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Re: Coastal Flood Hazard Assessment for 528 Marine Dr., Gibsons, BC 
 Draft Report, Rev. 2 

1 Introduction 

This letter report summarizes the results of a coastal flood hazard assessment (FHA) study conducted by 
Northwest Hydraulic Consultants Ltd. (NHC) in support of the development of a multi-family dwelling at 
528 Marine Dr. in Gibsons, British Columbia (see Figure 1.1). The work involved a site visit, review of 
applicable regulations, undertaking a flood hazard assessment (FHA) and the provision of recommended 
flood construction levels (FCLs) and set-back for the site. 

 

Figure 1.1 Plan image of the shoreline. 528 Marine Dr. is approximately outlined in red 
(www.truebluerealty.ca). Note that Town and Crown land of the foreshore and public 
walkway are shown inside box as well. North direction is approximate 
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1.1 Background 

The property is located on the southwest end of Howe Sound, on the waterfront directly across from 
Keats Island (Figure 1.2). At the property, there are ruins of a previous burned-out building. The existing 
shoreline is protected by a riprap revetment which runs overtop of the sanitary sewer trunk line. The 
top of the revetment is covered by a 2 m wide gravel pedestrian walkway at the top. 

 

Figure 1.2 Project Location (Image source: GoogleEarthTM, May 15, 2021) 

Plans provided by the client indicate that the current proposal for the property is to construct a three-
storey townhouse complex with 4 units (Figure 1.3). Because Marine Dr. and the shoreline are not 
parallel at this location, the proposed structure will result in the southern end of the building being 
closer to the present day Natural Boundary1 than the northern end. 

Due to the proximity of the proposed structure to the waterfront, The Town of Gibsons (the Town) has 
requested an FHA (which considers both set-back and FCLs) be conducted by a Qualified Professional2.

 

1 Natural Boundary: Defined as the visible high water mark in the Town bylaws (Town of Gibsons, 2020). 
2 Described as “a professional engineer, professional geoscientists, or licensee with the appropriate level of education, training 
and experience to conduct flood assessments for Proposed Development (EGBC, 2018). 
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Figure 1.3 Preliminary sketches of the proposed development at 528 Marine Dr. showing (top) layout 
of the 4 units and (bottom) a section taken at approximately the center of the property 
showing the 7.5 m set back from the Natural boundary as a bold, vertical, dashed line.  
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Note that this FHA considers that the foreshore features seaward of the proposed development, 
including the public walkway and riprap slope protection, will remain at the existing elevation following 
construction. Any changes to the foreshore and/or the slope protection would require a reassessment of 
the FCL as such modification could either increase or decrease wave runup on the property.  

1.2 Reference Guidelines & Regulations 

The following guidelines and regulations were reviewed and consulted as part of our FHA: 

• Flood Hazard Area Land Use Management Guidelines (MWLAP, 2004) and Amendment Section 
3.5 and 3.6 (BC Ministry of Environment, 2018). 

• Climate Change Adaptation Guidelines for Sea Dikes and Coastal Flood Hazard Land Use (BC 
Ministry of Environment, 2011) 

• Professional Practice Guidelines – Legislated Flood Assessments in a Changing Climate in BC 
(EGBC, 2018). 

1.3 Town of Gibsons Bylaws and Documentation 

In addition to the provincial regulations and practice guidelines, regulations specific to the Town were 
also reviewed. Relevant items from the Gibsons documents are highlighted below. 

• SMART PLAN. Gibsons Official Community Plan (Town of Gibsons, 2015) 
o Section 6.8: Sea Level Rise. 

“Following the guidelines of the BC Ministry of Environment, structures build near the 
water in the Strait of Georgia should be set back 15 m from the natural boundary (or 7.5 
m from the natural boundary when protected from erosion by protective work designed 
by a professional engineer).” 
“Structures higher than but near the 1 m and 2 m above sea level limits should be 
protected by a structure such as a sea wall.” 
“The sewer line along the shoreline in the inner harbour will be submerged and 
vulnerable to erosion” 
Policy – 6.8.1: “Update development approval guidelines and requirements to ensure 
that any proposed development in coastal areas consider the implications of sea level 
rise and conform to the latest provincial flood protection guidelines” 
Policy – 6.8.2: “New development in close proximity to the water’s edge will be required 
to consider future hydrological conditions in the overall design, incorporating strategies 
to reduce the impact of sea level rise. Consideration should be given to the 
recommendations and guidelines of the British Columbia Ministry of Environment.” 

• Zoning Bylaw No. 1065, 2007. Adopted November 6th, 2007. Consolidated for Convenience 
December 2020. (Town of Gibsons, 2020) 

o Section 4.11 (2).”All buildings or structures or parts thereof, except for public service 
uses providing flood control, must not be located within 15.0 m (49.2 ft) of the natural 
boundary of the sea, a swamp or pond, or any watercourse, provided that on those 
portions of sea shore in the Franklin Road and Gower Point areas shown as having “High 
Probability of Geotechnical Occurrence” on Schedule “B” of the Official Community Plan, 
the setback from the natural boundary of the sea must be 30.0 m (98.4 ft).”  



Draft Report, Rev. 2 
October 2021    

Coastal Flood Hazard Assessment for 528 Marine Dr., Gibsons, BC 5 

o Section 4.11 (3). “Within the area designated as “Floodplain”3 under subsection (1) 
above, all buildings or structures must be sited or constructed such that the underside of 
any floor system of habitable space, business floor area, or floor area used for the 
storage of goods, is at an elevation not less than 1.5 m (4.9 ft) above the natural 
boundary of the sea, or watercourse, as applicable, nor less than 0.6 m (2.0 ft) above the 
level of a flood at that location, having a magnitude equal to a two-hundred year 
occurrence interval, as determined by a professional engineer or geo-scientist 
experienced in geotechnical engineering, or a person in a class prescribed by the Minister 
by regulations under Section 910(7) of the Local Government Act, and such flood level 
determination must constitute part of the geotechnical report required for issuance of a 
Development Permit in “Geotechnical Hazard Development Permit Area No. 1” of the 
Official Community Plan.” 

o Section 4.11 (4). “The geotechnical report under subsection (3) above must also take into 
consideration the Province of British Columbia Flood Hazard Land Use Management 
Guidelines, dated May 2004.” 

1.4 Key Background Documents 

Two previous assessments were undertaken by Kerr Wood Leidal (KWL). These reports include: 

• Gibsons Foreshore and Seawalk Improvements. Conceptual Design Report (Revised Final). 
September 2017. (Kerr Wood Leidal Associates Ltd, 2017) 

• Town of Gibsons Foreshore Condition Assessment. Final Report. December 2014. (Kerr Wood 
Leidal Associates Ltd., 2014). 

Key points from these documents included: 

• “Riprap protecting the walkway and sewer pipe below is currently intact, but is degrading 
quickly and needs slope flattening and upgrading to ensure future access and continued 
protection of the sewer”.  (Kerr Wood Leidal Associates Ltd, 2017) 

• “The current calculated preliminary FCL elevation for the area is 4.9 m Geodetic elevation for a 
200-year storm event” “the predicted FCL for 2100 is 5.9 m (3.1 m above the current average 
top of bank/walkway)”. (Kerr Wood Leidal Associates Ltd, 2017).  
Note that the assessment provides a blanket value for the entire shoreline and does not appear 
to account for changes in wave effects under future conditions. 

• One of the design components for future included “rebuilding of the foreshore with a flatter 
slope, renewed riprap and natural plantings”. (Kerr Wood Leidal Associates Ltd, 2017) 

1.5 Vertical Datum 

For the purposes of this report, elevations (including water levels) are referenced to the Canadian 
Geodetic Vertical Datum of 1928 (CGVD28)4 unless otherwise stated. In this geodetic datum (CGVD28), 

 

3 Per the zoning bylaw, any lot abutting the sea is designated as a Floodplain (Town of Gibsons, 2020). 
4 CGVD28 is based on HT2 hybrid geoid model, Epoch 1997 of NAD 83 (CSRS). 
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the zero elevation water level is approximately equal to the mean water level. In some instances, Chart 
Datum (CD), where the zero elevation is approximately equal to the lowest astronomical tidal value, is 
also used. Note that the following formula5 can be used to convert elevations between CD and CGVD28 
at the project site: 

𝐸𝐸𝐸𝐸𝐸𝐸𝑣𝑣𝐶𝐶𝐶𝐶𝐶𝐶28 = 𝐸𝐸𝐸𝐸𝐸𝐸𝑣𝑣𝐶𝐶𝐶𝐶 + 3.124 𝑚𝑚 

2 Site Description 

The following site description is based on the site inspection and survey undertaken by NHC. Prior to the 
inspection, the client had provided a survey of the upland portion of the property; however, more 
detailed information on the foreshore and beach in front of the property was required. Additionally, a 
site visit was conducted to examine the shoreline and upland area, and to identify nearby potential 
flood related hazards. 

The site inspection was performed on June 24, 2021 by Neville Berard, P.Eng. (NHC). The site survey was 
simultaneously conducted by Jordan Morgenstern (NHC). The weather was full sun with mild winds and 
warm temperatures. The water level was between -3 and -2 m (or 0 and 1 m CD) which are some of the 
lowest daytime tides experienced each year. 

Key characteristics of the site are summarized below: 

General Setting: 

• The site is located on the south-western shore of Howe Sound to the north of the Gibsons 
Landing Harbour Authority (GLHA). 

• The upland area is defined by a series of relic concrete foundations and an existing wooden 
building. (Photo 2.1) 

• The property is backed by Marine Dr. and has neighbouring multi-unit properties to the North 
and the South. Both neighbouring properties are built at base elevations at or lower than the 
elevation of the public walkway. (Photo 2.2) 

Foreshore and Shoreline: 

• The foreshore is comprised of a riprap slope and a wide lower beach consisting mainly of a sand 
and cobble mix. The average diameter of cobbles is approximately 200 mm. At a few locations 
along the shoreline, patches of a hardened cohesive sediment are visible, indicating that the 
depth of mobile sediment may not be very deep (Photo 2.3). 

• The lower beach (offshore of the riprap) has a slope of approximately 10H:1V.  

• The existing riprap slope is constructed at an approximately 2H:1V slope up to an elevation of 
approximately 2.85 m. The rock appears to be well sized; however, the filter rock layer of the 

 

5 Benchmark Number: 44-1984 (Unique Number 84C9503) for Gibsons, BC. (Department of Fisheries and Oceans (DFO), 2019) 
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structure was visible in places at the top of the slope. This could mean that the traditional two 
layers of armour rock were never placed overtop of the filter or that rocks have been dislodged. 
Additionally, a few displaced armour rocks were observed on the beach (Photo 2.4). 

• The top of the riprap slope has a public walkway with a width that varies but is approximately 2 
m wide. The elevation is relatively consistent at 2.85 m. 

• Vegetation was observed at the top of the riprap slope indicating the structure is, at present, 
not regularly overtopped by wave action. Overall there was minimal riparian vegetation 
observed (Photo 2.4). 

• Large woody debris was observed at the top elevations of the riprap slope indicating that 
waves/water levels are currently reaching the top of the slope 

   

Photo 2.1 Overview of the property’s waterfront. (left) includes the public walkway and the offshore 
edge of the property and (right) shows the beach as seen from the top of the riprap slope.  

   

Photo 2.2 Neighbouring properties (left) to the north and (right) to the south. 
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Photo 2.3 Foreshore in front of the property showing (left) locations of hardened cohesive 
sediments with surrounding cobbles, including some rockweed, and (right) typical cobbles. 

   

Photo 2.4 View of the riprap slope fronting the property with (left) displaced riprap on foreshore 
and (right) top of the slope with smaller armour rocks and existing vegetation. 

3 Fluvial Flood Hazards 

The property is located a considerable distance away from major creeks. No outfalls suggesting water 
channelling were observed along the shoreline and assessment of topography in GoogleEarthTM and a 
shoreline walk during the site visit did not suggest any additional creeks in the vicinity of the property. 
Accordingly, the risk from creek flooding is deemed low and no further analysis is warranted. 

4 Coastal Geomorphic Hazards 

The site inspection did not reveal existing signs of significant land erosion due to the presence of the 
riprap shoreline protection. Comparison of satellite images available in GoogleEarthTM from 2004 to 
2021 did not reveal noticeable changes to the shape of the bay. The only noticeable changes at site were 
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the addition of shoreline protection and the removal/destruction of the previous building. Overall, the 
erosion hazards are deemed low for the site; however, this is contingent on the riprap shoreline 
protection being maintained. The site inspection findings indicate that repair and maintenance will be 
required in the near future.. 

5 Coastal Flood Hazards 

Coastal flood hazards are primarily dictated by flood inundation but can also include overflow and spray, 
shoreline erosion and scour, beach degradation and aggradation, or physical loading from hydrodynamic 
forces or wood debris impact.  

5.1 Overview of an FCL 

To reduce the likelihood of damage from flood inundation, the coastal flood level may be assessed and 
used to derive a minimum construction level for habitable floors – known as the FCL. For residential 
properties, the FCL is generally based on an event with an AEP of 0.5% (1-in-200 years). In addition, 
changes due to future climate change must be considered up to the expected life of the project. The FCL 
provides a mitigation measure to limit the likelihood of flooding for developments located along 
coastlines. According to provincial guidelines (MFLNRORD, 2018), a habitable area is defined as any 
room or space within a building or structure that is or can be used for human occupancy, commercial 
sales, or storage of goods, possessions or equipment (including furnaces) which would be subject to 
damage if flooded. 

It should be noted that the combined probability of the design wind-wave event coinciding with the 
design water level will be significantly lower at the beginning of the design life than at the end since an 
allowance for sea level rise is included. Since more wave run-up and overtopping is expected at higher 
water levels, this sea level rise allowance, allows for an additional Factor of Safety at the beginning of 
the project’s design life.  

The provincial guidelines (BC Ministry of Environment, 2011) and the BC Ministry of Forests, Land, 
Natural Resource Operations and Rural Development’s (FLNRORD) amendment of the Flood Hazard Area 
Land Use Management Guidelines (MFLNRORD, 2018) outlines the probabilistic method for the 
determination of FCLs. The method considers the joint probability of storm surge and high tide occurring 
simultaneously. 
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Following this approach, the coastal FCL may be calculated as the sum of the following components: 

• 0.5% AEP water level as determined by probabilistic 
analyses of tides and storm surge. 

• Wind set-up. 

• Allowance for local relative sea level rise (sea level change) 
over project lifetime. 

• Estimated wave effects associated with the designated 2% AEP storm.6 

• Freeboard. 

These components are visualized below in Figure 5.1. 

 

Figure 5.1 Components of an FCL for the probabilistic methodology (BC Ministry of Environment, 
2018) 

In addition to an FCL, as per EGBC Guidelines (EGBC, 2018), any other mitigative measures required for 
safe use of the property and potential effects the development and mitigative measures may have on 
the flood risk of nearby properties must be identified. Recommended mitigation measures often include 
setbacks, erosion mitigation, and/or drainage for spray and overtopping waves. 

 

6 The provincial guideline suggests that the wave effect is to be based on the 0.5% AEP storm event; however, NHC considers 
that establishing the FCL based on the 0.5% AEP storm event occurring with a 0.5% AEP water level (including storm and surge) 
to be overly conservative. For this study, the 50-year (2% AEP) storm events were used for the FHA. 

Designated 
Flood Level 
(DFL) Flood 

Construction 
Level (FCL) 
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5.2 Designated Flood Level 

The individual components of the DFL (tides & surge, wind set-up and relative sea level change) are 
broken out below. 

5.2.1 Tides and Storm Surge 

Tide elevations are published in the Canadian Hydrographic Service (CHS) Canadian Tide and Current 
Tables for the Point Atkinson Primary Reference Port (Fisheries and Oceans Canada, 2021) with 
reference to Chart Datum. CHS publishes tidal differences for the Secondary Port of Gibsons, which has 
been used to estimate the tidal elevations expected at the project site. Tidal ranges for the project site 
are provided in Table 5.1. 

Table 5.1 Summary of tidal elevations at Gibsons Harbour (Fisheries and Oceans Canada, 2021) 

Description Acronym 
Elevation 

m, CD m, CGVD28 

Higher High Water Large Tide HHWLT 5.1 2.0 

Higher High Water Mean Tide HHWMT 4.6 1.5 

Mean Water Level  MWL 3.3 0.2 

Lower Low Water Mean Tide LLWMT 1.3 -1.8 

Lower Low Water Large Tide LLWLT 0.1 -3.0 
Notes:  
1.    HHWLT and LLWLT represent the average of the highest high and lowest low waters, one from each of 19 
years of predictions.  
2.    HHWMT and LLWMT represent the average of all the higher high-water levels (i.e. daily high tides) and lowest 
low waters over the same period (19 years).  
3.    MWL is the average hourly water level and corresponds approximately to CGVD28 or Mean Sea Level (MSL). 
 

Storm surge is the rise in water level due to atmospheric effects (such as wind stress and reduced 
atmospheric pressure) above the normal tidal level. Storm systems (which produce storm surge) and 
tidal levels are largely independent events in Howe Sound and the Strait of Georgia. 

NHC previously estimated the joint probability of storm surge and tides for Point Atkinson by applying 
the Empirical Simulation Technique (EST) on the long term (66 years) data set (NHC, 2008). The EST 
method is recommended by the Coastal Hydraulics Laboratory (from the US Army Corps of Engineer) 
and the US Federal Emergency Management Agency for frequency related studies. The analysis 
determined that the 0.5% AEP water level at Point Atkinson is at an elevation of 2.9 m. This value has 
been transformed from Point Atkinson to the project site based on HHWLT conversions between Point 
Atkinson and Gibsons and results in a 0.5% AEP flood elevation of 3.0 m CGVD28. 
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5.2.2 Wind Set-Up 

Wind set-up is the effect of wind blowing over a water surface, exerting a horizontal stress on the water 
and piling water up in the downwind direction. In long, enclosed, shallow bodies of water (such as 
lakes), wind setup can raise the still water level above the regular water levels. Conversely, along open 
stretches of shoreline (such as this site) and deep bodies of water, wind set-up is minimal and is not a 
governing factor in design. As such, wind setup at this project site has not been included as part of this 
assessment. 

5.2.3 Sea Level Change 

Sea level change is the combined effect of global sea level rise and local land subsidence (lowering) or 
uplift. Global sea level rise is the product of a changing climate, associated with increased global ice melt 
and ocean volumes (due to thermal expansion). Local changes in the land elevation are the result of 
isostatic rebound due to the historical retreat of glaciers, tectonic uplift, and sediment consolidation. 

Global Sea Level Rise Estimates 

Based on worldwide tide gauge records, global sea level has risen more than 0.2 m since the late 19th 
century (Thomson et al., 2008); however, since the early 1990’s the rate of global sea level rise (SLR) has 
been continuously increasing beyond historical levels, from approximately 2.3 mm/year in the 1990’s to 
4.6 mm/year in the 2010’s. The rate of future SLR is expected to increase further in the later portion of 
the 21st century. Projections of the rate and overall magnitude of future sea level rise vary greatly 
depending on the emissions scenarios (generally represented as Representative Concentration 
Pathways, or RCP’s) being considered and the limitations of SLR models being used. Regardless, it is 
widely predicted that between 0.2 to 0.3 m of global SLR will occur by 2050. The variance in SLR is 
significantly larger for the latter half of the century, with estimates ranging between 0.5 to 1.8 m for 
21007 (Oppenheimer et al., 2019). 

In 2011, the Province of British Columbia published guidance on the recommended allowance of global 
SLR for planning and design. The recommended allowance for global SLR was 0.5 m for year-2050 and 
1.0 m for year-2100, based on year-2000 reference levels (see Figure 5.2). These recommended levels 
were based upon a SLR projections published in a 2008 study by Fisheries and Ocean Canada (Thomson 
et al., 2008). Based on the current available science, the recommendations appear to over-predict SLR in 
the short term (i.e. 0.5 m for year-2050) and potentially underpredict SLR in the long-term (i.e. year-
2100 onward). Changes in estimates of global mean SLR since 2011 have not yet been addressed in the 
context of coastal BC; however, it is understood that the province may in the process of updating the 
2011 recommendations. 

 

7 Based on the ensemble mean estimates for emissions scenarios RCP 4.5 and RCP 8.5, which appear likely based on current sea 
level trends. 
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Figure 5.2 Recommended allowance for sea level rise in British Columbia (BC Ministry of 
Environment, 2011) 

Land Subsidence or Uplift Estimates 

Although significant work has been completed to understand the causes and rates of vertical land 
movement in the Metro Vancouver region, the work generally does not extend to the Sunshine Coast. 
Uplift and subsidence have been ignored for this analysis due to the lack of site-specific information. It is 
assumed that this is conservative as uplift is noted in much of the region and there has been no 
indication that the site is on fill or other locally subsiding material. 

Local Relative Sea Level Rise Allowance 

The calculation of the local relative sea level rise is based upon the recommended 1 m sea level rise for 
the year 2100 as recommended by (BC Ministry of Environment, 2011). Assuming a design life of 
approximately 70 years for the structure 0.90 m for SLR has been considered which is approximately for 
the year 2090. 

5.2.4 Summary of Designated Flood Level 

To estimate the coastal FCL, NHC recommends consideration of a DFL of 3.9 m with a 0.5% AEP, as 
detailed in Table 5.2. 

Table 5.2 Designated Flood Level 

Description 0.5 % AEP 

Joint tide and surge (m, CGVD28) 3.0 m 

Wind setup - 

Local relative sea level change 0.9 m 

Designated Flood Level (m, CGVD28) 3.9 m 
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5.3 Wave Effects 

Over the open water, offshore of the property, waves are generated by wind; these then travel (whilst 
being impacted by local depth, current and wind) to the project site. The nearshore wave climate (waves 
at the shoreline) will be further influenced by the shape and depth of the foreshore in front of the 
project site. Most notably, the shallow foreshores at the project site will cause wave shoaling, refraction, 
and wave breaking, resulting in a smaller and more normally incident waves (perpendicular) at the 
shoreline. As sea levels rise, the current dissipative influence of the foreshore is expected to lessen, 
resulting in larger waves that can induce more wave run-up (and associated wave-induced flooding) 
than historically observed. 

Since there is no comprehensive measurement of waves in the vicinity of the study site, a high-level 
wind and wave analysis was conducted to determine incident wave climate.  

The project location is east facing, and thus exposed to waves from the north, east and south. Keats 
island provides protection to east, making that direction a minor factor. In terms of wave exposure to 
the south, previous work by NHC has investigated the propagation of waves through Gibsons Shoal (a 
shallow, ~750 m wide gap between the Sunshine Coast and Keats Island) from the Strait of Georgia. Due 
to the limited depths, the alignment of the opening and the protection of the headland south of GLHA, 
the project site will not experience waves higher than approximately 0.5 m due to storms from the 
Strait. For this reasons, long period waves from the Strait of Georgia were ignored, and this analysis 
focused instead on wind generated waves from the northeast. 

5.3.1 Wind Speed and Direction 

There is no measured wind data available in Gibsons terminal location and therefore NHC assembled 
regional data to estimate representative winds. Table 5.3 shows the available stations with dates that 
were they operational and Figure 5.3 is a map of the station locations. 

Table 5.3 Available regional wind data  

Station Name Latitude (N) Longitude (W) Data Start Data End Notes 

Port Mellon 49.53 123.5 2006 present  

Pam Rocks 49.49 123.3 1991 present  

Sechelt 49.46 123.72 2007 present  

Halibut Bank 49.34 123.73 1992 present Buoy (wind and waves) 

Vancouver Airport (YVR) 49.20 123.18 1953 present  

Point Atkinson 49.33 123.26 1996 present  

Langdale Ferry Terminal 49.43 123.47 1987 2016 Offline 1998 and 2005. 
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Figure 5.3 Locations of available wind data considered in this analysis (Satellite image from Google 
EarthTM). 

Wind roses8 for Port Mellon, Langdale Ferry Terminal and Pam Rocks are shown Figure 5.4. These three 
were selected to be analyzed due to their close proximity to the project location. Port Mellon is 
approximately 14 km north of Gibsons and is located inland; as a result the site is sheltered and winds 
are not likely representative of the project site. The winds at Langdale predominantly approach from the 
west and south, with storms more frequently from the south. Due to the protection steep topography to 
the west of the project site, this station is also not expected to an accurate representation of the 
conditions at Gibsons. Wind speeds at Pam Rocks have greater magnitudes than both the Port Mellon 
and Langdale stations and are largely oriented north-south with Howe Sound.  

For a previous project, NHC engaged in discussions with the GLHA harbourmaster who anecdotally 
discussed that in general, winds in the harbour were typically about half of what was being measured 
out at Pam Rocks during storm events. This agrees with the literature (Lange, 1998) which states more 
generally that winds on the west side of Howe Sound can be half of what they are at Pam Rocks  during 
large wind events.  

Because Pam Rocks is a reliable long-term record and there is qualitative information that allows for the 
relation of the winds to Gibsons, it was decided to determine design wind speeds using Pam Rocks data. 
A frequency analysis was conducted on the data for the northerly events only because the project site is 
exposed to significantly longer fetch9 distances in that direction. These are presented in Table 5.4.  

 

 

8 A wind rose is a graphical representation of the percentages of winds coming from the compass directions. Each sections 
shows the percentage of time winds were from a direction as well as the distribution of the magnitudes of those wind events. 
Calm events are shown separately. 
9 The length of water over which wind blows waves can form 
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Figure 5.4 Wind rose for Port Mellon (top left, 2006 – present), Langdale Ferry Terminal (top right, 
1987 – 2016 with 7 years missing) and Pam Rocks (bottom, 1991 – present) 
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Table 5.4 Design Wind Speeds from the North at Pam Rocks.  

Event Design Wind Speeds (m/s)  

1-in-10 year (10% AEP) 28.1 

1-in-50 year (2% AEP) 30.8 

1-in-100 year (1% AEP) 31.9 

5.3.2 Wave Climate 

To establish the generation and transformation of design waves from deep-water to the project site, the 
wave model SWAN (Simulating WAves Nearshore) was used. SWAN incorporates physical processes 
such as wave propagation, wave generation by wind, white-capping, shoaling, wave breaking, bottom 
friction, sub-sea obstacles, wave setup, and wave-wave interactions in its computations. Data used to 
generate the model bathymetry was a combination of data surveyed during the site visit and publicly 
available data from the Department of Fisheries and Oceans (Canadian Hydrographic Service, 2020). 
Note that all simulations were performed at the DFL of 3.9 m. 

For the model simulation, two model grids were used: a fine grid model of the area close to the site was 
nested in a coarse grid model of the wider area (extending north into Howe Sound). The grid resolutions 
for the fine and coarse models are 20 m and 200 m, respectively and the extents are shown below in 
Figure 5.5. 

 

Figure 5.5 SWAN model grid extents.(Background image from GoogleEarthTM) 
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Wind generated sea from Howe Sound. 

Two SWAN simulations were set-up to estimate the 50-year event (2% AEP). The runs considered the 
winds acting over the directions with the longest possible fetch to the site (ENE and NE). Uniform wind 
fields were applied. Considering the anecdotal and literary data summarized above, it was decided to 
estimate waves at the project site considering 60% of the design wind speeds at Pam Rocks. Sensitivity 
tests considering with design winds of 80% of Pam Rocks were conducted and only showed minor 
increases in offshore wave heights. 

Model results for a 50 year storm from the NE are presented in Figure 5.6. Wave height is shown by 
colour shading, and wave direction and relative heights are shown by vectors (arrows) with a spacing of 
200m. The location of the project site is shown as a white dot.  

Results are summarized in Table 5.5. The Significant wave height10 (Hs) is presented along with the peak 
wave period11 (Tp) for offshore of the property. The results show that the largest waves that affect the 
project site come from the ENE due to the longer fetch. For the purposes of this analysis at the 
nearshore location (10 m depth), the design Hs is 1.0 meters with an associated Tp of 4.0 seconds. 

 

Figure 5.6 SWAN fine grid model results for a 50-year from the NE. 

 
 

10 The average of the highest 1/3 of waves over a given time period. 
11 The wave period is defined as the time between successive wave crests. The peak wave period refers to the wave period 
which has the most wave energy. 
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Table 5.5 SWAN model results  

Run # Winds Direction 
Depth = 10 m 

Hs (m) Tp (s) 

1 Northeast (NE) 0.9 4.0 

2 East northeast (ENE) 1.0 4.0 

 

5.3.3 Wave Effect  

Wave effect (also know as run-up) is the maximum vertical extent of wave uprush on a beach or 
structure above the still water level. The level of wave run-up depends greatly on the slope, orientation, 
and character (mobility and roughness) of the shoreline. The level of wave run-up is generally 
characterized by the two percent exceedance value of wave run-up, R2% (i.e. only two percent of the 
wave run-up values observed will reach or exceed R2%). 

Assuming that the ground elevation is kept at the level of the pathway at approximately 2.85 m, a DFL of 
3.9 m results in a depth of 1.05 m at the base of a proposed structure (aka the future development). 
Considering that the maximum height of a wave in that depth would be 0.78 x the water depth12, the 
offshore wave height would be reduced to 0.82 m and the corresponding wave run-up value  is 1.6 m 
(EurOtop, 2018). 

5.4 Freeboard 

The freeboard is applied to account for temporal and spatial variances in wave climate and surge as well 
as uncertainty in the assumptions made during FHA studies. Freeboard for infrastructure according to 
the amendment to the Flood Hazard Area Land Use Management Guidelines (BC Ministry of 
Environment, 2018) is 0.6 m when using the probabilistic approach. 

5.5 Flood Construction Level 

The recommended FCL for the property is 6.1 m as shown in Table 5.6. These values are also visually 
represented in Figure 5.7. Its important to note that at DFL (El. 3.9 m) the top of the riprap slope would 
be submerged, allowing water to reach the base of the structure. 
  

 

12 Solitary Wave Theory, described in Introduction to Coastal Engineering (Kamphuis, 2010), states that the height of a breaking 
wave divided by the water depth is equal to 0.78.  
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Table 5.6 Recommended FCL for development of property.  

Component Value 

Designated Flood Level (DFL) 3.9 m 

Wave Effects 1.6 m 

Freeboard 0.6 m 

FCL (m, CGVD28) 6.1 m 

 

Figure 5.7 Components of the Flood Construction Level. 

5.6 Tsunami Hazard 

In addition to wave and storm events, high water and coastal property inundation could potentially 
occur from a tsunami event. Previously denoted as tidal waves, the Japanese term tsunami, is now used 
to denote long period waves (5 to 60 minutes) that radiate out from the rapid displacement of a large 
volume of water. The initial displacement can result from an earthquake, landslide, volcanic eruption, 
glacier calving, or impact from a meteorite. 

Assessment of tsunami hazards are beyond the scope of this project; however, previous studies within 
the region (detailed modelling does not appear to be available for Gibsons) indicated that tsunamis from 
a Cascadia subduction zone event would attenuate to 1 m of less before reaching the Strait of Georgia 
(Clague et al., 2000). More detailed modelling suggests that the tsunami wave height reaching 
Vancouver would be roughly 10% of the tsunami wave height observed at Tofino on the west coast of 
Vancouver Island (Spaeth and Berkman, 1967) and that run up from a tsunami is expected to be less 
than 2 m on the North Shore of Vancouver from a tsunami originating from the Pacific Ocean (Clague et 
al., 2005). Such an event would be extremely large on the west coast of Vancouver Island assuming the 
attenuation through the Strait of Georgia is roughly 10%.  
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The expected maximum tsunami run-up of less than 2 m would be for events far less frequent than the 
200-year event. When added to HHWMT and sea level rise, the expected water level (El. 4.4 m) is below 
the recommended FCL. 

5.7 Building Setback 

The provincial Flood Hazard Area Land Use guideline (BC Ministry of Environment, 2018) recommends 
that the building setback should be at least the greater of: 

1. 15 m from the future estimated natural boundary at year 2100, and 

2. Landward of the location where the natural ground elevation contour is equivalent to the year 
2100 FCL. 

As sea levels rise, the natural boundary will move further inland if the shoreline and upland area are not 
modified. By the year 2100, during a design event (a coincidence of high tide with storm surge), the 
property would be inundated, at which point there would be no setback from the water’s edge. Under 
these conditions, the site could be subjected to erosion and the building structures to direct wave and 
debris impacts.  

The set-back requirements in the guidelines would sterilize the development of this existing lot (no 
permit that includes setbacks is possible). Therefore, a modification to the setback requirement is 
recommended. Given that the risk of shoreline erosion on the site is deemed low because the foreshore 
is fixed by the riprap protecting Town infrastructure, a set-back of 7.5 m from the present-day natural 
boundary13 (roughly equivalent to the HHWLT elevation at this location) is considered suitable provided 
that: 

• All recommendations made in this report are met; 

• Approval should be augmented through a restrictive covenant describing the hazard and 
building requirements, and a liability disclaimer.  

• The structure and the foreshore will need to be designed to resist hydrostatic forces, wave 
effects (including wave run-up and scour) and debris impacts. 

• The site should be properly graded to reduce the risk of ponding water. 

  

 

13 Visible high water mark of any lake, river, stream or other body of water where the presence and action of the water are so 
common and usual, and so long continued in all ordinary years, as to mark on the soil of the bed of the body of water a 
character distinct from that of its banks, in vegetation, as well as in the nature of the soil itself. (MFLNRORD, 2018) 
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6 Summary and Recommendations 

An FHA was conducted for the property at 528 Marine Dr., Gibsons BC. It has been found that coastal 
flooding originating from Howe Sound is the governing hazard. This work has been completed to 
recommend a FCL and set-back distances to assist with the design of the four unit development. 
Recommendations include: 

1. The design coastal FCL for the project site is 6.1 m CGVD28 for the proposed development.  

2. Building entrances and windows to habitable space should be at or above the FCL. 

3. The underside of any wooden floor system, or the top of any concrete floor system used for 
habitation should be above the FCL. 

4. No enclosed space to be used for habitation or storage of goods which are susceptible to 
damage by floodwaters should be below the FCL. An exception to this recommendation can be 
made if suitable provisions are made to design the space below the FCL such that flood waters 
cannot enter the space and the building is protected against debris impact; this must be 
certified by a qualified engineer. 

5. All main electrical and mechanical infrastructure is to be above the FCL. Any electrical supply 
below the FCL (i.e. outlets or lighting) should be protected by GFCI (ground fault circuit 
interruption) located above the FCL. Mechanical infrastructure may be located within a 
floodproof enclosed space below the FCL if the provisions of Recommendation #4 (above) are 
met. 

6. Any ingress or egress routes existing above the FCL are adequate for evacuation during a flood 
with loss of electrical power. 

7. Final building plans should be reviewed by a qualified registered engineer to ensure they meet 
the recommendations presented within this FHA. 

8. The SLR allowed for in this analysis is an estimate based on the latest industry 
recommendations. If the SLR is greater than the value used in this study, raising, reconstruction, 
or relocation of the property may be required in the future.  

9. The area should be landscaped/graded such that drainage occurs away from the house, and that 
ponding of water is avoided. 

10. Any structure that is above ground and below the FCL or reliant on erodible soils that extend 
below the FCL is protected against or designed to withstand erosion from water; this could 
potentially be achieved through either: 

a. Founding of structures on bedrock;  

b. Founding of structures on supports capable to withstand exposure to at least 2 m below 
the adjacent ground, unless indicated otherwise by a qualified professional; 

c. Armouring foundation to protect against erosion and scour (such armouring is to be 
designed by a qualified professional). 

11. Because provincial guidelines for set-back would result in this lot not being developable (aka 
sterile), an exception to the set-back requirements allowing for a minimum of 7.5 m from the 
present-day natural boundary (roughly equal to the HHWLT) on this lot is deemed suitable, 
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provided that all conditions within this section are met and a covenant describing the hazard is 
applied to the property.  

12. The study has assumed that the riprap fronting the shoreline will be maintained in its current 
configuration. Any modification or failure of the riprap slope protection would directly impact 
the property and require a reanalysis of the flood risks. 

13. A seawall at this location would need to be constructed to an elevation of at least 5 m. 

Hazards other than flood hazards from Howe Sound and the adjacent creeks, such as geotechnical, fire, 
and wildlife hazards have not been assessed as part of this assessment. Stormwater and sediment 
management have not been designed or assessed through this study and may also impose hazards if not 
adequately addressed. 
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