change the water levels at any
location. The velocity vectors along the coastline did change as they now pointed toward the coast and
away from the coast, with rising and falling tide.

Second, a ‘worst case’ model was created in an attempt to try to see if the flow direction could ever be
up-river. To create this ‘worst case’ condition, a low flow (10% AEP which is the lowest flow hydrograph
available) and the highest tidal level (0.5% AEP with Year 2100 sea level rise) were used. Even under
these conditions the flow was not able to reverse and flow up-river. Figure 18 shows the slowest river
velocity simulated, pointing downstream (see arrows). This result is supported by anecdotal information.

Dike Breach Verification

The dike breach model results were reviewed to verify the breach zone selection assumption. Modelled
water levels at the alternative dam breach zone along Glenmore Road, just downstream of the Glenmore
Dike and Glenmore Road crossing were investigated, and it was found that the water level on the land
side of the road/dike during the Glenmore Dike breach scenario was already higher than the water levels
on the riverside location. Breaching along the road/dike at this alternative location would create a less
conservative scenario.
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5.1

April 23, 2021

Model Results

The 1D models were run for five AEP peak flows and 3 climate condition flows (15 model runs in total).
The 2D models were run for five AEP peak flow/sea level combinations, 3 climate condition flows,

3 climate sea levels and 2 topographic extent/breach conditions (32 model runs in total). See Appendix C
for a list of all model scenarios.

Mapping Products

The mapping products resulting from the model runs are described and presented in Technical
Memorandum #5 — Coastal and Fluvial Mapping Products. Mapping produced from 2D model results was
relatively straight-forward. However, mapping the flood extent from the 1D model of the Upper Oyster
River required a process to ensure that backwatered side channel areas were assigned water elevations
from the main channel location where the backwatered area connected to the main channel. The
following procedure was developed to accomplish this:

1. Visually delineated the full width of the valley bottom based on the topography showing the location
higher ground.

2. Manually created a flood contour polyline at each cross-section location, extending the full width of
the valley.

3. Assigned the 1D modelled water level (or water level plus freeboard for regulatory mapping) value to
each polyline.

4. Created a flood level surface raster from the polyline locations with elevations.
Created 0.5 m flood contour isolines throughout the surface.

6. Intersected flood level raster with topography raster to create a flooded areas (or flooded areas with
freeboard) polygon.

7. Visually reviewed flood polygon and noted locations of what appear to be backwatered low spots
separated by high ground from the river. Revised the alignment of the 0.5 m flood contour polylines
to reflect the backwatering condition (extending 0.5 m polylines from location where the backwatered
area is connected to main channel up and around the backwatered area).

8. Repeated Steps 3, 4, and 5 with updated 0.5 m flood contour isolines to create the updated flooded
raster with lower water levels in the backwatered areas.

9. Intersected the updated flood level raster with the topography raster to create an updated flooded
areas (or flooded areas with freeboard) raster. Removed floodplain flooded areas that are
disconnected from the river flooded area (isolated pools of water).

10. From the raster created in Step 9, generated 1m flood contours for the with and without freeboard
model results.

The above procedure was applied to the water level results of the 15 model runs noted above. The
freeboard was added to the three-climate scenario 0.5% AEP flow models to produce the regulatory
floodplain mapping and planning area limits.

The sections below provide results that are not included in the mapping products.
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Upper Oyster River 1D Model Results

Water Level Profiles

The water level profiles in the upper portion of the Oyster River, modelled in 1D, are presented in the
following figures and the chainage is shown in plan view on Figure 10:

e Figures 19a to 19e: Current climate design flows
e Figures 20a to 20e: Nominally year 2050 and 2100 (+15% flow increase)

e Figures 21ato 21e: Nominally year 2200 (+30% flow increase)

Modelled Velocities

The velocities in the upper portion of the Oyster River, modelled in 1D, range between:
e 1.8m/sto 5.7 m/sin the main channel

e 0.0 m/sto 1.6 m/s in the overbank areas

The highest velocity occurs in the channel near the upstream end of the model where the channel
gradient is steepest. Tables 13, 14 ,and 15 show the modelled velocities for three climate scenarios (ho
climate change, 15% increase, and 30% increase respectively).
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Table 13: Upper Oyster River Modelled Velocities — No Climate Change
10% AEP 5% AEP 1% AEP 0.5% AEP \ 0.2% AEP

LB Centre RB LB Centre RB LB Centre RB LB Centre RB ‘ LB Centre RB

14275 | 0.48 | 1.84 0.49 | 1.84 053 | 1.95 | 0.03 | 0.55 | 1.99 | 0.04 | 0.57 | 2.05 | 0.06
13635 0.2 3.45 | 1.04 | 0.24 | 3.63 | 1.07 0.4 375 | 094 | 044 | 3.75 | 091 | 0.48 | 3.66 | 0.89
13045 0.5 275 | 0.88 | 0.54 | 2.78 | 0.87 0.6 277 | 083 | 062 | 282 | 0.85 | 0.65 | 291 | 0.88
12510 | 0.27 | 3.19 | 048 | 0.35 | 3.31 | 0.54 0.5 341 | 058 | 049 | 342 | 0.62 | 0.53 | 3.39 | 0.65

12030 239 | 0.24 2.45 0.3 2.58 | 0.36 2.62 0.4 2.66 | 0.43
11640 3.12 | 0.21 3.25 | 0.25 3.45 | 0.29 3.51 | 031 3.58 | 0.32
11210 2.09 | 0.85 2.08 | 0.94 2.07 | 1.05 2.07 | 1.08 207 | 1.11
11090 | 0.76 | 2.69 11 0.8 275 | 1.19 | 0.87 2.9 1.2 0.89 | 293 | 1.26 0.9 295 | 1.32
10845 2.35 | 0.78 2.38 | 0.85 242 | 0.97 243 | 1.01 2.46 | 1.05

10510 | 0.51 | 2.12 0.1 051 | 222 | 015 | 057 | 237 | 0.18 | 0.59 2.4 0.21 | 0.61 | 244 | 0.23
10060 | 0.68 | 2.66 | 0.76 | 0.68 | 2.66 | 0.76 | 0.63 | 264 | 0.74 | 0.65 | 265 | 0.74 | 0.67 | 2.66 | 0.72
9865 0.71 | 263 | 0.69 | 0.85 | 2.71 0.7 083 | 268 | 0.72 | 0.86 | 271 | 0.71 | 0.92 | 263 | 0.74
9290 0.61 | 211 | 056 | 0.62 | 213 | 058 | 0.62 | 2.17 | 0.61 0.6 219 | 062 | 061 | 219 | 0.63
8745 0.77 | 241 | 053 | 081 | 252 | 058 | 0.86 | 269 | 0.65 | 0.87 | 275 | 0.67 | 0.89 | 2.82 | 0.69
8370 0.26 | 2.24 | 0.26 0.3 231 | 032 | 035 | 244 | 0.39 | 0.38 | 248 | 042 | 0.41 | 252 | 0.45
7900 0.7 2.48 0.4 0.71 | 252 | 043 | 0.76 | 255 | 047 | 0.76 | 256 | 0.49 | 0.78 | 2.57 0.5
7495 043 | 273 | 0.44 | 048 | 286 | 047 | 056 | 3.09 | 0.53 | 058 | 3.15 | 0.55 | 0.61 | 3.24 | 0.57
6930 0.63 | 1.97 | 042 | 0.64 | 1.96 | 0.46 | 0.58 | 1.94 | 0.52 0.6 194 | 054 0.6 194 | 055

6530 2.5 2.61 2.83 2.9 2.99
5915 0.02 | 273 | 0.63 0.1 276 | 0.66 | 0.18 | 2.83 | 0.68 0.2 284 | 069 | 0.22 | 286 | 0.71
5350 3 0.25 3.18 | 0.28 3.45 | 0.29 354 | 031 3.66 | 0.33
5130 2.73 2.83 2.97 2.99 3.03

4700 | 092 | 333 | 0.19 | 093 | 3.33 | 0.26 | 0.88 | 3.31 | 0.37 | 0.81 | 3.28 0.4 0.81 | 3.27 | 0.41
4140 | 0.45 2.5 0.48 0.5 2.6 052 | 058 | 279 | 0.59 | 0.61 | 287 | 0.62 | 0.64 | 295 | 0.64

3890 3.11 3.25 3.47 3.53 3.61
3670 2.88 2.96 3.09 0.05 | 3.12 0.09 | 3.15
3475 3.02 | 0.38 3.08 | 048 | 0.08 | 3.17 | 0.63 | 0.15 | 3.19 | 0.66 | 0.29 | 3.15 | 0.67

3100 0.74 | 244 | 054 | 0.78 | 2.48 0.6 0.84 | 254 | 0.69 0.8 2.57 | 0.73 0.8 2.58 | 0.75
2465 089 | 233 | 067 | 092 | 241 | 0.68 | 0.98 | 258 | 0.77 1 2.63 0.8 1.02 2.7 0.83

2015 1.83 0.7 1.86 | 0.72 1.92 | 0.74 1.94 | 0.75 1.96 | 0.75
1430 4.1 4.21 4.37 4.43 4.5
1205 2.98 3.06 3.2 3.13 3.08
625 4.18 4.31 4.52 4.52 4.57
250 4.51 4.68 4.95 5.08 5.2
0 3.43 3.51 3.63 3.66 3.7

KERR WOOD LEIDAL ASSOCIATES LTD.

consulting engineers

68




Hydrology and Model Assumptions

E—
TECHNICAL MEMORANDUM
m Technical Memo #3A — Fluvial Modelling — Oyster River
—_
April 23, 2021

Table 14: Upper Oyster River Modelled Velocities — +15% Flow Climate Change
10% AEP 5% AEP 1% AEP 0.5% AEP \ 0.2% AEP

LB Centre RB LB Centre RB LB Centre RB LB Centre RB \ LB Centre RB
14275 | 0.51 | 1.89 0.53 | 1.95 | 0.03 | 0.58 | 2.08 | 0.08 | 0.60 | 212 | 0.09 | 0.60 | 2.19 | 0.11

13635 | 0.29 | 3.68 | 1.00 [ 0.40 | 3.75 | 093 | 0.51 | 3.67 | 0.89 | 053 | 3.63 | 0.89 | 0.53 | 3.55 | 0.87
13045 | 057 | 274 | 0.86 | 0.60 | 2.77 | 0.84 | 0.67 | 297 | 0.89 | 0.69 | 3.05 | 092 | 0.72 | 3.16 | 0.95
12510 | 0.41 | 3.36 | 056 | 0.51 | 3.41 | 059 | 057 | 3.36 | 0.71 | 0.62 | 3.35 | 0.74 | 0.66 | 3.36 | 0.77

12030 250 | 0.32 2.58 | 0.37 2.71 | 0.47 2.76 | 0.50 2.83 | 0.53
11640 3.32 | 0.24 3.45 | 0.29 3.66 | 0.35 3.72 | 0.37 3.78 | 0.38
11210 2.08 | 0.99 2.07 | 1.05 208 | 1.11 2.08 | 1.13 2.10 | 1.09
11090 | 0.82 | 2.80 | 1.23 | 0.87 | 290 | 1.21 | 0.92 | 296 | 1.38 | 093 | 298 | 142 | 0.94 | 296 | 1.46
10845 2.40 | 0.89 242 | 0.97 249 | 1.10 251 | 1.14 2.56 | 1.18

10510 | 053 | 2.27 | 0.17 | 057 | 237 | 0.18 | 0.63 | 2.48 | 0.24 | 0.65 | 252 | 0.27 | 0.67 | 255 | 0.30
10060 | 0.70 | 264 | 0.76 | 0.63 | 2.64 | 0.74 | 0.69 | 2.70 | 0.70 | 0.70 | 272 | 0.70 | 0.72 | 276 | 0.70
9865 083 | 271 | 0.70 | 0.83 | 268 | 0.72 | 0.96 | 265 | 0.76 | 0.99 | 2.67 | 0.78 | 1.02 | 2.70 | 0.80
9290 062 | 213 | 059 | 062 | 218 | 061 | 0.62 | 221 | 0.64 | 0.63 | 223 | 0.65 | 0.64 | 2.25 | 0.67
8745 083 | 259 | 060 | 0.86 | 269 | 0.65 | 0.90 | 289 | 0.72 | 0.91 | 294 | 0.74 | 0.92 | 3.00 | 0.77
8370 032 | 236 | 035 | 0.35 | 244 | 039 | 0.43 | 257 | 048 | 0.42 | 261 | 0.50 | 0.45 | 2.66 | 0.53
7900 0.73 | 253 | 0.44 | 0.76 | 255 | 047 | 0.79 | 258 | 0.52 | 0.80 | 259 | 0.53 | 0.81 | 2.60 | 0.54
7495 052 | 294 | 049 | 056 | 3.09 | 053 | 0.64 | 3.33 | 0.60 | 0.67 | 3.41 | 0.62 | 0.69 | 3.51 | 0.64
6930 058 | 196 | 0.49 | 0.58 | 1.94 | 052 | 0.61 | 1.95 | 0.56 | 0.62 | 1.95 | 0.57 | 0.63 | 1.96 | 0.58

6530 2.68 2.83 3.08 3.17 3.28
5915 013 | 279 | 068 | 0.18 | 283 | 068 | 0.24 | 287 | 0.72 | 0.25 | 2.88 | 0.73 | 0.27 | 2.89 | 0.74
5350 3.27 | 0.27 3.45 | 0.29 3.79 | 0.36 3.91 | 0.38 4.04 | 0.40
5130 2.89 2.97 3.02 3.04 3.06

4700 091 | 334 | 030 | 0.88 | 3.31 | 0.37 | 0.80 | 3.17 | 0.44 | 0.80 | 3.15 | 0.45 | 0.81 | 3.12 | 0.49
4140 053 | 266 | 055 | 0.58 | 279 | 0.60 | 0.67 | 3.10 | 0.68 | 0.70 | 3.20 | 0.70 | 0.74 | 3.31 | 0.74

3890 3.34 3.47 3.66 3.71 3.78
3670 3.01 3.09 0.15 | 3.20 0.21 | 3.23 0.28 | 3.20
3475 311 | 054 | 0.08 | 3.17 | 0.63 | 0.34 | 3.18 | 0.66 | 0.38 | 3.19 | 0.65 | 0.43 | 3.15 | 0.61

3100 | 081 | 251 | 0.64 | 0.84 | 254 | 0.70 | 0.82 | 262 | 0.79 | 0.84 | 266 | 0.81 | 0.87 | 2.73 | 0.85
2465 | 0.94 | 247 | 071 | 098 | 258 | 0.77 | 1.03 | 275 | 0.87 | 1.04 | 279 | 0.89 | 1.03 | 2.81 | 0.92

2015 1.89 | 0.73 1.92 | 0.74 1.99 | 0.76 2.01 | 0.77 2.05 | 0.79
1430 4.27 4.38 4.56 4.62 0.07 | 4.67
1205 3.12 3.20 3.13 3.17 3.22
625 4.38 4.53 4.67 4.76 4.87
250 4.78 4.95 5.29 5.36 5.45
0 3.56 3.63 3.75 3.79 3.84
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Table 15: Upper Oyster River Modelled Velocities — +30% Flow Climate Change
10% AEP 5% AEP 1% AEP 0.5% AEP \ 0.2% AEP

LB Centre RB LB Centre RB LB Centre RB LB Centre RB \ LB Centre RB
14275 | 0.55 | 1.99 | 0.04 | 0.57 | 2.06 | 0.07 | 0.61 | 222 | 0.12 | 0.62 | 224 | 0.13 | 065 | 231 | 0.15

13635 | 0.44 | 3.73 | 091 | 051 | 3.69 | 0.89 | 0.53 | 3.53 | 0.87 | 054 | 357 | 0.89 | 0.53 | 3.50 | 0.88
13045 | 0.62 | 282 | 0.85 | 0.66 | 294 | 0.88 | 0.74 | 3.22 | 0.97 | 0.76 | 3.27 | 0.98 | 0.79 | 3.38 | 1.01
12510 | 0.48 | 3.42 | 061 | 0.56 | 3.38 | 0.69 | 0.69 | 3.38 | 0.79 | 0.72 | 3.44 | 0.81 | 0.76 | 3.46 | 0.81

12030 2.61 | 0.39 2.69 | 0.46 2.88 | 0.55 292 | 0.59 2.99 | 0.62
11640 3.50 | 0.30 3.64 | 0.34 3.82 | 0.40 3.88 | 0.44 3.94 | 049
11210 2.07 | 1.08 207 | 1.12 210 | 112 2.09 | 1.15 2.09 | 1.17
11090 | 0.88 | 292 | 1.25 | 091 | 297 | 1.36 | 0.95 | 298 | 149 | 096 | 3.01 | 1.52 | 0.98 | 3.03 | 1.55
10845 2.43 | 1.00 2.48 | 1.08 258 | 1.21 2.60 | 1.25 2.62 | 1.30

10510 | 058 | 240 | 0.20 | 0.62 | 247 | 0.24 | 0.68 | 258 | 0.30 | 0.71 | 263 | 0.32 | 0.73 | 2.68 | 0.35
10060 | 0.64 | 264 | 0.74 | 0.68 | 2.68 | 0.71 | 0.74 | 278 | 0.70 | 0.75 | 2.81 | 0.70 | 0.78 | 2.84 | 0.70
9865 086 | 270 | 0.71 | 095 | 264 | 0.76 | 1.04 | 2.73 | 0.82 | 1.06 | 2.78 | 0.83 | 1.09 | 2.83 | 0.85
9290 062 | 218 | 062 | 062 | 2.20 | 0.64 | 0.65 | 2.26 | 0.67 | 0.66 | 2.28 | 0.69 | 0.67 | 2.30 | 0.70
8745 087 | 274 | 067 | 090 | 287 | 0.71 | 0.93 | 3.04 | 0.79 | 0.94 | 3.10 | 0.81 | 0.95 | 3.17 | 0.84
8370 0.38 | 247 | 041 | 0.43 | 255 | 047 | 0.46 | 269 | 055 | 0.44 | 274 | 0.58 | 0.47 | 2.79 | 0.61
7900 0.76 | 256 | 0.49 | 0.79 | 258 | 051 | 0.81 | 260 | 0.55 | 0.82 | 261 | 0.56 | 0.83 | 2.62 | 0.57
7495 058 | 314 | 055 | 0.63 | 3.30 | 059 | 0.72 | 3.58 | 0.66 | 0.73 | 3.68 | 0.68 | 0.77 | 3.68 | 0.69
6930 059 | 194 | 053 | 061 | 1.95 | 056 | 0.63 | 1.97 | 0.59 | 0.64 | 1.97 | 0.60 | 0.66 | 2.01 | 0.62

6530 2.89 3.05 3.35 3.47 3.53
5915 019 | 284 | 069 | 0.23 | 286 | 0.72 | 0.28 | 290 | 0.75 | 0.30 | 292 | 0.72 | 0.32 | 296 | 0.73
5350 353 | 0.31 3.75 | 0.35 4.13 | 0.42 4.24 | 0.44 4.36 | 0.47
5130 3.00 3.00 3.08 3.12 3.12

4700 085 | 330 | 040 | O.79 | 3.17 | 043 | 081 | 3.12 | 0.50 | 0.82 | 3.11 | 0.53 | 0.81 | 3.06 | 0.56
4140 060 | 285 | 0.61 | 0.66 | 3.08 | 0.67 | 0.76 | 3.36 | 0.75 | 0.79 | 3.46 | 0.78 | 0.83 | 3.59 | 0.82
3890 3.53 3.63 3.83 3.90 3.97
3670 0.04 | 3.12 0.13 | 3.18 0.33 | 3.22 0.39 | 3.26 0.45 | 3.30
3475 0.15 | 3.19 | 066 | 0.34 | 3.17 | 066 | 0.46 | 3.16 | 0.61 | 0.48 | 3.19 | 0.59 | 0.45 | 3.22 | 0.62
3100 0.79 | 257 | 0.72 | 0.81 | 261 | 0.78 | 0.89 | 2.76 | 0.87 | 091 | 279 | 0.90 | 0.92 | 2.82 | 0.93
2465 099 | 262 | 0.79 | 1.03 | 274 | 0.86 | 1.04 | 284 | 0.95 | 1.03 | 290 | 098 | 1.04 | 296 | 1.01

2015 1.94 | 0.75 1.98 | 0.76 2.07 | 0.80 2.09 | 0.80 2.12 | 0.82
1430 4.42 4.53 0.15 | 4.69 0.26 | 4.70 0.34 | 472
1205 3.12 3.12 3.25 3.31 3.35
625 4.51 4.63 4.94 5.03 5.14
250 5.07 5.27 5.50 5.59 5.68
0 3.65 3.73 3.87 3.91 3.96
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Comparison with Previous FP Mapping

As no recent peak water level data is available to calibrate the hydraulic models for the Oyster River, a
sensitivity/verification approach was used to verify the uncertainty of the model results. This involved
running the models for the 0.5% AEP (200-year return period) event for current climate conditions and
comparing the results with the previous MoE (1984) floodplain mapping elevations.

The historical MoE floodplain mapping elevations contain water levels with a freeboard allowance. To
directly compare results between the 1D hydraulic model and historical MoE floodplain mapping
elevations, a freeboard allowance of 0.6 m was added to the current climate model water level results.
Up-to-date guidance from EGBC Flood Mapping in BC Professional Practice Guideline (2017)
recommends 0.3 m to 0.6 m freeboard allowance be added to modelled water surface profile to account
for model uncertainty and future changes in river channel conditions.

Figures 22a to 22c¢ show the profile comparison and Figure 13 shows the chainage in plan view. In
general, the modelled 0.5% AEP water levels plus 0.6 m freeboard compare well with the original 0.5%
AEP floodplain level. There are locations where the current profile is up to 1.35 m higher than, and other
locations where it is up to 1.84 m lower than, the 1984 MoE profile.

The largest increase in flood level occurs at chainage 1205 (XS 49). The 1984 surveyed cross section at
this location has a lower invert elevation and a larger cross sectional conveyance area below the flood
level (see comparison image below). A comparison of the current and 1984 cross sections at the next
cross section downstream (XS 48) shows little difference in invert elevation and conveyance area.

Cross Section 49 Comparison
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The largest decrease in flood level occurs between chainages 4700 and 5400 where the 1984 cross
sections are much narrower than the currently modelled cross-sections (see example comparison image
below). The 1984 cross sections do not appear to include the entire width of the floodplain and therefore
the 1984 flood levels are artificially high.

Cross Section 35 Comparison
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B ; l...,.-“‘"
d i
a3 : s
Ehh |
25
-
m
3 80 A
e 58 — Curmrent Topography
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o —200-vear WL
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& 100 200 300 400 B0 B0 Foa
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Lower Oyster River 2D Model Results

Water Level Profiles

The water level profiles along the thalweg of the Lower Oyster River, modelled in 2D, are presented in the
following figures and the chainage is shown in plan view on Figure 13:

e Figures 23: Current climate design flows and current ocean levels
e Figures 24: Nominal year 2050 (+15% flow and +0.5 m sea level rise)
e Figures 25: Nominal year 2100 (+15% flow and +1.0 m sea level rise)

e Figures 26: Nominal year 2200 (+30% flow and +2.0 m sea level rise)

Dike Crest Profile Assessment

The existing dike crest elevation was compared against the 0.5% AEP water level, in the model that did
not allow dike overtopping, to determine how much freeboard is available for the current and future
climate change time horizons.

Figure 27 shows the dike profile assessment and the dike chainage is shown in plan view on Figure 13.
As shown, the dike has sufficient freeboard during the 0.5% AEP flood. However, an approximately 90 m
long section of the Glenmore Road embankment (from chainage 720 to 810) is lower than the 0.5% AEP
water level without freeboard. A further 250 m of the Glenmore Road embankment has insufficient
freeboard (650 m to 720 m, 810 m to 880 m, and 990 m to 1100 m).
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Highway 19A and Regent Street cross the Lower Oyster River. The modelled water levels were
compared to the bridge low chord to determine the available freeboard for the worst-case climate change
(+30% flow and 2 m SLR) and the highest-assessed design flow (0.2% AEP). Figures 28 and 29 show
that the two bridges have more than 1 m of freeboard even under this extreme condition.

Modelled Velocities

The velocities in the lower portion of the Oyster River, modelled in 2D, during the 0.5% AEP flood event
range between:

1. 0m/sto 5.5 m/s (2.6 m/s average) in the main channel. The low velocity occurs near the banks.

2. 0m/sto 1 m/s (0.6 m/s average) in the side channels and floodplain areas south of Glenmore
Road/Dike (in no breach model).

3. 0m/sto1m/s (0.3 m/s average) in the floodplain areas north of Glenmore Road/Dike (in breach model).

The digital mapping includes velocity maps as described in Technical Memorandum #5 — Coastal and
Fluvial Mapping Products.

Hazard Ratings

The hazard ratings (depth x velocity) in the lower portion of the Oyster River have been extracted from
the 2D model results. These hazard values can be categorized into six different categories as shown in
the image below (AIDR, 2017).

Degsh |m

Enrry e

Source: Figure 6 General food hazard vulnerability curves (AIRD, 2017)
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The hazard curves are divided into hazard classifications that relate to specific vulnerability thresholds as
described in Table 16. Table 17 provides the limits for the classifications provided in Table 16.

Table 16: Hazard Classifications — Vulnerability Thresholds

Hazard
Vulnerability Description
Classifcation
H1 Generally safe for vehicles, people, and buildings.
H2 Unsafe for small vehicles.
H3 Unsafe for vehicles, children and the elderly.
H4 Unsafe for vehicles and people.
H5 Unsafe for vehicles and people. All building types vulnerable to structural damage.
Some less robust building types vulnerable to failure.
H6 Unsafe for vehicles and people. All building types considered vulnerable to failure.
Source: Table 1 Combined hazard curves — vulnerability thresholds (AIDR, 2017)

Table 17: Hazard Classifications — Vulnerability Threshold Classification Limits
Hazard

Vulnerability CIassificatior31 Limit Limiting Still Water Depth Limiting Velocity
Classifcation (D xV, m3s) (D, m) (V, m/s)
H1 DxV<=0.3 0.3 2.0
H2 DxV<=0.6 0.5 2.0
H3 DxV<=0.6 1.2 2.0
H4 DxV<=<1.0 2.0 2.0
H5 DxV<4.0 4.0 4.0
H6 DxV<=40 none none
Source: Table 2 Combined hazard curves — vulnerability thresholds classification limits (AIDR, 2017)

The hazard ratings in the lower Oyster River during the 0.5% AEP Regulatory Flood event are:
1. Upto 24 m?%s (7.2 m?s average) in the main channel;

2. Upto 4 m?s (0.8 m?/s average) in the side channels and floodplain areas south of Glenmore Road/
Dike (in the without dike breach model); and

3. Upto 2 m?/s (0.2 m?s average) in the floodplain areas north of Glenmore Road/Dike (in dike
breach model).

It should be noted that the AIDR flood hazard guidelines provide upper-bound water depths and velocities
for each hazard classification and therefore cross-referencing with the depth and velocity mapping is
required to perform a complete assessment.

The digital mapping includes hazard maps as described in Technical Memorandum #5 — Coastal and
Fluvial Mapping Products.
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Overland Flow Path Assessment

In the breach model, the flow in the floodplain area north of the Glenmore Dike/Glenmore Road spreads
out to the edge of the valley at the west end of Glenmore Road (breach location). Making its way past the
narrow corridor between the dike and the valley edge near 2424 Glenmore Road, the flow spreads
northward away from the dike initially and then eastward out over the Oyster River fan. The natural
topography of the fan guides the overland flow eastward through residential development, overtopping
roads including Highway 19A before discharging to the ocean.

The water levels in the river with and without breach were compared. With the breach taking
approximately 7.5% (43 cm) of the flow away from the river during the 0.5% AEP with 15% climate
change allowance event, the river water levels were up to 0.12 m lower in the vicinity of the breach,
downstream of the breach location (approx. 2.5 km), and a short distance (approx. 300 m) upstream of
the breach location.

Comparison with Previous FP Mapping

A sensitivity/verification approach was used to verify the uncertainty of the Lower Oyster River model
results similar to the upper model. This has involved running the models for the 0.5% AEP (200-year
return period) event for current climate conditions and comparing the results with the previous MoE
(1984) floodplain mapping elevations.

The historical MoE Floodplain mapping elevations contain water levels with a freeboard allowance. To
directly compare results between the 2D hydraulic model and historical MoE Floodplain Mapping
elevations, a freeboard allowance of 0.6 m was added to the current model results. Up-to-date guidance
from EGBC Flood Mapping in BC Professional Practice Guideline (2017) recommends 0.3 m to 0.6 m
freeboard allowance be added to modelled water surface profile to account for model uncertainty and
future changes in river channel conditions.

Figure 30 shows the profile comparison and the chainages are shown in plan view in Figure 13. In
general, the modelled 0.5% AEP water levels plus 0.6 m freeboard are slightly higher and compare well
with the original 0.5% AEP floodplain level. There are locations where the current profile is up to 1.0 m
higher, and other locations where it is up to 0.9 m lower.

The largest increase in flood level occurs near chainage 16600, just upstream of where the channel is
constricted by the two bridges. No significant channel changes were observed when comparing the 2005
to 2020 orthographic images. In general, the 1984 MoE floodplain thalweg in this area is deeper than the
current thalweg, however it is difficult to directly compare due to the local datum using in the 1984
mapping. It is unclear whether the two bridges were included in the original 1984 mapping, which could
be a likely reason for the water level increase. As well, more accurate topographic survey data and the
use of 2-D modelling software could also explain the increase in water levels upstream of the bridges.

The largest decrease in flood level occurs near chainage 15900. Historically, upstream of chainage
15900, a wider and deeper primary flow path has been along the left bank, with a large island separating
a secondary flow path to the south (right bank). Recently the primary flow path has shifted to the
southern channel (right bank), which is now wider and deeper than the north channel (left bank). The
north channel (left bank) now appears to act as a secondary flow path. This change was noted on the
2015 to 2020 orthographic images and through the project topographic survey. It is expected that the
water level decrease is due to a less tortuous primary channel and increased flow conveyance area in
this reach.
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5.4

Hydrology and Model Assumptions
April 23, 2021

Limitations

The hydrologic and hydraulic analyses results presented above are professional opinions based on the
scenarios selected for analysis using information and data provided to KWL at the time of the study.
Actual flood events may exceed the modelled flood extent, peak flows, water levels and velocities as they
are influenced by dynamic and uncertain natural and human-induced processes which are difficult to
predict. These influences can include climate change (flow increases and sea level rise), changes in
watershed landcover (urbanization, forest harvesting, road construction/drainage, forest fires, pest
infestations), alteration of the floodplain or channel conveyance (channel aggradation/degradation,
channel avulsion, landslides, debris, alteration of bridges or other instream structures), ground water flow
and seepage, or other hydrologic or hydraulic processes which can impact flood hazards. The results of
the hydrologic and hydraulic analyses presented are considered to be reasonable estimates based on
best practices at the time of the study and should not be considered to be warranties, guarantees or
assurances that only these areas are subject to flooding under all conditions.

As per the recommendations in the EGBC Professional Practice Guidelines for Flood Mapping in BC
(2017), flood maps should be reviewed about every 10 years and updated if any of the following
have occurred:

1. There is a change in the design flood because of changes to the criteria, changes in climate, or a
significant hydrologic change in the upstream watershed.

There have been significant changes in the channel geometry as a result of a flood or other event.
Significant local subsidence has occurred that changes the land elevation in relation to SLR.
New flood hazards are identified.

Significant diking works are constructed in the floodplain, particularly if the diking alignments are new.

o g s~ w DN

There are changes to the official community plan within a floodplain that would nullify the
assumptions made in the hydraulic modelling (e.g., a development blocking a preferential overland
flow route that was included in the model).

7. There are significant changes in the floodplain, such as community growth and urbanization.
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TECHNICAL MEMORANDUM

Technical Memo #3A — Fluvial Modelling — Oyster River
Hydrology and Model Assumptions

April 23, 2021

Summary

The hydrological analysis and hydraulic modelling approach for the Oyster River are summarized below.

1.

Design flows for the Oyster River are based on single station flood frequency analysis using annual
instantaneous flow record from the Oyster River below Woodhus Creek (08HD011) WSC station and
translated to the key locations (the Oyster River above the Little Oyster River and the Oyster River at
the mouth) using the Coulson & Obedkoff Watershed Area Ratio Method.

Factors of +15% and +30% have been added to design peak flood discharges to account for
projected climate change impacts.

Tidal water levels at the downstream boundary for the Oyster River are assumed to have the same
AEP as the specified design flood.

Hydraulic modelling for the Oyster River was carried out using the HEC-RAS software package with
one-dimensional hydraulic modelling for the upper reaches of the river, and two-dimensional hydraulic
modelling for the lower reaches of the river.

Dike breach analysis for the Oyster River was carried out assuming a hypothetical breach of the
Glenmore Dike to assess flood risk within the floodplain/alluvial fan area within the community of the
QOyster River to the north of the Oyster River Channel.

Sensitivity analysis, including comparison with previous flood mapping levels and adjustment of the
channel/floodplain roughness, indicates that using a freeboard of 0.6 m is appropriate to account for
uncertainties in modelling results due to the lack of calibration data.

Results of modelling scenarios were presented. This work will provide input to Technical
Memorandum #5 — Coastal and Fluvial Mapping Products.
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TECHNICAL MEMORANDUM

Technical Memo #3A — Fluvial Modelling — Oyster River

Hydrology and Model Assumptions

April 23, 2021
7. Closure
We trust that the hydrological analysis and hydraulic modelling summary submitted in this technical
memorandum provide Comox Valley Regional District with the information requested. If you have any
questions, please contact the undersigned at 250-595-4223.
KERR WOOD LEIDAL ASSOCIATES LTD.
Prepared by: Prepared by: ,.';_ﬂf-'i: ?;'-Eﬁ'-‘
(3B Apr 1
; o .'_EI:-HI.
: gTaee H
L
". ‘..t:,p"" L}
Craig Sutherland, M.A.Sc., P.Eng. David Zabil, M.A.Sc., P.Eng.
Senior Water Resources Engineer Senior Water Resources Engineer
(*Hydrology) (*Hydraulics)
Reviewed by:
A
I
] |I_.-...
L
Mike V. Currie, M.Eng., P.Eng., FEC
Principal, Senior Water Resources Engineer
DZ/cs/aah
Encl.: Appendix A: Flood Frequency Analysis Results

Appendix B: Trend Analysis Results
Appendix C: Hydraulic Model Run Database
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m Technical Memo #3A — Fluvial Modelling — Oyster River
L Hydrology and Model Assumptions
April 23, 2021

Statement of Limitations

This document has been prepared by Kerr Wood Leidal Associates Ltd. (KWL) for the exclusive use and benefit the Comox Valley Regional
District. No other party is entitled to rely on any of the conclusions, data, opinions, or any other information contained in this document.

The document contains proprietary and confidential information that shall not be reproduced in any manner or disclosed to or discussed with
any other parties without the express written permission of the Comox Valley Regional District. Information in this document is considered the
intellectual property of the Comox Valley Regional District in accordance with copyright law.

This document represents KWL's best professional judgement based on the information available at the time of its completion and as
appropriate for the project scope of work. Services performed in developing the content of this document have been conducted in a manner
consistent with that level and skill ordinarily exercised by members of the engineering profession currently practising under similar
conditions. No warranty, express or implied, is made.

Copyright Notice

These materials (text, tables, figures, and drawings included herein) are copyright of Comox Valley Regional District. Any use of these
materials without the written permission of CVRD is prohibited.

Revision History

Revision # ‘ Status Revision Description Author

0 April 23, 2021 Final Final CS

KERR WOOD LEIDAL ASSOCIATES LTD.

consulting engineers

\\kwl.calvic\2000-2999\2600-2699\2623-014\300-Report\TechMemo3A_OysterFluvialModelling-HydrologyandModelAssumptions\TM3A-Rev0-Final\20210423_TM3A_OysterRiver-
FluvialModelling_FINAL.docx



e =)
kml KERR WOOD LEIDAL

conEuliirg SEHindars

L —

Appendix A
Flood Frequency Analysis Results
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Comox Valley Regional District
Coastal Flood Mapping Project

KWL Flood Frequency Analysis Summary Report

Detailed Output Data

Generalized Extreme Value (GEV)

Three-Parameter Log-Normal (LN3)

Technical Memo #3A
Fluvial Modelling - Oyster River Hydrology and Model Assumptions
Appendix A - Flood Frequency Analysis Results

Log-Pearson Type Ill (LP3)

Station ID: WSC 08HDOL1 Input Data
Years of missing data: 1977-1979 and 2000
Years of missinf inst. Flow but recorded daily flow (1988, & 1992) have
Station Name: Oyster River Below Woodhus Creek been filled using average I:D ratio of 1.52
Watershed Area (km2) 302
Software used: HYFRAN n= 40
Daily Peak Q
(+/11 day from
Date completed: 05-Feb-20 Year Inst Peak Q (Annual) inst. peak) 1:D Ratio
Completed by: ASB yyyy ma3/s m3s
Date Reviewed: 04-Mar-20 1974 235 11 212
Reviewed by: cs 1975 348 260 1.34
1976 83.3 634 131
Desig River-Desig Isx]inst_HYFRAN_Results_n=40 1980 289 220 131
1981 190 161 118
FFA Summary 1982 258 25 115
1983 239 138 173
Flood Frequency Analysis Summary Table (HYFRAN) 1984 177 105  1.69
T GEV 3 Paremeter Log Normal Log Pearson Type3 pra— 1985 61.3 526 117
Weighted Moments Max. Likelihood WRC verag 1986 187 104 180
1.005 41.67 37.46 48.97 43 1987 192 178 1.08
1.0526 98.64 98.72 95.17 98 1988 106
1.25 153.4 155.2 150.8 153 1989 182 111 164
2 217.2 218 220 218 1990 284 202 141
5 287 285 2913 288 1991 210 145 145
10 324.9 3217 325.7 324 1992 166
20 356.1 353 351.4 354 1993 195 832 234
50 390 389.2 376.9 385 1994 207 161 1.29
100 411.4 413.9 391.8 406 1995 286 153 1.87
200 429.9 437 403.9 424 1996 170 955 178
500 450.4 465.6 416.7 444 1997 240 121 198
1000 463.6 486.1 4245 458 1998 145 96.4 150
Decision Accept Accept ‘Accept 1999 160 132 121
2001 198 145 137
2002 224 147 152
Hypothese Tests Results Note 2003 252 210 120
Independence (W ald-W olfwitz) o e aTe 2004 265 170 1.56
HO: the observations are accept HO at a signifcance level of 5% ata sugmfc:;nce level of[ 2 e 192 186 141
Stationary (Kendall) L No trend is apparentin| 2006 256 110 233
HO: no trend is apparent in the observations accept HO at a signifcance level of 5% the data 2007 258 174 148
Homogeneity test at annual scale (Wilcoxon) 2008 108 749 144
HO: the averages of the two samples are equal 2009 375 253 1.48
Homogeneity test at seasonal scale (Wilcoxon) 2010 312 238 131
HO: the averages of the two samples are equal 2011 278 180 154
2012 226 175 1.29
2013 88.7 69.8 127
2014 409 272 150
2015 208 125 1.66
2016 363 238 153
2017 213 129 1.65
Average |:D Ratio: 1.52

23.014

!“\I'I-l RS WO LA
File: 2

Annual Inst Peak Flow (cms)

2623.014 - Oyster River Below Woodhus Creek - WSC 08HDO011 - Inst - GEV 2623.014 - Oyster River Below Woodhus Creek - WSC 08HDO11 - Inst - LN3 2623.014 - Oyster River Below Woodhus Creek - WSC 08HDO11 - Inst - LP3
Results of the fitting Results of the fitting Results of the fitting
GEV (Method of weighted moments) 3 lognormal ( i Lil Log-Pearson type 3 (WRC)
Number of observations 40 Number of observations 40 Number of observations 40
Parameters Parameters Parameters
alpha 74.73712 m -810.009798 alpha -11.072727
k 0.209636 mu 6.935394 lambda 3.878954
u 190.8426 sigma 0.07497 m 2.663155

Quantiles Quantiles Quantiles
q = F(X) : non-exceedance probability q = F(X) : non-exceedance probability q = F(X) : non-exceedance probability
T=1/(1-q) T=1/(1-q) T=1/(1-q)

T q XT Standard deviation Confidence interval (95%) T q XT Standard deviation ~ Confidence interval (95%) T q XT Standard deviation ~ Confidence interval (95%)

10000 0.9999 495.6 92.46 N/D N/D 10000 0.9999 5.49E+02 90.19 371.8 7.25E+02 10000 0.9999 442.7 184 N/D N/D
2000 0.9995 474.9 74.95 N/D N/D 2000 0.9995 505.7 70.64 367.2 6.44E+402 2000 0.9995 4311 158.8 N/D N/D
1000 0.999 463.6 66.82 N/D N/D 1000 0.999 486.1 62.56 363.4 6.09E+02, 1000 0.999 424.5 146.3 N/D N/D
500 0.998 450.4 58.48 N/D N/D 500 0.998 465.6 54.72 358.4 5.73E402 500 0.998 416.7 1327 N/D N/D
200 0.995 429.9 47.34 3371 522.7 200 0.995 437 44.78 349.2 524.8 200 0.995 403.9 112.8 N/D N/D
100 0.99 411.4 39.13 334.7 488.1 100 0.99 413.9 37.68 340.1 487.8 100 0.99 391.8 96.25 N/D N/D

50 0.98 390 31.44 3284 451.7 50 0.98 389.2 31.03 3283 450 50 0.98 376.9 78.41 N/D N/D
20 0.95 356.1 22.88 311.2 400.9 20 0.95 353 23.24 307.4 3985 20 0.95 3514 53.24 N/D N/D
10 0.9 3249 18.33 289 360.9 10 0.9 3217 18.49 285.5 357.9 10 0.9 325.7 34.08 258.9 3925
5 0.8 287 15.72 256.2 317.9 5 0.8 285 15.16 255.2 314.7 5 0.8 291.3 17.96 256 326.5
3 0.6667 252.3 14.6 223.7 280.9 3 0.6667 251.7 13.76 224.8 278.7 3 0.6667 256.8 13.44 230.4 283.2
2 0.5 217.2 13.73 190.3 244.1 2 0.5 218 13.16 192.2 243.8 2 0.5 220 15.56 189.5 250.5

1.4286 03 176.7 13.05 151.1 202.3 1.4286 03 178.4 13.01 152.9 203.9 1.4286 03 176 16.99 142.7 209.3
125 0.2 153.4 13.29 127.4 179.5 125 0.2 155.2 13.41 128.9 181.4 125 0.2 150.8 16.54 118.4 183.2

11111 0.1 122.7 14.99 93.35 152.1 11111 0.1 123.8 15.18 94.07 153.6 11111 0.1 118.7 15.2 88.88 148.5

1.0526 0.05 98.64 17.67 64 1333 1.0526 0.05 98.72 18.12 63.2 134.2 1.0526 0.05 95.17 14.2 67.33 123

1.0204 0.02 72.83 21.82 30.06 115.6 1.0204 0.02 71.28 23.12 25.96 116.6 1.0204 0.02 72.36 13.54 45.82 98.9

1.0101 0.01 56.32 25.08 7.159 105.5 1.0101 0.01 53.46 27.38 -0.2157 107.1 1.0101 0.01 59.35 13.27 33.35 85.36
1.005 0.005 41.67 28.32 -13.85 97.19 1.005 0.005 37.46 31.86 -24.99 99.91 1.005 0.005 48.97 13 23.48 74.46
1.001 0.001 12.76 35.59 -57.01 82.52 1.001 0.001 5.405 42.65 -78.2 89.01 1.001 0.001 31.84 12.06 8.203 55.48

1.0005 0.0005 1.931 38.58 -73.69 77.55 1.0005 0.0005 -6.744 47.36 -99.59 86.1 1.0005 0.0005 26.6 115 4.051 49.14

1.0001 0.0001 -20.48 45.19 -109.1 68.11 1.0001 0.0001 -32.13 58.32 -146.5 82.2 1.0001 0.0001 17.67 9.983 -1.904 37.24

2623014 - OYS‘E(;ER\D/E;AB?AD‘S/ V:fnndhlﬁts E(Ilreak - V|V‘SC 08HDO11 - Inst 2623014 - Oyster River Below Woodhus Creek - WS 08HDO11 - Inst 2623.014 - Oyster River Below YWoodhus Creek - WSC 08HDO11 - Inst
w0 {Method of weighted moments) a0 3-parameter lognarmal (Maximum Likelihood) 0 Log-Pearsan type 3 (WRC)
son .| Observations | G - TO0 - ObServations |-eoaeeooeoe e < 285041 Obsenations |- -
Model & lodel = 400 4- Wodel |0 .
son .| Conf it 8s% | i B e I T A T S R e g Conf. Int. 95% e
s 5 380
z o0 = 300
300 - H = .
M i 40 = o0
20 e & 3w 5 om
2 W S U S S S B 200 7 150
100 e E z 0
o T A T A N T 100 e B ) EERTEREOY FESTERRRE TSR E
g 2 =0 gt -
B L i ot bt Sl Sl S sty S &
-100 oo B S T O S SN KNS SUUNUUE NN N S L e R - B
- 1o TS S IR - PO,
200 200
b= @3 =] g 8 g 8 @ g = =] =] =] = = = =) -100 4 = = Y = = Y ]
s E: Z s 2 8 2 8 g g g g g g R g 3 g g g = g g g
° = Non-excesdance prababilty (Normal paper ¢ Cun ° - = ° eesdance, Y aper s Com ° ° = = s o E ER: = S
on-exceedance prabability (Normal paper / Cunnane) GHYFRANFLUS Nor-exceedance probability (Mormal paper / Cunnane) SHYFRANPLUS Mon-exceedance probability (Normal paper / Cunnane) SHYFRANFLUS
\\kwl.calvic\2000-2999\260C 014\400-! {azard\1-Hydrolog ter FFA-Desig ysterRiver-Desig Xlsx
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Trend Analysis Results
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CVRD
Coastal Flood Mapping Project - Chemainus River - WSC 08HA001
2623-014

Mann-Kendall Trend Test

Trend Name MaximumDAILYDischarge_Annual |
N 63 (needs to be atleast 10)
Test Statistic Z 1.738043642
Trend Direction UPWARD
Confidence Level 95 %
Z(1-alpha/2) 1.9600

The trend is NOT statistically significant (null hypothesis is confirmed).

Sen's Slope
[ Slope [ 4% |average % change in flow/decade
Scatter Plot and MS Excel Trendline
Chemainus River - WSC 08HA001
Max daily discharge
600
— *
500 y =0.7172x - 1170.7
R2=0.0209
v *
o 400 s
IS ¢ o .
© *
300 * oo 0o
(] & * v ®
& * -
o * .. * * e v L R 4
© S * * * * . * 9
< 200 *> oo ® + '
? Yo ¢ o* M
T - * ¢
* . *
O T T T T T T T T
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¢ Input Data Linear (Input Data)

—
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o, T e da \\kwl.calvic\2000-2999\2600-2699\2623-014\400-W ork\FluvialFloodHazard\1-

File: 2624.014 Hydrology\Flow_TrendAnalysis\WSC_08HA001_MannKendall_TrendTest_MaxDAILY_CalendarYear.xls



CVRD
Coastal Flood Mapping Project - Englishman River - 08HB002
2623-014

Mann-Kendall Trend Test

Trend Name MaximumDAILYDischarge_Annual [
N 40 (needs to be atleast 10)
Test Statistic Z -1.35179529
Trend Direction DOWNWARD
Confidence Level 95 %
Z(1-alpha/2) 1.9600

The trend is NOT statistically significant (null hypothesis is confirmed).

Sen's Slope
[ Slope [ 7% |average % change per decade
Scatter Plot and MS Excel Trendline
Englishman River near Parksville- WSC 08HB002
Max daily discharge

450

400 +® *

350 y =-1.7802x + 3772.9

. Rz =0.0625
g 300 . A R *
3 * ®
o 250 *o o . . .
o ‘ hd .
o 200 * - . .o
© * * * .
5 150 *
%) .
a 100 3 . . . o
.
50 *
O T T T T T T T T
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
¢ Input Data Linear (Input Data)




CVRD
Coastal Flood Mapping Project - Oyster River - WSC 08HD011
2623-014

Mann-Kendall Trend Test

Trend Name MaximumDAILYDischarge Annual [
N 41 (needs to be atleast 10)
Test Statistic Z 1.179849759
Trend Direction UPWARD
Confidence Level 95 %
Z(1-alpha/2) 1.9600

The trend is NOT statistically significant (null hypothesis is confirmed).

Sen's Slope
| Slope | 5% |average% change/decade
Scatter Plot and MS Excel Trendline
Oyster River Below Woodhus Creek - WSC 08HDO011
300 Max daily discharge
y =0.7713x - 1390.7 .
S R2=0.0271 N
250 . . .
*
*
o 200 .
£ * P'S * *e
o L 4 *
S ¢ . « *
8 100 e ¢ o+ ¢ . ¢
3] . *
) . * *
o 50 * ®
O T T T T T T T T T
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
¢ Input Data Linear (Input Data)




CVRD

Coastal Flood Mapping Project - Salmon River above Diversion - 08HD015

2623-014

Mann-Kendall Trend Test

Trend Name MaximumDAILYDischarge_Annual [
N 35 (needs to be atleast 10)
Test Statistic Z 2.159053155
Trend Direction UPWARD
Confidence Level 95 %
Z(1-alpha/2) 1.9600
The trend is statistically significant (null hypothesis is rejected).
Sen's Slope
[ Slope [ 15% |average % change per decade
Scatter Plot and MS Excel Trendline
Salmon River above Diversion WSC 08HDO015
Max daily discharge
350 y = 2.2535x - 4340.4
R2=0.1651
300 *
. .
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Appendix C
Hydraulic Model Run Database
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Comox Valley Regional District
Flood Hazard Mapping Study
Fluvial Flood Hazard Model Run Database

March 2021

Proposed Oyster River Floodplain Mapping'/Flood Hazard Mapping Model Runs - 0.2% Annual Exceedance Probability (AEP) Flood
(500 Year Return Period)

Model
Run ID*

Model Run Description

Hydraulic
Model Type

Upstream
Boundary
Conditions

Downstream
Boundary
Conditions

0.2% AEP Joint

Flood
Protection

LOR- 0 -
0.2%AEP- | Lower Oyster R. 0.2% AEP Flood Channel Water Levels — 0.2% AEP flood Probability Sea
. (Full Hydrograph) | Level + current
Current- Current Climate i level I
NoBreach — Current Climate sea leve (Fu
Tidal Cycle)
0.2% AEP Joint
LOR- 2D Fully 0.2% AEP flood Prob"abi"ty Sea
0.2%AEP- | Lower Oyster R. 0.2% AEP Flood Channel Water Levels — | Dynamic Model | (Full Hydrograph) Level + current
0.5mSLR- | Future 0.5 m SLR with “glass wall” | + CC Factor sea level (Full No overtopping
NoBreach along Glenmore | (+15%)* Tidal Cycle) Glenmore Road
Rd Dike and 5 - Dike or
LOR- Glenmore Road | 0.29% AEP flood gr%é]a@ilﬁr JSOeI‘I;.t Glenmore Road
0.2%AEP- | Lower Oyster R. 0.2% AEP Flood Channel Water Levels — | to prevent (Full Hydrograph) Level 4 Cl)J/rrent
1.0mSLR- |Future 1.0 m SLR overtopping + CC Factor sea level (Full
NoBreach (+15%)* Tidal Cycle)
LOR- 0.2% AEP flood |0.2% AEP Joint
0.2%AEP- | Lower Oyster R. 0.2% AEP Flood Channel Water Levels — (Full Hydrograph) | Probability Sea
2.0mSLR- | Future 2.0 m SLR + CC Factor Level + 2.0 M SLR
NoBreach (+30%)* (Full Tidal Cycle)
LOR- 0.2% AEP Joint
0. 206 AEP- 0.2% AEP flood Probability Sea
C.urrent— Lower Oyster R. 0.2% AEP Flood Floodplain Water Levels (Full Hydrograph) | Level + current
Breach — Current Climate | sea level (Full
Tidal Cycle)
0.2% AEP Joint
LOR- 0.2% AEP flood . _ .
0.2%AEP- | Lower Oyster R. 0.2% AEP Flood Floodplain Water Levels — | 2P Fully (Full Hydrograph) Eé?,z?ﬂtzrrsei? Hypothetical Dike
0.5mSLR- | Future 0.5 m SLR v'?li);ﬂam'c Model |+ cc Factor sea level (Rl ggﬁz‘o‘i rond
Breach +15%)* .
hypothetical | >70) Tidal Cycle) Dike to Simulate
dike breach at 0.2% AEP Joint Flooding across
LOR- _ Glenmore Road | 9-2% AEP flood Probability Sea Floodplain North
0.2%AEP- | Lower Oyster R. 0.2% AEP Flood Floodplain Water Levels — Dike (Full Hydrograph) Level + current of Oyster River
1.0mSLR- |Future 1.0 m SLR + CC Factor sea level (Full
Breach (+15%)" Tidal Cycle)
LOR- 0.2% AEP flood 0.2% AEP Joint
0.2%AEP- | Lower Oyster R. 0.2% AEP Flood Floodplain Water Levels — (Full Hydrograph) | Probability Sea
2.0mSLR- | Future 2.0 m SLR + CC Factor Level + 2.0 M SLR
Breach (+30%)? (Full Tidal Cycle)
Peak Water Level
) o at Upstream end
UOR Upper Oyster R. 0.2% AEP Channel/Floodplain Water 0.2% AEP flood of LOR-
0.2%AEP- (Peak Flow Only)
Levels . 0.2%AEP—
Current — Current Climate Current Climate -
éD St?_'a%y ; No Breach model
tate Hydraulic
UOR- Model using 0.2% AEP flood :fﬁks\,/t\i:fnzﬁ]\:jel No Flood
Upper Oyster R. 0.2% AEP Channel/Floodplain Water combination of | (Peak Flow Only) P X
0.2%AEP- of LOR-0.2%AEP- | Protection
Levels + CC (+15%) channel + CC Factor
CC+15% . 1 +15%CC - No
survey/Lidar for | (+15%) Breach model
Cross Sections
UOR- 029 AEP flood | 200 ST
Upper Oyster R. 0.2% AEP Channel/Floodplain Water (Peak Flow Only) P
0.2%AEP- | "0 e + GG (+30%) + GC Factor of LOR-0.2%AEP-
CC+30% (+3006) +30%CC - No
0 Breach model
Note:

1. +15% and +30% CC Factor selected based on review of available climate change projections for CVRD.
*  Model ID consists of the following elements
e Model Location (LOR — Lower Oyster River, UOR — Upper Oyster River, CR — Courtenay River)

e Annual Exceedance Probability of the river discharge

e Sea Level Conditions (Current, +0.5 M Sea Level Rise, +1.0 m Sea Level Rise, +2.0 m Sea Level Rise)

e Key flood protection assumptions (No Breach — Model does not allow for dike breach or overtopping of flood protection infrastructure, Breach — model includes hypothetical breach of
flood infrastructure at critical location)
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Comox Valley Regional District
Flood Hazard Mapping Study

Fluvial Flood Hazard Model Run Database

March 2021

Proposed Oyster River Floodplain Mapping*/Flood Hazard Mapping Model Runs — 0.5 % Annual Exceedance Probability (AEP) Flood

Model Run
ID*

Model Run Description

(200 Year Return Period)

Hydraulic Model
Type

Upstream
Boundary
Conditions

Downstream
Boundary
Conditions

0.5% AEP Joint

Flood
Protection

1. 0.2% AEP Flood with +30% CC factor and 1.0 m Sea Level Rise to be used for Regulatory Floodplain Mapping/FCLs
2. +15% and +30% CC Factor selected based on review of available climate change projections for CVRD..
*  Model ID consists of the following elements

Model Location (LOR — Lower Oyster River, UOR — Upper Oyster River, CR — Courtenay River)
Annual Exceedance Probability of the river discharge

Sea Level Conditions (Current, +0.5 M Sea Level Rise, +1.0 m Sea Level Rise, +2.0 m Sea Level Rise)
Key flood protection assumptions (No Breach — Model does not allow for dike breach or overtopping of flood protection infrastructure, Breach — model includes hypothetical breach of
flood infrastructure at critical location.

LOR-0.5% o =
AEP- Lower Oyster R. 0.5% AEP Flood Channel Water Levels — (()Fil{o |_'|A Edfoﬂcr)gdh) E;Sg??'ttgrii?
Current-No | Current Climate yarograp
— Current Climate | sea level (Full
Breach ;
Tidal Cycle)
LOR-0.5% 2D Fully Dynamic [ 505 AEP flood | 0.5% AEP Joint
AEP- Lower Oyster R. 0.5% AEP Flood Channel Water Levels — | Model with “glass | x| iy drograph) | Probability Sea _
0.5mSLR- | Future 0.5 m SLR wall" along + CC Factor Level + 0.5 m SLR | NO overtopping
NoBreach Glenmore Rd | (11504)2 (Full Tidal Cycle) | Glenmore Road
5 Dike and e flood s - Dike or
LOR-0.5% Glenmore Road | 9-5% AEP floo 5% AEP Joint | Glenmore Road
AEP- Lower Oyster R. 0.5% AEP Flood Channel Water Levels — | prevent (Full Hydrograph) | Probability Sea
1.0mSLR- |Future 1.0 m SLR overtopping + CC Factor Level + 1.0 m SLR
NoBreach? (+15%)? (Full Tidal Cycle)
LOR-0.5% 0.5% AEP flood 0.5% AEP Joint
AEP- Lower Oyster R. 0.5% AEP Flood Channel Water Levels — (Full Hydrograph) | Probability Sea
2.0mSLR- | Future 2.0 m SLR + CC Factor Level + 2.0 M SLR
NoBreach (+30%)? (Full Tidal Cycle)
0.5% AEP Joint
- 0
'I&(éE_O.SA) 0.5% AEP flood Probability Sea
Current- Lower Oyster R. 0.5% AEP Flood Floodplain Water Levels (Full Hydrograph) | Level + current
Breach — Current Climate | sea level (Full
Tidal Cycle)
LOR-0.5% . 10.5% AEP flood 0.5% AEP Joint Hypothetical Dike
AEP- Lower Oyster R. 0.5% AEP Flood Floodplain Water Levels | 2P Fully Dynamic | . jydrograph) | Probability Sea Breach of
0.5mSLR- |- Future 0.5 m SLR Modelwith | | cc Factor Level + 0.5 m SLR | Glenmore Road
Breach E?’é’:éﬂe;'tcal dike | (11506)2 (Full Tidal Cycle) | Dike to Simulate
LOR-0.5% Glenmore Road | 0:5% AEP flood | 0.5% AEP Joint | Flooding across
AEP- Lower Oyster R. 0.5% AEP Flood Floodplain Water Levels | 5o (Full Hydrograph) | Probability Sea Floodplain North
1.0mSLR- |- Future 1.0 m SLR + CC Factor Level + 1.0 m SLR | of Oyster River.
Breach? (+15%)2 (Full Tidal Cycle)
LOR-0.5% 0.5% AEP flood  |0.5% AEP Joint
AEP- Lower Oyster R. 0.5% AEP Flood Floodplain Water Levels (Full Hydrograph) | Probability Sea
2.0mSLR- |- Future 2.0 m SLR + CC Factor Level + 2.0 M SLR
Breach (+30%)2 (Full Tidal Cycle)
Peak Water Level
A Eo o at Upstream end
UOR-0.5% Upper Oyster R. 0.5% AEP Channel/Floodplain Water 0.5% AEP flood of LOR-
AEP- (Peak Flow Only)
Levels ; 0.5%AEP—
Current — Current Climate :
Current Climate -
1DdSte?dy Stgt? No Breach model
Hydraulic Mode
UOR-0.5% using 0.5% AEP flood Ef’ Sk:t\g;er; ;%el No Flood
’ Upper Oyster R. 0.5% AEP Channel/Floodplain Water combination of (Peak Flow Only) P X
AEP- of LOR-0.5%AEP- | Protection
Levels + CC (+15%) channel + CC Factor
CC+15% . 2 +15%CC -No
survey/Lidar for (+15%) Breach model
Cross Sections Dok W Covel
0 eak Water Leve
UOR-0.5% . 0.5% AEP flood at Upstream end
Upper Oyster R. 0.5% AEP Channel/Floodplain Water (Peak Flow Only)
AEP- Levels + CC (+30%) + CC Factor of LOR-0.5%AEP-
CC+30%! ° (+30%)? +30%CC -No
0 Breach model
Note:
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Comox Valley Regional District
Flood Hazard Mapping Study
Fluvial Flood Hazard Model Run Database

March 2021

Proposed Oyster River Flood Hazard Mapping Model Runs —1 % Annual Exceedance Probability (AEP) Flood
(100 Year Return Period)

*

1.
2.

Dike breach model runs may not be required depending peak water level results of “no breach”/glass wall model runs
+15% and +30% CC Factor selected based on review of available climate change projections for CVRD

Model ID consists of the following elements

Annual Exceedance Probability of the river discharge

flood infrastructure at critical location.

Model Location (LOR — Lower Oyster River, UOR — Upper Oyster River, CR — Courtenay River)

Sea Level Conditions (Current, +0.5 M Sea Level Rise, +1.0 m Sea Level Rise, +2.0 m Sea Level Rise)
Key flood protection assumptions (No Breach — Model does not allow for dike breach or overtopping of flood protection infrastructure, Breach — model includes hypothetical breach of

: Upstream Downstream
Model Run Description Hydra_}JllceModel Boundary Boundary ProF':g(?tcijon
yp Conditions Conditions
1% AEP Joint
LOR-1% 0 .
AEP- Lower Oyster R. 1% AEP Flood Channel Water Levels — (1F/Slﬁ—lf P dl;lgori h) Eé?/g??-lttgri?\?
Current- Current Climate yarograp
— Current Climate | sea level (Full
NoBreach ;
Tidal Cycle)
LOR-1% 2D Fully Dynamic 194 AEP flood 1% AEP Joint
AEP- Lower Oyster R. 1% AEP Flood Channel Water Levels — | Model with “glass | (x| yydrograph) | Probability Sea _
0.5mSLR- | Future 0.5 m SLR wall” along + CC Factor Level + 0.5 m SLR | No overtopping
NoBreach Glenmore Rd | (41506 )2 (Full Tidal Cycle) | Glenmore Road
Dike and - Dike or
LOR-1% Glenmore Road | 1% AEP flood 1% AEP Joint Glenmore Road
AEP- Lower Oyster R. 1% AEP Flood Channel Water Levels — to prevent (Full Hydrograph) | Probability Sea
1.0mSLR- | Future 1.0 m SLR overtopping + CC Factor Level + 1.0 m SLR
NoBreach (+15% )? (Full Tidal Cycle)
LOR-1% 1% AEP flood 1% AEP Joint
AEP- Lower Oyster R. 1% AEP Flood Channel Water Levels — (Full Hydrograph) | Probability Sea
2.0mSLR- |Future 2.0 m SLR + CC Factor Level + 2.0 M SLR
NoBreach (+30% )? (Full Tidal Cycle)
1% AEP Joint
-10
;(és_l/o 1% AEP flood Probability Sea
Current- Lower Oyster R. 1% AEP Flood Floodplain Water Levels (Full Hydrograph) | Level + current
Breach! — Current Climate | sea level (Full
Tidal Cycle)
LOR-1% .| 1% AEP flood 1% AEP Joint Hypothetical Dike
AEP- Lower Oyster R. 1% AEP Flood Floodplain Water Levels — | 2D Fully Dynamic | (e Hydrograph) | Probability Sea Breach of
0.5mSLR- | Future 0.5 m SLR Modelwith |} cc Factor Level + 0.5 m SLR | Glenmore Road
Breach? E?/ep:(t:?]eatltcal dike | (+1500)2 (Full Tidal Cycle) | Dike to Simulate
LOR-1% Glenmore Road | 1% AEP flood 1% AEP Joint Flooding across
AEP- Lower Oyster R. 1% AEP Flood Floodplain Water Levels — | pixat (Full Hydrograph) | Probability Sea Floodplain North
1.0mSLR- |Future 1.0 m SLR + CC Factor Level + 1.0 m SLR | of Oyster River.
Breach! (+15%)2 (Full Tidal Cycle)
LOR-1% 1% AEP flood 1% AEP Joint
AEP- Lower Oyster R. 1% AEP Flood Floodplain Water Levels — (Full Hydrograph) | Probability Sea
2.0mSLR- |Future 2.0 m SLR + CC Factor Level + 2.0 M SLR
Breach! (+30%)? (Full Tidal Cycle)
Peak Water Level
UOR-1% : 1% AEP flood at Upstream end
AEP- Eppe;r Oyster R. 1% AEP Channel/Floodplain Water (Peak Flow Only) | of LSR-l%AEP—
Current evels — Current Climate | Current Climate -
1D Steady State No Breach model
Hydraulic Model Peak Water Level
: 1% AEP flood
-10
ng 1% Upper Oyster R. 1% AEP Channel/Floodplain Water gzlrz%ination of (Peak Flow Only) g; tlgs;rioa/orgggd No Flood
o X
CC+10% Levels + CC (+10%) channel a(fg%lz)?ctor +15%CC -No Protection
survey/Lidar for Breach model
Cross Sections 19 AEP flood Peak Water Level
-10
ng 1% Upper Oyster R. 1% AEP Channel/Floodplain Water (Peak Flow Only) 2'; t}gﬁri?ﬂégd
0,
CC+10% Levels + CC (+10%) + CC F?ctor +30%CC -NoO
(+30%)
Breach model
Note:
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Comox Valley Regional District
Flood Hazard Mapping Study
Fluvial Flood Hazard Model Run Database

March 2021

Proposed Oyster River Flood Hazard Mapping Model Runs —5 % Annual Exceedance Probability (AEP) Flood
(20 Year Return Period)

: Upstream Downstream
Model Run Description Hydra_:_;llceModel Boundary Boundary ProF':g(c:)t?on
yp Conditions Conditions
5% AEP Joint
LOR-5% o N
AEP- Lower Oyster R. 5% AEP Channel Water Levels — Current 5% AEP (Ful Probability Sea
Current- Climate Hydrograph) — Level + current
NoBreach Current Climate sea level (Full
Tidal Cycle)
LOR-5% 2D Fully Dynamic 1~ (Ful 5% AEP Joint
AEP - Lower Oyster R. 5% AEP Channel Water Levels — Future | Model with “glass | >/ Probability Sea _
0.5mSLR- |0.5m SLR wall" along Hydrograph) + 1| evel + 0.5 m SLR | No overtopping
NoBreach Glenmore Rd CC Factor (15%)? (Full Tidal Cycle) | Glenmore Road
5 Dike and 5 - Dike or
LOR-5% Glenmore Road |59 AEP (Full 5% AEP Joint Glenmore Road
AEP - Lower Oyster R. 5% AEP Channel Water Levels — Future Probability Sea
to prevent Hydrograph) +
1.0mSLR- 1.0 m SLR overtopping CC Factor (30%)2 | -6Ve! * 1.0 m SLR
NoBreach 0 (Full Tidal Cycle)
LOR-5% 596 AEP (Full 5% AEP Joint
AEP - Lower Oyster R. 5% AEP Channel Water Levels — Future H Odro raph) + Probability Sea
2.0mSLR- |2.0 m SLR oA (30%)2 | Level + 20 M SLR
NoBreach (Full Tidal Cycle)
5% AEP Joint
-50,
’I&CE)IF;S 2 5% AEP (Full Probability Sea
Current- Lower Oyster R. 5% AEP Floodplain Water Levels Hydrograph) — Level + current
Breach? Current Climate | sea level (Full
Tidal Cycle)
LOR-5% e 5% AEP Joint Hypothetical Dike
AEP- Lower Oyster R. 5% AEP Floodplain Water Levels — 2D Fully Dynamic a/(’dﬁJEI:a(FhlJ)ll+ Probability Sea Breach of
0.5mSLR- | Future 0.5 m SLR Modelwith == | ¥eooop (15%)? | Level + 0.5 m SLR | Glenmore Road
Breach? E?’é’;éue;'tcal dike (Full Tidal Cycle) | Dike to Simulate
LOR-5% 5% AEP Joint Flooding across
Glenmore Road 9 .
AEP- Lower Oyster R. 5% AEP Floodplain Water Levels — Dikel EIA) dﬁ)Efa(FhL;”_‘_ Probability Sea Floodplain North
1.0mSLR- | Future 1.0 m SLR C)C/: Fagctorr) (15%)? Level + 1.0 m SLR | of Oyster River.
Breach? (Full Tidal Cycle)
LOR-5% & 5% AEP Joint
AEP- Lower Oyster R. 5% AEP Floodplain Water Levels — EIA) dﬁ)Efa(FhL;” + Probability Sea
2.0mSLR- | Future 2.0 m SLR C)C/: Fagctorr) (30%)? Level + 2.0 M SLR
Breach? (Full Tidal Cycle)
Peak Water Level
UOR-5% 0 . 5% AEP (Peak at Upstream end
AEP- | el Floodpiain Water Lovels Flow Only) — | of LOR-S%AEP—
Current P Current Climate | Current Climate -
1D Steady State No Breach model
Hydraulic Model Peak Water Level
UOR-5% o . using 5% AEP (Peak at Upstream end
Ep e et o (o150 comraton of | Fowony < Cc | of LORSHAEP- | K0 F0%0
CC+15% P 0 channel Factor (+15%)2 +15%CC -No
survey/Lidar for Breach model
Cross Sections Peak Water Level
-B0 0,
UOR-5% Upper Oyster R. 5% AEP Return Period 5% AEP (Peak at Upstream end
AEP- Channel/Floodplain Water Levels + CC (+30%) Flow Only) + CC | of LOR-5%AEP-
CC+30% P 0 Factor (+30%)2 | +30%CC -No
Breach model
Note:

1.
2.

*

Dike breach model runs not be required depending peak water level results of “no breach”/glass wall model runs
+15% and +30% CC Factor selected based on review of available climate change projections for CVRD.

Model ID consists of the following elements

Annual Exceedance Probability of the river discharge

flood infrastructure at critical location.

Model Location (LOR — Lower Oyster River, UOR — Upper Oyster River, CR — Courtenay River)

Sea Level Conditions (Current, +0.5 M Sea Level Rise, +1.0 m Sea Level Rise, +2.0 m Sea Level Rise)
Key flood protection assumptions (No Breach — Model does not allow for dike breach or overtopping of flood protection infrastructure, Breach — model includes hypothetical breach of
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Comox Valley Regional District
Flood Hazard Mapping Study
Fluvial Flood Hazard Model Run Database

March 2021

Proposed Oyster River Flood Hazard Mapping Model Runs — 10% Annual Exceedance Probability (AEP) Flood
(10 Year Return Period)

Model Run Description

Hydraulic Model
Type

Upstream
Boundary
Conditions

Downstream
Boundary
Conditions

Flood
Protection

1. +15% and +30% CC Factor selected based on review of available climate change projections for CVRD
*  Model ID consists of the following elements
Model Location (LOR — Lower Oyster River, UOR — Upper Oyster River, CR — Courtenay River)
Annual Exceedance Probability of the river discharge
Sea Level Conditions (Current, +0.5 M Sea Level Rise, +1.0 m Sea Level Rise, +2.0 m Sea Level Rise)
Key flood protection assumptions (No Breach — Model does not allow for dike breach or overtopping of flood protection infrastructure, Breach — model includes hypothetical breach of
flood infrastructure at critical location.

LOR-10% 10% AEP Joint
0 -
AEP- Lower Oyster R. 10% AEP Channel Water Levels — EO gor?EraP (hF)u_II E;?/g??-”clztgrrse?]?
Current- Current Climate yarog FI) level I
NoBreach Current Climate sea leve (Fu
Tidal Cycle)
2D Fully Dynamic 10% AEP Joint
- 0/ - H “ 0,
LOR-10%- 1) swer Oyster R. 10% AEP Channel Water Levels — Future Model with “glass 10% AEP (Full Probability Sea _
0.5mSLR- 0.5m SLR wall along HydroQVaph) + LeVel + 0.5 mSLR No 0Vert0pp|ng
NoBreach Glenmore Rd CC Factor (15%)? (Full Tidal Cycle) | Glenmore Road
Dike and 10% AEP Joint Dike or
-10%- Glenmore Road 0 0 Glenmore Road
li%ﬁ]égéo Lower Oyster R. 10% AEP Channel Water Levels — Future | ;4 prevent ﬁ?,g)rc';Erapp(hF)ull Probability Sea
NoBreach |10 MSLR overtopping CC Factor (15%)?2 I(‘EJI?[I.T d;.IOCr;clseISR
10% AEP Joint
- 0/4- 0,
LOR-10% Lower Oyster R. 10% AEP Channel Water Levels — Future 10% AEP (Full Probability Sea
2.0mSLR- Hydrograph) +
2.0m SLR , |Level + 2.0 M SLR
NoBreach CC Factor (30%) (Full Tidal Cycle)
- 0,
,I&CE)IF;r-lO/O 10% AEP (Full HHWLT + current
Current- Lower Oyster R. 10% AEP Floodplain Water Levels Hydrograph) — sea level (Full
1 Current Climate | Tidal Cycle)
Breach
LOR-10% N . .
AEP- Lower Oyster R. 10% AEP Floodplain Water Levels — 2D Fully Dynamic 10% AEP (Full HHWLT + 0.5m | Hypothetical Dike
: Hydrograph) + SLR (Full Tidal Breach of
0.5mSLR- | Future 0.5 m SLR Model with CC Factor (15%)? | Cycle) Glenmore Road
Breach’ peilieiee ol Dike to Simulate
LOR-10% : preach at 10% AEP (Full |HHWLT +1.0m | Flooding across
AEP- Lower Oyster R. 10% AEP Floodplain Water Levels — Glenmore Road q h & Il Tidal Floodplain North
1.0mSLR- | Future 1.0 m SLR Dikel Ay, el aellEe S
; " ' CC Factor (15%)? | Cycle) of Oyster River.
Breach
LOR-10% 0
AEP- Lower Oyster R. 10% AEP Floodplain Water Levels — B AR 2.'0 L4
Hydrograph) + SLR (Full Tidal
2.0mSLR- |Future 2.0 m SLR cC R
2 Factor (30%)2? | Cycle)
Breach
Peak Water Level
100 o at Upstream end
ng 10% Upper Oyster R. 10% AEP Return Period ;l:?o@ glir )(Iieak of LOR-
Channel/Floodplain Water Levels y) 10%AEP—Current
Current Current Climate Climate -No
1D Steady State Breach model
Hydraulic Model Peak Water Level
using
UOR-10% 0 . N 10% AEP (Peak |at Upstreamend | No Flood
e ey L o150 Comor0 O | Fow Ony) 4 CC.|of LOR 1090AEP- | Prtecion
CC+15% P . Factor (+15%)2 | +15%CC -No
survey/Lidar for Breach model
Cross Sections
Peak Water Level
- 0, 0,
UOR-10% Upper Oyster R. 10% AEP Return Period 10% AEP (Peak | at Upstream end
AEP- Channel/Floodplain Water Levels + CC (+30%) Flow Only) + CC | of LOR-10%AEP-
CC+30% P 0 Factor (+30%)? +30%CC -No
Breach model
Note:
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