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INTRODUCTION
There are few places as visibly striking as the territorial home 
of the Squamish Nation of coastal British Columbia.  Here, 
at the edge of the Squamish River valley, the ocean waters 
of Howe Sound meet the rising Coast Mountain Range, 
formed along the eastern edge of the Pacific rim of fire. 
These mountains arose from a complex process of tectonic 
compression, volcanic activity, and glacial carving.  Written 
in the rock layers all around the Squamish River valley is the 
story of growth, formation, erosion and change. 

In terms of geological timelines, humans have existed in 
this region for a mere blink of the eye. In this short time, 
however, a different scale of change has occurred. Since the 
first arrival of people into the Squamish River watershed, 
the encompassing ecosystems have undergone substantial 
change. Change is neither good nor bad; it is inevitable. It 
is as certain as the tides. And like the tides, the change can 
either be anticipated and welcomed, or unforeseen and 
dangerous.

This practicum is focused on the inevitable impacts of rising 
sea levels in Squamish, B.C. The first three chapters focus 
on the historical evolution of the District of Squamish, the 
landscape, site context and people living there. The fourth 
chapter outlines a design framework that is used to inform 
site specific design interventions. The last chapter proposes 
planning and design interventions that will create changes 
to both the community of Squamish and the encompassing 
ecosystem. The aim of this practicum is to add to the 
literature and design in landscape architecture that aims to 
create sustainable community planning and design in the 
face of an  increasingly unpredictable future. Specifically, the 
practicum is geared toward the issues around sea level rise,  
issues directly correlated to  climate change. The practicum 
provides an example of an oceanfront development 
that, through specific design interventions and planning, 
anticipates, accommodates, and reveals the process of 
rising sea levels and resultant long term ecosystem shifts. 
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Fig. 1-1. Lentz. 2017

Fig. 1-2. Lentz. 2017 

Fig. 1-3. Stewardson. 2018

Fig. 1-4. Google Earth. 2018

View of Squamish from the Chief Mountain

Squamish River fly fishing

Mountain biking in Squamish

District of Squamish boundaries
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SQUAMISH, BRITISH COLUMBIA

Squamish is located along the picturesque Sea to Sky 
Highway 50 km north of the city of West Vancouver, and 
35 km  south of Whistler. The location is significant as the 
upgrades to the Sea to Sky Highway in preparation for the 
2010 winter Olympics substantially increased accessibility 
and development interests from nearby Vancouver. In 2018, 
the population of Squamish was just under 20,000, with  the 
most recent census statistics placing growth at a significant 
rate of 14% since 2011 (B.C Provincial Government, 2018) 

Squamish was historically reliant on forestry as its main 
economic driver. In the past decade, the District of 
Squamish has become a bedroom community with an 
emerging economy based on tourism, clean technologies, 
education, manufacturing and, to a lesser extent, forestry.  
Currently, sales and service (26.4%); followed by trades, 
transport, and related business (20.6%) account for close to 
50% of employment in Squamish (Statistics Canada, 2016). 
Occupations in management (12.1%), business, finance and 
administration (11.7%), and education, law and government 
(11.1%), make up another third of the employment (Ibid, 
2016). The remaining percentage is spread between 
occupations ranging from art and culture, to manufacturing 
and agriculture (Ibid, 2016).

With  the current  slogan “Hardwired for Adventure” and 
a location surrounded by mountain peaks, ocean, and 
glacially-fed rivers, Squamish is now an epicentre for outdoor 
adventure enthusiasts. Squamish is considered one of the 
best places in the world for mountain biking, rock climbing, 
and kite boarding. Squamish also offers ample opportunities 
for hiking, fishing, white water rafting, back country skiing, 
and  kayaking (District of Squamish, 2018a). 

Squamish’s atmosphere is attracting both tourists 
and industries focused on outdoor adventure. A term 
commonly used in Squamish is ‘rec-tech’ which refers to 
the  manufacturing of outdoor recreation-based products 
(Thuncher, 2015). Successful start-ups such as One-up 
mountain bike components, as well as 7mesh cycling gear are 
both based in Squamish (Ibid, 2015). Web based companies 
are also finding homes in Squamish, with websites such 
as www.pinkbike.com, the most popular mountain bike 
website in the world with well over 9 million monthly page 
visits, located and founded  in Squamish (Pinkbike, 2018). 
The number of monthly visits to the Pinkbike website reflects 
how the growth in Squamish goes hand-in-hand with the 
people and industries the community attracts. The people 
and industries in the past decade who have set up home 
and practice in Squamish are increasingly geared towards 
outdoor recreation and tourism. The location, surrounding 
environment, and geography significantly factor into the 
future growth of Squamish. 

CHAPTER ONE

District of Squamish: Present
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One of the most distinctive features of Squamish is the 
abundance of water. Squamish is located next to the 
Squamish River. The Squamish River combined with its two 
main tributaries, the Mamquam and Cheakamus Rivers, 
drain an area of 1,404 square miles into Howe Sound (Hoos 
& Vold, 1975. p. 1). The Stawamus River that drains into 
the Mamquam Channel is connected to Howe Sound and 
contributes another 24 square miles of run-off (Ibid, 1975. 
p. 1). Where these glacially-fed rivers meet the saline waters 
of Howe Sound, the Squamish estuary has formed. Without 
including Mamquam Blind Channel, the total area of the 
delta is approximately 384,750 square meters (Ibid, 1975. 
p. 1).  

Estuary habitats account for only 2.3% of the British 
Columbia coastline (BC Ministry of Environment, 2006. p.3) 
yet are one of the most biologically significant habitats on 
earth. They provide a nursery habitat for an abundance of 
fish and shellfish species, with close to 80% of all marine 
species relying on estuaries at some point in their life cycle 
(Ibid, 2006. p.3). Estuaries also provide significant habitat 
for thousands of migratory bird species, as well as rich food 
sources for numerous marine and terrestrial mammals.

Estuary ecology is complex, with a variety of conditions 
dependent on local context such as ocean bathymetry, fresh 
water input, and surrounding terrestrial geology. Generally, 
estuaries consist of an upper intertidal zone, middle intertidal 
zone, lower intertidal zone, and a subtidal zone (refer to 
image above). The subtidal zone can be further broken into 
three important categories; the shallow subtidal zone, deep 
sub tidal zone, and benthic zone. Each zone interacts with the 
others, and precise borders are often hard to define. Each 
plays an important role for providing habitat to a number of 
different species, both plants and animals, that add to the 
rich biological diversity of estuary environments.

Estuaries

Subtidal
Lower Tidal

Squamish River Estuary 
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Upper Tidal Zone
The upper tidal zone receives the greatest amount of both 
sunlight and freshwater. This habitat is rarely submerged and 
will become inundated with water during only the highest 
tides or flooding (Ibid, 2006. p.1). Vegetation usually takes 
the form of vast sedge meadows that will transition into 
riparian forests at higher elevations.

Middle Tidal Zone
The middle intertidal zone will become flooded with water 
frequently with the rise and fall of tides. The plant life here 
still receives a great deal of sunlight but needs to be both 
fresh and salt water tolerant.  The water in this zone is often 
considered brackish, or a mix of both salt and fresh water, 
altering in saline concentration based on tides and fresh 
water flow rate. Fewer plant species exist in this zone but 
include brackish water specialists such as Lyngbye’s sedge 
and American glasswort (Ibid, 2006. p.1). 

Lower Tidal Zone
Lower intertidal zones are submerged for all but the lowest 
of tides, and therefore act as more of a marine environment. 
Fewer plants exist due to the consistent submergence and 
lack of sunlight, however, the large areas of highly rich river 
sediment form mud flats that provide vital nutrients and 
habitat to worms and algae. These small but significant 
species, provide the foundation for an expansive and diverse 
ecological food network (Ibid, 2006. p.1). 

Subtidal Zone
Below the line of the lowest tides, begins the shallow subtidal 
zone. The shallow subtidal zone extends only a few metres 
below the low-tide mark and is characterized by the extent 
to which light can penetrate to the bottom. Here, so long as 
there remains sunlight, eelgrass can grow. Eelgrass (Zostera 
marina), an aquatic marine plant will often thrive under the 
right conditions and minimal disturbance. Eelgrass can form 
vast underwater meadows that create essential nursery 
habitat for a number of different species (Ibid, 2006. p.1). 
All five Pacific salmon species as well as eulachon, herring, 
sole, and a variety of invertebrate species rely on the vast 
meadows for cover and protection as they grow from 
juvenile fish to adults ready for the open ocean. Well below 
the lowest tide levels, the shallow subtidal transitions into 
the deep subtidal zone. The deep subtidal zone receives 
little sunlight and begins to look more like the rest of the 
coastal marine ecosystem (Ibid, 2006. p.1).

Benthic Zone
The bottom level of the estuary is perhaps the most 
distinctive and essential to supporting the vast diversity of 
species that thrive within the estuarial ecosystem (Ibid, 2006. 
p.1). This is the benthic zone and consists of a plethora of 
micro-organisms and minute animals that survive within the 
rich sediment layers formed over years of river deposits. 
On solid outcrops and artificial reefs that protrude from 
the benthic sediment, shellfish such as oysters and mussels 
attach themselves. The micro-organisms feed the shellfish, 
worms, and plankton that support the coastal ecosystem.

Middle Tidal

Upper Tidal

Riparian

Fig. 1-5. Redman. 2017
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The Squamish Nation  were  the  first inhabitants of the 
Squamish River Valley. They are a Salish people, whose 
ancestors inhabited the regions of present day Greater 
Vancouver, throughout Gibson’s Landing, and within the 
region of the Squamish River Watershed (BC Ministry of 
Environment, 2007. p.14). The Squamish River estuary was, 
and continues to be, an important cultural, historical, and 
spiritual location for the Squamish People (Ibid, 2007. p.14). 
Although there is  little documented information of pre 
European contact, the Squamish people would have relied 
on the local fish populations of herring, trout and salmon for 
sustenance (Squamish Estuary Conservation Society, 2003. 
p.19). 

European settlers began using the Squamish River valley for 
a largely unsuccessful cattle run in 1873 (Hoos & Vold, 1975. 
p. 4). The first use of the Squamish estuary by European 
settlers was for cattle pasture by a small number of loggers 
and shortly after, by 1877, the first permanent settlers arrived 
(Ibid, 1975. p. 4.) From this point onward, the estuary was 
continuously developed, diked and infilled for industrial 
purposes.  

By the 1890s some small logging operations started clearing 
the coastal forests surrounding the Squamish Valley. Due to 
the difficult access, thick undergrowth, and steep hillside 
conditions, logging was slow and cumbersome (McLane, 
2006). In 1909, the Howe Sound and Northern Railway 
Company opened a fifteen-mile rail line extending from 
the Squamish oceanfront peninsula into the Cheakamus 
River valley. Increased accessibility and transportation as a 
result of the new rail line, combined with improved logging 
technologies and techniques, provided for industrial scale 
logging. This necessitated the need for a log-sort within the 
Squamish Estuary (Squamish Estuary Conservation Society, 
2003. p.19) Annual estuary dredging removed 25,000 to 
30,000 cubic yards of sediment primarily from the Mamquam 
Channel until 1972 to accommodate shipping needs (Hoos 
& Vold, 1975. p. 24.)

Estuary + Use

Fig. 1-6. Squamish Public Library. 1958.

Fig. 1-7. Squamish Public Library. Unknown

Fig. 1-8. Squamish Public Library. Unknown

Squamish clear cut logging 

Train bridge on Squamish Oceanfront

Squamish hop farming

(Image courtesy of the Squamish Public Library)

(Image courtesy of the Squamish Public Library)

(Image courtesy of the Squamish Public Library)
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As a result of industrial and development uses of the 
Squamish estuary, nearly half of the historic estuary has 
been permanently altered (Squamish Estuary Conservation 
Society, 2003. p. 20). A Squamish Estuary Coordinating 
Committee was formed in 1982 to guide the use of the 
remaining estuary. The Management Plan has undergone 
a number of transformations but now covers 673 hectares  
of Wildlife Management Area (Ibid, 2003 p.19). Recovery 
work by the Squamish River Watershed Society and the 
Department of Fisheries and Oceans Canada has resulted in 
the removal of dredge soil from the central channel as well 
as the restoration and recovery of  the old log-sort site. 

Today, the Squamish estuary continues to be one of the 
“most rare and biologically productive ecosystem types on 
the British Columbia Coast” (Ministry of Environment, 2007. 
p.10). The Squamish estuary provides essential habitat 
for numerous regionally important fish species such as 
eulachon, all five pacific salmon and herring. The estuary 
provides important habitat for migratory birds, waterfowl, 
raptors, shorebirds and a number of mammals such as black 
bear and cougar (Ibid, 2007. p.6).

The Squamish estuary provides further benefits as important 
flood protection from both coastal and river flooding 
(Ibid, p.7). The estuary absorbs the impacts of waves and 
minimizes the impacts of over- shore flooding during storm 
surges. The estuary purifies and filters pollutants in water 
(Ibid, 2007. p.7).

In 1972, a B.C. Railway training dike was constructed to 
provide deep water access for a coal port and reduce the 
risk of flooding. The result  was a significant decrease of 
fresh water into the Squamish estuary, substantial changes to 
sedimentary structure, as well as a permanent straightening 
for the lower portion of the Squamish River (Hoos & Vold, 
1975). Although the coal port was never constructed, the 
dike has remained for flood protection. Over 150,000 truck 
loads of dredge spoil from the construction of the dike was 
piled in the central channel where it remained for close to 
thirty years (Ministry of Environment, 2007. p.19). Large 
amounts of dike construction occurred in the 1980s. Frequent 
flooding of the community resulted in the construction 
of a nearly 20km dike structure along the Mamquam and 
Squamish Rivers (Kerr Wood Leidal. 2017. 2-6). Additional 
dike improvements occurred after a flood in 2003. 

Other estuary developments over the last 50 years include 
the construction of a sewage waste lagoon for the storage, 
treatment, and release of municipal waste; the construction 
of a power line corridor and natural gas pipeline across the 
Squamish River, and construction of a Chlor-Alkali chemical 
plant formally owned by FMC, then Nexen, before being 
sold to the District of Squamish.

Fig. 1-9. Unknown. 1930.

1930 
Pre-Training Dike

2014
Post Training Dike

Squamish estuary development changes from 1930 - 2014
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Fig. 1-10. Redman, C. 
Modified from Google Earth. 2018
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Fig. 2-1. Squamish Times Photograph Collection. 1964.

Fig. 2-2. .Unknown. nd

Fig. 2-3. Lentz. 2017

Planning the Squamish Oceanfront Peninsula

Nexen Chlor-Alkali Plant

Squamish Oceanfront Peninsula from Chief Mountain - 2017

(Image courtesy of the Squamish Public Library)
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OCEANFRONT PENINSULA

The population of Squamish is growing rapidly at a rate of 
14% between 2011 and 2016 (B.C Provincial Government, 
2018. p.1). Rising housing costs in Vancouver and a desire to 
own  affordable property is placing pressure on the District 
of Squamish to provide development for this population 
boom. One of the most significant proposals for this 
expansion is a recently approved oceanfront development 
on the former Nexen Chlor-Alkali site, commonly referred to 
as the oceanfront peninsula. This is the site of interest for this 
practicum and theoretical design intervention. 

The oceanfront peninsula was traditionally a tidally 
influenced mudflat habitat (District of Squamish, 2010. p. 
18).  Beginning with a narrow railway trestle, the peninsula 
was slowly developed, infilled and expanded throughout 
the twentieth-century (Ibid, 2010. p. 18). This expansion 
included the addition of log-sort sites that remain today, as 
well as a Chlor-Alkali plant that was constructed in the late 
1960s. The Chlor-Alkali plant was created for the production 
of caustic soda, chlorine and hydrochloric acid; chemicals 
used by the pulp mills along the shores of Howe Sound. 
Unfortunately, one of the contaminants produced by a 
Chlor-Alkali plant is mercury. Over the years of the Chlor-
Alkali plant from the late 1960s until 1991, enough mercury 
was stored in an unlined lagoon to form a six-hectare region 
of mercury contamination rated as hazardous waste (BC 
Ministry of Environment, 2009. p. 1). Because of its high 
toxicity and long term persistence in the environment, there 
are now strict storage and disposal regulations for mercury. 
However, at the time of the Nexen Chlor-Alkali plant, 
regulations were much less.

Therefore, after the closing of the Chlor-Alkali plant in 1991 
and orders from the Ministry of Environment in 1998 to 
decontaminate the site, one of the largest mercury clean-
up efforts in British Columbia began. Decontamination took 
four years and cost over $40 million dollars (Ibid, 2009. p. 1). 
150,000 tonnes of mercury contaminated soil was removed, 
contained, and shipped to Alberta for disposal (Ibid, 2009. 
p. 2). Numerous technologies were employed over the four 
years including a soil washing technique that allowed for 
approximately 24,000 tonnes of less contaminated soil to 
be cleaned on  site (Ibid, 2009. p. 2). Innovative water quality 
testing techniques were developed to help monitor the 
site, techniques that were successful in detecting mercury 
leaching from groundwater into Howe Sound (Ibid, 2009. p. 
2). 

By 2004 the site was purchased by the District of Squamish 
and has since been sold for the purpose of oceanfront 
development. 

CHAPTER TWO

Background
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Overview
The site, commonly referred to now as the oceanfront 
peninsula, is located on the former Nexen chemical plant 
directly south of downtown Squamish. The site itself remains 
more or less untouched since decontamination efforts 
ended in 2011. The site is used for public beach access and 
is a popular location for recreational use and local dog-
walkers. Dilapidated piers remain on the south and east. 
The only actively used infrastructure on site is a test carbon 
capture plant that has taken over parts of the old Nexen 
plant. This facility has transformed the former chemical plant 
into one of technological innovation, attempting to prove 
the feasibility of atmospheric carbon capture and re-use as 
a source of economically viable energy (Temple, 2018) . The 
recent success of this plant has triggered the possibility of a 
larger industrial-scale carbon capture facility off-site. 

Current Conditions

Geotechnical
The peninsula consists of imported and decontaminated soil 
that sits atop estuary silt and sand deposits that formed, until 
the  developments of the twentieth century, a large region 
of mudflats. Geotechnical reports show an average of 3-5 
metres of fill, over 100 metres of estuarine sand and or gravel 
with a high and variable water table (District of Squamish, 
2010. p. 20). The peninsula ranges from 4.5m geodetic at its 
highest  eastern edge, to 2.5m geodetic to the west edge. 
On average, the site has an elevation of 3.0m geodetic (Ibid, 
2010. p. 20). 

Hydrology
A 2005 hydrology report showed that the site frequently 
floods and is highly vulnerable to ocean rise. Under existing 
conditions, the mean water level for Howe Sound is 3.1 
chart datum (0.0 geodetic) (Ibid, 2010. p. 20). High tides 
reach 5.1m chart datum and low tides are 0.0m chart datum. 
High tides in combination with storm events create annual 
flooding on site and, as a result, it has been recommended 
that the entire site be elevated to 7.3 chart datum (5.0m 
geodetic) to minimize the risk of flooding during storm 
events (Ibid, 2010. p. 20).

Fig. 2-4. Redman. 2017

Oceanfront parking lot

Nexen Beach

Mamquam Blind Channel
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Mamquam Blind Channel
The western edge of the peninsula faces the Mamquam 
Blind Channel. Although this edge is comprised of rip-rap 
and herbaceous vegetation, the Mamquam Blind Channel 
itself provides important habitat. The Mamquam Blind 
Channel, much like the Cattermole Slough, is an intertidal 
channel that receives minimal freshwater. The majority 
of this fresh water is provided from the Stawamus River. 
Recent freshwater reconnection with the Mamquam River, 
have attracted spawning salmonids (Ibid, 2010. p. 21). The 
Mamquam Blind Channel provides habitat for a diverse 
range of migrating bird species, has significant juvenile 
herring and salmonid populations and also has potential for 
eelgrass recovery. 

Southern Point
On the peninsula’s southernmost point, water and beach 
access is provided through the remaining mudflat habitat. 
The southeast corner of the peninsula contains the blighted 
remains of the abandoned deep water terminals and 
docking structures. The peninsula’s southernmost point is 
most exposed to the harsh winter winds and high tides; up 
shore habitat has been replaced with concrete barriers and 
rip-rap that help prevent erosion during annual flooding.

Cattermole Slough
Despite minimal recovery efforts beyond removing 
contaminated soils, there has been remarkable ecological 
recovery as well as demonstrated potential for future recovery 
on site. Cattermole Slough to the west is an intertidal channel 
that is located between the peninsula and existing terminals. 
Cattermole Slough receives small amounts of controlled 
freshwater run off but still provides important habitat to 
juvenile salmonids, waterfowl, shorebirds, and benthic 
invertebrates (Ibid, 2010. p. 21).  Along the eastern edge 
of the peninsulas, facing the Cattermole Slough, the largest 
existing upland habitat consists mostly of red alder with 
herbaceous vegetation layered with a number of different 
woody shrub species. Willows and rushes have taken over 
an abandoned settling pond situated centrally along the 
eastern Cattermole Slough edge (Ibid, 2010. p. 21). 

Fig. 2-5. Redman. 2017.Abandoned pier on Squamish Oceanfront
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Overview
After sitting vacant for a little over twenty years, the 
oceanfront peninsula was originally sold by the District 
of Squamish to Newport Beach Developments LP for $15 
million dollars. An additional $16 million in amenities and $7 
million in infrastructure will be provided by Newport Beach 
Developments LP (District of Squamish, 2018). Recently,  
ownership once again transferred to an equal partnership 
between Squamish Cornerstone Developments and the 
Squamish Nation. Although still in the planning phase, the 
development is aimed at creating a mixed use community, 
including accommodation for 6,500 residents and 
commercial, restaurant and retail space. Zoning provides for 
institutional space as well as two marinas and light industry. A 
waterfront walkway is intended to provide public circulation 
around the peninsula and a $10 million oceanfront park at 
the southernmost point provides the largest public amenity 
space (Ibid, 2018). 

Development Plan

Fig. 2-6. PWL. 2018 Conceptual Oceanfront Masterplan by PWL Partnership
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Cattermole Slough
The western Cattermole Slough edge is planned to retain 
a significant amount of living shoreline according to  
Green Shores development guidelines (Newport Beach 
Developments LP, 2017). Green Shores is an initiative of the 
Stewardship Centre of B.C. that includes a rating system for 
new developments, based on the impact to coastal shoreline 
habitat. Points are given in such categories as the planning 
and siting of permanent structures, protection of significant 
habitat, design with conservation in mind, climate change 
adaptation plans, innovation, and habitat rehabilitation (Ibid, 
2017. p.8).  Depending on the points received, developments 
will either fail, receive a Bronze, Silver or Gold rating. The 
system is very similar to the LEED system but Green Shores 
is focused specifically on coastal shoreline habitat.

The extent to which Green Shores development guidelines 
will be followed throughout the site is yet to be determined 
but as of 2017, the first development permit was approved 
for a new Green Technology research building on site.  The 
application included significant considerations of shoreline 
conditions and a Gold level Green Shores rating was 
achieved (Ibid, 2017. p.8).

Oceanfront Park
Although still in early conceptual phases, the oceanfront 
park appears to adopt a traditional approach to park design 
with large areas of manicured lawn, significant rip-rap 
structures, and minimal naturalized shoreline habitat. Given 
the site location, frequent storm surges, and the importance 
of mudflats, intertidal habitat, and upper tidal zone riparian 
forest, a softer approach acknowledging significant estuarine 
zones and natural storm surges could markedly increase 
habitat potential (Green Shores, 2006).

Mamquam Blind Channel
According to a site study conducted by Green Shores 
(2006),  the Mamquam Blind Channel has shown potential 
for the recovery of eelgrass meadows. In a recent report by 
the David Suzuki Foundation on the significance of various 
coastal habitats within Howe Sound, eelgrass meadows 
ranked as the third most valuable habitat per hectare below 
beach habitat (including mudflats) and wetlands that ranked 
higher (Molnar, 2015. p.8).

Early development plan renderings (Fig. 2-7) shows existing 
shoreline and recovered eelgrass meadows replaced by rip- 
rap structures. The majority of the eastern shoreline is set for 
a new marina development and expanded waterfront lots. 
The eastern edge plan appears the opposite to the western 
edge plans that incorporates Green Shores guidelines. The 
eastern edge has potential for habitat recovery that is largely 
ignored with current conceptual development designs.

Fig. 2-7. D’ambrosio. 2018 Conceptual Mamquam Channel Rendering by D’Ambrosio Architecture



14

“In Squamish, nothing is as certain as death, taxes and flooding.”
The Squamish Chief - April 26th - 2018

Fig. 3-1. Squamish Public Library. 1921

Fig. 3-2. Squamish Public Library. 1921

Fig. 3-3. Squamish Public Library. 1940 

Fig. 3-4. Squamish Public Library. 1962

Historic flood images of Squamish River valley and downtown Squamish courtesy of the Squamish Public Library
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FLOOD + THREAT + MANAGEMENT

Given the location of the oceanfront peninsula, one of 
the greatest threats future developments face is flooding. 
Squamish has a substantial history of flooding. The earliest 
known accounts of flooding in the valley are from traditional 
Squamish Nation stories that describe great river floods 
sweeping away houses, people and canoes (District of 
Squamish, 2017. p.11). Since settlement in the early twentieth 
century, Squamish has had at least one major flood every 
decade. There are 17 well recorded significant flood events 
within Squamish during the last century with many smaller 
events occurring in between (Ibid. p. 20). Flooding events 
have decreased in the last thirty years with the expansion of 
flood protection infrastructure, however, there has been a 
marked increase in extreme precipitation events that have 
increased in severity (Ibid, 2017. p. 17). The risk and impact 
of flood events have significantly increased with a growing 
population and development within flood prone areas. 

CHAPTER THREE

Background
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The District of Squamish recently completed the Integrated 
Flood Hazard Management Plan after many years of intensive 
studies and community consultation. Although thorough 
in its planning, the District sold the oceanfront peninsula 
and many of the flood management strategies have been 
left to the developer. Planned flood prevention dikes only 
extend around the existing downtown and the oceanfront 
development will require an additional independent flood 
protection strategy. Peninsula flood protection strategies 
involve elevating the site by approximately two metres, 
from 3.0m geodetic to 5.0m geodetic (District of Squamish, 
2010. p.20). Although this meets standards for coastal 
developments set by the British Columbia Provincial 
Government, it appears less consideration has been given 
to factors such as impacts of shoreline erosion on site infill, 
increased risk of storm events, and continued sea level rise 
beyond the year 2100. 

Flood Management + Threat

Flooding can occur from two areas. The first threat is from 
the ocean. Flooding from the ocean occurs regularly on 
the peninsula during storm events. Downtown Squamish is 
currently at risk from coastal flooding and thus, the District 
of Squamish has planned an extensive system of coastal 
dikes to prevent flooding. The system of dikes anticipates 
a one-metre sea level rise in the next century, and allows 
for expansion in years to follow. The ocean front peninsula 
is not included within the boundaries of the sea dike 
developed by the District of Squamish and therefore the  
developer is responsible for independent flood protection 
(District of Squamish, 2017. p.23). Instead of sea dikes, 
the proposed flood prevention strategy for the oceanfront 
peninsula is to raise the entire site an average of two-metres 
(District of Squamish, 2010. p. 20). In raising the land before 
construction and avoiding a sea-dike, the design eliminates 
the possibility of a bathtub effect that occurs when a sea-dike 
holds in water from upstream river flooding, thus increasing 
impacts of river floods. 

The second threat of flooding is from the lower Squamish 
and Mamquam rivers. At present, if either river was to breach 
flood dikes it would cause significant flooding on the ocean 
front peninsula (District of Squamish, 2017. p. 19). However, 
by raising of elevation to 5.0m geodetic, the site will also 
be protected from dike breaches from rivers. The greatest 
threat to the site once raised to 5.0m will likely be from 
erosion and ground instability in the instance of a significant 
flood. Further consideration will need to be given to prevent 
flooding from sea level rise beyond the height of one metre.

Fig. 3-5. Woodfibrebirder. 2014

Fig. 3-6. Woodfibrebirder. 2014

King Tide flooding on Squamish Oceanfront Peninsula - 2014
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Climate change and the risk of sea level rise is a global issue 
that developments around the world will have to confront 
in the near future. It is known that sea levels are currently 
rising, and the rate of rise is expected to significantly 
increase for many centuries to come (District of Squamish, 
2017. p.32). The rate of sea level rise is highly debated. The 
Intergovernmental Panel on Climate Change (IPCC) reports 
anticipated sea level rise at between 20-59cm by the year 
2100 (IPCC, 2013). Since these projections were made, 
recent studies show that the Antarctic ice sheet, one of the 
largest contributors to sea level rise,  is melting three times 
faster than it was even ten years ago (IMBIE, 2018).

Given the recent studies showing sea level rise increasing 
towards the higher end predictions, the British Columbia 
government has set a moderately conservative benchmark 
of one-metre sea level rise per century. The impacts of 
sea level rise will be drastically different around the world, 
and fortunately for coastal British Columbia, much of the 
shoreline remains in a state of post glacial rebound. This 
means that the land is actually rising at a rate ranging from 
0 - 25 cm per year (Environmental Reporting BC. 2018). 
Even at these high rates of rebound, sea level rise will have 
considerable impact along the British Columbia coast, but 
the province will remain substantially less vulnerable than 
areas already below sea level.

Sea Level Rise

What is not being considered in flood risk analyses, is the 
impact of flooding and permanent sea level rise on estuarine 
environments. Although raising land masses to protect built 
developments mitigates the threat of flooding, it ignores 
impacts to estuary habitat. As discussed, estuaries require 
a gradual slope from upper tidal zones to lower subtidal 
zones. This gradual transition creates conditions for the 
greatest diversity of plant species and therefore potential 
for animal species to live and feed. As these zones shift with 
heightened high and low tidal levels, estuary habitat will 
require room to migrate up shore. With no obstructions, 
this shift will occur gradually. Steep human-made shorelines 
consisting of rip-rap, sheet pilings, or other rigid structures 
cause estuarine habitat to lose the gradual slope required 
for each zone of the estuary environment. The productive 
ecosystem gradually decreases in size, health and diversity 
as sea levels continue to rise. 

An alternative is to use soft shore approaches that provide 
necessary space for water levels to rise and ecozones to 
gradually shift. Rigid shorelines deflect wave impact to other 
areas, heighten over splashing, and are harmful to coastal 
shoreline habitats (Johannessen, 2014. p. 1-13). Estuaries 
on the other hand act as sponges that greatly reduce the 
impact of oncoming waves (Molnar, 2015. p.32). Not only is 
wave energy dissipated, but shoreline sediment is contained 
within the vegetation and erosion can be substantially 
reduced. Allowing for future adaptability is essential for the 
success of both human developments and shifting estuarine 
habitats.

Backshore

Intertidal

Subtidal

Backshore
Subtidal

Seawall

Fig. 3-7. Redman. 2018

Impacts of coastal squeeze on estuary habitat
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Fig. 4-1. Zandmotor. 2016Sand machine in The Netherlands
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DESIGN FRAMEWORK

Close to 40% of the world population lives within 100 km of 
coastline (UN, 2007). Designing and planning for sea level 
rise, mitigating the risk of coastal flooding, and sustaining 
functioning coastal ecosystems is, and will continue to be, 
an international challenge that will be faced for centuries 
to come. The impacts of sea level rise will vary drastically 
for different regions based on such things as local climate, 
tidal influxes, ecosystems, and development. Therefore, the 
planning and design of coastal communities requires site-
specific strategies. Despite this, there is a great deal to learn 
from communities around the world that have been dealing 
with coastal flood threats for centuries, and have developed 
design strategies to do so. The design strategies here will 
help guide alternate design decisions for the oceanfront 
peninsula in Squamish. 

CHAPTER FOUR

Background
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The Netherlands may be the best example of a region 
successfully living below sea level. The Dutch have been 
living below sea level for centuries, and are considered 
global experts on flood protection.  In The Netherlands, 
the risk of flooding has been very real, with the majority of 
the country already below sea level (District of Squamish. 
2017.p.47). While the Dutch have proven that it is possible to 
live below sea level, they have only done so with tremendous 
investment in infrastructural flood protection, and strategic 
planning. For example, Squamish is currently planning 
to prevent flooding from 1 in 200 year storm events. The 
Netherlands on the other hand plan for 1 in 10,000 year 
storm events (Kimmelman, 2017). 

The cost of flood protection is high.  A Delta Committee 
investigating long term flood mitigation strategies in the 
Netherlands estimates that the annual cost for strengthening 
infrastructure will be between 1.2 to 1.6 billion Euros 
annually. Including management and maintenance, this cost 
will be between 2.4 and 2.8 billion Euros annually (District of 
Squamish. 2017.p.48). 

If we can learn anything from the Dutch about flood 
prevention, it is that planning is equally important to 
engineered infrastructure. Although the first line of defence 
remains an impressive system of dikes, pumping systems, 
and floodgates, the second line of defence comprises plans 
to allow water in (Kimmelman, 2017). When flooding does 
occur, large areas of agricultural land, lakes, parks, and 
urban plazas are designed to act as water reservoirs thus 
minimizing flood damage.

The Netherlands

A third defence mechanism is awareness. Remarkable 
measures have been taken to ensure that flood awareness is 
built into the social fabric of the country (Ibid, 2017). Through 
education within the school system, public signage, and 
technology such as digital apps, everyone is aware of the 
possibility of flooding. Evacuation routes and emergency 
notification systems are carefully designed throughout all 
communities. 

Interestingly, the most recent innovation for the Dutch is a 
move towards naturalized soft approaches (Katz, 2013).  Rigid 
engineered approaches, although proven effective, can be 
expensive upfront and as well as long term maintenance. 
More natural systems, such as requiring strategic planting 
along dikes and allowing vegetation to absorb the first 
impacts of waves, allow dikes to be built lower and require 
fewer repairs. Such dikes are estimated to save close to 
30 percent of the cost of more rigid dike structure (Ibid, 
2013). Similar approaches replace existing dikes with sand 
dunes. A project known as the sand engine uses a 3.5 km  
wide section of sand to protect the shoreline from storm 
events (Ibid, 2013). Rather than replacing shorelines as they 
erode, the sand engine uses the natural ocean currents to 
move sand along the coast and replace shorelines as they 
erode. The result is an effective shoreline protection that 
rejuvenates itself.  The goal for The Netherlands today is 
to create adaptable flood controls to help respond to an 
unpredictable global climate; natural systems are largely the 
new choice. 

Fig. 4-2. Unknown. 2014
Windmill and flood control landscape in The Netherlands
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Fig. 4-3. National Archives and Records Administration. 1953

Fig. 4-4. Spekking. 2014

Fig. 4-5. Zandmotor. 2016

1953 Netherlands Flood

Flood control infrastructure 

Sand Engine
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The Dutch are not the only ones who have the need for 
adaptable shorelines. In the state of Washington, USA,  soft 
shoreline guidelines have been developed from research 
and monitoring of 25 site-specific projects in the Puget 
Sound region. Hard shorelines have been shown to interfere 
with natural coastal processes, impact coastal ecology, and 
limit coastal resiliency to rising sea levels (Johannessen, 
2014. p. 22). The Washington State Marine Shoreline Design 
Guidelines were chosen for a design framework as they 
comprise a proven design method shaped specifically for 
Puget Sound, a region of the Pacific Northwest coast similar 
in climate, wave energy, geography, and ecology to Howe 
Sound.

The Guidelines provide designers, planners, and landowners 
with a toolkit to identify erosion types and causes. This 
includes a checklist to help determine an appropriate design 
or planning intervention based on site conditions. Geology, 
history of erosion, existing vegetation conditions, slope, 
climate, wave severity and impact of local sea level rise are 
examples of site-specific conditions that will determine a 
suitable design intervention (Ibid, 2014).  The Guidelines 
offer three passive management techniques and five 
engineered shoreline techniques that can be used based on 
specific site conditions. 

Washington State Marine Shoreline 
Design Guidelines

The three passive management techniques include: 
managing storm water, vegetation management and 
relocation of infrastructure. Managing storm water focuses 
on reducing surface run off and bank saturation, both of 
which add to the likelihood of erosion and slope failure   
(Ibid, 2014 ). Excess run-off from development should be 
diverted into controlled run-off zones that reduce output 
velocity, flow, and dissipated run-off energy. 

The second technique, vegetation management, helps 
with slope stability as roots bind soil particles together. 
Vegetation also helps to absorb ground water and reduce 
the impact of rainfall run-off (Ibid, 2014. p. 6-4). 

The third management technique is managed retreat. 
This technique moves vulnerable infrastructure away from 
erosion sites. Rather than attempting to prevent erosion, 
managed retreat allows natural erosion to occur while 
placing infrastructure a safe distance away. This method also 
allows for back shore vegetation to retreat unimpeded as 
sea levels rise (Ibid, 2014). 

Beach Nourishment Large Wood Regrade + Revegetation

Bulkhead Removal Hard Armour Fig. 4-6. Redman. 2018
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In addition to the three management techniques, the 
guidelines offer five engineered shoreline solutions. The first 
is beach nourishment (Ibid, 2014. p.7-1). Beach nourishment 
attempts to emulate natural processes by replacing eroded 
shorelines with similar, or slightly larger, sediments. The new 
sediment is  allowed to be shaped by natural wave movement. 
Thus the new sediment is able to adapt to local conditions. 
Beach nourishment reduces the impacts of erosion, allows 
natural shoreline processes to occur, and reduces the 
impacts of wave energy. Beach nourishment is generally 
most effective in large sites with sufficient back shore, wave 
alignment, and larger sediment sizes. This  technique could 
be used throughout the Squamish oceanfront peninsula. 
Applying naturally occurring sediment on the edges of the 
site, and accommodating sediment shifts would enable the 
shoreline to adjust to a shifting climate and tidal processes. 
Providing sufficient building setbacks will ensure adequate 
time to identify erosion areas and re-nourish before 
infrastructure is threatened. 

The second technique is the placement of large wood 
on site (Ibid, 2014, p.7-2).  Large wood emulates naturally 
occurring driftwood that is frequently found along the 
Pacific northwest shoreline. Large wood can take the form 
of tree roots, trunks, or branches, heavy enough to not be 
easily shifted by storm activity. Large wood helps to increase 
shoreline habitat complexity, reduce erosion, and absorb 
wave energy. Depending on the site, large wood can be 
partially buried or anchored to increase erosion control, as 
well as help trap naturally occurring driftwood on site. Large 
wood is typically placed several feet above the local highest 
high water mark.  Large wood already occurs naturally on the 
oceanfront peninsula. Large wood initially could be added 
on site to promote the collection of naturally occurring 
driftwood and then managed according to erosion needs.

The third technique is resloping and revegetation (Ibid, 
2014. p.7-3). As the name suggests, in this technique the 
slope is changed, usually lowered and replanted with 
native vegetation to increase slope stability and reduce 
erosion. Determining the exact slope is dependent on site,  
soil conditions, and a thorough assessment of the initial 
cause of slope instability. This technique should be used in 
combination with other design techniques and depending 
on the site, may require engineered reinforcement. Resloping 
and revegetating will occur throughout the oceanfront 
peninsula site to mimic naturally occurring estuarine slope 
and vegetation conditions. 

Technique four is bulkhead removal (Ibid, 2014. p.7-4). 
Bulkhead removal applies to sites where previous bulkheads 
and hard armouring techniques were used previously to 
prevent erosion. Bulkheads are often placed unnecessarily 
along coastlines without a real threat of erosion or where 
there is no real threat to persons or infrastructure. Existing 
shoreline armour impedes coastal processes, limits 
intertidal and back shore habitat, and can at times limit 
beach accessibility.  Where there is limited or low risk to 
infrastructure, bulkheads can be removed and replaced with 
soft shore approaches, or left for natural processes to take 
over.  Typically, fill material under and behind bulkheads is 
not native and therefore assessments should be made and 
appropriate fill replaced. There are a number of bulkheads 
in the form of rip-rap and steel sheet piling throughout 
the oceanfront peninsulas. These should be removed and 
replaced with a combination of soft shoreline approaches. 

The fifth and final technique is hard armour (Ibid, 2014. p.7-
5). There are typically two types of hard shoreline armouring, 
or bulkheads. The first is a revetment. This form of armouring 
uses a piling of sloped, large stones on top of bedding stones 
to protect shorelines from wave energy. This technique is cost 
effective and reduces the impacts of wave energy but does 
little to provide for coastal ecological processes of habitat 
development. The second technique is vertical bulkheads. 
These are typically made of cast-in-place concrete, steel 
pilings, or soldier wood pilings. Hard armouring should 
only be used as a last resort when immovable infrastructure 
is threatened. Although effective at preventing erosion, 
hard armouring negatively impacts shoreline ecosystems 
and should be avoided. Because the oceanfront peninsula 
is being pre-designed and infrastructure can be set back, 
there should be no need for hard armouring on site.

The oceanfront peninsula in Squamish is unique in that soft 
shore design is not being applied to an existing site, rather 
the entire peninsula is being elevated and constructed new. 
Therefore, the management techniques outlined above 
can and should be used to anticipate possible site failures 
and design should incorporate erosion control, vegetation 
planting, and infrastructure location. The management 
techniques are beneficial in informing site planning and 
layout and should be further applied in future management 
of the site post construction. In the peninsula design, there 
is a great opportunity to apply the five engineered shoreline 
techniques to a new design. This creates the potential to 
create optimal shoreline conditions and then monitor the 
long term impacts of the different shoreline conditions.

Riparian 
Forest

Backshore 
Vegetation

Large Logs

Intertidal

Tide Line

Fig. 4-7. Redman. 2018

Idealized shoreline condition
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In 2007, the Seattle Olympic Sculpture park opened to the 
public. One of its features is a public oceanfront beach. 
Before the park upgrades, this section of waterfront was 
an armoured rock revetment wall. Following many of the 
design strategies outlined in the Washington State Marine 
Shoreline Design Guidelines, the hard armouring was 
removed. The site was resloped, revegetated, and two main 
habitat features were added. A low terrace habitat bench 
was placed in front of an existing armoured sea wall, and the 
armoured rock revetment was replaced with a rocky pocket 
beach. A mixed sand and gravel beach was used to mimic 
existing natural beaches in Puget Sound (Toft et al., 2013). 
Large logs were added along the beach and native riparian 
planting was added in the backshore. 

The site was monitored for three years after the construction 
to determine if any ecological benefits, or shoreline 
instabilities were occurring and compared to the hard 
armoured shoreline. The results show a number of benefits 
(Ibid, 2013). First, the new pocket beach has become a 
popular public amenity, with an estimated 400,000 visitors 
per year accessing the site. Over the three year study, 
there was an increase in larval and juvenile fish species 
including juvenile salmonids. There was an increase in 
total invertebrates counts and diversity (Ibid, 2013). Finally, 
despite the significant traffic, including beach visitors and 
vessel wakes, the beach remained stable with minimal 
shoreline changes in sediment structure.

Case Study One: 
Olympic Sculpture Park, Seattle

This is an important case study because it provides evidence 
that soft shore designs can increase species number and 
diversity, as well as maintain shoreline stability. Although 
monitoring and research needs to continue in order to 
better understand long term impacts of the design, initial 
benefits after three years were promising. This site has similar 
characteristics to the oceanfront peninsula in Squamish, 
with similar ecosystems and local climate. Additionally, this 
project demonstrates that a soft shore design can withstand 
heavy pedestrian uses and increase habitat diversity in an 
urban setting.  

Before After
(Image courtesy of Jason Toft) Fig. 4-8. Toft. nd Fig. 4-9. Vmenkov.  2007

Seattle Olympic Sculpture Park Beach
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The Squamish Central Estuary Brownfield Restoration 
Project involved the removal and restoration of 3.5 hectares 
of a former log-sort, into functional estuarine habitat within 
the Squamish estuary. The log-sort existed for over 50 years 
until it was moved from the central Squamish estuary in 
2015 (SRWS, 2015). In 2015, soil and water samples were 
taken in and around the site to determine baseline data and 
better understand the extent of contamination. In March 
2015 construction began to remove soil and approximately 
15,000 cubic metres of wood waste (Ibid, 2015). The site 
was then re-graded to naturally existing estuarine slopes. 
Existing tidal channels were connected to the site on the 
southeast of the site. A large tidal channel was constructed 
across the site with a second along the eastern edge, and 
a third in a southwestern direction for a total of three new 
tidal channels. A pedestrian trail was constructed to allow for 
recreation and educational access. Over 3,000 native shrubs, 
trees, and sedges were planted to encourage regrowth (Ibid, 
2015).  Sedge plugs were taken from the healthy estuary and 
replanted on site.  Eelgrass test plots were planted off-site in 
the subtidal channel.

Although research and monitoring is ongoing, initial results 
are promising. New vegetation has grown, tidal inflow has 
entered the tidal channels, and large woody debris has 
accumulated substantially from the initial structures (Ibid, 
2015). Native vegetation began taking over the site soon 
after debris had been removed. Bird species including 
Osprey, Northern Harrier and a number of different owl 
species entered the site shortly after construction (Ibid, 
2015). Pink Salmon, Chum, and Coho were all seen using 
the tidal channels. The site now provides over 35,000 
square metres of functional estuarine habitat in what was a 
brownfield log-sort (Ibid, 2015). 

Case Study Two: Squamish Central 
Estuary Brownfield Restoration Project

Before After

Although not explicitly stated, many of the Washington State 
Marine Shoreline Design Guidelines were incorporated in 
the restoration of the brownfield site. The site was resloped 
to meet natural estuarine grades and replanted with 
native vegetation. Large wood was placed on site and was 
successful in encouraging accumulation of further wood 
debris. This project highlights the potential for recovery 
within the Squamish estuary. The initial success of the 
project, and almost immediate recovery of native vegetation 
shows that, given the opportunity, the estuary is a resilient 
ecosystem. Research from this project should inform design 
decisions on the oceanfront peninsula. 

Fig. 4-10. Google Earth. 2014 Fig. 4-11. Coastal Studio Photography . 2018

Squamish Central Estuary Brownfield Restoration Project
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Similar to the Washington State Marine Shoreline Guidelines, 
Green Shores provides designers, planners and property 
owners the tools and knowledge to properly assess and 
design coastal shorelines. Green Shores is a program of 
the Stewardship Centre for British Columbia that provides 
formal education, resources and technical information, to 
participants in Green Shores training programs. 

Green Shores has also developed a number of case study 
reports of projects that have been completed, as well as site 
studies with design recommendations. The Green Shores 
Squamish Estuary Overview was a case study completed 
in 2006 that evaluated the Squamish oceanfront peninsula 
and provided key recommendations to preserve coastal 
process connectivity, maintain habitat function and diversity, 
minimize pollutants entering the marine environment and 
reduce overall impacts of the coastal environment (Green 
Shores, 2006. p.1). 

Green Shores Study: Squamish Estuary 

For the study, the site was surveyed, key ecological features 
and functions were identified and four ecological features 
were identified for recommended enhancement. The key 
ecological features existing on site are the tidal channels 
along Mamquam Blind Channel and Cattermole Slough, 
riparian vegetation, marsh benches, and eelgrass within 
Mamquam Blind Channel (Ibid, 2006). Nexen beach was 
identified as providing important beach habitat with minimal 
existing riparian habitat. Human structures on site such as 
abandoned piers, docks, and piles provide protection and 
substrate for epiphytic plants and invertebrates. Herring 
use the structures and associative substrate for spawning. A 
high mortality rate may be attributed to the creosoted piles 
contaminating fish habitat (Ibid, 2006. p 4).

Four key features were recommended for enhancement: 
riparian vegetation, backshore features of Nexen Beach, 
marsh terraces, and marine subtidal features such as eelgrass 
plantings and rocky kelp habitat. Edge conditions were 
identified as having a low risk of erosion given proper set 
back, slope and planting.  The Green Shores report suggests 
soft shore approaches with “natural embankments, riparian 
vegetation and marsh terracing”  (Ibid, 2006. p. 9).

Riparian Vegetation
Constructed Wetland

Nexen Beach

Potential Herring Habitat
Potential Eelgrass Habitat Existing Log Sort

Mamquam Blind Channel

Cattermole SloughSquamish Terminals

Central Channel

Squamish River

Fig. 4-12. Redman. 2018Oceanfront peninsula
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A marina or cruise ship terminal was suggested for the 
southern tip of the peninsula as this area has poor ecological 
value. Existing creosote wood pilings should be replaced 
with steel or concrete pilings. Existing site conditions are 
used by spawning herring and therefore increased rock 
reef and kelp habitat could enhance subtidal conditions. 
Nexen Beach provides important beach habitat and, 
despite high wave and wind impact, has little erosion. The 
recommendation is made to allow development set back 
behind grass and riparian planting. This buffer would allow 
natural ecological processes to occur, and accommodate 
storm surges (Ibid, 2006. p.16).  Hard shorelines are not 
recommended. 

Storm water management is highlighted as having great 
potential on site. The Green Shores study suggests reducing 
site density to accommodate increased wetland habitat.  
Existing wetland on site could be incorporated into the 
final design. The wetland can provide a buffer between 
development and marine habitat, provides important bird 
habitat, and provides recreational opportunity  (Ibid, 2006).

The final recommendation is to restore eelgrass beds 
in Cattermole Slough and along the Mamquam Blind 
Channel. The initial site survey recognized potential existing 
within Mamquam Blind Channel and although further site- 
specific research is required, there is the possibility for 
eelgrass plantings in Cattermole Slough as well. Eelgrass is 
highlighted in the document as providing important habitat 
to “salmonids, crab, and other marine organisms.” (Green 
Shores, 2006. p 23).

The recommendations in this report recognize the 
opportunity to provide ecological benefits while also 
allowing an oceanfront development. With minimal design 
interventions, and relatively minor development losses, there 
is potential to establish a unique oceanfront development 
that not only enhances coastal ecology and marine 
processes, but enables visitors and residents to observe, 
learn, and interact with a healthy coastal ecosystem. Given 
the unpredictability of climate change, and future sea level 
rise, strategic design interventions can highlight ecological 
shifts and provide a basis for evaluating coastal changes. 

Hard armouring rip-rap shoreline along Mamquam Blind Channel Healthy estuary shoreline along the Squamish Estuary
Fig. 4-13. Redman. 2018 Fig. 4-14. Redman. 2018
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DESIGN PROPOSAL + COMPARISON

The oceanfront peninsula can become a standout 
development, highlighting the ecosystem, heritage, and 
setting that makes Squamish unique. With a community 
reliant on the surrounding environment for spiritual, 
cultural, industrial, and recreational use, a key oceanfront 
development should not only reflect these values, but 
also strengthen them. The oceanfront peninsula should 
be at the forefront of sustainable design and forward 
planning. This section reviews current conditions and pre-
existing development plans and contrasts these with a new 
proposed oceanfront plan that adopts recommendations 
from the Green Shores 2006 study, as well as the Washington 
State Marine Shoreline Design Guidelines. Using specific 
design elements, the proposed oceanfront peninsula not 
only provides habitat for estuarine species, but allows for 
human residents to observe and be a part of the changing 
ecosystem around them. Rather than presuming exactly how 
the ecosystem will shift with a changing climate, through 
planning and design, unknown changes are accommodated 
through flexibility in design. Providing suitable buffers for 
changes to occur, with visible markers to better understand 
evolving site conditions, the oceanfront development can 
become beneficial both to humans and the surrounding 
ecosystem.  

CHAPTER FIVE

OVERVIEW
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EXISTING SITE CONDITIONS
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1. Deep Water Port

2. Mudflats

3. Gravel Parking Lot

4. Nexen Beach

5. Eelgrass Restoration

6. Intertidal Estuary

7. Cattermole Slough

8. Upland Riparian Forest

9.  Freshwater Wetland

10. Industrial Log-Sort

11. Carbon Capture Facility

12. Controlled Fresh Water

The oceanfront peninsula has remained largely 
undeveloped since the closure of the Nexen Chlor-Alkali 
plant. Contaminated soils have been removed from the site 
and replaced with infill. Abandoned industrial infrastructure 
has been re-purposed for a temporary carbon capture 
research facility. Dilapidated remains of shipping piers on 
the south point are fenced off and waiting removal. The only 
remaining industrial log-sort on site will be phased out and 
converted into development land. Beach access exists from 
the gravel parking lot but is frequently flooded during storm 
events.

Red alders and numerous woody shrub species are found 
along the shoreline. Despite the vegetation, a steep edge 
condition and little maintenance has resulted in shoreline 
erosion. The eastern edge of the Mamquam Blind Channel 
is covered in rap-rap edging. Some restorative planting has 
resulted in eelgrass growth but there is potential for more 
restoration work to take place (Green Shores, 2006). 

Site Overview

5

Fig. 5-1. Redman. 20180 50 250m100
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Industrial Deep Water Port

The Squamish Terminals are used for shipping industrial 
resources from train to sea. The Squamish Terminals were 
established in 1972 and as of May, 2018, were sold by Grieg 
Star to Western Stevedoring for continued operations. 

Nexen Beach

Nexen Beach consists of mudflat habitat with cement block 
erosion control. Nexen Beach faces annual flooding, has 
extensive driftwood from blown-in logs and is used for 
recreational water access.

Intertidal Estuary

Protected estuary habitat begins east of the Squamish 
Terminals. The estuary provides extensive habitat for 
numerous species including all Pacific salmonid species, 
eulachon, juvenile herring, migratory bird species, otter, 
bear, cougars, deer, and eagles.

Cattermole Slough

Cattermole Slough receives controlled amounts of fresh 
water run-off from downtown Squamish. Cattermole Slough 
currently provides habitat for many of the same species 
as the rest of the estuary including juvenile fish species, 
migratory birds, eagles and otters. 

Fresh Water Wetland

An abandoned settling pond from the previous Chlor-Alkali 
chemical plant has been grown over with willow and rush 
species. The wetland now stores run-off and provides habitat 
to numerous bird species (Green Shores, 2006). 

Mudflats

The entire peninsula was mudflat habitat before it was 
infilled for industrial use (District of Squamish, 2010. p. 
21).  Now, the only significant remaining mudflat habitat is 
the south of Nexen Beach and to the east along Mamquam 
Blind Channel. Mudflats provide important habitat for 
bacteria that decompose plant material, providing food for  
invertebrates, protozoa, crustaceans, mollusc’s and worms 
(BC Ministry of Environment, 2006). 

Gravel Parking Lot

Much of this area  has been untouched since decontamination 
efforts and remains an empty gravel lot  used for parking by 
those who come to the Sound for recreation.

Eelgrass Restoration

Eelgrass transplant sites exist along Cattermole Slough, as 
well as Mamquam Blind Channel. The Green Shores (2006) 
report highlighted a number of areas that have potential for 
eelgrass restoration and expansion. 

Upland Riparian Regrowth

Much of the site has been left abandoned since 
decontamination and vegetation has taken over organically. 
Coastal herbaceous shrubs as well as significant red alder 
regrowth predominates. 

Industrial Log-Sort

The industrial log-sort that existed for close to a century is to 
be phased out and replaced by waterfront residential units. 
Due to the heavy industrial use, very little significant habitat 
exists in this area (Green Shores, 2006). 
 
Carbon Capture Research Facility

The existing carbon capture research facility is a private 
company with research funding from around the world. 
Recently the facility has proven that it can successfully 
capture atmospheric carbon and convert it into fuel for 
existing vehicle engines (Temple, 2018. p.1). The facility has 
re-used buildings from the Nexen Chlor-alkali plant and 
the company plans to re-locate to a new and larger facility 
elsewhere for commercially viable production.

Controlled Freshwater Outflow

Cattermole Slough receives limited freshwater from a 
controlled outflow. Although relatively small amounts of 
water enter the slough when compared to the Squamish 
River outflow, freshwater is important for the plant and 
animal species within the intertidal channel.
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EXISTING DEVELOPMENT PLAN

3

1. Deep Water Port

2. Oceanfront Park

3. Community Theatre

4. Waterfront Commercial

5. Community Marina

6. Employment Area

7. Urban Form Waterfront

8. Green Energy Campus

9. Riparian Buffer

10. Residential Zone

A number of different master plans have been proposed 
for the oceanfront peninsula and continue to be released. 
The plan shown above reflects the Squamish Oceanfront 
Peninsula Sub Area Plan and is the most thoroughly 
developed to date. Therefore, the masterplan shown above 
will be used for analysis  and comparison with the proposed 
development plan. 

This masterplan follows closely the Oceanfront Peninsula 
Sub Area Plan (2010) produced by the District of Squamish. 
It provides a high density work / live community complete 
with a ferry port, large marina, and oceanfront commercial 
opportunities. The design graphics portray an appealing 
urban oceanfront community. Despite this, there are a 
number of additional opportunities.

Overview
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Fig. 5-2. PWL. 2018
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Deep Water Port

The proposed deep water cruise ship port is controversial. 
The potential for increased tourist income is a significant 
economic benefit. On the other hand, this are has wind 
surfing possibilities, significant  mudflat habitat, and is 
frequently bombarded by large floating logs during winter 
storms. Likely a better alternative would be to shift the 
terminal to the east point as outlined in Green Shores (2006), 
where there is currently poor habitat conditions.

Oceanfront Park

Early renderings of the oceanfront park show a typical urban 
waterfront form with significant high maintenance lawn. 
This form, although popular for some recreational uses, 
largely ignores the habitat potential. By contrast, artificial 
sand beaches, mudflats and inter tidal zones would allow  
important habitat and exploration of marine life during low 
tides. Bioswales, upper tidal habitat and significant riparian 
buffers could add to habitat diversity as well as increase soil 
stability (Toft et al. 2013). Potential for an urban waterfront 
park with increased habitat while also providing a buffer to 
floods is being overlooked.

Community Theatre

A waterfront theatre can become an iconic attraction and 
therefore should remain. This theatre could be expanded to 
become a central community amenity, conference centre, 
and educational facility to inform visitors about the  Squamish 
Nation, impacts of ocean level rise on site habitats, species, 
and recreation opportunities. 

Community Marina

The proposed community marina is unfortunately in 
successfully replanted eelgrass meadows that have the 
potential to be expanded. The proposed marina would 
require dredging that is likely to destroy eelgrass plantings, 
and show significant hard infrastructure edges such as rip-
rap and steel sheet pilings. 

Commercial, Residential, and Mixed-Use Zoning

The majority of the site has been planned and zoned 
to include a diverse range of residential, commercial, 
institutional and employment developments. In this new 
design proposal, much of the development planning will 
remain, with a reduction of density so as to accommodate 
buffer edge conditions, especially along the Mamquam 
Blind Channel. As development design strategies remain in 
early stages there is a potential for forward thinking flood 
mitigation strategies, public education and engagement, 
public art, and pre-planned retreat and evacuation strategies 
in the case of flood events. 

Green Energy Campus

A partnership between the University of British Columbia’s 
Clean Energy Research Centre (UBC), the District of Squamish, 
Squamish Nation, Carbon Engineering, and Newport Beach 
Developments Limited Partnership was developed in 2016. 
The partnership formed the Squamish Clean Technology 
Association which is focused on developing a hub of 
innovation in clean technology research, education, and 
development on the oceanfront peninsula (UBC. 2016). 

Urban Form Waterfront

The proposed urban character waterfront along the 
Mamquam Blind Channel is in direct contrast to the 
approach on the Cattermole Slough side. Rather than a 
soft shore, habitat enhancing design, the Mamquam Blind 
Channel waterfront proposes hard infrastructure. This 
technique significantly reduces habitat diversity, is expensive 
to maintain, and rather than reducing the impact of storm 
events, pushes wave energy elsewhere  (Johannessen, 2014. 
p. 1-13). 

Riparian Buffer

The riparian edge along the Cattermole Slough is important. 
Current plans along the Cattermole Slough follow Green 
Shores principles and expand on intertidal habitat. A 
reinforced slope edge and waterfront walkway will help to 
support riparian growth while providing pedestrian access. 
The riparian buffer will be expanded and current plans have 
been granted a gold level Green Shores rating (Newport 
Beach Developments LP, 2017. p.8).
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PROPOSED DEVELOPMENT PLAN
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1. Estuarine Foreshore

2. Expanded Mudflats

3. Community Marina

4. Community Centre

5. Oceanfront Park

6. Eelgrass Restoration

7. Green Energy Campus

8. Riparian Buffer
 
9. Commercial / Institutional

10. Oceanfront Loop Trail

11. Bioswale / Tidal Channel

12. Mixed Residential Zone

The proposed development plan shown above in some 
ways follows the Squamish Oceanfront Peninsula Sub Area 
Plan and the existing Development Plan. There are however 
important exceptions. First, the overall density of the site has 
been reduced. This will provide easier access to and from the 
site and lower the requirement for paved parking surfaces. 
Increased wetland and water filtration minimizes the number 
of contaminants that will enter the marine environment. 
Lower density also enables a larger setback from sea level. 
A larger set back provides increased intertidal habitat as 
well as a buffer from storm surges. A gentle slope and larger 
setback eliminates the need for rigid shoreline structures. 

Specific design elements reveal the process of sea level rise, 
encouraging visitors and residents to be aware and engaged 
with their shifting environment. A large bioswale / intertidal 
channel connects the entire peninsula and absorbs and 
filters rainfall before it reaches the ocean. This also serves 
to reveal shifting water levels. Increased riparian vegetation 
helps to stabilize soil structure and diversify both plant and 
animal species on site. 

Overview
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Estuarine Foreshore

Gradually sloped edges allow for transition of sub-tidal, 
inter-tidal, and riparian zones. Estuarine edge condition 
will be designed in accordance to Washington State Marine 
Shoreline Design Guidelines with the goal of meeting Green 
Shores gold level standards. Extensive foreshore estuary 
provides habitat, shore stabilization and absorbs the impacts 
of waves.

Expanded Mudflats

Mudflats serve as key habitat and have been shown to 
reduce the impact of storms. Existing mudflats will remain 
and be expanded.

Community Centre

The location proposed is the same as the prior  development 
proposal. In this design however, the oceanfront theatre 
is expanded into a community centre, including theatre, 
conference rooms, and interpretive centre. This also 
becomes a central location for ferry visitors to be introduced 
to the site, and provides commercial opportunities.

Oceanfront Park

This proposed oceanfront park also provides commercial 
opportunities, oceanfront boardwalks, and a community  
beach. The majority of oceanfront  facilities will be set 
back. This will allow for mudflat and intertidal habitat to 
be expanded. The expanded habitat will help absorb the 
impacts of storm surges and increase shoreline stability. 
Opportunity to access mudflat and intertidal habitat will be 
provided with minimal habitat disruption.

Green Energy Campus

The Green Energy Campus will be a satellite research 
campus for the University of British Columbia. As a campus 
dedicated to green energy research, its design will focus on 
minimizing energy requirements. Emphasis will be given to 
integrating the campus with the ecosystem it exists within, 
revealing natural processes to campus users on site. 

Eelgrass Restoration

Previous eelgrass plantings have proven successful. 
Therefore existing habitat will be protected and expanded. 
Gently sloped edge conditions will allow eelgrass to migrate 
inland as ocean levels rise. 

Riparian Buffer

An extensive foreshore riparian buffer is essential for erosion 
control and water absorption. Riparian buffers significantly 
reduce impacts of storm events, reduce erosion, and 
provide important habitat. Riparian buffers will additionally 
aid in buffering the impacts of winter storms and winds to 
development on site.

Commercial / Institutional Zoning

The riparian edge along the Cattermole Slough is important. 
Current plans propose following Green Shores principles 
and expanding intertidal habitat. The proposed plan further 
increases the riparian and intertidal habitat, reducing 
shoreline slope to minimize erosion.

Oceanfront Loop Trail

A perimeter pedestrian pathway provides site access, 
recreation use, and movement through a variety of the site’s 
diverse ecozones.

Bioswale / Tidal Channel

Wetlands help absorb water from on site and filter run-
off before it enters the ocean. Applying bio-mimicry, the 
bioswale is designed to suggest the form of a tidal  channel. 
The weaving form helps connect all zones of the site, 
allowing residents and visitors to see the movement of water 
through the site. The bioswale will also help to remove and 
filter flood waters during storm events. As sea levels rise, 
the bioswale will shift into an intertidal channel. As such 
changes occur, residents will be able to see the shifting 
ecological phenomena and processes on campus, parks, 
and residential areas.

Community Marina

The existing log-sort will soon be abandoned. This 
infrastructure can be converted into a new marina without 
further dredging or damaging of existing eelgrass habitat. 
A reinforced stepped shoreline helps to provide marina 
accessibility, protect against shoreline erosion, and provide  
habitat. 

Mixed Residential Zone

The existing development strategy will be modified so 
as to maintain appropriate density while also providing 
greater flood mitigation measures, pedestrian access to 
shorelines, and healthy estuarine habitat. Residential zoning 
is strategically placed within walking and cycling distance 
from the Green Campus, oceanfront commercial zones, 
and existing downtown Squamish. This proximity to work, 
school, and shopping encourages active transportation 
and reduces the need for vehicular transportation. Mixed 
commercial zoning is placed close to roadways to allow for 
work / live opportunities. 

Ferry Terminal On Site

A new deep water port for passenger cruise ships is 
located at the same location as the existing pier requiring 
replacement. The Green Shores (2006) document outlined 
this location as having poor existing habitat. This location 
moves the ferry away from the oceanfront park, preserving 
views and recreational opportunities. The location identified 
in this proposal can be used to increase herring habitat 
through a stepped habitat bench shoreline.
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Design Analysis
The above diagrams have been created to illustrate design 
components. Significant intertidal, riparian, and wetland 
habitat on site have been carefully considered. This will 
increase habitat, connect residents with the surrounding 
ecosystem, and encourage functional estuarine processes 
to occur. Public access to the waterfront is placed to a 
number of key locations to maximize estuarine habitat while 
still allowing for recreational water use. The site focuses 
on active transportation with a diverse network of trails 
connecting all areas of the site. Important sight lines have 
been preserved to ensure residents and visitors are able to 
view the surrounding mountains and Howe Sound. 

Fig. 5-4. Redman. 2018
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Proposed Shoreline Conditions
Although shorelines will vary across the site, a generalized 
design with minimum standard guidelines has been 
developed (Refer to image above).  A maximum 20% slope 
was chosen on the site as this was the maximum average 
slope historically found within the upper tidal zones of the 
Squamish estuary prior to development (Hoos & Vold, 1975. 
p. 23.) A maximum 10% slope on lower tidal zones is within 
historic estuary range and, given a large enough buffer, 
edge conditions should be allowed to shift according to 
wave influences. Any shoreline erosion can be assessed and 
renewed.

A 30m riparian buffer was chosen as a minimum buffer. This 
follows requirements by the British Columbia provincial 
government for development along riparian fish corridors. 
Although there are exceptions, the proposed design would 
follow the 30m buffer. Currently, the provincial requirement 
for a riparian buffer is measured 30m from the high tide 
mark. The oceanfront development should take into account 
the possibility of sea level rise, and accommodate an extra 
allowance of riparian buffer so that the 30m is maintained 
after a 1m increase in sea level.

Fig. 5-5. Redman. 2018
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A significant intertidal buffer not only provides habitat, it 
also encourages recreational use. Pedestrian walkways and 
lookouts provide access to water. A large buffer allows for 
shifting ecosystems with unpredictable tidal changes as sea 
levels rise. Large wood can be place to help prevent erosion 
and provide micro-habitats along the shoreline.

Occasionally, along the marina and ferry terminal, a series 
of rocky bench habitats may be more appropriate. This type 
of shoreline enables a shorter buffer while still providing 
habitat and soil stability. Although the majority of the site 
should follow the proposed shoreline characteristics as 
shown, some instances will require steeper stepped bench 
habitats.
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Anticipating Sea Level Rise

1M Rise in Sea LevelExisting Sea level

Although it is very likely that sea level rise will occur, and 
almost certain that it will continue to occur far beyond the 
end of century, knowing the rate of change is difficult (IPCC, 
2013). Therefore, raising the peninsula by approximatley two 
metres as recommended by  previous studies is a sufficient 
short term solution. Despite this, knowing that ecosystems 
will adjust and storm intensity may vary, it is important to 
provide for sufficient shoreline buffers between the ocean 
and infrastructure. Additionally, knowing that sea level rise 
is going to occur, there is a great opportunity to reveal, and 
visually identify these changes. 

The proposed design uses a number of design strategies to 
do so. A large bioswale and wetland throughout the site is 
designed to eventually transition into a tidal channel once 
one-metre of sea level rise has occurred. Other elements 
such as the oceanfront pier, elevated log posts throughout 
the site, and pathways are designed to become submerged 
after sea level has risen. Allowing for sea levels to rise, for 
coastal ecosystems to adjust accordingly, and reveal the 
their processes is one of the most exciting possibilities for 
the oceanfront development. 

Fig. 5-8. Redman. 2018
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1. Timber Posts/ Tide Markers

2. Mudflats

3. Pier Lookout

4. Intertidal Habitat

5. Oceanfront Boardwalk

6. Accessible Aggregate Path
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OCEANFRONT PARK 7. Climbing Boulder

8. Natural Play

9. Riparian Buffer

10. Public Beach

11. Raised Boardwalk

12. Public Flex Use/Parking

The public Oceanfront Park is a key component of the overall 
site design. The area highlighted above showcases the 
central public node of the park. Here, a mixed zone for 
public space and retail zoning provides a central focus of 
activity. The design provides desirable beach front activities 
while also protecting essential intertidal habitat. A gradual 
transition from mudflats into intertidal, supratidal and 
eventually riparian forest ensures a diverse range of habitat 
for both plant and animal species. The gradual transition 
combined with vegetation acts as a massive sponge to 
absorb the impacts of waves during storm events. The 
diversity of vegetation helps with soil stabilization and 
reduces  the threat of erosion. In addition, a series of design 
elements reveals the process of sea level rise, and reminds 
visitors of the changing ecosystems around them. 

Design Overview
Timber Posts / Tide Markers

The forefront timber posts serve a number of important 
functions. First, they mimic existing pier supports that 
have been left behind from past industrial activities. More 
importantly, the timber posts deflect incoming driftwood 
during high tides and storm events working to protect the 
pier lookout. Finally, the posts are all protruding at various 
elevations from ground level, providing an easy-to-see 
indication of tidal changes and sea level rise over time. 
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Fig. 5-9. Redman. 2018



41

Mudflats

Mudflats provide important habitat for a diverse range of 
invertebrates and micro-organisms. The mudflats are also the 
first line of defence to reduce the impacts of waves. During 
low tides, mudflats provide an opportunity to discover 
intertidal species and function as a place of recreation, play 
and exploration.

Pier Lookout

The site was once used as a log-sort and industrial chemical 
plant. Both required a now dilapidated shipping pier to 
export goods. The proposed pier replicates the once 
existing structure, but rather than being used for shipping, 
it provides a public lookout over  Howe Sound and access 
to the mudflats. Additionally, the pier is atypically set back 
so as to reach water during high tides only. This serves as an 
indicator that sea levels are rising. Over the next century, it 
is plausible that rising tides will cause the pier to reach out 
over the water.

Intertidal Habitat

Intertidal habitat is essential for a diverse range of plants and 
animals. A mix of grasses and sedges attract birds, provides 
habitat for juvenile fish species, and works to stabilize 
the soil. The vegetation greatly reduces wave speed and 
provides buffering from storm surges. 

Oceanfront Boardwalk

The oceanfront boardwalk is an accessible mixed public/
private amenity that allows visitors to interact with intertidal 
habitat from a comfortable platform. The public realm allows 
large groups of people to use the site. Flexible space ensures 
that the boardwalk can be altered and rearranged according 
to seasonal / event use. Private patios create oceanfront 
commercial opportunity and encourage use throughout the 
day and night.

Accessible Aggregate Path

The oceanfront park is connected through a series of 
accessible aggregate pathways. The path system forms a 
continuous loop around the entire peninsula encouraging 
active transportation. Path users are introduced to a range 
of ecosystems and lookout points. Additionally, water 
access is provided to those with accessibility needs. The 
crushed aggregate provides an affordable, accessible, 
and permeable path surfacing solution that is easily fixed if 
necessary. The path largely follows the contour line where 
water levels will reach with a one-metre sea level rise, thus 
providing a clear visual indication of anticipated sea level 
changes.

Climbing Boulder

A central boulder can be used for play and climbing practice. 
Rock climbing is popular in Squamish and a practice 
bouldering site provides beginners an introduction to the 
sport. The rock is also an important indicator. Once high 
tides frequently reach the rock, it signals dangerous water 
levels and a threat of significant flooding. At this time, further 
flood protection or retreat should be considered.

Natural Play

An oceanfront playground made of material existing on site 
allows interactive play for all ages. Timber posts can be used 
for climbing and anchoring slacklines. Driftwood piles can 
be explored by children and used for balance practice.
 
Riparian Habitat

Upshore riparian habitat is enhanced to a minimum 30 
metre buffer where possible. Thirty metres is required as this 
is the required riparian buffer along fish habitat by the B.C. 
Ministry of Water, Land, and Air Protection (MoWLA. 2006).  
The riparian forest provides habitat to many bird, mammal 
and amphibian species. The forest and extensive tree roots 
are important for soil stabilization. Sections of riparian forest 
are left open to provide significant sight lines to the ocean 
and surrounding mountains. 

Public Beach

Sand beaches are popular for recreation. Importing sand to 
cover mudflat beaches can be expensive to maintain and 
damaging to existing habitat. The proposed sand beach 
situates the sand upshore away from the tidal influences, 
thus ensuring that sand is not influenced by tidal activity. 
Mudflat habitat is protected and the public has a sand beach 
overlooking the ocean without expensive maintenance costs 
or damage to significant habitat.

Raised Boardwalk

Historic downtown Squamish was built with wooden 
sidewalks due to frequent flooding. Flood waters could 
move under the sidewalks while pedestrians could access 
stores above. The central oceanfront area will once again use 
raised boardwalks, thus acknowledging the past, allowing 
water permeability, and reminding visitors of the possibility 
of flooding on site.

Public Flex-Use/ Parking

The two flex-use sites can be used for parking during work 
hours and weekends for visitors to the green energy campus 
and oceanfront commercial area. On weekends and evenings, 
these sites can be transformed into public markets, or for 
event use. Popular event use in Squamish include farmers 
markets, music festivals, loggers’ sports competitions, multi 
sport races, and First Nation celebrations. The large flex-use 
area incorporates permeable surfacing to help absorb run-
off.
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Fig. 5-11. Redman. 2018
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OCEANFRONT PARK RENDER

• Chinook Salmon Oncorhynchus tshawytscha
• Pink Salmon O. gorbuscha
• Coho Salmon O. kisutch
• Chum Salmon O. keta
• Steelhead Salmo gairdneri
• Herring Clupea harengus pallasi
• Starry flounder Platichthys stellatus
• Sculpin Cottidae
• Cod Gadus macrocephalus
• Sand Lance Ammodytes hexapterus
• Eulachon Thaleichthys pacificus
• Prickleback Lumpenus sagitta
• Deep-Sea Smelts Leuroglossus stilbius

Fish

• Eualus macrophthamlus
• Anisogammarus confervicolus
• Exosphaeroma oregonensis
• A. ramellus
• A. confervicolus
• A. locustoides
• A. pugettensis
• Pygospio elegans
• Macoma sp.
• Manayunkia aestuarina
• Corophium
• Anisogammarus pugettensis

Invertebrates 

Local Estuary Species*

*Only partial list of species. Information taken from (Hoos & Vold, 1975) & (Ministry of Environment, 2007)
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Mud Flats

Large Wood

Upper Tidal

Riparian

• Black bear Ursus americanus
• Bobcat Lynx rufus
• Blacktail deer Odocoileus hemionous
• Coyote Canis latrans
• Harbour seal Phoca vitulina
• River otter Lontra canadensis
• Water shrew Sorex palustris
• Pacific jumping mouse Zapus trinotatus
• Racoon Procyon lotor
• Short-tailed weasel Mustela erminea
• Long-tailed weasel Mustela frenata
• Red squirrel Tamiasciurus douglasi

Mammals

• 27 species of ducks
• 22 species of raptors
• 10 species of swallows
• 87 species of passerines

Birds

Bird Species at Risk:

• Peregrine falcon Falco peregrinus
• Marbled murrelet Brachyramphus marmoratus
• Great blue heron Ardea herodias
• Green heron Butorides virescens
• Northern goshawk Accipiter gentilis
• Western grebes Aechmophorus occidentalis

Fig. 5-12. Redman. 2018
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1. Boardwalk 

2. Steps / Seating

3. Boardwalk Bridges

4. Bioswale / Tidal Channel
 
5. Permeable Pavers

6. Multi-Use Pathway

1

2

3 4

8

GREEN ENERGY CAMPUS 7. Bioswale

8. Green / Solar Roof

9.  Crosswalk Design

10. Dock Overlook

11. Timber Posts

12. Boulevard Buffer

One of the goals of the oceanfront development is to 
incorporate a UBC Green Energy Campus. The Squamish 
Clean Technology Association, consisting of a partnership 
between the District of Squamish, Squamish Nation, Carbon 
Engineering, and Newport Beach Developments “aspires 
to position Squamish as a world leader in climate change 
initiatives, and the Oceanfront as an incubator of clean energy 
innovation,” (UBC. 2016). As such, a central campus design 
should reflect the goals of the Squamish Clean Technology 
Association. A range of design elements highlights both the 
aims of the campus research, and connects the site to its 
surrounding unique historical setting.

Design Overview

5

7

9 10

11

6

12

0 10 20m

Fig. 5-13. Redman. 2018
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Boardwalk

The boardwalk creates a permeable surface while reflecting 
historic Squamish design. Rainwater can be collected in 
tanks beneath the boardwalk and released slowly into the 
bioswale or used as grey water within the buildings on site. 

Steps / Seating

Stone ledges from the pathway into the bioswale act as 
steps and seating. This feature enables site users to engage 
with the water and plant species within the bioswale. As 
a research campus, this bioswale could act as a living 
laboratory to monitor and test water filtration techniques. 
The steps also indicate water levels, clearly identifying the 
water changes within the bioswale.

Boardwalk Bridges

Boardwalk bridges connect the site along desire lines. A 
sequence of bridges allows easy access between buildings. 
The bridges also provide another means of accessing and 
observing the changing biowsale conditions. 

Bioswale / Tidal Channel

A central bioswale acts as a living laboratory in the center 
of campus and as a symbolic gesture to the importance of 
water to Squamish. The bioswale will change both in time 
as vegetation grows and changes, and also in salinity levels 
as sea level rise occurs. The biowsale on campus connects 
directly to the Cattermole Slough. As sea -level rises, portions 
of the bioswale will reverse direction, with salt water flowing 
into the site rather than fresh water moving out. Researchers 
will be able to monitor the changing water conditions and 
shifting as the bioswale transitions into a tidal channel.

Permeable Pavers

Permeable pavers are used throughout the site to provide a 
hard reusable surface that allows rain water to be absorbed. 
A number of underground tanks will collect grey water from 
falling rain and from buildings’ green roofs. This water can 
be re-used within the buildings or slowly released into the 
bioswale to filter before heading out to the ocean.

Multi-Use Pathway

A multi-use pathway connects the campus to the surrounding 
peninsula, encouraging active transportation to and from 
the campus as well as reducing the demand for vehicular 
transport.

Bioswale

A three-metre-wide bioswale follows the extent of the central 
roadway. The bioswale will act to absorb rainfall and help 
filter roadway run-off before reaching the ocean.

Crosswalk Design

Crosswalks provide an opportunity for local artists to 
display work. Designed crosswalks also help to distinguish 
neighborhoods and communities. The crosswalk design 
shown in this rendering is the logo chosen to represent 
the district of Squamish but could be easily modified to a 
number of unique designs.

Dock Overlooks

Dock overlooks provide a transition from campus activity 
into semi-private and private zones. The docks act to 
slow pedestrian movement while also providing a place 
to sit, relax, and view the bioswale / tidal channel before 
transitioning between campus and home or work. 

Timber Posts

Timber posts are used throughout the design. The posts  
allow observers to understand changing water levels while 
also preventing debris from flowing into built structures 
such as the vehicular bridge. In this particular location, the 
posts represent fallen trees, following the theme of logging 
production throughout the campus site.

Green / Solar Roofs

As a green campus, buildings should be energy self- 
sufficient. To do so, one possibility would be to use and test 
solar panels on site. Green roofs add to the overall green 
campus objective by creating habitat and absorbing rainfall.

Boulevard Buffer

A boulevard buffer between vehicular traffic and 
pedestrian movement helps increase permeable surfacing 
and water absorption. The buffer also offers a sense of 
safety to pedestrian users and further encourages active 
transportation as a means of movement through the site. 
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1. Boardwalk Overlook 

2. Rain Retention Garden

3. Private Courtyard

4. Sedge / Grass Habitat
 
5. Bioswale / Tidal Channel

6. Community Bridge

1

2

3

4

8

RESIDENTIAL DISTRICT 7. Parking Zone

8. Bicycle Parking

9.  Mixed Use Frontage

10. Green Roof

11. Communal Space

A portion of the peninsula is dedicated to private housing 
units so as to help accommodate the growing Squamish 
population.  Multi-unit housing options allow for increased 
density on the peninsula. Housing is located on the highest 
elevations for maximum flood protection. The location is also 
within walking or cycling distance to both the institutional 
and commercial zones on the peninsula as well as downtown 
Squamish. This will allow residents to work and live within 
range of work or school without having to own a vehicle.  A 
hierarchy of private, semi-private and public space provides 
community gathering spaces without losing individual 
privacy.  A central bioswale carves through the length of the 
site, collecting rain run-off and connecting residents to the 
surrounding ocean. 

Design Overview

5

7

9

10

6

11

0 10 20m
Fig. 5-14. Redman. 2018
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Boardwalk Overlook

A number of residential boardwalks extend beyond private 
courtyards into the community bioswale. This provides 
a contemplative atmosphere for individuals to relax and 
observe the wildlife and vegetation of the bioswale. 

Rain Retention Garden

Central courtyard rain gardens collect run-off from roof 
tops and slowly release over-flow into the bioswale. Rain 
retention on site slows the rate of storm run-off allowing 
vegetation to remove run-off contamination. The gardens 
provide semi-private space where building inhabitants are 
able to interact and meet. The rain retention allows residents 
to see the collection of water, and witness the process of 
run-off and water filtration. 

Private Courtyard

Each building provides residents with adjacent private 
courtyard space. This area allows individuals to enjoy being 
outside, barbeque, relax or gather with friends. 

Sedge / Grass Habitat

Alongside the bioswale there is a buffer of sedge and grasses. 
This vegetation provides soil stabilization to the bioswale 
banks. The sedges and grass help to filter contaminants 
before they enter the bioswale. They also provide habitat for 
migratory birds, amphibians, reptiles, and small mammals. 
The twisting form mimics that of a tidal channel. 

Bioswale / Tidal Channel

The bioswale filters and slows water run-off before it reaches 
the ocean. Having an open-air bioswale rather than buried 
storm water lines allows residents to see what happens to 
storm water, thus visually and physically connecting people 
with the ecosystem around them. The bioswale is connected 
to the ocean. As sea levels rise, the bioswale will gradually 
shift into a tidal channel. Over time it may become a 
permanent salt water influenced tidal channel. 

Community Bridge

The central community bridge provides access across the 
site.  The bridge allows accessibility to all buildings and 
becomes a focal point in the community.

Parking Zone

The parking area allows individual or co-op parking. It’s 
permeable surfacing helps the site  absorb impacts of 
rainfall. Minimal parking allowances encourage vehicle 
sharing, public transit, and active transportation. Bioswales 
collect run-off and provide shade and shelter to parked 
vehicles.

Bicycle Parking

Bike parking is included throughout the site. The mild climate, 
proximity to surrounding commercial and educational 
facilities, extensive pedestrian path systems, and limited 
vehicular parking all encourage the use of bicycles. 

Mixed Use Frontage

A semi-private boulevard creates an organized appearance 
to buildings facing the central roadway. The possibility 
of commercial use facing traffic creates a buffer between 
public and private zones, while also distinguishing the two 
different uses. Allowing commercial fronting on a major 
roadway provides accessible retail and restaurant use both 
to visitors and residents. 

Green Roof

A number of green roof and solar options should be 
encouraged in building design. Green roofs help collect 
and slow rain run-off, cool the site during heat waves, and 
provide habitat to birds and insects.
 
Communal Space

Community courtyards create gathering locations for 
residents and visitors. Communal spaces at the entrances 
of courtyards and between buildings help develop a sense 
of community by encouraging interaction. Leaving these 
spaces open and flexible allows residents to determine 
suitable and diverse activities. Community gardens, social 
events, or places of play can all occur in this unprescribed 
communal space.
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Green Energy Campus

0 10m5

Residential District

SECTIONS

Fig. 5-16. Redman. 2018

Rain Water Collection Bioswale Timber Walkway Permeable Paver EntryLawn / Shade Planting
CIP Concrete 

Steps /
 Seating

Private Residential Native Planting 
Buffer

Bioswale Timber Walkway Rain Garden Private Courtyard Private ResidentialBuffer 
Planting

Fig. 5-15. Redman. 2018
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0 10m5

Central Wetland / Tidal Channel 0 20m10

Community Marina

Fig. 5-17. Redman. 2018

Fig. 5-18. Redman. 2018

Commercial / Institutional Public Recreation Wetland / Tidal Channel Wetland Planting Riparian Planting Private Residential

Community 
Centre

Sedge / Coastal Grass Planting Habitat Bench / Tidal Pools

Rocky Marine Habitat Rock Kelp Planting Pedestrian Ferry Terminal / Pier
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CENTRAL WETLAND / TIDAL CHANNEL

WETLAND

Fig. 5-19. Redman. 2018

• Great blue heron Ardea herodias
• Green heron Butorides virescens
• Black bear Ursus americanus
• Bobcat Lynx rufus
• Blacktail deer Odocoileus hemionous
• Coyote Canis latrans
• Water shrew Sorex palustris
• Pacific jumping mouse Zapus trinotatus
• Racoon Procyon lotor
• Short-tailed weasel Mustela erminea
• Long-tailed weasel Mustela frenata
• Red squirrel Tamiasciurus douglasi

Wetland Wildlife Wetland Vegetation

• Cattails Typha latifolia
• Bulrush Scirpus sp.
• Rushes Juncaceae
• Grasses Graminae
• Sedges Cyperaceae
• Red Osier Dogwood Cornus sericea
• Nootka Rose Rosa nutkana
• Pacific Willow Salix lucida
• Salmonberry Rubus spectabilis
• Hardhack Spirea douglasii
• Alders Alnus sp.
• Western red cedar Thuja plicata

*Only partial list of species. Information taken from (Hoos & Vold, 1975) & (Ministry of Environment, 2007)
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WETLAND

CENTRAL WETLAND / TIDAL CHANNEL AFTER 1M SEA -LEVEL RISE

TIDAL CHANNEL

Fig. 5-20. Redman. 2018

• Great blue heron Ardea herodias
• Green heron Butorides virescens
• Black bear Ursus americanus
• Bobcat Lynx rufus
• Blacktail deer Odocoileus hemionous
• Coyote Canis latrans
• Water shrew Sorex palustris
• River otter Lontra canadensis
• Chinook Salmon Oncorhynchus tshawytscha
• Pink Salmon O. gorbuscha
• Coho Salmon O. kisutch
• Chum Salmon O. keta

Tidal Channel Wildlife Tidal Channel Vegetation

• Cattails Typha latifolia
• Bulrush Scirpus sp.
• Rushes Juncaceae
• Grasses Graminae
• Sedges Cyperaceae
• Parsnip Sium suave
• Lynbye Sedges Carex lyngbei
• Water Hemlock Cicuta maculate
• Arrow grass Triglochin maririme
• Silverweed Potentilla pacifica
• Spike Rush Eleocharis palustris
• Beach Pea Lathyrus japonicus

*Only partial list of species. Information taken from (Hoos & Vold, 1975) & (Ministry of Environment, 2007)
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COMMUNITY MARINA / SHORELINE

Fig. 5-21. Redman. 2018

• Chinook Salmon Oncorhynchus tshawytscha
• Pink Salmon O. gorbuscha
• Coho Salmon O. kisutch
• Chum Salmon O. keta
• Herring Clupea harengus pallasi
• Starry flounder Platichthys stellatus
• Cod Gadus macrocephalus
• Sand Lance Ammodytes hexapterus
• Eulachon Thaleichthys pacificus
• Harbour seal Phoca vitulina
• Marbled murrelet Brachyramphus marmoratus
• Great blue heron Ardea herodias
• Green heron Butorides virescens

Coastal Shoreline Wildlife Coastal Shoreline Vegetation

• Seashore Saltgrass Distichlis spicata
• Silverweed Potentilla pacifica
• Tufted Hairgrass Deschampsia cespitosa
• Coastal Lupine Lupinus littoralis
• Coastal Strawberry Fragaria chiloensis
• Lynbye Sedges Carex lyngbei
• Water Hemlock Cicuta maculate
• Arrow grass Triglochin maririme
• Silverweed Potentilla pacifica
• Eelgrass Zostera marina

*Only partial list of species. Information taken from (Hoos & Vold, 1975) & (Ministry of Environment, 2007)
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MAMQUAM BLIND CHANNEL

Fig. 5-22. Redman. 2018

• Great blue heron Ardea herodias
• Green heron Butorides virescens
• Black bear Ursus americanus
• River otter Lontra canadensis
• Chinook Salmon Oncorhynchus tshawytscha
• Pink Salmon O. gorbuscha
• Coho Salmon O. kisutch
• Chum Salmon O. keta
• Western grebes Aechmophorus occidentalis
• Marbled murrelet Brachyramphus marmoratus
• Steelhead Salmo gairdneri
• Herring Clupea harengus pallasi

Estuary Wildlife Estuary Vegetation

• Cattails Typha latifolia
• Bulrush Scirpus sp.
• Rushes Juncaceae
• Grasses Graminae
• Sedges Cyperaceae
• Parsnip Sium suave
• Lynbye Sedges Carex lyngbei
• Water Hemlock Cicuta maculate
• Arrow grass Triglochin maririme
• Silverweed Potentilla pacifica
• Spike Rush Eleocharis palustris
• Eelgrass Zostera marina

*Only partial list of species. Information taken from (Hoos & Vold, 1975) & (Ministry of Environment, 2007)
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Fig. C-2. Redman. 2018

Fig. C-1. D’ambrosio. 2018 Hard armouring rip-rap shoreline along Mamquam Blind Channel provides minimal habitat and limited accessibility to the water

Soft shoreline along Mamquam Blind Channel providing accessibility to water and diverse habitat potential for a range of coastal species

Hard Armouring

Soft Shore Approach
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INNOVATION + PLANNING AHEAD

When and how sea levels will change is difficult to predict. 
Numerous studies show that it is happening  now and will 
continue to be a global issue for generations to come. The 
Squamish oceanfront peninsula provides an opportunity to 
embrace sea level rise and shifting estuarine ecosystems  
while also allowing visitors and residents to become part 
of the phenomenon. One of the most difficult aspects of 
climate change is an inability to see it first hand. Changes can 
occur over decades and centuries. Creating an oceanfront 
community that reveals and recognizes these changes will 
be of utmost importance if Squamish is to become a leader 
in environmental innovation.

Soft shore design approaches not only provide long term 
erosion control, but have also been shown to provide 
important habitat. Located within an essential estuary 
ecosystem, the Squamish oceanfront peninsula development 
can enhance shoreline conditions while also providing users 
with the ability to engage visually and physically with the 
unique estuarine ecosystem. Rather than only benefiting 
human populations, soft shore designs can provide habitat 
for numerous coastal species including salmon, herring, 
eulachon, otters, seals, blue heron, and seasonal migratory 
bird species. 

Given the unique context of the Squamish oceanfront 
peninsula, an innovative soft shore approach can anticipate, 
accommodate, and reveal the process of rising sea levels 
and long term ecosystem shifts. The Squamish oceanfront 
peninsula can become a truly innovative development. 
Global innovators in coastal development are turning 
towards natural systems for erosion control, tearing down 
rigid shoreline structures, and spending millions of dollars 
to restore coastal habitat (Government of Canada. 2018). 
Rather than being just another coastal development, by 
implementing soft shore designs and accommodating sea 
level rise, the Squamish oceanfront peninsula can become a 
model for future coastal design.  

CONCLUSION

Discussion
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