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MAPPING OVERVIEW

1

Two mapping products were developed for this study:
1. Flood depth maps for 4 scenarios as outlined in Table 1
2. 1:5000 regulatory flood maps that cover 15 mapsheets
Digital files for each of the mapping products, compatible with ArcGIS, are provided as part of the results
of this study.
The sections below describe the approach take to transfer results from the riverine, lake and coastal
modelling into mapping products.

2

FLOOD DEPTH MAPS

2.1

Overview

Flood depth rasters were generated for the Alberni Inlet, lower Stamp, Sproat, Somass, and Kitsucksis
Rivers based on the 2D hydraulic model HEC-RAS 5.0.7. Flood depth rasters for the peak of flood events
as listed in Table 1 were exported directly from the HEC-RAS 2D model in TIFF format. Flood depth
values are in metres. The rasters match the model’s DEM resolution of 0.5 metres.
Flood depth rasters were created in ArcGIS Pro for Sproat Lake and Great Central Lake for the lake
boundary conditions as specified in Table 1. Flood depth values for Sproat Lake, Great Central Lake and
the Alberni Inlet do not include wave effects, wind setup, seiche or freeboard. Table 2 describes the
depth categories displayed on the flood depth maps.
Table 1

Boundary conditions used to generate flood depth maps.

Lake Boundary
Riverine Boundary
Conditions
Conditions
Time
Scenario
Lake level % change
Flood
% change
period
Global Sea
Uplift
Regional Sea
return
in
inflow
return
in flood
Level Rise (m)1
(m)2
Level Rise (m)3
period
discharge
period4
discharge
1
2019
0.0
0.0
0.0
1:200-year
0
1:200-year
0
2
2050
0.5
-0.09
0.41
1:200-year
10
1:200-year
10
3
2100
1.0
-0.17
0.83
1:200-year
20
1:200-year
20
4
2200
2.0
-0.34
1.66
1:200-year
20
1:200-year
20
1 As per the Flood Hazard Area and Land Use Guidelines (BC Ministry of Environment and Climate Change, 2018)
2 Uplift is calculated based on tectonic plate interaction.
3 Regional sea level rise incorporates isostatic rebound.
4 As per EGBC Guidelines (EGBC, 2018).
Coastal Boundary Conditions
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Table 2

Depth
(m)
0–
0.1
0.1 –
0.3
0.3 –
0.5
0.5 –
1.0

Description of flood depth categories adapted from (Flood Control Division, River Bureau,
Ministry of Land, Infrastructure and Transport (MLIT), 2005).
Description of Typical Conditions
most buildings are dry; underground infrastructure
may be flooded
most buildings are dry; walking in moving water or
driving is potentially dangerous; underground
infrastructure may be flooded
most buildings are dry; walking in moving or still water
or driving is dangerous; underground infrastructure
may be flooded
water on ground floor; underground infrastructure
flooded; electricity failed; vehicles are commonly
carried off roadways

1.0 –
2.0

ground floor flooded; residents and workers evacuate

> 2.0

first floor and often higher levels covered by water;
residents and workers evacuate

2.2

Legend Color

Flood depths on landward side of River Road dike

Flood depths on the landward side of River Road dike varied from the methodology described above.
The following describes the flood depth mapping methodology used for the landward side of River Road
dike:
•

•

Figure 1 shows the simulated water level in the Somass River adjacent to the River Road dike
along with the elevation of the dike crest. Under all scenarios, water from the Somass River
overtops sections of the dike at various locations. Once water overtops the dike, it continues to
pool on the landward side of the dike as it becomes trapped by both the River Road dike and the
Kitsuksis Dike.
The simulated model outputs are subject to uncertainty. Overtopping points and elevations
along the River Road dike are based upon 2019 bathymetry assuming no sedimentation or
breaches of the structure. As a conservative measure, the water elevations from the Somass
River were extended to the landward side of the River Road dike. For the area east of the
Hupacasath First Nation land and south of Pineo road, the depths are controlled by ponding
behind the River Road and Kitsuksis dikes. The extents of flooding on the landward side of the
dike are defined as the location that the water surface elevations equal the topography
elevations.
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Figure 1

2.3

Elevation profile of the River Road dike and model scenarios. Station 0 begins at the
Highway 4 bridge and station 2600 ends at the Clutesi Haven Marina.

Flood depths on landward side of Kitsuksis Dikes

The following describes the flood depth mapping methodology used for the landward side of Kitsuksis
dikes:
As a conservative measure, the water elevations from Kitsuksis Creek were extended to the east and
west landward side of the Kitsuksis dikes. For the area south of Pineo road, the depths are controlled by
ponding behind the River Road and Kitsuksis dikes. The extents of flooding on the landward side of the
dikes are defined as the location that the water surface elevations equal the topography elevations.
Flood extents on the east side of Kitsuksis Creek, south of Lathom Road were smoothed.

3

DESIGNATED FLOOD MAPS

Designated flood maps were created for the study area, including the Alberni Inlet, lower Stamp, Sproat,
Somass, and Kitsucksis Rivers, as well as Sproat Lake and Great Central Lake. The methodology for each
component of the Somass basin (river, the ocean, the lakes) varies due to the differences in the
hydrodynamic processes for each system. Flood extent polygons are provided for the 2100 Designated
Flood scenario in Esri shapefile format.
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3.1

Riverine

The workflow to produce these files was as follows. First, polygons were generated in GIS based on flood
depth rasters by converting positive flood depths to inundation extent polygons. Then, inundation areas
smaller than 100 m2 were removed from the extents, and holes in inundation extents smaller than
100 m2 were filled in. The polygons were then smoothed to a tolerance of 20 metres except for the area
to the east of Kitsuksis Creek; smoothing here had a tolerance greater than 20 metres. These
simplifications were done to ensure that a perception of a higher level of data accuracy than exists was
not created.
Flood Construction Level (FCL) Isolines include freeboard and were created using the water surface
elevation rasters at 0.5 metre intervals for the majority of the study area. Exceptions to this are
particularly steep areas (where larger intervals were used), particularly flat areas (where smaller
intervals were used), and at the boundaries between map sheets (where a suitable, location-specific
value was used). Mapsheets 10, 13 and 15 adopted a 0.1 metre interval as it is the most populated area
within the study extent. The isolines have been smoothed to reduce noise and have been snapped to
the flood extent polygons. Flood extents on the east side of Kitsuksis Creek, south of Lathom Road were
smoothed. The smoothed flood extent line in this area aligned with the extent of flooding on the
previous 1997 mapping completed by the Province.
Select areas of some mapsheets were hatched due to the possibility of flooding from bank erosion on
sharp river bends. For example, the Stamp River bends sharply to the west immediately downstream of
the Alberni Fish and Game Club (Figure 2). The elevation profile of the riverbank and 2100 model
scenario water levels is shown in Figure 2. At station 600 m and 750 m the bank is approximately 30 cm
above 2100 flood levels. If areas of the bank become eroded during a flood, the hatched area is subject
to flooding from overflow from the Stamp River.
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Figure 2

Elevation profile of the Stamp River south bank (taken from LiDAR) and the 2100 model
scenario. Station 928 is the most upstream extent.
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3.2

Alberni Inlet

Coastal flood mapping for the Alberni Inlet is based on water levels from the 2D hydraulic model results
generated in HEC-RAS 5.0.7 for the 200-year return period ocean water level event. The flood extent
polygons are based on the outputs from the HEC-RAS model, and do not include wave effects or
freeboard.
Coastal FCLs (including wave effects and freeboard) are applicable within the delineated “Coastal Flood
Construction Zones”. The methodology for determining the landward extents of these zones are shown
in Figure 3. The Wave Breaking Boundary is defined as the location where the 1-in-200 AEP incident
wave will break, or the depth equal to half the height of the incoming wave (with a minimum depth of
0.3 m). The Coastal Flood Construction Zone landward boundary is defined as being 30 m landwards
from the Wave Breaking Boundary. The Coastal FCL (defined and calculated by shoreline reach in
Appendix C) is applicable in the Coastal Flood Construction Zone. Landwards of the Coastal Flood
Construction Zone, the FCL is based on the still water elevation exported from the HEC-RAS model in
Alberni Inlet plus freeboard.

Figure 3

Methodology for determining landward extents of Coastal Flood Construction Zones
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3.3

Sproat Lake & Great Central Lake

Still-water lake levels were based on the 1D HEC-RAS model results for the boundary conditions as
specified for the 2100 scenario (Table 1). Constant water level rasters were generated in ArcGIS for
Great Central Lake and Sproat Lake in order to calculate flood extents along the lake shorelines. The
flood extent polygons are based on the still water lake levels and do not include wave effects, wind
setup, seiche, or freeboard.
Lake FCLs (including wave effects, wind setup, seiche and freeboard) are applicable within the
delineated “Lake Flood Construction Zones”. The methodology for determining the landward extents of
these zones is shown in Figure 4. The Wave Breaking Boundary is defined as the location where the 1-in200 AEP incident wave will break, or the depth equal to half the height of the incoming wave (with a
minimum depth of 0.3 m). The Lake Flood Construction Zone landward boundary is defined as being 30
m landwards from the Wave Breaking Boundary. The Lake FCL (defined and calculated by shoreline
reach in Appendix C) is applicable in the Lake Flood Construction Zone. Landwards of Lake Flood
Construction Zone, the FCL is based on the still water lake level plus freeboard.

Figure 4

Methodology for determining landward extents of Lake Flood Construction Zones
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COMPARISON WITH PREVIOUS DESIGNATED FLOODPLAIN MAP

4

The updated flood inundation extents for Somass River were compared with the previous floodplain
maps (BC MELP, 1997). The previous maps were developed in 1997 and were based on a 1D hydraulic
model of the channel. To account for uncertainties, a freeboard allowance of 0.6 m was added to the
modelled flood levels. In-channel flood levels were then extended across the floodplain assuming open
water flow conditions and the absence of all dikes. The updated maps completed for this study use a 2D
hydraulic model approach that includes the floodplain, as described in the Hydraulic Modelling
appendix. Additionally, the updated model covers a larger area, which includes the Alberni Inlet. Unlike
the previous flood extent, the new extent does not include freeboard. Figure 5 shows the comparison of
the previous and present flood extents.
Although the two maps (1997 flood map versus present study) show similar inundation extents, this
does not mean that the flood levels are equivalent. The updated flood levels account for climate change
projections and updated hydrological analyses, which resulted in overall higher modelled levels in
comparison to the 1997 levels. However, the extents shown in Figure 5 do not reflect freeboard
allowance on the updated levels. Had a freeboard allowance been included, the extents would likely be
larger than the 1997 extents (which do include freeboard allowance), especially in low gradient areas.
Despite the extents not reflecting the freeboard allowance, the updated FCL isolines included in the
Designated Flood Maps do incorporate a 0.6 m freeboard allowance. Comparing FCLs, as opposed to
flood extents, allows for a more direct comparison as both the previous and the present FCLs include
freeboard. The updated FCLs are considerably higher in most areas when compared to the previous
floodplain maps. Differences of up to 1.4 m were noted upstream of the falls near kilometre 7.5. Table 3
summarizes the differences.
Table 3

Summary of previous vs. updated FCL comparison
Reach

Alberni Inlet and
Somass: km 0-13
Somass: km 1.3-6
Somass: km 6-7.5
Somass: km 7.5-8.5
Somass: km 8.5-10
Somass: km 10-11
Stamp: km 0-1.5
Stamp: km 1.5-2.5
Stamp: km 2.5-4

Description
The Alberni Inlet area was modelled using the newly developed coastal model and was
not included in the previous study.
Updated FCLs are generally 0.5 m higher than previous study. On Kitsuksis Creek, the
updated FCLs are 1 m higher.
Updated FCLs are slightly higher than previous (difference is less than 0.1 m).
Updated FCLs are 1 to 1.4 m higher.
Updated FCLs are 0.5 to 0.7 m higher.
Updated FCLs are 0.8 to 1 m higher.
Updated FCLs are 0.6 m higher.
Updated FCLs are slightly higher than previous (difference is less than 0.1 m).
Updated FCLs are 0.4 m higher.

Note: These are approximate differences to provide a general understanding of the variations between the previous and
present maps. They were based on a visual assessment and do no provide a detailed comparison.
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ANIMATIONS

Animations were captured directly from the HEC-RAS 2D model in AVI format. The animations show a
plan view of depth values (in metres) across the model domain, and throughout the simulation window
of two weeks. The timestep used in the animations is 1 hour. A timestamp is included in the upper right
corner of the animation.

6

MAP NOTES AND LIMITATIONS

A series of notes and limitations are included on the maps. The following provides additional, more
detailed information:
1) The flood depth maps are informational only and intended for comparing various potential flood
scenarios and for providing input for high level planning. They are not to be used for designating
floodplains, establishing FCLs, designing dikes or any other structures.
2) LiDAR from 2014 and 2019 along with 2019 bathymetric survey data was used to create a Digital
Elevation Model (DEM) of the study area. Major transportation corridors were captured in the
DEM, but openings such as underpasses and culverts within embankments were omitted.
3) The DEM was used to develop a HEC-RAS (version 5.0.7) 2D and 1D hydraulic model. The model
geometry is fixed although variations from erosion, degradation or aggradation may occur over
time (particularly during a flood event). Future updates of the DEM and hydraulic model are
required. All river channels were assumed to be free of obstructions.
4) The HEC-RAS 2D model was calibrated to observed flows and water levels during the 2018 high
flow event and validated to a series of historical floods. These historical floods, having return
periods in the order 2-25 years, may not inform roughness coefficients for extreme events.
There is also uncertainty associated with some of the available validation data.
5) Freeboard is not included in any of the flood depth maps.
6) For the flood scenario mapping, all dikes were assumed to remain intact. If overtopped in the
model, overflow will occur, but the dike geometry remains unchanged, preventing a breach
from forming. In reality, most overtopped dikes will fail catastrophically. Also, dikes are likely to
breach through other failure mechanisms well before they are overtopped. Note that
alternative methodology was undertaken to map flood extents on the landward side of River
Road dike. See section 2.1 of this appendix for further details.
7) Detailed dike crest elevation data is critical for accurate simulation floods. Dikes in the DEM
were represented using LiDAR. LiDAR accuracy in general is acceptable, it is unreliable where
crests are covered by trees or flood walls are present.
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