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DISCLAIMER 

This report has been prepared by Northwest Hydraulic Consultants Ltd. for the benefit of the 
Stewardship Centre for BC (SCBC) for specific application to the ‘Design Services for the Concept Designs 
for Neighbourhood-Scale Coastal Adaptation Measures in Royston and Qualicum Beach, BC project. The 
information and data contained herein represent Northwest Hydraulic Consultants Ltd. best 
professional judgment in light of the knowledge and information available to Northwest Hydraulic 
Consultants Ltd. at the time of preparation, and was prepared in accordance with generally accepted 
engineering practices. 

Except as required by law, this report and the information and data contained herein are to be treated 
as confidential and may be used and relied upon only by SCBC, their officers and employees. Northwest 
Hydraulic Consultants Ltd. denies any liability whatsoever to other parties who may obtain access to 
this report for any injury, loss or damage suffered by such parties arising from their use of, or reliance 
upon, this report or any of its contents. 
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EXECUTIVE SUMMARY 

Traditionally, many of the techniques used to protect coastal areas from erosion and wave-induced 
flooding in British Columbia (BC) consisted of ‘hard’ approaches, such as concrete seawalls and rock 
revetments. Recently, there has been a move away from these types of approaches towards more 
natural or ‘soft’ measures, driven by an increased understanding that ‘hard’ techniques may have 
unintended negative impacts. The Green Shores® credit and rating system developed by the Stewardship 
Centre for BC (SCBC) aims to promote sustainable shoreline development through the use of ‘soft’ 
shoreline protection and enhancement measures. This report outlines three conceptual designs for 
neighbourhood-scale coastal protection measures following Green Shores principles and guidance, at 
two sites in Royston and one site in Qualicum Beach, BC.  

The Royston (Gartley Beach) site is located on the historical remnants of the Trent River delta, featuring 
an extensive elevated cobble foreshore, a relatively low-lying upland area, a mixture of existing 
shoreline protection methods, areas of established salt marsh, and moderate wave exposure. Two 
conceptual designs were developed for two different sections of the Gartley Beach, Royston site: 

1. Marsh Terrace   
This concept involves removing the existing ‘hard’ structures along approximately 42 m of 
shoreline and establishing a new terraced marsh which ties into the adjacent existing marshes.  

 

2. Vegetated Backshore Nourishment  
This concept involves extending the existing gravel beach onto the backshore along approximately 
105 m of shoreline, and planting with native riparian vegetation.  
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The Qualicum Beach (Seacroft Rd) site is located on a relatively straight section of shoreline, with an 
extensive low cobble foreshore, a relatively low-lying upland area, a nearly continuous band of ‘hard’ 
shoreline protection structures, and relatively high wave exposure. A single conceptual design was 
developed for the Seacroft, Qualicum Beach site: 

3. Beach and Headland System  
This concept includes construction of four detached rock headland structures to support the 
establishment of a gravel beach system on the landward side. The beach and headland system 
would span approximately 145 m of shoreline, burying the existing ‘hard’ structures. 

 

Order-of-magnitude (±50%) costs associated with each concept are expected to range between $1,300 
to $6,300 per lineal meter. The significant range in costs highlights that variances in the chosen design 
option, local site constraints, and project needs, have significant impacts on project cost and feasibility. 
As such, it is important to recognize that each design concept is only one of many possible options that 
may be suitable for each site. 

Concepts have been developed with the intention that any projects undertaken using these designs will 
meet a Green Shores for Homes certification or design standard. However, it is noted that in addition to 
neighbourhood-scale approaches for shoreline restoration brought forward in this report, it is necessary 
for some additional efforts to be undertaken on an individual property-scale. For example, individual 
property owners may consider adapting their land to accommodate sea level rise, undertaking managed 
retreat of permanent upland structures, improving upland drainage, or planting native upland 
vegetation to qualify for credits necessary to achieve a Green Shores for Homes certification.  
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1 INTRODUCTION 

1.1 Background 
Traditionally, ‘hard’ engineering approaches have been used to address challenges associated with the 
coastal zone, including the effects of tides, storm surge, sea level rise, waves, and tsunamis (Bruun, 
1972). ‘Hard’ approaches are generally understood to be “impermeable coastal defense structures of 
concrete, timber, steel, masonry, etc. which reflect a high proportion of incident wave energy” (USACE, 
2002). Recent literature and studies suggest that these types of structures may produce undesirable and 
unintended effects, including exacerbation of erosional processes and degradation of coastal habitat 
(e.g. Bulleri & Chapman, 2010; Toft et al., 2013). 

Alternative approaches to ‘hard’ structures are now being explored to both meet societal needs (such as 
adaptation to climate change and related effects) and to protect ecological values in coastal areas, such 
as oyster reefs, salt marshes, and beach systems. Numerous terms exist to describe these alternative 
coastal engineering approaches, including ‘soft engineering’, ‘living shorelines’, ‘nature-based solutions’, 
‘building with nature’, ‘green infrastructure’, ‘ecological engineering’, and ‘green shores approaches’ 
(Bilkovic et al., 2017; Pontee et al., 2016). More specifically, the term ‘green shores approach’ stems 
from the Stewardship Centre for British Columbia’s (SCBC) Green Shores® program, which aims to 
promote sustainable shoreline development through their credit and rating system. The program is 
based on four guiding principles (SCBC, 2015): 

• Preserve or restore physical processes—the natural actions of water and sediment movement 
that maintain healthy shorelines. 

• Maintain or enhance habitat function and diversity along the shoreline. 

• Prevent or reduce pollutants entering the aquatic environment. 

• Avoid or reduce cumulative impacts—small individual effects that add up to large impacts on 
shoreline environments. 

Despite the recent uptake of alternative and more natural coastal protection measures, there is limited 
design guidance available for users, particularly for the British Columbia coastline. To support the 
development of design guidance, SCBC retained Northwest Hydraulic Consultants Ltd. (NHC) to develop 
conceptual level designs for coastal protection at a ‘neighbourhood-scale’ that incorporate Green Shores  
principles and guidance. This report outlines the two selected pilot project sites, establishes design 
criteria, summarizes the conceptual designs, and provides order-of-magnitude costs associated with the 
designs. 

Notably, coastal processes and design criteria, such as incident wave height and design water levels, are 
often common among neighbouring properties and a multi-property project offers the opportunity for 
cost savings for individual property owners. Firstly, the design and permitting costs can be shared 
amongst owners, the mobilization and demobilization fees for the work by the contractor will be 
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similarly shared, and there will be cost saving opportunities on construction through a more uniform 
shoreline design that requires fewer elements to constrain materials within property lines.  

1.2 Limitations 
The intent of this report is to outline conceptual designs for neighbourhood-scale coastal protection at 
two locations that follow Green Shores principles and guidance. Each design is provided as a proof-of-
concept only and is one of many possible options that may be suitable for the site. The conceptual 
designs are not prepared for the purpose of construction. If organizations or groups of homeowners 
wish to proceed to construction, they would be required to engage a qualified coastal engineer or 
engineering firm to prepare an Issued for Construction (IFC) design package. In order to qualify for Green 
Shores accreditation, additional steps on individual properties along with an application to the program 
is required.  

1.3 Acknowledgement 
NHC would like to acknowledge the Stewardship Centre for British Columbia (SCBC) for support for this 
project, in particular DG Blair, Executive Director. Sarah Bonar R.P.Bio (Aquaparian Environmental 
Consulting Ltd) provided environmental input and design recommendations. Special acknowledgement 
to the Comox Valley Regional District (CVRD) and the Town of Qualicum Beach for assistance and 
coordination of the site visits. NHC would also like to acknowledge Mr. Craig Hodge for his cooperation 
and willingness to share data and background information. 

Funding for this project is from the Real Estate Foundation of BC and the Pacific Salmon Foundation as 
well as in-kind contributions from municipal members of the Green Shores Local Government Working 
Group. 

 

 

1.4 Reference Documents 
Numerous references and background documents were reviewed as part of this assessment. Key 
references are provided below for ease of reference, with a full bibliography provided in Section 6. 

[1] Green Shores for Homes: Credits and Ratings Guide 

[2] Green Shores for Shoreline Development: Credits and Ratings Guide. 

[3] Greening Shorelines to Enhance Resilience: An Evaluation of Approaches of Approaches for 
Adaptation to Sea Level Rise. 
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2 SITE DESCRIPTIONS 

2.1 Overview 
Two project sites were considered for this project, including: (1) Gartley Beach, Royston, and (2) 
Seacroft, Qualicum Beach (Figure 2.1). The Gartley Beach site is located on a river delta fan, with an 
extensive elevated cobble foreshore, a relatively low-lying upland area, a mixture of existing shoreline 
protection methods, established salt marsh in areas, and moderate wave exposure. Conversely the 
Seacroft site is located on a relatively straight section of shoreline, with an extensive low cobble 
foreshore, a relatively low-lying area, a nearly continuous band of hard and steep shoreline protection 
structures, and relatively high wave exposure. Despite the clear differences, the sites are both indicative 
of the diverse coastal zone within British Columbia.  

 

Figure 2.1 Project site locations (Ref: Google Earth, 2020) 
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2.2 Site 1: Gartley Beach, Royston 
The Gartley Beach study site is located on the east side of the Trent River delta fan (Figure 2.2) and 
immediately south of Gartley Point.  The site is accessed at the end of Gartley Road.  The delta fan forms 
an extensive field of elevated coarse cobble and gravel sediments, which provides stability to the coastal 
area (See Section 3.7). The upper foreshore includes a mixture of natural cobble and gravel beach 
(south-end), established salt marsh (mid), and hard, sloping shoreline protection measures (north-end) 
(Figure 2.3 and Figure 2.4). The upland area includes relatively large lots with houses set-back between 
15 – 30 meters from the shoreline. 

Notably, Brooks et al. (1994) conducted extensive surveys on the flora and fauna of the Trent River 
delta. They found abundances of barnacles, periwinkle, clams, and threadworm. Chum (Oncorhynchus 
keta), Coho (Oncorhynchus kisutch), and Pink salmon (Oncorhynchus gorbuscha), as well as Cutthroat 
Trout (Oncorhynchus clarkii) and Steelhead (Oncorhynchus mykiss) were also documented. The delta 
also supports highly productive marsh habitat, which included saltgrass (Sistichlis spicata var. spicata), 
pickleweed (or sea asparagus) (Salicornia virginica), sea-milkwort (Lysimachia maritima), and sand-
spurry (Spergularia canadensis) (Asp & Adams, 2000). Moreover, the area is understood to be one of the 
most important zones for shore birds within the region (Dawe et al., 1998, as referenced in Asp & 
Adams, 2000).  

Fisheries and Oceans Canada (DFO), Section 142, Baynes Sound Pacific herring (Clupea pallasii) spawning 
records identify the shoreline within the project area is ranked ‘Vital’, or amongst the highest 5% for 
long term cumulative spawn (DFO).  Herring spawn that accumulates on intertidal substrates, vegetation 
and algae provides important feeding opportunities for shore birds and other wildlife in the intertidal 
zone.   

Additional details of the site are provided in Section 3 – Design Basis. 
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Figure 2.2  Location of study site at Gartley Beach, Royston (Background image: Google Earth, 2020) 
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Figure 2.3 Typical foreshore at Gartley Beach, Royston (south end) 

 
Figure 2.4 Typical foreshore at Gartley Beach, Royston (north end) 
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2.3 Site 2: Seacroft, Qualicum Beach 
The Seacroft study site is located on the west side of Qualicum Beach (Figure 2.5). The foreshore is 
relatively low-lying, consisting of coarse gravel and cobble material (See Section 3.7). Because the 
shoreline is almost entirely hardened by steep or nearly-vertical man-made structures, there is very little 
beach within the upper-intertidal (Figure 2.6 and Figure 2.7). The upland area includes relatively large 
lots with houses set-back between 5 – 15 meters from the shoreline. The Regional District of Nanaimo 
(RDN) also operates a buried sewer line which runs parallel to the shoreline just offshore of the property 
boundaries. 
It is notable that the existing beach has been significantly altered from the presence of man-made 
(anthropogenic) shoreline erosion structures. These structures have served to both limit the local supply 
of fresh sediments to the shoreline from localized erosion and reflect wave energy in the upper beach 
during storms, the consequence of which has been increased erosion of the upper beaches. Historical 
photos of the shoreline (such as in Figure 2.8) clearly show upper beaches in the area that were much 
higher relative to the local land and houses than at present day.  

The entire Qualicum Beach waterfront is located within the Parksville-Qualicum Wildlife Management 
area (WMA) which encompasses 1,024 hectares of coastal foreshore, estuary, and river habitat between 
Craig Bay and the Little Qualicum River including land adjacent to the Englishman River. Similarly to the 
Trent River Delta, the areas within the WMA provide habitat for pacific salmon species, Cutthroat Trout, 
and Steelhead (SNC Lavalin Inc, 2015). Offshore of the project site, in the shallow sub-tidal, there are 
substantial eelgrass meadows, providing both important habitat and beach wrack subsidies. Although 
few fine sediments are present at the project site, coarse sand and fine gravel in the region also provide 
critical habitat for forage fish. The area also boasts barnacles, oysters, and clams, amongst other species. 

DFO, Section 143, Qualicum Pacific herring (Clupea pallasii) spawning records identify the shoreline 
within the project area is ranked ‘Vital’, or amongst the highest 5% for long term cumulative spawn 
(DFO).   

Additional details of the site are provided in Section 3 – Design Basis. 
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Figure 2.5 Location of study site at Seacroft, Qualicum Beach (Background image: Google Earth, 2020) 
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Figure 2.6 Typical foreshore at Seacroft, Qualicum Beach (south end) 

 
Figure 2.7 Typical foreshore at Seacroft, Qualicum Beach (north end) 
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Figure 2.8 Photos of the Qualicum Beach shoreline (circa 1970’s). Photos provided by Bob Weir, 

Director of Engineering and Capital Projects, Town of Qualicum Beach 
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3 COASTAL DESIGN BASIS 

3.1 Vertical Datum 
For the purpose of this project, elevations and water levels are referenced to the Canadian Geodetic 
Vertical Datum 2013 (CGVD2013) unless stated otherwise. Note that the following formula can be used 
to convert elevations in CGVD28 (1928 datum) to CGVD2013. The dH value is a conversion that is a 
vertical displacement to correct between the old datum and new datum.  

ElevCGVD2013 = ElevCGVD28 + dH 

A dH of + 0.141 m for the project site in Royston at Gartley Beach and a dH of +0.172 m for the project 
site at Qualicum Beach at Seacroft1 is utilized for this study.  

3.2 Design Criteria 

3.2.1 Design Life 

The design life of an engineered structure is taken as “the specific period for which a structure is to be 
used for its intended purpose with planned maintenance” [British Standard 6349-1]. This study considers 
concepts that generally have a design life of approximately 50 years. However, depending on the 
concept and other future environmental or physical changes (such as nearby shoreline developments), 
regular monitoring and maintenance may be required to meet this design life (e.g. for more 
dynamic/flexible concepts). In addition, some natural design components (such as vegetation, stable 
rock features, etc.) may perform well beyond the design working life due to their innate ability to adapt 
and self-repair. See Section 4 for more information on the expected design life and associated 
monitoring/repair requirements associated with each concept. 

3.2.2 Design Event 

The engineering components of the concepts are generally designed for a 100-year return period event, 
which is approximately equal to a 1/100 year Annual Exceedance (AEP) probability (i.e. 1.0% probability) 
of occurrence in any given year. This design event was chosen as it is a relatively low probability event 
and will ensure functionality during the likely storm events over the design life2.  

It should also be noted that the combined probability of the design wind (and wave) event coinciding 
with the design water level will be significantly lower at the beginning of the design life than at the end 
because we have included an allowance for sea level rise (See Section 3.3.5). Since more wave run-up 

 

1 As per: http://webapp.geod.nrcan.gc.ca/geod/tools-outils/gpsh.php?wbdisable=true 
2 Note that, as per the BC MOE (2011) guidelines, Flood Construction Levels (FCLs) should be estimated based on a lower 

probably 1/200 year (0.5%) AEP event. 

http://webapp.geod.nrcan.gc.ca/geod/tools-outils/gpsh.php?wbdisable=true
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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.  

3.3 Water Levels 
A water level assessment was completed to determine the range of water levels that the shoreline may 
be exposed to over the life of the projects, which includes the influence of typical astronomical tides, 
storm surge, wind set-up, and sea level rise. 

3.3.1 Astronomical Tides 

Tide elevations are published in the Canadian Hydrographic Service (CHS) Canadian Tide and Current 
Tables for the Point Atkinson Primary Reference Port (CHS, 2020) in Chart Datum. CHS publishes tidal 
differences for the Secondary Ports of Comox and Denman Island, which have been used to estimate the 
tidal elevations expected at the  Gartley Beach project site.  Chart Datum references the lowest normal 
tide (0 m tide) meaning only rarely will the tide fall below this elevation.  Geodetic Datum references the 
tidal elevation compared to the mean tide height calculated for specific locations on earth.  The 
difference between Chart Datum and Geodetic elevation at the  Gartley Beach location is 3.11 m.  The 
resulting tide ranges are provided in Table 3.1.  

Table 3.1 Summary of tides at Gartley Beach (Royston) based on Comox and Denman Island (CHS, 
2020) 

Description 
Tide Elevation  

(m, Chart Datum) 
Tide Elevation  

(m, CGVD2013) 
Higher High Water Large Tide (HHWLT) 5.30 2.19 

Higher High Water Mean Tide (HHWMT) 4.75 1.64 

Mean Water Level (MWL) 3.25 0.14 

Lower Low Water Mean Tide (LLWMT) 1.25 -1.86 

Lower Low Water Large Tide (LLWLT) 0.20 -2.91 

Notes:  

1. HHWLT represents the average of the highest high waters, one from each of 19 years of predictions.  
2. HHWMT represents the average of all the higher high water levels (i.e. daily high tides) in the same period.  
3. MWL is the average hourly water level and corresponds approximately to CGVD28 or Mean Sea Level (MSL). 

 
Tide elevations at the Seacroft site are based on those predicted for Northwest Bay based on published 
tidal differences for the Point Atkinson Reference Port (CHS, 2020).  The difference between Chart 
Datum (0 m tide) and Geodetic elevation (mean tide) at Qualicum Beach is 3.03 m.  Tidal ranges for 
Qualicum Beach are provided in Table 3.2. 
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Table 3.2 Summary of tides at Seacroft (Qualicum Beach) based on Northwest Bay (CHS, 2020) 

Description 
Tide Elevation  

(m, Chart Datum) 
Tide Elevation  

(m, CGVD2013) 
Higher High Water Large Tide (HHWLT) 5.20 2.17 

Higher High Water Mean Tide (HHWMT) 4.70 1.67 

Mean Water Level (MWL) 3.20 0.17 

Lower Low Water Mean Tide (LLWMT) 1.30 -1.73 

Lower Low Water Large Tide (LLWLT) 0.20 -2.83 

3.3.2 Storm Surge 

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. The British Columbia Ministry of Environment (BC 
MOE, 2011a) report estimates storm surges for various locations in BC based on water level 
measurements and tidal predictions at local tide stations. Storm surge estimates for the Strait of Georgia 
(including the two project sites) are replicated in Table 3.3. 

Table 3.3 Estimated residual water levels (storm surge) in the Strait of Georgia  (BC MOE, 2011a) 

Annual Exceedance Probability, AEP 
(%) 

Storm Surge  
(m) 

50% (Annual) 0.75 
20% 0.83 
10% 0.90 
2.0% 1.10 
1.0% 1.20 
0.5%  1.25 

 

3.3.3 Joint Occurrence of Tides and Storm Surge 

Storm systems (which produce storm surge) and tidal levels are considered to be largely independent 
events in the Strait of Georgia. To assess the joint probability of these events occurring simultaneously, 
several methods can be used including: (1) an additive approach and (2) a probabilistic approach.  

The additive approach assumes that high tide and storm surge occur concurrently.  When using this 
approach, it is common practice to combine a high-tide level with a low probability storm surge, since 
there is a low likelihood of a worst-case storm surge coinciding with a large tide. Using this method, for 
example, a storm surge and HHWLT combination can be selected to produce a combined 1.0% AEP 
probability. According to the BC MOE (2011a), a typical 6-hour storm surge has a 5.0% (1/20) probability 
of occurring during a HHWLT window. As such, for a combined 1.0% AEP probability, a 20% (1/5 year) 
AEP storm surge (0.83 m) may be added to the local HHWLT. Resulting total water levels using this 
additive approach are provided in Table 3.4 for both sites. 
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Table 3.4 Joint occurrence of tides and surge – additive approach  

Annual Exceedance Probability, AEP 
(%) 

Tide and Surge Level (m, CGVD2013) 

Gartley Beach, Royston Seacroft, Qualicum Beach 

2.0% - - 

1.0% 3.02 3.00 

0.5% 3.09 3.07 

 

Alternatively, a probabilistic approach can be used to accurately assess the joint probability of storm 
surge and high tide occurring simultaneously by studying historical total water level observations. This 
probabilistic approach is generally understood to result in better estimations of extreme water levels 
than the previously described additive approach. Based on historical observations at the Point Atkinson 
station (where a long observation record is available), NHC and Triton (2006) estimated the joint 
probability of storm surge and tides for the Strait of Georgia. The results of this analysis are replicated in 
Table 3.53. Note these values are transformed from Point Atkinson to the project sites based on the 
HHWLT conversions between Point Atkinson and nearby secondary ports (as described in Section 3.3.1). 

Table 3.5 Joint occurrence of tides and surge – probabilistic approach  

Annual Exceedance Probability, AEP 
(%) 

Tide and Surge Level (m, CGVD2013) 
Gartley Beach, Royston Seacroft, Qualicum Beach 

2.0% 3.03 2.96 
1.0% 3.08 3.01 
0.5% 3.20 3.13 

 
For the purpose of this project, NHC recommends a design water level of 3.08 m for Gartley Beach and 
3.01 m for Seacroft, corresponding to the 1.0% AEP joint surge and tide water level (not including wind 
set-up or sea level rise).  

3.3.4 Wind Setup 

Wind setup is the effect of wind blowing over a water surface, exerting a horizontal stress on the water 
surface 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 tide and surge levels. Conversely, 
along open stretches of shoreline and deep bodies of water, wind set-up is minimal and is not a 
governing factor in design. As such, wind setup at the project sites has not been included as part of this 
assessment.  

 

3 Based on the mean estimate for January and December, as opposed to the 95% Confidence Interval estimate, which is 
approximately 0.1 m higher. 
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3.3.5 Sea Level Rise 

Global Sea Level Rise 

Global climate change is expected to result in increased sea levels resulting from melting of global ice 
and increased ocean volume due to rising water temperature. 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), but the rate 
of future sea level rise (SLR) is expected to be considerably greater in the 21st century. Projections of the 
rate and overall magnitude of future sea level rise vary greatly depending on a suite of climate change 
scenarios that are considered, and seem to be trending higher in the more recent scientific studies as 
compared to earlier publications.  

In 2011, the BC Provincial Climate Change Adaption Guidelines (BC MoE, 2011c) recommended planning 
for global sea level rise of 1 m above the year 2000 base levels by the year 2100 (or 10 mm / year) 
(Figure 3.1). The recommended rate of sea level rise for planning and design in BC was based on a 2008 
study by Fisheries and Oceans Canada (R. E Thomson et al., 2008) and the MoE (Bornhold, 2008). The 
authors of those works acknowledge the design SLR of 1.0 m is greater than the global mean SLR 
projected by the IPCC AR4 (2007) for the year 2100 (roughly 40 cm greater). However, more recent 
studies (such as IPCC AR5, 2014) suggest a possible global mean SLR of up to 1 m or more by the year 
2100. Other studies (e.g. Hansen et al., 2016) have investigated the potential effect of a collapse of the 
Antarctic ice sheet and have shown that such an event could result in sea level rises up to 4.0 m. 

 

Figure 3.1 Recommended allowance for sea level rise in BC Ministry of Environment Climate Change 
Adaptation Guidelines (BC MoE, 2011c) 

Recent changes in estimates of global mean SLR to the year 2100 or 2200 have not yet been addressed 
in the context of coastal BC. However, based on recent conversations with FLNRORD, the province is 
amidst a study of SLR to update the 2011 design values. No updated design values have been published 
as of the writing of this report.  
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As such, for the purpose of this assessment, the recommended 1.0 m of global sea level rise by year 
2100 (or 0.7 m by year 2070) has been considered (BC MOE, 2011c). Note, that the rate of SLR is 
projected to increase as the climate warms; therefore, any increase over the past 20 years (since the 
year 2000 reference levels) is expected to be minimal and was hence excluded.   

Land Subsidence or Uplift 

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 Vancouver Island. The 
BC MoE (2011c) does however provide rates of uplift/subsidence at various stations across BC. The total 
vertical land movement for the closest relevant stations to the project sites are as follows: 

• Little River Tide Gauge:  +3.0 mm/year 
• Nanoose Bay GPS:  +2.1 mm/year 

These observations suggest that the region (including both project sites) may conservatively experience 
2 mm/year of uplift, or 0.14 m of uplift by year 20704. 

Local Relative Sea Level Rise 

The calculation of the local relative sea level rise is based upon the global allowance of 10 mm/year 
minus the local uplift of 2 mm/year, resulting in a net relative sea level rise of 8 mm/year. Assuming a 
50-year design life to year 2070, a total relative sea level rise4 0.56 m has been considered. 

3.3.6 Design Water Levels 

The total design water levels (DWLs) for each of the project sites are provided in Table 3.1. These values 
reflect the design storm still water level with sea level rise, but do not incorporate wave effects (e.g. 
wave run-up or overtopping) or freeboard. 

Table 3.6 Design water levels 

Description 
Water Level, m (CGVD2013) 

Gartley Beach, Royston Seacroft, Qualicum Beach 

1.0 % AEP joint tide and surge 3.08 3.01 

Local relative sea level rise 0.56 0.56 

Design water level (DWL) 3.64 3.57 

3.4 Winds 
The central Strait of Georgia is characterized by severe winds oriented in the NW-SE direction, 
corresponding to the orographic forcing in the Strait of Georgia. Strong winter storm events result in 
frequent southerly and southeasterly winds blowing up the Strait of Georgia. Winter outflow conditions 

 

4 Relative to the year 2000 reference levels as per MOE, 2011. 
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also result in severe, but generally less frequent, northwesterly winds blowing down the Strait of 
Georgia. Due to the exposure at both sites, storm events from both of these dominant directions are 
expected to produce significant waves and drive sediment transport at each project site. Local 
topographic and bathymetric features further transform the local winds and waves at the project sites.  

Environment Canada (EC) operates several wind stations (anemometers) that help better characterize 
the wind climate within the central Strait of Georgia. The closest meteorological stations with long-term 
records suitable for wind analysis are Comox Airport, Sisters Islet, and Ballenas Island (Table 3.7, Figure 
3.2).  

Table 3.7 Local anemometers for wind data 

Station Name Station ID Period Location 

Comox Airport 1021830 1953 – 2020 (Present) 49°43'00.000" N 124°54'00.000" W 

Sisters Islets 1027403 1995 – 2020 (Present) 49°29'11.800" N 124°26'05.800" W 

Ballenas Island 1020590 1994 – 2020 (Present)  49°21'01.000" N 124°09'37.000" W 

 

 
Figure 3.2 Location of local anemometer stations (Background image: Google Earth, 2020) 
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A review of winds speeds and directions at the three stations confirms that the greatest frequency and 
wind speed in a southeast/northwest orientation. However, wind speeds recorded at Comox Airport are 
significantly milder than winds recorded at Sisters Island. This may be due to reduced or impeded 
anemometer exposure and/or overland effects at the Comox Airport. The Sisters Islets station is used to 
develop representative overwater winds in the region for analysis of waves. These results are 
summarized in Table 3.8 and considered to be indicative of winds near the Royston project site.  

Table 3.8 Extreme value analysis of winds near Gartley Beach, Royston 

Annual Exceedance Probability, AEP Wind Speed (m/s) 
(%) Southeasterly Northwesterly 
10% 22.9 18.3 
2.0% 24.2 20.2 
1.0% 24.8 20.9 
0.5% 25.3 21.7 

 
For the Seacroft site, winds measured at Sisters Islets are also representative of the winds that generate 
waves during northwesterly storms. However, winds measured at Ballenas Island are considered to be 
more representative of the winds over the water to the east and south of the site during southeasterly 
storms, since the station is located upwind. As part of previous work completed in the Qualicum Beach 
area by NHC (NHC, 2020), an extreme value analysis was also completed to estimate wind speeds based 
on the Ballenas Island anemometer. Based on these results, winds indicative of the area near the 
Seacroft project site are provided in Table 3.9. 

Table 3.9 Extreme value analysis of winds near Seacroft, Qualicum Beach 

Annual Exceedance Probability, AEP Wind Speed (m/s) 
(%) Southeasterly Northwesterly 
10% 20.4 18.3 
2.0% 21.3 20.2 
1.0% 21.6 20.9 
0.5% 21.9 21.7 

 
Anthropogenic changes to the earth’s atmosphere are also expected to have a profound impact on 
future climatic conditions. Although estimates of the timing and magnitude of the anticipated changes 
vary, climate change is expected to result in changes to synoptic weather patterns and an increase in the 
frequency and intensity of storms (IPCC, 2013). Predictions of global trends do not necessarily downscale 
to local conditions. For instance, the BC MoE (2011) draft policy discussion paper prepared by Ausenco-
Sandwell reviewed historical ocean weather and wave data and compared the results to a calibrated 
global and regional atmospheric-oceanographic model. They concluded that no significant change was 
expected in coastal BC waters. Regardless, changes to the magnitude and frequency of storm events in 
the Strait of Georgia are possible. As regional ocean, air, and land temperatures change, it is reasonable 
to expect some changes in wind speed, wind direction, storm duration, and storm frequency. However, 
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there is presently little information available for this region to justify adaptations to the design wind 
characteristics to account for the rates and magnitudes of these changes. As such, no modification to the 
design wind speed or direction has been made. 

3.5 Incident Wave Climate 
NHC previously developed an in-house large-scale numerical wave model of the Strait of Georgia to 
simulate wave generation and propagation in deep water into coastal areas and shorelines using SWAN. 
SWAN (Simulating Waves Nearshore) 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. The model has subsequently been expanded by 
NHC to include sub-regions of the Strait of Georgia at a higher resolution to better resolve local wave 
conditions at numerous locations. Building on this previous work, NHC estimated the incident wave 
climate (in deep water) near the project sites for 1.0% (1/100 year) AEP southeasterly and northwesterly 
storms, the results of which are provided in Table 3.10.  
 
Table 3.10 Estimated offshore wave characteristics for a 1.0% AEP storm 

Site 
Southeasterly Northwesterly 

Hm0 (m) Tp (s) Dir (oN) Hm0 (m) Tp (s) Dir (oN) 
Gartley Beach, Royston 2.4 7.3 96 0.9 3.1 344 
Seacroft, Qualicum Beach 2.3 7.7 71 2.7 7.4 2 

Notes:   
1. Hm0 is the spectral significant wave height, calculated as four-times the square root of the zeroth moment of the wave 

spectrum. It is approximately equal to the classical calculation of significant wave height, H1/3, which is calculated as 
the mean of the highest one-third of waves in a given observational record. 

2. The peak period (Tp) is the wave period associated with the highest energy. 
3. Wave direction accuracy is +/- 10 degrees. 

 
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 both sites, will cause 
wave shoaling, refraction, and wave breaking, resulting in a smaller and more normally incident waves at 
the shoreline. As sea levels rise, the dissipative influence of the foreshore is expected to lessen, resulting 
in larger waves at the shoreline that are capable of driving more sediment transport and inducing more 
wave run-up (and associated wave-induced flooding) than historically observed. The nearshore wave 
heights expected at the project sites (at a 0.5 m elevation) for both the southeasterly and northwesterly 
storm events accompanied with a 1.0% (1/100 year) AEP joint surge and tide conditions are presented in 
Table 3.11 for present day and future sea level rise conditions. 
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Table 3.11 Expected nearshore wave characteristics for a 1.0% AEP storm  

Site 
Southeasterly Northwesterly 

Hm0 (m) Tp (s) Depth (m) Hm0 (m) Tp (s) Depth (m) 
Gartley Beach, Royston 
Present Day (0.0 m SLR) 1.9 7.3 2.6 0.6 3.1 2.6 
Future (0.77 m SLR) 2.2 7.3 3.1 0.7 3.1 3.1 
Seacroft, Qualicum Beach 
Present Day (0.0 m SLR) 1.7 7.7 2.5 1.7 7.4 2.5 
Future (0.77 m SLR) 2.0 7.7 3.1 2.0 7.4 3.1 

 

3.6 Tidal Currents 
Tidal currents were modeled for the northern Strait of Georgia, including Baynes Sound and Comox Bay, 
as part of the Risk Assessment for the CVRD Forcemain on Balmoral Beach Project (NHC, 2017). Based on 
this work, current velocities near the project site are not expected to exceed 0.25 m/s (approximately 
0.5 knots). 

Tidal currents were also modeled and reported for the Town of Qualicum Beach shoreline area as part of 
the Coastal Processes and Assessment Project (SNC Lavalin Inc, 2015). Current velocities near the 
Seacroft site in Qualicum Beach are weaker than the Gartley Beach site in Royston, only reaching up to a 
maximum of 0.1 m/s during a typical spring (large) tide. The study also concluded that one meter of SLR 
is not expected to significantly alter tidal current magnitudes or direction in the area. 

Overall, the currents induced by tides alone (without wind- or wave-induced currents) are relatively 
weak at both project sites, and not expected to be governing factors in design. 

3.7 Sediment Transport Processes 
When the water depth is sufficiently shallow or the waves are sufficiently steep, incident waves break 
directly on the foreshore. These breaking waves can produce both cross-shore and longshore transport 
of sediments. Longshore currents and transport occurs when waves approach the foreshore and 
shoreline at an angle, or when there is variation in the breaker heights along the foreshore (Richard E 
Thomson, 1981). The intensity of these processes is generally proportionate to the strength of the 
incident wave climate.  

An in-depth geomorphological study has not been completed for this project; however, a brief 
description of the dominant geomorphological features and sediment transport processes at each site is 
provided below. Any works on or near the foreshore must take into account these dominant processes. 

Gartley Beach, Royston 

The Gartley Beach site is located on the historical remnants of the Trent River delta. Historically, the 
main channel of the Trent River would have deposited significant volumes of sediment onto the delta 
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fan. As sediments built up in one location, the main river channel would have occasionally relocated to 
another position on the delta face where the elevation was lower and deposit sediments in that new 
location. In this manner, the river fan would have naturally expanded over many centuries. With human 
intervention and development, the river and it’s delivery of sediments became confined to one outlet on 
the north side of the delta (Figure 3.3). However, the historical remnants of incised river channels are 
still visible on the foreshore near the project site.  

Other significant features in the area include Goose Spit, White Spit, and the Courtenay River Estuary. 
Goose Spit is indicative of sustained longshore transport of sediment from east to west, driven largely by 
southeasterly storms. Similarly, White Spit is indicative of transport from southeast to northwest, driven 
again by the dominant southeasterly storm conditions. Shoreline features near the project site also show 
indications – although less prominent – of southeast to northwest longshore transport. Comox Harbour 
is a depositional area for both sediment from coastal regions and from the Courtenay River. Sediment 
has deposited on the northwest end of the harbour, at the mouth of the Courtenay River, building 
extensive estuarine deposits. 

 
Figure 3.3 Geomorphological features and processes near Gartley Beach, Royston  

(Background image: Google Earth, 2020) 
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Seacroft, Qualicum Beach 

The Seacroft site is located on the west side of Qualicum Beach. The foreshore in front of the project site 
is generally coarse and comprised of cobbles, pebbles, and some gravel. This is typical of a site exposed 
to relatively high wave energy with a deficiency of fine sediments. A previous geomorphological study of 
the area also found that available fine sediments (sand) in this area are highly mobile and can be 
transported long distances during both NW and SE storm events (SNC Lavalin, 2015). Coarser sediments 
are also capable of being transported, but typically for shorter distances and under more extreme storm 
conditions (SNC Lavalin, 2015). 

This region experiences a dominant longshore transport from east to west, as evidenced by a significant 
gravel spit that has formed approximately 200m southeast of the project site (Figure 3.4). Based on a 
review of recent aerial imagery (since 2005), the spit appears to have extended further towards the 
northwest and offshore (NHC, 2020). The large spit serves to interrupt the dominant longshore currents 
and sediment transport from east to west. Consequently, in the lee of the spit (near the project site), 
there is a local net transport of sediment from west to east, as indicated by local geomorphological 
features (sediment build up on the northwest side of a culvert just southeast of the project site). 

 
Figure 3.4 Geomorphological features and processes near Seacroft, Qualicum Beach  

(Background image: Google Earth, 2020) 
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4 CONCEPT DESIGNS 
Conceptual designs have been prepared to upgrade sections of shoreline at the two study sites. The 
intent of the upgrades is primarily to address potential erosion, attenuate wave run-up, and help to 
adapt to sea level rise on a reach (or neighbourhood) scale, whilst using methods that are in-line with 
Green Shores  principles and Green Shores for Homes guidance. 

Note that during the development of neighbourhood-scale concepts, it was assumed that all existing 
buildings would remain in place, regardless of their proximity to the shoreline. Best practices typically 
dictate a 15 m setback from the natural boundary for buildings, but the Green Shores for Homes credit 
rating system allows for an incremental approach to residential developments. Credits are available for a 
project even if existing buildings are within the typical setback area, while additional credits exist for 
homeowners who move buildings away from the shore during redevelopment projects.  

The outlined concepts are primarily focused on neighbourhood scale (or beach reach-scale) measures 
seaward of the upland property boundaries. The concepts are focused on the intertidal and upper beach 
zones that span multiple properties and provide protection from waves, restore or maintain habitat, and 
are able to accommodate sea level rise. It is noted that individual properties will need to undertake 
additional upland measures to meet the requirements of Green Shores for Homes certification. 
Measures that may be taken on an individual property scale include, for example, raising the existing 
land, improving drainage, increasing the riparian buffer, etc. Also note that the provided erosion 
mitigation concepts are conceptual only. Elevations, distances, dimensions, and volumes are indicative 
only and should be confirmed during detailed design.  

4.1 Site 1: Gartley Beach, Royston 

4.1.1 Design Overview 

Site 1: Gartley Beach, Royston includes three distinct regions: (north) hardened shoreline structures 
fronted by a depressed coarse foreshore on the north end of the site, (central) elevated and mildly 
sloping marsh on either side of the foreshore depression, and (south) natural and moderately steep 
gravel beach on the south end of the site. For the north region, a marsh terrace concept was developed 
to replace the existing ‘hard’ structures and establish salt marsh similar to the adjacent sections of 
shoreline. For the central region, the marsh is already providing shore protection from erosion and wave 
run-up, as well as providing important intertidal habitat. As such, no upgrades are included for this 
section. For the south region, the gravel beach is similarly providing shore protection from erosion and 
wave run-up; however, it is expected that this area may not provide sufficient protection from wave run-
up and wave induced flooding during the design storm event (1.0% AEP winds and design water levels) 
as sea levels rise in the future. To improve protection from future wave-induced flooding a vegetated 
backshore nourishment concept was developed. All three of the regions can utilize Green Shores for 
Homes design guidance. This is true even for the central region that does not need any additional coastal 
protections (i.e. Credit 1.1).  
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The marsh terrace concept (Figure 4.1) involves removing the existing man-made structures (concrete 
revetment and riprap revetments) along an approximately 42 m long section of shoreline and 
establishing a new terraced marsh similar to the adjacent existing marshes. A terraced structure helps to 
reduce the overall footprint, volume of material, and cost. Structural support for the terraces is provided 
by naturalized large cobble nourishment at the toe to protect the leading edges of the marsh from 
incident waves, as well as mid-slope to gain elevation. Marsh fill typically includes a sandy-loam material 
with a thin layer of topsoil; however, adjacent sections of marsh have established directly in coarser 
gravel material and is likely to be appropriate in this concept as well.  

 

Figure 4.1 Artistic rending of marsh terrace at Gartley Beach, Royston (indicative only) 

Two vegetation zones serve to provide improved habitat connectivity between the backshore and 
foreshore. Vegetation plantings in the upper marsh terrace should include species consistent with the 
existing intertidal vegetation to each side of the proposed treatment area such as dune grass (Elymus 
mollis) with lesser amounts of beach pea (Lathyrus japonicus), entire-leaved gumweed (Grindelia 
integrifolia) and yarrow (Achillea millefolium) in the high intertidal and splash zone.  Plantings in the 
lower marsh terrace should match the adjacent dominant marsh species at the same elevations as 
where they are currently growing, which include saltgrass (Distichlis spicata) and sea plantain (Plantago 
maritima ssp. juncoides) in the upper zone and sea asparagus (Salicornia depressa) in the lower zone. 
Plan view and typical cross-sectional sketches are included in Figure 4.3 and Figure 4.4. An order-of-
magnitude cost-estimate is provided in Section 4.1.3. 

The vegetated backshore nourishment concept (Figure 4.2) involves extending the existing gravel beach 
at a 6:1 (H:V) slope onto the backshore along an approximately 105 m long section of shoreline. The 
crest of the beach nourishment has an elevation of 4.3 m and width of 2.0 m to help provide improved 
protection from wave-induced flooding during design storms; however, the crest could be extended and 
upland drainage could be improved to adapt to future sea level rise. The beach fill material should be 
selected to match the gradation of the existing beach material. By mimicking the existing beach slope 
and material size, it helps to avoid impacts to natural cross-shore and alongshore processes. The crest of 
the gravel nourishment could include a thin layer of topsoil and be planted with a band of dune grass 
within the splash zone and extending into the backshore area. The backshore area could further include 



 

Concept Designs for Neighbourhood-Scale Coastal Adaptation 30 
Measures in Royston and Qualicum Beach, BC – Final Report 

a thick hedge of oceanspray (Holodiscus discolor), nootka rose (Rosa nutkana), snowberry 
(Symphoricarpos albus) and saskatoon berry (Amelanchier alnifolia). Plan view and typical cross-
sectional sketches are included in Figure 4.5 and Figure 4.6. An order-of-magnitude cost-estimate is 
provided in Section 4.1.3. Notably, this concept could be further expanded to the south to include 
additional properties. 

 

Figure 4.2 Artistic rending of vegetated backshore nourishment at Gartley Beach, Royston 
(conceptual) 

How the designs at Royston align with Green Shores principles 

Green Shores for Homes is based upon four guiding principles: 

• Preserve or restore physical processes; the natural actions of water and sediment movement that 
maintain healthy shorelines. 

• Maintain or enhance habitat function and diversity along the shoreline. 
• Prevent or reduce pollutants entering the aquatic environment. 
• Avoid or reduce cumulative impacts; small individual effects that add up to large impacts on 

shoreline environments. 

The conceptual shoreline designs adhere to Green Shores guiding principles as they are restoring (north 
end of the site) and preserving (south end of the site) physical shoreline processes and sediment 
movement, enhancing shoreline habitat and diversity (north end of the site), and though a community 
wide approach are avoiding or reducing cumulative impacts of property owners acting in individual 
manners with adjacent projects that do not work together.  

For Gartley Beach, the upper beach is presently in a natural condition in the central and southern portion 
of the site and it is particularly important to provide a means of protecting properties against future sea 
level rise without causing negative impacts to the existing shoreline.  

There are a number of potential credits available to individual homeowners to utilize in coordination with 
the proposed concepts in Royston. Section 4.4 further discusses the individual credits which might be 
available to property owners. 
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4.1.2 Sketches 

  
Figure 4.3 Plan view of marsh terrace at Gartley Beach, Royston 

  

Figure 4.4 Typical section through marsh terrace at Gartley Beach, Royston 
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Figure 4.5 Plan view of vegetated backshore nourishment at Gartley Beach, Royston 

 

Figure 4.6 Typical section through vegetated backshore nourishment at Gartley Beach, Royston 
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4.1.3 Cost-Estimate 

Table 4.1 and Table 4.2 summarize the estimated quantities and order-of-magnitude costs (Class ‘D’, 
±50%) associated with the conceptual designs for the marsh terrace and vegetated backshore 
nourishment, respectively, for Site 1: Gartley Beach, Royston. The cost of the marsh terrace concept is 
estimated to be approximately $6,000 per lineal meter of shoreline. The cost of the vegetated backshore 
nourishment concept is estimated to be approximately $1,300 per lineal meter of shoreline. 

Table 4.1 Class ‘D’ Cost-Estimate for the marsh terrace at Gartley Beach, Royston 

Item Description Quantity Unit 
Unit Cost 
($/Unit) 

Cost Estimate  
($ CAD) 

1.01 Mobilization / demobilization 1 Lump Sum $10,000 $10,000 
1.02 Site Preparation 1 Lump Sum $2,000 $2,000 
1.03 Site safety / traffic and pedestrian control 1 Lump Sum $4,000 $4,000 

1.04 
Remove and dispose of existing revetment 
materials 

1 Lump Sum $10,000 $10,000 

1.05 Supply and place cobble fill 430 Tonnes $70 $30,100 

1.06 Supply and place sand-loam marsh fill 1930 Tonnes $55 $106,150 

1.07 Supply and install marsh vegetation 700 m2 $22  $15,400 

1.09 Site Clean-Up 1 Lump Sum $1,000 $1,000 

Sub-Total $178,650 

2.01 Contingency (20%) $35,730 

2.02 Engineering and environmental services (20%) $35,730 

Total (±50%) $250,110 

 
Table 4.2 Class ‘D’ Cost-Estimate for the vegetated backshore nourishment at Gartley Beach, 

Royston 

Item Description Quantity Unit 
Unit Cost 
($/Unit) 

Cost Estimate  
($ CAD) 

1.01 Mobilization / demobilization 1 Lump Sum $5,000 $5,000 
1.02 Site Preparation 1 Lump Sum $2,000 $2,000 
1.03 Site safety / traffic and pedestrian control 1 Lump Sum $2,000 $2,000 
1.04 Supply and place gravel beach fill 680 Tonnes $55 $37,400 
1.05 Supply and install topsoil 450 m3 $50 $22,500 
1.06 Supply and install backshore vegetation 1000 m2 $22 $22,000 
1.07 Build delineated public beach access 1 Lump Sum $2,000 $2,000 
1.08 Site Clean-Up 1 Lump Sum $1,000 $1,000 

Sub-Total $93,900 

2.01 Contingency (20%) $18,780 
2.02 Engineering and environmental services (20%) $18,780 

Total (±50%) $131,460 
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Notes:   
1. The cost-estimate is in 2021 Canadian Dollars and does not include applicable taxes.  
2. Actual costs may fluctuate depending on material supply and contractor availability. The estimate assumes a 

competitive bidding process. 
3. The cost-estimate assumes construction staging and access via land. 
4. The cost-estimate assumes day-time construction. Night-time construction may be required to allow construction 

during tidal working windows and may increase costs outside of what is considered in the contingency. 
5. Site preparation is expected to include removal of invasive species within the work area and site clean-up is expected 

to include restoring areas used for staging and beach access to their pre-construction condition. 
6. Costs do not include any additional upland work.  
7. It is recommended to set aside additional resources for future inspection and maintenance. 
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4.2 Site 2: Seacroft, Qualicum Beach  

4.2.1 Design Overview 

The current shoreline at Site 2: Seacroft, Qualicum Beach is composed of primarily ‘hard’ rip-rap 
revetments or vertical seawalls. The design concept at this site includes construction of four detached 
rock headland structures to support the re-establishment of a gravel-sand beach system (Figure 4.7). 
Over the last several decades, this area has experienced a dramatic loss of natural beach materials from 
the foreshore (see historical photos in Figure 2.8). This design concept aims to re-establish this beach 
material, to enhance upper intertidal habitat and vegetation, and to provide pedestrian beach access 
along the beach during normal high tides.  

 

Figure 4.7 Artistic rending of beach and headland system at Seacroft, Qualicum Beach  
(indicative only) 

The beach and headland system would span approximately 145 m of shoreline, burying the existing 
‘hard’ structures and reconnecting the upland area with the foreshore. Each headland structure is 
composed of armour rock that is intended to be stable during the design storm event, and mimics the 
behaviour of existing glacial erratics (boulders) present on the foreshore in the region. The crest of the 
structures is set to an elevation of 3.0 m and is designed such that it can be extended to accommodate 
sea level rise and associated larger incident waves, if required. The beach system would be composed of 
a gravel-sand beach fill at a minimum 6:1 (H:V) slope. Note that the proposed extent of the beach and 
headland system was defined such that it ties into an existing elevated foreshore areas or structures on 
the north and south ends of the site. However, this concept could be further expanded to include 
additional properties to the north. 

After construction, the gravel beach would be expected to undergo reshaping to accommodate incident 
waves, water levels, and currents, and establish a new ‘dynamic equilibrium’. After this time, the upper 
beach and backshore is expected to become relatively stable and suitable for native vegetation growth. 
Vegetation plantings are recommended to include a thick band of dune grass with lesser amounts of 
entire leaved gumweed, silver gumweed (Ambrosia chamissonis), beach pea, and yarrow in the high 
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intertidal and splash zone. In addition, landowners should be encouraged to install a band of backshore 
shrubs within existing lawn areas, such as snowberry, nootka rose, oceanspray and saskatoon berry to 
improve shoreline habitat value and upland soil stability. Plan view and typical cross-sectional sketches 
are included in Figure 4.8 to 4.10. An order-of-magnitude cost-estimate is provided in Section 4.2.3.  

4.2.2 Sketches 

 

Figure 4.8 Plan view of beach and headland system at Seacroft, Qualicum Beach 
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Figure 4.9 Typical section through beach and headland at Seacroft, Qualicum Beach 

 

Figure 4.10 Typical section through beach at Seacroft, Qualicum Beach 

4.2.3 Cost-Estimate 

Table 4.3 includes the estimated quantities and order-of-magnitude costs (Class ‘D’, ±50%) associated 
with the conceptual design for Site 2: Seacroft, Qualicum Beach. The cost of this concept is estimated to 
be approximately $6,300 per lineal meter of shoreline. 

Table 4.3 Class ‘D’ Cost-Estimate for Seacroft, Qualicum Beach 

Item Description Quantity Unit 
Unit Cost 
($/Unit) 

Cost Estimate  
($ CAD) 

1.01 Mobilization / demobilization 1 Lump Sum $10,000 $10,000 
1.02 Site Preparation 1 Lump Sum $2,000 $2,000 
1.03 Site safety / traffic and pedestrian control 1 Lump Sum $4,000 $4,000 
1.04 Supply and place gravel beach fill 7400 tonnes $55 $407,000 
1.05 Supply and place rock armour 1680 tonnes $110 $184,800 
1.06 Supply and install topsoil 430 m3 $50 $21,500 
1.07 Supply and install native vegetation 950 m2 $22 $20,900 
1.08 Site Clean-Up 1 Lump Sum $1,000 $1,000 

Sub-Total $648,200 

2.01 Contingency (20%) $129,640 
2.02 Engineering and environmental services (20%) $129,640 

Total (±50%) $907,480 
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Notes:   
1. The cost-estimate is in 2021 Canadian Dollars and does not include applicable taxes.  
2. Actual costs may fluctuate depending on material supply and contractor availability. The estimate assumes a 

competitive bidding process. 
3. The cost-estimate assumes construction staging and access via land. 
4. The cost-estimate assumes day-time construction. Night-time construction may be required to allow construction 

during tidal working windows and may increase costs outside of what is considered in the contingency. 
5. Site preparation is expected to include removal of invasive species within the work area and site clean-up is expected 

to include restoring areas used for staging and beach access to their pre-construction condition. 
6. Costs and quantities assume existing seawalls and revetments are left in place. 
7. Costs do not include any additional upland work.  
8. It is recommended to set aside additional resources for future inspection and maintenance. 

 
 

 

How the design at Qualicum Beach meet Green Shores principles 

Green Shores for Homes is based upon four guiding principles: 

• Preserve or restore physical processes; the natural actions of water and sediment 
movement that maintain healthy shorelines. 

• Maintain or enhance habitat function and diversity along the shoreline. 
• Prevent or reduce pollutants entering the aquatic environment. 
• Avoid or reduce cumulative impacts; small individual effects that add up to large impacts 

on shoreline environments. 

The conceptual shoreline design adheres to Green Shores guiding principles as it restores physical 
shoreline processes through the replacement of lost sediments, enhances shoreline habitat and 
diversity with the beach sediments, upper beach vegetation, and rock clusters, and (through a 
community wide collaborative approach) reduces the cumulative impacts of individual property 
owners acting independently to protect properties from erosion and sea level rise.  

The beach has experienced significant loss of fine sediments through long-term erosion that is 
linked to the introduction of seawalls. The design concept replaces lost sediments, and adds some 
controls to stabilize these sediments against erosion (through the use of rocky headlands) while 
maintaining the sediment transport across the beach cells.  

There are a number of potential credits available to individual homeowners to utilize in 
coordination with the proposed concepts at Seacroft. Section 4.4 further discusses the individual 
credits which might apply.  
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4.3 Additional Considerations 
Additional design/construction considerations and risks are described herein. Many of these are general 
design considerations for shoreline protection works in BC. 

4.3.1 Monitoring and Maintenance 

Dynamic or ‘soft’ engineering techniques (such as beach nourishments) can have profound benefits to a 
project in terms of adaptability, aesthetics, environmental effect, and ease of permitting; however, they 
often undergo reshaping after construction to accommodate incident waves, water levels, and currents, 
and establish a new ‘dynamic equilibrium’. Depending on the coincidence and frequency of storm 
waves, water levels, and river flows in any given year, the dynamic or ‘soft’ designs will behave slightly 
differently. As such, it is generally recommended that an adaptive management approach be taken, and 
(as with any project) a budget allowance be set-aside for long-term monitoring and maintenance.  

4.3.2 Natural Adaptation to Sea Level Rise 

It is a general requirement that all projects located within the coastal zone be designed to accommodate 
future expected local relative sea level rise. However, vegetation plantings operate within a narrow 
range of optimal conditions and must be designed for present-day conditions. Instead, the intent of 
these designs is to allow for sufficient room for vegetation to naturally migrate as required to adapt to 
sea level rise (e.g. avoiding coastal squeeze). 

4.3.3 Geotechnical Assessment 

A geotechnical assessment is generally recommended for any options that require material placement 
above what the existing infrastructure was originally designed to accommodate. At the Gartley Beach 
site, there is not expected to be any existing buried infrastructure of concern. At the Seacroft site, 
material placement is expected to exceed what the RDN interceptor sewer pipeline was originally 
designed to accommodate, and therefore a geotechnical assessment is recommended prior to 
proceeding to detailed design.   

4.3.4 Timing of Work 

Work in or near water (below the highwater line) should respect the least risk timing windows set by   
Fisheries and Oceans Canada (DFO) for the project area to avoid harm to fish species typically around 
Pacific herring spawning and salmonid smolt outmigration periods particularly for projects that are near 
the shoreline.  According to the DFO website, work in the foreshore at the  Gartley Beach site (Area 14N 
– Comox, Trent River) should generally only occur between July 1st – August 1st, and December 1st – 
February 15th. Work at the Seacroft site (Area 14S - Qualicum) should generally only occur between June 
1st – September 1st, and December 1st – February 15th.  Any work above the highwater line is not limited 
to these windows providing discharge of sediment or other deleterious substances can be avoided 
though standard construction mitigation measures. 
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In addition, proposed work should generally coincide with low tidal work windows so that no work is 
completed in-water. To utilize the winter fisheries window, this may require working during the night if 
the winter window is utilized to avoid construction during the summer season. This is not recommended 
for a number of reasons such as safety, local noise disturbance and potential for storm events during or 
following construction activities that could result in sediment release.  

4.3.5 Fisheries and Oceans Canada (DFO) Project Review 

Any projects that involve construction below the high water mark will require a Qualified Environmental 
Professional (such as an R.P.Bio) to complete a habitat impact assessment of the project, provide 
recommendations to avoid or limit negative impacts during construction and prepare a project review 
request. DFO will determine if the project will result in a Harmful Alteration, Disruption, or Destruction 
(HADD) of fish habitat as defined under Section 35 of the Fisheries Act.  If the project can be carried out 
so that a HADD is not expected to occur, the DFO will issue an Avoid and Mitigate letter which will 
outline requirements that must be met in order to undertake the work.  If DFO determines the work will 
result in a HADD despite the recommended measures, an Authorization will be required.  Generally 
speaking, the project designs proposed in this report are expected to result in a net benefit to the 
intertidal habitat and biological productivity of the project areas over the existing conditions.   

4.3.6 Navigation Protection Act 

The Navigation Protection Program (NPP) administers the Navigation Protection Act through the review 
and authorization of works in navigable waters. Works meeting the assessment criteria of the Minor 
Works Order are classified as “designated works” under the NPA and may proceed without a Notice to 
the Ministry as long as they comply with the legal requirements. These potential works include erosion-
protection works, docks/boathouses, and boat ramps/slipways/launch ramps that encompass the 
repairs to the wooden pile crib structure, and reinforcement of the beach with coarse gravel. It is not 
expected that either of the two design concepts would require Notice to the Ministry. 

4.3.7 Municipal Approval  

Many municipalities now have Development Permit Areas identified along the shoreline.  For most 
projects, the owner generally needs to provide details (habitat impact assessment report, design basis, 
specifications, etc.) of the project to local municipal and/or district staff. Part of the municipal process 
will involve referrals to any pertinent committees, which may result in a staff report to Council, for 
Council approval. It is generally recommended that the Chief Administrative Officer at each municipality 
be contacted to clarify the process.  

Site 1: The Gartley Beach project is located within Electoral Area A of the Comox Valley Regional District 
(CVRD) in the community of Royston.  The Rural Comox Valley Official Community Plan (OCP) covers 
areas A, B and C and identified a Coastal Development Permit Area which is triggered for the installation, 
repair or replacement of shoreline protection devices (see pg. 61 – 64 of the OCP).  All proposals are to 
incorporate design elements that contribute to coastal resiliency by protecting or restoring natural 
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coastal processes and habitat.  Design considerations are to apply the “softest” measures possible by 
incorporating soft shore (e.g. Green Shores) design principles where possible to achieve the following: 

• Conserve or restore natural coastal or riparian processes (e.g. sediment transfer)  

• Maintain habitat function and diversity  

• Prevent pollutants from entering the aquatic or riparian environment 

• Avoid or reduce cumulative impacts on the shoreline environment, including coastal or riparian 
processes 

Site 2: The Seacroft site is located just north of the Town of Qualicum Beach boundary within Electoral 
Area G of the Regional District of Nanaimo.  The Area G Official Community Plan identifies a Coastal DPA 
that includes all lands extending 15m upland and 15m seaward of the Present Natural Boundary of the 
ocean.  The intent of the DPA is to protect the natural environment, its ecosystems and biological 
diversity, and protection of development from hazardous conditions. The objectives of this development 
permit area are as follows:  

• To work towards the ‘protection of the environment’ goal of the Regional Growth Strategy by 
following the policy to ‘minimize impacts of development in coastal zones by ensuring use of low 
impact development’.  

• To plan and regulate new development in a way that preserves, protects and restores the long-
term physical integrity and ecological values of shorelines and associated foreshore and upland 
areas.  

• To balance development opportunities with ecological conservation and restoration of the 
shoreline environment.  

• To maintain the public’s safe use and access to these important recreation areas in a way that 
does not compromise the ecological integrity of the shoreline. 

This area within the upland is also identified as a Hazard Lands DPA, which is applicable to flood-prone 
lands along the shoreline. The subdivision, development of land, or removal of vegetation in these areas 
may destabilize the area, cause environmental damage, and pose potential for loss of life and property. 
As such, this Development Permit Area aims to protect life, property and the environment from 
hazardous conditions. 

The proposed designs outlined within this report meet the intent and objectives of both of these OCP 
documents.  

4.3.8 Crown Land Tenure 

Permanent development on Crown Land (including shoreline and submerged lands) requires Crown Land 
tenure (e.g. licence of occupation). As part of the license of occupation, an agreement between the 
government and upland property owners and an annual rental of the crown land is generally required. In 
both of the design concepts, the “developments” generally include constructing with natural materials 
which will fit with the natural beach character, as well as topsoil and vegetation planting. In addition, 
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because the foreshore would remain open to public access, an argument can be made to avoid annual 
rental fees. Any determination, however, is at the discretion of the government.  

Additional information on application process and requirements for use of Crown land can be found in 
the following link: https://www2.gov.bc.ca/gov/content/industry/crown-land-water/crown-land/crown-
land-uses/residential-uses 

4.3.9 Provincial General Wildlife Permit 

Because the Seacroft project is located in the Parksville-Qualicum Beach Wildlife management Area, 
construction would require a General Wildlife Permit to be obtained by the successful contractor from 
the Ministry of Forests, Lands, Natural Resource Operations and Rural Development (FLNRORD).  
Construction timing to avoid sensitive migrating shorebirds, such as Brandt Geese (March 1 – April 30), 
will be necessary.  

4.4 Compliance with Green Shores for Homes 
Key features of the design in relation to the Green Shores for Homes requirements are as following: 

4.4.1 Application Requirements 

As part of GSH verification, all projects enrolled must complete the following Application Requirements: 

• Existing Conditions Plan: prepare a map identifying any existing site conditions that will affect 
the project. The information in this report will provide data for the Existing Conditions Plan, such 
as design water levels and existing shoreline elevations.  

• Site Design Plan: develop a site design plan that shows the design concept in the context of the 
current site conditions and processes. The information in this report will provide data for the 
Site Design Plan. 

• Environmental Management Plan for Construction: develop and implement a plan to limit 
disturbance and address erosion, sediment and pollutant control during construction. During the 
detailed design phase, a Construction Environmental Management Plan (CEMP) would be 
prepared and followed during construction. A CEMP generally includes sediment and erosion 
control procedures, appropriate construction timing windows, measures to prevent 
pollution/spills/etc. and response plans, and on-site environmental monitoring requirements. 

• Critical or Sensitive Habitats: avoid disturbing or destroying critical or sensitive habitat. To 
comply with this, a habitat assessment by a qualified biologist (R.P.Bio) should be undertaken. If 
there are any findings of critical or sensitive habitat these should be incorporated into the 
Existing Conditions Plan and steps for protection into the Environmental Management Plan for 
Construction.  

https://www2.gov.bc.ca/gov/content/industry/crown-land-water/crown-land/crown-land-uses/residential-uses
https://www2.gov.bc.ca/gov/content/industry/crown-land-water/crown-land/crown-land-uses/residential-uses
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4.4.2 Category 1  Shoreline Processes 

Credit 1.1  No Shoreline Protection Structures  

The vegetated backshore nourishment concept at Gartley Beach, Royston does not include any 
permanent shoreline protection structures and would qualify for this credit.  

The marsh terrace concept at Gartley Beach, Royston includes removal of the existing shoreline 
protection structures and replacement with a hybrid solution with a marsh and more permanent cobble 
berms. The beach headland system at Seacroft, Qualicum Beach, involves burial of the existing shoreline 
protection structures and replacement with a hybrid solution composed of a gravel beach and more 
permanent rock headlands. However, these projects would not qualify for this credit as they are a form 
of soft shore protection, which is covered in Credit 1.5.  

Credit 1.2  Setback/Impact Avoidance 

It is not intended that any new permanent structures (houses, buildings, roads, etc.) would be 
constructed as part of this project. As such, it is assumed that all existing buildings would remain in 
place, regardless of their proximity to the shoreline such that this credit would not apply. However, this 
credit would apply if individual homeowners choose to relocate an existing home or setback a new 
home from the shoreline. 

Credit 1.3  Bulkhead Removal 

The marsh terrace concept at Gartley Beach, Royston includes removal of the existing concrete and 
riprap revetments. However, if credit 1.5 is utilized, this credit can not be claimed (it is not possible to 
get ‘double’ credits for both Credit 1.3 and 1.5 for this shoreline as it is previously protected by the 
revetment.) 

Credit 1.4  Groyne Removal 

There are no groynes at either of the project sites and therefore this credit does not apply. 

Credit 1.5  Soft Shore Protection or enhancement 

The marsh terrace concept at Gartley Beach, Royston and the beach headland system at Seacroft, 
Qualicum Beach both use hybrid approaches to shore stabilization and enhancement. The vegetated 
backshore nourishment at Gartley Beach, Royston does not include any permanent shoreline protection 
structures and would therefore qualify as a purely ‘soft’ shore protection measure.  

Credit 1.6  Managed Retreat 

For the purpose of this project, it is assumed that all existing buildings would remain in place, regardless 
of their proximity to the shoreline. However, managed retreat may be undertaken at an individual 
property scale. 
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4.4.3 Category 2  Shoreline Habitat 

Credit 2.1  Riparian Vegetation 

All outlined concepts include planting native riparian and intertidal zone vegetation to increase habitat 
value and provide additional stability to installed materials as noted above, meeting the minimum credit 
requirements. Additional effort could be taken on an individual property scale to expand the riparian 
vegetation upland of the proposed coastal protection works would qualify for additional points on a per-
property basis.  

Credit 2.2  Trees and Snags 

No existing trees are proposed for removal in the concept designs.  The vegetated backshore 
nourishment at Gartley Beach, Royston could be adapted to include a band of backshore woody 
vegetation.  Additional effort may also be taken to plant trees on individual properties for additional 
points. 

Credit 2.3  Invasive Species 

As part of site preparation (at the beginning of construction) it is expected that invasive species would 
be removed from the work area and native species would be set aside for later re-establishment. Native 
species that are present should be retained. This credit would apply to all of the projects.  

Credit 2.4  Woody Material 

Similarly, as part of site preparation (at the beginning of construction) it is expected that existing large 
woody material would be set aside for later reestablishment so this credit would apply.  

Note that log accumulation within the constructed marsh habitat (Site 1: Gartley Beach, Royston) or 
within the pocket beaches (Site 2: Seacroft, Qualicum Beach) has the potential to damage vegetation 
until it becomes well established.  If logs become embedded, they can increase retention of fines, 
provide additional structure and stability for intertidal vegetation to establish and provide habitat 
complexity.  However, in extreme situations, log accumulations can become excessive and may smother 
marsh vegetation. Therefore, in some circumstances, removal of logs may be necessary if excessive 
damage is occurring.      

Credit 2.5  Overwater Structures 

This credit does not apply as over-water structures are not feasible at these sites (docks, gangways, and 
piers) and no structures are planned.   

Credit 2.6  Access Design 

All of the designs establish a natural grade (slope) between the upland area and the foreshore, allowing 
for ease of access. Well defined access routes from individual properties should be included and defined 
as part of detailed design to limit impacts from trampling using bets practices (such as minimized width 
and use of natural materials) to attain full points. In addition, the vegetated backshore nourishment at 
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Gartley Beach, Royston, includes provision of a public pathway across the nourishment crest to maintain 
public beach access and control it to a defined area. 

4.4.4 Category 3  Water Quality 

Credit 3.1  Site Disturbance 

This credit only applies to whole site development projects, and is thus not applicable (unless a property 
owner decides upon a full re-development in coordination with the neighbourhood project).  

Regardless, no material removal is included in any of the designs except for the marsh terrace at Gartley 
Beach, Royston, where the existing concrete and rock revetment will be removed and regrading may be 
necessary. Where possible, during site preparation, existing topsoil and native vegetation should also be 
set-aside for later establishment as best practice and to reduce project costs for hauling and disposal.  

Credit 3.2  Reduce and Treat Runoff 

None of the concepts involve the construction of impervious surfaces so this credit does not apply, but 
these projects are compatible with low impact development measures in the upland areas should 
individual property owners wish to undertake such measures to reduce run-off and improve infiltration.    

The marsh terrace at Gartley Beach, Royston, involves removing an existing concrete revetment which 
will help to improve water infiltration into the slope. Notably, the beach and headland system at 
Seacroft, Qualicum Beach involves leaving the existing ‘hard’ shore protection structures and burying 
them in-place. The remnant structures are expected to provide some barrier to natural ground-water 
flows. At the detailed design level, installation of drains into the faces of the existing seawalls should be 
considered.  

Credit 3.3  Environmentally Friendly Building Products 

There are no planned docks, piers, or other structural elements (which may utilize toxic chemicals or 
chemically treated wood) included within the riparian buffer as part of any of the designs, so this credit 
does not apply. 

Credit 3.4  Creosote Materials Removal 

There are no known creosote materials at either of the project sites, so this credit does not apply. 
(Although we note that NHC did not conduct a detailed inspection of each property).  

Credit 3.5  Herbicides, Pesticides, and Fertilizers 

No synthetic/inorganic herbicides, pesticides, or fertilizers will be required as part of the design 
concepts. However, steps should also be taken on individual properties to ensure that these products 
are not used in upland areas. A signed landscape maintenance plan for individual property owners is 
required to ensure that no synthetic chemicals are used in upland areas to qualify for this credit.  
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Credit 3.6  Onsite Sewage Treatment 

Onsite sewage treatment is understood to be outside of the scope of this project. However, individual 
property owners may obtain this credit by ensuring that sewage treatment systems are functioning 
properly and by developing and following septic (if any) maintenance plans.  

4.4.5 Category 4  Shore Stewardship 

Credit 4.1  Shoreline Collaboration 

It is understood that shoreline protection works – and ‘soft’ approaches in particular – are generally 
more successful and cost-effective when undertaken in a collaborative manner at a larger scale.  As such, 
all three of the outlined concepts are intended to function as neighbourhood-scale shoreline protection 
and enhancement, spanning between two to six potential project sites. As such, if neighbouring property 
owners work together to implement these designs this credit would apply.  

Credit 4.2  Public Information and Education 

Outreach and public education have not been included as part of the outlined concepts. However, there 
are opportunities to undertake initiatives to fulfill this credit by establishing signage at nearby public 
access points, participating in public tours or demonstrations, or providing information for public written 
or online means, for example. 

Credit 4.3  Conservation Easement or Covenant 

Individual property owners may choose to establish a covenant or easement for a portion or all of their 
property. The covenant is held by a government or non-government organization, who are then 
responsible for protecting the natural values of the land. Inclusion of a conservation easement or 
covenant are not covered in this report.  

Credit 4.4  Shoreline Stewardship Participation 

Shoreline stewardship participation is not included as part of this report. Individual or groups of land-
owners may choose to participate in one of many environmental stewardship programs available in their 
region for this credit to apply.   
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5 CONCLUSION 
The Green Shores  program aims to promote sustainable shoreline development through the use of 
‘soft’ shoreline protection and enhancement measures. Previously, these types of techniques have 
generally been undertaken on a site-by-site basis. However, it is understood that many potential ‘soft’ 
shoreline protection or enhancement measures may function well on a multi-property or 
neighbourhood-scale. As such, this study aims to outline conceptual designs for neighbourhood-scale 
coastal protection measures that follow Green Shores principles and Green Shores for Homes guidance. 

Two project sites were considered for this project, including: (1) Gartley Beach, Royston, and (2) 
Seacroft, Qualicum Beach. The sites provide a diverse range of opportunities for which concepts could 
be developed. In total, three different concept designs were developed to address potential erosion, 
attenuate wave run-up, and help to adapt to sea level rise on a reach (or neighbourhood) scale while 
meeting Green Shores for Homes criteria: 

1. Marsh terrace – Gartley Beach, Royston (northern area) 
2. Vegetated backshore nourishment – Gartley Beach, Royston (southern area) 
3. Beach and headland system – Seacroft, Qualicum Beach 

All three concepts were developed in consideration of design criteria developed for each specific site, 
which included consideration for local metocean conditions (tides, storm surge, sea level rise, waves, 
wave effects, etc.) and geomorphological processes. As such, it is NHC’s opinion that the presented 
concepts both follow Green Shores  guidance and are technically feasible. The presented concepts range 
significantly in cost (from $1,300 to $6,300 per lineal meter), depending on the existing site conditions, 
coastal processes, and selected design concept. Each design serves as a proof-of-concept only and is one 
of many possible options that may be suitable for the site.  

In addition to neighbourhood-scale efforts to develop the shoreline in a sustainable manner, efforts 
should be undertaken on an individual-property scale to enhance the nearby upland areas. For example, 
individual property owners may consider raising their land to accommodate sea level rise, reducing 
impervious surfaces and improving upland drainage, planting native upland vegetation, or undertaking 
managed retreat of permanent upland structures away from the natural boundary. 
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