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Management Summary 

At the request of Port Metro Vancouver, Stantec Consulting Ltd. conducted an archaeological 

overview assessment for the proposed South Arm Jetty Tidal Marsh Project.  

Available information concerning the location, nature and distribution of known prehistoric and 

historic resources in the vicinity of the Project was acquired using the Remote Access to 

Archaeological Data application maintained by the Archaeology Branch of the Ministry of 

Forests, Lands and Natural Resource Operations. 

A review of background literature dealing with the ethnography, history, archaeology and 

paleoenvironment of the project region was conducted to place the Project in a cultural 

context.  

Archaeological site types recorded in the general vicinity of the Project include shell middens 

associated with permanent villages and temporary campsites, lithic scatters from the tools of 

hunters and fishers, subsistence features relating to the many villages and resource extraction 

areas that once proliferated the Lower Mainland and historic sites and shipwrecks. The 

archaeological sites comprise of one or several of these components.  

The Project is in a deltaic environment that has a complex pre-contact and historic record. 

Archaeological and ethnographic data demonstrate that the shorelines, foreshores, and 

intertidal areas throughout the Fraser River delta and beyond have been settled and used as 

marine resource harvest locations for millennia and the Project is near recorded ethnographic 

named places and archaeological and historic sites.  

The Project is assessed as having archaeological potential. A preliminary field reconnaissance is 

recommended to further refine the assessment and determine if the development may 

potentially pose a risk of impacting heritage resources. Should the field assessment confirm 

archaeological potential within the project area, further archaeological work may be 

recommended prior to commencement of any construction activities. 
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1.0 INTRODUCTION 

At the request of Port Metro Vancouver, Stantec Consulting Ltd. (Stantec) conducted an 

archaeological overview assessment (AOA) for the proposed South Arm Jetty Tidal March 

Project (the Project; Figure 1). The Project falls under federal jurisdiction and as such provincial 

heritage legislation is not applicable. However, this AOA was carried out to provincial standards 

under the terms and conditions of the Heritage Conservation Act (HCA). 

The general Project area comprises a minimum of approximately 3 ha of land located north of 

the Steveston Jetty at the mouth of the Fraser South Arm along the western shoreline of Lulu 

Island immediately west of Gary Point in Richmond, British Columbia (Figure 1 & Figure 2). 

According to the provincially maintained consultative areas database used to identify First 

Nations with treaty rights or asserted or proven rights to title, the Project falls within the asserted 

traditional territories of the Coast Salish member groups of the Hul’qumi’num Treaty Group, the 

Musqueam First Nation, the Semiahmoo First Nation, the Stó:lō Tribal Council, the Stó:lō Nation, 

the Tsawwassen First Nation, and the Tsleil-Waututh Nation. 

Heritage resources can be precontact in age (the time before written records) or they can be 

historic. Historic sites can be of First Nations, Inuit, Metis, European, Euro-Canadian or another 

ethnic affiliation. Ethnographic heritage sites are locations reported as having been used or 

occupied by Aboriginal people in the past, which may or may not contain any physical 

evidence for such an occupation or use. A reported ethnographic site found to contain physical 

evidence changes the site to an archaeological site enhanced by ethnographic information. 

Ethnographic sites with no corroborative physical evidence are not treated as heritage sites 

according to present heritage legislation.  

There are usually three stages to the heritage resource impact assessment and review process; 

an AOA, a detailed archaeological impact assessment (AIA), and an impact mitigation. The 

AOA is intended to identify and assess heritage resource potential, or the likelihood that sites are 

present. The objectives of the AIA are the identification and evaluation of heritage resources 

within a proposed development area, and also an assessment of possible impacts by the 

development on these sites. Impact mitigation is any course of action that results in the 

reduction or the elimination of the adverse impacts of a development. Mitigation, where 

required, usually involves site protection, project redesign or systematic data recovery, and 

normally involves archaeological excavation.  

The present study was designed to satisfy the objectives of an AOA. The following results are 

based entirely on desktop analysis. The study was conducted without prejudice to First Nations 

treaty negotiations, aboriginal rights or aboriginal title.  
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2.0 PROPOSED PROJECT 

The Project is intended to restore or create fish and wildlife habitat in the intertidal zone. 

Construction will consist of creating artificial berms or the raising of surface elevations with fill to 

the approximate mean water level for the establishment of brackish marshes. The Project will 

cover approximately 3 ha of intertidal area (Figure 2). 

3.0 METHODS 

Available information concerning the location, nature and distribution of known prehistoric and 

historic resources in the vicinity of the Project was acquired using the Remote Access to 

Archaeological Data application maintained by the BC Archaeology Branch of the Ministry of 

Forests, Lands, and Natural Resource Operations (FLNRO). 

A review of background literature dealing with ethnohistory and ethnography, history, 

archaeology and the paleoenvironment of the project region was conducted to place the 

Project in cultural contexts. A review of local and regional natural history can provide insight into 

past environmental conditions that may have influenced cultural adaptation and settlement. 

These palaeoecological studies, in concert with ethnographic, historical and archaeological 

data, help determine the likelihood that heritage resources are present within the development 

areas and the potential nature of those resources. 

4.0 PROJECT AREA 

The Project area is comprised of the western shoreline of Lulu Island immediately west of Gary 

Point in Richmond, British Columbia (Figure 1 & Figure 2). 

4.1 PALAEOENVIRONMENT 

The Project is located within the Fraser Lowland, a region characterized by low-lying and gently 

rolling hills of glacial drift separated by wide alluvium filled valleys. The Fraser Lowland is 

bounded by the Coast Mountains to the North, the Cascade Mountains to the east and 

southeast and the Strait of Georgia to the west. The Fraser River is the dominant watercourse 

which assumed its modern channel approximately 10,800 BP (before present). Since then, 

alluvial deposits have created more than 625 km² of new land at the mouth of the Fraser River. 

The Fraser River annually delivers an estimated load of 17 by 10⁶ tonnes of sediments to the 

Fraser River Delta (McLean & Tassone 1991). There are a variety of habitats in and around the 

Fraser River delta. This diversity includes the freshwaters of the Fraser, Nicomekl and Serpentine 

Rivers, the brackish marshes of Sturgeon and Roberts Banks and the salt marsh at Tsawwassen, as 

well as the salt water environments of the Strait of Georgia and Boundary Bay (Groulx & Mustard 

2004; Adams & Williams 2004).  
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The Project is situated within the Coastal Western Hemlock (CWH) zone. On average, the CWH 

zone is the rainiest biogeoclimatic zone in British Columbia with typically cool summers, with 

some hot spells and generally mild winters. The CWH zone tends to be dominated by western 

hemlock (Tsuga heterophylla) with western red cedar (Thuja plicata) and Douglas fir 

(Pseudotsuga menziesii) also being widespread. The poorly to moderately developed shrub 

layer consists mostly of salal (Gaultheria shallon), dull Oregon grape (Mahonia nervosa) and red 

huckleberry (Vaccinium parvifolium). The well-developed moss layer consists of Oregon beaked 

moss (Kindbergia oregana), step moss (Hylocomium splendens), lanky moss (Rhytidiadelphus 

loreus) and wavy-leaved cotton moss, which is also known as flat moss (Plasiothecium 

indulatum) (Pojar et al. 1994). Pojar et al. (1991) provide a comprehensive list of avian and 

mammalian species that are commonly found in the project area. 

During the Pleistocene, the area was overridden by glacial ice. The resulting isostatic depression 

resulted in relative sea-levels of approximately 200 m above present (Clague et al. 1982). By 

about 13,000 BP the deglaciation of the area was in effect and relative sea-levels had begun to 

fall (Armstrong 1981; Mathewes 1973). By 11,000 BP, the Fraser River had stabilized (Mathews et 

al. 1970). Relative sea-levels continued to fall, reaching an early Holocene lowstand of about 

12 m at approximately 8,000 BP. Relative sea-levels subsequently rose to modern levels by about 

5,000 BP (Clague et al. 1982).  

4.2 ETHNOGRAPHY 

The central Coast Salish groups described in this report are speakers of Halq’eméylem dialects, 

(Smith 2001; Suttles 1990; Thompson & Kinkaid 1990). 

Prior to European contact, the Coast Salish used rectangular cedar plank houses as permanent 

dwellings with villages consisting of one or more of these houses as well as a number of smaller 

buildings. Permanent plank or bark-covered houses were constructed at well-established 

resource procurement locations. Temporary shelters of rush mats were used in areas utilized for 

shorter periods of time (Barnett 1955; Suttles 1974, 1979, 1990). 

A wide variety of objects including woodworking tools, weapons and hunting and fishing gear 

were manufactured by flaking stone, grinding slate and working bone, antler and shell. Plant 

materials were extremely important, with red cedar (Thuja plicata) being used for houses, 

canoes, boxes, clothing, bags, baskets and mats. Blankets and clothing were sometimes woven 

from materials which included the hair of dogs (Canis familiaris) and mountain goats (Oreamnos 

americanus) (Schulting 1994; Wells 1966). 

Fishing, particularly of salmon (Oncorhynchus sp.), was the principal economic activity among 

the Coast Salish. Both land and sea mammals were taken by a variety of methods. Birds were 

also taken. Plant foods, particularly blueberry (Cyanococcus), cranberry (Vaccinium oxycoccus) 

and braken ferns (Pteridium aquilinum), were also gathered for subsistence (Pojar & Mackinnon 

1994; Suttles 1990; Turner 1974). 
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The contact period between Europeans and First Nations on the central and south coast 

commenced with the arrival of the Spanish Quimper Expedition in 1790 and the Navarez 

Expedition in 1791. Direct contact within the Project area began the following year with the 

Spanish ships of Galiano and Valdez, and the English ships of Captain Vancouver. A chance 

meeting occurred between their ships at Punta de Langara (Point Grey) in June 1792. The ships’ 

logs for this period contain the earliest ethnographic descriptions of the local Salish peoples. 

Galiano described his first encounter with the Musqueam at Punta de Langara and the ship’s 

artist Jose Cardero captured the first images of the local peoples from the Project area. 

They displayed an unequalled affability together with a war-like disposition. They 

traveled provided with many good arms such as iron pointed spears half a yard 

long, quivers full of arrows with tips of the same metal and of flint, bows and clubs, 

and hold the latter in such high esteem that it is not possible to get one in 

exchange for knives of Monterrey shells. They also brought in their canoes some 

boxes and baskets with stone harpoons, spear heads, seaweed lines, and other 

instruments and requisites for fishing (Wagner 1933: 260). 

At the project location, Galiano noted, “satisfied that there was water in the mouth which the 

Punta de Langara forms the coast, we bore up and ran in to anchor on the east of the point 

where we knew there was a sand flat.” His first observations of the Fraser River revealed the 

difficulties of navigating the Fraser River against its powerful currents, “… we had information 

that the current in the place where we were going to anchor ran 4.5 miles an hour, and would 

probably be much more rapid in the interior of the channel. We were already in water almost 

fresh, and saw great logs floating, these signs confirming us in the idea that the inlet we called 

Floridablanca was the mouth of some large river” (Wagner 1933: 262).  

At the same time, as Captain Vancouver sailed north around the western point of Boundary Bay 

he became aware of the shallow waters and debris-choked shoals in the Fraser River delta 

between Point Roberts and Point Grey.  

…our progress along the eastern shore materially impeded by a shoal that 

extends from Point Roberts N. 80 W. seven or eight miles, then stretches N. 35 W. 

about five or six miles further, where it takes a northerly direction towards a low 

bluff point (Point Grey). Along the edge of this bank we had soundings from ten 

to one fathom, as we increased or decreased our distance from the eastern 

shore; to approach which all our endeavors were exerted to no purpose… 

(Vancouver 1801:187).  

Village structures were observed in some detail by the earliest visitors to the area. At Point 

Roberts in June 1792, Captain Vancouver’s botanist, Archibald Menzies described a large 

deserted village that was in ruins. “Each house appeared distinct and capacious of the form of 

an oblong square, and they were arranged in three separate rows of considerable length; the 

beams consisted of huge, long pieces of timber placed in notches on the top of supporters 
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14 feet above the ground… three supporters stood at each end for the longitudinal beams and 

an equal number were arranged on each side for the support of smaller cross beams in each 

house” (Menzies 1792:148).  

In 1808, Simon Fraser canoed down the Fraser River, past the site of the Project. Although his 

contact with the local peoples within the general Project area was brief, he described 

something of how the people lived. 

On the right we noticed a village called by the natives Misquiame 

(Musqueum)… here we landed, and found but a few old men and women; the 

others fled into the woods upon our approach. The fort is 1,500 feet in length and 

90 feet in breadth. The houses, which were constructed as those mentioned in 

other places, are in rows, besides some that are detached (Lamb 1960: 106). 

Sustained contact between Europeans and local First Nations within the general Project area 

did not commence until nearly two decades later when Hudson’s Bay Company (HBC) 

employees arrived with the intention of establishing a trading fort. Fort Langley was built in 1827 

on the Fraser River approximately 50 km from the Fraser River delta. Prior to this construction, 

small groups of HBC employees would occasionally travel down the river to the delta. In 1824, 

HBC employee John Work canoed down the north arm of the Fraser River, which he described: 

… there are two other channels on the south side and a large one supposed to 

be on the north side. The channel through which we came was sounded in 

several places towards its discharge and found to be from 7 to 3.5 fathoms about 

high water. The land at the entrance of the river is very low and swampy with 

some few scattered pines of small size and bushes (Elliot 1912: 223). 

Perhaps the darkest entries in the early journals and ships’ logs were descriptions of evidence for 

a smallpox epidemic that devastated the Coast Salish in the 1770s. On the lower Fraser near 

present-day Lulu Island, HBC traders were approached by four canoes that contained 

seventeen Coast Salish, about which John Work wrote, “the old chief seems to be marked with 

the small pox…” (Elliot 1912: 222). Also in 1824 John Scouler, ship’s surgeon aboard the HBC ship 

William and Anne, observed smallpox scars on the Indians on the south and central Salish coasts. 

As they sailed northward it was apparent that the disease lived on in the memories of the Indians 

in Puget Sound who, “speak about it with horror…” At Point Roberts, Scouler met a Cowichan 

chief who, “had in his retinue an Indian deeply marked with smallpox…” (Scouler 1905: 203).  

Ethnographic researchers arrived relatively late on the south coast. It was not until the late 1890s 

with Franz Boaz and early 1900s with Charles Hill-Tout that the first professional ethnographers 

began to look at Salish culture at a time when they believed that traditional Indigenous 

knowledge would soon be extinguished under the sprawling weight of European settlement. By 

mid-20th Century, more dynamic approaches to participatory ethnography by Homer Barnett 

(1938), Wilson Duff (1952), Diamond Jenness (1974) and Wayne Suttles (1987) have yielded more 

balanced and insightful research on Coast Salish society.  
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For the peoples who resided within the general Project area, the marine and riverine 

environments provided most of their resources. Fishing was a paramount activity. Seasonal 

salmon runs provided the mainstay of the people’s diet, while sturgeon, halibut and eulachon 

were also important. For the Musqueam, Tsawwassen and Semiahmoo villages on the coast, 

shellfish were also an important dietary addition. The Fort Langley journals provided descriptions 

of large movements of people following the huge salmon runs from the Fraser River delta up the 

canyon rapids as far as Yale. There were summer villages at Point Roberts where large 

congregations of Saanich from Vancouver Island, Lummi from present-day Washington State 

and local Semiahmoo groups established reef net fishing locations. Galiano described the Point 

Roberts fishery in 1792 as a location with, “an incredible quantity of rich salmon and numerous 

Indians” (Wagner 1933: 186-187). There were large Cowichan summer villages on the banks on 

the south arm of the Fraser River on Lulu Island, while large groups of Musqueam joined 

Cowichan, Nanaimo and Squamish people camped near Fort Langley.  

In the vicinity of the project area, Point Roberts was the most important reef net fishing location 

in the south Strait of Georgia. The Fort Langley journals described Point Roberts where, “the 

quantity of salmon now caught there is immense and that all the Indians on the coast southward 

have resorted to the Point Roberts villages” (Maclachlan 2000:123). Barnett’s research on the 

Tsawwassen reflected the importance of salmon to the seasonal subsistence strategies of the 

people living at old Tsawwassen village at Point Roberts.  

Much of the summer fishing and gathering was done from this base, but the 

people of Tswasan also had a camping ground on Lulu Island (Dl’akti’nes; Figure 

1) where they caught sturgeon from May until July. At still another place... (kikayt; 

near New Westminster) sockeye were dried during the latter month. According to 

my Tswasan informant, near-by sites were visited by the Cowichan and Nanaimo 

people in the summer (Barnett 1955: 34). 

There were several other options for catching salmon, as different species of salmon were 

harvested through different methods. Large quantities of salmon could be caught in fish weirs by 

barring up part of a shallow stream or creek. According to Suttles (1990: 457), “In the channels 

near the mouth of the Fraser, the Musqueam and Tsawwassen had tidal ponds made of long 

rows of stakes driven into the bottom, in which they took larger salmon and sturgeon.” Suttles 

described a Musqueam sturgeon trap as a tidal pond that was harvested at low tide. These 

massive fish could also be gaffed or harpooned in the bays around the mouth of the Fraser. 

Suttles (1987: 243) reported the Semiahmoo and Musqueam traditions that the man who caught 

the sturgeon, “always gave his paddler the rear portion.” Chinooks and Cohoes were also 

caught in the sea from winter through spring by trolling. Trawling nets resemble purses fixed to 

long poles and dragged between two canoes. Dip nets were fastened to the ends of poles and 

used in back eddies away from the strong currents on the Fraser. Fish racks dotted the shoreline 

in areas where fish could be easily taken. Fish split and dried in the wind and sun could then be 

stored for winter (Suttles 1987).  
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The importance of shellfish to the Musqueam is underscored by the immense shell midden 

deposits found in their villages on the coast. The traditional village cəsna?əm, which was labeled 

as the “Great Fraser Midden” by early investigators was described as 1,400 feet in length and 

300 feet wide, with an average depth of between 5 and 15 feet, covering nearly 4.5 acres. The 

midden was mainly comprised of the remains of clam and mussel shells (Maud 1978: 21).  

The local Coast Salish also hunted deer, elk, bear and other animals to supplement their marine 

diets. Plants were vital, both for food and as the raw material for clothing, shelter, containers, 

watercraft and many tools. A wide range of plants provided edible sprouts and stems, berries 

and nuts, and bulbs and roots were harvested. Starchy bulbs such as brake ferns, camas, 

wapato and wild carrots were a popular supplement to the marine diet (Bouchard & Kennedy 

1998; Turner 1974). 

During winter, many families would come together in large villages comprising of wooden plank 

houses. Some of these structures were small single family dwellings while others were massive, 

multi-family houses. Other, very large structures were the site of ceremonies and community 

feasts. Each spring, people left the villages for summer camps and resource sites. Sometimes 

they took the planks from the winter houses, lashed them across two canoes, and transported 

them to their summer homes (Barnett 1955).  

Ethnographic researchers recorded stories from First Nations peoples, who had vivid memories 

through the stories of their Elders, of the many diseases that decimated their communities. Their 

narratives which describe smallpox devastation resound throughout the lower Fraser River 

watershed. Hill-Tout’s account of a large communal burial pit in a village midden at present-day 

Stanley Park described his consultants’ beliefs that these mass burials were the result of some 

pestilence or epidemic. “The tribe inhabiting this district was almost decimated with small-pox. 

So terrible was the scourge that they abandoned their village site after burying all their dead in a 

big hole” (Maud 1978: 54). Wayne Suttles’ Elder consultants recalled stories of entire villages 

along the lower Fraser that were severely depopulated due to smallpox. A village near the 

mouth of the Fraser River, whose name translated into English as “Hazelberries” disappeared 

after the 1770s smallpox epidemic (Suttles 1955). 
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Photo 1 Fish Drying Racks at Point Roberts 

SOURCE: Retrieved on 20 April 2014 from: http://www.surreyhistory.ca/activities.html 

The Fort Langley Journals have yielded important ethnographic information from the first 

permanent European settlement in Coastal Salish territory, which was a magnet for trade for the 

people of the Fraser River delta. According to these journal entries, armed, hostile village raids 

and slave taking were rampant among the Coast Salish. On 11 August 1828, Chief factor 

McMillan wrote that a Musqueam chief had, “just arrived from the Yeukeltas (Lekwiltok) where 

he went to try to recover his wife and daughter, who were taken along with 30 or more women 

and children in the last attack. He did not get them as they were already sold to Indians farther 

to the northward” (Maclachlan 2000: 71). Mitchell’s research (1984: 44) into the slave trade on 

the North Pacific in the 1800s related that it was the usual practice for the Lekwiltok to “trade 

their prisoners to the Quaghcuils (Fort Rupert Kwakwaka’wakw) who trade them to the Heiltsuk.”  

According to one ethnographer’s research, a protective bunker was a prominent feature of 

coastal village life. Homer Barnett (1938:128) wrote that: 

Of distinct interest from a wider point of view is the presence of semi-

subterranean defensive (retreats) west of the Coast Range. They were known 

from Langara to Butte Inlet and were used as refuges in time of war. Furthermore, 

the Muskwium on Point Grey built underground dwellings of exactly the same 

type as those farther up the valley. They existed side by side with the plank shed 

roofed habitations already described, and were a luxury for those who could 

afford them. 
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The shores of Point Grey have a long history of defense. According to Musqueam sources, 

lookout stations were established behind what is now the Museum of Anthropology facing the 

Strait of Georgia. The Musqueam band used this site as a lookout for approaching northern tribes 

who were intent on looting and kidnapping, in particular the Lekwiltok from Johnstone Strait. If 

approaching war canoes were observed, fleet-footed runners were sent along established trails 

to alert their friends and relatives at the Kwantlen and Katzie villages on the lower Fraser. The 

Musqueam could then counter the aggressor by embarking their war canoes or by retreating to 

their defensive village positions (Norman, n.d.).  

4.3 ARCHAEOLOGY 

A large number and variety of archaeological studies have been conducted in the Fraser 

Lowland. A summary and review of these studies can be found in Kristensen et al. (2009).  

The most important archaeological site unearthed in the vicinity of the Project area is called 

cəsna?əm or the “Marpole Midden” which shows continuous occupation for at least 4000 years, 

up to about 200 years ago. Harlan Smith, who worked for the Jessup North Pacific Expedition 

from 1897 to 1911, collected ancestral remains for his comparative collection for the American 

Museum of Natural History. Several decades later, Charles Hill-Tout excavated portions of the site 

for the Art, Historical and Scientific Association of Vancouver. In the 1950s UBC professor Charles 

Borden undertook salvage excavations at the site ahead of the construction of the Fraser Arms 

Hotel, which destroyed a portion of the site. During excavations at the site in 2012, Musqueam 

First Nation members and their supporters staged protests against the construction of a 

proposed condominium development within the site to prevent any further impact. 

The First Nations groups in whose asserted traditional territories the Project area is situated are 

Coast Salish. A great deal of archaeological research has focused on the Coast Salish and a 

generally accepted culture history has been formulated. The following generalized sequence is 

based primarily upon the works of Borden (1970,1975,1976); Ham (1982); Ham et al. (1984); 

Matson (1976,1992) and Mitchell (1971,1990).  

The earliest culture type identified is variously referred to as Old Cordilleran (Matson 1976;1992), 

the Lithic culture type (Mitchell 1971), the Pebble Tool Tradition (Carlson 1990) or the 

Proto-western Tradition (Ham 1982). This little known period, which extends from about 8,500 to 

5,500 BP, is characterized by an artifact assemblage consisting of abundant chipped stone 

artifacts, including cobble tools and leaf-shaped bifaces, along with bone and antler tools 

(Carlson 1990; Matson 1992). Faunal remains from the Old Cordilleran component at the 

Glenrose Cannery site (DgRr-6), located on the South Arm of the Fraser River, south of Annacis 

Island, reflected an economic pattern directed towards the hunting of land mammals with deer 

(Odocoileus hemionus) and wapiti (Cervus elaphus) being the two most important. Seals, 

salmon (Oncorhynchus sp.), sticklebacks (Gasterosteus aculeatus), eulachon (Thaleichthys 

pacificus), flatfish and bay mussel (Mytilus edulis) were also present (Matson 1976, 1992). 
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The Charles Culture and the Locarno Beach and Marpole phases form a construct known as the 

Proto-Coast Salish Tradition (Ham 1982), a series of archaeological cultures directly ancestral to 

the ethnographic Coast Salish culture. 

The Charles Culture type (5,500–3,300 BP) may be the earliest archaeological phase that is 

directly ancestral to the ethnographically documented Northwest Coast pattern. This period saw 

a continuation of some tool types from the previous culture type and the introduction of new 

types. New tool types included chipped stone scrapers, drills, stemmed bifaces as well as ground 

slate, bone and antler implements (Ham et al. 1984). A well-developed woodworking 

technology is inferred from the presence of adzes and wedges and the remains of several large 

residential structures located along the Fraser River at Agassiz and Hatzic, and possibly at Fort 

Langley (James 1990; LeClair 1976; Matson 1994). Pratt (1992) suggests that Charles Culture 

faunal remains are indicative of a mixed economy where land and sea mammals were 

exploited.  

Although salmon were exploited to some extent, specialization had not yet begun (Pratt 1992; 

Matson 1992). Thus, Pratt (1992) views the Charles Culture as essentially a hunting population. 

Mason (1994) has argued that the presence of several large residential structures at sites located 

along the Fraser River suggests that specialized salmon exploitation had occurred by this period. 

It is doubtful that a hunting population would have required, or invested the necessary time and 

energy into the large structures found at the Hatzic Rock (DgRn-23) and Maurer (DhRk-8) sites 

(Mason 1994; LeClair 1976). 

Eldridge (1991) argues for intensive salmon harvesting, processing and storage at the mouth of 

the Fraser River by 4,600 BP based on the presence of intertidal stakes at the Glenrose Cannery 

site thought to represent the remains of fish weirs. Eldridge further suggests that the Northwest 

Coast pattern was likely well established during the Charles Culture, and elements such as 

massive architecture, wealth accumulation, hereditary status and social ranking were in place 

at this time. Cannon (1993) has argued for the presence of salmon specialization and storage 

technology at Namu on the central coast prior to 6,000 BP suggesting that similar data are 

waiting to be uncovered along the Fraser River. Ham et al. (1984) suggest a broader economic 

base may have led to stratification in social status as evidenced by burial practices, use of 

labrets and possibly cranial deformation. In contrast, Pratt (1992) suggests the existence of an 

egalitarian society despite the possible presence of status differentiation reflected in burial 

remains at Tsawwassen and possibly Pender Canal. 

The Locarno Beach phase or culture type (ca. 3,500/3,300–2,500 BP) is typified by a varied 

resource base showing a greater reliance on shellfish, birds and sea mammals, although land 

mammals and fish still are of prime importance. Tool types show continuity from earlier periods 

but reflect changing styles and different relative frequencies. Evidence of cordage, basketry 

and other wood items has been recovered from water saturated sites in the Lower Mainland 

(Archer & Bernick 1990; Borden 1976). Evidence of large residential structures is lacking, but these 

dwellings likely existed based on the nature of tools found in artifact assemblages and the 

evidence of large Charles Culture dwellings.  
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The Marpole phase (Burley 1980; Clark 2013; Mitchell 1971) spans the period between 2,000 and 

1,500/1,100 BP and is characterized by an emphasis on a pecked and ground stone industry. 

There is also a noticeable rise in (non-lithic) bone and antler industries and increasing reliance on 

composite tools. Fishing becomes even more important though the economy is still broadly 

based. Important artifact types are hand mauls, unilaterally barbed non-toggling harpoons, 

pecked stone zoomorphic bowls and thin ground slate knives. During Marpole, a rich artistic 

tradition develops which is expressed in stone and antler sculpture, slate and shell disc beads 

and decorated items of native copper. 

Marpole settlements are relatively well known. Large house platforms have been discovered at 

Garrison (Kornbacher 1989), Beach Grove (Matson et al. 1980), False Narrows (Burley & Knüsel 

1989), Whalen Farm (Matson & Coupland 1995), Dionisio Point (Mitchell 1971), and possibly 

Tualdad Altu (Chatters 1989). Site distribution generally shifts to riverine locations, many of which 

are located on the Fraser River. 

Conversely, elevated inland shell midden sites have been identified on the Gulf Islands and on 

the mainland that contain artifacts commonly associated with Marpole assemblages. This move 

to inland locations could be attributed to increased warfare and raiding, or other population 

pressures that influenced small groups to move inland to less desirable locations (Wilson 1988). 

Archaeological studies at inland shell midden sites have been conducted at DeRu-44 on 

Saltspring Island (Wilson 1988) and on Gabriola Island at DgRw-200 and DgRw-196 (Wilson 1987). 

Wilson offers another explanation for inland shell middens during the Marpole phase; the 

zoomorphic bowl found at DiRw-16, clearly dating to the Marpole phase, is identified as part of 

a shaman’s retreat–offering yet another explanation for elevated inland shell midden sites 

(Wilson 2000). 

Past studies (Burley 1980; Clark 2013; Matson et al. 1980) have shown significant geographic and 

temporal variation within the Marpole culture type. Two subphases of Marpole have been 

proposed to explain this diversity. These subphases have been interpreted as a result of unequal 

access to the Fraser River fishery (Clark 2013). 

Ascribed status differentiation is clearly present with the rise of cranial deformation around 2,000 

B.P. (Burley & Knüsel 1989). Rich burial inclusions are also present during the Marpole phase 

(Burley & Knüsel 1989; Matson 1976). 

The Developed Coast Salish Tradition at around 1,400 BP to European contact (Borden 1954; 

Ham 1982) is directly ancestral to present Coast Salish culture and contains a single culture type, 

though several regional variants have been proposed. These include Late Marpole (Fladmark 

1982; Matson 1976, 1992), San Juan (Carlson 1960), Strait of Georgia (Mitchell 1971, 1990), Gulf of 

Georgia (Ham 1982) and Stselax (Borden 1954). This culture type is characterized by a marked 

decrease in chipped stone and a concomitant increase in ground stone and bone artifacts. 
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4.4 HISTORY 

The written record of the general Project area that illustrates the historical events along the 

shoreline between Point Grey and Steveston shares an interesting historical continuity with the 

archaeological past, as this coastal landscape has continued to attract peoples from distant 

places. Today these lands hold some of the most expensive real estate in North America, 

including the Province’s first University, an international airport and one of the most prestigious 

golf courses in western Canada.  

The early historical period was recorded through the journal entries of various Hudson’s Bay 

traders who occasionally travelled through the Project area, but by the 1850s, European 

immigration on a large scale began to make lasting alterations to the Indigenous landscape on 

the lower mainland. Additional pressures were placed on the local aboriginal communities when 

another smallpox epidemic struck the west coast in 1862 to 1863, and in 1865, a 21 year timber 

lease at Point Grey was granted to the Vancouver Island Spar, Lumber and Sawmill Company. 

The landscape was further divided with the government survey of the Musqueam Reserve in 

1870 and over the next several years (1876 to 1877) three reserves were granted to the 

Musqueam people, two of which border the Project area. The city grew rapidly following 

completion of the Canadian Pacific Railway transcontinental line from Eastern Canada, 

allowing for continuous rail service in the late 1880s. The Point Grey lands set aside for the new 

University of British Columbia were first cleared in 1912. Several batteries of heavy guns were 

positioned along strategic points at Point Grey in 1914 to defend the city against assaults from 

the German navy. During WWII in 1942, several defenses were constructed across the Lower 

Mainland, including gun stations at Point Atkinson, Stanley Park, and Steveston, with Point Grey 

acting as a pivotal defense location (Norman n.d.) 

The Fraser River delta is the entrance to one of the most important salmon rivers in North America 

and much of the historical record centres around the salmon fishery. Steveston was originally a 

small town founded in 1880 by William Herbert Steves, although the Steveston waterfront had 

served for centuries before European arrivals as salmon fishing and processing locations where 

countless generations of Coast Salish women have cleaned and prepared salmon. European 

owned fish canneries on the Fraser River were well established by the turn of the 20th century. 

Built in 1894, the Gulf of Georgia Cannery was the largest cannery in British Columbia until 1902. It 

gained notoriety as the "Monster Cannery" for packing more than 2.5 million cans of salmon in 

1897. By 1905, 14 canneries were operating in Delta and an additional 21 canneries in Steveston 

along the Fraser River (Yesaki et al. 2005). The canning industry declined by the mid-20th century, 

with only 16 canneries remaining out of 97 that had been operating during World War I.  

4.5  SITE TYPES 

A variety of archaeological site types are commonly found throughout the Lower Mainland and 

some of these site types have been located near the project area. The descriptions of the site 

types provided below is intended to provide a more thorough understanding of the sites 

identified near the Project as well as those that could be potentially within or near the project 

area but yet unidentified.  
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4.5.1 Shell Midden 

Shell midden is typified by the presences of shellfish (clam, mussel, scallop, etc.) shells discarded 

after the consumption of shellfish. Shell midden also commonly contains charcoal, ash and burnt 

sediments, fire-broken rock, and stone, bone, antler, and shell artifacts. Shell midden deposits 

vary from small pockets to very large sites many hundreds of metres long. They are usually but 

not only found along or near marine and riverine shorelines. Shell midden sites often represent 

villages or seasonal encampments where shellfish were consumed in quantity. Shell midden 

deposits are unique inasmuch as the shells neutralize soil acidity, such that archaeological 

materials that usually degrade quickly are preserved. Artifacts of bone and antler, faunal 

remains, and human bone all preserve in shell midden.  

4.5.2 Wet Sites 

Organic material is rarely preserved in British Columbian archaeological sites and only a few 

“wet sites” are known across the entire Northwest Coast from Alaska to northern California. 

Although rare, a description of this site type is included since the project area has the conditions 

for preservation of organic material. Ordinarily, bacteria and fungi cause the rapid decay of 

virtually all organic materials in a brief time. In wet sites, the pores between soil particles where 

bacteria and fungi are normally found are filled with water instead. This creates an oxygen-free 

environment which greatly inhibits natural decay. The preservation of organic material is a 

unique but highly important aspect of Northwest Coast archaeology given its importance in 

reflecting ethnic identity. Whereas stone, bone, antler and shell industries often reflect some 

range of past activities, basketry, cordage and wooden items provide insight in to the full range 

of those activities. 

4.5.3 Lithic Scatters and Isolated Lithic Finds 

Lithic scatter sites consist of surface and/or subsurface scatters of stone tools and/or flakes, the 

result of lithic raw material processing and tool production or tool maintenance. Isolated lithic 

artifact finds consisting of single artifacts are included in this category. These sites lack structural 

remains and often reflect little diversity in their artifact assemblages, the result of less intensive 

and more specialized activities than are reflected at village sites. Lithic scatters are frequently 

identified in surface exposures, although archaeological subsurface testing is required to 

establish their boundaries and depths. They can reflect activities such as procurement and/or 

processing of food or raw minerals. They can also reflect seasonal or short-term campsites, 

hunting lookouts or various other activities. 

4.5.4 Subsistence Features 

Subsistence features are related to the collection, processing or storage of food, and are often 

found in the vicinity of water sources and are often a component of larger, multi-function sites 

such as village and defensive locations. Subsistence features may also be associated with 
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temporary hunting or fishing camps away from principal habitation sites. Subsistence features 

can include roasting areas and shellfish processing areas, intertidal fish weir complexes, and 

other ancient ground-altering disturbances that indicate a wide variety functions.  

4.5.5 Human Burials 

This category includes sites which contain material remains and features associated with 

prehistoric mortuary practices. Interments in the historic period can also be reported in 

association with recorded archaeological sites. Information about historic cemeteries or 

individual or family interments can often be acquired through documentary research and 

consultation with local residents. Prehistoric burials are difficult to identify because of their 

generally unmarked nature, although cairns and other visible related structures can be 

associated with burials.  

4.5.6 Trails 

Trails are transportation corridors frequently following well-traveled game trails around and to 

lakes, rivers, creeks and other geographical features. Because of their typically ambiguous 

nature, trails are rarely identified as archaeological sites, but instead are noted as historic and/or 

traditional land use features. It is assumed that historic and traditional use trails were present in 

the project region although disturbances due to industrial development would have obscured 

most, if not all, physical evidence of trail locations. 

4.5.7 Historic Sites 

Historic sites relate to human activities during the time period documented by written records. 

Historic sites in the project region relate primarily to resource extraction such as logging and 

agriculture, but also include ranching and small scale hunting and fishing. Sites can range from 

large complex sites which represent a wide range of activities to task specific sites which 

evidence little diversity in activity. Thus, the scientific, historic, and ethnic significance of this site 

type varies greatly and should be assessed on an individual basis. Such research should take into 

account archaeological remains, standing structures, documentary evidence, historic 

significance (links to important events, individuals and developments in local, regional and 

national history), ethnic and economic significance. 

Current British Columbia legislation requires archaeological evaluation of all sites older than AD 

1846 and allows added flexibility with more recent resources. However, post-1846 sites may also 

require archaeological work and may be protected by legislation depending on the nature and 

significance of the site. 
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4.5.8 Heritage Wreck Sites 

Thousands of ship wrecks are submerged in the ocean off the British Columbian coasts, while 

many more lay wrecked in interior lakes and rivers. The Canada Shipping Act (R.S. Can. 1985, 

c.S-9, Part VI) prohibits removal of any artifacts from heritage wreck sites without a permit.  

Damaging or altering a heritage wreck or the removal any heritage object from a heritage 

wreck is also contravenes the British Columbia's Heritage Conservation Act [RSBC 1996]. A 

"heritage wreck" means the remains of a wrecked vessel or aircraft if… 

1. Two or more years have passed from the date that the vessel or aircraft sank, was washed 

ashore or crashed 

2. The vessel or aircraft has been abandoned by its owner and the government has agreed to 

accept the abandonment for the purposes of this Act 

5.0 RESULTS 

5.1 NEARBY ARCHAEOLOGICAL AND HISTORIC SITES 

No archaeological sites are within 500 m of the Project. However, two archaeological sites and 

one historic site are located within 2 km of the Project (Figure 1 & Figure 2) 

 DgRt-1: This site is located on Lulu Island at Gary Point, on a recent part of the Fraser River 

Delta. It has been disturbed through construction of two dykes and a few canneries. The site 

is described as a historic building and a precontact habitation feature (Bouchard & 

Kennedy 1988). 

 DgRt-2: This shell midden and lithic scatter measuring 100 m x 50 m is located on the west 

end of Lulu Island. The site is considered destroyed (Bouchard & Kennedy 1988). 

 DgRs-84: This is a historic shipwreck site found near the north shore of Steveston Island. This is 

described in the site report as a large wrecked barge and a log boom ground at the island. 

The site form does not cite a reference (RAAD 2014). 

5.2 TRADITIONAL USE SITES 

A number of traditional use sites have been documented in Metro Vancouver. Tobias (2000:3) 

defines traditional use as follows: 

Use refers to activities involving the harvest of traditional resources; things like 

hunting, trapping, fishing, gathering of medicinal plants and berry picking, and 

travelling to engage in these activities. For any given community or nation, use 

occurs over a specific geographic area. Occupancy refers to the area which a 

“particular group regards as its own by virtue of continuing use, habitation, 

naming, knowledge and control.” These two geographic areas are usually 
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different in extent. Use mapping documents the locations where activities like 

hunting, fishing and travelling occur. Occupancy mapping, by contrast, records 

the following types of information: stories and legends about places; indigenous 

place names; habitation sites like cabins and burial grounds. 

These types of sites can also be defined as ethnographic heritage sites although this term is more 

commonly associated with sites identified with specific place names or documented 

ethnohistoric sources. 

There are 13 recorded place names along the shorelines and between 8 km and 1.4 km from the 

Project (Figure 1). Table 5-1 provides the names, significance and location of the recorded 

ethnographic heritage sites (information summarized from Carlson 2001; Bouchard & Kennedy 

1991). 

Table 5-1 Place Names, Significance, and Location In Relation to the Project  

Place Name Significance Location 

Sq’sazun’ Geographic location On Sea Island 

Q’úy’ax’ Habitation feature On the Sturgeon Bank Jetty 

Q’é’yum Unknown On the Steveston Jetty 

Uléqsun Unknown Westham Island 

Dl’akti’nes Cowichan fishing camp/berry harvest 

location 

South shore of Lulu Island 

Unx’icun’ Unknown West shoreline of Lulu Island 

Sp’úluq’uqs Unknown West shoreline of Lulu Island 

X’ic’um Unknown On mainland/south of Westham Island 

Xwlhits’em Unknown  On mainland/south of Westham Island 

Kᵂə’s əwa Fishing camp On Point Roberts 

Stl’álep Old Tsawwassen Village On Point Roberts west coast 

Ts’áyem Fishing camp On Point Roberts 

Sexwém Unknown On Point Roberts 

*NOTE: this list is not exhaustive   

5.3 EVALUATION OF ARCHAEOLOGICAL POTENTIAL 

The known archaeological sites and traditional place names fringing the project area (Figure 1 

and Figure 2; Table 5-1) demonstrate a long history of settlement and use of the area, and the 

potential for archaeological resources to be present. The ethnohistoric literature also indicates 

that this locality was heavily used by many Coast Salish groups during their seasonal subsistence 

activities, further raising the potential for archaeological deposits to be present within the project 

area. Specifically, the project area may contain inter-tidal wet-sites such as fish weirs or other 

resource extraction features.  
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6.0 RECOMMENDATIONS 

A Preliminary Field Reconnaissance (PFR) is recommended prior to development to further refine 

the desktop assessment. The PFR is recommended to evaluate the full extent and nature of 

previous impacts within the development area, identify any visible heritage resources, and 

further determine the likelihood of buried heritage resources. Should the field assessment confirm 

archaeological potential in the project area, further archaeological studies may be 

recommended prior to the commencement of any construction activities.  

These recommendations apply solely to physical archaeological evidence of past human 

activity and in no way attempts to encompass any heritage concerns of the various First Nations 

people with asserted traditional territories in the project area. Attempts will be made to include 

First Nation representatives in whose traditional territories the project is located as members of 

the PFR field crew.  
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500 - 4730 Kingsway, Burnaby BC  V5H 0C6
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April 2015 – Final Report
File: 123220031

Via Email: Gord.Ruffo@portmetrovancouver.com

Port Metro Vancouver
100 The Pointe
999 Canada Place
Vancouver, BC

Attention: Mr. Gord Ruffo
Program Manager, Habitat Enhancement Program

Dear Mr. Ruffo,

Reference: South Arm Jetty Tidal Marsh Preliminary Field Reconnaissance

At the request of Port Metro Vancouver, Stantec Consulting Ltd. (Stantec) conducted a
preliminary field reconnaissance (PFR) of Port Metro Vancouver’s proposed South Arm Jetty Tidal 
Marsh (Figure 1). According to the provincially-maintained Consultative Areas database used to 
identify First Nations with treaty rights or asserted or proven rights to title, the project area falls 
within the asserted traditional territories of the Coast Salish member groups of the Hul’qumi’num 
Treaty Group, the Musqueam Indian Band, the Semiahmoo First Nation, the Stó:lō, Tsawwassen First 
Nation, and the Tsleil-Waututh Nation. Based on an archaeological overview assessment (AOA) 
conducted by Stantec (2014), the project area was assessed as having archaeological potential 
based on proximity to known archaeological sites in the region, ethnohistorical descriptions of 
Aboriginal land use of the project area and traditional placenames. Stantec recommended a PFR 
be conducted to further evaluate the potential for archaeological sites.

PROPOSED CONSTRUCTION
Port Metro Vancouver intends to restore valuable fish and wildlife habitat in the intertidal zone of 
Sturgeon Bank. The project area is located due west of Steveston on the northern side of Steveston 
North Jetty. The proposed project, which extends over an area of approximately 166 m by 2,317 m 
(384,622 m2), will consist of removing approximately 0.5 m of sand from the existing sand island in 
the central portion of the development area and building out the existing marshes by placing 
0.2 m to 0.5 m of sand atop of the existing sediments.
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Photo 1 View of Sturgeon Bank across the Steveston North Jetty at low tide, facing
north

PRELIMINARY FIELD RECONNISSANCE
The PFR was conducted on February 23, 2015 by Sean P. Connaughton of Stantec, Wayne Point of 
Musqueam Indian Band, and Don Welsh representing Semiahmoo First Nation. The PFR was 
conducted at low tide (1.4 m).

The PFR involved visual inspection of Sturgeon Bank from a small boat (water taxi) as it was not 
possible to safely access the bank on foot from land. Inspection focused on the marsh, sand 
island, and mudflats exposed at low tide for evidence of archaeological remains and/or terrain 
likely to correspond with past cultural use and which would support archaeological site 
preservation, if present.
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Results

During the PFR, the water taxi made two passes along the south shore of Sturgeon Bank from 
which the project area was visually inspected (Figure 2). The project area could not be directly 
accessed on foot by boat due to both personal and boat safety that precluded a safe landing.
An alternative attempt to access Sturgeon Bank via Scotch Pond (also known as Hole-in-the-wall)
also proved unsafe as the depths were too shallow for the water taxi to navigate. Examination of 
exposed bank deposits confirmed the presence of thick, recently deposited sediments throughout 
the area (Photo 2). Historical air photos from 1954 to 2009 show significant sediment build-up
throughout the project area and extensive dredging along the eastern edge of the project area, 
closest to the shoreline near Steveston.

Photo 2 View of Scotch Pond at low tide with access precluded due to shallow 
water and dry land, facing west
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SUMMARY AND RECOMMENDATIONS
No further archaeological work is recommended for the proposed project area. The PFR was 
undertaken to refine the desktop AOA and further evaluate the full extent and nature of previous 
impacts within the development area, identify any visible heritage resources, and determine the 
likelihood of buried heritage resources. Visual examination of the general area confirmed thick 
deposits of recently accumulated sediments north of the Jetty and extensive dredging near the 
shoreline. From these observations this project area is subsequently assessed as having low 
potential for archaeological resources. In the unlikely event that archaeological resources are 
identified during construction, work should cease in the immediate vicinity and the Archaeology 
Branch of British Columbia should be contacted for direction.

Please don’t hesitate to contact the undersigned should you have any questions or concerns.

Regards,

STANTEC CONSULTING LTD.

Sean P. Connaughton, Ph.D. Rob Commisso, Ph.D.
Archaeologist Associate and Technical Lead
Phone: (778) 835-0562 Phone: (604) 412-3266
Fax: (604) 436-3752 Cell: (604) 787-0263
Sean.Connaughton@stantec.com Rob.Commisso@stantec.com

Attachment: Figure 1 South Arm Jetty Tidal Marsh Overview Map
Figure 2 South Arm Jetty Tidal Marsh Project Area Map

dc \\cd1186-f04\workgroup\active\123220031\deliverables\reports\working_report\pfr_south_arm_jetty_final\let_sturgeonbank_20150309_fin.docx
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MEMORANDUM 

 To: Michael Cho, P.Eng., M&N 

 From: Cheng-Feng Tsai, P.E., & Dilip Trivedi, P.E., M&N 

 Date: May 28, 2020 

 Subject:  Supplemental Hydrodynamic and Salinity Analysis by Incorporating Phase 2 

                           Breaching into the South Arm Jetty Tidal Marsh Project 

EXECUTIVE SUMMARY 

The purpose of this memo is to analyze potential changes in the South Army Jetty (SAJ) Tidal Marsh 
project area following the introduction of Raincoast Conservation Foundation (RCF) Phase 2 
breaches in the Steveston North Jetty east of the SAJ project.  The hydrodynamic modeling results 
suggest that current speeds and salinity within the project area are similar or slightly lower in 
magnitude compared to the without-breaches condition.  Therefore, the breaches of the RCF 
Project do not present any adverse effects in the SAJ project area.  In addition, results show that 
the effects of the proposed SAJ breaches located to the west of the SAJ site are limited and 
therefore not recommended to be included as part of the SAJ project.   

BACKGROUND 

The Vancouver Fraser Port Authority (VFPA) has developed the Habitat Enhancement Program 
(HEP) to create and improve fish and wildlife habitat in advance of port development projects, 
to make certain that any impacts to existing habitat can be offset.  As part of the HEP, the South 
Arm Jetty Tidal Marsh (SAJ) project is a proposed intertidal marsh located along the north side 
of Steveston North Jetty (SNJ).   Moffatt & Nichol (M&N) has been retained by VFPA for the design 
of the SAJ Project, which included a cobble beach berm, general raising of site grades with sand 
fill, drainage channels suitable for marsh planting (by  others).  M&N completed wave exposure 
and hydrodynamic/salinity analyses to support the design in Dec.  20171.   

In 2018, RCF proposed the Fraser River Estuary Connectivity Project that consists of breaching 
sections of the SNJ surrounding the SAJ project.  Tetra Tech Inc. was retained by the RCF to 
investigate the impacts of the proposed project on navigation and on sedimentation processes 
in the vicinity, and two reports were prepared (a Phase 1 report in Feb.  20182, and a Phase 2 

 
1 Moffatt & Nichol, 2017.  Coastal Processes & Salinity Modeling, South Arm Jetty Tidal Marsh Project.  Draft 
Report.   
2 Tetra Tech, 2018.  Investigation of the Hydrodynamic and Sedimentation Impacts in the Fraser River from the 
Proposed Openings along the Steveston North Jetty.  Technical Memorandum.   
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report in Jan.  20193).  The VFPA and M&N provided review comments on both reports.  At 
present, Phase 1 of breaches east of the SAJ project (hereafter referred as RCF breaches) has 
been implemented and the formation of natural channels have been occurring.  Phase 2 of 
breaches is scheduled to potentially proceed in 2020.   

A supplemental analysis of tidal hydrodynamics and salinity was conducted to assess whether 
the RCF breaches have potential impacts to the SAJ Project.  In addition, two proposed SAJ 
breaches west of the SAJ project (hereafter referred to as SAJ breaches) were evaluated to 
examine if there are any benefits by incorporating the SAJ breaches in the future project 
footprint.  This addendum report is intended to supplement the 2017 M&N main report.  Figure 
1 shows the SAJ Project footprint and the locations of three RCF breaches and two proposed SAJ 
breaches.   

 
Figure 1: The SAJ Project Footprint, Locations of Three RCF Breaches and Two Proposed SAJ 

Breaches, and the Six Model Data Extraction Points (Point A-F Triangles).   

 

MODELING APPROACH 

 
3 Tetra Tech, 2019.  Phase 2 Report - Hydrodynamic and Sedimentation Study for the Proposed Breaches on 
Steveston North Jetty in the Fraser River.  Presented to Raincoast Conservation Foundation.   
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The modeling approach and model performance characteristics (e.g. model development, 
calibration) are addressed in the main report of the 2017 M&N modeling work and are therefore  
not reiterated here.  The only changes are to introduce the breaches and to incorporate the latest 
2019 LiDAR data in the vicinity of the RCF breaches.   

The latest LiDAR data was collected for the RCF Project in summer 2019 by McElhanney Consulting 
Ltd4.  The survey was conducted at low tide and covers eastern half of the project area as well as 
the parcel to the east.  Elevations were in the range from -2.3 m GD to +4.5 m GD.    

Two additional scenarios were developed in the supplemental analysis to assess the effects of 
breaches on the SAJ Project.  The first scenario incorporates the RCF breaches, while the second 
scenario incorporates both the RCF breaches and the proposed SAJ breaches.  The existing 
condition (without any breaches and without the SAJ project) and the with-SAJ project scenarios 
developed in 2017 were also included for comparison purposes.  Six model data extraction points 
were used to analyze the effects of the breaches in the SAJ project area.  The extraction points are 
denoted by the triangles shown in Figure 1, Point A-F.   

Three discharge flow conditions in the Fraser River were investigated in the supplemental analysis 
to allow direct comparison to the 2017 modeling results.  The low flow of 2,000 m3/s represents 
the base flow condition.  The high flow was set to 8,000 m3/s, an average peak discharge during 
the freshet.  The medium flow of 5,500 m3/s represents a transition from the low to the high 
flow.   

MODEL SCENARIOS 

The associated tidal channel will form and evolve naturally after a breach is created.  A desktop 
analysis of tidal channel geometry was performed based on the literature to identify the extent of 
tidal channels connecting the RCF breaches.   

Hydrodynamic model results found that the peak discharge through the RCF west breach (most 
impacting the SAJ project) is approximately 40 m³/s.  Friedrichs (19955) and some other studies 
suggest the existence of a relationship between cross-sectional area and peak discharge for 
sheltered tidal channels.  Figure 2 presents the observed relationship.  Using this relationship, an 
equilibrium cross-sectional area for the RCF tidal channel at peak discharge is estimated to around 
60 m², which further indicates a RCF tidal channel width of around 20 to 25 m.  Similarly, the peak 
discharge through the SAJ marsh channel is approximately 10 m³/s, corresponding to a channel 
with an estimated cross-sectional area of 30 m2 and a channel width of 10 to 15 m.   

While there is great variability within tide-dominated systems, the channel width-to-depth ratio 
can be split into two discrete groups of tidal channels: vegetated channels and channels on bare 

 
4 McElhanney Consulting Services Ltd.  (2019).  LiDAR for Raincoast Conservation Foundation 2019.   
5 Friedrichs, C.  T.  , 1995.  Stability Shear Stress and Equilibrium Cross-Sectional Geometry of Sheltered Tidal 
Channels.  Journal of Coastal Research (11), p1062-1074.   
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flats (Hughes, 20116).  Aerial photographs and LiDAR data were used to estimate the width-to-
depth ratios for vegetated channels around Sturgeon Bank and the results are shown in Figure 3.  
Also shown in the figure is the estimated RCF breach channel (a width of 20 m and a depth of 
1.5 m at MWL) and the SAJ marsh channel geometry (a width of 10 m and a depth of 0.7 m).  The 
estimated channel geometries are aligned well with the surrounding vegetated channels.    

Two additional model scenarios were developed using these estimated channel geometries.  
They were then incorporated into the earlier with-SAJ Project scenario, which adds a rock berm, 
a marsh channel, and raising of site grades to support marsh habitat.   

The first scenario, “RCF Breaches", adds the three RCF breaches and associated tidal channels to 
the with-SAJ Project scenario.  The second scenario, “All Breaches”, adds the two proposed SAJ 
breaches to the first scenario.  The bathymetry of four model scenarios are shown in Figure 4.   

 
Figure 2: Cross-Sectional Area vs.  Peak Discharge for Tidal Channels (Friedrichs, 1995) 

 
6 Hughes, Z.  J.  , 2011.  Chapter 11: Tidal Channels on Tidal Flats and Marshes, Principles of Tidal Sedimentology.  
Editors: Davis Jr.  , R.  A.  and Dalrymple, R.  W.  Publisher: Springer Netherlands.   
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Figure 3: Width-to-Depth Ratio for Tidal Channels (Revised from Hughes 2011) 

 

 
Figure 4: Bathymetry for Model Scenarios  
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MODEL RESULTS 

Figure 5 and Figure 6 show current speeds and surface salinities at Point “A” and Point “F”, 
respectively.  Points “A” and “F” were chosen because they are on the opposite ends of the project 
area and the results at the other four locations mostly fall between Points “A” and “F”.  All three 
conditions: high flow (8,000 m3/s), medium flow (5,500 m3/s), and low flow (2,000 m3/s) were 
investigated in the supplemental analysis.  Results show that there are no discernible differences 
with the addition of the RCF breaches or SAJ breaches under all flow conditions.  Only the low flow 
condition is presented in the figures for illustrative purposes.   

Results indicate that the current speeds within the SAJ project area are not substantially affected 
by the addition of the RCF breaches or the SAJ breaches.  At all extraction points, the range of 
current speeds during the simulation period are similar as long as the SAJ project elements such 
as the cobble berm and raising the site grades, are implemented (e.g. “SAJ”, “RCF Breaches”, and 
“All Breaches”) and are generally less than 0.3 m/s.  However, a substantial reduction of current 
speeds can be seen between the scenarios with the SAJ project elements and the existing 
condition, in which the current speed could reach around 0.7 m/s at Point A.  Therefore, it 
confirms the positive effects with the proposed SAJ project elements.  At the eastern portion of 
the SAJ project area (Point “E” and Point “F”), a slight reduction of the current speed can be 
observed with the addition of the RCF breaches, though the reduction is minor.   

The maximum current speed in the RCF west breach is about 1.2 m/s.  Because the channel flow 
and waves present in the channel may potentially erode the eastern edge of the marsh area, 
slope protection is recommended along the sides of the channel.   

Similarly, surface salinity in the project area does not change significantly with the breaches.  
Although the overall salinity range (e.  g.  0 to 29 PSU) during the simulation period is indiscernible 
between the scenarios with the SAJ project elements and the existing condition, the former may 
show lower daily variations in salinity (e.  g.  3 to 15 PSU at Point “A” on 12/26) than the existing 
condition (e.g. 3 to 26 PSU), indicating a modest fresher environment when the SAJ project 
elements are implemented.  At Point “F”, occasional reduction in salinity is observed during 
certain flooding tide stage with the addition of the SAJ breaches.  This is because less saline water 
flows to the eastern end of the project area (Points “E” and “F”) when the flow conveyance 
through the SAJ breaches is provided.  However, the lower salinity state is fairly short (an hour per 
day).  Therefore, the benefits of the SAJ breaches are considered limited.   
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Figure 5: Current Speed and Surface Salinity at Point A, Under Low Flow.   
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Figure 6: Current Speed and Surface Salinity at Point F, Under Low Flow.   
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CONCLUSIONS & RECOMMENDATIONS 

The main conclusions from this supplemental analysis are: 

• The current speeds within the SAJ project area are not substantially affected by the RCF 
breaches or SAJ breaches. 

• The current speeds could be substantially higher in the project area without the SAJ project 
elements (e. g. cobble berm and raising site grades).   

• The maximum current speed in the RCF west breach is about 1.2 m/s.  Because the channel 
flow and waves present in the channel may erode the eastern edge of the SAJ marsh area, 
slope protection (0.3 m median rock size) is recommended along the sides of the channel.    

• Salinity in the SAJ project area does not change significantly with the breaches and the 
overall salinity range is similar.   

• The benefits of the proposed SAJ breaches are limited from a hydrodynamics and salinity 
perspective and therefore are not recommended for incorporation into the SAJ Project.   
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Disclaimer 
Moffatt & Nichol devoted effort consistent with (i) the level of diligence ordinarily exercised by competent professionals 
practicing in the area under the same or similar circumstances, and (ii) the time and budget available for its work, to 
ensure that the data contained in this report is accurate as of the date of its preparation. This study is based on 
estimates, assumptions and other information developed by Moffatt & Nichol from its independent research effort, 
general knowledge of the industry, and information provided by and consultations with the client and the client's 
representatives. No responsibility is assumed for inaccuracies in reporting by the Client, the Client's agents and 
representatives, or any third-party data source used in preparing or presenting this study. Moffatt & Nichol assumes no 
duty to update the information contained herein unless it is separately retained to do so pursuant to a written agreement 
signed by Moffatt & Nichol and the Client. 

Moffatt & Nichol’s findings represent its professional judgment. Neither Moffatt & Nichol nor its respective affiliates, 
makes any warranty, expressed or implied, with respect to any information or methods disclosed in this document. Any 
recipient of this document other than the Client, by their acceptance or use of this document, releases Moffatt & Nichol 
and its affiliates from any liability for direct, indirect, consequential or special loss or damage whether arising in contract, 
warranty (express or implied), tort or otherwise, and irrespective of fault, negligence and strict liability. 

This report may not to be used in conjunction with any public or private offering of securities, debt, equity, or other similar 
purpose where it may be relied upon to any degree by any person other than the Client. This study may not be used for 
purposes other than those for which it was prepared or for which prior written consent has been obtained from Moffatt & Nichol.  

Possession of this study does not carry with it the right of publication or the right to use the name of "Moffatt & Nichol" 
in any manner without the prior written consent of Moffatt & Nichol. No party may abstract, excerpt or summarise this 
report without the prior written consent of Moffatt & Nichol. Moffatt & Nichol has served solely in the capacity of 
consultant and has not rendered any expert opinions in connection with the subject matter hereof. Any changes made 
to the study, or any use of the study not specifically identified in the agreement between the Client and Moffatt & Nichol 
or otherwise expressly approved in writing by Moffatt & Nichol, shall be at the sole risk of the party making such changes 
or adopting such use. 

This document was prepared solely for the use by the Client. No party may rely on this report except the Client or a 
party so authorised by Moffatt & Nichol in writing (including, without limitation, in the form of a reliance letter). Any party 
who is entitled to rely on this document may do so only on the document in its entirety and not on any excerpt or 
summary. Entitlement to rely upon this document is conditioned upon the entitled party accepting full responsibility and 
not holding Moffatt & Nichol liable in any way for any impacts on the forecasts or the earnings from the project resulting 
from changes in "external" factors such as changes in government policy, in the pricing of commodities and materials, 
price levels generally, competitive alternatives to the project, the behaviour of consumers or competitors and changes 
in the owners’ policies affecting the operation of their projects. 

This document may include “forward-looking statements”. These statements relate to Moffatt & Nichol’s expectations, 
beliefs, intentions or strategies regarding the future. These statements may be identified by the use of words like 
“anticipate,” “believe,” “estimate,” “expect,” “intend,” “may,” “plan,” “project,” “will,” “should,” “seek,” and similar 
expressions. The forward-looking statements reflect Moffatt & Nichol’s views and assumptions with respect to future 
events as of the date of this study and are subject to future economic conditions, and other risks and uncertainties. 
Actual and future results and trends could differ materially from those set forth in such statements due to various factors, 
including, without limitation, those discussed in this study. These factors are beyond Moffatt & Nichol’s ability to control 
or predict. Accordingly, Moffatt & Nichol makes no warranty or representation that any of the projected values or results 
contained in this study will actually be achieved. 

This study is qualified in its entirety by, and should be considered in light of, these limitations, conditions and considerations. 
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Glossary 
Ah Ampere-hour 

AIS Automatic Identification System 

CD Chart Datum 

CHS Canadian Hydrographic Service 

CTD Conductivity, Temperature and Depth 

CGVD2013 Canadian Geodetic Vertical Datum of 2013 

d50 Average Particle Size (50% Finer by Weight) 

d75 Quartile Particle Size (75% Finer by Weight) 

DC Direct Current 

DO Dissolved Oxygen 

DHI Danish Hydraulic Institute 

FHWA Federal Highway Administration 

GD Geodetic Datum 

GLW GL Williams & Associates Ltd 

HD Hydrodynamic 

HEP Habitat Enhancement Program 

HHW Higher High Water 

HHWLT Higher High Water Large Tide 

HHWMT Higher High Water Mean Tide 

kt Knot 

LiDAR Light Detection and Ranging 

LL Liquid Limit 

LLW Lower Low Water 

LLWLT Lower Low Water Large Tide 

LLWMT Lower Low Water Mean Tide 

m metres 

M&N Moffatt & Nichol 

MWL Mean Water Level 

NRCS National Resources Conservation Service 

PI Plasticity Index 



   Coastal Processes & Salinity Modeling | Vancouver Fraser Port Authority 
Revision 1 | May 28, 2020 

 
 Creative People, Practical Solutions.®    viii 

PCB Polychlorinated Biphenyl 

PBDE Polybrominated Diphenyl Ether 

PAH Polycyclic Aromatic Hydrocarbon 

ppt Parts Per Thousand (‰) 

PSU Practical Salinity Unit 

PWGSC Public Works and Government Services Canada 

RCF Raincoast Conservation Foundation 

SAJ South Arm Jetty 

SW Spectral Wave 

τmax Maximum Bed Shear Stress (N/m2) 

US United States 

USCS Unified Soil Classification System 

USDA United States Department of Agriculture 

VFPA Vancouver Fraser Port Authority 

WQ Water Quality 
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Executive Summary 
Moffatt & Nichol (M&N) has been retained by the Vancouver Fraser Port Authority (VFPA) to conduct 
numerical modelling in support of their Habitat Enhancement Program (HEP), and the design and 
construction of the South Arm Jetty (SAJ) tidal marsh. The SAJ project includes construction of a 
cobble beach berm, raising the site grades with dredged sandy materials, and marsh planting. M&N 
developed spectral wave and hydrodynamic models for the Lower Fraser River and the Strait of 
Georgia. 

Two main analyses were performed with the objectives of: 1) Quantifying the distribution of wave-
induced shear stresses at the surface of the proposed marsh substrate for existing and proposed 
project conditions (spectral wave simulations); and 2) Determining the distribution of salinity between 
the Fraser River and Sturgeon Bank for existing and proposed project conditions (hydrodynamic 
simulations). A summary of the findings from both analyses is presented below. 

Wave Induced Bed Shear Stress Evaluation 
Introduction of the cobble berm at Sturgeon Bank can achieve the objective of reducing wave-induced 
bed shear stresses in the proposed marsh area and promote favorable conditions for marsh growth.  

Overall, results clearly show that the cobble berm effectively reduces wave-induced bed shear 
stresses. Although it is noted that under extreme storm conditions, above-threshold values occur over 
the majority of the marsh area with or without the presence of the cobble berm, the berm does promote 
favorable conditions for development of the proposed marsh growth consistently throughout most of 
the year (e.g. 99th percentile). 

Vulnerable areas, where the 99th percentile τmax exceeding the threshold value, were identified in the 

south and southwest portions of the marsh. This is because the cobble berm provides only limited 
sheltering from waves in this area, and there is a more direct exposure to waves from southerly 
directions.  

In addition, it was found that the cobble berm crest elevation is the most influential factor for reducing 
bed shear stresses. Shear stress values were reduced for the cases where the berm crest elevation 
is at +1.9 m GD. Preliminary results suggest that a short cobble berm could be implemented and still 
provide favorable conditions for the marsh growth. However, a more thorough investigation would be 
required to determine the feasibility of this option.  

Salinity Distribution Analysis 
Overall, model results suggest that the cobble berm will bring salinities in the proposed marsh area 
closer to those of the existing marsh. 

During low discharge periods (e.g. winter months), the cobble berm promotes somewhat lower salinity 
levels in the proposed marsh area. This suggests that the fresh water retained in the marsh can be 
improved approximately 50% of the time during the year.  
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During medium discharge periods, the cobble berm also aids in a significant reduction of the salinity 
in the proposed marsh area.  

During high discharge periods (e.g. freshet), fresh water is dominant in the proposed marsh area 
almost always throughout the tidal cycle, and hence the cobble berm does not affect salinity levels.  

Incorporation of the Phase 2 Raincoast Project 
A supplemental analysis of tidal hydrodynamics and salinity was conducted in spring 2020 to assess 
potential effects in the SAJ project area following the introduction of Raincoast Phase 2 breaches in 
the Steveston North Jetty. The hydrodynamic modelling results suggest that current speeds and 
salinity within the project area are similar or slightly lower in magnitude compared to the without-
breaches condition. In addition, results show that the effects of the proposed SAJ breaches are limited 
in the project area. Therefore, the breaches of the Raincoast Project do not present any adverse 
effects in the SAJ project area and the proposed SAJ breaches do not provide significant benefits to 
the project area from a hydrodynamics and salinity perspective. 
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1. Introduction 

1.1. Project Background 
The Habitat Enhancement Program (HEP) from the Vancouver Fraser Port Authority (VFPA) has been 
developed to create and improve fish and wildlife habitat in advance of port development projects, to 
make certain that any impacts to existing habitat can be offset. Typical examples of habitat that could 
potentially be affected by port development include eelgrass beds, saltwater marshes and intertidal 
marshes. The HEP endeavors to improve or create these types of habitats, to offset any future loss. 

The HEP includes the construction of the proposed South Arm Jetty (SAJ) Tidal Marsh, an intertidal 
marsh located on the South Arm of the Fraser River along the north side of Steveston Jetty. The site 
lies in Sturgeon Bank offshore of Steveston Village in Richmond, British Columbia (see Figure 1-1). In 
general, the project consists of a cobble beach berm, raising of site grades with sand fill, and marsh 
planting. 

Moffatt & Nichol (M&N) was retained by VFPA to conduct wave exposure and hydrodynamic/salinity 
analyses in support of the design in 2017. The draft revision of the current report was submitted to 
VFPA on December 22, 2017.  

In 2018, the Raincoast Conservation Foundation (RCF) proposed the Fraser River Estuary 
Connectivity Project that consists of breaching sections of the Steveston North Jetty. Tetra Tech Inc. 
was retained by RCF to investigate the impacts of the proposed project on navigation and on 
sedimentation processes in the vicinity. At present, the Phase 1 of breaches had been implemented 
and the Phase 2 of breaches is scheduled to proceed in spring 2020. 

As a result of the RCF Project, supplemental analyses of tidal hydrodynamics and salinity were 
conducted to assess if the breaches implemented by the RCF could have potential impacts to the SAJ 
Project. The findings of these supplemental analyses are included in Appendix A of this updated report. 

1.2. Project Site 
The proposed South Arm Jetty Tidal Marsh is located along the north side of the Steveston Jetty within 
the Steveston Bend Reach of the Fraser River South Arm (Figure 1-2). This area is adjacent to the 
maintained deep-sea shipping channel. A large strip of marsh currently exists along the north side of 
the jetty.  

The proposed tidal marsh site is on a shallow portion of Sturgeon Bank with elevations ranging 
from -0.75 m to +0.75 m Geodetic Datum (GD), with low spots at the west end of the site as low as 
-1.5 m GD. There is an area with higher elevation which is referred to as the “sand island.” This area 
is a remnant of dredge material disposal activities in the early 1980s. The adjacent Steveston North 
Jetty is permeable and constructed of piled rock and concrete debris. There are several low points 
along the jetty which allow flow to pass over the jetty and onto Sturgeon Bank (Figure 1-2). 
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FIGURE 1-1: LOCATION OF PROJECT SITE AT FRASER RIVER SOUTH ARM 

 

FIGURE 1-2: LOCATION OF PROPOSED SAJ TIDAL MARSH AREA 
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1.3. Scope of Work 
The objectives of this study are to: 

1. Quantify the changes of wave-induced shear stresses at the surface of the proposed marsh 
substrate for existing and with-project scenarios;  

2. Quantify the changes of salinity for existing and with-project scenarios; and 

3. Assess if the breaches implemented by the RCF Project have any potential impacts to the SAJ 
project area.  

Two primary analyses were investigated, wave exposure and salinity analysis. 

Wave exposure analysis included the following tasks: 

 Simulate wave exposure for existing conditions, for a range of wind speeds, directions, and 
tides; 

 Estimate wave-induced bed shear stress distribution over a storm cycle, as well as for 
dominant conditions; 

 Compare to naturally colonizing areas and establish target shear stress criteria for proposed 
marsh; and 

 Simulate wave exposure for with-project scenario, and estimate changes of wave-induced bed 
shear stress distribution.  

Salinity analysis included the following tasks: 

 Develop a coupled hydrodynamic and salinity model for tides & salinity, using the recent Light 
Detection and Ranging (LiDAR) bathymetry and observations of tides, river flow, and salinity; 

 Simulate circulation and salinity processes for existing conditions, for a sufficient length of time 
(at a minimum a full spring-neap cycle); 

 Compare to naturally colonizing areas and establish target criteria for proposed marsh; and  

 Evaluate salinity changes for with-project scenario by using proposed marsh elevations, based 
on discussions with the project team and Fisheries and Oceans Canada. 
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2. Basis of Analysis 

2.1. Topographic Data 
Topographic data at the project site consists primarily of LiDAR data acquired by Stantec in 2013 and 
2017. In addition, the RCF Project surveyed eastern half of the project site as well as the parcel to the 
east in 2019.  

2.1.1. LiDAR Topography in 2013 
Topographic data for the project site and vicinity was collected on October 24, 2013 using airborne 
LiDAR data collection. The survey was conducted at low tide and covers the area of Sturgeon Bank 
and Roberts Bank. Elevations were in the range from -2.6 m GD to +7.2 m GD. 

Vertical datum is the Canadian Geodetic Vertical Datum of 2013 (CGVD2013, short as GD), which 
represents the coastal mean sea level in North America. 

2.1.2. LiDAR Topography in 2017 
Topographic data for the project site and vicinity was collected on August 9, 2017 using airborne 
LiDAR data collection. The survey was conducted at low tide and covers the areas of Sturgeon Bank, 
Roberts Bank, and Steveston. Elevations were in the range from -2.5 m GD to +5.7 m GD. 

2.1.3. LiDAR Topography in 2019 
Topographic data for the RCF Project was collected in summer 2019 by McElhanney Consulting Ltd. 
The survey was conducted at low tide and covers eastern half of the project site as well as the parcel 
to the east. Elevations were in the range from -2.3 m GD to +4.5 m GD. This latest topographic 
information was incorporated in the supplemental analyses (Appendix A).   

2.1.4. Bed Level Changes at Project Site 
Figure 2-1 shows bed level changes at the project site between the 2013 and 2017 LiDAR data. The 
proposed cobble beach berm is shown for reference. 

Shades of red indicate lowering of the grade (erosion), shades of blue indicate an increase in elevation 
(accretion), and white color represents neutral, unchanged conditions. In general, Sturgeon Bank was 
subject to both accretion and erosion between 2013 and 2017. West of the proposed marsh area, 
alternating blue and red patterns indicate migration of bed forms (i.e. sand waves and dunes). The 
marsh area exhibits mild erosion (indicated by faint shades of red), although somewhat higher erosion 
occurred around the Sand Island (depicted in darker red); closer to the Richmond shoreline, blue color 
is more typical, indicating an increase in elevations.  
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FIGURE 2-1: BED LEVEL CHANGES BETWEEN 2013 AND 2017 (STANTEC, 2017) 

2.2. Bottom Conditions 
A characterization of materials over the mudflat in the vicinity of the project site is provided in 
Hemmera (2017). Figure 2-2 provides the location and logging of samples taken. Sample material 
characterization was subsequently used to develop the shaded areas in the figure depicting surficial 
sediments in the form of marsh (blue), mud (pink), sand (yellow), and sand/mud mix (orange). 

Golder (2014) conducted a site reconnaissance, and characterizes the bottom material as overbank 
Fraser River sediments comprising of silty to silt clay loam, normally less than 2 m thick; overlying 
deltaic and distributary channel fill of interbedded fine to medium sand. 
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FIGURE 2-2: CHARACTERIZATION OF BOTTOM MATERIALS (HEMMERA, 2017) 
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2.3. Tidal Datums 
Tidal datums for Sand Heads from published Nautical Chart (CHS, 2005) are provided in Table 2-1. 

TABLE 2-1: TIDAL DATUMS AT SAND HEADS 

Datum m CD Description 

HHW-LT 4.9 Higher High Water – Large Tide 

HHW-MT 4.3 Higher High Water – Mean Tide 

MWL 3.1 Mean Water Level 

LLW-MT 1.3 Lower Low Water – Mean Tide 

LLW-LT 0.2 Lower Low Water – Large Tide 

CD 0.0 Chart Datum 

In navigable waters, Chart Datum is the common vertical datum reference. In inland waters, Geodetic 
Datum is more commonly used. Figure 2-3 shows how tidal datums at Point Atkinson and Sand Heads 
relate to water level datums for the Fraser River at Steveston. Tidal datums at Point Atkinson and at 
Sand Heads (left side of the figure) are purely astronomical. Tidal datums for the Fraser River, 
however, are affected by the amount of outflow from the river (CHS, 2014). The figure shows how the 
tidal datums vary with reference to Geodetic Datum depending on discharge as measured at Hope. 
Geodetic Datum (GD) at Steveston is located at +2.2 m CD per CHS (2005). It can be seen that the 
elevations of higher high water mean and large tides remain fairly constant. Elevations of lower low 
tides (mean and large) increase with increasing discharge. 

 

FIGURE 2-3: VARIATIONS OF TIDAL DATUMS AT STEVESTON VS. FRASER RIVER DISCHARGE 
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2.4. Fraser River Discharge 
The gross drainage area of the Fraser River is approximately 217,000 km2. Hydrometric data, including 
water levels and discharge data has been measured at Hope (Figure 4-1) since 1912, capturing a 
period of record of 106 years. 

Figure 2-4 summarizes the maximum, minimum, and mean discharge data recorded at Hope. 
Additionally, the year 1991 is shown, taken as representative of average conditions. 

It can be seen that outflow from the river remains fairly constant over the months from January to mid-
April, and increases rapidly through mid-June. Over the months of July to October, the outflow 
decreases pronouncedly, followed by a more gradual decrease in October and November, until a 
somewhat constant discharge is reached around December. 

The rapid increase of outflow over the spring and summer months (freshet) is due to melting of snow 
accumulated in the mountains over the winter months. 

The annual peak discharge around mid-June can range from approximately 4,000 m3/s (blue curve) 
to 15,000 m3/s (green curve). The average peak discharge is around 7,000 m3/s (brown curve). In dry 
years, the base outflow can be lower than 1,000 m3/s, increasing to 2,000-4,000 m3/s in wet years. 

 

FIGURE 2-4: FRASER RIVER DISCHARGE (EC, 2017) 
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2.5. Fraser River Salinity Data 
Water is drawn from the Fraser River for consumption, industrial, and agricultural uses. The salinity of 
the water depends on how far upstream the water is sourced. The extent of salinity intrusion up the 
Fraser River is strongly dependent on the river outflow (discharge), which varies annually. The salinity 
intrusion is greater in years with low river discharge. 

Salinity data was acquired from ENVIRODAT (2017) for the Fraser River Water Quality Buoy. The 
buoy provides continuous real-time sampling of surface water quality parameters utilized to assess 
the quality of Fraser River. The location of the buoy is shown in Figure 2-5, which is near Tilbury at 
Gravesend Reach, at Latitude/Longitude 49.1484°N, 123.0392°W.  

The buoy provides continuous real-time tracking of dissolved oxygen (DO) content, water pH value, 
conductivity, turbidity, water velocity, and water temperature. Levels of trace metals, nutrients, major 
ions, and coliforms are logged bi-weekly. The buoy also has the ability to track levels of a range of 
organic contaminants, including pesticides, nonylphenols, polychlorinated biphenyls (PCBs), 
polycyclic aromatic hydrocarbons (PAHs), and polybrominated diphenyl ether (PBDEs). 

Additional instrumentation on the buoy captures wind speed, wind direction, air pressure, relative 
humidity, water depth, and buoy position and heading. 

The buoy is also outfitted with an Automatic Identification System (AIS) transmitter and amber flashing 
navigational light, which enables vessels on the river to track and identify the buoy location. 

 

FIGURE 2-5: LOCATION OF FRASER RIVER WATER QUALITY BUOY 

Figure 2-6 provides a summary of water temperature and salinity over the range of years from 2008 
through 2017. Water temperature is indicated by the blue and grey curves according to the scale on 
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the left side of the figure. Salinity levels are indicated by the yellow to red curves per the scale on the 
right side of the figure. 

It can be seen that the water temperature variation falls within a fairly narrow range, progressively 
increasing from 2-4°C in January to 18-22°C peaking in August, followed by a steady decrease through 
December. 

Salinity levels through the year are inversely related to outflow from the Fraser River. Salinities of up 
to 15-18 ppt are recorded in the months from September to December through April (low discharge 
months). Over the summer months from May through August, i.e. the peak discharge months, the 
water is fresh. 

 

FIGURE 2-6: WATER TEMPERATURE AND SALINITY DATA FROM FRASER RIVER WQ BUOY 
(ENVIRODAT, 2017) 

Figure 2-7 shows an example of the intertidal variation of salinity levels. The dark blue curve indicates 
the tide stage recorded at the buoy in meters relative to the scale on the left side. The green curve 
shows the corresponding flow velocities in meters per second, measured on the same scale. Flood 
tides are denoted by positive values and ebb tides by negative values. It can be seen that the tidal 
currents oscillate around a mean of around -0.4 m/s, which represents the steady outflow from the 
river. 

The variation of the salinity level is indicated by the orange/red curve, with units in PSU/ppt per the 
scale on the right side of the figure. It can be seen that the variation of the salinity follows each tidal 
cycle, increasing on flood tides as saltwater propagates inland, and decreasing on ebb tides where 
more freshwater flows out. 
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FIGURE 2-7: VARIATIONS OF SALINITY DURING FLOOD AND EBB TIDE (ENVIRODAT, 2017) 

2.6. Wind Statistics 
A metocean gauge located at Sand Heads has collected wind data since 2000. The location of the 
gauge (labeled as CWVF) is shown in Figure 4-1. Wind statistics for the station are summarized in 
Figure 2-8. The distribution of wind direction shows that predominant wind directions are from west-
to-northwest sector, and from south-to-east sector. 

These directions reflect the open-water configuration in the Strait of Georgia, having a great expanse 
to the northwest. The winds from easterly directions are representative of overland conditions. The 
topography of the inland area and mountain ranges to the north have the effect of generally funneling 
winds from east over the Vancouver area. The effect is consistent and the Vancouver Airport runways 
are therefore aligned approximately east-west orientation. 

The table in Figure 2-8 summarizes the occurrence of wind speeds by direction. It can be seen that 
extreme wind speeds can exceed 12 m/s, but winds are more commonly below 10 m/s. The distribution 
of the highest winds shows that storm systems entering the Strait of Georgia can generate high winds 
from virtually any direction at Sand Heads, but less frequently from north-easterly direction. 
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FIGURE 2-8: ANNUAL WIND ROSE AT SAND HEADS 
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2.7. Wave Statistics 
Wave data for Station C46146 Halibut Bank (see Figure 4-1) is summarized in Figure 2-9. The data 
shows the annual percentage of occurrence. The majority (87%) of the waves recorded at the buoy 
have wave periods in the range from 2 to 10 seconds, which is representative of wind-waves 
dominated in the Strait of Georgia. The remaining longer-period waves in the form of remnant swell 
wave components may enter Strait of Georgia from the Pacific Basin.  

During storm events, wind-generated wave heights can reach up to 2.1 meters in magnitude. This is 
expressed as the significant wave height, which is the average of the 1/3 of the largest waves. As a 
rule-of-thumb, the highest waves can be estimated around 1.8 times the significant wave height, and 
therefore on the order of 4 m (1.8×2.1). For reference, the height of an individual wave is measured 
from the trough to the crest. 

 

FIGURE 2-9: WAVE STATISTICS FOR HALIBUT BANK BUOY 
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3. Tidal Marsh Ecological Criteria 

3.1. Soils 
A characterization of surficial soils at the site is summarized in Figure 2-2. In addition to materials 
existing at the site, new fill material will be introduced in order to develop the grade at the site to the 
level appropriate for marsh vegetation. 

In the following, information is provided on the permissible shear stress for material types such as 
those existing and planned for the site. 

Table 3-1 summarizes typical permissible shear stresses for channels in bare soil to rock with linings 
across the range from non-cohesive to cohesive materials. Shear stress is defined as the force per 
unit area (expressed in N/m2) applied parallel to the surface of a material. 

TABLE 3-1: TYPICAL PERMISSIBLE SHEAR STRESS, REPRODUCED FROM FHWA (2005) 

Material Category Material Type Permissible Shear Stress 
(N/m2) 

Bare Soil (PI = 10) 

Clayey sands 1.8 to 4.5 

Inorganic silts 1.1 to 4.0 

Silty sands 1.1 to 3.4 

Bare Soil 
Cohesive (PI ≥ 20) 

Clayey sands 4.5 

Inorganic silts 4.0 

Silty sands 3.5 

Inorganic sands 6.6 

Bare Soil  
Non-cohesive (PI < 10) 

Finer than coarse sand 
d75 < 1.3 mm 

1.0 

Fine gravel 
d75 = 7.5 mm 

5.6 

Gravel 
d75 = 15 mm 

11.0 

Gravel Mulch 

Coarse gravel 
d50 = 25 mm 

19.0 

Very coarse gravel 
d50 = 50 mm 

38.0 

Rock riprap 
d50 = 0.15 m 113.0 

d50 = 0.30 m 227.0 

 
 



   Coastal Processes & Salinity Modeling | Vancouver Fraser Port Authority 
Revision 1 | May 28, 2020 

 
 Creative People, Practical Solutions.®    15 

Permissible shear stress for non-cohesive material depends on the submerged weight of the material 
relative to the tractive force. The submerged weight is commonly described by a characteristic material 
grain size. The angularity of the material also affects its stability, but to a lesser degree when the 
material is placed horizontally or near-horizontally. 

The grain sizes of cohesive materials are typically so small that the diameter does not affect the 
stability of the materials. The permissible shear stress for cohesive materials is therefore more 
complex and depends primarily on the plasticity index (PI) of the material, the void ratio, and to a lesser 
extent the angularity of the grains.  

Details on permissible shear stress for non-cohesive and cohesive soils are provided in the following. 

3.1.1. Non-Cohesive Soils 
Figure 3-1 shows the allowable effective stress for non-cohesive materials for the range from fine sand 
to coarse gravel (solid black line). The theoretical threshold of mobility is indicated by the yellow line. 
This relation arises from the following relations: 

𝜃
𝑈

𝑠 1 𝑔𝑑
 

Where 𝜃  is the dimensionless critical Shield’s Parameter, 𝑔 is the gravitational acceleration, 𝑑 is the 
sediment grain diameter, and 𝑠 is the relative density of the sediment defined as: 

𝑠
𝜌
𝜌

 

Where 𝜌  is the density of the sediment, and 𝜌  is the density of the water. 

The critical bed friction velocity, 𝑈 , is defined as: 

𝑈
𝜏
𝜌

 

Where 𝜏  is the critical bed shear stress. 

The theoretical threshold of sediment mobility indicated by the yellow line in Figure 3-1 arises following 
introduction of the Shields-Rouse equation for the threshold of incipient motion (critical Shields 
Parameter), given by: 

𝜃
0.23
𝑑∗

0.054 ∙ 1 𝑒𝑥𝑝
𝑑∗ .

23
 

Where 𝑑∗ is the dimensionless sediment grain diameter, defined as: 

𝑑∗
𝑠 1 𝑔
𝜈

𝑑 
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Where 𝜈 is the kinematic viscosity of water. 

 

FIGURE 3-1: ALLOWABLE STRESS FOR NON-COHESIVE SOILS (USDA, 2007) 

3.1.2. Cohesive Soils 
Allowable stress for cohesive soils is summarized in Figure 3-2. The data covers selected material 
types as categorized per the Unified Soil Classification System (USCS) summarized in Table 3-2. The 
materials include clayey gravel (GC), fat clay (CH), silty gravel (GM), lean clay (CL), clayey sand (SC), 
elastic silt (MH), organic clay and organic silt (OH) with LL≥50, silt (ML), organic clay and organic silt 
(OL) with LL<50, and silty sand (SM). 
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TABLE 3-2: UNIFIED SOIL CLASSIFICATION SYSTEM (ABBREVIATED) 

 

The graph on the left side of Figure 3-2 provides the basic allowable shear stress as a function of the 
plasticity index. The figure on the lower right provides an adjustment factor, which can range from 0.8 
to 1.2 dependent on the void ratio of the material,  

The void ratio of the material is the ratio of the volume of voids to the volume of the solids. The void 
ratio, 𝑒, also relates to porosity, 𝑛, as follows: 

𝑒
𝑛

1 𝑛
 

And is thus a measure of the compactness of the material, e.g. in non-cohesive materials the level of 
compaction from loose (𝑛 = 0.4) to dense (𝑛 = 0.3). In broadly graded materials such as glacial till, 
where smaller particles can be enclosed in the pores between larger grains, the void ratio can be as 
low as 0.3 (𝑛 = 0.2). Conversely, organic soils can have a very loose structure, e.g. loess having a 
void ratio of 0.9 (𝑛 ≈ 0.5). Void ratios for cohesive soils are usually on the higher side with 𝑒 = 0.9 to 
3.2 (𝑛 = 0.47 to 0.76). 

ID Description

GW Well graded gravels

GP Poorly graded gravels

GM Silty gravels

GC Clayey gravels

SW Well graded sands

SP Poorly graded sands

SM Silty sands

SC Clayey sands

ML Inorganic silts

CL inorganic clays

OL Organic silts or clays

MH Inorganic silts

CH inorganic clays

OH Organic silts or clays

Pt Peat

Classification

Gravels

Clean

With

Fines

Clean

With

Fines

Silts and Clays

LL 50% or less

Silts and Clays

LL greater than 50%

Highly Organic Soils

Sands
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FIGURE 3-2: ALLOWABLE STRESS FOR COHESIVE SOILS (USDA, 2007) 

3.1.3. Characteristics of Soils at Project Site 
Hemmera (2014) and GLW (2014) summarized soils data for the habitat site and a wide range of 
dredge material source locations along the Fraser River and offshore. 

Figure 3-3 characterizes soil types at the project location determined from samples taken at the South 
Arm Marsh site, Hemmera (2014). The data is indicated by the crosses (×) in the figure, and shaded 
so that material with high sand content (left side of figure) is yellow, and transitions across orange to 
red with increasing amount of fines and organic content. The figure also shows soils data for source 
(dredge) material from Sand Heads Reach, which was determined by GLW (2014) to be the most 
suitable fill material for the site restoration. The data for this material is indicated by the circles (○) in 
the figure. 

It can be seen that soils of the area characterize as: sand, loamy sand, sandy loam, loam, and silt 
loam. 
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FIGURE 3-3: SOIL TYPES CHARACTERISTIC OF SOUTH ARM MARSH SITE AND SAND HEADS REACH 

In order to assess the level of erodibility of materials, Figure 3-4 shows the corresponding mapping of 
soils characteristics per the USCS classification, which enables a characterization of the threshold of 
erodibility of materials via Figure 3-1 for non-cohesive sediments, and Figure 3-2 for cohesive 
materials. 

Per the USCS classification, the South Arm Marsh and Sand Heads Reach materials generally 
characterize as: Well-graded sand (SW), silty sand (SM), sandy silt (MS), lean silt (ML), and clay of 
low plasticity, lean clay (CL).  

Based on the information provided above regarding permissible shear stress and soil characteristics 
at Sturgeon Bank, it can be concluded that 1 N/m2 is a reasonable and conservative target for bed 
shear stress in the proposed marsh area. 
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FIGURE 3-4: USCS SOIL CLASSIFICATION OF SOUTH ARM JETTY RESTORATION MATERIALS 

3.2. Marsh Vegetation 

3.2.1. Existing Marsh 
An area of existing marsh vegetation has developed along a portion of the South Arm North Jetty, 
consisting of a 40-120 m wide band of marsh vegetation consisting of baltic rush, lyngbye’s sedge, 
three-square bulrush and seacoast bulrush, GLW (2017a) and M&N (2017). The vegetation is 
characterized by healthy stands of bulrush and adjoining rills 0.3 to 0.5 m deep (1 to 1½ feet). Other 
areas feature isolated patches of emerging stands of bulrush. 

Observations from site visits indicate that the establishing marsh vegetation is likely affected by factors 
such as: elevation, bottom shear stress, soil organic content, salinity changes, and drainage patterns. 

Sediment surface water salinities measured at the marsh platform during field visits were on the order 
of 4-5 PSU. Surface water salinities measured further north on the outer mudflat were 8-15 PSU. 
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Table 3-3 summarizes elevation ranges of plant species identified in field surveys at the South Arm 
Jetty and adjoining Roberts Bank. 

TABLE 3-3: PROJECT AND REGIONAL PLANT ELEVATION RANGES 

Plant Species 
Elevation Range (m CD) 

South Arm Jetty 1) Roberts Bank 2) DeltaPort Causeway 2) 

Seacoast Bulrush 3.0 – 3.2 3.0 – 3.8 3.4 – 4.0 

Lyngbye’s Sedge 3.1 – 3.9 3.1 – 4.2  

Saltgrass  3.8 – 5.0 3.8 – 5.0 

Baltic Rush 3.2 – 4.0 3.0 – 3.4  

Pacific Silverweed  3.0 – 4.2  

Pickleweed  3.6 – 4.5 3.6 – 4.7 

Three-Square Bulrush 2.8 – 3.3 2.6 – 3.8 3.2 – 3.9 

Softstem Bulrush  3.1 – 4.3  

Arrowgrass  3.6 – 4.0 3.6 – 4.0 

References: 

1)  GLW (2017a) 

2)  GLW (2009) 

3.2.2. Candidate Marsh Vegetation 
Classification and characterization of proposed marsh vegetation is provided in the following. 
Candidate plants are based on existing vegetation identified during field visits (GLW, 2017a), and the 
planting scheme proposed by GL Williams (GLW, 2017b). 

The taxonomy of the marsh vegetation considered is provided in Table 3-4 along with a guide to 
identification. 

TABLE 3-4: TAXONOMY 

Common Name 
Scientific Name 

Clade Family Identification 

Seacoast Bulrush 

Bolboschoenus maritimus 
Monocot Cyperaceae 

 

Lyngbye’s Sedge 

Carex lyngbyei 
Monocot Cyperaceae 
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Common Name 
Scientific Name 

Clade Family Identification 

Saltgrass 

Distichlis spicata 
Monocot Poaceae 

 

Baltic Rush 

Juncus arcticus 
Monocot Juncaceae 

 

Pacific Silverweed 

Potentilla anserina 
Dicot Rosaceae 

 

Pickleweed 
Sarcocornia pacifica 

Dicot Chenopodiaceae 

 

Three-Square Bulrush 

Schoenoplectus pungens 
Monocot Cyperaceae 

 

Softstem Bulrush 

Schoenoplectus tabernaemontani 
Monocot Cyperaceae 

 

Arrowgrass 

Triglochin maritima 
Monocot Juncaginaceae 

 

Table 3-5 summarizes the phytomorphology of the marsh vegetation considered. Data summarized 
based on information from USDA (2017) and Baye (2007). 

TABLE 3-5: PHYTOMORPHOLOGY 

Common Name Description Foliage Color Height (m) Growth Form Root Depth (m) 

Seacoast Bulrush Graminoid Green 1.50 Rhizomatous 0.75 

Lyngbye’s Sedge Graminoid Green 1.00 Bunch 0.36 

Saltgrass Graminoid Green 0.34 Rhizomatous 0.05 

Baltic Rush Graminoid Green 0.70 Rhizomatous 0.40 
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Common Name Description Foliage Color Height (m) Growth Form Root Depth (m) 
Pacific Silverweed Forb/herb/subshrub Gray-Green 0.50 Multiple Stem 0.10 

Pickleweed Forb/herb/subshrub Green 0.30 Multiple Stem 0.15 

Three-Square Bulrush Graminoid Green 1.00 Rhizomatous 0.15 

Softstem Bulrush Graminoid Green 2.00 Rhizomatous 0.41 

Arrowgrass Graminoid Green 0.80 Tufted 0.20 

Plant life cycle data, growth periods, growth rates, and lifespan is summarized in Table 3-6. A short 
lifespan is considered 1-3 years, a moderate life span 3-10 years and a long lifespan 10-20 years. 

TABLE 3-6: GROWTH AND DEVELOPMENT 

Common Name Life Cycle Active Growth Period Lifespan 

Seacoast Bulrush Perennial Spring, Summer Long 

Lyngbye’s Sedge Perennial Spring, Summer Long 

Saltgrass Perennial Spring, Summer, Fall Long 

Baltic Rush Perennial Spring, Summer Moderate 

Pacific Silverweed Perennial Spring, Summer Moderate 

Pickleweed Perennial Spring, Summer Short 

Three-Square Bulrush Perennial Summer, Fall Moderate 

Softstem Bulrush Perennial Spring, Summer, Fall Long 

Arrowgrass Perennial Spring, Summer Long 

The salinity tolerance of marsh vegetation can be categorized as shown in Table 3-7 (GLW, 2017b). 

TABLE 3-7: MARSH TYPES 

Marsh Type Salinity Range (PSU) 

Freshwater marsh < 0.5 

Brackish marsh 0.5 to 18 

Saltmarsh 18 to 30 

The pH scale shown in Table 3-8 ranges from 0-14, with neutral in the middle. Values below 7 indicate 
increasing acidity, while values above 7 indicate increasing alkalinity. The tabled pH values indicate 
that the candidate plants generally tolerate somewhat acidic to somewhat alkaline conditions. This is 
in line with the range expected for a saltwater marsh environment. The normal range of stream water 
has pH around 6 to 8, and seawater approximately pH 8. 
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TABLE 3-8: SALINITY AND PH TOLERANCE 

Common Name Salinity (PSU)  pH Substrate 

 Seacoast Bulrush  2 - 20  4.3 - 9.0 

 

 Fines to sand 

 Lyngbye’s Sedge  0 - 15  4.0 - 7.5  Fines to sand 

 Saltgrass  4 - 35  6.4 - 10.5  Fines to sand 

 Baltic Rush  2 - 15  7.8 - 9.1  Fines to sand 

 Pacific Silverweed  0 - 15  4.0 - 7.5  Fines 

 Pickleweed  18 - 35  6.0 - 10.0  Fines to sand 

 Three-Square Bulrush  0 - 20  6.0 - 7.0  Fines to sand 

 Softstem Bulrush  0 - 11  5.4 - 7.5  Fines 

 Arrowgrass  0 - 30  6.7 - 8.7  Fines 

Figure 3-5 summarizes preferred water depths and salinity tolerance for the candidate marsh 
vegetation species. Each species is identified by its common name and its scientific name. The vertical 
scale on the left side of each figure provides a measure of the height of mature plants relative to 
ground level. Similarly, the approximate root depth is indicated below grade. The aquamarine 
horizontal lines indicate the preferred water level range for propagation of plant seedlings. The range 
indicated is typically quite narrow, but for most species fluctuating water levels will promote 
propagation of new shoots. The darker blue horizontal lines indicate the range of water depths 
preferred by the distinct types of vegetation. The lower line reflects the limit of desiccation, which is 
however approximate as it depends on the depth of the root system. The extent of the root system is 
in turn dependent on the characteristics of the substrate. The upper line can be taken as the maximum 
level of periodic inundation. It should be noted that some species, e.g. bulrushes prefer an environment 
with their root mass permanently submerged, whereas other species tolerate only periodical 
immersion. The maximum level of inundation is indicated by the dark blue dotted line, which is mostly 
shown as a wavy line, indicating that the respective species is tolerant to tidal inundation. 

The vertical bar in yellow on the right-hand side of the figures indicates the salinity levels in PSU 
tolerated by each species. Light blue shading at the lower portion of the scale indicates species that 
tolerate brackish and fresh water.  
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FIGURE 3-5: MARSH VEGETATION ELEVATION RANGE AND SALINITY TOLERANCE 
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4. Numerical Model Development 
The Danish Hydraulic Institute MIKE-21 Spectral Wave (SW) and MIKE-21/3 Hydrodynamic (HD) 
models were developed for the Lower Fraser River and Strait of Georgia to carry out the relevant 
analyses and to determine engineering requirements for the proposed marsh. Both models were 
calibrated to ensure that wave, hydrodynamic, and salinity mixing processes were adequately 
reproduced. Figure 4-1 depicts the locations of the metocean data stations used in the model 
development. 

 

FIGURE 4-1: METEOCEAN DATA SOURCES 

4.1. Model Description 
MIKE is a modelling system developed by the Danish Hydraulic Institute (DHI) Water and Environment. 
It was selected for the project because of the flexibility and computational efficiency with its 
unstructured grid configuration. The unstructured grid makes it possible to resolve both large and 
small-scale flow and wave processes effectively. Finer resolution grid elements are used in the vicinity 
of the project area while coarser grid elements are used away from the areas of interest. 

The two-dimensional SW model solves the wave action conservation equations and simulates the 
growth, decay, and transformation of wind-generated seas and long-period swells in offshore and 
coastal areas. The SW considers important physical processes, including wave growth by action of 
winds, shoaling and refraction due to depth variations, diffraction and reflection near structures, wave 
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breaking in the surf zone, wave dissipation (including bottom friction, white capping, and wave-wave 
interaction), and some non-linear wave-current interactions.  

The HD model solves flow continuity, momentum, temperature, salinity and density equations and 
simulates water level variations and flows in response to a variety of forcing functions. Because of the 
complex variations in salinity mixing within the water column, the computational-demanding three-
dimensional HD model was used in the study.   

4.2. Model Grid and Bathymetry 
For computational efficiency and accuracy purposes, different model grids were developed for the SW 
and HD model. To accurately reproduce wave processes such as growth and propagation to the SAJ 
project site, the computational domain for the SW model covers the Strait of Georgia Basin, extended 
around Texada Island to the northwest and Birch Bay to the south (orange polygon in Figure 4-2); 
while a smaller domain for the HD model (pink polygon in Figure 4-2) to resolve the complex circulation 
processes in the Fraser River Delta. The HD domain extends inland to Mission as the freshwater 
discharge source.  

Figure 4-3 shows the unstructured grid elements near the project site. The finest element resolution 
along the SAJ North Jetty is approximately 10 m.  

Bathymetry (or seabed elevations) for the majority of model domain was extracted from the C-Map 
Software of DHI, incorporating Jeppesen Norway’s electronic database of global nautical charts (DHI, 
2008). Figure 4-4 shows the average water depth in the Strait of Georgia is approximately 150 meters. 
The maximum depth can reach 400 meters, just south of Texada Island. Water depths in the Fraser 
River are largest on its South Arm (up to approximately 15 m) due to the presence of the navigation 
channel. Vertical datum reference is Geodetic Datum (GD).       

A zoom-in view of the model bathymetry at Sturgeon Bank and the project site is provided in Figure 
4-5. Noticeable bathymetric features in the view are the “Sand Island” shoal, with bed elevations of up 
to + 1.2 m GD, and the Scotch Pond and Scotch Pond Channel, dredged to elevations of around 
- 1.8 m GD. 
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FIGURE 4-2: MODEL DOMAIN FOR SPECTRAL WAVE AND HYDRODYNAMIC MODELS 

 
FIGURE 4-3: UNSTRUCTURED GRID ELEMENTS AT PROJECT SITE 
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FIGURE 4-4: MODEL BATHYEMTRY (INCLUDING STRAIT OF GEORGIA) 

 
FIGURE 4-5: MODEL BATHYMETRY AT PROJECT SITE  
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4.3. SW Model Calibration  
Typically, outputs from any numerical model need to be verified with field measurements, in order to 
show the model can reasonably reproduce the processes or environment of interest. This procedure 
is called model calibration. 

The SW model was calibrated against hourly wave records at DFO Halibut Bank station (C46146, 
Figure 4-1), which include observations of significant wave height (Hs) and peak wave period (Tp) from 
1996 to 2017.  

A winter storm which occurred in Strait of Georgia in December 2001 was selected for SW model 
calibration because the storm had lasted more than 12 hours. Figure 4-6 shows the selected storm 
had retained a speed up to 40 knots (or 20 m/s) at Halibut Bank with predominant northwest-southeast 
directions. 

 

FIGURE 4-6: SELECTED WINTER STORM EVENT FOR WAVE CALIBRATION 

Wave calibration was achieved by adjusting wave dissipation coefficients as well as spectral 
properties. In order to quantify the agreement between measured and model data, the following 
statistical parameters were determined.  

 Root Mean Square Error (RMSE):  2yxRMS    

 Mean Absolute Error (MAE, m): yxMAE   
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 Index of Agreement (d): 
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Where, x and y represent the measured and modelled data, respectively. A comparison between 

measured and modelled wave statistical parameters is presented in Figure 4-7 and Figure 4-8, and 

shows that the model is in reasonable agreement with the measurements. 

 

FIGURE 4-7: MEASURED VS. MODELLED HS AT HALIBUT BANK  

 

FIGURE 4-8: MEASURED VS. MODELLED TP AT HALIBUT BANK 
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4.4. HD Model Calibration 
The HD model was calibrated against water levels and flow split. Modelled water levels were compared 
with tides measured at two DFO tide gauges, namely Point Atkinson and Vancouver, labelled as 
DFO7795 and DFO7735 in Figure 4-1. Modelled flow split was compared to measurements as 
reported by North Hydraulic Consultants (NHC, 2006). 

The HD model was forced with astronomical tides and tidal currents, derived from the tidal constituent 
global database developed from TOPEX/Poseidon altimetry data (Egbert & Erofeeva, 2010), along its 
offshore tidal boundaries. In addition, Fraser River discharge measured at Mission (station 08MH024 
in Figure 4-1) was used as the inland freshwater boundary. 

A two-month simulation period was conducted between June 1 and July 31, 2012, in order to capture 
the higher-than-average discharges observed during the 2012 freshet season. A graphical comparison 
between measured and modelled water levels is provided in Figure 4-9 and shows that the HD model 
closely reproduces observed water level variations. Model prediction capability indices (d) of 0.99 
corroborate the accuracy of the modelled water levels at both tide gauges.  

In addition, a comparison between the measured and modelled tidal constituents (i.e. the astronomical 
components of the tides) at both tide gauges was made. Figure 4-10 shows that the model adequately 
captures the amplitude of these constituents, with the M2 component amplitude being overpredicted 
by less than 7% and 3%, and the K1 component being overpredicted by 16% and 15%, respectively. 

To confirm that the model correctly distributes flow into the North, Middle and South Arm of the Fraser 
river, modelled flow splits were also calculated. Flow split data collected by Public Works and 
Government Services Canada (PWGSC) from May 2005 to January 2006, was processed and 
reported by NHC in 2006. The blue and red boxes in Figure 4-11 indicate the measured and modelled 
flow splits, respectively. Overall, the model reproduces closely the flow distribution in the North, Middle 
and South Arm, with differences less than 1%. A slightly larger difference of 3% is found near 
Steveston.  
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FIGURE 4-9: MEASURED VS. MODELLED WATER LEVELS AT DFO TIDE GAUGES 

 

FIGURE 4-10: MEASURED VS. MODELLED TIDAL CONSTITUENTS AT DFO TIDE GAUGES 
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FIGURE 4-11: MEASURED VS. MODELLED FLOW SPLIT  

4.5. Validation of Salinity Mixing 
Once the comparison of water levels and flow split was deemed adequate, the salinity module within 
the HD model was activated to assess salinity mixing. The validation process compared the modelled 
salt wedge to findings reported in literature at locations in the South Arm.  

Ages (1979), studied the salinity intrusion in the main South Arm of the Fraser River by conducting 
measurements under a range of discharges observed during 1976. Findings from the study indicate 
that the location of the salinity front varies within a single day in response to tidal fluctuations as well 
as seasonally in response to variations of river discharge.  

The validation test was set up by imposing discharge recorded at Mission during the dates in which 
the measurements took place. A high and a low outflow condition were selected for the test. The focus 
of this validation was not to capture the exact location and shape of the salt wedge, but instead to 
ensure that the three-dimensional flows are adequately resolved in the model leading to a good 
representation of the salinity mixing in the Fraser River as well as in the intertidal zone of Sturgeon 
Bank, where the proposed marsh area is located.  

Figure 4-13 to Figure 4-15 compare findings from the literature with model results. The literature, 
presented in the upper plot of each figure, depicts the distribution of salinity (with contour lines) along 
the main channel of the South Arm, under a specific discharge condition and tide stage. The lower 
plot of each figure represents the modelled salt wedge under the same tide and discharge conditions. 
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Four reference locations, including Sand Heads, Steveston, Deas Island, and Annacis Island, are used 
in comparison. Figure 4-12 shows the locations.  

FIGURE 4-12: REFERENCE POINTS FOR VALIDATION OF MODELLED SALINITY 

Under high discharge flow in Fraser River, the South Arm is primarily influenced by fresh outflows 
pushing saline water away. At a low tide stage, the salt wedge is typically kept out of the South Arm. 
Both measured and modelled data indicate that salinity is transitioning from saline to fresh in a narrow 
stretch close to Sand Heads (Figure 4-13). For the same high discharge flow but a higher tide stage, 
the salt wedge penetrates slightly into the South Arm. Intrusion of saline water (above 25 PSU, 
depicted in red in Figure 4-14) is shown halfway between Sand Heads and Steveston, while brackish 
waters (transitioning from saline to fresh) occur up to around Steveston.  

Under low discharge flow in Fraser River, saline water intrudes further into the South Arm and can be 
observed halfway between Steveston and Deas Island, while the transition to fresh water occurs pass 
Deas Island (Figure 4-15). 

Based on the similarity of measured and modelled salinity distributions, it is concluded that the salinity 
mixing processes in the HD model are captured satisfactorily and are capable of assessing potential 
changes in salinity distribution at the project site, where the proposed project elements are 
incorporated. 
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FIGURE 4-13: LOCATION OF SALT WEDGE UNDER HIGH DICHARGE FLOW AND LOW TIDE 



Coastal Processes & Salinity Modeling | Vancouver Fraser Port Authority 
Revision 1 | May 28, 2020 

Creative People, Practical Solutions.®    37 

FIGURE 4-14: LOCATION OF SALT WEDGE UNDER HIGH DICHARGE FLOW AND HIGH TIDE 
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FIGURE 4-15: LOCATION OF SALT WEDGE UNDER LOW DICHARGE FLOW AND HIGH TIDE 
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5. Wave Exposure and Wave-Induced Bed Shear Stress Analysis

5.1. Introduction  
Wave action represents a limiting factor for growth and development of the proposed marsh, as it 
affects the stability of the substrate. For a successful marsh establishment or restoration, evaluation 
of wave induced bed shear stresses at the site is necessary to determine the stability requirements 
for the new substrate. Values for allowable bed shear stresses for a range of substrate materials were 
provided in Section 3.1. As discussed, the existing substrate at Sturgeon Bank and the dredged 
material, proposed as new substrate, range from coarser well graded sands, to fine silts and clays. It 
was concluded that 1 N/m2 (i.e. the permissible bed shear stress for finer sediments) is a reasonable 
and conservative target for allowable bed shear stress on the proposed marsh. 

Evaluation of wave induced bed shear stresses was carried out for two scenarios, i.e. existing and 
with-project conditions, representing incident wave conditions at the project site in a typical year. Post-

processing of the results was performed to compute the maximum bed shear stress τmax  according 

to Fredsøe and Deigaard (1992), as well as its statistics during the entire simulation period. 

For the with-project scenario, the bathymetry at the SAJ project area was adjusted to incorporate the 
proposed 1,500 m long cobble berm (crest elevation of +1.4 m GD) as well as raising of site grades in 
the lee of the cobble berm. Fill material slopes down from an elevation of +0.5 m GD at the toe to an 
elevation of approximately +0.3 m GD at the top of the proposed swale. This swale (invert at -0.7 m 
GD), running in the east-west direction approximately in the middle of the proposed marsh, is included 
to promote drainage and to enhance circulation in the project area. Figure 5-1 compares the 
bathymetry for the existing and with-project scenario. To emphasize the differences between them, 
the figure only depicts bed elevations of -1.4 m and higher. The proposed cobble berm footprint is 
depicted in orange to red shades in the lower plot of Figure 5-1. It is noted that the berm discontinues 
at its southwest corner (a gap of around 150 m), at the location of the swale. 
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FIGURE 5-1: EXISTING VS. WITH-PROJECT BATHYMETRY 

5.2. Imposed Wind Conditions  
Wave exposure analysis in a typical year was conducted for year 2003 because it was found to be the 
most representative year in the full wind records at Sand Heads. Figure 5-2 presents the wind rose for 
year 2003. About 50% of the recorded wind speeds were at or below 5 m/s; while the predominant 
wind direction was East (approximately 18% of observations), higher wind speeds (i.e. above 
12.5 m/s) were more frequently from the southeast and northwest sectors. 

The hourly time series of wind speed and wind direction recorded at Sand Heads in 2003 was imposed 
in the SW model for the purpose of reproducing wave conditions that were observed during a typical 
year.  
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FIGURE 5-2: WIND ROSE FOR YEAR 2003 
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5.3. Results  
The maximum bed shear stress (τmax), computed from a series of waves (or called a wave train), is a 

function of the wave period and the horizontal wave orbital velocity near bed. τmax was computed at 

each grid element for every time step for the existing and with-project conditions. Results are 

summarized in the following by means of τmax statistics. As a reference, the footprint of the proposed 

cobble berm is depicted in pink in both figures.  

Figure 5-3 compares the 99th percentile τmax at the proposed marsh area for the existing (upper plot) 

and the with-project (lower plot) conditions. The 99th percentile value indicates that only 1% of the 
maximum bed shear stress would exceed the value (or equivalent to 88 hours per year).  

As seen in the figures, the τmax distribution follows the bathymetric contours closely. For the existing 

condition, the highest value (e.g. 2 N/m2 depicted in yellow), is observed at the Sand Island, where 

bed elevations are higher. Around the Sand Island, τmax values are consistently greater than the 

established threshold for sediment motion (e.g. 1 N/m2).  

For the with-project condition, the area surrounding the Sand Island as well as most of the marsh area 

are now depicted in blue shades, indicating a reduction of bed shear stresses (τmax values between 

0.3 and 0.8 N/m2). The lowest values are observed at the location of the swale, where bed elevations 
are low. Higher values (e.g. 1 N/m2) are observed at the south portion of the marsh area, between the 
swale and the Steveston North Jetty, or at the southwest corner, close to the cobble berm gap. Areas 
depicted in red, indicate the highest shear stress values over the cobble berm due to wave breaking, 
and do not impact the proposed marsh area.  

Similarly, Figure 5-4 compares the statistical maximum of τmax for the existing and the with-project 

conditions. These values represent the bed shear stresses reached only once per year (e.g. the 

highest within all τmax). It is noted that the statistical maximum of τmax values are higher than the 

threshold in most of the existing and the with-project conditions. For the existing condition, τmax at the 

Sand Island and the surrounding area is now above 2.6 N/m2 (depicted in red). For the with-project 

condition, τmax above 2.6 N/m2 is observed again in the south and southwest portions of the proposed 

marsh. 

The bar plots in Figure 5-5 provide τmax statistics for three selected points within the proposed marsh 

area. 75th Percentile (gray), 90th (yellow), 99th (green) and the maximum τmax (blue) are compared for 

the existing and the with-project conditions. Locations for points A, B and C are depicted in Figure 5-3 
and Figure 5-4. Points A and B represent areas where a considerable reduction in bed shear stresses 

is observed (τmax decreases around 30%), as a result of wave sheltering from the cobble berm. In 

contrast, point C does not exhibit an obvious decrease in bed shear stresses (τmax only decreases 

about 10%), since its location is farther away from the cobble berm and the area of influence. This 
area is more exposed and therefore more influenced by waves that approach from the south to south-
southeast directions propagating over the Steveston North Jetty. 
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Overall, results clearly show that introduction of the cobble berm effectively reduces wave-induced 
bed shear stresses. It is noted that under extreme storm conditions, above-threshold values occur 
over the majority of the marsh area with or without the presence of the cobble berm, as shown in 
Figure 5-4. However, the berm does promote favorable conditions for development of the proposed 
marsh growth consistently throughout most of the year (e.g. 99th percentile). 

 

FIGURE 5-3: 99TH PERCENTILE BED SHEAR STRESS FOR EXISTING (TOP) AND WITH-PROJECT (BOTTOM) 
CONDITIONS 
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FIGURE 5-4: MAXIMUM BED SHEAR STRESS FOR EXISTING (TOP) AND WITH-PROJECT (BOTTOM) 

CONDITIONS 
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FIGURE 5-5: STATISTICS OF BED SHEAR STRESS AT POINTS A, B, AND C 
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5.4. Sensitivity to Project Modifications  
In this section, sensitivity to the wave results were assessed for three project modifications. 

 Case 1 (High Fill): This case changes the proposed grades to accommodate a steeper 
drainage slope. The grade slopes down from an elevation of +1.0 m GD (previously +0.5 m 
GD) at the interior toe of the cobble berm to an elevation of +0.3 m GD at the location of the 
swale. 

 Case 2 (Berm Crest El. +1.9 m): For this case, the crest elevation of the cobble berm was 
raised from +1.4 m to +1.9 m GD. This corresponds to the crest elevation during construction 
(i.e. construction access road elevation).  

 Case 3 (Short Cobble Berm): For this case, only the western reach of the cobble berm is 
incorporated in the model bathymetry. The shortened cobble berm length is approximately 
900 m, and its crest elevation is +1.9 m GD. This layout corresponds to construction completed 
in Phase II.  

Sensitivity cases were performed and the statistical maximum of τmax was computed at the proposed 

marsh area, as described in Section 5.3. The simulation period (October 10 through November 3, 
2003) was chosen to include the longest storm event recorded in 2003 (see Figure 5-6).  

 

FIGURE 5-6: IMPOSED STORM EVENT FOR SENSITIVITY TESTS 

To provide a direct comparison between the short sensitivity cases and the full year simulation, a 

normalized τmax was computed as below. 
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𝑁𝑜𝑟𝑚. 𝜏
𝜏 𝐶𝑎𝑠𝑒
𝜏 𝑏𝑎𝑠𝑒

 

Where 𝜏 𝐶𝑎𝑠𝑒 represents the statistical maximum for each sensitivity case, and 𝜏 𝑏𝑎𝑠𝑒 

represents the base case without any project modifications. Figure 5-7 shows the normalized τmax at 

Points A, B and C.  

 

FIGURE 5-7: NORMALIZED TMAX AT POINTS A, B AND C FOR SENSITIVITY CASES 

τmax sensitivity is somewhat similar at points A and B. For the high fill case (Case 1), bed shear 

stresses are comparable to the base case. Normalized τmax values are 0.9 and 1.2 for Point A and B, 

respectively. These values do not represent a significant deviation in the resulting shear stresses, 
indicating low sensitivity to modification of the grades in the proposed marsh area.  

Meanwhile, raising crest elevation of +1.9 m (Case 2) reduces to approximately 60% and 70% of the 
maximum shear stresses for points A and B, respectively. Result is similar for the short cobble berm 

case (Case 3). Normalized τmax values of 0.6 for both A and B indicate that even for a shorter structure, 

with a crest elevation of +1.9 m provides sufficient sheltering from the predominant wave direction and 
hence can provide the area with favorable conditions for marsh development. However, a more 
thorough investigation would be required to determine the feasibility of this option. 

For point C, normalized τmax values are approximately one for all sensitivity cases. As mentioned 

before, point C is representative of an area in which the influence by the cobble berm is limited; 
therefore, no significant differences in wave-induced bed shear stresses are expected from project 
modifications. 



Coastal Processes & Salinity Modeling | Vancouver Fraser Port Authority 
Revision 1 | May 28, 2020 

Creative People, Practical Solutions.®    48 

5.5. Summary of Wave Exposure & Wave-Induced Bed Shear Stress Analysis 
Introduction of the cobble berm at Sturgeon Bank can achieve the objective of reducing wave-induced 
bed shear stresses in the proposed marsh area and promote favorable conditions for marsh growth.  

Overall, results clearly show that the cobble berm effectively reduces wave-induced bed shear 
stresses. Although it is noted that under extreme storm conditions, above-threshold values occur over 
the majority of the marsh area with or without the presence of the cobble berm, the berm does promote 
favorable conditions for development of the proposed marsh growth consistently throughout most of 
the year (e.g. 99th percentile). 

Vulnerable areas, where the 99th percentile τmax exceeding the threshold value, were identified in the 

south and southwest portions of the marsh. This is because the cobble berm provides only limited 
sheltering from waves in this area, and there is a more direct exposure to waves from southerly 
directions.  

In addition, it was found that the cobble berm crest elevation is the most influential factor for reducing 
bed shear stresses. Shear stress values were reduced for the cases where the berm crest elevation 
is at +1.9 m GD. Preliminary results suggest that a short cobble berm could be implemented and still 
provide favorable conditions for the marsh growth. However, a more thorough investigation would be 
required to determine the feasibility of this option.  

Changes in site grades in the marsh area were found to have limited to no impacts on bed shear 
stresses.  



Coastal Processes & Salinity Modeling | Vancouver Fraser Port Authority 
Revision 1 | May 28, 2020 

Creative People, Practical Solutions.®    49 

6. Salinity Distribution Analysis

6.1. Introduction 
As discussed in Section 2.5, salinity distribution in the Fraser River is controlled primarily by the 
amount of outflow from the Fraser River, which varies significantly on a seasonal scale, and is 
controlled secondarily by the tidal phase, varying on an hourly to daily scale.  

To evaluate the range of salinity at Sturgeon Bank and the proposed marsh area, three sets of 
simulations were performed to represent low, medium and high flow discharge in the Fraser River. For 
each flow discharge, simulations of the existing and with-project conditions were conducted to 
compare flow circulation and salinity distribution.  

6.2. Imposed Boundary Conditions 
The 27-year Fraser River discharge recorded at Mission (Station 08MH024, Figure 4-1) was analyzed 
to determine the river outflow that resemble the low, medium and high flow discharge occurring 
throughout the year. Figure 6-1 illustrates the daily and monthly averaged discharge for the full records 
at Mission. 

A discharge of 2,000 m3/s, representative of winter months, was selected for the low flow discharge. 
The high flow discharge was set to 8,000 m3/s, an average peak discharge during the freshet. The 
medium flow discharge of 5,500 m3/s represents a transition from the low to the high flow. 

FIGURE 6-1: AVERAGE DAILY AND MONTHLY FRASER RIVER DISCHARGE AT MISSION 

The three-dimensional hydrodynamic model with the salinity module was conducted for each 
discharge scenario for a spring-neap tidal cycle. Figure 6-2 depicts the tidal boundary conditions used 
to force the model, and illustrates the definition of terminologies used in the discussion. This figure 
shows how the tidal range varies with time; during neap tides (first and last days of the simulation), 
the offshore tidal range is around 2.5 m, and increases to approximately 4 m during spring tides 
(occurring halfway through the simulation period). 
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FIGURE 6-2: IMPOSED WATER LEVEL BOUNDARY CONDITIONS 

6.3. Results 
A comparison of salinity for the existing and the with-project conditions is provided in the form of 
snapshots at the surface (low discharge) or intermediate depth (medium and high discharge) at 
selected tide stages. Because the surface salinity becomes all fresh in the medium and high discharge 
scenario, salinity at the intermediate depth was analyzed instead. The footprint of the proposed cobble 
berm is depicted with a black solid line for the with-project condition, and with a dashed line for the 
existing condition (as a reference only). Vertical profiles along a transect are also provided in the 
figures and illustrate salinity stratification in the marsh area. Figure 6-3 indicates the transect location. 

It is noted that some areas immediately adjacent to the Richmond shoreline are only active in the 
model computations when tidal elevations (i.e. high tides) are sufficient to inundate the areas. They 
should be disregarded from further interpretation. Better estimates of salinity values at the higher 
ground can be achieved with longer simulation run time. 

FIGURE 6-3: LOCATION OF SELECTED TRANSECT 
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6.3.1. Low Discharge Scenario 
During low discharge periods, salinity in the Fraser River is primarily controlled by the tides. Brackish 
to salty sea water is predominant, and there is limited influence from the Fraser River in both fresh 
water input and circulation. Figure 6-4 depicts surface salinity distribution in the marsh area for the 
existing condition at low and high tide, respectively. Fresh water outflow reaches its maximum extent 
around Sand Heads (left plot), when the low tide is present. In the offshore areas, surface salinities 
are in the brackish range, depicted in green shades. At high tide (right plot), the intertidal areas of 
Sturgeon Bank exhibit higher salinity. In addition, higher salinity concentrations intrude into the South 
Arm, pushing freshwater upriver.  

FIGURE 6-4: SURFACE SALINITY DISTRIBUTION UNDER LOW DISCHARGE AT LOW (LEFT) AND HIGH 
(RIGHT) TIDE, EXISTING CONDITION 

The main effects of the cobble berm on the salinity are the following:  

 Retention of fresh water overflowing the Steveston North Jetty or brought into the area from
Scotch Pond.

During low discharge, input of fresh water to the marsh area occurring by overflow of the
Steveston North Jetty is limited to the time where salty sea water has not penetrated into the
South Arm. Under the proposed project conditions, the flow pattern generated by the cobble
berm, aids in retaining fresh water for a prolonged time.

 Obstruction of tidal flows that bring salty sea water to the proposed marsh area (Figure 6-7).

This typically occurs as the tide rises between LLW and HHW. However, when HHW is
reached, tidal elevations are high enough for salty sea water to overflow the cobble berm into
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the marsh area (Figure 6-8). This effect could be mitigated by raising the crest elevation of the 
cobble berm. 

 Retaining salty sea water (Figure 6-9).

Mainly occurring after HHW, due to the overflow described above. As the tide retreats in
Sturgeon Bank, the cobble berm retains salty sea water for a longer time when compared to
existing conditions (where flow is not impeded).

Figure 6-5 provides a comparison of modelled depth-averaged salinity in the proposed marsh area for 
the existing (blue curve) and the with-project conditions (yellow curve). The upper and lower limits for 
both curves (representing highest and lowest salinity, which may occur at different times) are 
comparable, indicating that the salinity range in the area will not be altered by the project. However, 
with-project salinity will tend to be lower throughout the tidal cycle. For reference, salinity levels for the 
existing marsh area are depicted by the green dashed curve. When compared to the yellow curve 
(proposed marsh) it can be concluded that the cobble berm will promote a salinity range in the 
proposed marsh area which is comparable to that of the existing marsh. 

FIGURE 6-5: SALINITY VARIATIONS IN THE PROPOSED AND EXISTING MARSH AREA UNDER LOW 
DISCHARGE  
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FIGURE 6-6: SALINITY PROFILE AND SURFACE SALINITY UNDER LOW DISCHARGE FOR EXISTING (LEFT) AND WITH-PROJECT (RIGHT) 
CONDITIONS. TIDE EL. AROUND MSL 
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FIGURE 6-7: SALINITY PROFILE AND SURFACE SALINITY UNDER LOW DISCHARGE FOR EXISTING (LEFT) AND WITH-PROJECT (RIGHT) 

CONDITIONS. TIDE EL. CLOSE TO HHW 
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FIGURE 6-8: SALINITY PROFILE AND SURFACE SALINITY UNDER LOW DISCHARGE FOR EXISTING (LEFT) AND WITH-PROJECT (RIGHT) 
CONDITIONS TIDE EL. AT HHW 
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FIGURE 6-9: SALINITY PROFILE AND SURFACE SALINITY UNDER LOW DISCHARGE FOR EXISTING (LEFT) AND WITH-PROJECT (RIGHT) 
CONDITIONS. TIDE EL. PASSED HHW 
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6.3.2. Medium Discharge Scenario 
During medium discharge periods, the Fraser River has a larger influence on salinity and circulation 
in the area. As the tides retreat, fresh water pushes further into the ocean and spreads over a wider 
area, as depicted in the left plot of Figure 6-10, where blue shades are present in the offshore areas. 
Subsequently, Sturgeon Bank will be exposed to water of lower salinity during high tides, as depicted 
in the right plot of Figure 6-10 where brackish water (green shades) inundates the intertidal areas of 
Sturgeon Bank.  

The stronger river flow in the South Arm starts to dominate over tidal flows, restricting salinity intrusion 
into the Fraser River.  

FIGURE 6-10: SURFACE SALINITY DISTRIBUTION UNDER MEDIUM DISCHARGE AT LOW (LEFT) AND HIGH 
(RIGHT) TIDE, EXISTING CONDITION 

During times of medium discharge, there is a continuous supply of fresher water into the proposed 
marsh area flowing directly over the Steveston North Jetty or with the incoming tide for both the existing 
and the with-project conditions. For this reason, the main effect of the cobble berm on the salinity is: 

• Obstruction of tidal flows that bring brackish water to the proposed marsh area.

Brackish waters are typically brought to Sturgeon Bank between LLW and HHW. The cobble berm 
effectively keeps brackish waters from coming into the marsh area (Figure 6-12). Even when the tide 
reaches HHW, flow from the river may overcome the tide (flowing in opposite directions), pushing 
brackish waters away from the marsh area (Figure 6-13). Exposure of the marsh area to brackish 
waters is therefore significantly reduced under the with-project condition.  

The range of modelled depth-averaged salinities in the proposed marsh area for the existing and the 
with-project conditions is depicted with blue and yellow curves in Figure 6-11. Additionally, the range 
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of modelled salinities for the existing marsh area is depicted with the green dashed curve. This figure 
indicates that fresher waters are predominant through the tidal cycle in the area. However, the range 
of salinity in the proposed marsh area is considerably reduced for the with-project condition. The effect 
of the cobble berm is that salinities in the proposed marsh area are brought closer to the existing 
marsh. 

FIGURE 6-11: SALINITY VARIATIONS IN THE PROPOSED AND EXISTING MARSH AREA UNDER MEDIUM 
DISCHARGE 
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FIGURE 6-12: SALINITY PROFILE AND SALINITY AT INTERMEDIATE DEPTH UNDER MEDIUM DISCHARGE FOR EXISTING (LEFT) AND WITH-
PROJECT (RIGHT) CONDITIONS. TIDE EL. AT HHW 
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FIGURE 6-13: SALINITY PROFILE AND SALINITY AT INTERMEDIATE DEPTH UNDER MEDIUM DISCHARGE FOR EXISTING (LEFT) AND WITH-

PROJECT (RIGHT) CONDITIONS. TIDE EL. PASSED HHW 
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6.3.3. High Discharge Scenario 
During freshet (high discharge) periods, salinities in the Fraser River are at the lowest levels. Fresh 
water is predominant, and intrusion of brackish water is limited at both Sturgeon Bank and the South 
Arm as illustrated in Figure 6-14, representing typical surface salinity distribution at low and high tide, 
respectively.  

Maximum salinities within the marsh area are around 4-6 PSU and are limited to periods around Higher 
High Water (Figure 6-15). During the remaining time in the tidal cycle, salinities in the marsh area are 
close to 0 PSU.  

FIGURE 6-14: SURFACE SALINITY DISTRIBUTION UNDER HIGH DISCHARGE AT LOW (LEFT) AND HIGH 
(RIGHT) TIDE, EXISTING CONDITION
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FIGURE 6-15: SALINITY PROFILE AND SALINITY AT INTERMEDIATE DEPTH UNDER HIGH DISCHARGE FOR EXISTING (LEFT) AND WITH-

PROJECT (RIGHT) CONDITIONS. TIDE EL. AT HHW 
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6.4. Summary of Salinity Distribution Analysis 
Overall the modelled salinity ranges from 0 to around 22 PSU, for both the existing and the with-project 
conditions. Model results suggest that the cobble berm will bring salinities in the proposed marsh area 
closer to the existing marsh.  

The range of salinity at the proposed marsh area varies primarily as a function of discharge from the 
Fraser River, which in turn varies throughout the year. 

During low discharge periods (e.g. winter months), the cobble berm promotes somewhat lower salinity 
levels in the proposed marsh area. This suggests that the fresh water retained in the marsh can be 
improved approximately 50% of the time during the year.  

During medium discharge periods, the cobble berm also aids in a significant reduction of the salinity 
in the proposed marsh area.  

During high discharge periods (e.g. freshet), fresh water is dominant in the proposed marsh area 
almost always throughout the tidal cycle, and hence the cobble berm does not affect salinity levels.  
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7. Climate Change Impacts
The response of the marsh vegetation to sea level rise and climate change impacts depends on 
several factors, including the rate of sea level rise, the resiliency of the marsh vegetation, input of 
sediment/fines to the marsh area, flow circulation, and potentially other elements of climate change 
such as temperature and insolation. 

A detailed study of the response of the proposed marsh to sea level rise is beyond the scope of the 
present study, but a cursory overview based on current research findings is provided in the following. 

7.1. Sea Level Rise 
The indication is that the marsh could be fairly resilient to sea level rise, having the ability to grow in 
parallel with a rise of the mean sea level, provided that a sufficient influx of sediment will continue to 
deposit and raise the marsh plain. Based on the experience to date, the Fraser River provides a 
substantial throughput of sediment and fines to Sturgeon Bank and Roberts Bank. If the marsh 
vegetation remains vigorous it will have the ability to trap sediment, raising the marsh plain. However, 
if the rate of sea level rise accelerates to a degree that rising ocean levels outcompete the raising of 
the marsh plain, then the marsh will gradually submerge. 

Considering the Steveston North Jetty, sea level rise would have the effect of enabling more water to 
overtop the jetty, and more frequently. This could have the net effect of providing more freshwater 
inflow to the marsh area. 

In terms of the cobble berm, sea level rise would have the effect of allowing more wave overtopping, 
and also allow increased saltwater inflow. Raising the crest elevation of the cobble would improve on 
both of these two aspects. 

In terms of the Sturgeon Bank mudflats, if sea level rise outcompetes mudflat buildup (i.e. sediment 
input to the mudflat is insufficient to raise the bed elevation at the rate of the sea level rise), this could 
lead to larger water depths in the area of the cobble berm. Deeper water would in turn enable larger 
waves to impinge on the marsh area. The stability of the cobble berm should in this case potentially 
be re-evaluated. 

7.2. Increases in Temperature 
The indication is that increases in peak temperature or its frequency could present an adverse impact 
to marsh vegetation, resulting in a decrease in plant cover. This in turn may affect species utilizing the 
marsh as habitat. Temperature-related impacts may be ameliorated somewhat at Sturgeon Bank due 
to the pronounced flow exchange over tidal cycles which can aid in reducing peak temperature levels. 

7.3. Changes in Salinity 
In terms of potential changes in salinity due to changes in river outflow and/or ocean circulation 
patterns, the indication is that the marsh may well be able to accommodate small, gradual changes. 
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This is due to the typical marsh vegetation being tolerant to a wide range of salinity levels. A long-term 
effect may transition in terms of the type and species of marsh vegetation. 

7.4. Marsh Resiliency 
The long-term marsh resiliency is difficult to ascertain due to many factors affecting the health of the 
marsh. However, at the onset of the marsh restoration, the key factors that aid in establishment of the 
marsh vegetation are: 1) to reduce wave exposure; 2) to provide a terrain elevation that balances 
wetting and drying over tidal cycles; and 3) to improve salinity levels, in particular reduce exposure to 
very high salt concentrations. 
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8. Conclusions and Recommendations
From the analyses conducted for this study, the following can be concluded:  

 Introduction of the cobble berm at the proposed marsh area will be effective in providing shelter
from waves, reducing the amount of bed shear stresses, and promote favorable conditions for
growth and development of the future marsh.

 The cobble berm will aid in reducing salinities in the proposed marsh area, and shift salinity
ranges closer to those occurring in the existing marsh area.

M&N recommends further investigations on the efficacy of a higher cobble berm and its effect on 
reducing saline water exposure for the proposed marsh area. Additionally, simulations of salinities 
over longer periods would enable a better understanding of project impacts on salinities at Sturgeon 
Bank. 



Coastal Processes & Salinity Modeling | Vancouver Fraser Port Authority 
Revision 1 | May 28, 2020 

Creative People, Practical Solutions.®    67 

9. References
Ages, A. (1979). The Salinity Intrusion in the Fraser River: Salinity, Temperature and Current 

Observations, 1976,1977. Sidney, BC: Institute of Ocean Sciences (IOS). 

Baye, P. (2007). Selected Tidal Marsh Plant Species. A Field Identification Guide. Prepared by Peter 
Baye, Ph.D., Coastal Plant Ecologist. Prepared for the California State Coastal Conservancy. 
Printed March 2007. 

CHS (2005). Strait of Georgia, Southern Portion. British Columbia, Canada. Published by the 
Canadian Hydrographic Service (CHS). Minister of Fisheries and Oceans Canada, 2005. 

CHS (2014). Canadian Tide and Current Tables. Volume 5, Juan de Fuca Strait. Fisheries and Oceans 
Canada, Canadian Hydrographic Service, 2014. 

CHS (2017). Steveston Tide Tables. Canadian Hydrographic Service, 2017. 

DHI (2008). MIKE C-Map. User Guide. 

EC (2017). Historical Hydrometric Data. Daily Discharge. Environmental and Natural Resources, 
Government of Canada. https://wateroffice.ec.gc.ca. 

Egbert, G. F., & Erofeeva, L. (2010). OSU Tidal Inversion. http://volkov.oce.orst.edu/tides/global.html 

ENVIRODAT (2017). Water Quality Data from Fraser River [Data file]. Environment and Climate 
Change Canada (2017). Retrieved from Environment and Climate Change Canada 
ENVIRODAT database via data requested on June 23, 2017. 

Environment and Climate Change, C. (2017, 06 01). Weather, Climate and Hazards. Historical Climate 
Data: http://climate.weather.gc.ca/historical_data/search_historic_data_e.html 

FHWA (2005). Design of Roadside Channels with Flexible Linings. Hydraulic Engineering Circular 
No. 15, Third Edition. Publication No. FHWA-NHI-05-114. U.S. Department of Transportation, 
Federal Highway Administration. National Highway Institute. September 2005 

Fischenich, C. (2001). Stability Thresholds for Stream Restoration Materials. USAE Research and 
Development Center, Environmental Laboratory, 3909 Halls Ferry Rd., Vicksburg, MS 39180. 
ERDC TN-EMRRP-SR-29. 

Fredsøe, J., & Deigaard, R. (1992). Mechanichs of Coastal Sediment Transport. Advanced Series on 
Ocean Engineering - Volume 3. Singapore: World Scientific. 

GLW (2009). Roberts Bank and Sturgeon Bank Reach Overview. Backgrounder. Prepared for Fraser 
River Estuary Management Program. Prepared by Gary Williams, GL Williams & Associates 
Ltd., 2907 Silver Lake Place, Coquitlam BC V3C 6A2; and Andre Zimmermann, Derek Ray, 
Charlene Menezes, Northwest Hydraulic Consultants, 30 Gostick Place, North Vancouver, BC 
V7M 3G3. October 27, 2009. 



Coastal Processes & Salinity Modeling | Vancouver Fraser Port Authority 
Revision 1 | May 28, 2020 

Creative People, Practical Solutions.®    68 

GLW (2014). South Arm Jetty Marsh Soil Particle Size and Organic Matter Assessment. Prepared by: 
GL Williams & Associates Ltd., Coastal and Estuarine Habitat, 2907 Silver Lake Place, 
Coquitlam BC Canada V3C 6A2. File No.: GW 1401-03D, September 3, 2014. 

GLW (2017). Observations from South Arm Jetty Reconnaissance. Field visit conducted by Gary 
Williams, Professional Wetland Scientist. Prepared by: GL Williams & Associates Ltd., Coastal 
and Estuarine Habitat, 2907 Silver Lake Place, Coquitlam BC V3C 6A2. 

GLW (2017). Preliminary determination of planting quantities for South Arm Jetty. Prepared for Moffatt 
& Nichol. Prepared by Gary Williams, Professional Wetland Scientist. GL Williams & 
Associates Ltd., Coastal and Estuarine Habitat, 2907 Silver Lake Place, Coquitlam 
BC V3C 6A2. 

Golder (2014). Geotechnical Assessment. Phase 2 Habitat Enhancement: South Arm Jetty Tidal 
Marsh, Richmond, BC. Report Number: 1314470047-002-R-Rev0. Draft Report, submitted to: 
Moffatt & Nichol, Suite 301, 777 West Broadway, Vancouver, BC V5Z 4J7. By Golder 
Associates, February 28, 2014. 

Hemmera. (2014). Roberts Bank Terminal 2. Technical Data Report. Sediment and Water Quality 
Characterisation Studies. Burnaby, BC: Hemmera. 

Hemmera (2014). Source Sediment Characterization. South Arm Jetty Tidal Marsh Project. Prepared 
for: Port Metro Vancouver, 100 The Point, 999 Canada Place, Vancouver, BC V6C 3T4. 
Prepared by: Hemmera, 250 – 1380 Burrard Street, Vancouver, BC V6Z 2H3. File: 302-
035.04, August 2014. 

Hemmera (2017). Existing Ecological Conditions. Proposed South Arm Jetty Tidal Marsh Project. 
Prepared for: Vancouver Fraser Port Authority, 100 The Pointe, 999 Canada Place, 
Vancouver, BC V6C 3T4. Prepared by: Hemmera Envirochem Inc., 250 – 1380 Burrard Street, 
Vancouver BC V6Z 2H3. File: 302-035.05, July 2017. 

M&N (2015). South Arm Jetty Tidal Marsh Design Report. Habitat Enhancement Program, Phase 2. 
Prepared for: Port Metro Vancouver, 100 The Pointe, 999 Canada Place, Vancouver, BC, 
V6C 3T4. Prepared by: Moffatt & Nichol, 301-777 W. Broadway, Vancouver, BC, V5Z 4J7. 
Final Report, February 6, 2015. 

M&N (2017). Field Notes. South Arm Jetty Field Visit. Conducted on May 11, 2017. Organized by: Port 
of Vancouver and Hemmera. Attendance by: Port of Vancouver, Moffatt & Nichol, Hemmera, 
and GL Williams & Associates. 

McElhanney Consulting Services Ltd. (2019). LiDAR for Raincoast Conservation Foundation 2019 
[Data file].  

NHC (2006). Lower Fraser River Hydraulic Model: Recorded Flow Splits [Drawing]. Prepared for 
Fraser Basin Council. North Vancouver, BC 



Coastal Processes & Salinity Modeling | Vancouver Fraser Port Authority 
Revision 1 | May 28, 2020 

Creative People, Practical Solutions.®    69 

Stantec. (2013). Sturgeon and Roberts Bank LiDAR July 2013 [Data file]. Prepared for Port of 
Vancouver. 

Stantec. (2017). Sturgeon Bank - Richmonth South Digital Elevation Model Change [Drawing].  

Stantec. (2017). Sturgeon Bank 2017 LiDAR [Data file]. Prepared for Port of Vancouver. 

USACE (2005). Electromagnetic Power Attenuation in Soils. US Army Corps of Engineers Engineer 
Research and Development Center (ERDC). Environmental Laboratory, report no.: ERDC/EL 
TR-05-5. August 2005. 

USDA (2007). Engineering Field Handbook. United States Department of Agriculture. Natural 
Resources Conservation Service. Part 650, Chapter 7: Grassed Waterways. Issued December 
2007. 

USDA (2017). Plant Fact Sheet Guide. United States Department of Agriculture. Natural Resources 
Conservation Service. National Plant Data Center. Guide Coordination Page 
http://plant-materials.nrcs.usda.gov/intranet/pfs.html. 

Zhang, J., Wang, H., & Wang, Z. (2017). Assessment of Hydrodynamic and Water Quality Impacts for 
Channel Deepening in the Timble Shoals, Norfolk Harbor, and Elizabeth River Channels. Final 
Report on the "Hydrodynamic Modeling". To Virginia Port Authority. Gloucester Point, VA: 
Virginia Institue of Marine Science. Department of Physical Science. 



Coastal Processes & Salinity Modeling | Vancouver Fraser Port Authority 
Revision 1 | May 28, 2020 

Creative People, Practical Solutions.®    70 

Appendix A:  
Supplemental Hydrodynamic and Salinity Analysis with 

Incorporation of Phase 2 Raincoast Project 



Suite 301 - 777 West Broadway 
Vancouver BC Canada V5Z 4J7 

Tel +1 604-707-9004 | Fax +1 604-707-9005 
www.moffattnichol.com

MEMORANDUM
To: Michael Cho, P.Eng., M&N 

From: Cheng-Feng Tsai, P.E., & Dilip Trivedi, P.E., M&N 

Date: May 28, 2020 

Subject:  Supplemental Hydrodynamic and Salinity Analysis by Incorporating Phase 2 

 Breaching into the South Arm Jetty Tidal Marsh Project 

EXECUTIVE SUMMARY 

The purpose of this memo is to analyze potential changes in the South Army Jetty (SAJ) Tidal Marsh 
project area following the introduction of Raincoast Conservation Foundation (RCF) Phase 2 
breaches in the Steveston North Jetty east of the SAJ project.  The hydrodynamic modeling results 
suggest that current speeds and salinity within the project area are similar or slightly lower in 
magnitude compared to the without-breaches condition.  Therefore, the breaches of the RCF 
Project do not present any adverse effects in the SAJ project area.  In addition, results show that 
the effects of the proposed SAJ breaches located to the west of the SAJ site are limited and 
therefore not recommended to be included as part of the SAJ project.   

BACKGROUND 

The Vancouver Fraser Port Authority (VFPA) has developed the Habitat Enhancement Program 
(HEP). HEP has been developed to improve fish and wildlife habitat in advance of port 
development projects, to offset impacts to existing habitat.  As part of the HEP, the South Arm 
Jetty Tidal Marsh (SAJ) project is a proposed intertidal marsh located along the north side of 
Steveston North Jetty (SNJ).   Moffatt & Nichol (M&N) has been retained by VFPA for the design of 
the SAJ Project, which included a cobble beach berm, general raising of site grades with sand fill, 
drainage channels suitable for marsh planting (by  others).  M&N completed wave exposure and 
hydrodynamic/salinity analyses to support the design in Dec.  20171.   

In 2018, RCF proposed the Fraser River Estuary Connectivity Project that consists of breaching 
sections of the SNJ surrounding the SAJ project.  Tetra Tech Inc. was retained by the RCF to 
investigate the impacts of the proposed project on navigation and on sedimentation processes 
in the vicinity, and two reports were prepared (a Phase 1 report in Feb.  20182, and a Phase 2 

1 Moffatt & Nichol, 2017.  Coastal Processes & Salinity Modeling, South Arm Jetty Tidal Marsh Project.  Draft 
Report.   
2 Tetra Tech, 2018.  Investigation of the Hydrodynamic and Sedimentation Impacts in the Fraser River from the 
Proposed Openings along the Steveston North Jetty.  Technical Memorandum.   
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report in Jan.  20193).  The VFPA and M&N provided review comments on both reports.  At 
present, Phase 1 of breaches east of the SAJ project (hereafter referred as RCF breaches) has 
been implemented and the formation of natural channels have been occurring.  Phase 2 of 
breaches is scheduled to potentially proceed in 2020.   

A supplemental analysis of tidal hydrodynamics and salinity was conducted to assess whether 
the RCF breaches have potential impacts to the SAJ Project.  In addition, two proposed SAJ 
breaches west of the SAJ project (hereafter referred to as SAJ breaches) were evaluated to 
examine if there are any benefits by incorporating the SAJ breaches in the future project 
footprint.  This addendum report is intended to supplement the 2017 M&N main report.  Figure 
1 shows the SAJ Project footprint and the locations of three RCF breaches and two proposed SAJ 
breaches.   

 
Figure 1: The SAJ Project Footprint, Locations of Three RCF Breaches and Two Proposed SAJ 

Breaches, and the Six Model Data Extraction Points (Point A-F Triangles).   

 

MODELING APPROACH 

 
3 Tetra Tech, 2019.  Phase 2 Report - Hydrodynamic and Sedimentation Study for the Proposed Breaches on 
Steveston North Jetty in the Fraser River.  Presented to Raincoast Conservation Foundation.   
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The modeling approach and model performance characteristics (e.g. model development, 
calibration) are addressed in the main report of the 2017 M&N modeling work and are therefore  
not reiterated here.  The only changes are to introduce the breaches and to incorporate the latest 
2019 LiDAR data in the vicinity of the RCF breaches.   

The latest LiDAR data was collected for the RCF Project in summer 2019 by McElhanney Consulting 
Ltd4.  The survey was conducted at low tide and covers eastern half of the project area as well as 
the parcel to the east.  Elevations were in the range from -2.3 m GD to +4.5 m GD.    

Two additional scenarios were developed in the supplemental analysis to assess the effects of 
breaches on the SAJ Project.  The first scenario incorporates the RCF breaches, while the second 
scenario incorporates both the RCF breaches and the proposed SAJ breaches.  The existing 
condition (without any breaches and without the SAJ project) and the with-SAJ project scenarios 
developed in 2017 were also included for comparison purposes.  Six model data extraction points 
were used to analyze the effects of the breaches in the SAJ project area.  The extraction points are 
denoted by the triangles shown in Figure 1, Point A-F.   

Three discharge flow conditions in the Fraser River were investigated in the supplemental analysis 
to allow direct comparison to the 2017 modeling results.  The low flow of 2,000 m3/s represents 
the base flow condition.  The high flow was set to 8,000 m3/s, an average peak discharge during 
the freshet.  The medium flow of 5,500 m3/s represents a transition from the low to the high 
flow.   

MODEL SCENARIOS 

The associated tidal channel will form and evolve naturally after a breach is created.  A desktop 
analysis of tidal channel geometry was performed based on the literature to identify the extent of 
tidal channels connecting the RCF breaches.   

Hydrodynamic model results found that the peak discharge through the RCF west breach (most 
impacting the SAJ project) is approximately 40 m³/s.  Friedrichs (19955) and some other studies 
suggest the existence of a relationship between cross-sectional area and peak discharge for 
sheltered tidal channels.  Figure 2 presents the observed relationship.  Using this relationship, an 
equilibrium cross-sectional area for the RCF tidal channel at peak discharge is estimated to around 
60 m², which further indicates a RCF tidal channel width of around 20 to 25 m.  Similarly, the peak 
discharge through the SAJ marsh channel is approximately 10 m³/s, corresponding to a channel 
with an estimated cross-sectional area of 30 m2 and a channel width of 10 to 15 m.   

While there is great variability within tide-dominated systems, the channel width-to-depth ratio 
can be split into two discrete groups of tidal channels: vegetated channels and channels on bare 

 
4 McElhanney Consulting Services Ltd.  (2019).  LiDAR for Raincoast Conservation Foundation 2019.   
5 Friedrichs, C.  T.  , 1995.  Stability Shear Stress and Equilibrium Cross-Sectional Geometry of Sheltered Tidal 
Channels.  Journal of Coastal Research (11), p1062-1074.   
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flats (Hughes, 20116).  Aerial photographs and LiDAR data were used to estimate the width-to-
depth ratios for vegetated channels around Sturgeon Bank and the results are shown in Figure 3.  
Also shown in the figure is the estimated RCF breach channel (a width of 20 m and a depth of 
1.5 m at MWL) and the SAJ marsh channel geometry (a width of 10 m and a depth of 0.7 m).  The 
estimated channel geometries are aligned well with the surrounding vegetated channels.    

Two additional model scenarios were developed using these estimated channel geometries.  
They were then incorporated into the earlier with-SAJ Project scenario, which adds a rock berm, 
a marsh channel, and raising of site grades to support marsh habitat.   

The first scenario, “RCF Breaches", adds the three RCF breaches and associated tidal channels to 
the with-SAJ Project scenario.  The second scenario, “All Breaches”, adds the two proposed SAJ 
breaches to the first scenario.  The bathymetry of four model scenarios are shown in Figure 4.   

 
Figure 2: Cross-Sectional Area vs.  Peak Discharge for Tidal Channels (Friedrichs, 1995) 

 
6 Hughes, Z.  J.  , 2011.  Chapter 11: Tidal Channels on Tidal Flats and Marshes, Principles of Tidal Sedimentology.  
Editors: Davis Jr.  , R.  A.  and Dalrymple, R.  W.  Publisher: Springer Netherlands.   
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Figure 3: Width-to-Depth Ratio for Tidal Channels (Revised from Hughes 2011) 

Figure 4: Bathymetry for Model Scenarios 
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MODEL RESULTS 

Figure 5 and Figure 6 show current speeds and surface salinities at Point “A” and Point “F”, 
respectively.  Points “A” and “F” were chosen because they are on the opposite ends of the project 
area and the results at the other four locations mostly fall between Points “A” and “F”.  All three 
conditions: high flow (8,000 m3/s), medium flow (5,500 m3/s), and low flow (2,000 m3/s) were 
investigated in the supplemental analysis.  Results show that there are no discernible differences 
with the addition of the RCF breaches or SAJ breaches under all flow conditions.  Only the low flow 
condition is presented in the figures for illustrative purposes.   

Results indicate that the current speeds within the SAJ project area are not substantially affected 
by the addition of the RCF breaches or the SAJ breaches.  At all extraction points, the range of 
current speeds during the simulation period are similar as long as the SAJ project elements such 
as the cobble berm and raising the site grades, are implemented (e.g. “SAJ”, “RCF Breaches”, and 
“All Breaches”) and are generally less than 0.3 m/s.  However, a substantial reduction of current 
speeds can be seen between the scenarios with the SAJ project elements and the existing 
condition, in which the current speed could reach around 0.7 m/s at Point A.  Therefore, it 
confirms the positive effects with the proposed SAJ project elements.  At the eastern portion of 
the SAJ project area (Point “E” and Point “F”), a slight reduction of the current speed can be 
observed with the addition of the RCF breaches, though the reduction is minor.   

The maximum current speed in the RCF west breach is about 1.2 m/s.  Because the channel flow 
and waves present in the channel may potentially erode the eastern edge of the marsh area, 
slope protection is recommended along the sides of the channel.   

Similarly, surface salinity in the project area does not change significantly with the breaches.  
Although the overall salinity range (e.  g.  0 to 29 PSU) during the simulation period is indiscernible 
between the scenarios with the SAJ project elements and the existing condition, the former may 
show lower daily variations in salinity (e.  g.  3 to 15 PSU at Point “A” on 12/26) than the existing 
condition (e.g. 3 to 26 PSU), indicating a modest fresher environment when the SAJ project 
elements are implemented.  At Point “F”, occasional reduction in salinity is observed during 
certain flooding tide stage with the addition of the SAJ breaches.  This is because less saline water 
flows to the eastern end of the project area (Points “E” and “F”) when the flow conveyance 
through the SAJ breaches is provided.  However, the lower salinity state is fairly short (an hour per 
day).  Therefore, the benefits of the SAJ breaches are considered limited.   
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Figure 5: Current Speed and Surface Salinity at Point A, Under Low Flow.  
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Figure 6: Current Speed and Surface Salinity at Point F, Under Low Flow.  
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CONCLUSIONS & RECOMMENDATIONS 

The main conclusions from this supplemental analysis are: 

• The current speeds within the SAJ project area are not substantially affected by the RCF
breaches or SAJ breaches.

• The current speeds could be substantially higher in the project area without the SAJ project 
elements (e. g. cobble berm and raising site grades).

• The maximum current speed in the RCF west breach is about 1.2 m/s.  Because the channel
flow and waves present in the channel may erode the eastern edge of the SAJ marsh area,
slope protection (0.3 m median rock size) is recommended along the sides of the channel.

• Salinity in the SAJ project area does not change significantly with the breaches and the
overall salinity range is similar.

• The benefits of the proposed SAJ breaches are limited from a hydrodynamics and salinity
perspective and therefore are not recommended for incorporation into the SAJ Project.
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Disclaimer 

Moffatt & Nichol devoted effort consistent with (i) the level of diligence ordinarily exercised by competent professionals 

practicing in the area under the same or similar circumstances, and (ii) the time and budget available for its work, to 

ensure that the data contained in this report is accurate as of the date of its preparation. This study is based on 

estimates, assumptions and other information developed by Moffatt & Nichol from its independent research effort, 

general knowledge of the industry, and information provided by and consultations with the client and the client's 

representatives. No responsibility is assumed for inaccuracies in reporting by the Client, the Client's agents and 

representatives, or any third-party data source used in preparing or presenting this study. Moffatt & Nichol assumes no 

duty to update the information contained herein unless it is separately retained to do so pursuant to a written agreement 

signed by Moffatt & Nichol and the Client. 

Moffatt & Nichol’s findings represent its professional judgment. Neither Moffatt & Nichol nor its respective affiliates, 

makes any warranty, expressed or implied, with respect to any information or methods disclosed in this document. Any 

recipient of this document other than the Client, by their acceptance or use of this document, releases Moffatt & Nichol 

and its affiliates from any liability for direct, indirect, consequential or special loss or damage whether arising in contract, 

warranty (express or implied), tort or otherwise, and irrespective of fault, negligence and strict liability. 

This report may not to be used in conjunction with any public or private offering of securities, debt, equity, or other similar 

purpose where it may be relied upon to any degree by any person other than the Client. This study may not be used for 

purposes other than those for which it was prepared or for which prior written consent has been obtained from Moffatt & Nichol. 

Possession of this study does not carry with it the right of publication or the right to use the name of "Moffatt & Nichol" 

in any manner without the prior written consent of Moffatt & Nichol. No party may abstract, excerpt or summarise this 

report without the prior written consent of Moffatt & Nichol. Moffatt & Nichol has served solely in the capacity of 

consultant and has not rendered any expert opinions in connection with the subject matter hereof. Any changes made 

to the study, or any use of the study not specifically identified in the agreement between the Client and Moffatt & Nichol 

or otherwise expressly approved in writing by Moffatt & Nichol, shall be at the sole risk of the party making such changes 

or adopting such use. 

This document was prepared solely for the use by the Client. No party may rely on this report except the Client or a 

party so authorised by Moffatt & Nichol in writing (including, without limitation, in the form of a reliance letter). Any party 

who is entitled to rely on this document may do so only on the document in its entirety and not on any excerpt or 

summary. Entitlement to rely upon this document is conditioned upon the entitled party accepting full responsibility and 

not holding Moffatt & Nichol liable in any way for any impacts on the forecasts or the earnings from the project resulting 

from changes in "external" factors such as changes in government policy, in the pricing of commodities and materials, 

price levels generally, competitive alternatives to the project, the behaviour of consumers or competitors and changes 

in the owners’ policies affecting the operation of their projects. 

This document may include “forward-looking statements”. These statements relate to Moffatt & Nichol’s expectations, 

beliefs, intentions or strategies regarding the future. These statements may be identified by the use of words like 

“anticipate,” “believe,” “estimate,” “expect,” “intend,” “may,” “plan,” “project,” “will,” “should,” “seek,” and similar 

expressions. The forward-looking statements reflect Moffatt & Nichol’s views and assumptions with respect to future 

events as of the date of this study and are subject to future economic conditions, and other risks and uncertainties. 

Actual and future results and trends could differ materially from those set forth in such statements due to various factors, 

including, without limitation, those discussed in this study. These factors are beyond Moffatt & Nichol’s ability to control 

or predict. Accordingly, Moffatt & Nichol makes no warranty or representation that any of the projected values or results 

contained in this study will actually be achieved. 

This study is qualified in its entirety by, and should be considered in light of, these limitations, conditions and considerations. 
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1. Introduction

The Vancouver Fraser Port Authority (VFPA) is proposing to provide habitat restoration projects to 

offset impacts from construction of the Roberts Bank Terminal 2 project. One of the projects under 

investigation includes the South Arm Jetty Tidal Marsh, an intertidal marsh located on the South Arm 

of the Fraser River along the north side of Steveston Jetty within the Steveston Bend Reach (Figure 

1-1) (km 5.5 to 7.5 of the navigation channel). The site lies on Sturgeon Bank offshore of Steveston

Village in Richmond, British Columbia. In general, the project consists of a cobble beach berm,

containment structure, raising of site grades with fill sand and then complemented with salt marsh

planting.

This report provides the criteria that have been considered in developing the design for the South Arm 

Jetty Tidal Marsh. A characterization of the Fraser River and discussion of the existing site conditions 

are provided in Section 2. The design concept was developed through characterization of the existing 

conditions. 

Subsequently, the criteria used to develop the design of the site are discussed in Section 3. Project 

design criteria also include a combination of the functional, physical and biological criteria (provided 

by others) as well as the applied engineering standards. 

The construction details for the South Arm Jetty Tidal Marsh are discussed in Section 4. Following a 

general site description, the features of the project are presented, including: the cobble beach berm, 

containment structure, marsh, site access, construction methodology and construction schedule. 

Sections 5 provides details on the construction direct cost (CDC) estimate. 
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FIGURE 1-1: LOCATION OF PROJECT SITE AT THE STEVESTON JETTY, FRASER RIVER SOUTH ARM 

1.1. Project Site 

The proposed South Arm Jetty Tidal Marsh is located along the north side of the Steveston Jetty within 

the Steveston Bend Reach of the Fraser River South Arm (Figure 1-2). This area is adjacent to the 

maintained deep-sea shipping channel. A large strip of marsh currently exists along the north side of 

the jetty.  

The proposed tidal marsh site is on a shallow portion of Sturgeon Bank with elevations ranging 

from -0.75 m to +0.75 m Geodetic Datum (GD), with low spots at the west end of the site as low as  

‐1.5 m GD. There is an area with higher elevation which is referred to as the “sand island.” This area 

is a remnant of dredge material disposal activities in the early 1980s. The adjacent Steveston Jetty is 

permeable and constructed of piled rock and concrete debris. There are several low points along the 

jetty which allow flow to pass over the jetty and onto Sturgeon Bank (Figure 1-2). 
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Fisheries and Oceans Canada (DFO) and Raincoast Conservation Foundation (RCF) created 

three Breaches in 2019 in the jetty upstream of the proposed tidal marsh to improve fish access and 

sedimentation in Sturgeon Bank. Additional breaches downstream have been previously considered 

and described in the Tetra Tech 2019 report and will be addressed in this study. 

FIGURE 1-2: LOCATION OF PROPOSED MARSH AT STURGEON BANK 
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2. Coastal Analysis 

2.1. General Overview 

2.1.1. Background 

The Fraser River is one of the largest rivers on the west coast of North America. Figure 2-1 shows the 

location of the South Arm Jetty site in the lower Fraser River (Ellis et al, 2004). The river crosses the 

urban area of Metro Vancouver and debouches into the Salish Sea connected to the Pacific Ocean 

through the Strait of Juan de Fuca.  

Due to its commercial and economic importance, the Fraser River and associated system has been 

studied extensively (e.g. Thomson, 1981; Ferguson, 1991; McLean and Church, 1986; Miller and 

Barua, 1999; Morrison et al, 2002; Ellis et al, 2004; Williams et al, 2009 and CBA, 2010). The river is 

an important waterway for access to the Port and facilitates the transport of 50 million tonnes of coastal 

and deep sea cargo and supports some 650 million young salmon migrating downstream and 10 

million spawning salmon (BIEAP-FREMP, 2006).  

Important aspects of maintaining the port and navigation fairway that affects the hydro-morphologic 

setting of the river are diking, river training structures and annual dredging. Between 1975 and 1990, 

some 7 million m3 of sand was dredged annually. Current guidelines limit dredging to 70% of the 

incoming bed-material load (BIEAP-FREMP, 2006), some 3.5 million m3 annually. 
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FIGURE 2-1: LOWER FRASER RIVER SYSTEM SHOWING THE SOUTH ARM JETTY SITE1  

Several studies and research reports are available on the hydraulics and morphology of the Fraser 

River Estuary. These studies were mostly sponsored by public agencies such as the Burrard Inlet 

Environmental Action Program and Fraser River Estuary Management Program (BIEAP-FREMP), 

Environment Canada, Canadian Coast Guard and VFPA. 

2.1.2. General Setting 

The proposed project site is located in the Fraser River Estuary on the north side of Steveston Jetty 

within the Steveston Bend Reach, approximately 5.5 km upstream from Sand Heads. Section 2.3 

describes the characteristics of the site. A brief review of the general physical setting of the Fraser 

River system is presented in this section. 

 

 

1  represents the South Arm Jetty site on all figures 

 

South Arm Jetty Site 
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FIGURE 2-2: FRASER RIVER DELTA FRINGE PHYSIOGRAPHY 

The gross drainage area of the Fraser River is approximately 217,000 km2. Hydrometric data, including 

water level and discharge data has been measured at Hope since 1912, capturing a period of record 

of 106 years. 

Figure 2-3 summarizes the maximum, minimum, and mean discharge data recorded at Hope. 

Additionally, the year 1991 is shown, taken as representative of average conditions. 

It can be seen that outflow from the river remains fairly constant over the months from January to mid-

April, and subsequently increases rapidly through mid-June to early July. Over the months of July to 

October, the outflow decreases pronouncedly, followed by a more gradual decrease of the outflow in 

October and November, until a somewhat constant discharge is reached around December. 

The pronounced increase in outflow over the late spring and summer months (freshet) is due to melting 

of snow accumulated in the mountains over the winter months. 
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The peak annual discharge around mid-June can range from approximately 4,000 m3/s (blue curve) 

to 14,000 m3/s (green curve). The average peak annual discharge is around 7,000 m3/s (brown curve). 

In dry years, the base outflow can be as low as 600-1,000 m3/s, increasing to 2,000-4,000 m3/s in wet 

years. 

 

FIGURE 2-3: FRASER RIVER DAILY DISCHARGE, (EC 2017) 

A summary of characteristic information on the Fraser River is provided in Table 2-1, including 

information about the mean, high, and low flow rates, distributary flow share, and sediment loads. 

TABLE 2-1: FRASER RIVER CHARACTERISTICS 

Description Magnitude Source 

Flow at Hope: 

Mean flow 

Mean peak flow 

Mean minimum flow 

Lowest flow, January 8, 1916 

Highest flow, May 31, 1948 

 
2,803 m3/s 

8,705 m3/s 

687 m3/s 

340 m3/s 

15,200 m3/s 

Morrison et al, 2002 
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The river delivers some 17.3 million tonnes of sediment annually to the Salish Sea, of which 35% is 

sand (2 mm ≥ sand ≥ 0.063 mm), 50% is silt (0.063 mm ≥ silt ≥ 0.004 mm) and the remaining 15% is 

clay (≤ 0.004 mm).  

Due to the distributary flow share, the water levels along the south arm are affected by the freshets. 

Figure 2-4 shows the effects of freshets on water level in the reach starting from Sand Heads, in open 

water, to New Westminster (Ferguson 1991). The figure shows that mean water level rises by more 

than 1 m from Sand Heads to New Westminster during freshets. 

 

Present distributary flow share 

85% South Arm 

5% Canoe Passage 

10% North Arm 

NHC-Triton, 2004 

Chapter 2.5.1 

Total sediment load at Mission 

and granular distribution 

17.3x106 tonnes/year 

35% sand 

50% silt 

15% clay 

NHC-Triton, 2004 

Chapter 2.1 

 

*Bed-material load to sea 3.8x106 tonnes/year 
Tetra Tech, 2019 

Chapter 2.1.2.2 

*Bed-material load is defined as medium to coarse sand (0.25 mm to 2 mm). 

sand (2 mm ≥ sand ≥ 0.063 mm); silt (0.063 mm ≥ silt ≥ 0.004 mm); clay (≤ 0.004 mm). 
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FIGURE 2-4: EFFECTS OF FRESHETS ON WATER LEVEL IN THE FRASER RIVER ESTUARY, BRITISH 
COLUMBIA  

The history of changes of the Fraser River system is marked by human intervention in confinement of 

channels by protection works, diking, river training structures, navigation dredging and reclamation of 

delta fringes by dredgeate. 

In their dredging management strategy report, BIEAP-FRMEP (2006) has delineated the Fraser River 

South Arm into three units: (1) the Sand Heads open tidal flat area, (2) the South Arm Tidal area and 

(3) the South Arm Meso-Tidal area. The South Arm Jetty site is part of the open tidal flat area. 

Sturgeon Bank forms the marine foreshore of Lulu Island within the Fraser River delta. It is a highly 

dynamic environment in which sediments are transported by a combination of wind-waves, tidal 

currents and discharge from the Fraser River. Wind-waves can approach the project site from the 

northwest through southwest.  

Other environmental factors which contribute to the transport of sediment within the project area 

include tidal currents and discharge of the Fraser River over and through existing shallow openings or 

gaps near the top of the Steveston North Jetty. The magnitude of tidal currents alone is expected to 

be weak; however, the impact of Fraser River discharge combined with tidal currents is expected to 

be a potential factor for mobilizing sediment.  
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2.2. Fraser River Salinity Data 

Estuary is defined as where a river meets the sea, which creates a productive ecosystem for fish and 

wildlife. In the Fraser River, water is drawn for consumption, industrial, and agricultural uses. The 

salinity of the water depends on how far upstream the water is sourced. The extent of salinity intrusion 

up the Fraser River is strongly dependent on the river outflow (discharge), which varies annually. The 

salinity intrusion is greater in years with low river discharge. 

Salinity data was acquired from ENVIRODAT (2016) for the Fraser River Water Quality Buoy. The 

buoy provides continuous real-time sampling of surface water quality parameters utilized to assess 

the quality of Fraser River fresh water. The location of the buoy is shown in Figure 2-5, which is near 

Tilbury at Gravesend Reach, at Latitude/Longitude 49.1484°N, 123.0392°W.  

The buoy provides continuous real-time tracking of dissolved oxygen (DO) content, water pH value, 

conductivity, turbidity, water velocity, and water temperature. Levels of trace metals, nutrients, major 

ions, and coliforms are logged bi-weekly. The buoy also has the ability to track levels of a range of 

organic contaminants, including: pesticides, nonylphenols, polychlorinated biphenyls (PCBs), 

polycyclic aromatic hydrocarbons (PAHs), and polybrominated diphenyl ether (PBDEs). 

Additional instrumentation on the buoy captures wind speed, wind direction, air pressure, relative 

humidity, water depth, and latitude/longitude position and heading. 

The instrument platform consists of an aluminum superstructure mounted on a 3 m foam float buoy 

hull, anchored to the riverbed with mooring chain. Instruments are powered via six 55 Watts solar 

panels and an underwater generator, delivering 12 V DC to a battery pack consisting of eight 100 Ah 

batteries. 

The buoy is also outfitted with an Automatic Identification System (AIS) transmitter and amber flashing 

navigational light, which enables vessels on the river to track and identify the buoy location. 
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FIGURE 2-5: LOCATION OF FRASER RIVER WATER QUALITY BUOY 

Figure 2-6 provides a summary of water temperature and salinity over the range of years from 2008 

through 2017. Water temperature is indicated by the blue and grey curves according to the scale on 

the left side of the figure. Salinity levels are indicated by the yellow to red curves per the scale on the 

right side of the figure. 

It can be seen that the temperature variation falls within a fairly narrow range, progressively increasing 

from 2-4°C in January to 18-22°C peaking in August, followed by a steady decrease in water 

temperature through December. 

Salinity levels throughout the year are inversely related to outflow from the Fraser River. Salinities of 

up to 15-18 ppt are recorded in the months from September through April (low discharge months). 

Over the summer months from May through August, i.e. the peak discharge months, the water is fresh. 
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FIGURE 2-6: WATER TEMPERATURE AND SALINITY DATA FROM FRASER RIVER WQ BUOY 
(ENVIRODAT, 2017) 

Figure 2-7 shows an example of the intertidal variation of salinity levels. The dark blue curve indicates 

the tide stage recorded at the buoy in meters relative to the scale on the left-hand side. The green 

curve shows the corresponding flow velocities in meters per second, measured on the same scale. 

Flood tides are denoted by positive values and ebb tides by negative values. It can be seen that the 

tidal currents oscillate around a mean of around -0.4 m/s, which represents the steady outflow from 

the river. 

The variation of the salinity level is indicated by the orange/red curve, with units in PSU/ppt per the 

scale on the right-hand side of the figure. It can be seen that the variation of the salinity follows each 

tidal cycle, increasing on flood tides as saltwater propagates inland, and decreasing on ebb tides 

where more freshwater flows out. 
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FIGURE 2-7: VARIATION OF SALINITY WITH FLOOD AND EBB TIDE (ENVIRODAT, 2017) 

2.3. Environmental Conditions  

2.3.1. Water Levels 

Tidal information for the South Arm Jetty site was developed from information on Sand Heads 

Canadian Hydrographic Services (CHS) Chart 3490. Sand Heads is located approximately 5.5 

kilometers downstream (West) from the project site. The conversion from Chart Datum (CD) to 

Geodetic Datum (GD) is based on published information provided by Canadian Coast Guard 

waterways management (km 6 to km 7 Fraser River South/Main Arm). 

TABLE 2-2: SOUTH ARM JETTY TIDAL ELEVATIONS (M) 

Tidal water surface 
Chart 
Datum 

Geodetic 
Datum 

Higher High Water Large Tide (HHWLT) +4.9 +2.5 

Higher High Water Mean Tide (HHWMT) +4.3 +1.9 

Mean Water Level (MWL) +3.1 +0.7 

Lower Low Water Mean Tide (LLWMT) +1.3 -1.1 

Lower Low Water Large Tide (LLWLT) +0.2 -2.2 

Chart Datum (CD) 0.0 -2.4 
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In navigable waters, Chart Datum is the common vertical datum reference. In inland waters, Geodetic 

Datum is more commonly utilized. Figure 2-8 shows how tidal datums at Point Atkinson and at Sand 

Heads relate to water level datums of the Fraser River at Steveston. Tidal datums at Point Atkinson 

and at Sand Heads (left side of the figure) are purely astronomical. Tidal datums on the Fraser River, 

however, are affected by the amount of outflow from the river (CHS, 2014). The figure shows how the 

tidal datums vary with reference to Geodetic Datum depending on discharge as measured at Hope. 

Geodetic Datum (GD) at Steveston is located at +2.2 m CD per CHS (2005). It can be seen that the 

elevations of higher high water mean and large tides remain fairly constant. Elevations of lower low 

tides (mean and large) increase with increasing discharge. 

 

FIGURE 2-8: VARIATION OF TIDAL DATUMS AT STEVESTON WITH FRASER RIVER DISCHARGE 

2.3.2. Winds 

A metocean gauge located at Sand Heads has collected data on wind speed and direction since 2000. 

Wind statistics for the station are summarized in Figure 2-9Figure 2-9: . The distribution of winds by 

direction shows that predominant wind directions are from north-westerly directions, and the sector 

from south to easterly directions. 

These directions reflect open-water conditions in the Salish Sea, having a great expanse to the 

northwest. The pronounced winds from easterly directions are representative of overland conditions. 

The topography of the inland area and mountain ranges to the north have the effect of generally 

funneling winds from east over the Vancouver area. The effect is consistent and the Vancouver Airport 

runways are therefore aligned approximately east-west. 

The table in Figure 2-9 summarizes the occurrence of wind speeds by direction. It can be seen that 

extreme wind speeds can exceed 12 m/s, but are more commonly below 10 m/s. The distribution of 
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the highest wind speeds shows that storm systems entering the Salish Sea can produce high winds 

from virtually any direction at Sand Heads, but less frequently from north-easterly direction. 

 

FIGURE 2-9: ANNUAL AVERAGE WIND STATISTICS BY SPEED AND DIRECTION 
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2.3.3. Wave Statistics 

Wave data for Station C46146, Halibut Bank is summarized in Figure 2-10. The data shows the annual 

average percentage of occurrence. The majority (87%) of the waves recorded at the buoy have wave 

periods in the range from 2 to 10 seconds, which is representative of wind-waves generated within the 

Salish Sea. The remainder of the data is representative of longer-period waves in the form of remnant 

swell wave components entering the Salish Sea from the Pacific Basin.  

During storm events, wind-generated wave heights can reach up to 2.1 meters in magnitude. This is 

expressed as the significant wave height, which is the average of the 1/3 of the largest waves. From 

a more practical perspective, the magnitude of waves will vary substantially over the course of a storm. 

As a rule-of-thumb, the highest waves can be estimated at around 1.8 times the significant wave 

height, and the highest waves on record at the buoy are therefore on the order of: 1.8 × 2.1 m = 3.8 m. 

For reference, the height of an individual wave is measured from the trough to the crest. 

FIGURE 2-10: WAVE STATISTICS FOR HALIBUT BANK BUOY 
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A detailed discussion of wind wave analysis is presented in Appendix E. In summary, at the South 

Arm Jetty Tidal Marsh wave breaking processes associated with water levels govern the potential 

wave heights at the project site. Table 2-3 summarizes the design wave combinations associated with 

varying water levels for each structure. 

TABLE 2-3: WATER LEVEL AND MAXIMUM SIGNIFICANT WAVE HEIGHT COMBINATIONS 

Water Level 

(m, GD) 

Cobble Beach Berm 

(West End) 

Containment Structure 

(East End) 

Wave Height, 
Hs (m) 

Wave Period, 
Tp (sec) 

Wave Height, 
Hs (m) 

Wave Period, 
Tp (sec) 

0.4 0.71 7.4 0.18 7.4 

1.2 1.06 7.4 0.47 7.4 

2.4 1.60 7.4 0.89 7.4 

2.3.4. Currents 

Currents at the South Arm Jetty Tidal Marsh are generated by a combination of discharge from the 

South Arm of the Fraser River and tidal flows over Sturgeon Bank. Design peak current speeds at the 

east end of the cobble beach berm and the east side of the containment structure are 0.7 m/s with 

velocities within the project site below this value. A detailed discussion of site hydrodynamics is 

presented in Appendix E. 

2.4. Project Site Physical Characteristics 

The South Arm Jetty Tidal Marsh is located along the north side of the Steveston Jetty within the 

Steveston Bend Reach of the Fraser River South Arm. This area is adjacent to the maintained South 

Arm navigation channel. A portion of hydrographic chart #3463 is shown in Figure 2-11 along with the 

location of the project site. 

A large strip of marsh currently exists along the north side of the jetty. Based on observations from a 

site visit by PMV and others2, it was determined that the lower, leading edge of the existing marsh 

(bulrush or Schoenoplectus pungens) is approximately at elevation El.0.0 m, Geodetic Datum (GD), 

which is slightly below mean water level.  

2 The site visit on May 7th, 2013 was attended by M&N, PMV, Hemmera, GLW, and DFO. 
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FIGURE 2-11: SOUTH ARM JETTY SITE 

The South Arm Jetty Tidal Marsh site is on a shallow portion of Sturgeon Bank with elevations ranging 

from -0.75 m to 0.75 m GD, with low spots at the west end of the site as low as -1.5m GD. There is a 

higher elevation area which is referred to as the “sand island.” This area is remnant of dredge material 

disposal activities in the early 1980s. The adjacent Steveston Jetty is permeable and constructed of 

piled rock and concrete debris. A profile of the jetty crest is provided in Figure 2-12. There are two 

openings in the jetty near the project site which allow concentrated flow to pass through the jetty and 

onto Sturgeon bank. Additionally, the crest of Steveston Jetty varies and can contribute to 

concentrated flow over the site. A photo (2013) of the overtopping west of the proposed marsh is 

shown in Figure 2-13. 
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FIGURE 2-12: SOUTH ARM JETTY PROFILE 

 

 

FIGURE 2-13: STEVESTON JETTY OVERTOPPING 

Figure 2-14 through Figure 2-17 show photographs captured during a site visit on July 8, 2013. The 

photographs show typical existing conditions at the project site. 

Steveston Jetty 
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FIGURE 2-14: EXISTING MARSH AND SOUTH ARM JETTY LOOKING EAST (STA.1+2003) 

 

FIGURE 2-15: EXISTING SAND FLAT AND SOUTH ARM JETTY LOOKING EAST (STA.0+300) 

 

 

 
3 For Stationing (STA.) reference along the Jetty refer to Project Drawings Appendix B 
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FIGURE 2-16: EXISTING SAND FLAT AND SOUTH ARM JETTY LOOKING SOUTH (STA.0+100) 

 

FIGURE 2-17: EXISTING MARSH AND SAND FLAT LOOKING WEST (STA.0+800) 
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2.5. Project Site Development 

The South Arm Jetty site has been the subject of recent efforts by Fisheries and Oceans 

Canada (DFO) and RCF to introduce enhancements for salmon passage by introducing 

breaches into several locations along Steveston Jetty at the eastern fringe of the proposed habitat 

development. The design and modeling of these breaches was covered in the Tetra Tech 2019 

modelling report. The report concluded that: 

• The breaches would cause initial scour in Sturgeon Bank soon after opening,

• Current velocities would be higher initially and decrease over time as the channels stabilized,

• There would be an increase in sediment supply through the breaches

• Cross currents caused by backflow would not significantly affect navigation maneuverability

• Sedimentation from backflow through the breaches would not affect deposition within the

navigation corridor footprint.

The breach construction is relatively recent, and the channels extending from these breaches have 

not completely formed as of the preparation of this report but are expected to continue to form and will 

ultimately reach to the eastern limit of the proposed mitigation habitat. A general plan indicating breach 

locations and configuration are included in Figure 2-18. 
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FIGURE 2-18: RCF BREACH LOCATIONS (TETRA TECH 2019) 
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3. Design Criteria 

This section describes the criteria that guided the design of the proposed Project. This section includes 

a description of the functional, physical and biological design criteria (provided by others) as well as 

the applied engineering standards. 

3.1. General Design Criteria 

3.1.1. Project Datum and Units 

Horizontal coordinate system is NAD83 UTM Zone 10. The vertical datum is Geodetic Datum (GD). 

All drawings are presented in SI (metric) units.  

3.1.2. Service Life and Return Period 

Standard industry practice is to design containment structures without any factors of safety implicit in 

the design methods applied. Durable design is achieved by selecting a design condition that is unlikely 

to be exceeded over the service life of the structure. For permanent structures that are designed to 

withstand no damage, such as a marine terminal, a 50 year or more return period event is often used. 

However, for this project the containment structures for the habitat features are less critical since the 

sites do not constitute flood protection infrastructure (BC MOE 2007). As such, a return period of 25 

years for the extreme event will be used in the design. The containment structures under consideration 

is a rubble mound construction which typically does not fail catastrophically, but rather, tends to fail 

incrementally, which can be repaired to extend the lifespan. 

3.1.3. Codes, Standards and Design Guidelines 

The following guidelines, codes, and standards shall be used for this project: 

• British Columbia Building Code 2018 (BCBC’18);  

• Coastal Engineering Manual (CEM, US Army Corps of Engineers, 2002). 

3.1.4. Functional Requirements 

Figure 3-1 shows a schematic of processes and controls that define a habitat. Engineering and other 

interventions must take note of the delicate balance among relevant factors to avoid destruction or 

significant modification of a habitat.  
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FIGURE 3-1: SCHEMATIC OF INTERRELATIONSHIPS AND HABITAT CHARACTERISTICS (AFTER RONI ET AL, 
2002) 

It is important that identified habitats are preserved and maintained. In their habitat management 

strategy policy statement, BIEAP-FREMP (CBA, 2010) has identified four basic guidelines for marine 

works. Relevant highlights of these guidelines are summarized in Table 3-1. 
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TABLE 3-1: BIEAP-FREMP HABITAT MANAGEMENT GUIDELINE (CBA 2010) 

Guideline Description 

1 Preserve habitat features to maintain fish and wildlife functions:  

• fish feeding (marshes), 

• waterfowl and shorebird nesting, 

• roosting and feeding (trees and shrubs), 

• leaf and insect input, and 

• wildlife feeding and refuge cover. 

2 Design facilities to minimize structure or surface footprints, even for elevated structures such as docks. 

3 Preserve intertidal areas, including sand flats, mudflats and marsh to the degree possible. 

4 For mitigation consider complexing marsh habitat, e.g. tidal channels, planting, large woody debris to improve 
fish access and utilization. 

3.2. Description of Proposed Design 

The overall goal for the site is to create marsh habitat with interconnected channels to enhance salmon 

passage and bird habitat. Elevations of the channels and surface are configured to maximize 

circulation, while minimizing erosion that would require maintenance or detrimental impacts to 

adjacent habitat and navigation channels. The design will also be configured to take advantage of 

existing site resources to lessen the need for imported material to the extent practical.  

The main features of the site include a cobble beach berm to provide wave protection from northwest 

waves, slope protection rock in channel areas subjected to higher current velocities, sand fills to 

support planted vegetation, and drainage channels/ditch to connect the site to adjacent habitat and 

proposed marsh. A plan of the proposed alternative is shown in Figure 3-2. 
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FIGURE 3-2: CONCEPT LAYOUT 

3.3. Site Specific Design Criteria 

3.3.1. Coastal Design Parameters 

The description of coastal considerations, including tide, water levels, waves, and general salinity were 

previously covered in section 2. 

3.3.2. Geotechnical Conditions 

A preliminary geotechnical assessment was carried out based on a desktop geotechnical study and 

limited site reconnaissance (Appendix A). Based on existing data from the Fraser River channel 

immediately adjacent to the site the subsurface conditions may be comprised of a layer of sand up to 

4m thick overlaying soft to firm clayey silt. Settlement during placement of the fill layer is expected to 

be on the order of approximately 50 to 150 mm during the construction period with an additional 25 

mm over the following 18-month period.  

Slope stability analyses were conducted for the cobble beach berm embankment along the northern 

boundary to the Site under static loading conditions and did not consider seismic (earthquake) loading 

effects. The calculated Factor of Safety (FOS) against failure of the proposed embankment was 

calculated to be greater than 1.5, and therefore slope stability is not considered an issue.  
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For the cobble berm construction in a critical location staged loading could be considered in lifts 

approximately 0.5 m thick. However, this staged loading is not practical for the marsh fill where most 

of the fill placement is relatively shallow and extends over a large area. This significantly lessens the 

possibility of deeper seated foundation failures. 

3.3.3. Planting Elevations 

Marsh construction at the South Arm Jetty habitat enhancement site will consist of extending the marsh 

platform over the tidal flats, contained within a cobble beach berm. The finished marsh design 

elevation will be 0.0 m GD for the silty sand marsh growing medium. However, to promote drainage 

over the large area of placed fill, it may be necessary to slightly “mound” the fill. The containment berm 

will consist of gravel and cobble placed at a 20 horizontal:1 vertical slope to address potentially erosive 

storm conditions. Suitable low marsh brackish plant species will be transplanted into the constructed 

marsh platform.  

3.4. Modeling of the Proposed Project 

3.4.1. Model Description 

In 2017 Moffatt & Nichol performed spectral wave and hydrodynamic modeling of the South Arm Jetty 

tidal marsh project. This work was conducted prior to the establishment of breaches in the South Arm 

Jetty proposed by DFO and RCF that have since been implemented. A supplement has been prepared 

to this 2017 study to examine the impacts of current and proposed jetty breaching by building on the 

model created for the 2017 efforts. The main analyses were conducted to assess wave stress over 

the marsh substrate and to examine the salinity conditions to support the marsh habitat. Ostensibly, 

the outcome is being used to establish the amount of sheltering required to lessen wave action 

sufficiently to support vegetation as well as the salinity levels to allow plant survival. Details of the 

study are provided in Appendix E but are summarized in this report. 

Coastal conditions for wind, wave, tides, and river flows have been covered in section 2 and were 

used as input parameters for the model. Topography was obtained from two LIDAR surveys conducted 

in 2013 and 2017 respectively. This was supplemented with additional data collected in 2019. 

The modeling system, Mike 21 (DHI), was selected for its numerical efficiency provided by a flexible 

(unstructured) mesh configuration. This allows coarser grids in areas requiring less detail, and finer 

grids in the area of greatest concern. The computational time is therefore significantly improved without 

sacrificing informational needs. An example of the varying grid configuration is shown in Figure 3-3. 

Mike 21 has the capacity to use plug-in modules for different types of modeling features. In this case 

the Spectral Wave module was conducted as well as the Hydrodynamic & Salinity modules. This study 

employed both two and three dimensional approach for the tidal circulation and salinity. 

The models were calibrated using historical events to compare model outputs versus actual 

measurements and were found to be within acceptable levels of comparison. Details are provided in 

Appendix E. 
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3.4.2. Wave Sheltering and Bed Shear Stress Analysis 

Wave-induced bed shear stress with or without the proposed berm is shown in Figure 3-4. The figure 

indicates that bed shear stress is significantly reduced from the existing conditions to support the 

habitat features. 

A sensitivity analysis was also conducted to review alternate marsh fill height configurations which 

resulted in findings that there was a low improvement with this scenario. 

 

FIGURE 3-3: COMPUTATIONAL GRID AT THE PROJECT SITE. 
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FIGURE 3-4: BED SHEAR STRESS FOR EXISTING (TOP) AND WITH-PROJECT CONDITIONS (BOTTOM) 

3.4.3. Salinity Modeling 

Salinity distribution in the Fraser River Estuary is controlled primarily by the amount of outflow from 

the Fraser River, varying significantly on a seasonal scale, and secondarily by the tidal phase, varying 

on an hourly to daily scale. 

To evaluate the range of salinities at Sturgeon Bank and the proposed marsh area, three sets of 

salinity simulations were performed to represent low, medium and high discharge conditions from the 

Fraser River. For each discharge scenario, simulations of the existing and with-project bathymetric 

conditions in the marsh area (Figure 3-5) were conducted to evaluate potential changes in circulation 

and salinity distribution. 
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FIGURE 3-5: EXISTING AND PROPOSED MODEL ELEVATION AS WELL AS TRANSECT LOCATION 

The main effects of the cobble berm on salinity of the proposed marsh area are as follows: 

Under low discharge conditions, the cobble berm promotes somewhat lower salinity levels in the 

proposed marsh area. This suggests that the freshwater content in the marsh can be improved 

approximately 50% of the time during the year. 

Under medium discharge conditions, representative of the transition between the non-freshet and 

freshet conditions, the cobble berm aids in significantly reducing the salinity range in the proposed 

marsh area. 

Under high discharge conditions, fresh water is prevalent in the proposed marsh area almost entirely 

through the tidal cycle, and the cobble berm does not affect salinity levels. 

Overall modelled salinity ranges from 0 to around 22 PSU, for both existing and with project conditions. 

Model results suggest that the cobble berm will bring salinities in the proposed marsh area closer to 

the existing marsh area (e.g. along the fringe of the Steveston North Jetty).  

Figure 3-6 provides an example comparison of modelled depth averaged salinity in the proposed 

marsh area under existing (blue curve) and with project conditions (yellow curve) for the low flow 

conditions. The upper and lower limits for both curves (representing highest and lowest salinity, which 

may occur at different times) are comparable, indicating that the salinity range in the area will not be 

altered by the project. However, with-project salinity will tend to be lower throughout the tidal cycle. 

For reference, salinity levels for the existing marsh area are depicted by the green dashed curve. 

When compared to the yellow curve (proposed marsh) it can be concluded that the cobble berm will 

promote a salinity range in the proposed marsh area which is comparable to that of the existing marsh. 
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FIGURE 3-6: MODELLED SALINITY IN THE PROPOSED AND EXISTING MARSH AREA UNDER LOW 
DISCHARGE CONDITION 

Supplemental modeling with the RCF breaches and the proposed SAJ breaches was also conducted 

to observe impacts to the salinity and potential scour impacts on either the existing breaches, or the 

proposed marsh. Details are provided in the supplemental report included in Appendix E. The 

modeling scenarios are shown in Figure 3-7.  
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FIGURE 3-7: BATHYMETRY FOR MODEL SCENARIOS  

The Main conclusions from this supplemental analysis are: 

• The current speeds within the SAJ project area are not substantially affected by the RCF 

breaches or SAJ breaches, but the current speeds could be substantially higher without the 

SAJ project elements (e.g. cobble berm and raising site grades).  

• Salinity in the project area does not change significantly with the breaches. The overall salinity 

range is similar, but a fresher environment was found when the SAJ project elements are 

implemented.  

• The benefits of the proposed SAJ breaches are limited from the hydrodynamics and salinity 

perspective and are therefore not recommended for incorporation into the SAJ Project. 
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4. Construction Details 

4.1. Site Descriptions 

The limits of the South Arm Jetty Tidal Marsh are defined to the east by a drainage channel at 

approximately kilometer 7.5 of the navigation channel, to the south by the Steveston North Jetty and 

to the west at approximately kilometer 5.5 of the navigational channel. The site extends approximately 

400 metres to the north at its furthest distance from the jetty. The objective of the proposed work is to 

raise the elevation of the existing sand flat to closely match existing marsh adjacent to the jetty along 

the southeastern extent of the site. By raising the elevation of the bench using infill sand and protecting 

it with the cobble beach berm, marsh vegetation can be planted and grow increasing the area of 

productive marsh. Detailed drawings of the South Arm Jetty site are included in Appendix B. 

The project is defined by a containment structure, a cobble beach berm, and a marsh. The containment 

structure is located along the eastern extents of the project site and is approximately 190 metres in 

length. The purpose of the containment structure is to minimize the risk of the tidal marsh fill material 

impacting the existing drainage channel to the east. The northern and western fill boundaries of the 

site will be defined by a cobble beach berm (beach berm) approximately 2.4 kilometers in length. The 

beach berm is designed to contain and stabilize the placed material and enhance the habitat.  

The beach berm will be constructed with a 4-metre wide construction access road at the HHWMT 

elevation. This road will be used to facilitate the construction of both the beach berm and the placement 

of the marsh fill material. Prior to demobilization from the site, the contractor will level the access road 

by 0.5m by pushing the excess material to the seaward (northern) side of the beach berm. 

The area enclosed by the existing jetty, the cobble beach berm and the containment structure will be 

filled with sand to raise the marsh substrate up to the required elevation (El. 0.0m GD). The total gross 

area of habitat created by the marsh fill material is approximately 27.5 hectares. The total proposed 

habitat area are detailed in Table 4-1 below. The marsh area presented includes drainage channel, 

and the cobble berm area includes slope protection on the eastern edge of the habitat. 

TABLE 4-1: TOTAL HABITAT AREA 

MARSH AREA 
COBBLE BERM 

AREA 
TOTAL AREA 

27.5 ha 6.7 ha 34.2 ha 

4.2. Construction Features 

4.2.1. Excavation 

The containment structure will be comprised of a sand inner/core layer and a 0.5 m thick outer riprap 

layer of 5 kg rock (cobble). The crest of the structure will be set at El. 1.4m GD. 



Design Report | Vancouver Fraser Port Authority 

Revision C | July 30, 2020 

 

 Creative People, Practical Solutions.®   35 

The cobble beach berm will be comprised of 5 kg rock overlain the fill material with a seaward slope 

of 20 (horizontal) to 1 (vertical). The landward slope will be 5 (horizontal) to 1 (vertical). The typical 

width of the beach berm will be 60 metres. 

The sand fill material will be either dredgeate sourced from the Fraser River annual maintenance 

dredging or from local commercial quarries if the maintenance dredge material is not available. VFPA 

reports that approximately 80% of the annual maintenance dredging volume is removed from the lower 

reaches of the Fraser River near the site.  

4.2.2. Site Access 

Access to the South Arm Jetty Tidal Marsh site will be via marine based equipment from the Fraser 

River. 

4.3. Construction Methodology 

The proposed concept for the South Arm Jetty Tidal Marsh site is to expand the existing marsh along 

the north side of the Steveston Jetty to the north and west. A cobble beach berm will be constructed 

encompassing the proposed fill area. During construction the berm will include an access road. It is 

expected that the rock material for the berm will come from a commercial quarry operation by barge. 

The significant technical issue associated with the berm construction, beyond those of any other 

offshore marine conditions (e.g., wind and wave conditions, vessel traffic, etc.), is marine access to 

the site. Water depths over the Sturgeon Bank are not sufficient for typical marine equipment to access 

the site. The current elevations surrounding the proposed site vary from -1.5 to +0.5m GD. Water 

depths approaching the site would be approximately 2m to 3m at the higher high water mean tide 

(HHWMT). Typical drafts for marine construction equipment (derrick barges, rock barges) are 2.2m to 

3.7m. Tug boats required to move the barges can draft 3-4m, depending on the amount of fuel 

onboard. 

At the current water depth, the site would be accessible only at high tide, which is an inefficient use of 

resources. The loaded rock barges and derrick barge would have to access the site at the high tide 

and sit on the bottom as the tide goes out. This may be feasible as long as there is no debris present 

at the site. Once the derrick barge is grounded, it will be limited to the reach of the crane with a loaded 

bucket of rock. Shallower draft barges could be used to deliver the rock but would require additional 

trips, increasing the cost of the materials. A crane could also be mounted on sectional barges which 

have shallower drafts, but generally do not have enough freeboard to handle the weather and wave 

environment that occur at the site. There are sectional barges that are jack-up units to allow the barge 

to elevate above the waves or above the existing ground rather than sitting on the bottom at low tide. 

These units are typically rented as they tend to be specialty equipment that most contractors do not 

own. 

The containment structure will be constructed from rock offloaded to the site from a floating derrick 

situated in the navigation channel, alongside the jetty. The rock would then be placed and shaped 

using conventional land-based or if required amphibious equipment such as excavators and loaders. 

This would allow rock to be placed over the jetty at all tide levels and allow for placement by land 
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based equipment throughout most of the tidal cycle. Due to the location of the navigation channel at 

the Steveston Bend, the derrick barge would be required to move out of the channel to accommodate 

passing vessel traffic.  

The proposed marsh area would encompass approximately 27.5 ha, requiring a significant volume of 

fill material that would be dredged from the Fraser River and pumped over the jetty to raise the 

elevation in the area between the containment berm and the existing jetty. For the estimates the 

required fill volume for the marsh has been increased by a factor to allow for settlement, consolation, 

and material losses during fill placement. Any fill material dredged from the main channel of the Fraser 

River will need to be performed by Fraser River Pile & Dredge (FRPD) as they hold the current 

maintenance dredging contract with PMV. FRPD currently owns a hopper dredge, FRPD 309, which 

is capable of performing the dredging and fill work. Figure 4-1 shows the hopper dredge FRPD 309.  

 

FIGURE 4-1: HOPPER DREDGE FRPD 309 

The dredged material could be placed over the jetty by either direct pumping from the hopper dredge 

through a pipeline or by rainbowing the material. Direct pumping of the dredged material over the jetty 

can be accomplished through installation of a floating and/or submerged discharge pipeline that is left 

in place between loads. One end of the discharge pipeline is placed over the jetty on top of the fill and 

the seaward end is connected to a buoy to allow for recovery and connection to the bow coupling on 

the dredge. This method allows the dredge to use the ship’s power to pump the dredged material from 

the hopper to the fill area. 

Rainbowing is the method of choice on modern hopper dredges to discharge large quantities of sand 

in shallow water location. Rainbowing is essentially the high pressure spraying of the dredge slurry 

through a nozzle located at the bow of the dredge. The nozzle size and angle affect the distance that 

the material is able to be projected. In order to achieve longer distances, a smaller diameter nozzle is 

required which has the effect of reducing production. The FRPD 309 has the capability of direct pump-

off or rainbowing. Most hopper dredges are capable of achieving rainbowing distances of 100 metres 

but this would need to be confirmed with FRPD. Figure 4-2 shows a typical hopper dredge rainbowing 

material ashore as beach fill between rock groins. 
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FIGURE 4-2: HOPPER DREDGE RAINBOWING MATERIAL (SOURCE: www.theartofdredging.com) 

Regardless of whether the fill material is placed over the jetty through a pipeline or by rainbowing, final 

grading of the material will likely need to be performed by conventional land-based equipment such 

as low ground pressure dozers or amphibious excavators. Similar to the issue with the containment 

berm construction, equipment access to the site is limited. The equipment would need to access the 

fill area from across the jetty. Access over the jetty would require a portion of the marsh fill platform or 

containment berm to be raised above high water elevation to allow the equipment to remain out of the 

water at the higher tide levels while working at the fill site. The higher fill platform would be spread to 

lower elevations of the marsh prior to the equipment demobilizing from the site. 

Construction of the containment berm and placement of marsh fill would need to occur during the 

summer/early-fall months, subject to environmental work windows, so rock and fill material can be 

placed prior to the late-fall/winter storms. Any marine equipment on Sturgeon Bank or land equipment 

working on the fill is at risk to damage from wind and storm waves if left exposed. If construction work 

continues into the winter months, careful planning around weather events will need to be observed 

and will likely slow the progress of construction. 

Fill material should not be placed in the marsh area until the containment berm is constructed to help 

contain the fill. The rainbowing of material may cause localized turbidity in the vicinity of the project. 

Pending any regulatory constraints by DFO regarding turbidity, this method of placement may need to 

be revisited prior to final design. 
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4.4. Construction Schedule 

The proposed Project would involve consideration of any constraints, typical production rates, and 

material delivery. Specifically, the schedule includes: 

Fisheries Closures: 

• Juvenile Salmon-applies to water column above elevation -5m (March 1 through August 15) 

• Crab-applies to seabed below -5.0m (October 15 through March 30) (Not applicable to this 

project) 

Marine Mammals: 

• Temporary works stoppage if specific marine mammals are observed in the area. 

Source/Equipment 

• Fraser River Maintenance dredging operates from June 15 through February 28. Actual dates 

depend on freshet conditions and degree of shoaling in critical areas. 

• The rates of offloading will consider the FRPD dredge 309 if the material is supplied through 

the Fraser River maintenance. 

• Rock and some fill materials are assumed to be delivered by barge and spread on-site using 

land based equipment mobilized via barge/crane. 

Production Rates 

• Working hours M-F, 6am-5pm 

• Dredge pumpout 2500 m3/day. (Light loaded to allow closer approach to shore). 

• Rock demolition/removal 500 m3/day 

• Rock placement 400 m3/day 

• On-site excavation/grading 1000 m3/day. 

• Planting (Not covered in this document). 

Based on these assumptions the schedule indicates a construction period of approximately five (5) 

months, excluding planting. See Appendix D for schedule layout. 
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5. Construction Direct Cost 

5.1. Cost Considerations 

The cost estimate includes removal of concrete piling; supply and installation of the containment berm; 

marsh bench (sand); cobble beach berm; environmental protection measures; 

mobilization/demobilization; and Site Modifications. An allowance is included for possible 

environmental protections measures that may be required by the approving agencies, such as, 

preparing an environmental protection plan, installing and maintaining turbidity booms. Potential site 

modifications are limited and may include repairs to the existing jetty. Direct costs are based on 

anticipated equipment, labor and materials. The cost estimate excludes marsh planting; indirect costs 

for the owner’s project management, construction administration and third-party consulting fees; and 

all applicable taxes. 

• The costs are limited to the civil construction elements such as rock, mobilization, buoys, etc. 

• Planting costs are excluded from these estimates. 

• The overall 2020 RBT2 CDC opinion of probable cost unit rates were used where applicable.  

• Contingency varies by status of design. The projects carries a 20% contingency.  

For further background on the 2020 CDC RBT2 cost estimate methods, limitations and uncertainties 

refer to Moffatt & Nichol Memorandum RBT2 CDC Summary and Cost Drivers Memo, Rev.A – DRAFT. 

dated February 28, 2020. 

TABLE 5-1: CONSTRUCTION DIRECT COST 

Note – this section is removed. 

5.2. Limitations 

In providing opinions of estimate, it is recognized that the OE has no control over the costs of labour, 

equipment or materials, over the Contractor’s methods of determining prices, or of the bidding climate. 

Opinions of estimate prepared by the OE are based on reasonable professional judgement and 

experience and do not constitute a warranty, expressed or implied, that the Contractor’s bids or the 

negotiated price of the Work, or the actual cost of the Work, will not vary from the Client’s budget or 

from any opinion of estimate prepared by the OE.  
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1.0 INTRODUCTION 

As requested, Golder Associates Ltd. (Golder) has carried out a geotechnical assessment for the Phase 2 

proposed habitat compensation sites located at the South Arm Jetty, Richmond, BC.  The assessment was 

requested by Moffatt and Nichol (MN) on behalf of Port of Metro Vancouver (PMV).  The development of the 

habitat compensation sites involves site grading and fill placement as required to achieve a ground surface 

elevation suitable for the support of habitat. 

The geotechnical assessment was carried out on the basis of a desktop geotechnical study and limited site 

reconnaissance.  This report presents the anticipated geotechnical conditions and preliminary comments on 

geotechnical considerations for design and construction of the habitat compensation sites.  All elevations 

discussed within this report are referenced to Geodetic Datum. 

The assessment of the South Arm Jetty is being carried out as a part of a larger habitat compensation project 

which includes additional Phase 1 and Phase 2 sites at various locations.  The reports for other sites have been 

issued under separate cover, grouped by Phase and geographic location. 

The work on this report has been carried out in accordance with Golder proposal for Phase 2 sites dated 

March 15, 2013.  The work has been completed in accordance with the terms and conditions outlined in the 

Reciprocal Master Service Agreement for consulting services between MN and Golder dated March 11, 2011 

and associated work order dated March 20, 2013. 

The scope of this report is limited to geotechnical aspects of the proposed site development, and does not 

include any provision for environmental services such as the investigation, testing or assessment of the potential 

presence or impact of soil or groundwater contamination at the site, archeological or biological considerations or 

other hydrogeological services including but not limited to sediment transportation, erosion and/or scouring 

potential of the proposed developments. 

This report should be read in conjunction with the “Important Information and Limitations of This Report” 

that follows this text.  The reader’s attention is specifically drawn to this information as it is essential for the 

proper use and interpretation of this report. 

 

2.0 SITE AND PROPOSED DEVELOPMENT DESCRIPTION 

2.1 South Arm Jetty Tidal Marsh 

The proposed Sturgeon Bank site is located at South Arm Jetty Tidal Marsh at the mouth of the South Arm of the 

Fraser River as shown on the Key Plan, Figure 1.  The site comprises of a sandflat zone; it is unvegetated, 

intertidal with shallow subtidal areas comprising medium to fine sand substrates that occur along the outer delta 

below mean water level.  The sand flats are generally exposed to waves and high energy oceanographic 

conditions so the sands can be quite mobile are constantly being reworked (GL Williams & Associates 2006). 

Drawings are included in Appendix B of M&N’s Design Report.  The sketch indicates the habitat compensation 

will involve construction of a marsh bench at Elevation 0.0 m, requiring up to 1.0 m of fill thickness to be placed 

over a width up to 320 m and an area of approximately 43.6 ha.  In addition, an embankment will be constructed 

at the northern edge of the habitat enhancement area including up to 3 m of fill placement.  It is understood that 

the grade fill will be sourced from Fraser River maintenance dredging operations and that about 238,000 m
3
 of 

fill volume will be required. 
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3.0 SITE RECONNAISSANCE  

A Golder representative attended a site viewing by boat of the Sturgeon Bank, on March 11, 2013, with 

representatives from MN and PMV.  Site photographs were taken during the viewing. 

 

4.0 REVIEW OF AVAILABLE INFORMATION 

4.1 Regional Surficial Geology 

Surficial geology information published by the Geological Survey of Canada (ref: Map 1486A dated 1979) 

indicates that the area is underlain by the following sequence of deposits: 

 Fraser River Sediments comprising of: 

 Overbank silty to silt clay loam normally less than 2 m thick; overlying 

 Deltaic and distributary channel fill of interbedded fine to medium sand about 15 m thick; overlying 

 Estuarine interbedded fine sand to clayey silt, between 10 m to 185 m thick; overlying 

 Up to approximately 400 m thickness of competent glacial and pre-glacial soils; overlying 

 Bedrock. 

 

4.2 Aerial Photographs 
A review of historical aerial photographs, dating from 1938 through to 2004, was carried out.  A summary of key 
review findings are presented in Table 1. 
Table 1: Summary of Historical Aerial Photograph Review 

Year Sturgeon Bank – Key Findings 

1938 Albion Dike No. 2 has yet to be constructed. No sandbar has formed 

1946 No Change 

1963 Albion Dike No. 2 has been constructed.  The sandbar is beginning to form against the Dike. 

1969 The sandbar is similar to the present day albeit with a slightly shallower configuration. 

1976 The sandbar is similar to the present day configuration. 

1982 
The sandbar is similar to the present day configuration; however, it appears sediment is 
beginning to accrete to the west of the sandbar. 

1989 
A second sandbar has formed against Albion Dike No. 2. The second sandbar is a mirror 
image of the existing sandbar and together the two sandbars form a ribbon shape. 

1994 The second sand bar is not present. The sandbar is similar to the present day configuration. 

2004 The sandbar is similar to the present day configuration. 
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4.3 Previous Geotechnical Investigations 

A review of available geotechnical reports in the vicinity of the Sites was carried out as summarized below. 

Golder 1991 

Golder carried out a geotechnical investigation at the South Arm Jetty Site in 1991.  The investigation was for a 

proposed river channel training structure (ref: Golder Report No. 902-1222 titled “Report to Public Works Canada 

on Geotechnical Investigation Proposed River Channel Training Structure” dated March 1991).  A total of eight 

boreholes (BH) and two dynamic cone penetration tests (PT) were put down to depths of up to 30 m below the 

river bed at the locations shown on Figure 2. 

 

Golder 1992 

Golder carried out a subsequent geotechnical investigation at the South Arm Jetty Site later in 1991 to test fill 

that had been placed for the above-mentioned river training structure (ref: Golder Report No. 902-1222 titled 

“Geotechnical Testing River Training Structure” dated January 1992).  A total of eight Becker Penetration Tests 

(BPT) and 2 sampled open Becker boreholes (BO) were put down. 

 

Golder 2009-2011 

Golder previously carried out a geotechnical investigation approximately 8 km southwest of the Site.  The 

investigation included a total of four test pits, four auger holes, one seismic cone penetration test and one cone 

penetration test.  Standpipe piezometers were installed in selected augerholes.  In addition, a test fill 

embankment was constructed and monitored over six months at site.  The test fill included the installation and 

monitoring of 20 settlement gauges and comprised two zones as follows: 

 A lower fill embankment constructed to approximately 1.5 m to 2 m above original site grade, measuring 

approximately 200 m by 100 m in plan; and 

 A higher (upper) fill embankment constructed to approximately 4.5 m to 5 m above original site grade, 

measuring 50 m by 50 m. 

 

This test embankment is considerable distance from the Site, however, it has been included herein since it is 

within the same geological sequence and represents a trail response of the deposits to fill placement. 

 

5.0 INFERRED SITE CONDITIONS 

The Golder 1991 investigation was carried out in close proximity to the South Arm Jetty Site and indicated minor 

surficial sand deposits over an extensive sequence of soft to firm normally consolidated to lightly 

overconsolidated, weak and compressible silt to depths of greater than 30 m below the existing river bed. 
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Very Loose to Loose Sand and Silty Sand 

A surficial deposit of micaceous sand to silty sand was commonly encountered within 1 to 4 m of the existing 

river bed and is inferred to represent transient alluvial channel deposits.  In-situ and laboratory testing indicated 

the following: 

 Sieve analysis indicated the material consisted predominantly of medium sand, with some fine and coarse 

sand, and up to 20 per cent silt sizes. 

 Dynamic Cone Penetration Test (DCPT) blow counts indicate the upper 3 to 5 m were particularly loose. 

 

Soft to Firm Silt 

An extensive deposit of soft to firm silt was encountered at all borehole locations either underlying the surficial 

sand stratum or at river bed level.  The silt was thinly laminated and contained interbeds of sand and silty sand.  

The deposit was considered very weak and sensitive.  In-situ and laboratory testing indicated the following: 

 Standard Penetration Tests (SPT) blow counts ranged from less than 1 to a maximum of 5 blows per 

300 mm penetration. 

 Undrained shear strengths ranged from 15 to 24 kPa.  Remoulded shear strengths in the ranged from 7 to 

11 kPa.  These values are indicative of high sensitivities. 

 Moisture contents of samples typically ranged from 30 to 40 percent and were generally at, or above, the 

Liquid Limit.  Plasticity Indices ranged from 9 to 13. 

 A consolidated undrained triaxial test carried out on a sample of silt obtained at a depth of 6.5 m below river 

bed level showed an effective friction angle of 37 degrees with almost zero effective cohesion.  Coefficients 

of consolidation in the range of 0.002 to 0.004 cm
2
/s were recorded. 

 A consolidation test carried out on a sample of silt obtained at a depth of approximately 3 m below river bed 

level indicated it was moderately compressible with a compression index of about 0.3 and a coefficient of 

consolidation of approximately 0.004 cm
2
/s. 

 

Firm Silt, Some Clay 

At depths ranging from 19 to 25 m below existing river bed level the silt deposit was observed to become firmer, 

with less sandy interlayers and is inferred to be a marine silt deposit.  In-situ and laboratory testing indicated the 

following: 

 Moisture contents were slightly less than in the overlying deposit and were sometimes less than the Liquid 

Limit. Plasticity Indices ranged from 9 to 13. 

 SPT blow counts ranged from 2 to a maximum of 8 blows per 300 mm penetration. 

 Undrained shear strengths were approximately 30 kPa. 
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 One consolidation test carried out on a sample of silt obtained at a depth of approximately 19.5 m below 

river bed level indicated it was moderately compressible with a compression index of about 0.3 and a 

coefficient of consolidation of approximately 0.004 cm
2
/s. 

 

6.0 GEOTECHNICAL CONSIDERATIONS 

The following briefly summarizes significant geotechnical design and construction considerations for the 

proposed habitat compensation embankments common to both sites: 

 The subgrade soils comprise an extensive sequence of deltaic and estuarine deposits that are inferred to 

extend to depths in the order of 100 m below ground surface.  These soils include weak and moderately 

compressible, near-surface silt to clayey silt deposits, extensive loose to compact sand deposits and an 

interlayered sequence of silt, sand and clayey silt soils. 

 Development at the South Arm Jetty will require the placement of permanent grade fills of thickness up to 

1.0 m over a wide area and up to 3 m over the proposed embankment area. 

 The placement of these fills will cause consolidation of the underlying fine-grained subgrade soils. 

 Sequencing should consider specifying limitations on the thickness of fill placed in any single lift; each lift 

placement should be separated from the next by a waiting period to allow strength gain and dissipation of 

pore water pressures in the underlying deposits. 

 There may be difficulties in controlling and monitoring the nature of the fill placement due constraints 

associated with dredging and submerged fill placement. 

 The low-plastic silt and extensive loose sand deposits are susceptible to soil liquefaction during strong 

seismic (earthquake) shaking, which will result in loss of soil strength. 

 

6.1 Settlement of Compressible Deposits 

As described in Section 4.3, a test fill embankment was constructed at a project 8 km from this Site.  Settlement 

measured at gauges installed within a fill embankment indicated the following order of magnitude of settlement: 

 1.5- to 2-m-fill thickness: approximately 50 to 150 mm over the first 6 month period with an additional 25 

mm over the following 18 month period. 

 4.5- to 5-m-fill thickness: approximately 60 to 250 mm over the same 6 month period with an additional 

25 mm over the following 18 month period. 

 

One-dimensional settlement calculations were carried out for the South Arm Jetty using the available information 

from the 1991 and 1989 Golder reports, respectively.  The limitation of these calculations is that the thickness of 

the compressible deposits needed to be assumed, as it was not determined in any of the investigation holes.  On 

the basis of regional geological information, the full depth of compressible deposits was assumed to extend to a 

depth of some 100 m below river bed level.  These calculations indicate settlement in the order of 350 mm could 

be expected in the compressible deposits in response to 4 m of fill placement. 
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Based on the performance of the test fill embankment (with the assumption that similar behavior may be 

expected at the South Arm Jetty) and in conjunction with settlement calculations based on soil properties from 

the 1991 and 1989 investigations, settlement at the South Arm Jetty Site could be expected as follow: 

 Areas with up to 1 m of fill placement: in the order of 50 mm could be expected to occur during the 

construction period with secondary consolidation of about 25 mm to 100 mm over the design life of the 

habitat embankment (assumed at 25 years); and 

 Areas with up to 3 m of fill placement: in the order of 100 to 300 mm could be expected to occur during the 

construction period.  Secondary consolidation of about 25 mm to 100 mm over the design life of the habitat 

embankment (assumed at 25 years) could be expected.  However, based on the review of the aerial 

photographs, the area appears to be a dynamic environment.  It is possible that at some time in history the 

land reclamation area may have been loaded with sand that has subsequently been scoured away. This 

may have imparted a preloading effect.  If this is in fact the case, the settlements observed at the Site in 

response to site development, may be much smaller than those predicted above. 

 

It should be noted that GL Williams & Associates have indicated that the entire delta area is subsiding in 

response to the ongoing inputs of sand as well as the process of dewatering and degassing of sediments and is 

likely most pronounced in the sandflats where the most recently deposited sediments occur. 

 

6.2 Settlement of Dredged Sand Fill 

In addition to settlement of the native compressible deposits described above, the dredged fill will also settle 

under its own self weight.  This will occur concurrent with the construction process and therefore will not have an 

impact on design details, but will be an important consideration for volume calculations.  The amount of 

settlement that could be expected within the dredged sand fill is a function of placement methods, as well as the 

type of material used.  Assuming a relatively clean Fraser River Sand (say less than 15% fraction passing the 

75 m sieve) settlement in the order of 5 to 10 percent of the fill height could be expected. 

 

6.3 Staged Fill Placement 

The general purpose of staged fill placement is to allow sequential strength gain of the underlying compressible 

soils by administering a waiting period between lifts to allow dissipation of excess pore pressures induced by the 

fill, and to avoid overstressing the underlying fine-grained soils.  The consequence of placement of fill in an 

uncontrolled manner (without staging) may result in failure of the underlying soils resulting in lateral movements 

at and beyond the toe of the fill affecting construction. 

Construction using staged loading should be implemented.  It is recommended to plan for staging of placement 

of fill in lifts no thicker than about 0.5 m. 
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6.4 Stability Assessment 

Slope stability analyses were conducted for the embankment along the northern boundary to the Site using limit 

equilibrium methods with the commercially available computer software program SLOPE/W of the 

GeoStudio 2007 (Version 7.17) package by GEO-SLOPE International Ltd.  Stability analyses were carried out 

under static loading conditions and did not consider seismic (earthquake) loading effects.  The slope stability 

analyses were carried out using Modified Bishop’s Method.  The calculated FOS against failure of the proposed 

embankment was calculated to be greater than 1.5. 

 

6.5 Suitability of Dredge Materials as Reclamation Fill 

Generally, dredged and placed sand with less than 10% to 15% of fines is considered suitable as engineering fill.  

Sand meeting this criterion is a better reclamation material for the following reasons: 

 It’s easier to handle. 

 Drainage is good and consolidation occurs quickly. 

 The reclaimed land has a higher bearing capacity. 

 The long-term settlements occurring within the reclaimed soils are small. 

 

Dredged and placed sand with fines content greater than 15% could still be usable, but longer 

consolidation/settling times could be expected.  It is anticipated that in-situ silty sands and sandy silts will lose 

some amount of fines during the dredging and reclamation processes followed for site development by the 

dredging contractor. 

The amount of fines existing within the seabed deposits will be altered during the dredging and reclamation 

processes as the soil particles segregate during transportation and deposition into the reclamation cells.  

Determining the actual amount of fines that would remain in place within the reclamation area following dredging, 

pumping and placement of the dredgeate depends on how the reclamation work is staged and carried out and 

contractor’s methodology, all of which are unknown at the time of preparation of this report. 

 

6.6 Seismic Response 

The soils at South Arm Jetty are expected to be potentially liquefiable under moderate to strong levels of seismic 

shaking.  Liquefaction-induced ground movements (lateral spreading and settlement) are expected to occur 

during and following the cessation of shaking.  Soils exhibiting clay-like behaviour are not expected to liquefy, 

however, they could experience cyclic softening under moderate to strong levels of shaking. 
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7.0 CLOSURE 

We trust that the information presented in this report is sufficient for your immediate requirements.  Should you 

have any questions or require further information, please feel free to contact us. 

GOLDER ASSOCIATES LTD. 

 

 

 

Kieran McNally, EIT Jo-Anne I. Perrett, P.Eng. 

Geotechnical Engineer Associate, Senior Geotechnical Engineer 

 

KM/JIP/sn 

 

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.  
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IMPORTANT INFORMATION AND LIMITATIONS OF THIS REPORT 

Standard of Care:  Golder Associates Ltd. (Golder) has prepared this report in a manner consistent with that 

level of care and skill ordinarily exercised by members of the engineering and science professions currently 

practising under similar conditions in the jurisdiction in which the services are provided, subject to the time limits 

and physical constraints applicable to this report.  No other warranty, expressed or implied is made. 

Basis and Use of the Report:  This report has been prepared for the specific site, design objective, 

development and purpose described to Golder by the Client.  The factual data, interpretations and 

recommendations pertain to a specific project as described in this report and are not applicable to any other 

project or site location.  Any change of site conditions, purpose, development plans or if the project is not 

initiated within eighteen months of the date of the report may alter the validity of the report.  Golder cannot be 

responsible for use of this report, or portions thereof, unless Golder is requested to review and, if necessary, 

revise the report. 

The information, recommendations and opinions expressed in this report are for the sole benefit of the Client.  

No other party may use or rely on this report or any portion thereof without Golder’s express written consent.  If 

the report was prepared to be included for a specific permit application process, then upon the reasonable 

request of the client, Golder may authorize in writing the use of this report by the regulatory agency as an 

Approved User for the specific and identified purpose of the applicable permit review process.  Any other use of 

this report by others is prohibited and is without responsibility to Golder.  The report, all plans, data, drawings 

and other documents as well as all electronic media prepared by Golder are considered its professional work 

product and shall remain the copyright property of Golder, who authorizes only the Client and Approved Users to 

make copies of the report, but only in such quantities as are reasonably necessary for the use of the report by 

those parties.  The Client and Approved Users may not give, lend, sell, or otherwise make available the report or 

any portion thereof to any other party without the express written permission of Golder.  The Client 

acknowledges that electronic media is susceptible to unauthorized modification, deterioration and incompatibility 

and therefore the Client cannot rely upon the electronic media versions of Golder’s report or other work products. 

The report is of a summary nature and is not intended to stand alone without reference to the instructions given 

to Golder by the Client, communications between Golder and the Client, and to any other reports prepared by 

Golder for the Client relative to the specific site described in the report.  In order to properly understand the 

suggestions, recommendations and opinions expressed in this report, reference must be made to the whole of 

the report.  Golder cannot be responsible for use of portions of the report without reference to the entire report. 

Unless otherwise stated, the suggestions, recommendations and opinions given in this report are intended only 

for the guidance of the Client in the design of the specific project.  The extent and detail of investigations, 

including the number of test holes, necessary to determine all of the relevant conditions which may affect 

construction costs would normally be greater than has been carried out for design purposes.  Contractors 

bidding on, or undertaking the work, should rely on their own investigations, as well as their own interpretations 

of the factual data presented in the report, as to how subsurface conditions may affect their work, including but 

not limited to proposed construction techniques, schedule, safety and equipment capabilities. 

Soil, Rock and Groundwater Conditions:  Classification and identification of soils, rocks, and geologic units 

have been based on commonly accepted methods employed in the practice of geotechnical engineering and 

related disciplines.  Classification and identification of the type and condition of these materials or units involves 

judgment, and boundaries between different soil, rock or geologic types or units may be transitional rather than 

abrupt.  Accordingly, Golder does not warrant or guarantee the exactness of the descriptions. 
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Special risks occur whenever engineering or related disciplines are applied to identify subsurface conditions and 

even a comprehensive investigation, sampling and testing program may fail to detect all or certain subsurface 

conditions.  The environmental, geologic, geotechnical, geochemical and hydrogeologic conditions that Golder 

interprets to exist between and beyond sampling points may differ from those that actually exist.  In addition to 

soil variability, fill of variable physical and chemical composition can be present over portions of the site or on 

adjacent properties.  The professional services retained for this project include only the geotechnical 

aspects of the subsurface conditions at the site, unless otherwise specifically stated and identified in 

the report.  The presence or implication(s) of possible surface and/or subsurface contamination resulting from 

previous activities or uses of the site and/or resulting from the introduction onto the site of materials from off-site 

sources are outside the terms of reference for this project and have not been investigated or addressed. 

Soil and groundwater conditions shown in the factual data and described in the report are the observed 

conditions at the time of their determination or measurement.  Unless otherwise noted, those conditions form the 

basis of the recommendations in the report.  Groundwater conditions may vary between and beyond reported 

locations and can be affected by annual, seasonal and meteorological conditions.  The condition of the soil, rock 

and groundwater may be significantly altered by construction activities (traffic, excavation, groundwater level 

lowering, pile driving, blasting, etc.) on the site or on adjacent sites.  Excavation may expose the soils to 

changes due to wetting, drying or frost.  Unless otherwise indicated the soil must be protected from these 

changes during construction. 

Sample Disposal:  Golder will dispose of all uncontaminated soil and/or rock samples 90 days following issue of 

this report or, upon written request of the Client, will store uncontaminated samples and materials at the Client’s 

expense.  In the event that actual contaminated soils, fills or groundwater are encountered or are inferred to be 

present, all contaminated samples shall remain the property and responsibility of the Client for proper disposal. 

Follow-Up and Construction Services:  All details of the design were not known at the time of submission of 

Golder’s report.  Golder should be retained to review the final design, project plans and documents prior to 

construction, to confirm that they are consistent with the intent of Golder’s report. 

During construction, Golder should be retained to perform sufficient and timely observations of encountered 

conditions to confirm and document that the subsurface conditions do not materially differ from those interpreted 

conditions considered in the preparation of Golder’s report and to confirm and document that construction 

activities do not adversely affect the suggestions, recommendations and opinions contained in Golder’s report.  

Adequate field review, observation and testing during construction are necessary for Golder to be able to provide 

letters of assurance, in accordance with the requirements of many regulatory authorities.  In cases where this 

recommendation is not followed, Golder’s responsibility is limited to interpreting accurately the information 

encountered at the borehole locations, at the time of their initial determination or measurement during the 

preparation of the Report. 

Changed Conditions and Drainage:  Where conditions encountered at the site differ significantly from those 

anticipated in this report, either due to natural variability of subsurface conditions or construction activities, it is a 

condition of this report that Golder be notified of any changes and be provided with an opportunity to review or 

revise the recommendations within this report.  Recognition of changed soil and rock conditions requires 

experience and it is recommended that Golder be employed to visit the site with sufficient frequency to detect if 

conditions have changed significantly. 

Drainage of subsurface water is commonly required either for temporary or permanent installations for the 

project.  Improper design or construction of drainage or dewatering can have serious consequences.  Golder 

takes no responsibility for the effects of drainage unless specifically involved in the detailed design and 

construction monitoring of the system. 
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2.1 ALL ELEVATIONS ARE TO GEODETIC DATUM.
CHART DATUM = (GEODETIC DATUM) + (2.4 METERS)
REF. CANADIAN COAST GUARD WATERWAYS MANAGEMENT  (KM6 TO KM7 FRASER
RIVER SOUTH/MAIN ARM)

         UPLAND TOPOGRAPHIC SURVEY & HYDROGRAPHIC SURVEY DATA SOURCE: 2019
MCELHANNEY

2.2 COORDINATES ARE UTM (NAD 83) ZONE 10 MAPPING PLANE COORDINATES.

2.3 SURVEY  REFERENCE MONUMENT MON 6901

X = 490336.877    Y = 5436561.963     Z = 1.753 (GEODETIC)

2.3 TIDAL DATUMS FOR THE SITE ARE AS FOLLOWS:

1.1 ALL DIMENSIONS ARE GIVEN IN METERS UNLESS NOTED OTHERWISE.
ELEVATIONS AND CONTOURS ARE GIVEN IN METRES AND DECIMALS THEREOF.
SCALE INDICATED ON DRAWING IS APPROPRIATE TO SCALE AT FULL SIZE (D) 22" X 34"

1.2 SUPPLY AND INSTALLATION OF PLANTS BY OTHERS.

1.3 AERIAL PHOTOS SOURCE: 2019 MCELHANNEY

HIGHER HIGH WATER LARGE TIDE (HHWLT)

HIGHER HIGH WATER MEAN TIDE (HHWMT)

MEAN WATER LEVEL (MWL)

LOWER LOW WATER MEAN TIDE (LLWMT)

LOWER LOW WATER LARGE TIDE (LLWLT)

2.5m

1.9m

0.7m

-1.1m

-2.2m

TIDAL PARAMETER ELEVATION (GEODETIC)

  3.4 RIPRAP (CLASS 5 kg ROCK) FOR THE CONTAINMENT STRUCTURE AND COBBLE
BEACH BERM SHALL MEET THE FOLLOWING GRADATION:

3.5    THE CONTRACTOR SHALL PROVIDE AGGREGATE SUPPLIER'S TEST RESULTS
THAT THE AGGREGATE MATERIALS SUPPLIED CONFORMS TO THE REFERENCED
SPECIFICATIONS / GRADATIONS.

3.0  AGGREGATE MATERIAL (RIPRAP, SAND)
 3.1 RIPRAP SHALL BE IMPORTED CLEAN, ROUGH ANGULAR QUARRIED STONE OF A

DENSE, HARD, DURABLE CHARACTER, FREE OF ORGANIC MATERIAL, IN-FILLED
JOINTS, SEAMS, OR OTHER DEFECTS, RESISTANT TO BREAKDOWN BY
HANDLING OR WEATHERING OR EXPOSED TO SEA WATER THAT MEETS THE
TEST REQUIREMENTS PROVIDED IN THE SPECIFICATIONS, UNLESS NOTED
OTHERWISE.

 3.2     SAND SHALL BE DREDGED MATERIAL - REFER TO SPECIFICATION FOR DETAILS.

 3.3     RIPRAP (CLASS 50 kg ROCK) FOR THE CONTAINMENT STRUCTURE SHALL MEET
THE FOLLOWING GRADATION:

1.0 GENERAL NOTES

2.0 SURVEY, WATER LEVEL AND DATUM

CROSS-REFERENCE LEGEND

NOTE: LETTER INDICATES SECTION; NUMBER INDICATES DETAIL.  WHERE THERE IS NO
REFERENCE SHEET INDICATED, IT MEANS THE DETAIL OR SECTION IS TAKEN AND
SHOWN ON THE SAME SHEET.

SECTION OR DETAIL
IDENTIFICATION, SEE NOTE

REFERENCE SHEET
ON WHICH SECTION
OR DETAIL IS SHOWN

A
XXXX
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5
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5

95

0

APPROX. AVE.
DIMENSION ± (mm)

% SMALLER (BY WEIGHT) THAN

250

212

150
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74

UPPER LIMIT

95

65

25

LOWER LIMIT
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40

5

TARGET

100

85

50

15

5

MASS (Kg)

24

15

5

1.7

0.6

100

5

95

0

APPROX. AVE.
DIMENSION ± (mm)

ABBREVIATIONS:

ELEV            ELEVATION
EXIST           EXISTING
HHWLT HIGHER HIGH WATER LARGE TIDE
HHWMT HIGHER HIGH WATER MEAN TIDE
MWL MEAN WATER LEVEL
LLWMT LOWER LOW WATER MEAN TIDE
LLWLT LOWER LOW WATER LARGE TIDE
HOR              HORIZONTAL
VERT            VERTICAL
APPROX        APPROXIMATE
WP               WORK POINT

1. ALL ELEVATIONS ARE TO GEODETIC DATUM.
CHART DATUM = (GEODETIC DATUM) + (2.4 METERS)
REF. CANADIAN COAST GUARD WATERWAYS MANAGEMENT  (KM6 TO KM7 FRASER
RIVER SOUTH/MAIN ARM).

UPLAND TOPOGRAPHIC SURVEY DATA (2009) PROVIDED BY MCELHANNEY, AND
UNDERWATER HYDROGRAPHIC SURVEY DATA (2012) WAS PROVIDED BY ATEK
HYDROGRAPHIC SURVEYS LTD.

2. COORDINATES ARE UTM (NAD 83) ZONE 10 MAPPING PLANE COORDINATES.

CROSS-REFERENCE LEGEND

ELEVATION (CHART DATUM)
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STURGEON BANK
WMA BOUNDARY

LEASE
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FRASER RIVER SOUTH ARM

MAIN NAVIGATIONAL CHANNEL
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SHADY IS.

ALBION

WESTHAM
ISLAND

STRAIT OF GEORGIA

X = 482483.622
Y = 5442141.530

SURVEY  REFERENCE
MONUMENT MON 6901
X = 490336.877
Y = 5436561.963
Z = 1.753 (GEODETIC)
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SCALE: 1 : 4000
EXIST MARSH (MAPPED AUG 10, 2017)

EXIST PATCHY MARSH (MAPPED AUG 10, 2017)

EXIST NAVIGATION LIGHT (LT)

EXIST PORT DAYBEACON

STURGEON BANK WMA BOUNDARY
EXISTING ISLAND CUTLEASE AREA BOUNDARY

FOOTPRINT OF EXISTING TIDE CHANNEL
EXIST SUBMERGED BERM

-1.5 (GD)

NOTES:

1. 2019 OTHROPHOTO PROVIDED BY MCELHANNEY.
2. ELEVATIONS BASED ON 2019 LIDAR DATA PROVIDED BY MCELHANNEY.
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SAND (MARSH)

3

NOTES:

1. PROTECT IN PLACE ALL EXISTING INFRASTRUCTURE, INCLUDING
EXISTING STEVESTON, NORTH JETTY,  NAVIGATION LIGHTS, BEACONS.

2. PROTECT IN PLACE EXISTING MARSH.
3. 2019 OTHROPHOTO PROVIDED BY MCELHANNEY.
4. ELEVATIONS BASED ON 2019 LIDAR DATA PROVIDED BY MCELHANNEY.

QUANTITIES:
NOTE: QUANTITIES INCLUDE 15%
ALLOWANCES FOR MATERIAL LOSSES.

FOOTPRINT OF EXISTING TIDE
CHANNEL

-1.5 (GD)

40 0m 40 80

SCALE: 1 : 2000

FILL

CUT

NET (FILL)
127,200 m
89,100 m

38,100 m

COBBLE BERM AREA:                                      6.7 ha
MARSH AREA (INCLUDES CHANNELS:        27.5 ha
DRAINAGE CHANNEL AREA:                           2.7 ha
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Appendix C: 

Construction Schedule 



ID Task Name Duration Predecessors Start Finish

1 Environmental Closures 168 days Wed 3/1/23 Tue 8/15/23

2 Juvenile Salmon Closure (Y1) 168 days Wed 3/1/23 Tue 8/15/23

3 Milestones and Target Dates 0 days Mon 7/3/23 Mon 7/3/23

4 Start of Construction 0 days Mon 7/3/23 Mon 7/3/23

5 Demolition, Setup 10 days Mon 7/3/23 Wed 7/12/23

6 Setup work 10 days 4 Mon 7/3/23 Wed 7/12/23

7 Marsh Dyking (Inc Cobble) (38kM3) 110 days Sat 8/26/23 Wed 12/13/23

8 Containment Dyke 38k@ (400m3/day) (Barge 
Offload)

95 days 9SS+15 days Sun 9/10/23 Wed 12/13/23

9 Temp Road (30 km3@ 400m3/day) (eelgrass) 75 days 2,6,11SS+10 days Sat 8/26/23 Wed 11/8/23

10 Fill Marsh Areas (127 kM3) 63 days Wed 8/16/23 Tue 10/17/23

11 Offload Material and place (89.1@2500m3/day) 38 days 2,6 Wed 8/16/23 Fri 9/22/23

12 Grading on‐site material (38.1@ 1000m3/day) 38 days 8SS Sun 9/10/23 Tue 10/17/23

Juvenile Salmon Closure (Y1)

7/3

7/3
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Appendix D: 

Coastal Analysis Report 
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Disclaimer 
Moffatt & Nichol devoted effort consistent with (i) the level of diligence ordinarily exercised by competent professionals 
practicing in the area under the same or similar circumstances, and (ii) the time and budget available for its work, to 
ensure that the data contained in this report is accurate as of the date of its preparation. This study is based on 
estimates, assumptions and other information developed by Moffatt & Nichol from its independent research effort, 
general knowledge of the industry, and information provided by and consultations with the client and the client's 
representatives. No responsibility is assumed for inaccuracies in reporting by the Client, the Client's agents and 
representatives, or any third-party data source used in preparing or presenting this study. Moffatt & Nichol assumes no 
duty to update the information contained herein unless it is separately retained to do so pursuant to a written agreement 
signed by Moffatt & Nichol and the Client. 

Moffatt & Nichol’s findings represent its professional judgment. Neither Moffatt & Nichol nor its respective affiliates, 
makes any warranty, expressed or implied, with respect to any information or methods disclosed in this document. Any 
recipient of this document other than the Client, by their acceptance or use of this document, releases Moffatt & Nichol 
and its affiliates from any liability for direct, indirect, consequential or special loss or damage whether arising in contract, 
warranty (express or implied), tort or otherwise, and irrespective of fault, negligence and strict liability. 

This report may not to be used in conjunction with any public or private offering of securities, debt, equity, or other similar 
purpose where it may be relied upon to any degree by any person other than the Client. This study may not be used for 
purposes other than those for which it was prepared or for which prior written consent has been obtained from Moffatt & Nichol.  

Possession of this study does not carry with it the right of publication or the right to use the name of "Moffatt & Nichol" 
in any manner without the prior written consent of Moffatt & Nichol. No party may abstract, excerpt or summarise this 
report without the prior written consent of Moffatt & Nichol. Moffatt & Nichol has served solely in the capacity of 
consultant and has not rendered any expert opinions in connection with the subject matter hereof. Any changes made 
to the study, or any use of the study not specifically identified in the agreement between the Client and Moffatt & Nichol 
or otherwise expressly approved in writing by Moffatt & Nichol, shall be at the sole risk of the party making such changes 
or adopting such use. 

This document was prepared solely for the use by the Client. No party may rely on this report except the Client or a 
party so authorised by Moffatt & Nichol in writing (including, without limitation, in the form of a reliance letter). Any party 
who is entitled to rely on this document may do so only on the document in its entirety and not on any excerpt or 
summary. Entitlement to rely upon this document is conditioned upon the entitled party accepting full responsibility and 
not holding Moffatt & Nichol liable in any way for any impacts on the forecasts or the earnings from the project resulting 
from changes in "external" factors such as changes in government policy, in the pricing of commodities and materials, 
price levels generally, competitive alternatives to the project, the behaviour of consumers or competitors and changes 
in the owners’ policies affecting the operation of their projects. 

This document may include “forward-looking statements”. These statements relate to Moffatt & Nichol’s expectations, 
beliefs, intentions or strategies regarding the future. These statements may be identified by the use of words like 
“anticipate,” “believe,” “estimate,” “expect,” “intend,” “may,” “plan,” “project,” “will,” “should,” “seek,” and similar 
expressions. The forward-looking statements reflect Moffatt & Nichol’s views and assumptions with respect to future 
events as of the date of this study and are subject to future economic conditions, and other risks and uncertainties. 
Actual and future results and trends could differ materially from those set forth in such statements due to various factors, 
including, without limitation, those discussed in this study. These factors are beyond Moffatt & Nichol’s ability to control 
or predict. Accordingly, Moffatt & Nichol makes no warranty or representation that any of the projected values or results 
contained in this study will actually be achieved. 

This study is qualified in its entirety by, and should be considered in light of, these limitations, conditions and considerations. 
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Glossary 
Ah Ampere-hour 

AIS Automatic Identification System 

CD Chart Datum 

CHS Canadian Hydrographic Service 

CTD Conductivity, Temperature and Depth 

CGVD2013 Canadian Geodetic Vertical Datum of 2013 

d50 Average Particle Size (50% Finer by Weight) 

d75 Quartile Particle Size (75% Finer by Weight) 

DC Direct Current 

DO Dissolved Oxygen 

DHI Danish Hydraulic Institute 

FHWA Federal Highway Administration 

GD Geodetic Datum 

GLW GL Williams & Associates Ltd 

HD Hydrodynamic 

HEP Habitat Enhancement Program 

HHW Higher High Water 

HHWLT Higher High Water Large Tide 

HHWMT Higher High Water Mean Tide 

kt Knot 

LiDAR Light Detection and Ranging 

LL Liquid Limit 

LLW Lower Low Water 

LLWLT Lower Low Water Large Tide 

LLWMT Lower Low Water Mean Tide 

m metres 

M&N Moffatt & Nichol 

MWL Mean Water Level 

NRCS National Resources Conservation Service 

PI Plasticity Index 
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PCB Polychlorinated Biphenyl 

PBDE Polybrominated Diphenyl Ether 

PAH Polycyclic Aromatic Hydrocarbon 

ppt Parts Per Thousand (‰) 

PSU Practical Salinity Unit 

PWGSC Public Works and Government Services Canada 

RCF Raincoast Conservation Foundation 

SAJ South Arm Jetty 

SW Spectral Wave 

τmax Maximum Bed Shear Stress (N/m2) 

US United States 

USCS Unified Soil Classification System 

USDA United States Department of Agriculture 

VFPA Vancouver Fraser Port Authority 

WQ Water Quality 
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Executive Summary 
Moffatt & Nichol (M&N) has been retained by the Vancouver Fraser Port Authority (VFPA) to conduct 
numerical modelling in support of their Habitat Enhancement Program (HEP), and the design and 
construction of the South Arm Jetty (SAJ) tidal marsh. The SAJ project includes construction of a 
cobble beach berm, raising the site grades with dredged sandy materials, and marsh planting. M&N 
developed spectral wave and hydrodynamic models for the Lower Fraser River and the Strait of 
Georgia. 

Two main analyses were performed with the objectives of: 1) Quantifying the distribution of wave-
induced shear stresses at the surface of the proposed marsh substrate for existing and proposed 
project conditions (spectral wave simulations); and 2) Determining the distribution of salinity between 
the Fraser River and Sturgeon Bank for existing and proposed project conditions (hydrodynamic 
simulations). A summary of the findings from both analyses is presented below. 

Wave Induced Bed Shear Stress Evaluation 
Introduction of the cobble berm at Sturgeon Bank can achieve the objective of reducing wave-induced 
bed shear stresses in the proposed marsh area and promote favorable conditions for marsh growth.  

Overall, results clearly show that the cobble berm effectively reduces wave-induced bed shear 
stresses. Although it is noted that under extreme storm conditions, above-threshold values occur over 
the majority of the marsh area with or without the presence of the cobble berm, the berm does promote 
favorable conditions for development of the proposed marsh growth consistently throughout most of 
the year (e.g. 99th percentile). 

Vulnerable areas, where the 99th percentile τmax exceeding the threshold value, were identified in the 

south and southwest portions of the marsh. This is because the cobble berm provides only limited 
sheltering from waves in this area, and there is a more direct exposure to waves from southerly 
directions.  

In addition, it was found that the cobble berm crest elevation is the most influential factor for reducing 
bed shear stresses. Shear stress values were reduced for the cases where the berm crest elevation 
is at +1.9 m GD. Preliminary results suggest that a short cobble berm could be implemented and still 
provide favorable conditions for the marsh growth. However, a more thorough investigation would be 
required to determine the feasibility of this option.  

Salinity Distribution Analysis 
Overall, model results suggest that the cobble berm will bring salinities in the proposed marsh area 
closer to those of the existing marsh. 

During low discharge periods (e.g. winter months), the cobble berm promotes somewhat lower salinity 
levels in the proposed marsh area. This suggests that the fresh water retained in the marsh can be 
improved approximately 50% of the time during the year.  
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During medium discharge periods, the cobble berm also aids in a significant reduction of the salinity 
in the proposed marsh area.  

During high discharge periods (e.g. freshet), fresh water is dominant in the proposed marsh area 
almost always throughout the tidal cycle, and hence the cobble berm does not affect salinity levels.  

Incorporation of the Phase 2 Raincoast Project 
A supplemental analysis of tidal hydrodynamics and salinity was conducted in spring 2020 to assess 
potential effects in the SAJ project area following the introduction of Raincoast Phase 2 breaches in 
the Steveston North Jetty. The hydrodynamic modelling results suggest that current speeds and 
salinity within the project area are similar or slightly lower in magnitude compared to the without-
breaches condition. In addition, results show that the effects of the proposed SAJ breaches are limited 
in the project area. Therefore, the breaches of the Raincoast Project do not present any adverse 
effects in the SAJ project area and the proposed SAJ breaches do not provide significant benefits to 
the project area from a hydrodynamics and salinity perspective. 
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1. Introduction 

1.1. Project Background 
The Habitat Enhancement Program (HEP) from the Vancouver Fraser Port Authority (VFPA) has been 
developed to create and improve fish and wildlife habitat in advance of port development projects, to 
make certain that any impacts to existing habitat can be offset. Typical examples of habitat that could 
potentially be affected by port development include eelgrass beds, saltwater marshes and intertidal 
marshes. The HEP endeavors to improve or create these types of habitats, to offset any future loss. 

The HEP includes the construction of the proposed South Arm Jetty (SAJ) Tidal Marsh, an intertidal 
marsh located on the South Arm of the Fraser River along the north side of Steveston Jetty. The site 
lies in Sturgeon Bank offshore of Steveston Village in Richmond, British Columbia (see Figure 1-1). In 
general, the project consists of a cobble beach berm, raising of site grades with sand fill, and marsh 
planting. 

Moffatt & Nichol (M&N) was retained by VFPA to conduct wave exposure and hydrodynamic/salinity 
analyses in support of the design in 2017. The draft revision of the current report was submitted to 
VFPA on December 22, 2017.  

In 2018, the Raincoast Conservation Foundation (RCF) proposed the Fraser River Estuary 
Connectivity Project that consists of breaching sections of the Steveston North Jetty. Tetra Tech Inc. 
was retained by RCF to investigate the impacts of the proposed project on navigation and on 
sedimentation processes in the vicinity. At present, the Phase 1 of breaches had been implemented 
and the Phase 2 of breaches is scheduled to proceed in spring 2020. 

As a result of the RCF Project, supplemental analyses of tidal hydrodynamics and salinity were 
conducted to assess if the breaches implemented by the RCF could have potential impacts to the SAJ 
Project. The findings of these supplemental analyses are included in Appendix A of this updated report. 

1.2. Project Site 
The proposed South Arm Jetty Tidal Marsh is located along the north side of the Steveston Jetty within 
the Steveston Bend Reach of the Fraser River South Arm (Figure 1-2). This area is adjacent to the 
maintained deep-sea shipping channel. A large strip of marsh currently exists along the north side of 
the jetty.  

The proposed tidal marsh site is on a shallow portion of Sturgeon Bank with elevations ranging 
from -0.75 m to +0.75 m Geodetic Datum (GD), with low spots at the west end of the site as low as 
-1.5 m GD. There is an area with higher elevation which is referred to as the “sand island.” This area 
is a remnant of dredge material disposal activities in the early 1980s. The adjacent Steveston North 
Jetty is permeable and constructed of piled rock and concrete debris. There are several low points 
along the jetty which allow flow to pass over the jetty and onto Sturgeon Bank (Figure 1-2). 
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FIGURE 1-1: LOCATION OF PROJECT SITE AT FRASER RIVER SOUTH ARM 

 

FIGURE 1-2: LOCATION OF PROPOSED SAJ TIDAL MARSH AREA 
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1.3. Scope of Work 
The objectives of this study are to: 

1. Quantify the changes of wave-induced shear stresses at the surface of the proposed marsh 
substrate for existing and with-project scenarios;  

2. Quantify the changes of salinity for existing and with-project scenarios; and 

3. Assess if the breaches implemented by the RCF Project have any potential impacts to the SAJ 
project area.  

Two primary analyses were investigated, wave exposure and salinity analysis. 

Wave exposure analysis included the following tasks: 

 Simulate wave exposure for existing conditions, for a range of wind speeds, directions, and 
tides; 

 Estimate wave-induced bed shear stress distribution over a storm cycle, as well as for 
dominant conditions; 

 Compare to naturally colonizing areas and establish target shear stress criteria for proposed 
marsh; and 

 Simulate wave exposure for with-project scenario, and estimate changes of wave-induced bed 
shear stress distribution.  

Salinity analysis included the following tasks: 

 Develop a coupled hydrodynamic and salinity model for tides & salinity, using the recent Light 
Detection and Ranging (LiDAR) bathymetry and observations of tides, river flow, and salinity; 

 Simulate circulation and salinity processes for existing conditions, for a sufficient length of time 
(at a minimum a full spring-neap cycle); 

 Compare to naturally colonizing areas and establish target criteria for proposed marsh; and  

 Evaluate salinity changes for with-project scenario by using proposed marsh elevations, based 
on discussions with the project team and Fisheries and Oceans Canada. 
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2. Basis of Analysis 

2.1. Topographic Data 
Topographic data at the project site consists primarily of LiDAR data acquired by Stantec in 2013 and 
2017. In addition, the RCF Project surveyed eastern half of the project site as well as the parcel to the 
east in 2019.  

2.1.1. LiDAR Topography in 2013 
Topographic data for the project site and vicinity was collected on October 24, 2013 using airborne 
LiDAR data collection. The survey was conducted at low tide and covers the area of Sturgeon Bank 
and Roberts Bank. Elevations were in the range from -2.6 m GD to +7.2 m GD. 

Vertical datum is the Canadian Geodetic Vertical Datum of 2013 (CGVD2013, short as GD), which 
represents the coastal mean sea level in North America. 

2.1.2. LiDAR Topography in 2017 
Topographic data for the project site and vicinity was collected on August 9, 2017 using airborne 
LiDAR data collection. The survey was conducted at low tide and covers the areas of Sturgeon Bank, 
Roberts Bank, and Steveston. Elevations were in the range from -2.5 m GD to +5.7 m GD. 

2.1.3. LiDAR Topography in 2019 
Topographic data for the RCF Project was collected in summer 2019 by McElhanney Consulting Ltd. 
The survey was conducted at low tide and covers eastern half of the project site as well as the parcel 
to the east. Elevations were in the range from -2.3 m GD to +4.5 m GD. This latest topographic 
information was incorporated in the supplemental analyses (Appendix A).   

2.1.4. Bed Level Changes at Project Site 
Figure 2-1 shows bed level changes at the project site between the 2013 and 2017 LiDAR data. The 
proposed cobble beach berm is shown for reference. 

Shades of red indicate lowering of the grade (erosion), shades of blue indicate an increase in elevation 
(accretion), and white color represents neutral, unchanged conditions. In general, Sturgeon Bank was 
subject to both accretion and erosion between 2013 and 2017. West of the proposed marsh area, 
alternating blue and red patterns indicate migration of bed forms (i.e. sand waves and dunes). The 
marsh area exhibits mild erosion (indicated by faint shades of red), although somewhat higher erosion 
occurred around the Sand Island (depicted in darker red); closer to the Richmond shoreline, blue color 
is more typical, indicating an increase in elevations.  
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FIGURE 2-1: BED LEVEL CHANGES BETWEEN 2013 AND 2017 (STANTEC, 2017) 

2.2. Bottom Conditions 
A characterization of materials over the mudflat in the vicinity of the project site is provided in 
Hemmera (2017). Figure 2-2 provides the location and logging of samples taken. Sample material 
characterization was subsequently used to develop the shaded areas in the figure depicting surficial 
sediments in the form of marsh (blue), mud (pink), sand (yellow), and sand/mud mix (orange). 

Golder (2014) conducted a site reconnaissance, and characterizes the bottom material as overbank 
Fraser River sediments comprising of silty to silt clay loam, normally less than 2 m thick; overlying 
deltaic and distributary channel fill of interbedded fine to medium sand. 
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FIGURE 2-2: CHARACTERIZATION OF BOTTOM MATERIALS (HEMMERA, 2017) 
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2.3. Tidal Datums 
Tidal datums for Sand Heads from published Nautical Chart (CHS, 2005) are provided in Table 2-1. 

TABLE 2-1: TIDAL DATUMS AT SAND HEADS 

Datum m CD Description 

HHW-LT 4.9 Higher High Water – Large Tide 

HHW-MT 4.3 Higher High Water – Mean Tide 

MWL 3.1 Mean Water Level 

LLW-MT 1.3 Lower Low Water – Mean Tide 

LLW-LT 0.2 Lower Low Water – Large Tide 

CD 0.0 Chart Datum 

In navigable waters, Chart Datum is the common vertical datum reference. In inland waters, Geodetic 
Datum is more commonly used. Figure 2-3 shows how tidal datums at Point Atkinson and Sand Heads 
relate to water level datums for the Fraser River at Steveston. Tidal datums at Point Atkinson and at 
Sand Heads (left side of the figure) are purely astronomical. Tidal datums for the Fraser River, 
however, are affected by the amount of outflow from the river (CHS, 2014). The figure shows how the 
tidal datums vary with reference to Geodetic Datum depending on discharge as measured at Hope. 
Geodetic Datum (GD) at Steveston is located at +2.2 m CD per CHS (2005). It can be seen that the 
elevations of higher high water mean and large tides remain fairly constant. Elevations of lower low 
tides (mean and large) increase with increasing discharge. 

 

FIGURE 2-3: VARIATIONS OF TIDAL DATUMS AT STEVESTON VS. FRASER RIVER DISCHARGE 
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2.4. Fraser River Discharge 
The gross drainage area of the Fraser River is approximately 217,000 km2. Hydrometric data, including 
water levels and discharge data has been measured at Hope (Figure 4-1) since 1912, capturing a 
period of record of 106 years. 

Figure 2-4 summarizes the maximum, minimum, and mean discharge data recorded at Hope. 
Additionally, the year 1991 is shown, taken as representative of average conditions. 

It can be seen that outflow from the river remains fairly constant over the months from January to mid-
April, and increases rapidly through mid-June. Over the months of July to October, the outflow 
decreases pronouncedly, followed by a more gradual decrease in October and November, until a 
somewhat constant discharge is reached around December. 

The rapid increase of outflow over the spring and summer months (freshet) is due to melting of snow 
accumulated in the mountains over the winter months. 

The annual peak discharge around mid-June can range from approximately 4,000 m3/s (blue curve) 
to 15,000 m3/s (green curve). The average peak discharge is around 7,000 m3/s (brown curve). In dry 
years, the base outflow can be lower than 1,000 m3/s, increasing to 2,000-4,000 m3/s in wet years. 

 

FIGURE 2-4: FRASER RIVER DISCHARGE (EC, 2017) 
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2.5. Fraser River Salinity Data 
Water is drawn from the Fraser River for consumption, industrial, and agricultural uses. The salinity of 
the water depends on how far upstream the water is sourced. The extent of salinity intrusion up the 
Fraser River is strongly dependent on the river outflow (discharge), which varies annually. The salinity 
intrusion is greater in years with low river discharge. 

Salinity data was acquired from ENVIRODAT (2017) for the Fraser River Water Quality Buoy. The 
buoy provides continuous real-time sampling of surface water quality parameters utilized to assess 
the quality of Fraser River. The location of the buoy is shown in Figure 2-5, which is near Tilbury at 
Gravesend Reach, at Latitude/Longitude 49.1484°N, 123.0392°W.  

The buoy provides continuous real-time tracking of dissolved oxygen (DO) content, water pH value, 
conductivity, turbidity, water velocity, and water temperature. Levels of trace metals, nutrients, major 
ions, and coliforms are logged bi-weekly. The buoy also has the ability to track levels of a range of 
organic contaminants, including pesticides, nonylphenols, polychlorinated biphenyls (PCBs), 
polycyclic aromatic hydrocarbons (PAHs), and polybrominated diphenyl ether (PBDEs). 

Additional instrumentation on the buoy captures wind speed, wind direction, air pressure, relative 
humidity, water depth, and buoy position and heading. 

The buoy is also outfitted with an Automatic Identification System (AIS) transmitter and amber flashing 
navigational light, which enables vessels on the river to track and identify the buoy location. 

 

FIGURE 2-5: LOCATION OF FRASER RIVER WATER QUALITY BUOY 

Figure 2-6 provides a summary of water temperature and salinity over the range of years from 2008 
through 2017. Water temperature is indicated by the blue and grey curves according to the scale on 



   Coastal Processes & Salinity Modeling | Vancouver Fraser Port Authority 
Revision 1 | May 28, 2020 

 
 Creative People, Practical Solutions.®    10 

the left side of the figure. Salinity levels are indicated by the yellow to red curves per the scale on the 
right side of the figure. 

It can be seen that the water temperature variation falls within a fairly narrow range, progressively 
increasing from 2-4°C in January to 18-22°C peaking in August, followed by a steady decrease through 
December. 

Salinity levels through the year are inversely related to outflow from the Fraser River. Salinities of up 
to 15-18 ppt are recorded in the months from September to December through April (low discharge 
months). Over the summer months from May through August, i.e. the peak discharge months, the 
water is fresh. 

 

FIGURE 2-6: WATER TEMPERATURE AND SALINITY DATA FROM FRASER RIVER WQ BUOY 
(ENVIRODAT, 2017) 

Figure 2-7 shows an example of the intertidal variation of salinity levels. The dark blue curve indicates 
the tide stage recorded at the buoy in meters relative to the scale on the left side. The green curve 
shows the corresponding flow velocities in meters per second, measured on the same scale. Flood 
tides are denoted by positive values and ebb tides by negative values. It can be seen that the tidal 
currents oscillate around a mean of around -0.4 m/s, which represents the steady outflow from the 
river. 

The variation of the salinity level is indicated by the orange/red curve, with units in PSU/ppt per the 
scale on the right side of the figure. It can be seen that the variation of the salinity follows each tidal 
cycle, increasing on flood tides as saltwater propagates inland, and decreasing on ebb tides where 
more freshwater flows out. 
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FIGURE 2-7: VARIATIONS OF SALINITY DURING FLOOD AND EBB TIDE (ENVIRODAT, 2017) 

2.6. Wind Statistics 
A metocean gauge located at Sand Heads has collected wind data since 2000. The location of the 
gauge (labeled as CWVF) is shown in Figure 4-1. Wind statistics for the station are summarized in 
Figure 2-8. The distribution of wind direction shows that predominant wind directions are from west-
to-northwest sector, and from south-to-east sector. 

These directions reflect the open-water configuration in the Strait of Georgia, having a great expanse 
to the northwest. The winds from easterly directions are representative of overland conditions. The 
topography of the inland area and mountain ranges to the north have the effect of generally funneling 
winds from east over the Vancouver area. The effect is consistent and the Vancouver Airport runways 
are therefore aligned approximately east-west orientation. 

The table in Figure 2-8 summarizes the occurrence of wind speeds by direction. It can be seen that 
extreme wind speeds can exceed 12 m/s, but winds are more commonly below 10 m/s. The distribution 
of the highest winds shows that storm systems entering the Strait of Georgia can generate high winds 
from virtually any direction at Sand Heads, but less frequently from north-easterly direction. 
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FIGURE 2-8: ANNUAL WIND ROSE AT SAND HEADS 
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2.7. Wave Statistics 
Wave data for Station C46146 Halibut Bank (see Figure 4-1) is summarized in Figure 2-9. The data 
shows the annual percentage of occurrence. The majority (87%) of the waves recorded at the buoy 
have wave periods in the range from 2 to 10 seconds, which is representative of wind-waves 
dominated in the Strait of Georgia. The remaining longer-period waves in the form of remnant swell 
wave components may enter Strait of Georgia from the Pacific Basin.  

During storm events, wind-generated wave heights can reach up to 2.1 meters in magnitude. This is 
expressed as the significant wave height, which is the average of the 1/3 of the largest waves. As a 
rule-of-thumb, the highest waves can be estimated around 1.8 times the significant wave height, and 
therefore on the order of 4 m (1.8×2.1). For reference, the height of an individual wave is measured 
from the trough to the crest. 

 

FIGURE 2-9: WAVE STATISTICS FOR HALIBUT BANK BUOY 
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3. Tidal Marsh Ecological Criteria 

3.1. Soils 
A characterization of surficial soils at the site is summarized in Figure 2-2. In addition to materials 
existing at the site, new fill material will be introduced in order to develop the grade at the site to the 
level appropriate for marsh vegetation. 

In the following, information is provided on the permissible shear stress for material types such as 
those existing and planned for the site. 

Table 3-1 summarizes typical permissible shear stresses for channels in bare soil to rock with linings 
across the range from non-cohesive to cohesive materials. Shear stress is defined as the force per 
unit area (expressed in N/m2) applied parallel to the surface of a material. 

TABLE 3-1: TYPICAL PERMISSIBLE SHEAR STRESS, REPRODUCED FROM FHWA (2005) 

Material Category Material Type Permissible Shear Stress 
(N/m2) 

Bare Soil (PI = 10) 

Clayey sands 1.8 to 4.5 

Inorganic silts 1.1 to 4.0 

Silty sands 1.1 to 3.4 

Bare Soil 
Cohesive (PI ≥ 20) 

Clayey sands 4.5 

Inorganic silts 4.0 

Silty sands 3.5 

Inorganic sands 6.6 

Bare Soil  
Non-cohesive (PI < 10) 

Finer than coarse sand 
d75 < 1.3 mm 

1.0 

Fine gravel 
d75 = 7.5 mm 

5.6 

Gravel 
d75 = 15 mm 

11.0 

Gravel Mulch 

Coarse gravel 
d50 = 25 mm 

19.0 

Very coarse gravel 
d50 = 50 mm 

38.0 

Rock riprap 
d50 = 0.15 m 113.0 

d50 = 0.30 m 227.0 
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Permissible shear stress for non-cohesive material depends on the submerged weight of the material 
relative to the tractive force. The submerged weight is commonly described by a characteristic material 
grain size. The angularity of the material also affects its stability, but to a lesser degree when the 
material is placed horizontally or near-horizontally. 

The grain sizes of cohesive materials are typically so small that the diameter does not affect the 
stability of the materials. The permissible shear stress for cohesive materials is therefore more 
complex and depends primarily on the plasticity index (PI) of the material, the void ratio, and to a lesser 
extent the angularity of the grains.  

Details on permissible shear stress for non-cohesive and cohesive soils are provided in the following. 

3.1.1. Non-Cohesive Soils 
Figure 3-1 shows the allowable effective stress for non-cohesive materials for the range from fine sand 
to coarse gravel (solid black line). The theoretical threshold of mobility is indicated by the yellow line. 
This relation arises from the following relations: 

𝜃
𝑈

𝑠 1 𝑔𝑑
 

Where 𝜃  is the dimensionless critical Shield’s Parameter, 𝑔 is the gravitational acceleration, 𝑑 is the 
sediment grain diameter, and 𝑠 is the relative density of the sediment defined as: 

𝑠
𝜌
𝜌

 

Where 𝜌  is the density of the sediment, and 𝜌  is the density of the water. 

The critical bed friction velocity, 𝑈 , is defined as: 

𝑈
𝜏
𝜌

 

Where 𝜏  is the critical bed shear stress. 

The theoretical threshold of sediment mobility indicated by the yellow line in Figure 3-1 arises following 
introduction of the Shields-Rouse equation for the threshold of incipient motion (critical Shields 
Parameter), given by: 

𝜃
0.23
𝑑∗

0.054 ∙ 1 𝑒𝑥𝑝
𝑑∗ .

23
 

Where 𝑑∗ is the dimensionless sediment grain diameter, defined as: 

𝑑∗
𝑠 1 𝑔
𝜈

𝑑 
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Where 𝜈 is the kinematic viscosity of water. 

 

FIGURE 3-1: ALLOWABLE STRESS FOR NON-COHESIVE SOILS (USDA, 2007) 

3.1.2. Cohesive Soils 
Allowable stress for cohesive soils is summarized in Figure 3-2. The data covers selected material 
types as categorized per the Unified Soil Classification System (USCS) summarized in Table 3-2. The 
materials include clayey gravel (GC), fat clay (CH), silty gravel (GM), lean clay (CL), clayey sand (SC), 
elastic silt (MH), organic clay and organic silt (OH) with LL≥50, silt (ML), organic clay and organic silt 
(OL) with LL<50, and silty sand (SM). 
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TABLE 3-2: UNIFIED SOIL CLASSIFICATION SYSTEM (ABBREVIATED) 

 

The graph on the left side of Figure 3-2 provides the basic allowable shear stress as a function of the 
plasticity index. The figure on the lower right provides an adjustment factor, which can range from 0.8 
to 1.2 dependent on the void ratio of the material,  

The void ratio of the material is the ratio of the volume of voids to the volume of the solids. The void 
ratio, 𝑒, also relates to porosity, 𝑛, as follows: 

𝑒
𝑛

1 𝑛
 

And is thus a measure of the compactness of the material, e.g. in non-cohesive materials the level of 
compaction from loose (𝑛 = 0.4) to dense (𝑛 = 0.3). In broadly graded materials such as glacial till, 
where smaller particles can be enclosed in the pores between larger grains, the void ratio can be as 
low as 0.3 (𝑛 = 0.2). Conversely, organic soils can have a very loose structure, e.g. loess having a 
void ratio of 0.9 (𝑛 ≈ 0.5). Void ratios for cohesive soils are usually on the higher side with 𝑒 = 0.9 to 
3.2 (𝑛 = 0.47 to 0.76). 

ID Description

GW Well graded gravels

GP Poorly graded gravels

GM Silty gravels

GC Clayey gravels

SW Well graded sands

SP Poorly graded sands

SM Silty sands

SC Clayey sands

ML Inorganic silts

CL inorganic clays

OL Organic silts or clays

MH Inorganic silts

CH inorganic clays

OH Organic silts or clays

Pt Peat

Classification

Gravels

Clean

With

Fines

Clean

With

Fines

Silts and Clays

LL 50% or less

Silts and Clays

LL greater than 50%

Highly Organic Soils

Sands
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FIGURE 3-2: ALLOWABLE STRESS FOR COHESIVE SOILS (USDA, 2007) 

3.1.3. Characteristics of Soils at Project Site 
Hemmera (2014) and GLW (2014) summarized soils data for the habitat site and a wide range of 
dredge material source locations along the Fraser River and offshore. 

Figure 3-3 characterizes soil types at the project location determined from samples taken at the South 
Arm Marsh site, Hemmera (2014). The data is indicated by the crosses (×) in the figure, and shaded 
so that material with high sand content (left side of figure) is yellow, and transitions across orange to 
red with increasing amount of fines and organic content. The figure also shows soils data for source 
(dredge) material from Sand Heads Reach, which was determined by GLW (2014) to be the most 
suitable fill material for the site restoration. The data for this material is indicated by the circles (○) in 
the figure. 

It can be seen that soils of the area characterize as: sand, loamy sand, sandy loam, loam, and silt 
loam. 
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FIGURE 3-3: SOIL TYPES CHARACTERISTIC OF SOUTH ARM MARSH SITE AND SAND HEADS REACH 

In order to assess the level of erodibility of materials, Figure 3-4 shows the corresponding mapping of 
soils characteristics per the USCS classification, which enables a characterization of the threshold of 
erodibility of materials via Figure 3-1 for non-cohesive sediments, and Figure 3-2 for cohesive 
materials. 

Per the USCS classification, the South Arm Marsh and Sand Heads Reach materials generally 
characterize as: Well-graded sand (SW), silty sand (SM), sandy silt (MS), lean silt (ML), and clay of 
low plasticity, lean clay (CL).  

Based on the information provided above regarding permissible shear stress and soil characteristics 
at Sturgeon Bank, it can be concluded that 1 N/m2 is a reasonable and conservative target for bed 
shear stress in the proposed marsh area. 
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FIGURE 3-4: USCS SOIL CLASSIFICATION OF SOUTH ARM JETTY RESTORATION MATERIALS 

3.2. Marsh Vegetation 

3.2.1. Existing Marsh 
An area of existing marsh vegetation has developed along a portion of the South Arm North Jetty, 
consisting of a 40-120 m wide band of marsh vegetation consisting of baltic rush, lyngbye’s sedge, 
three-square bulrush and seacoast bulrush, GLW (2017a) and M&N (2017). The vegetation is 
characterized by healthy stands of bulrush and adjoining rills 0.3 to 0.5 m deep (1 to 1½ feet). Other 
areas feature isolated patches of emerging stands of bulrush. 

Observations from site visits indicate that the establishing marsh vegetation is likely affected by factors 
such as: elevation, bottom shear stress, soil organic content, salinity changes, and drainage patterns. 

Sediment surface water salinities measured at the marsh platform during field visits were on the order 
of 4-5 PSU. Surface water salinities measured further north on the outer mudflat were 8-15 PSU. 
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Table 3-3 summarizes elevation ranges of plant species identified in field surveys at the South Arm 
Jetty and adjoining Roberts Bank. 

TABLE 3-3: PROJECT AND REGIONAL PLANT ELEVATION RANGES 

Plant Species 
Elevation Range (m CD) 

South Arm Jetty 1) Roberts Bank 2) DeltaPort Causeway 2) 

Seacoast Bulrush 3.0 – 3.2 3.0 – 3.8 3.4 – 4.0 

Lyngbye’s Sedge 3.1 – 3.9 3.1 – 4.2  

Saltgrass  3.8 – 5.0 3.8 – 5.0 

Baltic Rush 3.2 – 4.0 3.0 – 3.4  

Pacific Silverweed  3.0 – 4.2  

Pickleweed  3.6 – 4.5 3.6 – 4.7 

Three-Square Bulrush 2.8 – 3.3 2.6 – 3.8 3.2 – 3.9 

Softstem Bulrush  3.1 – 4.3  

Arrowgrass  3.6 – 4.0 3.6 – 4.0 

References: 

1)  GLW (2017a) 

2)  GLW (2009) 

3.2.2. Candidate Marsh Vegetation 
Classification and characterization of proposed marsh vegetation is provided in the following. 
Candidate plants are based on existing vegetation identified during field visits (GLW, 2017a), and the 
planting scheme proposed by GL Williams (GLW, 2017b). 

The taxonomy of the marsh vegetation considered is provided in Table 3-4 along with a guide to 
identification. 

TABLE 3-4: TAXONOMY 

Common Name 
Scientific Name 

Clade Family Identification 

Seacoast Bulrush 

Bolboschoenus maritimus 
Monocot Cyperaceae 

 

Lyngbye’s Sedge 

Carex lyngbyei 
Monocot Cyperaceae 
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Common Name 
Scientific Name 

Clade Family Identification 

Saltgrass 

Distichlis spicata 
Monocot Poaceae 

 

Baltic Rush 

Juncus arcticus 
Monocot Juncaceae 

 

Pacific Silverweed 

Potentilla anserina 
Dicot Rosaceae 

 

Pickleweed 
Sarcocornia pacifica 

Dicot Chenopodiaceae 

 

Three-Square Bulrush 

Schoenoplectus pungens 
Monocot Cyperaceae 

 

Softstem Bulrush 

Schoenoplectus tabernaemontani 
Monocot Cyperaceae 

 

Arrowgrass 

Triglochin maritima 
Monocot Juncaginaceae 

 

Table 3-5 summarizes the phytomorphology of the marsh vegetation considered. Data summarized 
based on information from USDA (2017) and Baye (2007). 

TABLE 3-5: PHYTOMORPHOLOGY 

Common Name Description Foliage Color Height (m) Growth Form Root Depth (m) 

Seacoast Bulrush Graminoid Green 1.50 Rhizomatous 0.75 

Lyngbye’s Sedge Graminoid Green 1.00 Bunch 0.36 

Saltgrass Graminoid Green 0.34 Rhizomatous 0.05 

Baltic Rush Graminoid Green 0.70 Rhizomatous 0.40 
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Common Name Description Foliage Color Height (m) Growth Form Root Depth (m) 
Pacific Silverweed Forb/herb/subshrub Gray-Green 0.50 Multiple Stem 0.10 

Pickleweed Forb/herb/subshrub Green 0.30 Multiple Stem 0.15 

Three-Square Bulrush Graminoid Green 1.00 Rhizomatous 0.15 

Softstem Bulrush Graminoid Green 2.00 Rhizomatous 0.41 

Arrowgrass Graminoid Green 0.80 Tufted 0.20 

Plant life cycle data, growth periods, growth rates, and lifespan is summarized in Table 3-6. A short 
lifespan is considered 1-3 years, a moderate life span 3-10 years and a long lifespan 10-20 years. 

TABLE 3-6: GROWTH AND DEVELOPMENT 

Common Name Life Cycle Active Growth Period Lifespan 

Seacoast Bulrush Perennial Spring, Summer Long 

Lyngbye’s Sedge Perennial Spring, Summer Long 

Saltgrass Perennial Spring, Summer, Fall Long 

Baltic Rush Perennial Spring, Summer Moderate 

Pacific Silverweed Perennial Spring, Summer Moderate 

Pickleweed Perennial Spring, Summer Short 

Three-Square Bulrush Perennial Summer, Fall Moderate 

Softstem Bulrush Perennial Spring, Summer, Fall Long 

Arrowgrass Perennial Spring, Summer Long 

The salinity tolerance of marsh vegetation can be categorized as shown in Table 3-7 (GLW, 2017b). 

TABLE 3-7: MARSH TYPES 

Marsh Type Salinity Range (PSU) 

Freshwater marsh < 0.5 

Brackish marsh 0.5 to 18 

Saltmarsh 18 to 30 

The pH scale shown in Table 3-8 ranges from 0-14, with neutral in the middle. Values below 7 indicate 
increasing acidity, while values above 7 indicate increasing alkalinity. The tabled pH values indicate 
that the candidate plants generally tolerate somewhat acidic to somewhat alkaline conditions. This is 
in line with the range expected for a saltwater marsh environment. The normal range of stream water 
has pH around 6 to 8, and seawater approximately pH 8. 
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TABLE 3-8: SALINITY AND PH TOLERANCE 

Common Name Salinity (PSU)  pH Substrate 

 Seacoast Bulrush  2 - 20  4.3 - 9.0 

 

 Fines to sand 

 Lyngbye’s Sedge  0 - 15  4.0 - 7.5  Fines to sand 

 Saltgrass  4 - 35  6.4 - 10.5  Fines to sand 

 Baltic Rush  2 - 15  7.8 - 9.1  Fines to sand 

 Pacific Silverweed  0 - 15  4.0 - 7.5  Fines 

 Pickleweed  18 - 35  6.0 - 10.0  Fines to sand 

 Three-Square Bulrush  0 - 20  6.0 - 7.0  Fines to sand 

 Softstem Bulrush  0 - 11  5.4 - 7.5  Fines 

 Arrowgrass  0 - 30  6.7 - 8.7  Fines 

Figure 3-5 summarizes preferred water depths and salinity tolerance for the candidate marsh 
vegetation species. Each species is identified by its common name and its scientific name. The vertical 
scale on the left side of each figure provides a measure of the height of mature plants relative to 
ground level. Similarly, the approximate root depth is indicated below grade. The aquamarine 
horizontal lines indicate the preferred water level range for propagation of plant seedlings. The range 
indicated is typically quite narrow, but for most species fluctuating water levels will promote 
propagation of new shoots. The darker blue horizontal lines indicate the range of water depths 
preferred by the distinct types of vegetation. The lower line reflects the limit of desiccation, which is 
however approximate as it depends on the depth of the root system. The extent of the root system is 
in turn dependent on the characteristics of the substrate. The upper line can be taken as the maximum 
level of periodic inundation. It should be noted that some species, e.g. bulrushes prefer an environment 
with their root mass permanently submerged, whereas other species tolerate only periodical 
immersion. The maximum level of inundation is indicated by the dark blue dotted line, which is mostly 
shown as a wavy line, indicating that the respective species is tolerant to tidal inundation. 

The vertical bar in yellow on the right-hand side of the figures indicates the salinity levels in PSU 
tolerated by each species. Light blue shading at the lower portion of the scale indicates species that 
tolerate brackish and fresh water.  
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FIGURE 3-5: MARSH VEGETATION ELEVATION RANGE AND SALINITY TOLERANCE 
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4. Numerical Model Development 
The Danish Hydraulic Institute MIKE-21 Spectral Wave (SW) and MIKE-21/3 Hydrodynamic (HD) 
models were developed for the Lower Fraser River and Strait of Georgia to carry out the relevant 
analyses and to determine engineering requirements for the proposed marsh. Both models were 
calibrated to ensure that wave, hydrodynamic, and salinity mixing processes were adequately 
reproduced. Figure 4-1 depicts the locations of the metocean data stations used in the model 
development. 

 

FIGURE 4-1: METEOCEAN DATA SOURCES 

4.1. Model Description 
MIKE is a modelling system developed by the Danish Hydraulic Institute (DHI) Water and Environment. 
It was selected for the project because of the flexibility and computational efficiency with its 
unstructured grid configuration. The unstructured grid makes it possible to resolve both large and 
small-scale flow and wave processes effectively. Finer resolution grid elements are used in the vicinity 
of the project area while coarser grid elements are used away from the areas of interest. 

The two-dimensional SW model solves the wave action conservation equations and simulates the 
growth, decay, and transformation of wind-generated seas and long-period swells in offshore and 
coastal areas. The SW considers important physical processes, including wave growth by action of 
winds, shoaling and refraction due to depth variations, diffraction and reflection near structures, wave 
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breaking in the surf zone, wave dissipation (including bottom friction, white capping, and wave-wave 
interaction), and some non-linear wave-current interactions.  

The HD model solves flow continuity, momentum, temperature, salinity and density equations and 
simulates water level variations and flows in response to a variety of forcing functions. Because of the 
complex variations in salinity mixing within the water column, the computational-demanding three-
dimensional HD model was used in the study.   

4.2. Model Grid and Bathymetry 
For computational efficiency and accuracy purposes, different model grids were developed for the SW 
and HD model. To accurately reproduce wave processes such as growth and propagation to the SAJ 
project site, the computational domain for the SW model covers the Strait of Georgia Basin, extended 
around Texada Island to the northwest and Birch Bay to the south (orange polygon in Figure 4-2); 
while a smaller domain for the HD model (pink polygon in Figure 4-2) to resolve the complex circulation 
processes in the Fraser River Delta. The HD domain extends inland to Mission as the freshwater 
discharge source.  

Figure 4-3 shows the unstructured grid elements near the project site. The finest element resolution 
along the SAJ North Jetty is approximately 10 m.  

Bathymetry (or seabed elevations) for the majority of model domain was extracted from the C-Map 
Software of DHI, incorporating Jeppesen Norway’s electronic database of global nautical charts (DHI, 
2008). Figure 4-4 shows the average water depth in the Strait of Georgia is approximately 150 meters. 
The maximum depth can reach 400 meters, just south of Texada Island. Water depths in the Fraser 
River are largest on its South Arm (up to approximately 15 m) due to the presence of the navigation 
channel. Vertical datum reference is Geodetic Datum (GD).       

A zoom-in view of the model bathymetry at Sturgeon Bank and the project site is provided in Figure 
4-5. Noticeable bathymetric features in the view are the “Sand Island” shoal, with bed elevations of up 
to + 1.2 m GD, and the Scotch Pond and Scotch Pond Channel, dredged to elevations of around 
- 1.8 m GD. 
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FIGURE 4-2: MODEL DOMAIN FOR SPECTRAL WAVE AND HYDRODYNAMIC MODELS 

 
FIGURE 4-3: UNSTRUCTURED GRID ELEMENTS AT PROJECT SITE 
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FIGURE 4-4: MODEL BATHYEMTRY (INCLUDING STRAIT OF GEORGIA) 

 
FIGURE 4-5: MODEL BATHYMETRY AT PROJECT SITE  
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4.3. SW Model Calibration  
Typically, outputs from any numerical model need to be verified with field measurements, in order to 
show the model can reasonably reproduce the processes or environment of interest. This procedure 
is called model calibration. 

The SW model was calibrated against hourly wave records at DFO Halibut Bank station (C46146, 
Figure 4-1), which include observations of significant wave height (Hs) and peak wave period (Tp) from 
1996 to 2017.  

A winter storm which occurred in Strait of Georgia in December 2001 was selected for SW model 
calibration because the storm had lasted more than 12 hours. Figure 4-6 shows the selected storm 
had retained a speed up to 40 knots (or 20 m/s) at Halibut Bank with predominant northwest-southeast 
directions. 

 

FIGURE 4-6: SELECTED WINTER STORM EVENT FOR WAVE CALIBRATION 

Wave calibration was achieved by adjusting wave dissipation coefficients as well as spectral 
properties. In order to quantify the agreement between measured and model data, the following 
statistical parameters were determined.  

 Root Mean Square Error (RMSE):  2yxRMS    

 Mean Absolute Error (MAE, m): yxMAE   
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 Index of Agreement (d): 
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Where, x and y represent the measured and modelled data, respectively. A comparison between 

measured and modelled wave statistical parameters is presented in Figure 4-7 and Figure 4-8, and 

shows that the model is in reasonable agreement with the measurements. 

 

FIGURE 4-7: MEASURED VS. MODELLED HS AT HALIBUT BANK  

 

FIGURE 4-8: MEASURED VS. MODELLED TP AT HALIBUT BANK 
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4.4. HD Model Calibration 
The HD model was calibrated against water levels and flow split. Modelled water levels were compared 
with tides measured at two DFO tide gauges, namely Point Atkinson and Vancouver, labelled as 
DFO7795 and DFO7735 in Figure 4-1. Modelled flow split was compared to measurements as 
reported by North Hydraulic Consultants (NHC, 2006). 

The HD model was forced with astronomical tides and tidal currents, derived from the tidal constituent 
global database developed from TOPEX/Poseidon altimetry data (Egbert & Erofeeva, 2010), along its 
offshore tidal boundaries. In addition, Fraser River discharge measured at Mission (station 08MH024 
in Figure 4-1) was used as the inland freshwater boundary. 

A two-month simulation period was conducted between June 1 and July 31, 2012, in order to capture 
the higher-than-average discharges observed during the 2012 freshet season. A graphical comparison 
between measured and modelled water levels is provided in Figure 4-9 and shows that the HD model 
closely reproduces observed water level variations. Model prediction capability indices (d) of 0.99 
corroborate the accuracy of the modelled water levels at both tide gauges.  

In addition, a comparison between the measured and modelled tidal constituents (i.e. the astronomical 
components of the tides) at both tide gauges was made. Figure 4-10 shows that the model adequately 
captures the amplitude of these constituents, with the M2 component amplitude being overpredicted 
by less than 7% and 3%, and the K1 component being overpredicted by 16% and 15%, respectively. 

To confirm that the model correctly distributes flow into the North, Middle and South Arm of the Fraser 
river, modelled flow splits were also calculated. Flow split data collected by Public Works and 
Government Services Canada (PWGSC) from May 2005 to January 2006, was processed and 
reported by NHC in 2006. The blue and red boxes in Figure 4-11 indicate the measured and modelled 
flow splits, respectively. Overall, the model reproduces closely the flow distribution in the North, Middle 
and South Arm, with differences less than 1%. A slightly larger difference of 3% is found near 
Steveston.  
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FIGURE 4-9: MEASURED VS. MODELLED WATER LEVELS AT DFO TIDE GAUGES 

 

FIGURE 4-10: MEASURED VS. MODELLED TIDAL CONSTITUENTS AT DFO TIDE GAUGES 
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FIGURE 4-11: MEASURED VS. MODELLED FLOW SPLIT  

4.5. Validation of Salinity Mixing 
Once the comparison of water levels and flow split was deemed adequate, the salinity module within 
the HD model was activated to assess salinity mixing. The validation process compared the modelled 
salt wedge to findings reported in literature at locations in the South Arm.  

Ages (1979), studied the salinity intrusion in the main South Arm of the Fraser River by conducting 
measurements under a range of discharges observed during 1976. Findings from the study indicate 
that the location of the salinity front varies within a single day in response to tidal fluctuations as well 
as seasonally in response to variations of river discharge.  

The validation test was set up by imposing discharge recorded at Mission during the dates in which 
the measurements took place. A high and a low outflow condition were selected for the test. The focus 
of this validation was not to capture the exact location and shape of the salt wedge, but instead to 
ensure that the three-dimensional flows are adequately resolved in the model leading to a good 
representation of the salinity mixing in the Fraser River as well as in the intertidal zone of Sturgeon 
Bank, where the proposed marsh area is located.  

Figure 4-13 to Figure 4-15 compare findings from the literature with model results. The literature, 
presented in the upper plot of each figure, depicts the distribution of salinity (with contour lines) along 
the main channel of the South Arm, under a specific discharge condition and tide stage. The lower 
plot of each figure represents the modelled salt wedge under the same tide and discharge conditions. 
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Four reference locations, including Sand Heads, Steveston, Deas Island, and Annacis Island, are used 
in comparison. Figure 4-12 shows the locations.  

FIGURE 4-12: REFERENCE POINTS FOR VALIDATION OF MODELLED SALINITY 

Under high discharge flow in Fraser River, the South Arm is primarily influenced by fresh outflows 
pushing saline water away. At a low tide stage, the salt wedge is typically kept out of the South Arm. 
Both measured and modelled data indicate that salinity is transitioning from saline to fresh in a narrow 
stretch close to Sand Heads (Figure 4-13). For the same high discharge flow but a higher tide stage, 
the salt wedge penetrates slightly into the South Arm. Intrusion of saline water (above 25 PSU, 
depicted in red in Figure 4-14) is shown halfway between Sand Heads and Steveston, while brackish 
waters (transitioning from saline to fresh) occur up to around Steveston.  

Under low discharge flow in Fraser River, saline water intrudes further into the South Arm and can be 
observed halfway between Steveston and Deas Island, while the transition to fresh water occurs pass 
Deas Island (Figure 4-15). 

Based on the similarity of measured and modelled salinity distributions, it is concluded that the salinity 
mixing processes in the HD model are captured satisfactorily and are capable of assessing potential 
changes in salinity distribution at the project site, where the proposed project elements are 
incorporated. 
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FIGURE 4-13: LOCATION OF SALT WEDGE UNDER HIGH DICHARGE FLOW AND LOW TIDE 
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FIGURE 4-14: LOCATION OF SALT WEDGE UNDER HIGH DICHARGE FLOW AND HIGH TIDE 
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FIGURE 4-15: LOCATION OF SALT WEDGE UNDER LOW DICHARGE FLOW AND HIGH TIDE 



Coastal Processes & Salinity Modeling | Vancouver Fraser Port Authority 
Revision 1 | May 28, 2020 

Creative People, Practical Solutions.®    39 

5. Wave Exposure and Wave-Induced Bed Shear Stress Analysis

5.1. Introduction  
Wave action represents a limiting factor for growth and development of the proposed marsh, as it 
affects the stability of the substrate. For a successful marsh establishment or restoration, evaluation 
of wave induced bed shear stresses at the site is necessary to determine the stability requirements 
for the new substrate. Values for allowable bed shear stresses for a range of substrate materials were 
provided in Section 3.1. As discussed, the existing substrate at Sturgeon Bank and the dredged 
material, proposed as new substrate, range from coarser well graded sands, to fine silts and clays. It 
was concluded that 1 N/m2 (i.e. the permissible bed shear stress for finer sediments) is a reasonable 
and conservative target for allowable bed shear stress on the proposed marsh. 

Evaluation of wave induced bed shear stresses was carried out for two scenarios, i.e. existing and 
with-project conditions, representing incident wave conditions at the project site in a typical year. Post-

processing of the results was performed to compute the maximum bed shear stress τmax  according 

to Fredsøe and Deigaard (1992), as well as its statistics during the entire simulation period. 

For the with-project scenario, the bathymetry at the SAJ project area was adjusted to incorporate the 
proposed 1,500 m long cobble berm (crest elevation of +1.4 m GD) as well as raising of site grades in 
the lee of the cobble berm. Fill material slopes down from an elevation of +0.5 m GD at the toe to an 
elevation of approximately +0.3 m GD at the top of the proposed swale. This swale (invert at -0.7 m 
GD), running in the east-west direction approximately in the middle of the proposed marsh, is included 
to promote drainage and to enhance circulation in the project area. Figure 5-1 compares the 
bathymetry for the existing and with-project scenario. To emphasize the differences between them, 
the figure only depicts bed elevations of -1.4 m and higher. The proposed cobble berm footprint is 
depicted in orange to red shades in the lower plot of Figure 5-1. It is noted that the berm discontinues 
at its southwest corner (a gap of around 150 m), at the location of the swale. 



Coastal Processes & Salinity Modeling | Vancouver Fraser Port Authority 
Revision 1 | May 28, 2020 

Creative People, Practical Solutions.®    40 

FIGURE 5-1: EXISTING VS. WITH-PROJECT BATHYMETRY 

5.2. Imposed Wind Conditions  
Wave exposure analysis in a typical year was conducted for year 2003 because it was found to be the 
most representative year in the full wind records at Sand Heads. Figure 5-2 presents the wind rose for 
year 2003. About 50% of the recorded wind speeds were at or below 5 m/s; while the predominant 
wind direction was East (approximately 18% of observations), higher wind speeds (i.e. above 
12.5 m/s) were more frequently from the southeast and northwest sectors. 

The hourly time series of wind speed and wind direction recorded at Sand Heads in 2003 was imposed 
in the SW model for the purpose of reproducing wave conditions that were observed during a typical 
year.  
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FIGURE 5-2: WIND ROSE FOR YEAR 2003 
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5.3. Results  
The maximum bed shear stress (τmax), computed from a series of waves (or called a wave train), is a 

function of the wave period and the horizontal wave orbital velocity near bed. τmax was computed at 

each grid element for every time step for the existing and with-project conditions. Results are 

summarized in the following by means of τmax statistics. As a reference, the footprint of the proposed 

cobble berm is depicted in pink in both figures.  

Figure 5-3 compares the 99th percentile τmax at the proposed marsh area for the existing (upper plot) 

and the with-project (lower plot) conditions. The 99th percentile value indicates that only 1% of the 
maximum bed shear stress would exceed the value (or equivalent to 88 hours per year).  

As seen in the figures, the τmax distribution follows the bathymetric contours closely. For the existing 

condition, the highest value (e.g. 2 N/m2 depicted in yellow), is observed at the Sand Island, where 

bed elevations are higher. Around the Sand Island, τmax values are consistently greater than the 

established threshold for sediment motion (e.g. 1 N/m2).  

For the with-project condition, the area surrounding the Sand Island as well as most of the marsh area 

are now depicted in blue shades, indicating a reduction of bed shear stresses (τmax values between 

0.3 and 0.8 N/m2). The lowest values are observed at the location of the swale, where bed elevations 
are low. Higher values (e.g. 1 N/m2) are observed at the south portion of the marsh area, between the 
swale and the Steveston North Jetty, or at the southwest corner, close to the cobble berm gap. Areas 
depicted in red, indicate the highest shear stress values over the cobble berm due to wave breaking, 
and do not impact the proposed marsh area.  

Similarly, Figure 5-4 compares the statistical maximum of τmax for the existing and the with-project 

conditions. These values represent the bed shear stresses reached only once per year (e.g. the 

highest within all τmax). It is noted that the statistical maximum of τmax values are higher than the 

threshold in most of the existing and the with-project conditions. For the existing condition, τmax at the 

Sand Island and the surrounding area is now above 2.6 N/m2 (depicted in red). For the with-project 

condition, τmax above 2.6 N/m2 is observed again in the south and southwest portions of the proposed 

marsh. 

The bar plots in Figure 5-5 provide τmax statistics for three selected points within the proposed marsh 

area. 75th Percentile (gray), 90th (yellow), 99th (green) and the maximum τmax (blue) are compared for 

the existing and the with-project conditions. Locations for points A, B and C are depicted in Figure 5-3 
and Figure 5-4. Points A and B represent areas where a considerable reduction in bed shear stresses 

is observed (τmax decreases around 30%), as a result of wave sheltering from the cobble berm. In 

contrast, point C does not exhibit an obvious decrease in bed shear stresses (τmax only decreases 

about 10%), since its location is farther away from the cobble berm and the area of influence. This 
area is more exposed and therefore more influenced by waves that approach from the south to south-
southeast directions propagating over the Steveston North Jetty. 
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Overall, results clearly show that introduction of the cobble berm effectively reduces wave-induced 
bed shear stresses. It is noted that under extreme storm conditions, above-threshold values occur 
over the majority of the marsh area with or without the presence of the cobble berm, as shown in 
Figure 5-4. However, the berm does promote favorable conditions for development of the proposed 
marsh growth consistently throughout most of the year (e.g. 99th percentile). 

 

FIGURE 5-3: 99TH PERCENTILE BED SHEAR STRESS FOR EXISTING (TOP) AND WITH-PROJECT (BOTTOM) 
CONDITIONS 
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FIGURE 5-4: MAXIMUM BED SHEAR STRESS FOR EXISTING (TOP) AND WITH-PROJECT (BOTTOM) 

CONDITIONS 
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FIGURE 5-5: STATISTICS OF BED SHEAR STRESS AT POINTS A, B, AND C 



   Coastal Processes & Salinity Modeling | Vancouver Fraser Port Authority 
Revision 1 | May 28, 2020 

 
 Creative People, Practical Solutions.®    46 

5.4. Sensitivity to Project Modifications  
In this section, sensitivity to the wave results were assessed for three project modifications. 

 Case 1 (High Fill): This case changes the proposed grades to accommodate a steeper 
drainage slope. The grade slopes down from an elevation of +1.0 m GD (previously +0.5 m 
GD) at the interior toe of the cobble berm to an elevation of +0.3 m GD at the location of the 
swale. 

 Case 2 (Berm Crest El. +1.9 m): For this case, the crest elevation of the cobble berm was 
raised from +1.4 m to +1.9 m GD. This corresponds to the crest elevation during construction 
(i.e. construction access road elevation).  

 Case 3 (Short Cobble Berm): For this case, only the western reach of the cobble berm is 
incorporated in the model bathymetry. The shortened cobble berm length is approximately 
900 m, and its crest elevation is +1.9 m GD. This layout corresponds to construction completed 
in Phase II.  

Sensitivity cases were performed and the statistical maximum of τmax was computed at the proposed 

marsh area, as described in Section 5.3. The simulation period (October 10 through November 3, 
2003) was chosen to include the longest storm event recorded in 2003 (see Figure 5-6).  

 

FIGURE 5-6: IMPOSED STORM EVENT FOR SENSITIVITY TESTS 

To provide a direct comparison between the short sensitivity cases and the full year simulation, a 

normalized τmax was computed as below. 
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𝑁𝑜𝑟𝑚. 𝜏
𝜏 𝐶𝑎𝑠𝑒
𝜏 𝑏𝑎𝑠𝑒

 

Where 𝜏 𝐶𝑎𝑠𝑒 represents the statistical maximum for each sensitivity case, and 𝜏 𝑏𝑎𝑠𝑒 

represents the base case without any project modifications. Figure 5-7 shows the normalized τmax at 

Points A, B and C.  

 

FIGURE 5-7: NORMALIZED TMAX AT POINTS A, B AND C FOR SENSITIVITY CASES 

τmax sensitivity is somewhat similar at points A and B. For the high fill case (Case 1), bed shear 

stresses are comparable to the base case. Normalized τmax values are 0.9 and 1.2 for Point A and B, 

respectively. These values do not represent a significant deviation in the resulting shear stresses, 
indicating low sensitivity to modification of the grades in the proposed marsh area.  

Meanwhile, raising crest elevation of +1.9 m (Case 2) reduces to approximately 60% and 70% of the 
maximum shear stresses for points A and B, respectively. Result is similar for the short cobble berm 

case (Case 3). Normalized τmax values of 0.6 for both A and B indicate that even for a shorter structure, 

with a crest elevation of +1.9 m provides sufficient sheltering from the predominant wave direction and 
hence can provide the area with favorable conditions for marsh development. However, a more 
thorough investigation would be required to determine the feasibility of this option. 

For point C, normalized τmax values are approximately one for all sensitivity cases. As mentioned 

before, point C is representative of an area in which the influence by the cobble berm is limited; 
therefore, no significant differences in wave-induced bed shear stresses are expected from project 
modifications. 
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5.5. Summary of Wave Exposure & Wave-Induced Bed Shear Stress Analysis 
Introduction of the cobble berm at Sturgeon Bank can achieve the objective of reducing wave-induced 
bed shear stresses in the proposed marsh area and promote favorable conditions for marsh growth.  

Overall, results clearly show that the cobble berm effectively reduces wave-induced bed shear 
stresses. Although it is noted that under extreme storm conditions, above-threshold values occur over 
the majority of the marsh area with or without the presence of the cobble berm, the berm does promote 
favorable conditions for development of the proposed marsh growth consistently throughout most of 
the year (e.g. 99th percentile). 

Vulnerable areas, where the 99th percentile τmax exceeding the threshold value, were identified in the 

south and southwest portions of the marsh. This is because the cobble berm provides only limited 
sheltering from waves in this area, and there is a more direct exposure to waves from southerly 
directions.  

In addition, it was found that the cobble berm crest elevation is the most influential factor for reducing 
bed shear stresses. Shear stress values were reduced for the cases where the berm crest elevation 
is at +1.9 m GD. Preliminary results suggest that a short cobble berm could be implemented and still 
provide favorable conditions for the marsh growth. However, a more thorough investigation would be 
required to determine the feasibility of this option.  

Changes in site grades in the marsh area were found to have limited to no impacts on bed shear 
stresses.  
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6. Salinity Distribution Analysis

6.1. Introduction 
As discussed in Section 2.5, salinity distribution in the Fraser River is controlled primarily by the 
amount of outflow from the Fraser River, which varies significantly on a seasonal scale, and is 
controlled secondarily by the tidal phase, varying on an hourly to daily scale.  

To evaluate the range of salinity at Sturgeon Bank and the proposed marsh area, three sets of 
simulations were performed to represent low, medium and high flow discharge in the Fraser River. For 
each flow discharge, simulations of the existing and with-project conditions were conducted to 
compare flow circulation and salinity distribution.  

6.2. Imposed Boundary Conditions 
The 27-year Fraser River discharge recorded at Mission (Station 08MH024, Figure 4-1) was analyzed 
to determine the river outflow that resemble the low, medium and high flow discharge occurring 
throughout the year. Figure 6-1 illustrates the daily and monthly averaged discharge for the full records 
at Mission. 

A discharge of 2,000 m3/s, representative of winter months, was selected for the low flow discharge. 
The high flow discharge was set to 8,000 m3/s, an average peak discharge during the freshet. The 
medium flow discharge of 5,500 m3/s represents a transition from the low to the high flow. 

FIGURE 6-1: AVERAGE DAILY AND MONTHLY FRASER RIVER DISCHARGE AT MISSION 

The three-dimensional hydrodynamic model with the salinity module was conducted for each 
discharge scenario for a spring-neap tidal cycle. Figure 6-2 depicts the tidal boundary conditions used 
to force the model, and illustrates the definition of terminologies used in the discussion. This figure 
shows how the tidal range varies with time; during neap tides (first and last days of the simulation), 
the offshore tidal range is around 2.5 m, and increases to approximately 4 m during spring tides 
(occurring halfway through the simulation period). 
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FIGURE 6-2: IMPOSED WATER LEVEL BOUNDARY CONDITIONS 

6.3. Results 
A comparison of salinity for the existing and the with-project conditions is provided in the form of 
snapshots at the surface (low discharge) or intermediate depth (medium and high discharge) at 
selected tide stages. Because the surface salinity becomes all fresh in the medium and high discharge 
scenario, salinity at the intermediate depth was analyzed instead. The footprint of the proposed cobble 
berm is depicted with a black solid line for the with-project condition, and with a dashed line for the 
existing condition (as a reference only). Vertical profiles along a transect are also provided in the 
figures and illustrate salinity stratification in the marsh area. Figure 6-3 indicates the transect location. 

It is noted that some areas immediately adjacent to the Richmond shoreline are only active in the 
model computations when tidal elevations (i.e. high tides) are sufficient to inundate the areas. They 
should be disregarded from further interpretation. Better estimates of salinity values at the higher 
ground can be achieved with longer simulation run time. 

FIGURE 6-3: LOCATION OF SELECTED TRANSECT 
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6.3.1. Low Discharge Scenario 
During low discharge periods, salinity in the Fraser River is primarily controlled by the tides. Brackish 
to salty sea water is predominant, and there is limited influence from the Fraser River in both fresh 
water input and circulation. Figure 6-4 depicts surface salinity distribution in the marsh area for the 
existing condition at low and high tide, respectively. Fresh water outflow reaches its maximum extent 
around Sand Heads (left plot), when the low tide is present. In the offshore areas, surface salinities 
are in the brackish range, depicted in green shades. At high tide (right plot), the intertidal areas of 
Sturgeon Bank exhibit higher salinity. In addition, higher salinity concentrations intrude into the South 
Arm, pushing freshwater upriver.  

FIGURE 6-4: SURFACE SALINITY DISTRIBUTION UNDER LOW DISCHARGE AT LOW (LEFT) AND HIGH 
(RIGHT) TIDE, EXISTING CONDITION 

The main effects of the cobble berm on the salinity are the following:  

 Retention of fresh water overflowing the Steveston North Jetty or brought into the area from
Scotch Pond.

During low discharge, input of fresh water to the marsh area occurring by overflow of the
Steveston North Jetty is limited to the time where salty sea water has not penetrated into the
South Arm. Under the proposed project conditions, the flow pattern generated by the cobble
berm, aids in retaining fresh water for a prolonged time.

 Obstruction of tidal flows that bring salty sea water to the proposed marsh area (Figure 6-7).

This typically occurs as the tide rises between LLW and HHW. However, when HHW is
reached, tidal elevations are high enough for salty sea water to overflow the cobble berm into
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the marsh area (Figure 6-8). This effect could be mitigated by raising the crest elevation of the 
cobble berm. 

 Retaining salty sea water (Figure 6-9).

Mainly occurring after HHW, due to the overflow described above. As the tide retreats in
Sturgeon Bank, the cobble berm retains salty sea water for a longer time when compared to
existing conditions (where flow is not impeded).

Figure 6-5 provides a comparison of modelled depth-averaged salinity in the proposed marsh area for 
the existing (blue curve) and the with-project conditions (yellow curve). The upper and lower limits for 
both curves (representing highest and lowest salinity, which may occur at different times) are 
comparable, indicating that the salinity range in the area will not be altered by the project. However, 
with-project salinity will tend to be lower throughout the tidal cycle. For reference, salinity levels for the 
existing marsh area are depicted by the green dashed curve. When compared to the yellow curve 
(proposed marsh) it can be concluded that the cobble berm will promote a salinity range in the 
proposed marsh area which is comparable to that of the existing marsh. 

FIGURE 6-5: SALINITY VARIATIONS IN THE PROPOSED AND EXISTING MARSH AREA UNDER LOW 
DISCHARGE  
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FIGURE 6-6: SALINITY PROFILE AND SURFACE SALINITY UNDER LOW DISCHARGE FOR EXISTING (LEFT) AND WITH-PROJECT (RIGHT) 
CONDITIONS. TIDE EL. AROUND MSL 
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FIGURE 6-7: SALINITY PROFILE AND SURFACE SALINITY UNDER LOW DISCHARGE FOR EXISTING (LEFT) AND WITH-PROJECT (RIGHT) 

CONDITIONS. TIDE EL. CLOSE TO HHW 
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FIGURE 6-8: SALINITY PROFILE AND SURFACE SALINITY UNDER LOW DISCHARGE FOR EXISTING (LEFT) AND WITH-PROJECT (RIGHT) 
CONDITIONS TIDE EL. AT HHW 
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FIGURE 6-9: SALINITY PROFILE AND SURFACE SALINITY UNDER LOW DISCHARGE FOR EXISTING (LEFT) AND WITH-PROJECT (RIGHT) 
CONDITIONS. TIDE EL. PASSED HHW 
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6.3.2. Medium Discharge Scenario 
During medium discharge periods, the Fraser River has a larger influence on salinity and circulation 
in the area. As the tides retreat, fresh water pushes further into the ocean and spreads over a wider 
area, as depicted in the left plot of Figure 6-10, where blue shades are present in the offshore areas. 
Subsequently, Sturgeon Bank will be exposed to water of lower salinity during high tides, as depicted 
in the right plot of Figure 6-10 where brackish water (green shades) inundates the intertidal areas of 
Sturgeon Bank.  

The stronger river flow in the South Arm starts to dominate over tidal flows, restricting salinity intrusion 
into the Fraser River.  

FIGURE 6-10: SURFACE SALINITY DISTRIBUTION UNDER MEDIUM DISCHARGE AT LOW (LEFT) AND HIGH 
(RIGHT) TIDE, EXISTING CONDITION 

During times of medium discharge, there is a continuous supply of fresher water into the proposed 
marsh area flowing directly over the Steveston North Jetty or with the incoming tide for both the existing 
and the with-project conditions. For this reason, the main effect of the cobble berm on the salinity is: 

• Obstruction of tidal flows that bring brackish water to the proposed marsh area.

Brackish waters are typically brought to Sturgeon Bank between LLW and HHW. The cobble berm 
effectively keeps brackish waters from coming into the marsh area (Figure 6-12). Even when the tide 
reaches HHW, flow from the river may overcome the tide (flowing in opposite directions), pushing 
brackish waters away from the marsh area (Figure 6-13). Exposure of the marsh area to brackish 
waters is therefore significantly reduced under the with-project condition.  

The range of modelled depth-averaged salinities in the proposed marsh area for the existing and the 
with-project conditions is depicted with blue and yellow curves in Figure 6-11. Additionally, the range 
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of modelled salinities for the existing marsh area is depicted with the green dashed curve. This figure 
indicates that fresher waters are predominant through the tidal cycle in the area. However, the range 
of salinity in the proposed marsh area is considerably reduced for the with-project condition. The effect 
of the cobble berm is that salinities in the proposed marsh area are brought closer to the existing 
marsh. 

FIGURE 6-11: SALINITY VARIATIONS IN THE PROPOSED AND EXISTING MARSH AREA UNDER MEDIUM 
DISCHARGE 
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FIGURE 6-12: SALINITY PROFILE AND SALINITY AT INTERMEDIATE DEPTH UNDER MEDIUM DISCHARGE FOR EXISTING (LEFT) AND WITH-
PROJECT (RIGHT) CONDITIONS. TIDE EL. AT HHW 
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FIGURE 6-13: SALINITY PROFILE AND SALINITY AT INTERMEDIATE DEPTH UNDER MEDIUM DISCHARGE FOR EXISTING (LEFT) AND WITH-

PROJECT (RIGHT) CONDITIONS. TIDE EL. PASSED HHW 
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6.3.3. High Discharge Scenario 
During freshet (high discharge) periods, salinities in the Fraser River are at the lowest levels. Fresh 
water is predominant, and intrusion of brackish water is limited at both Sturgeon Bank and the South 
Arm as illustrated in Figure 6-14, representing typical surface salinity distribution at low and high tide, 
respectively.  

Maximum salinities within the marsh area are around 4-6 PSU and are limited to periods around Higher 
High Water (Figure 6-15). During the remaining time in the tidal cycle, salinities in the marsh area are 
close to 0 PSU.  

FIGURE 6-14: SURFACE SALINITY DISTRIBUTION UNDER HIGH DISCHARGE AT LOW (LEFT) AND HIGH 
(RIGHT) TIDE, EXISTING CONDITION
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FIGURE 6-15: SALINITY PROFILE AND SALINITY AT INTERMEDIATE DEPTH UNDER HIGH DISCHARGE FOR EXISTING (LEFT) AND WITH-

PROJECT (RIGHT) CONDITIONS. TIDE EL. AT HHW 
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6.4. Summary of Salinity Distribution Analysis 
Overall the modelled salinity ranges from 0 to around 22 PSU, for both the existing and the with-project 
conditions. Model results suggest that the cobble berm will bring salinities in the proposed marsh area 
closer to the existing marsh.  

The range of salinity at the proposed marsh area varies primarily as a function of discharge from the 
Fraser River, which in turn varies throughout the year. 

During low discharge periods (e.g. winter months), the cobble berm promotes somewhat lower salinity 
levels in the proposed marsh area. This suggests that the fresh water retained in the marsh can be 
improved approximately 50% of the time during the year.  

During medium discharge periods, the cobble berm also aids in a significant reduction of the salinity 
in the proposed marsh area.  

During high discharge periods (e.g. freshet), fresh water is dominant in the proposed marsh area 
almost always throughout the tidal cycle, and hence the cobble berm does not affect salinity levels.  
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7. Climate Change Impacts
The response of the marsh vegetation to sea level rise and climate change impacts depends on 
several factors, including the rate of sea level rise, the resiliency of the marsh vegetation, input of 
sediment/fines to the marsh area, flow circulation, and potentially other elements of climate change 
such as temperature and insolation. 

A detailed study of the response of the proposed marsh to sea level rise is beyond the scope of the 
present study, but a cursory overview based on current research findings is provided in the following. 

7.1. Sea Level Rise 
The indication is that the marsh could be fairly resilient to sea level rise, having the ability to grow in 
parallel with a rise of the mean sea level, provided that a sufficient influx of sediment will continue to 
deposit and raise the marsh plain. Based on the experience to date, the Fraser River provides a 
substantial throughput of sediment and fines to Sturgeon Bank and Roberts Bank. If the marsh 
vegetation remains vigorous it will have the ability to trap sediment, raising the marsh plain. However, 
if the rate of sea level rise accelerates to a degree that rising ocean levels outcompete the raising of 
the marsh plain, then the marsh will gradually submerge. 

Considering the Steveston North Jetty, sea level rise would have the effect of enabling more water to 
overtop the jetty, and more frequently. This could have the net effect of providing more freshwater 
inflow to the marsh area. 

In terms of the cobble berm, sea level rise would have the effect of allowing more wave overtopping, 
and also allow increased saltwater inflow. Raising the crest elevation of the cobble would improve on 
both of these two aspects. 

In terms of the Sturgeon Bank mudflats, if sea level rise outcompetes mudflat buildup (i.e. sediment 
input to the mudflat is insufficient to raise the bed elevation at the rate of the sea level rise), this could 
lead to larger water depths in the area of the cobble berm. Deeper water would in turn enable larger 
waves to impinge on the marsh area. The stability of the cobble berm should in this case potentially 
be re-evaluated. 

7.2. Increases in Temperature 
The indication is that increases in peak temperature or its frequency could present an adverse impact 
to marsh vegetation, resulting in a decrease in plant cover. This in turn may affect species utilizing the 
marsh as habitat. Temperature-related impacts may be ameliorated somewhat at Sturgeon Bank due 
to the pronounced flow exchange over tidal cycles which can aid in reducing peak temperature levels. 

7.3. Changes in Salinity 
In terms of potential changes in salinity due to changes in river outflow and/or ocean circulation 
patterns, the indication is that the marsh may well be able to accommodate small, gradual changes. 
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This is due to the typical marsh vegetation being tolerant to a wide range of salinity levels. A long-term 
effect may transition in terms of the type and species of marsh vegetation. 

7.4. Marsh Resiliency 
The long-term marsh resiliency is difficult to ascertain due to many factors affecting the health of the 
marsh. However, at the onset of the marsh restoration, the key factors that aid in establishment of the 
marsh vegetation are: 1) to reduce wave exposure; 2) to provide a terrain elevation that balances 
wetting and drying over tidal cycles; and 3) to improve salinity levels, in particular reduce exposure to 
very high salt concentrations. 
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8. Conclusions and Recommendations
From the analyses conducted for this study, the following can be concluded:  

 Introduction of the cobble berm at the proposed marsh area will be effective in providing shelter
from waves, reducing the amount of bed shear stresses, and promote favorable conditions for
growth and development of the future marsh.

 The cobble berm will aid in reducing salinities in the proposed marsh area, and shift salinity
ranges closer to those occurring in the existing marsh area.

M&N recommends further investigations on the efficacy of a higher cobble berm and its effect on 
reducing saline water exposure for the proposed marsh area. Additionally, simulations of salinities 
over longer periods would enable a better understanding of project impacts on salinities at Sturgeon 
Bank. 
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MEMORANDUM
To: Michael Cho, P.Eng., M&N 

From: Cheng-Feng Tsai, P.E., & Dilip Trivedi, P.E., M&N 

Date: May 28, 2020 

Subject:  Supplemental Hydrodynamic and Salinity Analysis by Incorporating Phase 2 

 Breaching into the South Arm Jetty Tidal Marsh Project 

EXECUTIVE SUMMARY 

The purpose of this memo is to analyze potential changes in the South Army Jetty (SAJ) Tidal Marsh 
project area following the introduction of Raincoast Conservation Foundation (RCF) Phase 2 
breaches in the Steveston North Jetty east of the SAJ project.  The hydrodynamic modeling results 
suggest that current speeds and salinity within the project area are similar or slightly lower in 
magnitude compared to the without-breaches condition.  Therefore, the breaches of the RCF 
Project do not present any adverse effects in the SAJ project area.  In addition, results show that 
the effects of the proposed SAJ breaches located to the west of the SAJ site are limited and 
therefore not recommended to be included as part of the SAJ project.   

BACKGROUND 

The Vancouver Fraser Port Authority (VFPA) has developed the Habitat Enhancement Program 
(HEP). HEP has been developed to improve fish and wildlife habitat in advance of port 
development projects, to offset impacts to existing habitat.  As part of the HEP, the South Arm 
Jetty Tidal Marsh (SAJ) project is a proposed intertidal marsh located along the north side of 
Steveston North Jetty (SNJ).   Moffatt & Nichol (M&N) has been retained by VFPA for the design of 
the SAJ Project, which included a cobble beach berm, general raising of site grades with sand fill, 
drainage channels suitable for marsh planting (by  others).  M&N completed wave exposure and 
hydrodynamic/salinity analyses to support the design in Dec.  20171.   

In 2018, RCF proposed the Fraser River Estuary Connectivity Project that consists of breaching 
sections of the SNJ surrounding the SAJ project.  Tetra Tech Inc. was retained by the RCF to 
investigate the impacts of the proposed project on navigation and on sedimentation processes 
in the vicinity, and two reports were prepared (a Phase 1 report in Feb.  20182, and a Phase 2 

1 Moffatt & Nichol, 2017.  Coastal Processes & Salinity Modeling, South Arm Jetty Tidal Marsh Project.  Draft 
Report.   
2 Tetra Tech, 2018.  Investigation of the Hydrodynamic and Sedimentation Impacts in the Fraser River from the 
Proposed Openings along the Steveston North Jetty.  Technical Memorandum.   
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report in Jan.  20193).  The VFPA and M&N provided review comments on both reports.  At 
present, Phase 1 of breaches east of the SAJ project (hereafter referred as RCF breaches) has 
been implemented and the formation of natural channels have been occurring.  Phase 2 of 
breaches is scheduled to potentially proceed in 2020.   

A supplemental analysis of tidal hydrodynamics and salinity was conducted to assess whether 
the RCF breaches have potential impacts to the SAJ Project.  In addition, two proposed SAJ 
breaches west of the SAJ project (hereafter referred to as SAJ breaches) were evaluated to 
examine if there are any benefits by incorporating the SAJ breaches in the future project 
footprint.  This addendum report is intended to supplement the 2017 M&N main report.  Figure 
1 shows the SAJ Project footprint and the locations of three RCF breaches and two proposed SAJ 
breaches.   

 
Figure 1: The SAJ Project Footprint, Locations of Three RCF Breaches and Two Proposed SAJ 

Breaches, and the Six Model Data Extraction Points (Point A-F Triangles).   

 

MODELING APPROACH 

 
3 Tetra Tech, 2019.  Phase 2 Report - Hydrodynamic and Sedimentation Study for the Proposed Breaches on 
Steveston North Jetty in the Fraser River.  Presented to Raincoast Conservation Foundation.   



Supplemental Analysis for SAJ Project 
May 28, 2020 
Page 3 of 9 
  

   

 

The modeling approach and model performance characteristics (e.g. model development, 
calibration) are addressed in the main report of the 2017 M&N modeling work and are therefore  
not reiterated here.  The only changes are to introduce the breaches and to incorporate the latest 
2019 LiDAR data in the vicinity of the RCF breaches.   

The latest LiDAR data was collected for the RCF Project in summer 2019 by McElhanney Consulting 
Ltd4.  The survey was conducted at low tide and covers eastern half of the project area as well as 
the parcel to the east.  Elevations were in the range from -2.3 m GD to +4.5 m GD.    

Two additional scenarios were developed in the supplemental analysis to assess the effects of 
breaches on the SAJ Project.  The first scenario incorporates the RCF breaches, while the second 
scenario incorporates both the RCF breaches and the proposed SAJ breaches.  The existing 
condition (without any breaches and without the SAJ project) and the with-SAJ project scenarios 
developed in 2017 were also included for comparison purposes.  Six model data extraction points 
were used to analyze the effects of the breaches in the SAJ project area.  The extraction points are 
denoted by the triangles shown in Figure 1, Point A-F.   

Three discharge flow conditions in the Fraser River were investigated in the supplemental analysis 
to allow direct comparison to the 2017 modeling results.  The low flow of 2,000 m3/s represents 
the base flow condition.  The high flow was set to 8,000 m3/s, an average peak discharge during 
the freshet.  The medium flow of 5,500 m3/s represents a transition from the low to the high 
flow.   

MODEL SCENARIOS 

The associated tidal channel will form and evolve naturally after a breach is created.  A desktop 
analysis of tidal channel geometry was performed based on the literature to identify the extent of 
tidal channels connecting the RCF breaches.   

Hydrodynamic model results found that the peak discharge through the RCF west breach (most 
impacting the SAJ project) is approximately 40 m³/s.  Friedrichs (19955) and some other studies 
suggest the existence of a relationship between cross-sectional area and peak discharge for 
sheltered tidal channels.  Figure 2 presents the observed relationship.  Using this relationship, an 
equilibrium cross-sectional area for the RCF tidal channel at peak discharge is estimated to around 
60 m², which further indicates a RCF tidal channel width of around 20 to 25 m.  Similarly, the peak 
discharge through the SAJ marsh channel is approximately 10 m³/s, corresponding to a channel 
with an estimated cross-sectional area of 30 m2 and a channel width of 10 to 15 m.   

While there is great variability within tide-dominated systems, the channel width-to-depth ratio 
can be split into two discrete groups of tidal channels: vegetated channels and channels on bare 

 
4 McElhanney Consulting Services Ltd.  (2019).  LiDAR for Raincoast Conservation Foundation 2019.   
5 Friedrichs, C.  T.  , 1995.  Stability Shear Stress and Equilibrium Cross-Sectional Geometry of Sheltered Tidal 
Channels.  Journal of Coastal Research (11), p1062-1074.   



Supplemental Analysis for SAJ Project 
May 28, 2020 
Page 4 of 9 
  

   

 

flats (Hughes, 20116).  Aerial photographs and LiDAR data were used to estimate the width-to-
depth ratios for vegetated channels around Sturgeon Bank and the results are shown in Figure 3.  
Also shown in the figure is the estimated RCF breach channel (a width of 20 m and a depth of 
1.5 m at MWL) and the SAJ marsh channel geometry (a width of 10 m and a depth of 0.7 m).  The 
estimated channel geometries are aligned well with the surrounding vegetated channels.    

Two additional model scenarios were developed using these estimated channel geometries.  
They were then incorporated into the earlier with-SAJ Project scenario, which adds a rock berm, 
a marsh channel, and raising of site grades to support marsh habitat.   

The first scenario, “RCF Breaches", adds the three RCF breaches and associated tidal channels to 
the with-SAJ Project scenario.  The second scenario, “All Breaches”, adds the two proposed SAJ 
breaches to the first scenario.  The bathymetry of four model scenarios are shown in Figure 4.   

 
Figure 2: Cross-Sectional Area vs.  Peak Discharge for Tidal Channels (Friedrichs, 1995) 

 
6 Hughes, Z.  J.  , 2011.  Chapter 11: Tidal Channels on Tidal Flats and Marshes, Principles of Tidal Sedimentology.  
Editors: Davis Jr.  , R.  A.  and Dalrymple, R.  W.  Publisher: Springer Netherlands.   
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Figure 3: Width-to-Depth Ratio for Tidal Channels (Revised from Hughes 2011) 

Figure 4: Bathymetry for Model Scenarios 
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MODEL RESULTS 

Figure 5 and Figure 6 show current speeds and surface salinities at Point “A” and Point “F”, 
respectively.  Points “A” and “F” were chosen because they are on the opposite ends of the project 
area and the results at the other four locations mostly fall between Points “A” and “F”.  All three 
conditions: high flow (8,000 m3/s), medium flow (5,500 m3/s), and low flow (2,000 m3/s) were 
investigated in the supplemental analysis.  Results show that there are no discernible differences 
with the addition of the RCF breaches or SAJ breaches under all flow conditions.  Only the low flow 
condition is presented in the figures for illustrative purposes.   

Results indicate that the current speeds within the SAJ project area are not substantially affected 
by the addition of the RCF breaches or the SAJ breaches.  At all extraction points, the range of 
current speeds during the simulation period are similar as long as the SAJ project elements such 
as the cobble berm and raising the site grades, are implemented (e.g. “SAJ”, “RCF Breaches”, and 
“All Breaches”) and are generally less than 0.3 m/s.  However, a substantial reduction of current 
speeds can be seen between the scenarios with the SAJ project elements and the existing 
condition, in which the current speed could reach around 0.7 m/s at Point A.  Therefore, it 
confirms the positive effects with the proposed SAJ project elements.  At the eastern portion of 
the SAJ project area (Point “E” and Point “F”), a slight reduction of the current speed can be 
observed with the addition of the RCF breaches, though the reduction is minor.   

The maximum current speed in the RCF west breach is about 1.2 m/s.  Because the channel flow 
and waves present in the channel may potentially erode the eastern edge of the marsh area, 
slope protection is recommended along the sides of the channel.   

Similarly, surface salinity in the project area does not change significantly with the breaches.  
Although the overall salinity range (e.  g.  0 to 29 PSU) during the simulation period is indiscernible 
between the scenarios with the SAJ project elements and the existing condition, the former may 
show lower daily variations in salinity (e.  g.  3 to 15 PSU at Point “A” on 12/26) than the existing 
condition (e.g. 3 to 26 PSU), indicating a modest fresher environment when the SAJ project 
elements are implemented.  At Point “F”, occasional reduction in salinity is observed during 
certain flooding tide stage with the addition of the SAJ breaches.  This is because less saline water 
flows to the eastern end of the project area (Points “E” and “F”) when the flow conveyance 
through the SAJ breaches is provided.  However, the lower salinity state is fairly short (an hour per 
day).  Therefore, the benefits of the SAJ breaches are considered limited.   
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Figure 5: Current Speed and Surface Salinity at Point A, Under Low Flow.  
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Figure 6: Current Speed and Surface Salinity at Point F, Under Low Flow.  
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CONCLUSIONS & RECOMMENDATIONS 

The main conclusions from this supplemental analysis are: 

• The current speeds within the SAJ project area are not substantially affected by the RCF
breaches or SAJ breaches.

• The current speeds could be substantially higher in the project area without the SAJ project 
elements (e. g. cobble berm and raising site grades).

• The maximum current speed in the RCF west breach is about 1.2 m/s.  Because the channel
flow and waves present in the channel may erode the eastern edge of the SAJ marsh area,
slope protection (0.3 m median rock size) is recommended along the sides of the channel.

• Salinity in the SAJ project area does not change significantly with the breaches and the
overall salinity range is similar.

• The benefits of the proposed SAJ breaches are limited from a hydrodynamics and salinity
perspective and therefore are not recommended for incorporation into the SAJ Project.
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1.0 INTRODUCTION 

As requested, Golder Associates Ltd. (Golder) has carried out a geotechnical assessment for the Phase 2 

proposed habitat compensation sites located at the South Arm Jetty, Richmond, BC.  The assessment was 

requested by Moffatt and Nichol (MN) on behalf of Port of Metro Vancouver (PMV).  The development of the 

habitat compensation sites involves site grading and fill placement as required to achieve a ground surface 

elevation suitable for the support of habitat. 

The geotechnical assessment was carried out on the basis of a desktop geotechnical study and limited site 

reconnaissance.  This report presents the anticipated geotechnical conditions and preliminary comments on 

geotechnical considerations for design and construction of the habitat compensation sites.  All elevations 

discussed within this report are referenced to Geodetic Datum. 

The assessment of the South Arm Jetty is being carried out as a part of a larger habitat compensation project 

which includes additional Phase 1 and Phase 2 sites at various locations.  The reports for other sites have been 

issued under separate cover, grouped by Phase and geographic location. 

The work on this report has been carried out in accordance with Golder proposal for Phase 2 sites dated 

March 15, 2013.  The work has been completed in accordance with the terms and conditions outlined in the 

Reciprocal Master Service Agreement for consulting services between MN and Golder dated March 11, 2011 

and associated work order dated March 20, 2013. 

The scope of this report is limited to geotechnical aspects of the proposed site development, and does not 

include any provision for environmental services such as the investigation, testing or assessment of the potential 

presence or impact of soil or groundwater contamination at the site, archeological or biological considerations or 

other hydrogeological services including but not limited to sediment transportation, erosion and/or scouring 

potential of the proposed developments. 

This report should be read in conjunction with the “Important Information and Limitations of This Report” 

that follows this text.  The reader’s attention is specifically drawn to this information as it is essential for the 

proper use and interpretation of this report. 

 

2.0 SITE AND PROPOSED DEVELOPMENT DESCRIPTION 

2.1 South Arm Jetty Tidal Marsh 

The proposed Sturgeon Bank site is located at South Arm Jetty Tidal Marsh at the mouth of the South Arm of the 

Fraser River as shown on the Key Plan, Figure 1.  The site comprises of a sandflat zone; it is unvegetated, 

intertidal with shallow subtidal areas comprising medium to fine sand substrates that occur along the outer delta 

below mean water level.  The sand flats are generally exposed to waves and high energy oceanographic 

conditions so the sands can be quite mobile are constantly being reworked (GL Williams & Associates 2006). 

Drawings are included in Appendix B of M&N’s Design Report.  The sketch indicates the habitat compensation 

will involve construction of a marsh bench at Elevation 0.0 m, requiring up to 1.0 m of fill thickness to be placed 

over a width up to 320 m and an area of approximately 43.6 ha.  In addition, an embankment will be constructed 

at the northern edge of the habitat enhancement area including up to 3 m of fill placement.  It is understood that 

the grade fill will be sourced from Fraser River maintenance dredging operations and that about 238,000 m
3
 of 

fill volume will be required. 
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3.0 SITE RECONNAISSANCE  

A Golder representative attended a site viewing by boat of the Sturgeon Bank, on March 11, 2013, with 

representatives from MN and PMV.  Site photographs were taken during the viewing. 

 

4.0 REVIEW OF AVAILABLE INFORMATION 

4.1 Regional Surficial Geology 

Surficial geology information published by the Geological Survey of Canada (ref: Map 1486A dated 1979) 

indicates that the area is underlain by the following sequence of deposits: 

 Fraser River Sediments comprising of: 

 Overbank silty to silt clay loam normally less than 2 m thick; overlying 

 Deltaic and distributary channel fill of interbedded fine to medium sand about 15 m thick; overlying 

 Estuarine interbedded fine sand to clayey silt, between 10 m to 185 m thick; overlying 

 Up to approximately 400 m thickness of competent glacial and pre-glacial soils; overlying 

 Bedrock. 

 

4.2 Aerial Photographs 
A review of historical aerial photographs, dating from 1938 through to 2004, was carried out.  A summary of key 
review findings are presented in Table 1. 
Table 1: Summary of Historical Aerial Photograph Review 

Year Sturgeon Bank – Key Findings 

1938 Albion Dike No. 2 has yet to be constructed. No sandbar has formed 

1946 No Change 

1963 Albion Dike No. 2 has been constructed.  The sandbar is beginning to form against the Dike. 

1969 The sandbar is similar to the present day albeit with a slightly shallower configuration. 

1976 The sandbar is similar to the present day configuration. 

1982 
The sandbar is similar to the present day configuration; however, it appears sediment is 
beginning to accrete to the west of the sandbar. 

1989 
A second sandbar has formed against Albion Dike No. 2. The second sandbar is a mirror 
image of the existing sandbar and together the two sandbars form a ribbon shape. 

1994 The second sand bar is not present. The sandbar is similar to the present day configuration. 

2004 The sandbar is similar to the present day configuration. 
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4.3 Previous Geotechnical Investigations 

A review of available geotechnical reports in the vicinity of the Sites was carried out as summarized below. 

Golder 1991 

Golder carried out a geotechnical investigation at the South Arm Jetty Site in 1991.  The investigation was for a 

proposed river channel training structure (ref: Golder Report No. 902-1222 titled “Report to Public Works Canada 

on Geotechnical Investigation Proposed River Channel Training Structure” dated March 1991).  A total of eight 

boreholes (BH) and two dynamic cone penetration tests (PT) were put down to depths of up to 30 m below the 

river bed at the locations shown on Figure 2. 

 

Golder 1992 

Golder carried out a subsequent geotechnical investigation at the South Arm Jetty Site later in 1991 to test fill 

that had been placed for the above-mentioned river training structure (ref: Golder Report No. 902-1222 titled 

“Geotechnical Testing River Training Structure” dated January 1992).  A total of eight Becker Penetration Tests 

(BPT) and 2 sampled open Becker boreholes (BO) were put down. 

 

Golder 2009-2011 

Golder previously carried out a geotechnical investigation approximately 8 km southwest of the Site.  The 

investigation included a total of four test pits, four auger holes, one seismic cone penetration test and one cone 

penetration test.  Standpipe piezometers were installed in selected augerholes.  In addition, a test fill 

embankment was constructed and monitored over six months at site.  The test fill included the installation and 

monitoring of 20 settlement gauges and comprised two zones as follows: 

 A lower fill embankment constructed to approximately 1.5 m to 2 m above original site grade, measuring 

approximately 200 m by 100 m in plan; and 

 A higher (upper) fill embankment constructed to approximately 4.5 m to 5 m above original site grade, 

measuring 50 m by 50 m. 

 

This test embankment is considerable distance from the Site, however, it has been included herein since it is 

within the same geological sequence and represents a trail response of the deposits to fill placement. 

 

5.0 INFERRED SITE CONDITIONS 

The Golder 1991 investigation was carried out in close proximity to the South Arm Jetty Site and indicated minor 

surficial sand deposits over an extensive sequence of soft to firm normally consolidated to lightly 

overconsolidated, weak and compressible silt to depths of greater than 30 m below the existing river bed. 
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Very Loose to Loose Sand and Silty Sand 

A surficial deposit of micaceous sand to silty sand was commonly encountered within 1 to 4 m of the existing 

river bed and is inferred to represent transient alluvial channel deposits.  In-situ and laboratory testing indicated 

the following: 

 Sieve analysis indicated the material consisted predominantly of medium sand, with some fine and coarse 

sand, and up to 20 per cent silt sizes. 

 Dynamic Cone Penetration Test (DCPT) blow counts indicate the upper 3 to 5 m were particularly loose. 

 

Soft to Firm Silt 

An extensive deposit of soft to firm silt was encountered at all borehole locations either underlying the surficial 

sand stratum or at river bed level.  The silt was thinly laminated and contained interbeds of sand and silty sand.  

The deposit was considered very weak and sensitive.  In-situ and laboratory testing indicated the following: 

 Standard Penetration Tests (SPT) blow counts ranged from less than 1 to a maximum of 5 blows per 

300 mm penetration. 

 Undrained shear strengths ranged from 15 to 24 kPa.  Remoulded shear strengths in the ranged from 7 to 

11 kPa.  These values are indicative of high sensitivities. 

 Moisture contents of samples typically ranged from 30 to 40 percent and were generally at, or above, the 

Liquid Limit.  Plasticity Indices ranged from 9 to 13. 

 A consolidated undrained triaxial test carried out on a sample of silt obtained at a depth of 6.5 m below river 

bed level showed an effective friction angle of 37 degrees with almost zero effective cohesion.  Coefficients 

of consolidation in the range of 0.002 to 0.004 cm
2
/s were recorded. 

 A consolidation test carried out on a sample of silt obtained at a depth of approximately 3 m below river bed 

level indicated it was moderately compressible with a compression index of about 0.3 and a coefficient of 

consolidation of approximately 0.004 cm
2
/s. 

 

Firm Silt, Some Clay 

At depths ranging from 19 to 25 m below existing river bed level the silt deposit was observed to become firmer, 

with less sandy interlayers and is inferred to be a marine silt deposit.  In-situ and laboratory testing indicated the 

following: 

 Moisture contents were slightly less than in the overlying deposit and were sometimes less than the Liquid 

Limit. Plasticity Indices ranged from 9 to 13. 

 SPT blow counts ranged from 2 to a maximum of 8 blows per 300 mm penetration. 

 Undrained shear strengths were approximately 30 kPa. 
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 One consolidation test carried out on a sample of silt obtained at a depth of approximately 19.5 m below 

river bed level indicated it was moderately compressible with a compression index of about 0.3 and a 

coefficient of consolidation of approximately 0.004 cm
2
/s. 

 

6.0 GEOTECHNICAL CONSIDERATIONS 

The following briefly summarizes significant geotechnical design and construction considerations for the 

proposed habitat compensation embankments common to both sites: 

 The subgrade soils comprise an extensive sequence of deltaic and estuarine deposits that are inferred to 

extend to depths in the order of 100 m below ground surface.  These soils include weak and moderately 

compressible, near-surface silt to clayey silt deposits, extensive loose to compact sand deposits and an 

interlayered sequence of silt, sand and clayey silt soils. 

 Development at the South Arm Jetty will require the placement of permanent grade fills of thickness up to 

1.0 m over a wide area and up to 3 m over the proposed embankment area. 

 The placement of these fills will cause consolidation of the underlying fine-grained subgrade soils. 

 Sequencing should consider specifying limitations on the thickness of fill placed in any single lift; each lift 

placement should be separated from the next by a waiting period to allow strength gain and dissipation of 

pore water pressures in the underlying deposits. 

 There may be difficulties in controlling and monitoring the nature of the fill placement due constraints 

associated with dredging and submerged fill placement. 

 The low-plastic silt and extensive loose sand deposits are susceptible to soil liquefaction during strong 

seismic (earthquake) shaking, which will result in loss of soil strength. 

 

6.1 Settlement of Compressible Deposits 

As described in Section 4.3, a test fill embankment was constructed at a project 8 km from this Site.  Settlement 

measured at gauges installed within a fill embankment indicated the following order of magnitude of settlement: 

 1.5- to 2-m-fill thickness: approximately 50 to 150 mm over the first 6 month period with an additional 25 

mm over the following 18 month period. 

 4.5- to 5-m-fill thickness: approximately 60 to 250 mm over the same 6 month period with an additional 

25 mm over the following 18 month period. 

 

One-dimensional settlement calculations were carried out for the South Arm Jetty using the available information 

from the 1991 and 1989 Golder reports, respectively.  The limitation of these calculations is that the thickness of 

the compressible deposits needed to be assumed, as it was not determined in any of the investigation holes.  On 

the basis of regional geological information, the full depth of compressible deposits was assumed to extend to a 

depth of some 100 m below river bed level.  These calculations indicate settlement in the order of 350 mm could 

be expected in the compressible deposits in response to 4 m of fill placement. 
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Based on the performance of the test fill embankment (with the assumption that similar behavior may be 

expected at the South Arm Jetty) and in conjunction with settlement calculations based on soil properties from 

the 1991 and 1989 investigations, settlement at the South Arm Jetty Site could be expected as follow: 

 Areas with up to 1 m of fill placement: in the order of 50 mm could be expected to occur during the 

construction period with secondary consolidation of about 25 mm to 100 mm over the design life of the 

habitat embankment (assumed at 25 years); and 

 Areas with up to 3 m of fill placement: in the order of 100 to 300 mm could be expected to occur during the 

construction period.  Secondary consolidation of about 25 mm to 100 mm over the design life of the habitat 

embankment (assumed at 25 years) could be expected.  However, based on the review of the aerial 

photographs, the area appears to be a dynamic environment.  It is possible that at some time in history the 

land reclamation area may have been loaded with sand that has subsequently been scoured away. This 

may have imparted a preloading effect.  If this is in fact the case, the settlements observed at the Site in 

response to site development, may be much smaller than those predicted above. 

 

It should be noted that GL Williams & Associates have indicated that the entire delta area is subsiding in 

response to the ongoing inputs of sand as well as the process of dewatering and degassing of sediments and is 

likely most pronounced in the sandflats where the most recently deposited sediments occur. 

 

6.2 Settlement of Dredged Sand Fill 

In addition to settlement of the native compressible deposits described above, the dredged fill will also settle 

under its own self weight.  This will occur concurrent with the construction process and therefore will not have an 

impact on design details, but will be an important consideration for volume calculations.  The amount of 

settlement that could be expected within the dredged sand fill is a function of placement methods, as well as the 

type of material used.  Assuming a relatively clean Fraser River Sand (say less than 15% fraction passing the 

75 m sieve) settlement in the order of 5 to 10 percent of the fill height could be expected. 

 

6.3 Staged Fill Placement 

The general purpose of staged fill placement is to allow sequential strength gain of the underlying compressible 

soils by administering a waiting period between lifts to allow dissipation of excess pore pressures induced by the 

fill, and to avoid overstressing the underlying fine-grained soils.  The consequence of placement of fill in an 

uncontrolled manner (without staging) may result in failure of the underlying soils resulting in lateral movements 

at and beyond the toe of the fill affecting construction. 

Construction using staged loading should be implemented.  It is recommended to plan for staging of placement 

of fill in lifts no thicker than about 0.5 m. 
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6.4 Stability Assessment 

Slope stability analyses were conducted for the embankment along the northern boundary to the Site using limit 

equilibrium methods with the commercially available computer software program SLOPE/W of the 

GeoStudio 2007 (Version 7.17) package by GEO-SLOPE International Ltd.  Stability analyses were carried out 

under static loading conditions and did not consider seismic (earthquake) loading effects.  The slope stability 

analyses were carried out using Modified Bishop’s Method.  The calculated FOS against failure of the proposed 

embankment was calculated to be greater than 1.5. 

 

6.5 Suitability of Dredge Materials as Reclamation Fill 

Generally, dredged and placed sand with less than 10% to 15% of fines is considered suitable as engineering fill.  

Sand meeting this criterion is a better reclamation material for the following reasons: 

 It’s easier to handle. 

 Drainage is good and consolidation occurs quickly. 

 The reclaimed land has a higher bearing capacity. 

 The long-term settlements occurring within the reclaimed soils are small. 

 

Dredged and placed sand with fines content greater than 15% could still be usable, but longer 

consolidation/settling times could be expected.  It is anticipated that in-situ silty sands and sandy silts will lose 

some amount of fines during the dredging and reclamation processes followed for site development by the 

dredging contractor. 

The amount of fines existing within the seabed deposits will be altered during the dredging and reclamation 

processes as the soil particles segregate during transportation and deposition into the reclamation cells.  

Determining the actual amount of fines that would remain in place within the reclamation area following dredging, 

pumping and placement of the dredgeate depends on how the reclamation work is staged and carried out and 

contractor’s methodology, all of which are unknown at the time of preparation of this report. 

 

6.6 Seismic Response 

The soils at South Arm Jetty are expected to be potentially liquefiable under moderate to strong levels of seismic 

shaking.  Liquefaction-induced ground movements (lateral spreading and settlement) are expected to occur 

during and following the cessation of shaking.  Soils exhibiting clay-like behaviour are not expected to liquefy, 

however, they could experience cyclic softening under moderate to strong levels of shaking. 
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7.0 CLOSURE 

We trust that the information presented in this report is sufficient for your immediate requirements.  Should you 

have any questions or require further information, please feel free to contact us. 

GOLDER ASSOCIATES LTD. 

 

 

 

Kieran McNally, EIT Jo-Anne I. Perrett, P.Eng. 

Geotechnical Engineer Associate, Senior Geotechnical Engineer 

 

KM/JIP/sn 

 

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.  

 

 

o:\final\2013\1447\13-1447-0047\1314470047-002-r-rev0\1314470047-002-r-rev0 south arm jetty 28feb_14.docx 
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IMPORTANT INFORMATION AND LIMITATIONS OF THIS REPORT 

Standard of Care:  Golder Associates Ltd. (Golder) has prepared this report in a manner consistent with that 

level of care and skill ordinarily exercised by members of the engineering and science professions currently 

practising under similar conditions in the jurisdiction in which the services are provided, subject to the time limits 

and physical constraints applicable to this report.  No other warranty, expressed or implied is made. 

Basis and Use of the Report:  This report has been prepared for the specific site, design objective, 

development and purpose described to Golder by the Client.  The factual data, interpretations and 

recommendations pertain to a specific project as described in this report and are not applicable to any other 

project or site location.  Any change of site conditions, purpose, development plans or if the project is not 

initiated within eighteen months of the date of the report may alter the validity of the report.  Golder cannot be 

responsible for use of this report, or portions thereof, unless Golder is requested to review and, if necessary, 

revise the report. 

The information, recommendations and opinions expressed in this report are for the sole benefit of the Client.  

No other party may use or rely on this report or any portion thereof without Golder’s express written consent.  If 

the report was prepared to be included for a specific permit application process, then upon the reasonable 

request of the client, Golder may authorize in writing the use of this report by the regulatory agency as an 

Approved User for the specific and identified purpose of the applicable permit review process.  Any other use of 

this report by others is prohibited and is without responsibility to Golder.  The report, all plans, data, drawings 

and other documents as well as all electronic media prepared by Golder are considered its professional work 

product and shall remain the copyright property of Golder, who authorizes only the Client and Approved Users to 

make copies of the report, but only in such quantities as are reasonably necessary for the use of the report by 

those parties.  The Client and Approved Users may not give, lend, sell, or otherwise make available the report or 

any portion thereof to any other party without the express written permission of Golder.  The Client 

acknowledges that electronic media is susceptible to unauthorized modification, deterioration and incompatibility 

and therefore the Client cannot rely upon the electronic media versions of Golder’s report or other work products. 

The report is of a summary nature and is not intended to stand alone without reference to the instructions given 

to Golder by the Client, communications between Golder and the Client, and to any other reports prepared by 

Golder for the Client relative to the specific site described in the report.  In order to properly understand the 

suggestions, recommendations and opinions expressed in this report, reference must be made to the whole of 

the report.  Golder cannot be responsible for use of portions of the report without reference to the entire report. 

Unless otherwise stated, the suggestions, recommendations and opinions given in this report are intended only 

for the guidance of the Client in the design of the specific project.  The extent and detail of investigations, 

including the number of test holes, necessary to determine all of the relevant conditions which may affect 

construction costs would normally be greater than has been carried out for design purposes.  Contractors 

bidding on, or undertaking the work, should rely on their own investigations, as well as their own interpretations 

of the factual data presented in the report, as to how subsurface conditions may affect their work, including but 

not limited to proposed construction techniques, schedule, safety and equipment capabilities. 

Soil, Rock and Groundwater Conditions:  Classification and identification of soils, rocks, and geologic units 

have been based on commonly accepted methods employed in the practice of geotechnical engineering and 

related disciplines.  Classification and identification of the type and condition of these materials or units involves 

judgment, and boundaries between different soil, rock or geologic types or units may be transitional rather than 

abrupt.  Accordingly, Golder does not warrant or guarantee the exactness of the descriptions. 
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Special risks occur whenever engineering or related disciplines are applied to identify subsurface conditions and 

even a comprehensive investigation, sampling and testing program may fail to detect all or certain subsurface 

conditions.  The environmental, geologic, geotechnical, geochemical and hydrogeologic conditions that Golder 

interprets to exist between and beyond sampling points may differ from those that actually exist.  In addition to 

soil variability, fill of variable physical and chemical composition can be present over portions of the site or on 

adjacent properties.  The professional services retained for this project include only the geotechnical 

aspects of the subsurface conditions at the site, unless otherwise specifically stated and identified in 

the report.  The presence or implication(s) of possible surface and/or subsurface contamination resulting from 

previous activities or uses of the site and/or resulting from the introduction onto the site of materials from off-site 

sources are outside the terms of reference for this project and have not been investigated or addressed. 

Soil and groundwater conditions shown in the factual data and described in the report are the observed 

conditions at the time of their determination or measurement.  Unless otherwise noted, those conditions form the 

basis of the recommendations in the report.  Groundwater conditions may vary between and beyond reported 

locations and can be affected by annual, seasonal and meteorological conditions.  The condition of the soil, rock 

and groundwater may be significantly altered by construction activities (traffic, excavation, groundwater level 

lowering, pile driving, blasting, etc.) on the site or on adjacent sites.  Excavation may expose the soils to 

changes due to wetting, drying or frost.  Unless otherwise indicated the soil must be protected from these 

changes during construction. 

Sample Disposal:  Golder will dispose of all uncontaminated soil and/or rock samples 90 days following issue of 

this report or, upon written request of the Client, will store uncontaminated samples and materials at the Client’s 

expense.  In the event that actual contaminated soils, fills or groundwater are encountered or are inferred to be 

present, all contaminated samples shall remain the property and responsibility of the Client for proper disposal. 

Follow-Up and Construction Services:  All details of the design were not known at the time of submission of 

Golder’s report.  Golder should be retained to review the final design, project plans and documents prior to 

construction, to confirm that they are consistent with the intent of Golder’s report. 

During construction, Golder should be retained to perform sufficient and timely observations of encountered 

conditions to confirm and document that the subsurface conditions do not materially differ from those interpreted 

conditions considered in the preparation of Golder’s report and to confirm and document that construction 

activities do not adversely affect the suggestions, recommendations and opinions contained in Golder’s report.  

Adequate field review, observation and testing during construction are necessary for Golder to be able to provide 

letters of assurance, in accordance with the requirements of many regulatory authorities.  In cases where this 

recommendation is not followed, Golder’s responsibility is limited to interpreting accurately the information 

encountered at the borehole locations, at the time of their initial determination or measurement during the 

preparation of the Report. 

Changed Conditions and Drainage:  Where conditions encountered at the site differ significantly from those 

anticipated in this report, either due to natural variability of subsurface conditions or construction activities, it is a 

condition of this report that Golder be notified of any changes and be provided with an opportunity to review or 

revise the recommendations within this report.  Recognition of changed soil and rock conditions requires 

experience and it is recommended that Golder be employed to visit the site with sufficient frequency to detect if 

conditions have changed significantly. 

Drainage of subsurface water is commonly required either for temporary or permanent installations for the 

project.  Improper design or construction of drainage or dewatering can have serious consequences.  Golder 

takes no responsibility for the effects of drainage unless specifically involved in the detailed design and 

construction monitoring of the system. 
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