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Abstract 

The City of Colwood, British Columbia, Canada, has struggled with the eroding coastline 

of Royal Roads Bay as a result of a sediment source deficit. The area suffers from strong 

longshore currents which extract the fine sediments of the sandy foreshore provided by the 

Metchosin Gravel Pit, which has been a source of sediment supply to the beach for over 

100 years; operations ceased in 2007. The study site, a 600 m stretch of beach between the 

gravel pit and the sewage pump station at Lagoon Road, had not previously been studied 

quantitatively. This study was undertaken in order to ascertain the rate and causation of 

erosion, the future expectations of erosion, and provide appropriate mitigation strategies 

for the City of Colwood. A series of seven transect surveys were taken using a total station 

theodolite. The first survey was undertaken in July 2018, the second in November 2018, 

and the third in January of 2019. Data provided insight into the changing slope of the 

beach profile throughout the mild summer and fall compared to the storm intensive winter. 

Data indicated that erosion is more evenly distributed across the profile of the beach during 

the calmer summer months as a result of chronic sediment loss. During the stormy winter 

months, episodic erosion events occur as a result of high intensity wave impacts. A 

steepening of the beach is prominent. Wave run up causes the backshore sediments to 

become unstable and erode. Paired T-tests with a 95% confidence interval were used to 

determine the significance of the data and provide conclusive evidence that changes were 

occurring. The difference in change of volume produced a p-value of 0.0936, which is not 

quite statistically significant yet supports the hypothesis of the rate of erosion. Based on an 

average yearly erosion rate of 0.429 m
3
m

-2
, immediate action is necessary. The study 

produced a usable set of strategies that are appropriate based on the rate and causation of 

erosion to inform the City of Colwood as a decision is made to mitigate erosion. 
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1. Introduction 

1.1. Opening 

The abundance of resources provided by the ocean has led to dense population 

concentration in coastal areas dating back to antiquity (Kittinger & Ayers, 2010). With 

nearly a quarter of Earth’s people living in a coastal area, the erosion of coastal sediment is 

of significant interest (Young et al., 2014). Estimates place 70% of the global coastlines as 

in the process of eroding (Stephenson, 2013). For this thesis, erosion is defined as the 

process of sediment removal from a terrestrial area wherein the sediment is not replaced 

causing a deficit in the system. Shoreline erosion is of particular concern due to the 

impacts it has on infrastructure and development in the coastal region (Stephenson, 2013). 

Managing coastal erosion is necessary in order to minimize the loss of valuable land, 

resources, and infrastructure. 

 

In British Columbia, Canada, research on coastal erosion has focused on the effects of the 

forestry industry. While destabilization of coastal hillsides from logging activity is a major 

cause of episodic erosion outside urban areas (Chatwin & Smith, 1992), a clear 

understanding of the erosive processes endangering developed areas is necessary. The 

loose-sediment shorelines along the southern edge of Vancouver Island in British 

Columbia experience chronic and episodic erosion, jeopardizing the infrastructure of the 

surrounding area (Walker, I., 2015). Victoria (hereafter referred to as the Capital Regional 

District), the capital city of British Columbia, lies at the southern coast of Vancouver 

Island (Figure 1). The southern tip of Vancouver Island is ensconced from the powerful 

North Pacific wave action by the Olympic Peninsula of Washington State, USA. The 

protection afforded to the southern coast reduces the erosive hydrodynamics providing an 

area of relatively stable coastal margin (Walker, I., 2015). 

 

The result of coastal stability has been the development of infrastructure and urban areas in 

close proximity to the shore. Most coastal areas are host to parks, recreation pathways, 

parking areas and roads, and public infrastructure such as stairs and picnic amenities. With 
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rising sea levels and increased storm intensity, erosion is starting to become problematic 

for the previously stable southern coast of Vancouver Island (Walker, I., 2015). Visual 

observation over time reveals that erosion is a growing issue for the residents and 

municipal government. The City of Colwood has contracted multiple investigations into 

the erosion occurring and residents have provided anecdotal evidence that the erosion has 

become a constant threat. As the erosion along the coast continues, the safety of these 

developments and options for mitigation come into question. 

1.1.1. Coastal erosion 

Coastal erosion is the removal of sediment from the intertidal margin by the physical 

processes of the ocean and atmosphere (Stephenson, 2013). The sediment of the coast, 

whether it be sand, gravel, or bedrock, is constantly worn by the frictional process of wave 

action, wind, and terrestrial precipitation runoff. Wave action is the most aggressive form 

of erosional attack on sedimentary coastlines. Waves carry an immense amount of energy 

as they impact the shore (Earlie et al., 2017). The energy exerted by a wave is broken and 

only partially reflected by the shore, some energy is absorbed by the sediments causing 

them the break apart. On a sandy shore the energy needed to remove sediment from its 

place is low in comparison to the energy needed to break apart bedrock. In this way, the 

smaller the particles of sediment on a beach, the more easily they can be displaced (Earlie 

et al., 2017). Erosion occurs when the sediment particles are removed and not replaced by 

sediment eroded from an adjacent area. A deficit of sediment causes a shoreline to retreat 

landward (Forbes et al., 2004). Wind and water runoff contribute to erosion of shorelines at 

a lower scale. Wind pulls away loose surface sediment over time. Water runoff may carry 

surface sediments from the shore to the ocean as it moves downhill; it may also infiltrate 

the sediments and cause a general weakening of the slope (Lee, 2008). The processes of 

erosion vary based on location, beach topography, and hydrology; however, in sediment 

poor areas the result is often coastline retreat. In the Capital Regional District, there are 

many different types of shorelines present; one of the most at risk due to erosion and rising 

sea levels are the coastal bluffs. 

    

Bluffs, cliffs, and steep slopes on the shoreline have historically been a place of human 

settlement due to the access to coastal resources without fear of flooding during extreme 

weather events (Stephenson, 2013). The safety of the slope fails when the sediments are 
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eroded away from the base leading to collapse. This is not uncommon as erosion is a 

natural coastal process; however, as sea levels rise and storm intensity increases, the 

potential for catastrophic collapse rises (Collins & Sitar, 2008). As the water levels rise the 

beach at the foot of the slope becomes submerged deeper at high tide and the waves impact 

the base for a longer period. The erosion of the base of the slope is referred to as 

undercutting. Undercutting causes the structural integrity of the sediments above to weaken 

eventually leading to a total collapse. The increase in storm intensity will lead to higher 

incidences of episodic failure in which undercutting and collapse occur quite quickly due 

to the extreme energy of physical forces interacting with the shore (Lee, 2008). Episodic 

and chronic slope failure both present risks to coastal areas. The sediment of the beach 

separates the slopes from the wave impacts. High erosion rates remove the protection the 

beach affords. When the slopes fail and cover the beach in sediment protection may be 

afforded for a short time; however, if the erosive forces are still in play the beach will 

eventually be eroded once more. The loss of valuable land, resource space, and 

infrastructure can be economically devastating to coastal communities (Marchand et al., 

2011).  

 

Coastal erosion is a natural process and is essential in creating the bathymetry of the 

coastal margin. Coastal erosion poses a threat when coupled with anthropogenic 

development near the shoreline. Due to its location, at the base of Vancouver Island, the 

Capital Regional District has expanded to the edge of the surrounding coastlines (Walker, 

I., 2015). The properties nearer to the coast have significantly higher value due to their 

proximity to amenities such as recreation and visual attraction. Their location also means 

these properties are at the highest risk. The loss of high valued land to erosion demands the 

implementation of mitigation measures. 

1.1.2. Mitigation measures 

Protecting the coastline from erosion is a difficult task that involves preventing the natural 

frictional forces of the shore from taking place. Wind based erosion makes up a minimal 

portion and is difficult if not entirely impossible to mitigate. Mitigating the mechanical 

erosion caused by terrestrial runoff can be accomplished through the maintenance of 

existing streams and the diversion of freshet through dykes (Chatwin & Smith, 1992). The 

main action taken in reducing coastal erosion is by reducing the impact of waves on the 
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shore. This can be accomplished through many different approaches which range from soft 

approaches which minimize the force behind the waves, to hard approaches which break 

the waves before reaching the sediment of the shore (Linham & Nicholls, 2010). Hard and 

soft approaches come in various forms, each with benefits and drawbacks. It is essential to 

approach coastal protection with the appropriate mitigation measure for the strategy to be 

successful. 

 

Soft mitigation strategies include infrastructure reinforcement, wetland restoration, floating 

agricultural systems, hazard mapping, and monitoring systems (Linham & Nicholls, 2010). 

Many of these strategies may be employed in coordination with other soft and hard 

mitigation measures. Infrastructure reinforcement involves strengthening of individual 

existing infrastructure pieces and construction of new developments to a higher standard to 

withstand the changing dynamics of the coast (Hegde, 2010). For example, stilts may be 

used to support buildings under which the cliff is eroding. Wetland restoration utilizes the 

natural shoreline mitigation techniques of ecology that reduce the force of wave impacts by 

re-establishing the vegetation of coastlines which have been affected by human 

development. Floating agricultural systems are similar to wetland restoration in that they 

utilize flora to reduce the impact of waves; they differ in that they may be harvested for 

human use as well and may not be comprised of native species (Linham & Nicholls, 2010). 

 

Hazard mapping is a lengthy process involving digital maps and data on erosion risks to 

determine areas which are susceptible to erosion. Hazard maps may be used to prevent 

developments from being built in zones at risk of cliff failure but may also be used to 

determine which areas require additional erosion mitigation infrastructure. Monitoring 

systems may be set up by scientists employed by the governing body in order to track cliff 

sediment failures and measure the rate of erosion (Linham & Nicholls, 2010). The erosion 

rate can inform decision makers on the critical timeframe for mitigation infrastructure 

construction. Soft strategies may be employed in areas where the direct threat of erosion is 

not immediate or in conjunction with hard mitigation strategies to inform the needs of the 

area (Hegde, 2010). 

 

Mitigation approaches such as beach nourishment, seawalls, dikes, storm surge dams, and 

land claiming are examples of hard mitigation (Linham & Nicholls, 2010). Beach 
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nourishment is the active filling of coastal zones with sand that has been brought from a 

different area. Beach nourishment is popular because it maintains the natural appearance of 

the beach and causes little damage (Williams et al., 2017); however, it does require 

continuous maintenance. Seawalls are the most traditional defense against coastal erosion, 

some dating back to the Roman Empire (Turner et al., 2007). Sea walls are a very solid 

mitigation strategy as they completely prevent the wave impacts from interacting with the 

sediments behind them. Sea walls typically fail due to the erosion below which eventually 

undercuts them in the same way a cliff failure occurs. Dikes are similar to sea walls except 

that their design is intended to prevent erosional undercutting which plagues sea walls 

(Williams et al., 2017). The main drawback of dikes is that they create a barrier to access 

to the ocean and, if the storm surge exceeds the dike, they do the opposite of their intended 

purpose and actually retain the water on the wrong side of the dike creating an episodic 

lagoon. 

 

Storm surge dams protect the riparian areas near the coast from the influx of ocean water 

during extreme storm events. Storm surge dams are far more specific in the type of area 

they protect; however, they may be employed in areas where a river valley meets the ocean 

amidst cliffs (Williams et al., 2017). Land claiming is the infill of space to expand the 

current land-base and thus increase the distance from the active erosion zone. Hard 

mitigation strategies are often employed in situations where erosion is a direct hazard to 

properties or infrastructure. 

 

Choosing the appropriate mitigation strategy based on the coastal erosion that is occurring 

is crucial to preventing sediment loss from impacting the area. In order to determine the 

most economically responsible strategy, it is necessary to combine the cost and 

maintenance with other factors in a cost-benefit analysis. 

 

1.2. Topic significance 

Research on the coastal erosion occurring, in relation to regular wave action and storm 

activity including determination of appropriate mitigation techniques, would aid the City of 

Colwood in development plans. The slope and volume loss data would be an appropriate 
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reference for city planners, developers, and future researchers to determine the 

implications involved in the sediment erosion of the area. Infrastructure including parks, a 

sewage pump station, and future plans involving improved amenities in the area will 

benefit from the comprehensive analysis of the sediment stability and erosion rates of the 

coastline, as well as a set of informed mitigation options based on the data. The City of 

Colwood gains credibility with stakeholders due to the involvement of a formal scientific 

study when plans for infrastructure are proposed. The limited sources of information on 

erosion in the coastal regions of British Columbia indicate a knowledge gap which could 

begin to be filled by this research. 

 

If appropriate mitigation techniques are undertaken as a result of this study, areas under 

comparable conditions may be addressed similarly. This document may aid the City in 

preventing negative results in future developments due to unresolved erosion and provide a 

basis for erosion mitigation as a factor in development. Scientifically, this study may 

provide an opportunity for further research on the management of coastal erosion to be 

undertaken in the surrounding region such that a comprehensive picture of the issue may 

be created. This will assist city planners and developers in finding appropriate venues for 

projects. 

 

The results of the research include a data-based understanding of the rate at which erosion 

of the slopes is occurring and an educated mitigation plan design suggestion. The results 

will aid the City of Colwood in creating the infrastructure necessary to mitigate the erosion 

of the shoreline and to create informed plans for infrastructure to reduce damage to the 

foreshore or the infrastructure itself. The results are an informative data set that 

summarizes the rate at which the sediment of the coastline is eroding, and which mitigation 

measures could be used to approach the issue. The area boasts the ecological diversity and 

valuable asset of an estuary. The long sandy beaches and unique geographical features 

create an area of great value to both residents and visitors. The bay hosts two lagoons, one 

at either end created by peninsulas as a result of longshore drift. The dynamic nature of the 

area, in terms of both natural and recreational uses, is essential to protect in order to 

maintain the value. 
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In order to maintain the value of the foreshore it was necessary to measure the loss of 

sediment and provide strategies to prevent further loss. This was approached through a 

quantitative and qualitative investigation of the factors influencing the sediments and the 

extent of their impact. Measurement of beach slope and volume of sediments lost was done 

using comparative surveying and trigonometry. Qualitative assessment through 

photography was used to corroborate the numerical evidence. The strategies were 

determined from literature review of similar case studies, the suggestions of reports for 

adjacent areas, and in the context of the findings from the quantitative study. 

1.3. Statement of thesis question 

What factors contribute to the chronic and episodic erosion rate of the Royal Roads 

coastline? Which strategies are most appropriate, based on the data obtained through 

surveying and research, to mitigate erosion in this area? 
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2. Background 

2.1. Site description 

The study site is located on the southern tip of Vancouver Island off the west coast of 

Canada. A bay stretches between Albert Head and Fisgard Lighthouse, running southwest 

to northeast. Both ends of the bay support lagoons, the Albert Head Lagoon in the south 

and the Esquimalt Lagoon in the north. The 600 metre stretch of coastline south of 

Esquimalt Lagoon is under investigation in this study. The beach runs fairly straight 

through this stretch with minimal concavity. Above the beach are steep, vegetated and 

developed slopes of unconsolidated sediments originating from an ancient delta. The 

coastline is protected as it faces east, toward the mainland. The jurisdiction of the area is 

complex and split between multiple parties including all levels of government and the 

Canadian Department of National Defense. The Royal Roads offshore region, as well as 

the City of Colwood foreshore feature unique ecology, geology, and coastal processes due 

to their location and the environmental mechanisms at work. 

 
Figure 1: Study site location within map of Capital Regional District, southern British 

Columbia, Canada (Google Maps, 2018) 
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The west coast of Canada is known for its vast wilderness, temperate climate, and 

incredible geological features. British Columbia, the westernmost province of Canada, is 

host to nearly every type of coastal geographical form, from deep fjords to wide sandy 

beaches. The coastline is characterized by the numerous islands created by the offshore 

subduction zone. Oceanic features become attached to the continental plate forming 

islands, while the ocean floor is forced under the continental plate. Seismic activity is 

commonplace for the area with major earthquakes expected in the near future. Vancouver 

Island is the largest of these features reaching 460 km in length (north to south) and up to 

100 km wide at its widest point (Yorath & Nasmith, 1995). The capital city of the 

province, the Capital Regional District, is located on the southern tip of the island which is 

afforded protection by the Olympic Peninsula as it curves northwest around the island. 

While the capital city does not experience the full force of the pacific waves as the west 

side of the island does, there are significant amount of erosive mechanisms at play within 

the Salish Sea surrounding the eastern side of the island. The wave regime for the south 

island is heavily influenced by the currents which swing around the base of the island. 

Waves tend to impact much of the shoreline from the south-east as refractions from the 

mainland. Nearshore the waves are dictated by bathymetry and the elevation of the 

backshore. Some areas are backed by high slopes which protect the waters surface from the 

north-westerly winds. Winds from the north-west would act upon the waves in contrast to 

their direction of movement and cause them to lose momentum. Strong currents run 

through the Strait of Juan de Fuca at speeds of up to 0.6 m/s in offshore areas and 0.2 m/s 

in the nearshore. Fierce winds blow over the low coastal mountains of Vancouver Island. 

Many areas of the BC coast suffer little to no erosion due to the hard bedrock which is 

exposed to the sea rather than loose sediments. 

 

Royal Roads Bay in Colwood, a municipality of the Capital Regional District, features 

unconsolidated sediments due to its history as an ancient delta. The length of the bay is 

made up almost exclusively of sand, gravel, and cobbles which were outwash from the 

glacial melt of the last glaciation period about 13,000 years ago (Mathews & Dady, 2004). 

Esquimalt Lagoon is located at the north end of Royal Roads Bay and was created by 

longshore currents building up the Coburg Peninsula. Another peninsula at the southern 

end of the bay creates a second lagoon of smaller size. The history of the peninsulas is of 

particular interest due to its implication in the sediment movement and distribution for the 
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entire bay. The reports for Esquimalt Lagoon and the Coburg Peninsula may be used as 

relevant resources due to the proximity. The difference in the areas comes with the upland 

and backshore areas. The Coburg Peninsula is backed by the lagoon which comes with its 

own set of difficulties in erosion situations. The study site is backed by steep slopes which 

are both vegetated parkland and developed on the northern half, and a gravel pit which is 

no longer operational on the southern half. The gravel pit represents the vestiges of 

particular interest due to its implication in the sediment movement and distribution for the 

entire bay. 

The reports for Esquimalt Lagoon and the Coburg Peninsula may be used as relevant 

resources due to the proximity. The difference in the areas comes with the upland and 

backshore areas. The Coburg Peninsula is backed by the lagoon which comes with its own 

set of difficulties in erosion situations. The study site is backed by steep slopes which are 

both vegetated parkland and developed on the northern half, and a gravel pit which is no 

 

Figure 2: Royal Roads Bay with study site delineation, as provided by City of Colwood 

(City of Colwood, 2018) 

Metchosin Gravel Pit 
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longer operational on the southern half. The gravel pit represents the vestiges of aggregate 

mining of the Colwood Delta which took place for more than 100 years. 

 

Royal Roads Bay runs a nearly straight stretch from southwest to northeast on the eastern 

edge of Vancouver Island, just north of the southernmost point. The bay is positioned such 

that waves from the Pacific Ocean must first travel through the Strait of Juan de Fuca and 

rebound off the mainland before connecting with the beach. This means that the force of 

the wave action from the Pacific Ocean is severely dissipated if present at all in the waves 

impacting the beach. Most of the wave action in the area is created from wind and currents 

within the Strait of Juan de Fuca. As waves approach the shore, the bottom affects rotation 

of energy in the wave and forces it upward. Larger waves reach critical amplitude sooner 

in which the crest of the wave overturns and releases energy. As this energy is released it 

causes upheaval of the sediments of the bottom. The sediments are suspended in the wave 

runup of the beach and are deposited higher up or returned to the longshore current and 

distributed further along the beach. Wave runup, often above the high tide line, causes the 

sediments of the backshore to be exposed to wave impact and may cause slope failure. The 

energy of the wave is expended on impact and the unconsolidated sediments of the 

backshore often fill the foreshore. The angle of the waves and sediment direction flow are 

northward (Figure 3). 

  

Figure 3: Direction of sediment flow and angle of wave impact (Garner et al., 1993, and 

Hay & Co. Consultants, 1986) 
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The large vessels passing by for the active Canadian Pacific Naval Base and cruise ship 

dock may cause some additional wave action. Based on satellite imagery, waves typically 

impact the beach from a south-southeasterly angle causing the longshore current to push 

sediments northward. A divide may be observed at the base of the gravel pit and slightly to 

the south, where the littoral drift is indicative of a southward longshore current. The divide 

provides evidence of the source of the sediment in the area as the base of the gravel pit 

with longshore drift pulling sediments in both directions away from the area. The study site 

is situated beginning at the northern cusp of this divide with littoral cells of a northerly 

inclination present (Hay & Co. Consultants., 1986). . Littoral cells are phenomena of 

longshore drift wherein the sediment is sourced, transported, and deposited, often forming 

a visible concave shape. 

 

The jurisdiction of the area is complex, particularly with the concept of erosion mitigation 

measures in mind. The beach and backshore within the study site are under the jurisdiction 

of the municipality of Colwood; however, the area below the high tide mark is the 

jurisdiction of the provincial or federal government, depending on the issue at hand 

(Garner et al., 1993). Furthermore, the Department of National Defense owns the land on 

which Royal Roads University is situated but leases it to the public institution for $1 per 

year. The Canadian Wildlife Service cares for and protects the lagoon as a nature sanctuary 

while Parks Canada manages Fort Rodd Hill and Fisgard Lighthouse at the northern end of 

the bay. The division of power is exceptionally important for the potential installation of 

erosion mitigation infrastructure. For this purpose, the province has ceded jurisdiction to 

the City of Colwood while the federal government has leased its jurisdiction to the 

municipality (Garner et al., 1993).  
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Figure 4: Capital Regional District municipal jurisdiction boundaries (CRD, 2015) 

The site under observation contains riprap for protection below a road with several 

residential buildings and a natural beach below wooded parkland. The beach is made up of 

stratified layers of sand, gravel, and cobbles. There is also a high density of driftwood logs 

present along the upper reaches of the foreshore. Beyond the logs, the backshore is 

vegetated first with dune grasses and hardy shore foliage which is quickly overtaken by a 

Coastal Douglas Fir biome (Garner et al., 1993). Scotch broom, blackberry, and 

oceanspray are present at the beach edge but graduate to large maples with an understory 

of Oregon grape and sword fern at the base of the slope. A narrow freshwater wetland is 

present at the base of the slope as is common near the outfalls of water basins. As the slope 

rises it is immediately quite steep with mature arbutus and Douglas fir trees making up the 

majority of the large vegetation with underbrush and grasses. There is evidence of slope 

failures in areas where vegetation has been removed for development. A road which once 

ran the length of the bay to the gravel pit above the high tide mark is all but completely 

eroded with steep undercut cliffs below the remnants. 
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Figure 5: Eroding bluff edge above beach at south end of study site (Maddox, 2018) 

According to a City of Colwood engineer the road which services the residential buildings 

above the riprap extended the length to the base of the gravel pit. The road was closed due 

to erosional undercutting but left to the elements to dismantle. There is little trace of this 

extended road left beyond the area above the riprap which is regularly maintained by the 

City of Colwood. A loading dock for the gravel pit was once present at the southernmost 

end of the study area; however, only pilings and a large slab of concrete remain. Several 

rusted pipes are partially exposed in the sand. The pipes are too small to be storm or 

sewage drains. Likely they are refuse left behind by the gravel pit. The area is host to many 

species of plant, algae, and coastal fauna. The sediment source for the area as a sandy 

beach is attributed to the active aggregate mining of the gravel pit. Without the sediment 

source the beach is starving and bringing with it is change which will affect every aspect of 

its nature. 

2.2. Research approaches 

A vast array of studies attempt to quantify erosion through different means. These studies 

provide foundational data for the current study. Coastal erosion is an issue in nearly every 

coastal country in the world (Hegde, 2010). Erosion is a natural geomorphic process which 

becomes problematic in areas where human development is impacted (Stephenson, 2013). 
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With 80% of the world’s coasts existing as cliffs (Del Río & Gracia, 2009), it is necessary 

to focus on the erosive processes enacted on cliffs specifically. Population densities in 

coastal areas and accompanying development are increasing, escalating the risk of erosion 

impacting communities (Boruff et al., 2005). Three main themes stand out in the literature: 

beach morphology, hydrodynamics, and appropriate mitigation techniques. The data 

acquisition of all three is imperative to creating a comprehensive picture of the coastal 

erosion occurring in an area. 

 

Beach morphology is the physical attributes of the land within and above the intertidal 

zone. Where coastlines are analyzed for erosion, the changing morphology, though 

challenging to assess, is imperative to understanding the processes causing sediment loss 

(Collins & Sitar, 2008). Often, ephemeral beach morphology is not considered when 

studying cliff erosion (Earlie et al., 2017); however, the beach width and slope-beach 

intersection point elevation are key to slope failure (Lee, 2008). By using high spatial and 

temporal resolution to determine the relationship of beach morphology to erosion, a causal 

relationship may be discovered (Earlie et al., 2017). Kline et al., (2014) suggest that 

platform shape and the relationship between cliff and beach have far more impact on the 

erosion rate than hydrodynamics. An effective measurement of the beach morphology of 

an area can be made using LiDAR and comparing images taken over temporal intervals 

(Collins & Sitar, 2008). Lantuit & Pollard (2008) used orthorectified air photos in 

comparison with current Ikonos images to find changes in beach morphology over a long 

period of time. Effective coastal zone management requires an understanding of patterns 

including beach morphology in the adaptive mitigation of chronic and episodic erosion for 

protection of coastal communities (Catto, 2013). Coastal sediment cells or littoral cells are 

the sediment cycles of areas of coastline which can be examined to determine the flow of 

sediments (Marchand, et al., 2011). The flow of sediments affects erosion in that a deficit 

of depositional sediment at a shoreline will affect the morphology by decreasing the width 

and slope of the beach (Kumar, D. and Takewaka, S., 2019). Earlie et al., (2017) assert that 

the relationship between beach morphology and hydrodynamics make them the most 

important parameters in measuring coastal erosion. 

 

The changing of land by hydrodynamics is referred to by Limber & Barnard (2017) as 

landscape sculpting; this is an accurate allegory for the effects wave action has on the 
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coastal formations. The direct action of hydrodynamics in erosion is called wave quarrying 

of slope bases which undercuts the face and causes failure of the structure (Kline et al., 

2014). When the tidal elevation and wave run-up surpass the elevation of intersection of 

the cliff and beach the energy of the waves is expelled on the sediments of the slope base 

(Lee, 2008). Measured wave heights have shown an increasing trend in the North Pacific in 

recent decades (Serafin, K., et al., 2017) which may lead to increased erosion in coastal 

areas. For the purposes of understanding wave-based erosion, chronic and episodic wave 

action should be quantified, particularly to determine storm activity (Callaghan et al., 

2009). Wave dissipating features should be included in quantification of wave action 

against a shoreline because a change in direction of waves may avoid the feature increasing 

the energy expelled on the shore (Del Río & Gracia, 2009). Many erosion mitigation 

strategies involve the construction of wave dissipating features as a main engine in 

preventing sediment loss (Williams et al., 2017). 

 

 Mitigation of erosion to coastlines has been a chronic concern for coastal communities for 

centuries, with design mainly initiated in a reactionary capacity (Marchand et al., 2011). 

Mitigation is categorized into three subsets: hard, soft, and retreat (van Rijn, 2011). Hard 

mitigation strategies are often expensive and constitute large construction projects; they are 

known to negatively affect hydrodynamics and marine ecology (Hegde, 2010). Included 

within the category of hard mitigation are structures such as groynes, seawalls, rock 

armour, and breakwaters (Williams et al., 2017). Soft mitigation strategies are generally a 

much cheaper option with more potential for future improvement and less permanent 

impacts on the area (van Rijn, 2011). Examples of soft mitigation include dune 

rehabilitation, beach replenishment and geotextiles (Hegde, 2010). Geotextiles are a 

relatively recent tool for coastal erosion mitigation but have proven effective on small 

scales in areas such as Korea (Shin & Oh, 2007). Geotextiles are synthetic tubes filled with 

dredge from the area in which they are used; they are permeable to water but tight to soils 

creating a barrier to wave energy (Shin & Oh, 2007). The third branch of mitigation, 

retreat, is the least employed due to the massive cost associated with it (van Rijn, 2011). It 

is not feasible to remove developments to a more stable area when communities are built 

adjacent to resources for the purpose of proximity (van Rijn, 2011). 
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The research of the last decades into coastal erosion provide a variety of assertions on the 

importance of specific factors in the process and present a multitude of supporting 

variables from sediment budgets to wave height. Throughout the literature beach 

morphology, hydrodynamics, and mitigation measures take precedent as the most critical 

factors. Beach morphology and hydrodynamics work as an integrated causation in coastal 

cliff erosion (Forbes et al., 2004). Mitigation is a multifaceted management regime which 

must be engineered to serve the context of its environment (Williams et al., 2017). 

Studying the integration of factors and creating a mitigation system based on the results 

will provide the optimal reduction in coastal erosion slope failures. 

2.3. Geological history 

The geological structure of the Colwood Delta is of utmost relevance to the study of its 

erosion. It is necessary to delve into the ancient formation of Vancouver Island in order to 

understand the processes currently impacting the coastal geology. The area currently 

known as Vancouver Island did not originate as a part of the North American continental 

plate but as piece of a terrane referred to as Wrangellia (Yorath & Nasmith, 1995). 

Terranes are areas of Earth’s crust which form and move together. A terrane exhibits 

unique geological composition enabling the determination of where and how it was created 

as well as the processes which it has undergone in the interim. 

 

In the case of Wrangellia, the story goes back some 380 million years to the Devonian 

Period when a submarine lava plain of the ancient Pacific Ocean caused the development 

of a volcanic island arc (Yorath & Nasmith, 1995). This island arc, around 3,000 km south 

of its current location, was heavily affected by erosive processes as the volcanoes became 

dormant. Erosion eventually led to the islands forming a large submarine plateau which 

supported reefs and multitudes of marine life. By the end of the Paleozoic Era, about 245 

million years ago, the carbon debris left by the marine inhabitants formed layers of 

limestone features above the ancient volcanic sediments (Yorath & Nasmith, 1995). A 

period of tectonic upheaval caused the submarine plateau to once again be flooded with 

lava, the basalt lava of this phase built the area up to near sea-level elevations. A period of 

limestone building and subsequent volcanic activity created additional layers of sediment 

until the area was once again a series of islands but had moved an additional 2,000 km 
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closer to its present position. The Wrangellia Terrane became accreted to North America 

about 100 million years ago, around the same time that Africa began to diverge from South 

America (Yorath & Nasmith, 1995). 

 

Accretion is a process by which features of the surface of an oceanic plate are “welded” 

onto the continental plate as the former is subducted beneath the latter (Yorath & Nasmith, 

1995). Vancouver Island and Haida Gwaii (previously referred to as the Queen Charlottes), 

were a formation on the Wrangellia oceanic plate, and became attached to the North 

American continental plate. A second terrane called the Crescent Terrane became accreted 

to southern Vancouver Island and northern Washington State, USA. The volcanic rock of 

the Crescent Terrane makes up the mountains of the Olympic Peninsula in Washington as 

well as the Sooke, Metchosin, and Colwood areas of Vancouver Island (Yorath & Nasmith, 

1995). The evidence of this accretion is a valley which stretches across southern 

Vancouver Island, terminating at the Colwood Delta coastline, the site of study for this 

research. Additional evidence suggests that this collision thrust the area upward and 

erosion has worn down as much as 10 km of rock. 

 

The Pleistocene Epoch, commonly referred to as the Ice Age, saw three major glaciation 

periods for Vancouver Island. These created the characteristic features of the landscape 

through deposition of sediments over bedrock and glacial scour of hill and mountaintops 

(Yorath & Nasmith, 1995). The Colwood Delta was formed during the final glaciation 

period as a glaciofluvial outlet fed by the melt of surrounding glaciated areas (Mate & 

Levson, n.d.). The delta covered an area of approximately 16.7 sq. km and, due to isostatic 

depression, met the sea at approximately 75 metres above current sea level. The area of 

deposition for materials as the delta met the ocean is now exposed, making up the eroding 

shoreline of the research site. This explains the presence of river cobbles and layering of 

sediments found at the coast (Mate & Levson, n.d.). 



 

 

 20 

 

Figure 6: Extent of Colwood Delta (CRD, 2016) 

 

Recently, radio-carbon dating of a mammoth tooth unearthed from the Metchosin Gravel 

Pit revealed the Colwood Delta to have formed at least 18,000 years ago (Keddie, 2015). 

Adjacent areas lay under thick glacial ice sheets as evidenced by the absence of deltaic 

sediments. The presence of sediments indicative of glaciolacustrine basins in surrounding 

areas and the geological features of the valleys suggest that the Colwood Delta was the 

main outflow source for the region while many other areas remained dammed (Mate & 

Levson, n.d.). The Colwood Delta stretches throughout the low-lying areas of the cities of 

Colwood and Langford, most of which has been subject to development (Yorath & 

Nasmith, 1995). 

 

As the timeline approaches present day, the focus shifts to small-scale geological change. 

The evidence for these changes is found mainly through archaeological evidence in the 

area. At the northern edge of the study site a series of middens exists. These middens have 

been radio-carbon dated as far back as 2,980 years ago (Mathews & Dady, 2004). This 

indicates that the sea level has been relatively stable since that time due to their proximity 

to the water’s edge. The types of refuse found, including fish and water fowl bones, are 
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evidence that the general topography of the area has not changed significantly. The refuge 

provided by the Coburg Peninsula, creating Esquimalt Lagoon, has likely been in place 

since that time, resulting in a stable marine habitat suitable for the continuous exploitation 

of resources by First Nations people (Mathews & Dady, 2004). 

 

Longshore currents have been attributed to creating the beach and peninsula from the 

sediments of the Colwood Delta. Additionally, stratification of sediments within the layers 

of the middens indicates episodic slope failures of the gravel slopes above the beach 

(Mathews & Dady, 2004). Without direct evidence, this is considered to be due to tectonic 

events resulting from the proximal subduction zone. Geological surveys undertaken at 

Discovery Bay, 30 km across the Strait of Juan de Fuca from Royal Roads Bay found 

evidence of as many as six tsunami incidents within the last 2500 years. It is likely the 

stratified sand and gravel deposits in the middens are a result of these episodes (Mathews 

& Dady, 2004). The sea floor is not a source for small sediments including the sand and 

gravel layers within the middens; therefore, it must be assumed, based on the similar 

lithology, that the tsunami events brought the sediments down from the slopes above to 

cover the middens. A history of slope failures and evidence of longshore drift as an active 

driver of beach morphology in the area is significant in determining the cause and effect of 

current erosional patterns. 

 

Historical accounts mention the presence of sand dunes prior to the construction of a road 

across the spit and around the bay to Albert Head in the 1920’s. The presence of sand 

dunes at this time could be due to the gravel pit already in operation or as a natural feature, 

the source is unclear (Mathews & Dady, 2004). Earlier accounts mention the shoreline as 

coarse gravel and rocks. An 1883 storm threw several ships onto the shore between Albert 

Head and Fort Rodd Hill. The accounts of these wrecks mention that the ships were thrown 

upon rocks, boulders, and gravel. The archaeological evidence points to the existence of 

longshore drift and erosion as natural mechanisms of the Colwood Delta coastline prior to 

colonization and anthropogenic impact. It is presumed that in the past the coarse gravel 

was transported by way of longshore drift to create the Coburg Peninsula against a glacial 

ice block which caused the depression which is now Esquimalt Lagoon. The gravel source 

was most likely the same Colwood Delta area; however, the feeding would have been at a 

much slower rate due to natural erosion rather than anthropogenic mining efforts. It is 
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likely that once the sand has eroded from the beach and peninsula entirely, that the same 

coarse sediments will be present below and reappear as the surface layer. The difficulty 

arises in that the active mining of the Metchosin Gravel Pit has reduced the sediment 

source to the point that the previous feeding cycle may not be possible. This would leave 

the beach in permanent starvation and eventually lead to the complete erosion of the 

foreshore and the Coburg Peninsula. 

2.4. Cultural history and the gravel pit 

North America was inhabited exclusively by the indigenous people until the late 15th 

century, with the exception of short occupations by Vikings on the east coast. It was an 

additional 300 years before the Spanish explorers began to seriously explore the west coast 

(Silvester, 2013). In the year 1790, Vancouver Island was claimed as Spanish territory in 

the New World. A singular visit, lasting only a few hours, was made at Albert Head Point 

to lay claim. Few instances of Europeans stepping foot on Vancouver Island prior to the 

English settlement in 1841 have been documented (Silvester, 2013). Fort Victoria was 

established as a relocation of the southerly Fort Vancouver as the border between British 

North America (now Canada) and the United States was drawn along the 49th parallel. The 

Hudson's Bay Company’s Sir James Douglas built Fort Victoria at the edge of the harbour 

referred to as Camosack (now the Inner Harbour). The area currently known as Colwood 

remained the exclusive territory of the local First Nations until the arrival of the ship Tory 

in 1851 which brought bailiffs and labourers to work four large farms (Silvester, 2013). 

One of the families that had come to act as bailiff was the Langfords, who had previously 

run a farm in Sussex called Colwood. This became the source of the City’s namesake as he 

reused the name for the farm on Vancouver Island. 

 

There were many First Nations settlements along the shoreline of Vancouver Island 

(Silvester, 2013). The greater nation is known as Coast Salish; however, the Royal Roads 

Bay territory was occupied by the Teechamitsa. Evidence of indigenous habitation in the 

area includes documented reports of interactions between European colonizers and First 

Nations People, as well as archaeological findings of burials, tools, and shelters. The area 

was taken over by the Hudson's Bay Company in 1850 as a result of the Douglas Treaties 

(Silvester, 2013). The Douglas Treaties, named for Sir James Douglas, were a set of 
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documents selling the lands of British Columbia to the Hudson's Bay Company and 

creating reserves for the First Nations who inhabited those lands (Ministry of Aboriginal 

Relations and Reconciliation, 2006). The lands were “bought” in exchange for blankets, 

clothing, or small amounts of money. The treaties removed all rights the First Nations 

people had to their traditional lands forever, as consistent with British colonial rule. 

Pioneers were then encouraged, through the monetary incentives provided by the Hudson's 

Bay Company, to settle the lands. 

 

The area around the Colwood Delta was host to farms, a small grocery store, and a holiday 

area (Silvester, 2013). The beaches became a popular recreational area as Fort Victoria 

grew. Families would make the journey from the fort to the beach, often staying overnight 

in tents. Eventually, temporary camping gave way to summer cabins and even a pub with 

seafood was constructed on the Coburg Peninsula. The Second World War brought change 

to the area as the Department of National Defense took over the peninsula, removing the 

buildings to create a firing range (Silvester, 2013). After the war, the area was returned to 

civilian use. Air photos of the area from 1946 (Figure 8) indicate that residential 

subdivision development was beginning along the south and west sides of Esquimalt 

Lagoon. Industry in the area grew and drew residents. Of particular note was the industry 

of the Metchosin Gravel Pit. 

 

 

 

Figure 7: Air photos from 1946 

(bottom) and 1954 (top) providing 

visual evidence of sediment drift and 

alluvial fan development (Hay & Co. 

Consultants, 1986) 
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Sediment was first extracted from the Metchosin Gravel Pit beginning in the 1890’s 

(Silvester, 2013). In 1908, Pioneer Gravel Pit was opened with a hundred-year lease of the 

foreshore; by 1910 was fully operational with a processing plant. All aggregate was 

removed from the site by barge. The significant spillover of fine sediments migrated along 

the shore by way of the longshore currents to cover the exposed rock and gravel which 

previously made up the surface of the beaches (Silvester, 2013). The Colwood Delta was a 

rich and large deposit of sediments optimal for building. For most of the 20th century it 

was one of the largest sources of aggregate in the country (Mate & Levson, n.d.). With 

materials ranging from sand and pebbles up to cobbles, the variation in aggregates made 

the area extremely profitable. A total of nineteen different types of sediment were sorted 

apart and sold for use in building Victoria, Vancouver, and Seattle. Since 1919 more than 

60 million tonnes of material have been extracted. The Delta itself covers approximately 

16.7 square kilometers, most of which is under residential developments (Silvester, 2013). 

     

Throughout the years the gravel pit changed ownership while providing most of its 

aggregate to Victoria and the Lower Mainland (Silvester, 2013). In the early days, much of 

the work was done by hand. A large bucket was pulled across the cliff faces of the dug-out 

pit causing material to fall to its base. The aggregate was then sorted through screening, 

and crushed if necessary, before being loaded onto barges first by hand using 

wheelbarrows and later by an extensive network of conveyor belts (Silvester, 2013). It was 

a source of employment and profit for the region. Construction Aggregates Ltd. bought the 

plant in the 1970’s, bringing in the use of heavy machinery and building a processing 

plant. The addition of modern technologies brought the production rate of the gravel pit to 

an all-time high (Silvester, 2013). The plant now produced 3,000 tonnes per hour. The 

aggregate was still transported from the pit by barge which ensured the continued source of 

sediment for the adjacent beaches. Land around the gravel pit which had been developed 

became swallowed up as the pit expanded (Silvester, 2013). Residential homes and even 

the Victoria Gun Club were undermined and removed. As smaller sediment reserves began 

to dry up a quarry for hard rock was created wherein mined material was used for building, 

mainly in Seattle (Silvester, 2013). 

 

The City of Colwood incorporated in 1985 after more than twenty years of discussion and 

referendums (Silvester, 2013). The population had increased steadily since the turn of the 



 

 

 25 

century with over 10,000 residents in the Westshore communities by 1960. With 

incorporation came regulations for developments and the creation of more neighbourhood-

like communities. The 100 year lease for the gravel pit foreshore ended in 2007 and was 

determined to be too costly to renew with the federal government (Silvester, 2013). The 

gravel pit land was sold and plans for large residential developments are underway. The 

area now hosts several hundred homes and a new high school for the city. Much of the 

gravel pit remains untouched by the developers, likely due to the assertion by Construction 

Aggregates Ltd. that the walls of the pit are unstable and require extensive remediation to 

ensure the safety of any surrounding development (Mate & Levson, n.d.). The future of the 

Metchosin Gravel Pit is uncertain; however, the growth of the Westshore communities is 

undeniable and will certainly require the use of more land. As a space that has already been 

deforested and cleared of undergrowth, the gravel pit is an optimal area for development. 

Development above the study site would not be prudent with active erosion impacting the 

shoreline and a high potential for slope failure of unconsolidated sediments. 

2.5. Climate change and global rea level rise 

Climate change driven sea level rise creates challenges in developing infrastructure that 

will withstand or adapt to the change. Erosion may be increased as the mean level of waves 

impacting the shore rises above the contemporary beach platform height. The 

Intergovernmental Panel on Climate Change (IPCC) has predicted that global sea levels 

will rise by 60 cm by the year 2100 (Nicholls & Cazenave, 2010). Global sea level rise has 

been attributed to the melting of polar ice caps and deglaciation over the past century. The 

result of carbon dioxide and other anthropogenically mass released chemicals 

accumulating in the atmosphere and trapping solar radiation is known as the greenhouse 

gas effect. The greenhouse gas effect has caused atmospheric temperatures to rise at an 

accelerated pace when compared to previous centuries (Nicholls & Cazenave, 2010). 

Increasing temperatures have led to the melting of large stores of fresh water in glaciers 

and ice caps on Earth, as well as the expansion of ocean waters as seas warm. The rising 

levels of the ocean have been recorded and many models exist predicting the potential for 

further increases. The main impacts of rising sea levels include the flooding of low-lying 

coastal zones and the contamination of freshwater sources with saline water; however, the 
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increased intensity of storm activity in conjunction with high sea levels may have 

significant repercussions on coastal erosion processes (Nicholls & Cazenave, 2010). 

2.6. Existing knowledge   

Multiple studies have taken place in Royal Roads Bay to determine the extent of erosional 

processes, the expectations for future geomorphic change, and to assess specific issues as 

they arise. The study undertaken for this thesis is the first to directly address the beach area 

south of Coburg Peninsula and north of the gravel pit. This area has been a side note or 

indirect focus in multiple other reports. Many of the reports were commissioned by the 

City of Colwood or other governmental agencies to determine the extent of the erosion and 

the best strategies to mitigate it. The studies range from a 1986 professional consultation 

company report impact (Hay & Co. Consultants, 1986) to an undergraduate report released 

in 2014 through the University of Victoria Coastal Erosion and Dune Dynamics 

Laboratory (O'Connor et al., 2014). Each study provides unique insight from the 

perspective of the author as well as from the issue under investigation. 

 

The Royal Roads Foreshore Erosion report (1986) was produced by Hay & Company 

Consultants from Vancouver, British Columbia, for the City of Colwood. The report came 

just one year after the city incorporated, indicating that the erosion of the waterfront was 

already a priority some 32 years ago. The report undertook an observational study of the 

area with a literature review for background context. The Colwood Delta was identified as 

the sediment source for the entirety of the length of Royal Roads Bay foreshore. The 

sediments from the delta were likely supplied en masse only during extreme tides and 

slope failures of the bluffs prior to the gravel pit operations. There was a significant shift in 

the regime of the beaches from coarse sediments to more fine sand as a result of tailings 

and washings from the Metchosin Gravel pit. Early techniques used in the pit saw the 

dumping of large portions sand as a by-product. Later, the sand dumping was limited to 

accidental discharge and leakage as operations changed to utilize the sand extracted. 

 

By the time the study was undertaken in 1986, the ocean-side road, which now serves only 

as parking and access to a single property, was already partially eroded. The road had 



 

 

 27 

originally extended to the gravel pit. Air photos from 1954 show the road already in 

existence; however, information on the exact year of construction is unavailable. 

 

The report concludes, through air photo analysis that the wave action for the area north of 

the gravel pit is exclusively from the southeast. Alluvial fans in early air photos (Figure 8) 

support this assertion. The riprap that protects the road south of the sewage pump station 

was not installed correctly. It is inadequate to provide mitigation of the waves due to the 

lack of organized construction (i.e. no filter layer or toe trench). The report offered two 

suggestions to mitigate coastal erosion along the Royal Roads foreshore: improved riprap 

or a perched beach. Groynes were specifically cited as inappropriate due to their hard 

nature and urbanized appearance. The final note of the report recommended cross section 

surveys to monitor the erosion. 

 

In 2008, Coburg Peninsula Foreshore Erosion: Updated Study Report by Seabulk Systems 

Inc. was contracted by the City of Colwood. Whether a previous report from the same 

group was submitted or this report is a follow-up to the 1986 report is unclear. The report 

addresses major storm activity that had taken place, existing riprap issues, and the 

possibility of groynes and offshore breakwaters. The report acted more as a discussion on 

existing infrastructure failures with suggestions for improvement than a scientific 

investigation. 

     

The Colwood Delta was again cited as the sediment source for the entire Royal Roads 

Foreshore. The report detailed that the sediment was retrieved through backshore erosion; 

this indicates that sediment is only sourced during periods at which the waves impact the 

coast above the tidal range of the foreshore. The report goes on to note that sediments in 

the littoral current, after reaching the end of Coburg Peninsula, are washed either into the 

lagoon or across the tidal channel to the tidal flats below Fort Rodd Hill. The sediments are 

highly susceptible to littoral drift due to the fine nature of the top layer. This layer is a 

direct result of the operations at Metchosin Gravel Pit and would not make up a large 

portion of the sediment budget otherwise. Without mitigation the shore will return to its 

previous equilibrium of coarse sediments and cobbles with eroding backshore. 
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Literature cited in the report identifies overtopping of the dunes and riprap during 

coinciding high tides and storm events. Sea level rise has not been a major factor in the 

planning of the area until this time. The closure of Ocean Boulevard due to logs, sea 

debris, and inundation has occurred at increasingly frequent intervals. This indicates that 

climate change driven sea level rise should be a factor in any long-term projects, including 

installation of erosion mitigation infrastructure. The rock armour that currently protects 

important structures along the beach is inadequate due to its construction. The report 

details that the rocks appear to be dumped rather than designed. It was also recognized that 

a sea wall would not be an appropriate strategy for erosion mitigation in the Royal Roads 

foreshore due to its costly nature and the lack of improved protection it affords. 

 

Improved riprap installments would provide protection to the backshore but would not 

provide any relief to the erosion of the beach, the report finds. The beach is identified as 

having significant value for the visitors, residents, and to the City of Colwood itself. The 

report explores the use of groynes and offshore breakwaters for the purposes of mitigating 

erosion. All three options require an input of sediment as part of construction in order to 

succeed. It is suggested that a sediment trap in the tidal channel that separates the Coburg 

Peninsula from the mainland at the north end would provide a source for the beach 

nourishment which would be necessary.   

 

The findings of the Seabulk Systems Inc. report differ little from that of the 1986 report. It 

cites the same major issues, omitting the preservation of the road to above the foreshore 

between the pump station and gravel pit which is almost entirely eroded away. The focus 

of the report was to highlight the mitigation measures which may be put in place to 

preserve the value of the beach which is identified as the visitor experience. 

 

The report “Esquimalt Lagoon Bridge North Abutment Area Storm Damage” of January 

2010, created by Stantec, investigated the erosion around the abutments of the bridge 

connecting the northern end of Coburg Peninsula to the mainland during heavy storm 

events. The City of Colwood became concerned that the bridge was unsafe due to the 

erosion of sediments at the base of the abutment. The report focused on this issue but made 

note that erosion of the entire beach north of the gravel pit is suffering significant erosion 

which will continue without mitigation. The report also detailed that the riprap used to 
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protect the abutment, similar to that protecting the road by the pump station, was 

incorrectly constructed. To provide effective protection the riprap requires careful design 

using gradients of sediments to ensure that air pockets in the rock are not present. Under 

storm conditions wave impacts compress the air pockets causing the riprap to become 

unseated and possibly fall away. 

     

In 2014, a group of undergraduate students from the University of Victoria Coastal Erosion 

and Dune Dynamics Laboratory undertook a study: An Investigation into Erosion and 

Armouring Effects on the Coburg Peninsula at the Esquimalt Lagoon, Colwood BC. The 

study was done for the purposes of fulfilling course requirements but was provided to the 

City of Colwood. The study mainly utilized literature sources with some in-situ 

observations and testing of sediment samples. Erosion rates of 60-90 cm per year and 15-

30 cm per year were cited from a 1976 book, and a 1982 article respectively. 

Substantiation of these citations has not been made. 

 

A digital analysis of the shoreline was done using air photos to determine the extent of 

shoreline movement over the past 20 years. The shoreline retreated by approximately the 

same margin between 1992-2002 and 2003-2013, indicating a loss of sediment. It was also 

discovered that the tidal flats and beach beneath the bluffs of Fort Rodd Hill expanded by a 

large margin during this period. The evidence of the report supports the assumptions that 

the littoral current carries sediment north along the beach and deposits across the 

Esquimalt Lagoon tidal channel below Fort Rodd Hill. The study concludes that riprap 

used for mitigation has caused and will continue to cause significant side scour and beach 

steepening along the Coburg Peninsula. 

 

The City of Colwood requisitioned an investigation by Kerr Wood Leidal Consulting 

Engineers to study and provide a strategy for protecting the sewage pump station. The 

2016 document, Ocean Boulevard Pump Station Protection Plan, outlines their findings. 

The pump station is located at the north end of the study site for this thesis, at the junction 

of Ocean Boulevard and Lagoon Road. The pump station at Royal Roads Bay services 200 

homes surrounding Esquimalt Lagoon by pumping sewage out to sea. The pump station 

runs on grid electricity but houses a backup diesel generator. The considerations when 

dealing with the pump station include protecting the infrastructure, ensuring the continued 
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function of the station, and preventing environmental contamination from damage to the 

sewage system and/or diesel generator. 

 

The sewage pump system sits behind a riprap berm and lock block concrete wall. The 

riprap continues down the beach protecting the access road for the residential unit and 

parking area. The current height of the berm and wall provides protection to the station 

from inundation and wave action up to 2.45 meters above mean sea level. Through the use 

of predictive modelling, the study found that storm flooding of at least 2.45 meters is 

expected once every two years until 2025 when the rate of inundation events will increase. 

Climate change driven sea level rise and storm intensification will increase the likelihood 

of hazardous events occurring. 

 

Different options were explored for mitigating the danger to the sewage pump station. 

Beach nourishment was written off due to the small section which the report focused on, it 

would not be appropriate to employ an expensive endeavor for a small area. It was noted 

that the beach is highly effective at reducing wave run-up; it simply is not high enough to 

mitigate the waves entirely, particularly during high tide storm events. If beach 

nourishment were used for the entirety of the foreshore it would provide an effective 

mitigation technique. A sea wall would not be appropriate to protect the pump station 

because the lack of friction created by the flat expanse means that the wall would have to 

be significantly higher and would degrade the scenic appeal without offering significantly 

more protection. The suggested approach was increasing the current berm in both height 

and width along with the height of the wall behind. 

 

In places, the wall reaches 2.80 metres above mean sea level and has a footprint extending 

3.5 metres towards the water line. In order to effectively mitigate the impending sea level 

rise and storm intensification for the life of the station (65 year) the berm will need to be 

4.80 metres high. Since the berm utilizes a riprap slope to reduce wave impact on the lock 

block structure, the footprint would increase to 10.5 metres towards the water. This would 

mean that the section of beach would not be passable on the sand, possibly even at the 

lowest of tides. The remaining question is whether the riprap structure would cause side 

scour and exacerbate erosion in the localized area or act as a groyne and afford further 

protection to the beach south of the pump station. The study identifies the erosion 
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occurring as a function of the loss of gravel pit activity and predicts a coarsening of 

sediments as equilibrium is approached. 

 

A Coastline Erosion Study completed in 2018, by Northwest Hydraulic Consultants Ltd., 

on the erosion of the coastline for the entirety of Royal Roads Bay came to similar 

conclusions as the previous reports. This study utilized numerical models to simulate the 

wave and current regimes of the Salish Sea in the context of sea level rise and storm 

intensification. Net longshore drift was found to move sediments towards the north end of 

the bay, towards the bridge. The peninsula will withstand minor sea level rise due to its 

stable height. A shoreline retreat of 9 to 12 metres was predicted by the year 2100. This 

includes a 1 metre rise in sea level. Sea level rise over 0.3 metres will have significant 

detrimental effect to the upper foreshore, causing the waves of typical storms to impact 

with the same destructive force as those of current extreme storms. The study opposed the 

use of further rock armouring, recommending replacing infrastructure with more resilient 

materials or removing it for the stormy winter months. The study concluded that the 

optimal strategy would be to introduce beach nourishment with costs in the order of 

$450,000 USD per 200 m of coastline at a rate of every 10 years. 

2.7. Case Studies 

2.7.1. Insufficient mitigation in Delta, BC 

The adaptation strategy in relation to coastal inundation for the Municipality of Delta will 

be examined as a case study in this section. Delta is a municipality of Greater Vancouver 

on the west coast of Canada. The town is situated at the terminus of the Fraser River 

("Introduction to Fraser Delta| Ocean Networks Canada”, 2013). The rich soils have been 

exploited for agricultural purposes as well as to accommodate the growing urban sprawl of 

Canada’s third largest city. Erosion of unstable sediments, coupled with the potential for 

coastal inundation over the low-lying terrestrial area, are of significant concern for the 

municipality (Mazzotti et al., 2009). The design and implementation of an adaptation plan 

are essential to prevent the loss of the community and the environmental integrity of the 

coast. The mitigation strategies utilized for coastal inundation prevention are synonymous 

with those used for coastal erosion. The case study is relevant to this thesis project because 

both sites are within relative proximity to one another lying across the Salish Sea. 
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Hydrodynamics within the Salish Sea are unique; using a proximal area for reference 

provides the opportunity to make comparisons without accounting for vast differences in 

coastal regimes. 

 

With dense populations residing in proximity to coastlines, the potential for climate 

change-driven coastal disasters prompts the use of adaptation planning by municipalities 

such as the City of Delta. Adaptation planning involves the creation and implementation of 

mitigation strategies which aim to protect the social, economic, and ecological places of 

value in zones of vulnerability (Barron et al., n.d.). Strategies for adaptation planning range 

from policy changes to infrastructure construction. In general, an approach which 

combines multiple strategies has proven most effective in mitigating the effects of regime 

changes on areas of high vulnerability. This requires the active parties to create an 

extensive plan which utilizes site-specific data to create a scheme of appropriate strategies 

(Barron et al., n.d.). 

 

Delta has a population of over 100,000 residents, many of whom are recent immigrants to 

Canada and largely form the local agricultural sector (Barron et al., 2012). Delta is so 

named due to its location at the deltaic mouth of the Fraser River, where thousands of 

years’ worth of sediments has settled creating a low-lying, nutrient rich plain. The Fraser 

River is fed through the yearly snowpack melt and glaciers of the Coastal Mountain range. 

As the river continues to discharge, the nutrient rich sediments feed the banks and build the 

shoreline of Delta ever-farther into the Salish Sea; however, the unstable deposits are prone 

to structural failure which impacts coastal infrastructure (Mazzotti et al., 2009). The areas 

which are at risk include a major harbour, the international airport, and the ferry terminal 

connecting the provincial capital, Victoria, to the mainland. 

 

A significant portion of the low-lying community is at high risk of sea water inundation 

from sea-level rise and increased storm activity despite existing mitigation infrastructure. 

Delta has previously experienced incidences of flooding from both the freshwater river and 

marine sources. Flooding in 1948 breached the low dikes and sea walls destroying over 

2,000 homes and killing 10 people (Barron et al., n.d.). Since that time, numerous incidents 

of small breaches have occurred, most notably the marine inundation event of 2006. The 

event was caused by the correlation of an extreme high tide and storm surge; it may be 
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foreshadowing of the impacts the area is likely to experience due to climate change. The 

public support for improving mitigation technologies has been strong; however, existing 

areas of non-complementary public and private erosion/inundation management 

infrastructure create a jurisdictional obstacle (Barron et al., 2012). Due to the expensive 

nature of beachfront property, the owners of such parcels of land have constructed sea 

walls to protect their homes from erosion. The interspersed private sea walls and public 

dykes create a non-homogenous defense against the sea. It is in many of these weakened 

areas that breaches have occurred in the past (Barron et al., n.d.). 

     

Currently, the Corporation of Delta is protected by a system of dikes and seawalls which 

have prevented major catastrophes from occurring. The increased sea level and storm 

intensity expected in the coming decades, and even centuries, will cause these barriers to 

become obsolete in the mitigation of climate change driven coastal hazards (Barron et al., 

n.d.). In order to prevent destruction of infrastructure and loss of life it is necessary to 

implement more appropriate measures of adaptive management. The guiding principles of 

the municipal government’s plan outline a strategy which focuses on adaptation planning 

for the future. This is important for Delta due to the high vulnerability of most 

communities within its boundaries. The main objective is to prevent catastrophic damage 

to infrastructure and mortality by employing predictive planning measures (Barron et al., 

n.d.). The mitigation measures should be constructed to defend the city against the 

anticipated sea level rise and further, based on predictions that the effects of climate 

change will only continue to escalate into the future. The guiding principles put an 

emphasis on community engagement and education which will improve public support for 

implementing adaptation management strategies and infrastructure. Overall, the goal of the 

adaptation visioning study is to present multiple options for achieving a management 

strategy which successfully protects the valuable land, resources, and safety of the people 

of Delta (Barron et al., n.d.). 

 

In order to effectively provide adaptive management for the area, the municipality is 

undertaking the “Changing Climate, Changing Communities: Guide and Workbook for 

Municipal Climate Adaptation” created by the Canadian branch of Local Governments for 

Sustainability (ICLEI Canada). The strategies employed by the municipality for adaptation 

management rely heavily on vulnerability mapping and flood modelling, provided by the 
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best available technology, which builds explicit spatial maps. The process is a transparent 

quantification of anticipated climate change impacts on the area to inform the public and 

municipal decision-makers. This is done to ensure the implementation of the most effective 

strategy with the cooperation of the community (Barron et al., 2012). The Delta-RAC Sea 

Level Rise Adaptation Visioning Study is a document which presents the collective 

research by the University of British Columbia Collaborative for Advanced Landscape 

Planning on the four best approaches to the anticipated climate change coastal hazards up 

to the year 2100 (Barron et al., n.d.). The document, though presented as a research 

analysis with suggestions, is being utilized by the Corporation of Delta as an informative 

guide to adaptation management. The city will employ one or more of the suggested 

strategies to create a formal adaptation plan (Barron et al., n.d.). An adaptation plan 

specifically targeting agriculture for the Corporation of Delta has already been published; 

however, the report fails to recognize impacts beyond those directly impacting farming in 

the region. The Delta-RAC Sea Level Rise Adaptation Visioning Study four scenarios are: 

“Hold the Line”, “Reinforce and Reclaim”, “Managed Retreat”, and “Build Up.” 

 

The Hold the Line Scenario suggests maintaining, enforcing, and raising the current dike 

and seawall infrastructure which covers 55 kilometers of coastline in Delta to preserve the 

current boundary with the ocean (Barron et al., n.d.). The dikes and seawalls would be 

enhanced to withstand the full extent of sea level rise anticipated beyond 2100. To align 

with the BC Sea Dike Guidelines, the dikes would be raised to a standard of 6.9 meters 

above sea level. The results of this approach would include no loss or gain of land save the 

diminished intertidal zone (Barron et al., n.d.). The Hold the Line approach provides a high 

level of protection for existing development, infrastructure, and farmland. The cost of 

improving and maintaining existing infrastructure is high based on the level to which it 

must be raised and the quality of construction necessary for the measures to be effective. It 

may impact the socio-economics in the region by cutting off ocean access and diminishing 

property values (Barron et al., n.d.). Due to the loose sediments, the likelihood of saline 

intrusion into fresh groundwater is still high with this approach. 

 

The Reinforce and Reclaim Scenario is similar to the Hold the Line Scenario including the 

maintenance and enforcement of existing dike infrastructure, the difference lies in the 

addition of dykes protecting against river flooding and barrier islands (Barron et al., n.d.). 
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The barrier islands would form a double function of breaking wave energy prior to 

impacting the shore which would reduce the need for such drastic height increase of the 

dikes and provide additional area for intertidal ecology to thrive. The costs for this 

approach would still be significant, but due to the lower standards of construction required 

for barrier islands it would have an overall somewhat decreased cost. For areas assessed to 

be unsuitable to barrier islands, the original height increase presented in the Hold the Line 

Scenario would be implemented (Barron et al., n.d.). 

 

Managed Retreat is a soft mitigation approach which maintains existing infrastructure to 

protect areas of considerable value and high population density (Barron et al., n.d.). 

Developments in vulnerable lowlands would be gradually relocated to higher ground as 

inundation of those areas would occur more frequently. The retreat would occur on a 

decadal scale. The advantage of this scenario is the increase in ecologically important 

wetland area and elimination of stress on vulnerable neighbourhoods by providing 

government funded relocation (Barron et al., n.d.). The cost of the soft retreat option may 

surpass that of the previous hard approaches due to the long-term compensation for lost 

agriculturally productive land and increasing the height of roads through areas predicted to 

be inundated during the period of retreat. It is likely that this approach will be unpopular 

with the population due to the loss of land and livelihood. The question of highland areas’ 

ability to absorb the large-scale influx of migrants is also a concern (Barron et al., n.d.). 

 

The fourth approach, Build Up, is also a soft approach to mitigation. Similar to managed 

retreat, this scenario would maintain the existing dike infrastructure with the expectation of 

increasingly frequent inundation of marine water. The Build Up Scenario manages the sea 

level rise by accommodating it into the development of the area (Barron et al., n.d.). 

Important structures such as hospitals, emergency service stations, and schools would be 

elevated and reinforced to withstand the impacts of flood waters. Major roads would be 

elevated while residential roads would remain at current levels. New developments would 

be required to be built on raised foundations with particular attention to flood resistance 

(Barron et al., n.d.). The municipality would fund the gradually raising of all developments 

over time. The frequency of inundation events is not yet known; therefore, the Build Up 

scenario assigns the responsibility for residences and access during events to citizens. This 

option may reduce the impact on land values in the near future while sacrificing those 
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down the road (Barron et al., n.d.). It avoids the high costs of raising the height of existing 

dykes and offer opportunity for increased wetland area. The drawbacks of this strategy 

include the loss of agriculturally valuable land and the impact on highly vulnerable 

communities (Barron et al., n.d.). 

 

The current infrastructure for mitigating marine inundation is insufficient to defend the 

Corporation of Delta from rising sea levels and increased intensity of storms resulting from 

climate change. The system of dikes does not follow an adaptation plan and is frequently 

compromised by seawalls created on private properties. The strategies suggested by the 

Delta-RAC Sea Level Rise Adaptation Visioning Study provide the optimal approaches to 

mitigating sea level rise within the context of the Corporation of Delta (Barron et al., 

2009). The city officials must choose an adaptation strategy to integrate into the Official 

Community Plan. The incidences of past flooding has educated the public on the 

consequences of water inundation. The hard approaches, while immediately costly, are 

likely to garner more public support due to the permanency and protection they afford 

(Barron et al., n.d.).. 

2.7.2. Successful and ongoing dune restoration, New Jersey, USA 

New Jersey has an extremely dense coastal population with 90% of the state residing 

within the coastal zone (Phillips, 2017). Similarly to Royal Roads Bay, the shore is 

composed of unconsolidated sand, gravel and silt. The sediments for the New Jersey 

shoreline are fed from both marine and terrestrial sources. Erosion of these light sediments 

was causing massive shore wasting due to a number of issues (Nordstrom et al., 2002). 

Firstly, the razing of the natural dunes to build residential areas in as much proximity to the 

beach as possible disrupted the cycle of feeding and starvation of sediments in littoral cells. 

Secondly, the construction of hard mitigation techniques going back as far as the 19th 

century caused increased cases of episodic and catastrophic erosion. Lastly, the increased 

intensity of storms and rise in mean sea level as a result of global climate change leads to 

ever more destructive erosion events (Nordstrom et al., 2002). Without active mitigation 

the majority of coastal New Jersey would become inundated with sea water and become 

uninhabitable. 
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Early erosion management in the area consisted of Groynes made of wood which 

prevented the longshore current from removing the sand from the area of the beach 

(Nordstrom et al., 2002). Eventually, a larger scale series of Groynes were built to push the 

currents farther from shore. A Groyne is a hard structure built perpendicular to the beach 

into the intertidal, and sometimes subtidal, zone in order to disrupt the littoral current. 

Littoral currents transport sediment along the beach based on the direction of wave impact 

(Nordstrom et al., 2009). Groynes cause issues when dealing with erosion because they do 

not break, subdue, or otherwise stop littoral currents, they can only force the currents 

farther out from the direct shoreline. The directional flow of the current causes the 

sediments to be eroded out from the backside of one Groyne and build up against the face 

of the next. The upstream Groyne is undermined on the backside while supporting heavy 

deposition on the face which leads to eventual collapse (Nordstrom et al., 2009). When 

modern technologies permitted, large rocks were brought in for riprap, seawalls, and 

breakwaters. Each of these mitigation techniques presents unfavourable drawbacks. 

Concrete and steel fortified structures were installed until the entirety of the shoreline had 

been hardened with no natural ecosystems remaining (Nordstrom et al., 2002). 

 

Increasingly intense storm events beginning in the mid-20th century led to the 

implementation of a new management regime (Nordstrom et al., 2002). Seawalls and 

Groynes were undermined and failing. It was clear that the destruction was caused by the 

existing erosion mitigation infrastructure, rather than being alleviated. Hard mitigation had 

been a Band-Aid fix for the better part of a century (Nordstrom et al., 2002). The new 

approach was to restore the original dune ecosystem which had existed prior to industrial 

development. With a natural dune system as a buffer zone between the shore and 

development would prevent not only inundation from the ocean but also from erosional 

wasting of the foreshore. 

 

Razing the dunes to build infrastructure along the coast disrupted the littoral cells which 

deposited and extracted sediments in an equilibrium (Nordstrom et al., 2009). Coasts of 

unconsolidated sediments experience natural periods of feeding and starvation. In the 

absence of human habitation, the fluctuations of sediments in the foreshore are non-

destructive. The rigid nature of anthropogenic construction requires that natural processes 

occurring in proximity may require mitigation to prevent damage to the structures 
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(Nordstrom et al., 2002). Dunes naturally create a barrier between the fluctuations of the 

longshore drift deposition and the developed areas. The dunes were largely removed to 

improve views and access to the beaches. Without the terrestrial source of sediment and 

the buffer zone created by the dunes, the natural littoral cells began to encroach into the 

backshore, nearing infrastructure (Nordstrom et al., 2002). The erosive nature of the wave 

action damaged the beach in areas until the residents were forced to build sea walls to 

prevent destruction to their property while sacrificing the beach. 

 

The hard mitigation techniques built to reduce the damage of erosion have led to the 

wasting of the beach (Nordstrom et al., 2002). The shoreline, once so coveted, is all but 

gone in many areas. The hard structures are expensive to build and maintain. Erosion 

eventually undermines these measures and leads to more episodic destruction events 

(Nordstrom et al., 2002). A seawall does not prevent the erosion from occurring, it protects 

the area behind it while erosion extracts sediments from the base until it is undermined and 

collapses. A seawall collapse can cause the entire slope behind it to fall into the ocean. As 

the intensity of storms increases the likelihood of catastrophic failures of these measures 

also increases (Nordstrom et al., 2009). Storms are created by low pressure pockets in the 

atmosphere which are always accompanied by high wind speeds. Wind is the source of 

waves as it pushes the water at the surface. Strong winds cause the energy of waves created 

to be higher as well. The high energy waves created during a storm impact the shore and 

magnify the regular processes of erosion by dragging more sediment away. This is why 

storm events cause the failure of structures that are already at risk due to chronic erosion. 

With increasingly strong storms become the norm, more failures of hard mitigation 

measures will occur (Nordstrom et al., 2002). In order to ensure that vulnerable areas do 

not fall victim to failure of seawalls or Groynes it is necessary to look to alternative 

mitigation measures to replace or support the existing infrastructure. 

 

New Jersey has turned to beach nourishment and dune rehabilitation in order to preserve 

coastal structures and improve the beach ecosystems (Nordstrom et al., 2002). Beach 

nourishment as well as dune rehabilitation require the movement of large amounts of 

sediment from other locations to fill areas of high erosion rates. Sources of the sediment 

may come from areas of high deposition or dredging. This approach is costly and requires 

continual maintenance, particularly after storm events (Nordstrom et al., 2009). In a 15 
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year span more than $500,000 USD were spent on this project; however, a cost-benefit 

analysis shows that the valuation of the beach and land from jobs and tourist revenue are 

more than substantial to outweigh the cost of this strategy. Beach nourishment and dune 

rehabilitation have been successful in creating a buffer between infrastructure and dangers 

posed by coastal erosion (Nordstrom et al., 2009). 

2.7.3. Hard erosion mitigation in Cardiff Bay, Wales 

A series of surveys over a five year period captured the sediment regime change of Cardiff 

Bay, UK, with the installation of a coastal barrage (Phillips, 2007). Cardiff Bay is located 

in South Wales and is host to gravel and pebble beaches which suffered chronic erosion 

prior to recent mitigation measures. The area was once industrial land which has been 

repurposed for recreational use to attract tourism. Originally a system of groynes and a 

breakwater were installed to reduce the longshore drift which eroded the beaches and 

caused undercutting of the coastal cliffs (Phillips, 2007). This system was not an overall 

success, which lead to the construction of a coastal barrage to enclose the bay. The result 

of the surveys completed during and after construction was a complete data set informing 

on the success of the barrage (Phillips, 2007). 

     

Cardiff Bay in within the Bristol Channel and experiences a large tidal range; however, the 

current regime causes a backeddy which causes the flow to be continuously southward 

(Phillips, 2007). The longshore drift which results from the currents has caused an erosive 

climate for the beach threatening infrastructure. The UK is not unacquainted with 

devastating coastal erosion. Entire towns have been lost or forced to relocate due to the 

force of waves tearing apart the coastline. Many forms of erosion mitigation have been 

employed in the UK to prevent catastrophic coastal sediment loss. In the case of Cardiff 

Bay the original form of mitigation was a groyne constructed around 1970 (Phillips, 2007). 

This was followed by the construction of a further three groynes in the 1980s. The erosion 

was chronic and not often episodic in nature due to the unconsolidated sediments; 

although, the occasional layers of harder sediments would collapse causing significant 

damage. The loss of the beach and the dangers it posed called for increased mitigation 

measures to be put in place (Phillips, 2007). The creation of a coastal barrage and 

breakwaters was determined to be the best course of action. 
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Two rivers, the Ely and Taff, meet the sea in Cardiff Bay as estuaries (Phillips, 2007). 

Creating a coastal barrage included impounding these rivers, creating a freshwater lake for 

the waterfront of Cardiff. The barrage pushed the longshore currents offshore from Cardiff 

Bay and allowed the adjacent beaches to regenerate naturally. The Barrage was made by 

creating a structure filled with rock and sand to close off the bay from the Bristol Channel 

(Phillips, 2007). Additionally, two breakwaters were built which feature a permeable 

seaward screen and a solid inner screen to deflect and dissipate waves. This engineered 

structure causes the deflected waves to break the energy of incoming waves. The 

advantage is turning the wave energy against itself to minimize the overall impact 

(Phillips, 2007). The groynes had been only partially successful in mitigating the coastal 

erosion. The combination of the breakwaters and the barrage has resulted in the successful 

mitigation of the eroding beach and cliff in Cardiff Bay (Phillips, 2007). 

 

The study that took place for the efficiency of the barrage was started in 1997 and 

completed in 2002 (Phillips, 2007). The construction of the barrage was just beginning in 

1997 when the study began; this provides data on the erosion pre- and post-construction. 

The comparative data allows a determination of success to be made. Preliminary surveys 

indicated that the groynes were not wholly unsuccessful and did in fact provide a certain 

degree of erosion mitigation (Phillips, 2007). The groynes reduced the erosion by reducing 

the impact of longshore drift by impeding the flow of the littoral current. The result of the 

groynes was a reduction in total sediment loss with a buildup of materials on the face of 

the groynes. The groynes did not prevent ongoing erosion to the cliffs and the overall 

starvation cycle of the beach (Phillips, 2007). The beach surveys were completed using a 

GPS, theodolite, and automatic level. Surveys were taken along transects within the three 

bays between the groynes. The same transects were measured during each consecutive 

survey for comparative data (Phillips, 2007). 

 

The results of the surveys found that the rate of erosion, while somewhat diminished by the 

groynes, was reduced to the point of the beach entering a feeding cycle by the building of 

the barrage (Phillips, 2007). Over five years, ten surveys were conducted to create a 

comprehensive data set to analyze. The levels of the beach were converted into mass and 

volume to provide a simplified explanation of the losses and gains of the beach. The third 

bay showed consistent increases in sediment indicating the direction of the longshore 
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current prior to construction of the barrage (Phillips, 2007). As the barrage neared 

completion, levels in the second and third bay rose while the first bay dropped drastically. 

This indicates that as the area became excluded from the currents and tides of the Bristol 

Channel that the littoral current was impacted and most likely became more severe. The 

first bay came under more forceful erosion and fed the second and third bays as the nearly-

completed barrage blocked the further movement of sediment (Phillips, 2007). After the 

barrage was completed in 1999, the levels of all three bays increased, indicating that a 

sediment deficit no longer existed. The third bay levels rose the most followed by the 

second and first bays. The evidence this provides leads the conclusion that the littoral 

current has not been extinguished completely, but has been reduced to where the energy 

will not result in a sediment loss (Phillips, 2007). 
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3. Methods 

3.1. Key literature 

With quantitative studies on erosion, and particularly coastal erosion, dating back to the 

early 1970’s, there is no lack of statistical, modelled, and in situ tested methodologies. 

Each method has been used, assessed, and credited with advantages and shortfalls. While 

no method has been proven infallible and most concede error, all published methods have 

been used substantially enough to be considered credible and accurate. The difficulty in 

choosing a method comes in the accessibility to equipment, the data available, and the skill 

of the research analyst. 

 

Studies using physical numerical models utilize the nature of physics, while statistical 

models have a data set of variables which are statistically tested for significant 

relationships which permits the extrapolation of causation. This method is fairly simple in 

that quantified data are organized and structured into coherent results; however, numerical 

models such as the Bruun Rule, which is a formula, have been proven outdated and to 

work only under specific conditions with broad assumptions (Young et al., 2014). Models 

use a set of guidelines based on gathered data to generate scenarios of best, worst, and 

most likely trends. Models are useful for predicting future possibilities and for estimating 

past occurrences. They can lack the ability to accurately quantify current conditions due to 

low precision or specific parameters. The Coastal Erosion Risk Assessment (CERA) GIS 

tool is a good example of a multivariable classification model which combines social and 

physical science data (Narra, et al., 2017). In situ measurements provide a comprehensive 

understanding of current conditions with the ability for statistical analysis. The data are 

more precise and points of error may be accounted for more easily. Observations and 

analysis of the sites provides researchers with visual evidence of action occurring. The 

observations for this study were not put into a model. 

 

Quantifying erosion is difficult due to the nature of measuring a loss; however, appropriate 

methods provide the tools to accurately describe erosion of a site and the causation 

(Stroosnijder, 2005). Some of the difficulties expressed in studies of coastal erosion 

include imprecise data from third-party sources such as meteorological information and 
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wave measurements. This can be negated through the collection of data by the researchers 

or by comparing multiple third-party data sets. Understanding and accounting for errors in 

equipment such as overestimations of LiDAR point analysis comparison using tested 

formulas can increase accuracy. Applying statistical tests to account for anomalies can also 

improve accuracy and prevent outlying data from disrupting results. Accounting for errors 

in data and equipment, research can provide an accurate data set for erosion. 

3.2. Approach 

The area of study is a 600 metre stretch of foreshore, adjacent to the south of the spit that 

forms the Esquimalt Lagoon, on the eastern-facing shore between Albert Head and Fort 

Rodd Hill. The area contains loose sediment-based slopes which are situated within the 

high tide area of the intertidal zone where wave impacts will affect the structural stability. 

The data for this study was collected in situ using a variety of measurement methods. The 

variables measured include wave action, beach topography, lithology, meteorological data, 

and sediment loss. Wave action was measured using a combination of data from third-party 

sources that rely on wave buoys. Wave buoys measure the wavelength, trough to crest 

length, and speed to describe the energy of the waves. Collecting data of the beach 

topography included a full set of surveys using a Total Station Theodolite to measure the 

height and distance of each sediment change in the beach from the high tide mark. Data on 

the slope lithology was obtained through observation and geological reports. 

Meteorological data was secured from local weather stations and observational data was 

recorded. Sediment loss was determined using comparative statistics of the survey data to 

detect changes in sediment volume based on the slope of the beach and the stratified 

sediment layers visible. Data was collected beginning in early July 2018 through January 

2019, at intervals dependent on the type and source. 

 

The study site was selected based on need. The municipal governments of the Capital 

Regional District were contacted to determine if such a need existed within their 

jurisdiction. The City of Colwood confirmed that a section of shoreline in Royal Roads 

Bay required the attention of a researcher. The research is part of a series of studies in the 

area to assess the need for active mitigation and the urgency with which it should be 

approached. The undermining of the bridge connecting Coburg Peninsula to the mainland 
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at Fort Rodd Hill made local headlines in 2010. The area is well known to experience 

erosion. Based on the public knowledge of the area, it was determined that the site was 

appropriate for an erosional study. An initial site visit took place on July 15, 2018. Notes 

were taken on the observed condition of the area including the driftwood present, health 

and age of vegetation, and visible evidence of erosion. Communication on the needs of the 

municipality, expectations and scope of the study, along with general information sharing 

were exchanged during a meeting with a City of Colwood engineer on July 16, 2018. 

 

The first step to beginning 

the research was a phase of 

literature review to 

determine the optimal 

course of action. The use 

of LiDAR, a laser point 

analysis, was the optimal 

path based on research. 

The acquisition of LiDAR 

equipment was not 

possible. With knowledge 

and aptitude in the use of a 

total station theodolite, 

research went ahead with 

slope surveys as the 

method for determining 

sediment changes of the 

beach. A Nikon DTM-350 

total station theodolite was 

loaned from the University 

of Victoria Geography 

Department. Along with 

the total station, a prism, 

stadia rod, and compass 

were obtained.  

 

Figure 8: Map of transect locations along Royal Roads 

Foreshore (Google Maps, 2018) 
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It was determined that, starting at the north end of the study site near the sewage pump 

station, a survey of the beach profile should be taken every 100 meters. The corner of the 

pump station was used as a tie line for the initial transect and each additional transect tied 

to the station position of the previous transect. A GPS unit (with accuracy of 5 m) was used 

to mark the position of the total station for future surveys. Transects are made up of points 

along the route which are called benchmarks. The benchmarks were determined by the 

sediment stratification layers as they appeared at the surface of the beach.  

 

 

Figure 9: Theodolite positioning with stadia rod and prism set at a benchmark along the 

transect 

 

Three surveys were done to encompass the calm season of the summer and early fall as 

well as the stormy season of the late fall and early winter. On the west coast of Canada, the  

summers are dry and calm. There is little wind and often drought conditions due to the lack 

of low-pressure systems. The fall is commonly quite stormy with wind warnings and 

intense rainfall. The surveys took 7 transects beginning with the farthest north, near the 

pump station, as Transect 1 and ending with Transect 7 at the base of the gravel pit. 

 

Total Station 
 Theodolite

 Horizontal Measurement

Vertical 
 Measurement

Prism and  
 Stadia Rod
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 The first survey was taken on July 28 and 29 in the 

morning with low tides of 0.5 meters. The second survey 

took place on November 4, in the morning with a low 

tide of 1.3 meters. Due to the limited daylight and the 

diurnal nature of the tides, the second survey took fewer 

data points since the water was much higher. The second 

survey also took place a month later than originally 

planned due to the timing of the low tides not coinciding 

with daylight hours, not falling low enough during 

appropriate hours, and lack of access to equipment. The 

data of the second survey still served the purpose of 

encompassing the calm season due to the unusually low 

occurrence of storms during the fall of 2018. A third 

survey took place on January 17, 2019. This was done 

after a significant storm event to determine the rate of 

erosion during the storm season. 

     

The study area beach is composed of multiple layers of sand, gravel and cobbles. The 

border of the foreshore and backshore is a line of riprap on the northern half and the 

intersection of the beach and the hill-slope for the southern half of the study area. The 

intersection of the beach and the slope is defined by a number of indicators such as 

vegetation, driftwood, sediment, and abrupt change in slope. The survey methodology 

involved the placement of a total station theodolite at the foreshore-backshore border and 

measuring perpendicular to the water, across and down to each exposed sediment layer. 

The stadia rod prism was set in place at the boundary of each change in sediment layer 

from the water up to the top of the beach (Figure 6). Measurement data was compared to 

later surveys to determine height and distance differences. The assumption is that as the 

erosion progresses, the slope of the beach will recede towards the border where the station 

was set. The lithographic stratification is a useful means for tracking the recession of the 

slope. Change in slope angle is determined by whether or not vertical and horizontal 

changes in measured distances are equivalent in their rate. The data was organized into a 

spreadsheet and compared using statistical analysis to determine significant trends. 

 

Figure 10: Using a total 

station theodolite to find the 

slope of the transect 
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Figure 11: Stadia rod placement at sediment change along transect (Maddox, 2018) 

An additional in-situ study of the cross sections of the beach was done using a measuring 

tape and recording the types of sediment present.  The study was repeated twice with 

photographs of the areas taken for qualitative analysis. This provided a data set for 

classification of the substrates present and the stratification of the layers. The first set was 

taken on November 16, 2018, at 7:30 am. The low tide of 1.2 meters occurred at 5:40 am. 

The second set was taken on February 15, 2019, at 3:30 pm. The low tide of 0.70 meters 

occurred at 6:16 pm. 

 

Geological data on the lithology of the slopes that make up the backshore was obtained 

from literature and reports from the gravel pit outlined in the geological history section. 

The wave action data was collected from the National Data Buoy Center of the National 

Oceanic and Atmospheric Administration in the USA. The wave buoy NOAA NDCB buoy 

46088, “New Dungeness,” provided monthly information on the meteorological climate, 

wind speeds and directions, ocean currents, and wave energy. Unfortunately, the New 

Dungeness is located in the Strait of Juan de Fuca, south of Vancouver Island; this location 
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leads the buoy to be affected by waves and winds that do not affect the study site which is 

on the leeward side of the island. The source for weather and tide data was Environment 

Canada, a branch of the federal government which oversees the acquisition and records of 

climate and weather data. This data includes tides and weather specific to Royal Roads 

Bay. Using data that is more precise helps to ensure the analysis is more accurate for the 

study site. Currents were studied on maritime maps from the naval archives as well as 

those available for public boaters use. Compilation and analysis of this data was done to 

understand the hydrodynamics and substantiate erosion causation. 

 

Data collected was organized for statistical analysis to subset data and determine the 

significance of relationships between variables. Inferences of causation may be made based 

on the data collected and determination of erosion rates were made. During the data 

collection period, mitigation techniques were researched. Based on the outcome of the 

data, several management strategies have been created to mitigate erosion for the 

consideration of the city based on cost effectiveness, availability of materials and resources 

for construction, and the most appropriate technique. The final result is a comprehensive 

quantification of erosion rates and effective mitigation measures which may be employed 

to prevent damage to infrastructure and improve stability of the coastline. 

3.3. Analysis 

The data collected was compiled into spreadsheets. Outlying data due to the different 

levels of the tide were eliminated from the spreadsheet. The survey data was organized to 

determine the change in slope over time using trigonometry with vertical and horizontal 

distances acting as the rise and run respectively. The hypotenuse of the triangle created by 

the survey data represents the slope of the beach. The data was also used to find the 

volume of the sediment. By the basic rules of geometry, the volume was determined using 

the horizontal and vertical distances. The change between the first, second, and third sets 

of data reveal the change, the sediment loss, in the intervening time periods. Statistical 

analysis of the data is used to determine the significance of this change. To determine 

significance a paired T-test was used. A significant change indicates that the removal of 

sediment is occurring at a measurable rate. The rate of sediment removal is indicative of 
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the time-frame before considerable damage is done to the coast as well as evidence of 

which types of mitigation strategies are best employed to reduce the erosion. 

     

Weather data compiled on a monthly and yearly basis was also statistically analyzed to 

find trends indicating the intensity of wave action and storms on the area. Increasing 

intensity of storms would be congruent with contemporary beliefs on the influence of 

global climate change. The impact of storm activity on a coastline is determined by the 

intensity and duration of the storm. Larger waves with higher energy budgets impact the 

shore causing the unconsolidated sediments to churn up into the water which removes 

them from the beach. Analysis of the climate data was done to determine if the storms in 

the region have indeed increased in intensity which speaks to the rate of erosion. It would 

also be indicative of future erosion and provide evidence for predictive modelling. 

 

Analysis of the currents and tidal regimes was done through observation and comparative 

mapping. This provides insight into the changes in regime which may be influencing the 

erosion. Statistical analysis was not possible due to the data on tides and currents mainly 

studied as a qualitative assessment. Visual analysis of maps included using transparent 

overlays to determine changes. Some changes may be due to the sources of the maps 

finding different regimes dependent on the time of year that data was collected; however, it 

is generally assumed that the current maps are correct. 
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4. Results 

4.1. Quantitative results 

The Royal Roads Bay foreshore experienced a definitive change in sediment volume over 

the 6-month study period. Quantitative and qualitative analysis points to a change in rate of 

erosion based on season as well as an overall loss of sediment throughout the year cycle. A 

trend is apparent in both the volume change and slope change data, indicating a continual 

loss of sediment over the course of the study timeframe. Visual observations included a 

distinct change in sediment regime for specific parts of the beach and loss of sediment 

overall. Comparative analysis of photographs supports the overall sediment loss regime 

indicated by other data.  

 

The slope of the beach changed by an average of -0.003 between survey 1 and survey 2; 

and by 0.027 between survey 2 and survey 3. The volume of the beach changed by an 

average of -3.997 m
3
m

-2 
between survey 1 and survey 2; and by -0.007 m

3
m

-2 
between 

survey 2 and survey 3. 

 

A paired T test was used to determine the significance of the quantitative data obtained 

through the surveys. The slope data from the first survey was compared with the second; 

the slope data of the second survey was compared with the third. The volume data was 

similarly compared first between survey 1 and survey 2, then between survey 2 and survey 

3. Finally, a comparison of the change in slope between survey 1 and survey 2 was made 

with the change in slope between survey 2 and 3; the same comparison was made using 

volume. The results provided insight into the significance of the data and indicated the 

correlation between factors. 
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Table 1: Results of T-tests in terms of p-values and associated significance  

T-test subject p-value at 95% CI Significance 

Slope 

July 2018-November 2018 

0.7973 Not significant 

Slope 

November 2018-January 2019 

0.0641 Nearly significant 

Slope 

Change 

0.2396 Not significant 

Volume  

July 2018-November 2018 

0.0190 Significant 

Volume 

November 2018-January 2019 

0.9944 Not significant 

Volume 

Change 

0.0936 Nearly significant 
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Figure 12: Comparison of the slopes and volumes of each transect between surveys and between change by benchmark for the period of the 

study 
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The conservative estimation of erosion rate for calm months is 1.142 m
3
m

-2
/month. The 

conservative estimate of erosion rate for the stormy months is 0.004 m
3
m

-2
/month. The  

conservative estimate of erosion rate for the 6-month period of the study along the profile 

of the exposed beach is 0.573 m
3
m

-2
/month. By averaging the longest horizontal distance 

of each transect (16.038 m) and dividing the erosion along the transect length, the average 

volume of 0.036 m
3
m

-2 
is lost each month per meter of beach. The erosion rate for the year 

is approximately 0.429 m
3
m

-2
. 

 

The data on wind speeds, wind peaks, and significant wave height measured by the New 

Dungeness buoy provide a trend. The data from the New Dungeness was collected between 

2004-2008, the initial 4 years of the buoy’s operation. Considering the proximity of the 

time frame to the contemporary study and the length of the period which is averaged, the 

data may be taken as relevant to the current research. The intensity of wind and waves 

during the winter season is much higher than throughout the summer months on average. 

These variables indicate increased storm intensity as well as overall weather conditions 

which impact the study site depending on the time of year.  
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Figure 13: Graphs presenting the averages of hourly wind peak, wind 

speed, and significant wave height recorded from the New Dungeness 

wave buoy between 2004 and 2008. (NOAA) 
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4.2.Qualitative results 

The qualitative data using comparative photographs provides visual depiction of an overall 

regime change from fine sand to coarse gravel and river cobbles. The following pictures 

sets are arranged for visual comparison. The images are arranged by transect and section 

number. For the purposes of the following discussion the images will be referred to by 

their transect number, followed by their section number, in the format (Tx, Sx). The 

images are paired in a, and downward view set to provide optimal comparison.  

 

In the images of Transect 1, it is clear that the driftwood has been pushed much farther up 

the beach towards that backshore from the November set to the February set. T1, S1 and 

T1, S2 present little change in sediment regime. T1, S3 and T1, S4 underwent a dramatic 

sediment regime shift from smooth sand to coarse gravel in T1, S3, and cobbles in T1, S4. 
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Figure 14: Sediment strata of  foreshore Transect 1, November 2018 (Maddox, 2018) 

 

 

Figure 15: Sediment strata of  foreshore Transect 1, February 2019 (Maddox, 2019) 
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Figure 16: Sediment strata of  foreshore Transect 2, November 2018 (Maddox, 2018) 

 

 

Figure 17: Sediment strata of  foreshore Transect 2, February 2019 (Maddox, 2019) 
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The second transect photos also describe a scenario in which the driftwood has moved up 

the beach profile, towards the backshore. T2, S1 provides an instance in which the 

sediment has shifted from somewhat coarse sand and small gravel to fine sand. T2, S2 

shifts from a dominant regime of fine sand to coarse gravel intermixed with small cobbles. 

T2, S3 saw a distinct change from fine sand to small and medium sized cobbles. 

 

 

Figure 18: Sediment strata of  foreshore Transect 3, November 2018 (Maddox, 2018) 

 

Figure 19: Sediment strata of  foreshore Transect 3, February 2019 (Maddox, 2019) 

 

Transect 3 is nearly barren of all driftwood in the second photo set, a distinct change from 

the first set. T3, S1 appears to have undergone minimal change from fine sand to 

somewhat coarser sand. T3, S2 has undergone a more dramatic shift, from coarse sand and 

small cobbles to gravel and small to medium cobbles. 
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Transect 4 saw a massive loss of rip rap in the time between photo set 1 and photo set 2. 

T4, S1 was reduced from fine and course sand between large, loose rip rap pieces to coarse 

sand with few large rip rap pieces burried almost completely. T4, S2 saw a change from 

fine sand with few small cobbles to mainly coarse sand and gravel with small cobbles 

present. 

 

 

Figure 20: Sediment strata of  foreshore Transect 4, November 2018 (Maddox, 2018) 

 
 

Figure 21: Sediment strata of  foreshore Transect 4, February 2019 (Maddox, 2019) 

 

Transect 5 saw a significant loss of driftwood from the first photo set to the second photo 

set. T5, S1 appears to have shifted in regime from entirely cobbles caught between and 

behind driftwood to cobbles interspersed in coarse gravel. S5, S2 was similarly changed 

with a lack of driftwood; however, the size and abundance of cobbles was increased. T5, 

S3 shifted from fine sand to coarse sand and gravel with small to medium cobbles. T5, S4 

saw a total regime shift from fine sand with few small cobbles to medium cobbles without 

any trace of sand or gravel. 
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Figure 22: Sediment strata of  foreshore Transect 5, November 2018 (Maddox, 2018) 

 

 

Figure 23: Sediment strata of  foreshore Transect 5, February 2019 (Maddox, 2019) 
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Figure 24: Sediment strata of  foreshore Transect 6, November 2018 (Maddox, 2018) 

 

 

Figure 25: Sediment strata of  foreshore Transect 6, February 2019 (Maddox, 2019) 
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Transect 6 saw a decreased loss of driftwood in comparison to other transects. T6, S1 saw 

a shift from entirely medium cobbles piled between driftwood to medium cobbles 

dispersed through coarse sand. T6, S2 shifted from mainly coarse sand with small cobbles 

to medium cobbles in coarse sand. T6, S3 shifted from coarse sand with small cobbles to 

coarse sand with small and medium cobbles. 

 

 
 

Figure 26: Sediment strata of  foreshore Transect 7, November 2018 (Maddox, 2018) 

 

Figure 27: Sediment strata of  foreshore Transect 7, February 2019 (Maddox, 2019) 

 

Transect 7 saw the least loss of driftwood out of all the transects. T7, S1 shifted slightly 

from a fine and coarse sand mixture to an entirely coarse sand regime. T7, S2 shifted from 

coarse sand with medium and small cobbles to entirely medium and small cobbles. 

Overall, a sediment regime change was seen in every section of each transect between the 

first photo set in November 2018 and the second photo set in February 2019. 
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5. Discussion 

5.1. Implications of results 

The objective of this study was to provide a comprehensive explanation of the erosion 

occurring at the Royal Roads Bay Foreshore and to provide recommendations for 

appropriate strategies to mitigate the beach sediment loss. The results of the study provided 

insight into the causation, influencing factors, and rate of the erosional processes 

underway. The primary objective was to recover quantitative data to validate observations 

of change to the beach and determine the rate at which erosion is occurring. The surveys, 

completed using a total station theodolite (as that was the available equipment), provided 

data used to determine the change in slope and volume (m
3
m

-2
) of sediment over the time 

period. Photographs were taken of the sediment layers for the additional result of 

observable change over the study period. The thesis questions put forward at the beginning 

of the report, “What factors contribute to the chronic and episodic erosion rate of the Royal 

Roads coastline? Which strategies are most appropriate, based on the data obtained 

through surveying and research, to mitigate erosion in this area?” are answerable using the 

analyzed data from the study. 

 

The data from the survey, analyzed visually as raw data, indicated a definite trend of 

sediment loss. The horizontal and vertical distances of the prism atop the stadia rod from 

the total station theodolite was determined by the changes in sediment layers present. 

Visual observation throughout the surveys indicated a loss of sediment overall as the 

sediment layers appeared to be present closer to the backshore with each consecutive 

survey. The horizontal distances to the points of sediment change grew shorter from the 

first survey to the second, and from the second survey to the third. This indicates that the 

upper layer of the beach was being eroded away as the horizontal sediment layers were 

revealed to appear closer to the backshore. The vertical distances presented a trend towards 

increasing. A greater vertical distance is indicative of a depression of the surface level. By 

combining the horizontal and vertical distances the slope of the beach could be determined 

through trigonometry.  
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Slope was used as a factor for determining the effects of seasonal variation and the overall 

erosion of the sediments. As substantiated by the volume data, decrease in slope (a reduced 

angle to the horizontal) indicates that erosion is occurring at a consistent rate across the 

beach profile. The presence of sand bars in the foreshore during extreme low tide events 

indicates that there are deposits of sediment in the nearshore. The incidence of erosion 

occurring consistently across the transect of the beach is important when interpreting 

volume change data. When volume loss is greater for the benchmarks further from the 

backshore, an increase in slope is expected to accompany. It can be assumed that the 

correlation of these trends indicates that the area is subject to high energy wave action 

occurring over a short range of the beach profile. The intensity of the waves was observed 

during multiple storm events. 

 

In comparing the slope data from Surveys 1 (July, 2018) and 2 (Nov., 2018), the slope 

decreased. The decrease in slope indicated that the erosion was occurring more 

consistently over the beach as indicated by the corroborating evidence of the volume 

profile. The low wind speeds and large tidal range of the summer and fall months meant 

that the surface of the beach was being impacted at a low energy rate and across the 

entirety of the tidal range. The difference between the slopes measured in Survey 1 and 

Survey 2 was not statistically significant. This indicates that the slope of the beach likely 

reached a point of equilibrium with the weather patterns by the time the Survey 1 was 

conducted. The erosion, while present, was not causing a change in the slope of the beach 

between June and November. The incidence of high energy storms for the region is 

generally very low after March. The low energy impacts and large tidal range had already 

been in effect for 4 months by the time Survey 1 was conducted. 

 

The change in slope between Surveys 2 and 3 was positive. A positive change in slope (or 

an increase in slope angle) occurs when sediments are removed at a higher rate further 

from the backshore; therefore, it may be assumed that the wave action during this period 

was of higher energy and within a smaller tidal range. The winter storms impacting the 

coastline between Survey 2 and Survey 3 caused the steepening of the beach profile with 

high energy waves. The unconsolidated sediments further from the backshore were eroded 

out and either removed by littoral drift or deposited further up the profile as the wave run-

up lost momentum. The difference between the slopes measured in Survey 2 and Survey 3 
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were not quite statistically significant. This is likely due to errors in the collection of data 

and factors outside of the scope of the study affecting the measurements such as the impact 

of side scour caused by the riprap within the study site, near the western end of the 

armouring. Side scour is an erosive process in which the sediment loss directly adjacent to 

an area is escalated by the presence of a feature; in this case the riprap caused the 

sediments around to erode at a much higher rate than the areas without riprap. 

 

The change in slope from Survey 1 to 3 indicates a seasonal variation on the type of 

erosion occurring. The difference between the change from Survey 1 to Survey 2 and the 

change from Survey 2 to Survey 3 was not statistically significant. This is likely due to the 

fact that the change in slope was only dramatically different for the furthest benchmarks 

from the backshore. Nearer the backshore, the slope of the beach did not undergo 

significant change. The lack of significance in the data comparison is also likely evidence 

that the slope change occurred inconsistently across the beach profile. The data provided a 

comprehensive representation of the changes that the slope of the beach undergoes 

throughout the summer to winter months. Erosion rate is a function of volume loss as 

caused by forces acting on the sediment. It is necessary to understand the relationship 

between slope and volume in order to confirm the accuracy of the volume data.  

 

Volume data is used to determine the rate of erosion by measuring the loss in a comparable 

and coherent format. The volume was produced by using geometry with the vertical and 

horizontal distances as the short sides of a right triangle and the 1 meter wide transect to 

provide a three-dimensional volume. This method is not entirely accurate, particularly due 

to the placement of the total station theodolite at the top of the riprap for the northern 

portion of the study area; however, for the scope of this study, the data produced is 

appropriate. The area of the triangle represents the volume in meters cubed. This change 

will indicate the rate of erosion as well as the seasonal variation between the calm summer 

months and the stormy winter months.  

 

The average volume lost between Survey 1 (July 2018) and Survey 2 (November 2018) 

was 3.997 m
3
m

-2
. This is a significant loss in sediment in the intervening time. Based on 

the slope data, the sediment was lost at a nearly consistent rate across the profile of the 

beach. There was also a trend of increased sediment loss towards the north end of the study 
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site with the exception of the farthest south transect (Transect 7) suffering a large loss. This 

is indicative of the littoral current patterns. Based on the air photos (Figure 28), the current 

splits towards north and south at approximately the point of Transect 7. A significant loss 

is expected as that is the area under wave action from two directions. The increasing loss 

of sediment further north is likely due to an increase in the strength of the littoral current as 

the beach is more exposed to direct wave action rather than waves which have refracted 

around the point of Albert Head. The change in sediment volume was statistically 

significant, due to the consistent removal of sediment across the beach profile. 

 

Figure 28: Beach cross section profile elevations for benchmarks along Transect 4 which 

is most heavily affected by side scour caused by riprap, and Transect 7 which is the least 

affected by current anthropogenic infrastructure or development 

Between Survey 2 (November 2018) and Survey 3 (January 2019), 0.007 m
3
m

-2 
of 

sediment was lost on average. The sediment loss during this period was lower for a number 

of reasons. First, the decreased tidal range, as evidenced by the increased slope, resulted in 

a smaller portion of the beach under the direct impact of the wave action in comparison to 

the calmer summer months. The time frame between Survey 2 and Survey 3 was much 

shorter, about half the time, than between Survey 1 and Survey 2 due to the weather and 

equipment availability constraints. The remaining sediments on the beach tend to be larger, 

coarser sediments, more consistent with the historical accounts of a river-cobble beach. 
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The erosion may have become so severe that the beach has returned to the pre-

anthropogenic modification levels. If this is the case, the erosion would diminish due to the 

lack of fine sediments to be removed by the weak littoral currents. The case may be that 

the erosion of the backshore is so severe during the winter storms that the deposition rate 

nearly matches the sediment removal rate. The change in sediment volume was not 

statistically significant. This is consistent with the findings for slope in the area which 

indicates that the reasoning for the inconsistency is the dramatic change from the erosion 

of the backshore versus the erosion of the foreshore sediments. 

 

The change in volume from July 2018 to November 2018 and November 2018 to January 

2019 was not quite statistically significant. For the reasons previously stated, this is a result 

of the different erosion occurring as a result of seasonal inconsistencies. As a result of the 

different time frames the computations for the rate of erosion are split into the rate for the 

calm months, rate for the stormy months, and the average of a 6-month period. The 

estimated averages are conservative to account for error. During the calm months of the 

summer and early fall the rate of erosion is 1.142 m
3
m

-2
/month. The average erosion rate 

for the stormy months is 0.004 m
3
m

-2
/month. The total average of erosion over the 6-

month period of the study along the transect lines is 0.573 m
3
m

-2
/month. The volume of 

sediment lost in a meter is 0.035 m
3
m

-2 
per month on average. A vertical loss of sediment 

will cause an overall decline of the beach sediments at a rate which is unsustainable for 

maintaining current infrastructure. 

 

Historic air photos provide evidence of anthropogenic impact of gravel pit operations over 

the long term. From 1946 to 1964 the beach is seen to have grown substantially with the 

patterns of sedimentation in the nearshore indicating a littoral current moving the sand 

north (Figure 29). An alluvial fan is present which provides evidence of the point where 

sediment is entering the foreshore; it coincides with the dock at which sediment is loaded 

onto barges. The alluvial fan leans dominantly to the north with the flow of the longshore 

current; however, a small portion drags to the south, indicating that there is an opposite 

littoral cell to the south. After 1964, it appears that the source of sediment from the gravel 

pit diminishes. An air photo from 1984 features a beach much diminished from the 

previous two photos. As noted by Hay and Co. Consultants (1986), the practices of the 

gravel pit had become more efficient with reduced sand byproduct by this time. It can be 
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assumed that a sediment deficit was already degrading the shoreline. A comparison of the 

current satellite image to the air photos provides clear evidence that a massive retreat of the 

beach has taken place in the last seventy years. 

 
 

  

Figure 29: Historic air photos centered on the Metchosin Gravel Pit provide visual 

comparison of sedimentation of the Royal Roads Foreshore, images are from 1946 (top 

left), 1964 (top right), 1984 (bottom left) (Garner et al., 1993), and a satellite image from 

2019 (bottom right) (Google Maps, 2019) 
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The weather, wind, and wave data indicate an overall trend towards greater intensity of 

wave action on the beach during the winter months than the summer months. The 

coinciding data of high wind speeds and large waves with precipitation (Figure 13) 

indicates that the increased wave action is due to storm activity. As the impacts of climate 

change become more apparent, general assumptions include storms increasing in intensity 

which would cause the backshore erosion experienced by the Royal Roads Bay area to 

increase. The threat of erosion will increase for the properties on the slope above, local 

infrastructure including the sewage pump station, and to the recreational value of the beach 

and parkland. The beach may reach the equilibrium that was once established as a cobble 

beach, as evidenced by historical accounts. In this context the slopes of the backshore 

would experience episodic erosion from winter storms causing the destruction of property 

and infrastructure. The recreational value of the beach as one of the few sandy shorefronts 

would be lost. There may also be a significant impact on the nature sanctuary created by 

the lagoon if saltwater intrusion were to occur at more frequent and intense intervals.  

 

The research completed has provided a data set of conclusive evidence for the loss of 

sediments at Royal Roads Bay. While the direct impact of this report may aid the City of 

Colwood in strategizing a mitigation strategy, the far reaching effects could provide other 

small communities with the methods in which to approach their own coastal erosion 

dilemmas. The research provided sound data in both volume and slope which was 

corroborated by visual evidence to ensure that the findings were accurate. The use of these 

methods of surveying has been effective and informative. Further research in Royal Roads 

Bay would include the determination of hydrodynamics on a small, nearshore scale to 

determine the appropriate areas for mitigation construction. Explicit wind and wave data 

would ensure that the dynamics of the area are fully understood. The research provides 

evidence for the City of Colwood to present to other levels of government in the hopes of 

finding additional funding for the preservation of the beach. 

5.2. Key Literature 

Extensive research on the types, costs, and efficiency of different types of mitigation was 

undertaken. While mitigation of coastal erosion has been a practice for millennia, the 

impact of ineffective techniques has also been an issue. Dating back to antiquity sea walls, 
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dykes, and breakwaters were built to protect harbours and coastal settlements by reducing 

wave action (Yorke & Davidson, 2017). Records of hard mitigation structures have been 

found in archaeological explorations dating back at least several centuries prior to the 

dawning of the common era. At Ptolemais archaeologists have studied a harbour with 

extensive hard infrastructure which dates back to 250 BCE (Yorke & Davidson, 2017). 

Roman sea walls have been found throughout the Mediterranean and as far north as the 

British Isles. The ineffective natures of certain techniques have been acknowledged in the 

array of contemporary literature. Seawalls, groynes, and rock armaments have been known 

to not only sacrifice all the sediments beyond the structure but to also become undermined 

and ultimately fail. Determining the appropriate mitigation strategies for the Royal Roads 

Bay requires a complete knowledge and understanding of the forces which lead to success 

or failure of different techniques. A cost-benefit analysis provides a quantitative image of 

the optimal strategy from an economics perspective. An environmental perspective must 

also be examined. 

 

A cost-benefit analysis is an appropriate economic tool in deciding the feasibility of 

engineering erosion mitigation measures based on the volume of literature exploring the 

issue. To carry out a cost-benefit analysis, the variables must be determined. Roebeling et 

al., (2011), suggest that investment outlays, maintenance, internal rate of return, and a time 

discount to value the future assets are the integral variables for determining the net present 

value for coastal defense interventions. This model is a good starting point for assessing 

the value of the area; however, welfare considerations must be taken into account. The 

value of the coast may not be so straight forward. The economic values of non-monetary 

worth must be calculated in order to include all angles; for example, the value of access to 

coastal areas for recreation, harvesting, and enjoyment for residents who do not own 

property directly on the coast. The value of the coastal ecosystem must be evaluated for 

both human resource use and natural integrity (Landry et al., 2003). The value placed on 

the coastal zone by users, human and otherwise, is essential in calculating a comprehensive 

cost-benefit analysis. 

     

In determining the discount value of future assets, the monetary values of land are easily 

discerned through the cost of properties, residential and commercial developments, and 

public infrastructure (Roebeling et al., 2011); agricultural revenue of coastal farms and that 



 

 

 73 

of other coastal resource use should also be taken into account. Property and development 

values can be found by analyzing the property assessments completed by the provincial 

government which include the estimated value of the land as well as the development on 

the site. Public infrastructure value is documented by the municipality and data may be 

extracted easily. The value of revenue generated on coastal lands that may be impacted is 

somewhat more difficult to evaluate and may require specialized analysis to determine its 

weight in the formula (Turner, et al., 2007). To determine the internal rate of return, the 

discount value must also be determined for the mitigation infrastructure itself and analyzed 

with the discount value of future assets discussed. 

 

The variables surrounding the mitigation infrastructure include the initial construction 

costs and maintenance costs. The type of mitigation measure determines the cost of both 

the construction and maintenance. In Table 1 the average costs for these mitigation 

measures is outlined. For an accurate cost-benefit analysis it is necessary to find exact 

values for the mitigation measures based on the location, available materials, and 

appropriate response based on detailed study of the eroding area (Landry et al., 2003). 

Table 2: Cost in USD of mitigation measure (values based on Linham & Nicholls, 2010) 
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To determine the social value of erosion mitigation it is necessary to determine the direct 

and indirect financial losses to the community (Cooper & McKenna, 2008). The 

vulnerability of the coast based on environmental, economic, and social integrity is often 

used as an indicator for determining the need for erosion mitigation measures; however, 

many models for the economic feasibility of coastal protection focus solely on the direct 

monetary values. While coastal property owners face the direct destruction of their land, 

the general public is also at risk of losing access to areas for recreation, tourism, and even 

wild food harvesting. The intrinsic value of the coastline to residents must be valuated and 

included in calculations of mitigation feasibility to ensure accurate assessment (Cooper & 

McKenna, 2008). To evaluate the value of the coast under a social context, a hedonic 

pricing model may be used to determine the monetary value of social worth. Landry, 

Keeler & Kriesel (2003), state that, “Beaches provide benefits to visitors who utilize them 

as a place for sunning, swimming, walking, fishing, and other sporting and leisure 

activities. The magnitude of these benefits depends, in part, on beach characteristics that 

are directly affected by erosion management choices, including beach width and the 

presence and nature of engineering structures, as well as the number of beach visitors.” 

From this we can take that the inclusion of social worth is crucial in calculating the cost-

benefit analysis. 

 

The final portion which must be considered in the economic analysis is the ecological 

value of the coast. One approach for calculating the ecological value is through the 

monetary value of carbon storage. A monetary sum may be assigned to the damage done 

by tonne of carbon dioxide emitted, or avoided by tonne of carbon dioxide stored (Turner 

et al., 2007). Determining these values requires the study of carbon outputs and sinks 

which may be costly, intensive, and time consuming. Turner et al., (2007), estimates the 

mean marginal cost of carbon dioxide emissions to be at US$50/tC, this number would be 

negative when used for carbon storage. The ecological value of the coast may also be tied 

in as a part of the social worth and an amount may be assigned to it through the same 

principles. 

 

The combination of the benefits of future assets, cost of mitigation, social worth and 

ecological value in a cost-benefit analysis provides a decision-making tool which may 
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inform the municipality of the feasibility of installing coastal protection infrastructure. If 

the economic viability of coastal areas outweighs the costs of protecting them, there is 

significant reasoning to initiate an erosion mitigation strategy. The high population 

densities and vital habitats that make up the coastal margins are of economic importance, 

thus, protecting these areas may be more feasible than to allow nature to take its course 

(Roebeling et al., 2011) 

 

The environmental perspective, for the purposes of this study, is described as a viewpoint 

which takes into account the preservation of the setting based on appropriate mitigation 

with the exclusion of economics. This means that the type of erosion occurring and the 

effect mitigation measures will have on the natural environment are the main factors 

influencing the decision on appropriate mitigation from the environmental perspective. The 

mitigation types under focus include hard structure armament, beach nourishment, and a 

mixed strategy of soft techniques. 

     

Erosion comes in many forms: it may be due to a change in climate, the loss of a sediment 

source, or a natural disaster-type event. Based on the type of erosion occurring one or 

several types of mitigation techniques may be appropriate. A change in climate may occur 

from the overall global climate change, local changes such as the loss of section of forest 

(be it natural or anthropogenic), or even just a shift in regime (patterns of weather) over 

time. This can lead to the changing of current patterns which carry sediments or the source 

of sediments. In the case of gradual long-term change, such as sea level rise as a symptom 

of global climate change, mitigation such as high dikes may be the only enduring structure 

which can be applied. This would mean sacrificing the shoreline access; however, the 

continuing protection for lands behind the dikes will be assured. A successful example of 

the persistence of dikes against coastal inundation and erosion is the network around the 

coast of the Netherlands (de Gijt, 2015). The loss of a sediment source would require 

mitigation techniques to either preserve remaining sediments or to replace the sediments at 

a rate equal to or above that of the erosion. A natural disaster event is the most difficult 

erosion to mitigate because it is impossible to predict the timing and direct affects it will 

have on the area. Techniques for consolidating sediments such as using concrete or 

creating reinforced terraces may prevent coastal slope failure in these situations. 
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Determining the causation for the erosion in the Royal Roads Delta is a combination of 

climate data analysis, determination of sediment sources and sinks, and establishing the 

presence of chronic vs. episodic erosion events. Based on the type of erosion the mitigation 

strategies may employ hard techniques, soft techniques, or a combination. Preserving the 

intrinsic value of the area will be the key to determining which strategy should be 

employed. 

5.2.1. Case study results 

The case studies investigated in the literature review section provide scenarios of success 

and failure in similar situations of coastal hazard response. The results of the case studies 

are compared to the scenario which the City of Colwood faces in an effort to provide 

evidence. An informed decision will yield the most appropriate and successful response. 

The Corporation of Delta faces a similar decision to the City of Colwood in how to 

mitigate the impact of coastal forces. Climate change related coastal hazards are posing an 

increased threat to low-lying communities. The potential for sea water inundation in the 

area is anticipated and at the mean predicted sea level rise of 1.2 meters by 2100, the 

majority of the Corporation of Delta would be under water (Figure 2). It is unknown to 

what extent the frequency of inundation will occur; however, at current rates, the marine 

flooding will eventually become permanent (Mazzotti et al., 2009). Hard mitigation 

approaches may be adequate for the next century but will eventually be overwhelmed or 

breached if trends of sea level rise persist. Climate change adaptation is necessary to 

coastal planning due to its direct impact on communities within this zone. Vulnerable 

communities are often located in proximity to the coast due to the opportunities for trades 

and agricultural work (Barron et al., n.d.). The capacity of these regions to withstand 

coastal hazards is low and requires the intervention of authority to initiate adaptation 

management. 

 

The Corporation of Delta has existing coastal erosion and inundation mitigation 

infrastructure in place; however, it is inadequate in the face of changing coastal regimes. 

The City of Colwood may be able to use the adaptive management strategies investigated 

by Delta to inform mitigation strategies against similar processes. In Delta seawalls built to 

protect residential properties are ineffective and a nonhomogeneous infrastructure has led 
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to weaknesses. Understanding the struggles Delta faces will provide the City of Colwood 

with an informed basis for making a decision on how to approach the issue of erosion at 

the shoreline of Royal Roads Bay. 

 

New Jersey provided adequate protection to backshore areas while minimizing erosion by 

rehabilitating the natural dunes. In the case of Colwood, historical documents have 

indicated that dunes were once a part of the beaches along Royal Roads Bay. Whether the 

dunes were present at all prior to the beginning of operations at the Metchosin Gravel Pit is 

unclear. The values of the municipality and residents are clear, they wish to prevent the 

loss of the sandy beaches and protect the infrastructure in the backshore area from erosion. 

Taking from the New Jersey case study, the implementation of hard structure mitigation 

techniques may not be the optimal practice and may in time catalyze more severe erosion 

events. Beach nourishment, though a continuous and expensive endeavor, could be the 

solution that would best suit the needs for the protection of the Royal Roads foreshore. 

Successful beach nourishment in New Jersey has led to a community which embraces the 

changes made for coastal protection. The dunes do cause a certain degree of separation 

between the coastal structures and the ocean; however, cost benefit analysis of the situation 

supports the sand beaches as a greater draw for tourism than direct access and views of 

dwindling beaches. For the City of Colwood to approach beach nourishment, a cost benefit 

analysis including the potential loss or gain of tourist revenue for the maintenance of the 

beach is necessary. 

 

The coastal barrage for Cardiff Bay disrupted the longshore current regime for the adjacent 

beaches to reduce the energy of the erosive process (Phillips, 2007). Royal Roads Bay has 

likely always experienced a longshore current. The addition of the gravel pit allowed the 

longshore current to deposit sand along the beaches that are present today. With the 

cessation of operation at the gravel pit, the source for the sediment to be carried by the 

longshore current has been lost. In order to prevent the current from extracting the 

remaining sand and fine gravel sediments the current must be disrupted. The first attempt 

to reduce the current in Cardiff Bay was the construction of groynes which proved to not 

provide the level of protection necessary. The coastal barrage implementation led to the 

successful disruption of the current (Phillips, 2007). A similar mitigation measure could be 

put in place in Royal Roads Bay. The difference in the two scenarios stems from the source 
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of the sediment. In Cardiff Bay the sediment is naturally sourced, the cause of the erosion 

was the extraction exceeding the deposition (Phillips, 2007). In Royal Roads Bay there is 

not a natural source for the fine sediments that are in need of preservation. Royal Roads 

Bay requires a complete disruption of the littoral current to remove all erosional 

mechanisms if a similar installation to the barrage and breakwaters at Cardiff Bay were 

implemented. Ongoing analysis of the sediment movement such as the research undertaken 

at Cardiff Bay would provide evidence of the success of the mitigation measures. 

 

5.3. Recommendations 

Determining the source of erosion at Royal Roads Bay is the fundamental outcome from 

the research conducted in order to determine the most appropriate strategies for mitigating 

the impact of erosion. Based on the data collected in this study and the background 

research comparing other studies, historical accounts, and air photos, the cause of erosion 

was determined. The cause of erosion in the Royal Roads Bay foreshore stems from 

multiple factors including the natural cycle, the anthropogenic modification of the 

sediment budget, the direction and strength of the littoral current, and the impacts of 

climate change driven wave action intensification.  

 

The natural tendency towards erosion of the backshore to achieve a cycle of feeding in 

starvation throughout the year acts upon the beach excessively due to the protection of 

certain areas with riprap and the anthropogenic impacts on the natural sediment budget. 

The equilibrium which existed prior to the commencement of mining at the gravel pit 

maintained the sediment volume of the beach. The feeding portion of the natural cycle was 

magnified immensely over the period of gravel pit operations due to the byproduct of loose 

sand which was deposited within the littoral current zone. As a result of the removal of this 

artificial sediment source, the starvation cycle has been magnified as the equilibrium is 

reestablished by the system. In this way the natural sediment equilibrium and 

anthropogenic modification of the sediment contribute to the erosion occurring. 

 

The littoral current is a function of the wave action strength and direction. The waves in 

Royal Roads Bay are refracted through the Strait of Juan de Fuca and around the point at 

Albert head. The waves hit the beach north of the gravel pit at an angle towards the north. 
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A back-eddy causes the littoral drift to angle west in the area south of the gravel pit. Thus 

the littoral current is split in two, pulling sediment away from the base of the gravel pit in 

either direction along the foreshore. The study site lies directly adjacent to the north of the 

base of the gravel pit which means that the littoral current moves sediment in a northward 

direction throughout the study site. The wave strength is increased by the addition of 

climate change influencing weather patterns. The increasingly intense wave action and the 

removal of sediment to the north are the contributing factors of erosion from this 

perspective. 

 

Chronic erosion is the continual erosion that occurs throughout the timeframe. This is 

caused by the littoral current and the natural cycle of erosion. The episodic erosion of the 

beach is caused by the increased intensity of wave action during storms. Episodic erosion 

is also a function of the natural cycle as the backshore has always been the main source for 

renewing sediment on the beach. The difference found between the chronic and episodic 

erosion was the location of the damage to the sediment volume. Chronic erosion tends to 

see a reduction in foreshore sediment as littoral drift removes the sediment without a 

source for replenishment. Episodic erosion often involves the removal of backshore 

sediments which may replenish the foreshore sediments; however, the strength of wave 

action which causes backshore erosion will also remove foreshore sediments. This is the 

reason for a negative sediment budget in the foreshore despite the sediments sourced from 

the backshore. 

 

These causes of erosion dictate the most appropriate response to mitigate the issue. Three 

different strategies will be outlined including their benefits and disadvantages. Based on 

the results of the study and an extensive literature review, the strategies are ranked from 

least to most desirable outcome based on the values outlined by City of Colwood, 

residents, and recreational users. 

 

Strategy 1: Groynes 

The first strategy for combating the ongoing erosion of sediments of Royal Roads Bay is to 

construct a series of groynes. Groynes are generally solid concrete structures built 

perpendicular to the littoral current. Groynes are built out into the foreshore, often beyond 

the low tide line. The result of the structures is to push the littoral current farther from the 
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vulnerable sediments of the foreshore. In the deeper water the littoral current causes 

minimal impact to the bottom sediments. The wave action impacting the beach is 

disrupted. The suggestion of implementing groynes is accompanied by a beach 

nourishment proposal. In order for the area to maintain the sediment, the initial budget of 

sediments would need to be increased based on the current composition of the foreshore. 

 

The strategy of using groynes is suggested due to its propensity for protecting the 

backshore areas. The protection of private property and expensive public infrastructure is a 

top priority in defending against coastal erosion. Groynes are a relatively affordable, one-

time expense. They require little maintenance which improves their affordability. The 

impact on the environment is minimal since the foreshore areas will remain relatively 

intact and may provide increased protection from wave action for intertidal species. The 

addition of beach nourishment with the groynes ensures that the intervening areas are 

composed of optimal sediment, which may be sourced from the sediment deposits at the 

north end of the bay. The proximity of these sediment deposits minimizes the cost of beach 

nourishment and provides a source with material that is compatible with the existing 

sediment composition. Groynes provide adequate protection to backshore areas without 

compromising the sediments of the foreshore; however, they also present a range of 

challenges. 

 

Figure 30: Concrete groynes for sediment retention in Wales (geograph.org.uk) 
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The Royal Roads Foreshore Erosion report (1986) suggests that groynes are not an optimal 

solution for the Royal Roads Bay due to their hard nature and urbanized look. Groynes are 

a hard mitigation technique which is intensely unnatural in appearance. They would disrupt 

the aesthetic appearance of the beach and create a deep contrast between nature preserve of 

the lagoon behind the northern beach and the park above the southern beach. The main 

recreational use of the beach is for walking, particularly for walking dogs, which would be 

interrupted by the groynes placed along the shore. The groynes would need to be built 

quite high to remain effective with rising sea levels; however, even the height may prove 

ineffective if sea levels rise as predicted due to the lack of dunes in the backshore. As 

storm intensity increases, the groynes may be overwhelmed and not provide the protection 

to the foreshore sediments that is required. Additionally, the large amount and size of 

debris that is tossed during storm events may damage the groynes, presenting ongoing 

maintenance costs. Eventually the groynes would be undercut by the erosional patterns of 

the foreshore and require replacement or reconstruction. Finally, further studies would be 

required to determine optimal placement for the construction of groynes which would add 

to the costs. The strategy of employing groynes will protect infrastructure and maintain 

some beach use but will ruin the aesthetic appeal and recreational beach uses. Due to the 

unaesthetically pleasing appearance and disruption of recreational beach use, it is unlikely 

that this strategy would be supported by the public.  

 

Strategy 2: Improved riprap 

The second strategy option would be to improve and extend the existing riprap. The riprap 

currently in place requires updating if it is to remain effective. The construction of riprap 

should include a structured design such that large gaps are not exposed to incoming waves. 

The compression of air in these pockets between the rocks caused by the impacting waves 

results in the destabilization and destruction of the riprap. Riprap improvement and 

extension would require minimal change in existing practices and infrastructure. 
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Figure 31: Existing rip rap at Royal Roads Bay (Maddox, 2019) 

 

Riprap is the least expensive option available since it requires no specialty equipment and 

the rock may be sourced at low cost as construction byproduct. The backshore would be 

provided with complete protection from coastal erosion. The viability of the riprap, with 

proper construction, is long term with minimal maintenance. The public infrastructure 

would not require any further protections from erosion or sea level rise. The riprap is 

adaptable and may be built up to manage increasing sea level and intense storm activity. 

Finally, the riprap does not hinder the shoreline appearance with an “urban” look. 

Stairways and walkways may be built along the riprap to provide a route for use of the 

beach and to facilitate recreation. The cost of applying the most economic strategy may the 

loss of the beach entirely. 

 

Riprap causes increased erosion in adjacent areas, referred to as side scour. With an 

extension of the riprap it is not unlikely to see the erosion of the beach amplify. This would 

result in the destruction of the intertidal habitat for species living in the area. The sandy 

beach area most often used for recreational activities, would not be available except during 

low tides or possibly not at all. It is likely that the beach would return to the cobbles it was 

originally composed of with no sand to speak of. The aesthetic appeal of the sandy beach 

would also be lost causing a significant loss of visual value to both residents and 

recreational users. As with the groynes, the riprap would require further investigation to 



 

 

 83 

determine the most appropriate design. The use of riprap to mitigate coastal erosion would 

be cost effective with minimal upkeep but may result in total loss of beach while the 

backshore is protected. 

 

Strategy 3: Offshore breakwaters 

The final strategy for mitigating the erosion of the foreshore is the construction of an 

offshore breakwater and the employment of a beach nourishment procedure. This option 

would require the offshore construction of breakwaters which could be made of either 

cement or riprap. The beach nourishment, as with the groynes, would be sourced from the 

deposits at the north end of the bay. The combination of the offshore breakwater dispersing 

the wave energy prior to impacting the shore and the redistribution of sediments would 

lead to the beach maintaining an appealing aesthetic while protecting the backshore.  

 

This strategy would be effective over the long term as the offshore breakwaters would 

require little maintenance and, with effective wave mitigation, the beach nourishment 

would not suffer undo erosion. The beach would be preserved in a sandy state to promote 

recreation and an environmentally stable habitat for intertidal species. The beach would 

maintain its overall aesthetic appeal with the offshore breakwaters providing the additional 

benefit of obscuring the tanker vessels which anchor in the bay from the view of visitors. 

The beach would suffer far less damage during storms with the waves breaking offshore 

which would protect the infrastructure such as the roads which become covered in 

driftwood and other debris. The decreased wave activity would also make it safer for 

recreational use during periods of high winds. The proximal sediment source would ensure 

minimal costs for beach nourishment as well as the compatibility with the existing 

sediments. The backfill of sediment should provide enough dunes to protect against sea 

level rise. While this strategy provides the most extensive benefits, it also has significant 

drawbacks. 
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Figure 32: Offshore breakwaters in Lake Erie, USA (coastalcare.or) 

 

The most inhibitive disadvantage of the use of offshore breakwaters and beach 

nourishment is the price tag. The cost of the construction, machinery, and maintenance will 

be high. The costs may increase unexpectedly due to extreme weather events causing 

unprecedented damage to the foreshore and the offshore breakwaters. The breakwaters 

themselves may be a hazard to ships, particularly, those of the naval base to the north. In 

order to ensure that sea level rise does not overcome the strategy in place, necessary 

precautions will have to be taken, such as the reconstruction of a natural dune system (as 

was done in Avalon, New Jersey). Further study, including hydrodynamic modelling and 

measurement of wave heights would be necessary for the success of this strategy.  

 

The use of offshore breakwaters and beach nourishment is very expensive but preserves 

the value of beach and backshore. This strategy will preserve the integrity of the foreshore 

and backshore for years to come without forsaking any of the current values associated 

with the area. 
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The three strategic options presented for combating coastal erosion for the Royal Roads 

Bay are all viable. The determination of which measures may be employed should depend 

on the results of an in-depth cost-benefit analysis. Based on the erosion rate of 0.429 m
3
m

-

2
/year for each meter of foreshore, it is necessary to take action quickly. Employing a 

strategy to mitigate erosion will be necessary unless the area is abandoned for residential 

occupancy, recreational use, and preservation of the nature sanctuary. The data provides a 

comprehensive report on the factors influencing the coastal erosion that is occurring. Using 

these factors, the most appropriate strategies are outlined to mitigate further erosion and to 

restore the foreshore to a state which will benefit the separate parties concerned with its 

future. 
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6. Conclusion 

The purpose of this study was to determine the rate of sediment loss along the Royal Roads 

Bay foreshore (Section 1.3). An understanding of the rate of coastal erosion and erosional 

processes was used to inform a series of strategic management options recommended for 

mitigation. The area has experienced a rapid decline in sediment budget in recent years, 

leading to erosion of backshore slopes and destruction of public infrastructure. The loss of 

sediment is a direct result of the cessation of operations at the gravel mine in the south 

backshore area. This was confirmed through previous studies which analyzed air photos to 

determine sediment source and flow patterns. The impacts of further erosion on the 

backshore would likely include a decline of slope structure stability leading to the 

destruction of the private properties on the slope and public infrastructure servicing them. 

The beach itself represents an important value to the municipality as an area of recreation, 

leisure, and scenic interest. The lagoon located behind the northern bay foreshore acts as a 

nature sanctuary, creating a vital habitat for many species. The assets invested in the area 

of shorefront are vital to the municipal government, residents, and visitors. In order to 

maintain the value of the assets it is necessary to undertake measures of protection and 

revitalization. 

 

The average rate of erosion was determined to be 0.036 m
3
m

-2
/month and 0.429 m

3
m

-

2
/year for each meter of sediment in the foreshore. Changes in slope and volume of 

sediments were determined by completing three surveys using a total station theodolite 

over the calm summer period and stormy winter period. The volume erosion rate was 

found by using the area of the triangle created by the slope. The change in volume was a 

comparison from each survey to the next and a difference between the changes in volume. 

This provided an estimate of the most accurate volume change for each transect as well as 

for the total change. Paired T-tests with a 95% confidence interval were used to determine 

the significance of the data and provide\ conclusive evidence that the changes were 

occurring. The difference in change of volume produced a p-value of 0.0936, which is not 

quite statistically significant yet supports the hypothesis of the rate of erosion. The slope 

change difference produced a p-value of 0.2396, which is not statistically significant and 

supports the hypotheses of the type of erosion. Visual observation and two sets of photo 

surveys confirmed the change in slope, volume, and sediment composition. 
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When the initial site visit was made at the end of July 2018, the slope of the beach was 

gentle; little change was visible from the intersection of the backshore and foreshore to the 

water’s edge. At the final photo set acquisition, the slope had steepened substantially with 

an increase in steepness with proximity to the water’s edge. The volume changes of the 

beach were not observationally noticeable due to the lack of consistent structures of 

reference as a result of the dynamic nature of the intertidal zone. Initially, the foreshore 

sediment composition was mainly fine sand with areas of coarse sand and some small 

cobbles for the majority of the beach. By the final photo set collection, the composition 

had become mainly cobbles, of small and medium size, and coarse gravel. The change in 

the beach is a result of longshore drift carrying the finer sediments northward while the 

sediment source, previously the gravel mine, remains in deficit. The smaller sediments will 

continue to be removed northward unless a mitigation strategy is employed to inhibit the 

longshore transport current. 

  

The three strategies suggested were determined, from a literature review (Section 1.1.2), to 

provide the optimal retention of value while minimizing costs. The first strategy includes a 

series of groynes and beach nourishment. This strategy is cost effective in its one-time 

construction and minimal maintenance program; however, the lack of other values it 

maintains for the area leaves it as the least desirable option. The groynes would be 

aesthetically unappealing and cause a disruption to recreational activities while providing 

protection to the backshore and maintaining space for less mobile leisure activity. The 

second option of riprap extension provides total protection for the backshore at a onetime 

low cost to the municipal government. The riprap would not provide protection to the sand 

foreshore and ultimately the foreshore would not be recreationally viable. The aesthetic 

aspect of the mitigation would be minimally damaging with a loss of the sandy beach but 

no impact to the overall image of the seascape. The final option comes with the highest 

price tag and provides the best defense for all values. A beach nourishment scheme with 

offshore breakwaters would replenish the high-value sandy composition while disrupting 

the wave action impacting the beach. This strategy maintains the safety of the backshore, 

provides a healthy foreshore area for recreation, and improves the aesthetics of the bay. 

 

Royal Roads Bay will suffer chronic and episodic erosion events under all circumstances 
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as a result of being exposed to the unyielding attacks of climate; however, preserving the 

integrity of the values vital to its users may be possible. Erosion mitigation is a complex 

field, requiring the understanding of factors influencing and contributing to the loss of 

sediments. This study creates a comprehensive illustration of the erosion occurring in 

Royal Roads Bay and provides a range of appropriate mitigation strategies which may be 

employed. The City of Colwood has the opportunity to ensure that the area will remain 

accessible, aesthetic, and safe. 
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