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MEMORANDUM 
To: Mr. Benjamin Wheeler, Hemmera 
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 Mr. Gary Williams, GL Williams and Associates 

 Mr. Rowland Atkins, Golder Associates 

 Mr. Michael Cho and Mr. Harold Westerman, Moffatt & Nichol  

From: Christopher Devick, Moffatt & Nichol 

Date: March 16, 2012 

Subject: T2 Habitat Offsetting Engineering Support - Updated Hydrodynamic Model of Roberts 

Bank 

M&N Job No.: 7627-22 

This memorandum serves to document the Hydrodynamic (HD) Model used to simulate the potential 

changes to tidal currents on Roberts Bank related to the proposed eelgrass beds. The project site is 

located on Roberts Bank approximately 2.2 kilometers offshore of Tsawwassen, British Columbia, 

Canada. The eelgrass beds are proposed along the east side of the Roberts Bank Causeway as shown in 

Figure 1, as a part of the T2 Habitat Offsetting Project.  

An existing HD model of Roberts Bank was developed for the Vancouver Port Authority, now Port Metro 

Vancouver, Deltaport Berth 3 project. This model was updated to reflect the proposed changes on 

Roberts Bank related to the Eelgrass beds. Details regarding the initial development, calibration, and 

validation of the HD model can be found in the Report for Wind, Wave, and Current Analysis1. 

Model Updates 

The HD model was initially reviewed to determine if it accurately represented the existing condition of 

the project site. Model bathymetry was compared to available Canadian Hydrographic Service (CHS) 

Chart 3492 Roberts Bank (July 1, 2005). The primary objective was to confirm that that the tidal channel 

running parallel to the Roberts Bank Causeway was accurately described in the model. This channel 

plays an important role in the tidal propagation over the mudflats in the vicinity, acting as one of the 

two primary drainage pathways. Within the resolution of the model, no changes were deemed 

necessary to the model's existing condition bathymetry. 

                                                           
1
 Moffatt and Nichol. 2005. Report for Wind, Wave, and Current Analysis. Prepared for Vancouver Port Authority 

August 10, 2005. 
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For the proposed condition, the HD model was revised based on the Habitat Banking Site 31 

Tsawwassen Ferry Causeway 75% submittal plans dated February 17, 2012 and discussions with Cynthia 

Durance of Precision Identification. The area and bed elevation of the two eelgrass beds are shown 

graphically in Figure 1 and provided in Table 1.  It was decided that the north and south sites would have 

different final grade elevations due to the donor eel grass available. 

Table 1: Eelgrass Bed Area and Final Grade Elevation 

Bed Location Area (m2) 
Final Grade 

Elevation (m, CD) 

North Site 14,550 -1.0 

South Site 26,290 -2.25 

Simulation Results 

Velocities near the proposed eelgrass beds were determined based on a tidal variation between Higher 

High Water Large Tide and Lower Low Water Large Tide, 4.5m and 0.1m Chart Datum respectively. Table 

2 provides the peak and average velocities between proposed and existing conditions. The four points 

shown in Table 2 represent the velocity along edge of the proposed eelgrass beds within the tidal 

channel.  Two dimensional vector fields of peak currents are shown in Figure 3. The plots show velocity 

direction and magnitude for post-project conditions. A time series comparing existing and post-project 

current speeds is provided in Figure 4. 

Table 2: Peak and Average Current Velocities for Existing and Proposed Conditions 

 
Peak Velocity (m/s) Average Velocity (m/s) 

Case Overall 1 2 3 4 Overall 1 2 3 4 

Existing 0.28 0.33 0.30 0.26 0.23 0.12 0.12 0.12 0.12 0.10 

Proposed 0.28 0.33 0.30 0.25 0.26 0.12 0.12 0.13 0.12 0.12 

Table 2 shows that peak and average currents are essentially the same for the south site and deviate 

very slightly for the north site compared to existing conditions.  Figure 4 shows that this increase in the 

vicinity of the north site is fairly consistent at each peak current during the tidal period modeled. The 

greatest change in peak velocity is approximately 0.04 m/s. This should be expected as the change in the 

north site creates a larger constriction compared to the south site.  

Summary 

The existing HD model for Roberts Bank developed for the Deltaport Berth 3 project was modified to 

describe the proposed eelgrass bed project. These modifications included confirming that the model 

appropriately described the existing tidal channel which runs parallel to the Roberts Bank Causeway and 

updating existing bathymetry to reflect the proposed eelgrass beds.  
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The results show that the construction of the eel grass beds will result in a very slight change in peak 

and average currents within the channel in the vicinity of the north site and no change for the south site. 

This is due to the greater constriction which the north site creates with its higher bed elevation. In 

general the maximum peak current, which is in the vicinity of the south site, remains at approximately 

0.33m/s with the proposed project.  
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Figure 1: Proposed Eelgrass Bed Layout 
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Figure 2: Eelgrass Bed Area and Elevation (Elevations In Chart Datum)  
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Figure 3: Post-project Peak Current Speeds (m/s) 
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Figure 4: Comparison of Existing and Post-project Current Speeds (m/s) 
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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 (RBT2) project. Typical examples of 
habitat that could be affected by port development include eelgrass beds, saltwater, brackish, 
freshwater and tidal marshes, and tidal flats. One of the projects under investigation includes the 
Tsawwassen Eelgrass Project (TEP). 

TEP consists of two subtidal sites located south of the Tsawwassen Ferry Terminal near Delta, British 
Columbia. In general, the Project involves converting lower-value subtidal areas into higher value 
eelgrass habitat through the construction of rock containment berms followed by placement of sand 
fill material and transplanting of eelgrass.  

This report provides the criteria that have been considered in developing the design for the Project. A 
discussion of the existing site conditions is provided in Section 2. By characterizing the existing site 
conditions the design concept was developed. 

Subsequently, the criteria used to develop the design of the site are discussed in Section 3. The 
Project design criteria also include a description of the functional, physical and biological criteria as 
well as the applied engineering standards. 

The construction details and schedule for the Project are discussed in Section 4 including: rock 
containment berms, sand fill, material quantities, eelgrass transplanting, site access, and construction 
methodology. Details on construction direct cost are provided in Section 5. 
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2. Site Description 
The Project consists of constructing two eelgrass beds located adjacent to the existing recreational 
boat channel as the blue linear feature parallel to the BC Ferries causeway in Delta (Figure 2-1). To 
the south and east of the Project lie surrounding existing eelgrass beds. Near Tsawwassen, eelgrass 
thrives at elevations close to the low water level, ranging from -2.5 to -1.0 m Chart Datum (CD) 
requiring adequate light exposure. Previous planting performed in 2008 immediately adjacent to the 
proposed project has been thriving, serving as assurance that the area will support this habitat. 

The two sites comprising the Project currently consist of subtidal depressions within the recreational 
boating channel located south of the Ferry Causeway.  In their present state with elevations primarily 
in the range of -5.0 m to -6.0 m chart datum (CD), these depressions are too deep to be colonized by 
eelgrass. 

 

FIGURE 2-1: TSAWWASSEN FERRY CAUSEWAY S. CHANNEL LOCATION (SOURCE: CHS 3492) 

The Project involves creation of subtidal eelgrass beds by placing sand fill between constructed 
containment berms and existing slopes. The containment berms are comprised of quarry run rock and 
quarry screenings orientated along the north-western slope of the proposed eelgrass beds, adjacent 
to the existing recreational boat channel. The containment berms will serve to reduce erosion along 
the outer edge of the eelgrass beds and serve to contain sand fill added into the existing depressions. 
The eastern edges of the sand fill will be blended to match the elevations of the adjacent existing 
eelgrass beds. 

Site 1 

Site 2 
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The recreational boat channel adjacent to the Project is used by local boaters to access the boat ramp 
that is located approximately mid-way along the Tsawwassen Ferry Causeway. The channel is 
currently unmarked and the surrounding mudflats are very shallow. An approximately 60 m wide 
channel is preserved for boating access; the Project infilling occurs outside of the existing channel. 
Navigation markers have been incorporated as part of this project to delineate the edge of the Project 
for boater safety and for preservation of the eelgrass beds.  

A photo at low tide of the successful 2008 eelgrass development located adjacent to the Project site 
is shown in Figure 2-2. 

 

FIGURE 2-2: NEARBY EXISTING EELGRASS BEDS AT NORTH EAST END OF TSAWWASSEN CAUSEWAY 
LOOKING SOUTH WEST 
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3. Design Criteria 
This section describes the criteria that guided the design of the Project. This section includes a 
description of the functional, physical and biological design criteria as well as the applied engineering 
standards. 

 General Design Criteria 

3.1.1. Project Datum and Units 
The project horizontal coordinate system is NAD83 UTM Zone 10. The vertical datum is Canadian 
Hydrographic Service (CHS) Chart Datum (CD). All drawings are presented in SI (metric) units.  

3.1.2. Service Life and Return Period 
A return period of 25 years for the extreme current event will be used in the design. 

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); and 

• Coastal Engineering Manual (CEM, US Army Corps of Engineers, 2002). 

3.1.4. Functional Requirements 
The purpose of the Project is to create vegetated subtidal habitat by partially infilling the existing 
depressions and transplanting native eelgrass (Zostera marina). The vegetated subtidal habitat 
provides numerous ecological benefits including high quality fish and wildlife habitat that supports a 
number of ecological functions (i.e. feeding, rearing, spawning, refuge, oxygen production, carbon 
sequestration, etc.) and increasing the overall habitat productivity and diversity of the site. This project 
is similar to the previously planted 2008 eelgrass beds at adjacent areas in the channel for the 
Vancouver Island Transmission Reinforcement Project (VITR) (Jacques Whitford-Axys 2007). 

 Site Specific Design Criteria 
3.2.1. Physical Design Criteria  

3.2.1.1. Property Boundaries 

The Tsawwassen water lot bisects a portion of one of the fill areas. For illustrative purposes an 
alternative layout has been prepared to address this constraint if the site must remain outside of that 
boundary. Both the original full layout and the alternative layout avoiding the Tsawwassen water lot 
are shown on Figure 3-1.  
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FIGURE 3-1: ORIGINAL LAYOUT (TOP) AND ALTERNATIVE LAYOUT (BOTTOM) 

3.2.1.2. Tidal Datums 

Tidal datums at the site are similar to those at Tsawwassen (Canadian Hydrographic Service Chart 
Number 3492) which are listed in Table 3-1.  

TABLE 3-1: TSAWWASSEN WATER LEVEL ELEVATIONS 

Water Level Elevation Chart Datum (m) 

Higher High Water, Large Tide (HHWLT) +4.8 

Higher High Water, Mean Tide (HHWMT) +4.1 
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Water Level Elevation Chart Datum (m) 

Mean Water Level (MWL) +3.0 

Lower Low Water, Mean Tide (LLWMT) +1.2 

Lower Low Water, Large Tide (LLWLT) +0.1 
Source: CHS Chart 3492 

3.2.1.3. Waves 

For the design of the sub-tidal eelgrass beds at the Tsawwassen site a wave condition analysis is not 
required as localized currents govern the design. The site is located in a depth limited breaking wave 
environment which limit the waves height propagation, and therefore, the effects. The boat wake in 
this area is limited to small craft due to the very shallow and narrow channel condition. 

3.2.1.4. Currents 

M&N developed a MIKE 21 model of the Tsawwassen and Deltaport region that was used to determine 
existing peak currents within the Tsawwassen Ferry Causeway south channel (M&N 2012). The 
simulation was determined using a tidal variation between higher high water and lower low water. The 
channel acts as a main drainage channel for the surrounding mudflats. During normal tidal exchanges, 
current velocities within the channel average 0.12 m/s with a peak of 0.33 m/s. Peak currents at the 
proposed Project locations range from, 0.23 to 0.33 m/s.  

A detailed hydrodynamic analysis was undertaken to evaluate the potential change to the tidal 
hydrodynamics of the inlet resulting from construction of the proposed eelgrass beds (M&N 2012). 
Table 3-2 provides the peak and average velocities between proposed and existing conditions. The 
four points shown in the table represent the velocity along the edge of the proposed eelgrass beds 
within the tidal channel (point 1 is located at the southwestern extent, point 4 at the northeastern 
extent, see Figure 3-2 for locations). 

Analysis shows that the construction of the eelgrass beds will have small (< 0.02 m/s) impact to the 
tidal currents in the existing channel. Post-project peak current speeds are shown graphically in Figure 
3-2. 

Further details are provided in M&N’s memorandum Updated Hydrodynamic Model of Roberts Bank, 
dated March 16, 2012, in Appendix A. 

TABLE 3-2: PEAK AND AVERAGE CURRENT VELOCITIES FOR EXISTING AND PROPOSED CONDITIONS 

Peak Velocity (m/s) Average Velocity (m/s) 

Case Overall 1 2 3 4 Overall 1 2 3 4 

Existing 0.28 0.33 0.30 0.26 0.23 0.12 0.12 0.12 0.12 0.10 

Proposed 0.28 0.33 0.30 0.26 0.23 0.12 0.12 0.13 0.12 0.12 
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FIGURE 3-2: TSAWWASSEN – POST-PROJECT PEAK CURRENT 

3.2.1.5. Geotechnical Conditions 

Dive surveys conducted in 2007 adjacent to the current Project site indicate the depressions consists 
primarily of fine sand and clay, with the occasional cobble and shells (Jacques Whitford-Axys, 2007). 
It is assumed that these same geotechnical conditions apply to the Project site. 

Hemmera Envirochem Inc.’s 2015 ecological conditions report (Hemmera, 2015) included an 
appended biophysical survey of the Project site by Precision Identification (Precision Identification, 
2013). The survey described the south site (site 1) as having sediments ranging from sand to sandy 
silt. Adjacent to the VITR project the survey found an area of sand with some coarse gravel and 
pebbles. No Sunken logs were observed. At the north site (site 2) the sediment ranged from sand to 
sandy silt. No sunken logs were observed.  

Appendix B contains a desktop geotechnical assessment completed by Golder Associates Ltd 
(Golder) in August 2017. The report presents the anticipated geotechnical conditions and preliminary 
comments on geotechnical considerations for design and construction. The report concludes that the 
depressions that are to be filled-in have effectively been ‘preloaded’, therefore placement of fill to 
similar elevations that previously existed will have only nominal settlement up to 50 mm over the 
course of six months following the end of construction. A secondary long-term consolidation over the 
design life of the project is expected to be between 50 and 300 mm with the preloaded behaviour at 
the lower end of the range. Golder notes that information regarding the history of dredging at the site 
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is anecdotal and detailed information is not available. To offset the anticipated settlement and 
consolidation, the eelgrass bed elevations have been raised (in comparison with the previous July 
14th, 2017 design submission) by 200 mm at both Site 1 and Site 2.  

Golder recommends that fill placement should consider placement in stages no thicker than about 1 m 
to 2 m and should consider commencing fill activities within the deepest areas of project site to allow 
for most of the settlement to occur during construction. The waiting period will be determined on the 
basis of construction monitoring activities.  

All available geotechnical information has been considered in the development of the material 
quantities for this project presented in Section 4.1. 

3.2.2. Biological Design Criteria 

3.2.2.1. Background and Rationale 

From the VFPA website1:  

The proposed sites were selected for eelgrass restoration because of their current 
relatively low habitat values. Consistent with the broader understanding of 
eelgrass habitats in the Pacific Northwest, local studies suggest that fish 
communities within eelgrass habitats are more diverse and abundant than fish 
communities within areas devoid of eelgrass. 

Eelgrass provides: 

• important habitat for fish and wildlife including juvenile salmon, Pacific herring, 
Dungeness crab, migrating Brant geese, bivalves, shrimp, and sea stars 

• refuge and nurseries for juvenile fish and invertebrates 

• support for a number of other critical ecological functions including nutrient cycling, 
protection of shorelines from storms, export of organic matter, and carbon storage 

The existing ecological conditions for the Project site have been characterized by Hemmera 
Envirochem Inc. (Hemmera, 2015) and confirm the low habitat values of the existing site. 

Also, given the success of the adjacent 2008 eelgrass project, we expect similar parameters such as 
salinity, light exposure, water quality, etc. would lead to the successful TEP. 

3.2.2.2. Eelgrass Bed Elevation 

Two depressions have been identified along the channel adjacent to the ferry causeway for creating 
suitable sites for constructing eelgrass habitat. The depressions would be filled with Fraser River Sand 

 
 
1 http://www.portvancouver.com/development-and-permits/development/tsawwassen-eelgrass-project/ accessed Jul 28, 2020 
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(fine sand with little silt). The south depression would be filled to match the adjacent transplanted 
eelgrass bed, while the north depression would be filled to match the adjacent donor stock material.  

3.2.2.3. Eelgrass Planting 

The Project specifications for planting have been written to follow the methods developed by Precision 
Identification (Durance 2007). In general, the eelgrass plant material will be harvested from adjacent 
beds and transplanted into the site by a crew of SCUBA divers. Transplanting will be completed at 
1.0 m spacing with either six (6) or eight (8) shoots per cluster as specified on the Project Drawings 
(Appendix C). The planting will be completed between May and September during two consecutive 
years. 

As part of the Project team Cynthia Durance of Precision Identification will be involved with the 
eelgrass harvesting and transplanting operation as she has completed or directed most of the eelgrass 
transplanting projects in BC. Ms. Durance designed and supervised the transplant of 2.09 hectares of 
eelgrass adjacent to the project sites in 2008 for the VITR project. 
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4. Construction Details2 

 Construction Features 
The containment berms will be comprised of quarry run rock and quarry screenings at the gradations 
specified on the Project drawings (included in Appendix C). The quarry run will be placed with a slope 
of 2 horizontal: 1 vertical adjacent to the existing recreational boating channel. The crest of the 
containment berms will be 1 m wide at elevations shown in the design drawings. The quarry 
screenings will be placed along the inside slope (sand fill side) of the containment berms. 

The purpose of the quarry screenings is to provide a filtering layer between the rock containment berm 
and the sand fill (e.g. similar to filter fabric used on upland work where hydraulics can influence the 
movement of material from a filled condition through a more porous structure – like a shoreline 
revetment). The quarry screenings can work to fulfill the filter requirements – essentially to prevent the 
sand fill from leaching out through the quarry run.  

The total estimated quantity of quarry run and quarry screenings required for the Project are presented 
in the Project drawings (Appendix C), respectively. The rock quantities have been increased by a 
factor of 10% to account for shore term settlement & consolidation, gradation of rock material, 
anticipated placement methods, anticipated out of template losses, and the proximately to the existing 
boating channel. 

M&N reviewed the sediment grain size information contained in the Source Sediment Characterization 
Report by Hemmera Envirochem Inc. (Hemmera, 2015b). Based on the provided information it is 
expected that very fine sand will comprise the project sand fill material (samples FR1-1 to FR30-1 
Hemmera, 2015b). M&N calculated that the expected settling velocities for this very fine sand to be 
on the order of 2.5 mm/s, i.e. very slow. 

Given the water depths at the two fill sites and the tide range, sediment dropped down through the 
water column could take up to 30 minutes to settle out. M&N have assumed that sediment that has 
fallen below the crest elevation of the final fill as "settled" since it will have a limited possibility of 
escaping the placement area (bowl) once below the rim. 

However, considering the tidal flow velocities in the area of 0.12 m/s on average, and up to 0.33 m/s 
there is a risk of sediment to disperse outside of the fill areas. It's therefore highly important that the 
contractor discharge the material as close to the bottom as practical, and e.g. use a diffuser 
mouthpiece to minimize turbulent dispersal. (Based on information provided by FRPD, we have 
assumed this methodology will be followed). Giving consideration to these factors, M&N has included 
a 10% increase factor above in-place neat line volume of fill needed for the subtidal eelgrass beds to 
account for losses during placement. 

 

 
 
2 Based on the original full layout 
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In addition, to minimize losses the contractor should: 

- avoid dumping the fill material from above water or at the water line, and around high tide as 
this will increase the potential for substantial drift of sediment plumes; 

- avoid placement during times of high wave action in the area as this will work to agitate 
sediment and keep the material in suspension for longer; 

- alternatively, deploy turbidity measures (e.g. silt curtain around the perimeter of the fill areas) 
in order to contain as much as practical the sediment during placement. 

In addition, M&N have considered the project requirement that measurement for sand fill will be 
calculated from the measured load in the contractor’s hopper barge. To account for the water content 
of the load M&N has recommended that the hopper measurement volume should include an increase 
of 20% above the final, in-place neat line volume of fill needed for the subtidal eelgrass beds. The 
Fraser River sand fill material is expected to be transported directly from the annual maintenance 
dredging and will be mostly made up of sands (not finer silts and clays) and since the final placement 
of the material is subtidal it is expected that the water content should not be a significant factor (i.e. 
require an increase of greater than 20%). 

The total estimated quantity of final includes an increase by a factor of 10% above neat line values to 
account for losses during placement plus an increase of 20% above neat line values to account for 
measurement in the hopper. Losses due to settlement and consolidation have been addressed 
through raising the design elevation. The estimated material quantities for the Tsawwassen Eelgrass 
Project are shown on the Project drawings. The total proposed habitat area are detailed in Table 4-1 
below. The total eelgrass area presented includes TFN water lot area. 

TABLE 4-1: TOTAL HABITAT AREA 

EEELGRASS 
AREA 

ROCK BERM 
AREA TOTAL AREA 

4.3 ha 0.6 ha 4.9 ha 

 Site Access 
Site access (marine based equipment) is generally from the existing boating channel. It can be heavily 
used by recreational boaters to access the boat ramp on the ferry causeway. The contractor shall 
provide adequate marine traffic signage, markers, and other means to adequately separate and secure 
the site from the recreational boat traffic. The contractor will be instructed to not stockpile material 
within the existing boating channel or perform work that causes interference with the boating traffic 
within the existing boating channel.  
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 Construction Methodology 
Sand fill are required to construct the eelgrass beds, with the deepest locations requiring up to 6 m of 
fill. It is envisioned that the containment berm will be constructed first to reduce turbidity and contain 
the sand during placement.  

It is understood based on discussions between VFPA and a local marine contractor that the Project 
will most likely be constructed by hydraulically placing the sand fill using a cutter suction dredge acting 
as a diffuser (Figure 4-1). The cutter suction dredge would be connected via pipeline to a hopper barge 
(Figure 4-2). The use of the cutter suction dredge as a diffuser will reduce the velocity of the sand 
particles exiting the pipeline which will serve to reduce turbidity. In addition, the use of the diffuser will 
allow for improved placement accuracy and control for the required sand fill lifts. To achieve final 
design grades the contractor may, however, be required to execute underwater grading of the sand 
fill to meet project tolerances. This could be achieved using an underwater grading beam pulled by a 
self-propelled barge, for example. This methodology has been implemented at both the Port of 
Portland and the Port of Seattle.  

Two options exist for where to moor the hopper barge. The hopper barge could moor north of the 
Tsawwassen ferry terminal due to the space restrictions around the Project site. The pipeline would 
be placed on the seafloor and run a distance up to approximately 600 m before surfacing at the 
diffuser. This option would require coordination with BC Ferries as the pipeline would run underneath 
the ferry vessels leaving the Tsawwassen ferry terminal. The second option includes stationing the 
hopper barge south of the Tsawwassen ferry terminal at or below the US border along the 10 m 
contour. Discussions between BC Ferries and the contractor will also be required for this option to 
determine any required offset that is required from the ferry terminal.  

Additional equipment at the Project site during earthworks construction is expected to include a spud 
barge with a crane and one to two material scows for construction of the containment berms. During 
eelgrass transplanting, a single materials barge is expected to serve as a working platform with the 
support of numerous smaller workboats.  

The general area south of the Tsawwassen Ferry Causeway is exposed to high south-easterly winds 
and severe waves. Construction, and subsequent eelgrass transplanting, is therefore best suited to 
avoid the typical late fall and early winter storms (November and December) although high wind 
events, which slow down marine construction, can occur any time of the year. The contractor will also 
need to work around the tide cycle as the surrounding mudflats and access channel are relatively 
shallow.  

As detailed in the project specifications, the contractor must execute all onsite activities ensuring 
minimal impact on the existing sensitive eelgrass beds. Under no circumstance will barges or other 
vessels be allowed to ground on the existing eelgrass beds or otherwise disturb the existing eelgrass 
beds (disturbance as a result of propeller wash), except within the footprint of the sand fill with the use 
of spuds. The contractor will be required to abide by all applicable environmental requirements, laws 
and regulations. All onsite activities will be coordinated with the Authority’s Representative to ensure 
minimal impact on the existing sensitive shoreline environment. 
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FIGURE 4-1: FRPD COLUMBIA CUTTER SUCTION DREDGE (LEFT) AND PROPOSED DIFFUSER 
MODIFICATION (SOURCE: FRPD) 

 

FIGURE 4-2: FRPD 309 TRAILING SUCTION HOPPER DREDGE (SOURCE: FRPD) 

 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) 
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Marine Mammals: 

• Temporary work 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 placement 400 m3/day 

• Planting (Not covered in this document). 

Based on these assumptions the schedule indicates a construction period of approximately seven (7) 
months, excluding planting. See Appendix D for schedule layout. 
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5. Construction Direct Cost3 

 Cost Considerations 
The cost estimate includes supply and installation of the containment berm; eelgrass bench (sand), 
environmental protection measures and mobilization/demobilization. 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. 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 (sourcing and installation) are excluded from these estimates. 

• The overall 2020 RBT2 CDC opinion of probable cost unit rates were used where applicable. 
Where the RBT2 CDC unit prices were not available, previous estimates were escalated to 2020. 

• Contingency varies by status of design. The project carries a 20% contingency.  

For further background on 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. 

 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.  

TABLE 5-1: CONSTRUCTION DIRECT COST 

Note – This section is removed. 

 

 
 
3 Based on the original full layout which includes TFN water lot 
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Appendix A: 
M&N Hydrodynamic Model Memorandum 

 



  
  
 
 
 

777 W. Broadway, Suite 301 
Vancouver BC, Canada V5Z 4J7 
 
(604) 707-9004   Fax (604) 707-9005 
www.moffattnichol.com 

 

MEMORANDUM 
To: Mr. Benjamin Wheeler, Hemmera 

Cc. Ms. Eriko Arai, Hemmera 

 Mr. Gary Williams, GL Williams and Associates 

 Mr. Rowland Atkins, Golder Associates 

 Mr. Michael Cho and Mr. Harold Westerman, Moffatt & Nichol  

From: Christopher Devick, Moffatt & Nichol 

Date: March 16, 2012 

Subject: T2 Habitat Offsetting Engineering Support - Updated Hydrodynamic Model of Roberts 

Bank 

M&N Job No.: 7627-22 

This memorandum serves to document the Hydrodynamic (HD) Model used to simulate the potential 

changes to tidal currents on Roberts Bank related to the proposed eelgrass beds. The project site is 

located on Roberts Bank approximately 2.2 kilometers offshore of Tsawwassen, British Columbia, 

Canada. The eelgrass beds are proposed along the east side of the Roberts Bank Causeway as shown in 

Figure 1, as a part of the T2 Habitat Offsetting Project.  

An existing HD model of Roberts Bank was developed for the Vancouver Port Authority, now Port Metro 

Vancouver, Deltaport Berth 3 project. This model was updated to reflect the proposed changes on 

Roberts Bank related to the Eelgrass beds. Details regarding the initial development, calibration, and 

validation of the HD model can be found in the Report for Wind, Wave, and Current Analysis1. 

Model Updates 

The HD model was initially reviewed to determine if it accurately represented the existing condition of 

the project site. Model bathymetry was compared to available Canadian Hydrographic Service (CHS) 

Chart 3492 Roberts Bank (July 1, 2005). The primary objective was to confirm that that the tidal channel 

running parallel to the Roberts Bank Causeway was accurately described in the model. This channel 

plays an important role in the tidal propagation over the mudflats in the vicinity, acting as one of the 

two primary drainage pathways. Within the resolution of the model, no changes were deemed 

necessary to the model's existing condition bathymetry. 

                                                           
1
 Moffatt and Nichol. 2005. Report for Wind, Wave, and Current Analysis. Prepared for Vancouver Port Authority 

August 10, 2005. 
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For the proposed condition, the HD model was revised based on the Habitat Banking Site 31 

Tsawwassen Ferry Causeway 75% submittal plans dated February 17, 2012 and discussions with Cynthia 

Durance of Precision Identification. The area and bed elevation of the two eelgrass beds are shown 

graphically in Figure 1 and provided in Table 1.  It was decided that the north and south sites would have 

different final grade elevations due to the donor eel grass available. 

Table 1: Eelgrass Bed Area and Final Grade Elevation 

Bed Location Area (m2) 
Final Grade 

Elevation (m, CD) 

North Site 14,550 -1.0 

South Site 26,290 -2.25 

Simulation Results 

Velocities near the proposed eelgrass beds were determined based on a tidal variation between Higher 

High Water Large Tide and Lower Low Water Large Tide, 4.5m and 0.1m Chart Datum respectively. Table 

2 provides the peak and average velocities between proposed and existing conditions. The four points 

shown in Table 2 represent the velocity along edge of the proposed eelgrass beds within the tidal 

channel.  Two dimensional vector fields of peak currents are shown in Figure 3. The plots show velocity 

direction and magnitude for post-project conditions. A time series comparing existing and post-project 

current speeds is provided in Figure 4. 

Table 2: Peak and Average Current Velocities for Existing and Proposed Conditions 

 
Peak Velocity (m/s) Average Velocity (m/s) 

Case Overall 1 2 3 4 Overall 1 2 3 4 

Existing 0.28 0.33 0.30 0.26 0.23 0.12 0.12 0.12 0.12 0.10 

Proposed 0.28 0.33 0.30 0.25 0.26 0.12 0.12 0.13 0.12 0.12 

Table 2 shows that peak and average currents are essentially the same for the south site and deviate 

very slightly for the north site compared to existing conditions.  Figure 4 shows that this increase in the 

vicinity of the north site is fairly consistent at each peak current during the tidal period modeled. The 

greatest change in peak velocity is approximately 0.04 m/s. This should be expected as the change in the 

north site creates a larger constriction compared to the south site.  

Summary 

The existing HD model for Roberts Bank developed for the Deltaport Berth 3 project was modified to 

describe the proposed eelgrass bed project. These modifications included confirming that the model 

appropriately described the existing tidal channel which runs parallel to the Roberts Bank Causeway and 

updating existing bathymetry to reflect the proposed eelgrass beds.  
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The results show that the construction of the eel grass beds will result in a very slight change in peak 

and average currents within the channel in the vicinity of the north site and no change for the south site. 

This is due to the greater constriction which the north site creates with its higher bed elevation. In 

general the maximum peak current, which is in the vicinity of the south site, remains at approximately 

0.33m/s with the proposed project.  
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Figure 1: Proposed Eelgrass Bed Layout 
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Figure 2: Eelgrass Bed Area and Elevation (Elevations In Chart Datum)  
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Figure 3: Post-project Peak Current Speeds (m/s) 
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Figure 4: Comparison of Existing and Post-project Current Speeds (m/s) 
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Appendix B: 
Geotechnical Report 
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1.0 INTRODUCTION 
Golder Associates Ltd. (Golder) has carried out a geotechnical assessment for the proposed habitat enhancement 
sites located at Tsawwassen, BC. The assessment was requested by Moffatt and Nichol (MN) on behalf of 
Vancouver Fraser Port Authority (VFPA). The development of the habitat enhancement sites involves fill 
placement as required to achieve a ground surface elevation suitable for the support of eelgrass habitat. 

The geotechnical assessment was carried out on the basis of a desktop geotechnical study and did not include 
site specific drilling investigations, soil sampling or laboratory testing. This report presents the anticipated 
geotechnical conditions and preliminary comments on geotechnical considerations for design and construction of 
the habitat enhancement site. All elevations discussed within this report are referenced to Chart Datum. 

The work on this report has been carried out in accordance with Golder proposal dated 29 June 2017. 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 11 March 2011. 

The scope of this report is limited to the provision of geotechnical engineering services only and does not include 
any allowance for the testing or assessment of potential soil and/or groundwater contamination at the site, nor for 
archaeological, geophysical, biological or bio-environmental services for the project.  

This report should be read in conjunction with the “Important Information and Limitations of this Report” which is 
included following the text of this report. The reader’s attention is specifically drawn to this information, as it is 
essential that it is followed for the proper use and interpretation of this report. 

 

2.0 SITE AND DEVELOPMENT DESCRIPTION 
The Tsawwassen Eelgrass Sites are located immediately adjacent to the Tsawwassen Ferry Terminal Causeway, 
and recreational boating channel, as shown on Figure 1. There are two proposed sites, both of which are local 
depressions in the seabed. Details of the Sites are summarized in Table 1. The seabed surrounding the 
depressions is generally at about EL-1 m.  

Table 1: Details of Proposed Sites 
Site Current Elevation (m) Final Elevation (m) Fill Thickness (m) Area (ha) 

1 -6 -2.25 3.8 2.58 
2 -6 -1.40 5.6 1.68 

 
It has been reported to Golder anecdotally from two different sources (ref: sources from MN) that the depressions 
were created during the construction of the Tsawwassen Ferry Causeway which started in 1959.  

The proposed development involves filling the depressions with Fraser River Sand. On the free face, the  
Fraser River Sand will be constrained by a containment structure constructed of quarry run rock with particle size  
distribution generally ranging from 75 mm and 5 mm. The containment slope is proposed at 2 horizontal in  
1 vertical. The quarry run rock will be separated from the Fraser River Sand with a 0.6 m wide filter comprising 
quarry screenings with particle size distribution generally ranging from 0.075 to 4.75 mm. The design of the slope 
revetment (i.e., the containment structure and filter) has been carried out by others.  
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3.0 BACKGROUND STUDY 
3.1 Regional Geological Maps 
Surficial geology information published by the Geological Survey of Canada (ref: Map 1486A dated 1979 Scale 
1:50,000) indicates that the area is underlain by the following sequence of deposits: 

 Marine Shore Sediments comprising of sand to sandy loam up to 2 m thick; overlying 

 Fraser River Sediments comprising interbedded fine sand to clayey silt, between 10 and 185 m thick; 
overlying 

 Up to approximately 400 m thickness of competent glacial and pre-glacial soils; overlying 

 Bedrock. 

 

3.2 Adjacent Habitat Construction 
A similar habitat enhancement platform was constructed immediately adjacent the proposed location of Site 1 in 
2008. It would be expected the performance of Site 1 (and most likely Site 2) would be very similar to this previous 
project in terms of settlements and requirements for staging of fill placement. Records of this development in terms 
of ground response to backfilling (as opposed to environmental conditions) were not available. It is understood the 
project was constructed successfully.  

 

3.3 Review of Geotechnical Information 
A review of geotechnical information in the vicinity of the Site was carried out as summarized below.  
The approximate locations of the previous investigations are shown in Figure 1. 

 

Golder 2009-2011 
Golder previously carried out a geotechnical investigation approximately 4 km northwest 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. 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 to 2 m above original site grade, measuring 
approximately 200 by 100 m in plan. 

 A higher (upper) fill embankment constructed to approximately 4.5 to 5 m above original site grade, measuring 
50 by 50 m. 
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Golder 2010-2012 
Golder carried out a number of field investigation programs during 2010, 2011 and 2012 as part of the proposed 
Terminal 2 project and the Deltaport Terminal Road and Rail Improvement Project (DTRRIP). The results show 
between 60 to 80 m of interbeded sand and silt underlain by a clay deposit estimated to be 20 to 60 m in thickness, 
underlain by glacial till. 

 In 2010, two deep SCPTs paired with sonic drill sampling were pushed to collect subsurface data as input to 
the assessment of seismic stability of the Roberts Bank delta-front slope.  

 During 2011, two field investigation programs involving static and seismic cone penetration tests were carried 
out. The first investigation involved pushing 9 static CPTs to depths varying from 30 to 40 m below existing 
ground surface. The CPTs from this investigation are identified as the “600” series. A second field 
investigation was carried out involving pushing 8 static CPTs and a single seismic CPT to depths varying 
from 50 and 60 m below existing ground surface. The CPT soundings from this investigation are identified as 
the “700” series.  

 During 2012, a site investigation was carried out. The investigation involved pushing five CPTs and a single 
seismic CPT to depths varying from 60 to 100 m.  

 

4.0 SUBSURFACE CONDITIONS 
A summary of inferred stratigraphic units based on the previous drilling investigation work at nearby sites is 
presented herein. The summary is not intended to represent a site-specific, detailed or comprehensive description 
of the subsurface conditions. Given the data is not site specific, but instead the closest available information, 
significant variation should be anticipated. The generalized subsurface conditions at the nearby sites comprised: 

 Interlayered Silt, Sand and Silty Sand strata approximately 40 to 80 m thick; underlain by 

 Silty clay to clay sequence extending to depths of approximately 100 m. 

 

5.0 GEOTECHNICAL CONSIDERATIONS 
The following briefly summarizes significant geotechnical design and construction considerations for the proposed 
habitat compensation structures: 

 The subgrade soils comprise of 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 will require the placement of permanent grade fills of up to about 5.6 m at Site 2 and 3.8 m at 
Site 1. The placement of this fill may cause consolidation of the underlying fine-grained subgrade soils 
depending on whether the Sites have been pre-loaded or not. 

 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 and mitigate the potential for ground failures. 
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 There may be difficulties in controlling the nature of the fill placement due to constraints associated with 
dredging and submerged fill placement. 

 The low-plastic silt and extensive loose sand deposits are susceptible to soil liquefaction during intermediate 
to strong seismic (earthquake) levels of shaking, which will result in loss of soil strength. We understand, 
however, that the design of the proposed habitat development will not consider the effects of seismic loading. 

 

5.1 Settlement Assessment 
Site 1 and Site 2 are notable depressions, anecdotally reported to have been formed by dredging operations within 
the recreational channel to which they adjoin. Detailed information regarding the extent of anecdotal dredging is 
not available, but would indicate the previous elevation of the site (prior to dredging) was at, or higher than the 
proposed elevation of the habitat enhancement structures. 

If this anecdotal information is accurate, the Sites have effectively been “preloaded”, meaning that the placement 
of fill to elevations that existed prior to dredging will have less impact and only nominal settlement would be 
expected to occur as follows: 

 A nominal allowance of 50 mm is considered reasonable. 

 This would be expected to occur within 6 months following the end of construction.  

 
Should the anecdotal evidence be inaccurate, either in full or in part, then the site would be expected to behave in 
a non-preloaded manner (or perhaps partially preloaded). As described in Section 3.3, a test fill embankment was 
constructed at a project 4 km from this Site. If behaving in a non-preloaded manner, the response of Sites 1 and 2 
could be expected to be similar to that of the test embankment:  

 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. 

 
Both preloaded and non-preloaded response would also be expected to exhibit secondary consolidation of  
about 50 to 300 mm that could occur over the design life of the habitat embankment (assumed at 25 years).  
The preloaded behaviour at the lower end and the non-preloaded at the upper end. The design of the final grades 
suitable for supporting the eelgrass habitat should consider the above settlement estimates.  

 

5.2 Staged Fill and Placement Sequencing 
For initial planning purposes, we have assumed that the habitat compensation structure will be constructed in a 
staged loading sequence to allow sequential strength gain of the underlying compressible soils. Stage loading 
produces sequential gains of strength in the soft soils and mitigate the risk of ground failures. A waiting period 
between lifts should be observed to allow dissipation of excess pore pressures induced by the fill, and to avoid 
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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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Vancouver, BC, V5M 0C4 
Canada 
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Project Drawings 
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Appendix D: 
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 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 Eelgrass Dyking (25kM3) 100 days Wed 8/16/23 Thu 11/23/23

8 Containment Dyke 25k@ (400m3/day) (Barge 
Offload)

100 days 2,6 Wed 8/16/23 Thu 11/23/23

9 Fill Eelgrass Areas (134 kM3) 80 days Fri 11/24/23 Sun 2/11/24

10 Offload Material and place 
(134km3@2500m3/day)

80 days 8 Fri 11/24/23 Sun 2/11/24

Juvenile Salmon Closure (Y1)

7/3

7/3

Setup work

Containment Dyke 25k@ (400m3/day) (Barge Offload)
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1.0 INTRODUCTION 
Golder Associates Ltd. (Golder) has carried out a geotechnical assessment for the proposed habitat enhancement 
sites located at Tsawwassen, BC. The assessment was requested by Moffatt and Nichol (MN) on behalf of 
Vancouver Fraser Port Authority (VFPA). The development of the habitat enhancement sites involves fill 
placement as required to achieve a ground surface elevation suitable for the support of eelgrass habitat. 

The geotechnical assessment was carried out on the basis of a desktop geotechnical study and did not include 
site specific drilling investigations, soil sampling or laboratory testing. This report presents the anticipated 
geotechnical conditions and preliminary comments on geotechnical considerations for design and construction of 
the habitat enhancement site. All elevations discussed within this report are referenced to Chart Datum. 

The work on this report has been carried out in accordance with Golder proposal dated 29 June 2017. 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 11 March 2011. 

The scope of this report is limited to the provision of geotechnical engineering services only and does not include 
any allowance for the testing or assessment of potential soil and/or groundwater contamination at the site, nor for 
archaeological, geophysical, biological or bio-environmental services for the project.  

This report should be read in conjunction with the “Important Information and Limitations of this Report” which is 
included following the text of this report. The reader’s attention is specifically drawn to this information, as it is 
essential that it is followed for the proper use and interpretation of this report. 

 

2.0 SITE AND DEVELOPMENT DESCRIPTION 
The Tsawwassen Eelgrass Sites are located immediately adjacent to the Tsawwassen Ferry Terminal Causeway, 
and recreational boating channel, as shown on Figure 1. There are two proposed sites, both of which are local 
depressions in the seabed. Details of the Sites are summarized in Table 1. The seabed surrounding the 
depressions is generally at about EL-1 m.  

Table 1: Details of Proposed Sites 
Site Current Elevation (m) Final Elevation (m) Fill Thickness (m) Area (ha) 

1 -6 -2.25 3.8 2.58 
2 -6 -1.40 5.6 1.68 

 
It has been reported to Golder anecdotally from two different sources (ref: sources from MN) that the depressions 
were created during the construction of the Tsawwassen Ferry Causeway which started in 1959.  

The proposed development involves filling the depressions with Fraser River Sand. On the free face, the  
Fraser River Sand will be constrained by a containment structure constructed of quarry run rock with particle size  
distribution generally ranging from 75 mm and 5 mm. The containment slope is proposed at 2 horizontal in  
1 vertical. The quarry run rock will be separated from the Fraser River Sand with a 0.6 m wide filter comprising 
quarry screenings with particle size distribution generally ranging from 0.075 to 4.75 mm. The design of the slope 
revetment (i.e., the containment structure and filter) has been carried out by others.  
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3.0 BACKGROUND STUDY 
3.1 Regional Geological Maps 
Surficial geology information published by the Geological Survey of Canada (ref: Map 1486A dated 1979 Scale 
1:50,000) indicates that the area is underlain by the following sequence of deposits: 

 Marine Shore Sediments comprising of sand to sandy loam up to 2 m thick; overlying 

 Fraser River Sediments comprising interbedded fine sand to clayey silt, between 10 and 185 m thick; 
overlying 

 Up to approximately 400 m thickness of competent glacial and pre-glacial soils; overlying 

 Bedrock. 

 

3.2 Adjacent Habitat Construction 
A similar habitat enhancement platform was constructed immediately adjacent the proposed location of Site 1 in 
2008. It would be expected the performance of Site 1 (and most likely Site 2) would be very similar to this previous 
project in terms of settlements and requirements for staging of fill placement. Records of this development in terms 
of ground response to backfilling (as opposed to environmental conditions) were not available. It is understood the 
project was constructed successfully.  

 

3.3 Review of Geotechnical Information 
A review of geotechnical information in the vicinity of the Site was carried out as summarized below.  
The approximate locations of the previous investigations are shown in Figure 1. 

 

Golder 2009-2011 
Golder previously carried out a geotechnical investigation approximately 4 km northwest 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. 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 to 2 m above original site grade, measuring 
approximately 200 by 100 m in plan. 

 A higher (upper) fill embankment constructed to approximately 4.5 to 5 m above original site grade, measuring 
50 by 50 m. 
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Golder 2010-2012 
Golder carried out a number of field investigation programs during 2010, 2011 and 2012 as part of the proposed 
Terminal 2 project and the Deltaport Terminal Road and Rail Improvement Project (DTRRIP). The results show 
between 60 to 80 m of interbeded sand and silt underlain by a clay deposit estimated to be 20 to 60 m in thickness, 
underlain by glacial till. 

 In 2010, two deep SCPTs paired with sonic drill sampling were pushed to collect subsurface data as input to 
the assessment of seismic stability of the Roberts Bank delta-front slope.  

 During 2011, two field investigation programs involving static and seismic cone penetration tests were carried 
out. The first investigation involved pushing 9 static CPTs to depths varying from 30 to 40 m below existing 
ground surface. The CPTs from this investigation are identified as the “600” series. A second field 
investigation was carried out involving pushing 8 static CPTs and a single seismic CPT to depths varying 
from 50 and 60 m below existing ground surface. The CPT soundings from this investigation are identified as 
the “700” series.  

 During 2012, a site investigation was carried out. The investigation involved pushing five CPTs and a single 
seismic CPT to depths varying from 60 to 100 m.  

 

4.0 SUBSURFACE CONDITIONS 
A summary of inferred stratigraphic units based on the previous drilling investigation work at nearby sites is 
presented herein. The summary is not intended to represent a site-specific, detailed or comprehensive description 
of the subsurface conditions. Given the data is not site specific, but instead the closest available information, 
significant variation should be anticipated. The generalized subsurface conditions at the nearby sites comprised: 

 Interlayered Silt, Sand and Silty Sand strata approximately 40 to 80 m thick; underlain by 

 Silty clay to clay sequence extending to depths of approximately 100 m. 

 

5.0 GEOTECHNICAL CONSIDERATIONS 
The following briefly summarizes significant geotechnical design and construction considerations for the proposed 
habitat compensation structures: 

 The subgrade soils comprise of 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 will require the placement of permanent grade fills of up to about 5.6 m at Site 2 and 3.8 m at 
Site 1. The placement of this fill may cause consolidation of the underlying fine-grained subgrade soils 
depending on whether the Sites have been pre-loaded or not. 

 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 and mitigate the potential for ground failures. 
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 There may be difficulties in controlling the nature of the fill placement due to constraints associated with 
dredging and submerged fill placement. 

 The low-plastic silt and extensive loose sand deposits are susceptible to soil liquefaction during intermediate 
to strong seismic (earthquake) levels of shaking, which will result in loss of soil strength. We understand, 
however, that the design of the proposed habitat development will not consider the effects of seismic loading. 

 

5.1 Settlement Assessment 
Site 1 and Site 2 are notable depressions, anecdotally reported to have been formed by dredging operations within 
the recreational channel to which they adjoin. Detailed information regarding the extent of anecdotal dredging is 
not available, but would indicate the previous elevation of the site (prior to dredging) was at, or higher than the 
proposed elevation of the habitat enhancement structures. 

If this anecdotal information is accurate, the Sites have effectively been “preloaded”, meaning that the placement 
of fill to elevations that existed prior to dredging will have less impact and only nominal settlement would be 
expected to occur as follows: 

 A nominal allowance of 50 mm is considered reasonable. 

 This would be expected to occur within 6 months following the end of construction.  

 
Should the anecdotal evidence be inaccurate, either in full or in part, then the site would be expected to behave in 
a non-preloaded manner (or perhaps partially preloaded). As described in Section 3.3, a test fill embankment was 
constructed at a project 4 km from this Site. If behaving in a non-preloaded manner, the response of Sites 1 and 2 
could be expected to be similar to that of the test embankment:  

 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. 

 
Both preloaded and non-preloaded response would also be expected to exhibit secondary consolidation of  
about 50 to 300 mm that could occur over the design life of the habitat embankment (assumed at 25 years).  
The preloaded behaviour at the lower end and the non-preloaded at the upper end. The design of the final grades 
suitable for supporting the eelgrass habitat should consider the above settlement estimates.  

 

5.2 Staged Fill and Placement Sequencing 
For initial planning purposes, we have assumed that the habitat compensation structure will be constructed in a 
staged loading sequence to allow sequential strength gain of the underlying compressible soils. Stage loading 
produces sequential gains of strength in the soft soils and mitigate the risk of ground failures. A waiting period 
between lifts should be observed to allow dissipation of excess pore pressures induced by the fill, and to avoid 
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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. 

 



 

 

 

 

Golder Associates Ltd. 
Suite 200 - 2920 Virtual Way 
Vancouver, BC, V5M 0C4 
Canada 
T: +1 (604) 296 4200 
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Preliminary Field Reconnaissance of the 

Proposed Cane Pass/Westham Island 

Habitat Banking Development 



Stantec Consulting Ltd. 
4370 Dominion Street, 5th Floor 
Burnaby, BC  V5G 4L7 
Tel: (604) 436-3014 
Fax: (604) 436-3752 

 

Via Email: Gord.Ruffo@portmetrovancouver.com 

April 22, 2013 
File: 123210259 

Attention: Gord Ruffo 

Dear Gord: 

Reference: Draft - Preliminary Field Reconnaissance of the Proposed Canoe Pass/Westham Island 
Habitat Banking Development 

On April 3
rd

, 2013, Chris Burk, an archaeologist with Stantec Consulting Ltd. conducted a Preliminary Field 

Reconnaissance (PFR) of the proposed habitat banking development of Canoe Pass/Westham Island. The 

purpose of the PFR was to assess the archaeological potential of the proposed development area through a 

pedestrian survey of the project area. 

No archaeological sites were identified during the PFR and no areas within the development area were 

considered to have the potential for buried archaeological materials. Accordingly, no further archaeological 

investigations are recommended for the proposed development and it is recommended that the development 

proceed without any need for archaeological permits. 

This recommendation applies 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 study area. 

Although a thorough attempt was made to locate and record all archaeological and other cultural heritage 

features located within the specified survey area boundaries, the possibility exists that not all cultural 

materials were identified. If any currently unidentified archaeological or cultural heritage materials are 

encountered during development activities, any work that threatens those materials should stop and the 

Archaeology Branch of the Ministry of Forests, Lands, and Natural Resource Operations should be contacted 

at (250) 953-3334. This agency will then provide direction as to an appropriate course of action to take 

regarding management of the materials. 

It is recommended that construction personnel be given the Chance Find Protocol included in Appendix A of 

the Archaeological Overview Assessment Port Metro Vancouver Habitat Banking Program – Potential 

Projects 2013 in case of the unlikely event that archaeological materials are found during construction of the 

habitat area. Historic and prehistoric materials older than AD 1846 are protected by legislation and if 

discovered, all work in the vicinity of the finds should stop and the Archaeology Branch be notified. Such 

materials may consist of historic refuse or structural remains and/or prehistoric materials consisting of fire 

modified rocks (FMR), shell midden, chipped stone or ground stone tools or tool fragments, and/or debitage 

(debris from the manufacturing of stone tools). 

If you have any questions please let us know.  



April 22, 2013 

Gord Ruffo 

Page 2 of 2  

Reference: Draft - Preliminary Field Reconnaissance of the Proposed Canoe Pass/Westham Island 
Habitat Banking Development 

 

Respectfully, 

STANTEC CONSULTING LTD. 

 

 Reviewed by: 

        

Rob Commisso      Chris Burk, RPCA 
Technical Unit Lead—Archaeology   Project Manager - Archaeology 
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MEMORANDUM 

 To: Vancouver Fraser Port Authority 

 From: Cheng-Feng Tsai, Alan Alcorn, Michael Cho, Moffatt & Nichol 

 Date: June 9, 2020 

 Subject:  Salinity Impacts for the Westham Island/Canoe Passage Tidal Marsh Project 

The farmers on the adjacent land along the Canoe Passage have indicated their concerns regarding 
the salinity impacts to the water, as a result of the proposed Westham Island/Canoe Passage Tidal 
Marsh Project. The passage has always been the primary freshwater source to the farmland.  

The recent modelling work1 by Moffatt & Nichol confirms that the project is located where the 
freshwater from the Fraser River mixes with the saltwater from the Strait of Georgia. The most 
dominant controlling factor for salinity mixing is the Fraser river discharge, e.g. Figure 1 indicates 
that the Canoe Passage is fresh irrespective of tide stage when the Fraser discharge is medium or 
higher (such as freshet). When the Fraser discharge is low, the secondary factor of the oscillating 
tides increases its contribution to the mixing process. As shown in Figure 2, the salinity at the 
passage transitions from fresh to brackish when the tide stage is high. In addition, the passage 
does not exhibit a notable stratification as the nearby Fraser River South Arm (e.g. surface layer 
vs. bottom layer). In general, M&N’s modelling results are consistent with the measurements and 
modelling results from the Northwest Hydraulic Consultants2. 

From the salinity mixing perspective, only the change of the volume of freshwater or saltwater 
input (e.g. flow path alteration) or a significant reduction of the cross-sectional area in the flow 
conveyance (e.g. blockage) may alter the salinity level in the Canoe Passage. The overall 
reduction of the cross-sectional area due to the project is estimated less than 4 to 5%. Since the 
project is located at the shallower part of the channel, even less flow area will be impacted (e.g. 
lower impacts when the water level is high). Given the proposed tidal marsh project does not 
change the volume of freshwater or saltwater input and does not significantly reduce the cross-
sectional area, the project is not expected to alter the salinity level in the Canoe Passage.  

One of the farm inlets is very close to the tie-in to east end of the project area. Because the 
project does not connect the berm to the bank, so there will always be a channel that can feed 
this inlet. In addition, smaller channels will be created within the habitat so there will not be 
any stagnation impacts from either the farm weir intake or outlet. Finally, with a fresh 
environment in the Canoe Passage being a prominent condition for all except during the high 

 
1 Moffatt & Nichol, 2020. Supplemental Hydrodynamic and Salinity Analysis by Incorporating Phase 2 Breaching 
into the South Arm Jetty Tidal Marsh Project. Memorandum. May 28, 2020. 
2 Northwest Hydraulic Consultants, 2014. Coastal Geomorphology Study, Proposed Roberts Bank Terminal 2 
Technical Report. Final Report. March 2014. 
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tide, low Fraser flow condition, the intakes will not experience saltier condition as a result of 
the project. 

It should be noted that this memorandum only takes into account the current states of the 
hydrological regime, any potential climate change-induced alterations of freshwater (e.g. changes 
in precipitation patterns) or saltwater characteristics (e.g. sea level rise or storminess) are not 
considered. 
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Figure 1: Salinity Distribution for Medium Fraser Flow (5,500 m3/s), at Surface (Top Panel) and 

Bottom (Bottom Panel) Layer during Low (Left Panel) and High (Right Panel) Tide Stage 

 
Figure 2: Salinity Distribution for Low Fraser flow (2,000 m3/s), at Surface (Top Panel) and 

Bottom (Bottom Panel) Layer during Low (Left Panel) and High (Right Panel) Tide Stage 
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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 (RBT2) project. Typical examples of 
habitat that could be affected by port development include eelgrass beds, saltwater, brackish, 
freshwater and tidal marshes, and tidal flats. One of the projects under investigation includes the 
Westham Island Canoe Pass (WICP). The WICP site will be defined by a new containment berm; the 
existing sand bars will be in-filled with sand and the marsh area will be vegetated 

Current agricultural water supply is obtained from the South Arm in proximity to the proposed project. 
An assessment has been provided and is included in Appendix E. The conclusion of this assessment 
is that the project will have no material impact on the quality or quantity of irrigation water. 

This report provides justification for the development of the criteria that have been considered in the 
design for the WICP project. The System Characterization and Site Conditions are discussed in 
Section 2 and detail the coastal processes and conditions of the Fraser River.  

The criteria used to develop the design of the WICP project are discussed in Section 3. In addition to 
the general project design criteria, the design concepts include a description of the functional, physical 
and biological criteria as well as the applied engineering standards. 

The construction details for the WICP project are discussed in Section 4. Following a general site 
description, the features of the project are presented, including: the containment berm, the marsh 
bench, site conditions and access. Construction methodology and schedule are also presented in this 
section. Following the construction details, Section 5 includes information on construction costs. 
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2. System Characterization and Site Conditions 

 Background 
The Fraser River is the largest river along the Canadian Pacific Coast. Figure 2-1 shows the location 
of the Westham site in the lower Fraser River. 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). 

One important aspect of maintaining the port and navigation fairway that affects the hydro-morphologic 
setting of the river is 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-FREM, 
2006), some 3.5 million m3 annually. 

Based on distinct physical and biological processes, Williams et al (2009) have identified five habitat 
types in the Roberts Bank delta fringe system. These are: (1) sand flat habitat, (2) mudflat habitat, (3) 
eelgrass habitat, (4) tidal marsh habitat and (5) backshore habitat. A similar t classification has been 
proposed by CBA (2010). For the purpose of habitat enhancement/offsetting, these concepts are 
applied and modified to capture main geomorphic units and features of the site. 

The objective of the proposed Westham Island/Canoe Pass Tidal Marsh Project is to create productive 
intertidal brackish marsh salmon rearing habitat which will also benefit other fish species and wildlife 
utilizing the Fraser River estuary. The lower Fraser River estuary has experienced a loss of 
approximately 70% of its wetlands through diking and shoreline modifications over the last century. 
The construction of tidal marsh habitat is supported by the Department of Fisheries and Oceans 
Canada (DFO) and is one of the main enhancement/offsetting project efforts implemented to support 
Pacific salmon. Providing productive rearing habitat can increase marine survival and improve fitness 
of adult salmon returning to spawning grounds, provide benefits to marine mammals as well as 
commercial, recreational and First Nation fisheries. 

Specific ecological functions that can be enhanced or improved at the Westham site include: 

Increasing primary productivity by constructing tidal marsh; 
• Supplementing the detritus food web through the establishment of marsh vegetation; 
• Creating intertidal habitat for the production of invertebrates (e.g. chironomids, amphipods, 

etc.) that are important benthic, epibenthic, and drift prey items for juvenile salmonids and 
other fishes; and 

• Providing intertidal vegetation cover and refuge for juvenile salmonids during yearly 
downstream migration and utilization of shallow shoreline habitats in the lower Fraser River 
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rearing corridor prior to out-migrating to their marine life phase in the Salish Sea and the Pacific 
Ocean. 

 

FIGURE 2-1: LOWER FRASER RIVER SYSTEM SHOWING THE WESTHAM SITE1 (MODIFIED AFTER ELLIS ET 
AL, 2004) 

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 Port Metro Vancouver (PMV). Based on 1D Mike 
11 modeling, Canadian Coast Guard maintains a website (http://www2.pac.dfo-
mpo.gc.ca/index.aspx) codenamed AVADEPTH to forecast water level and currents for navigation 
along the Fraser River. Figure 2-2 shows AVADEPTH forecast reaches of the Fraser River Estuary. 

 

 
 

1 represents the Westham site on all figures 
 

Westham Site 
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FIGURE 2-2: AVADEPTH MODEL FORECAST SNAPSHOT 

As Figure 2-2 shows, the forecast system includes only the main arm of the Fraser River excluding 
Fraser River North Arm and Canoe Passage. 

 General Setting 
The proposed project site is located in the Fraser River Estuary in Canoe Passage – a minor 
distributary of the Fraser River outer delta. Figure 2-3 gives a general impression of the physiography 
of the delta. Section 2.3 describes hydraulic, sedimentology and morphologic characteristics of the 
site. A brief review of the general physical setting of the Fraser River system is presented in this 
section. 

Richmond 

Delta 

Surrey 

New 
Westminster 

Vancouver 
Fraser River 
North Arm 

Fraser River 
South Arm 
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Island 
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FIGURE 2-3: FRASER RIVER DELTA FRINGE PHYSIOGRAPHY (AFTER WILLIAMS ET AL, 2009) 

The Fraser River is one of the largest rivers in the Pacific west coast of North America. With a drainage 
basin of approximately 217,000 km2, the river covers a terrain length of 1,370 km before debouching 
into the Salish Sea (Thomson, 1981). In general, the river bifurcates into two main distributaries near 
New Westminster, the north and south arms. Each arm also has a distributary; the middle arm and 
canoe passage associated with the North and South arms, respectively. 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 
Daily Flow at Hope: 
Mean flow 

 
2,803 m3/s 

See Morrison et al, 2002 
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Description Magnitude Source 
Mean peak flow 
Mean minimum flow 
Lowest flow, January 8, 1916 
Highest flow, May 31, 1948 

8,705 m3/s 
687 m3/s 
340 m3/s 
15,200 m3/s 

Present distributary flow share 

85% South Arm 
10% North Arm 
5% Canoe Passage 
 

NHC-Triton, 2004 
Chapter 2.5.1 

Total sediment load at Mission 
Granular distribution 

17.3x106 tonnes/year 
35% sand 
50% silt 
15% clay 

NHC-Triton, 2004 
Chapter 2.1 
 

*Bed-material load to sea 2.8x106 tonnes/year 
NHC-Triton, 2004 
Chapter 2.1 

Sand delivered through Canoe 
Passage 

50,000 tonnes/year, or 
0.83% of total sand load 

NHC-Triton, 2004 
Chapter 2.5.1 

*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). 

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. The figure shows that mean water level rises by more than 1 m from Sand 
Heads to New Westminster during freshets.  
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FIGURE 2-4: EFFECTS OF FRESHETS ON WATER LEVEL IN THE FRASER RIVER ESTUARY, BRITISH 
COLUMBIA (AFTER FERGUSON, 1991)  

History of changes of Fraser basin system development is marked by human intervention in 
confinement of channels by protection works, diking, 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 Westham site is part of the Fraser River South Arm Tidal. 

 Project Site 
The Westham Island/Canoe Pass Tidal Marsh site is located on the Canoe Passage, the southern-
most distributary of the Fraser River. The existing site is characterized as a series of sandbars that 
are prominent at lower water levels but become partially submerged at higher water levels. Trends in 
changes of flows, sediment load, offtake and delta-fringe morphology suggest that the channel is 
gradually losing its flushing capacity. The process is being accelerated by continuous navigation 
dredging of Steveston Cut and Woodwards Reach.  
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Figure 2-5 shows location of the site along the Canoe Passage on a portion of the Canadian 
Hydrographic Survey (CHS) hydrographic chart #3492. Apart from some small outer bend and 
constriction scour holes deeper than 5 m, most of the channel is shallower than 5 m. A submerged sill 
to a height of 2 m above chart datum occupies the offtake.  

 

FIGURE 2-5: CANOE PASSAGE ROBERTS BANK SYSTEM ACCORDING TO CHS CHART #3492 

As shown in Figure 2-6, the offtake area is also located within the limits of freshet salt-wedge intrusion 
zone. A salt-wedge is a distinct vertical stratification system with the dense salt water forming an 
intrusion wedge at the channel bottom. River borne sediments encounter diminishing transport 
capacity in the wedge intrusion area and accumulate. 
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FIGURE 2-6: CANOE PASSAGE OFFTAKE AREA AND SALT-INTRUSION LIMITS DURING FRESHETS (BIEAP-
FREMP, 2006) 

A series of orthophotos from 1966, 1979, 1984 and 2002 compiled by NHC-Triton (2004) show a 
narrowing of Canoe Passage main channel over time and bar development on Roberts Bank. This 
implies decreasing hydraulic capacity of Canoe Passage over the years.  

Some photographic snapshots captured during low water on August 19, 2020 are shown in Figure 2-7 
through Figure 2-10. They indicate present morphological features and conditions of the Westham 
site, which are summarized in Table 2-2.  
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FIGURE 2-7: EXISTING DRAINAGE CHANNELS AT THE WESTHAM SITE. 
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FIGURE 2-8: WESTHAM SITE LOOKING SOUTH FROM FORESHORE 
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FIGURE 2-9: SEAWARD EDGE OF EXISTING TIDAL MARSH AT WESTHAM SITE 
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FIGURE 2-10: NEW MARSH GROWTH ON MARSH ISLAND – LOOKING WEST 
The main hydro-morphologic features of the site are summarized in Table 2-2. 
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TABLE 2-2: MAIN HYDRO-MORPHOLOGIC CHARACTERISTICS OF THE WESTHAM SITE 

FEATURE DESCRIPTION 

Planform 

• A meandering channel system from distributary offtake in the Fraser River 
to Roberts Bank. 

• A fixed revetted outer bank opposite to the project site. 
• Point-bar deposits on the inner bank typical of a meandering channel. Point 

bars are shore-attached crescent-shaped depositions on the inner bank of 
a meander. 

• Embankments on both banks with drainage outlets/sluices. 
• Lower intertidal point-bars are overlain by ripple to dune-scale bedforms 

and eroded benches. The continuity of the point-bar deposit is broken by 
channels. The orientation of bedforms indicates the effects of ebb-tidal 
current at certain phases of the falling tide. 

• Upper tidal marsh on the inner bank side.  

Cross-section 

• Main channel on the left outer bank. 
• Lower intertidal sand/mud banks/bars with surface marks of ripple to dune-

scale bedforms. 
• Upper tidal marsh areas to the inner bank. 
• River bank and embankment on both sides. 

Hydro-morphology 

• Overall, the site represents a net sediment depositional deltaic regime. 
• The portion of Fraser River discharge in Canoe Passage has reduced 

which has led to a narrowing of the river thalweg and increase in bank flats.  
• The surface bed-material of the intertidal area appears highly erodible silty-

clayey fine sand.  
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3. Design Criteria 
This section describes the criteria that guided the design of the Westham site. The objective of the 
Westham Island/Canoe Pass Tidal Marsh Project is to expand an existing tidal marsh by installing a 
riprap containment berm, infilling with clean fill and transplanting intertidal brackish marsh vegetation. 
This section includes a description of the functional, physical and biological design criteria as well as 
the applied engineering standards. 

 General Design Criteria 

3.1.1. Project Datum and Units 
Horizontal coordinate system is based on NAD83 UTM Zone 10. The vertical datum is Geodetic 
Datum. All drawings are presented in SI (metric) units. 

3.1.2. Service Life and Return Period 
Standard industry practice is to design shore protection 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 suffer 
no damage such as a marine terminal, a 100 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 site does 
not impact the existing flood protection infrastructure (BC MOE 2007). As such, a return period of 50 
years for the extreme event will be used in the design. 

3.1.3. Codes, Standards and Design Guidelines 
The following guidelines, codes, and standards were used for this project: 

• British Columbia Building Code 2018 (BCBC’18); and 

• Coastal Engineering Manual (CEM, US Army Corps of Engineers, 2002). 

It is noted that the development of the Westham site does not include marine structures such as 
pedestrian bridges, piers, and buildings where public health and safety, fire protection, and structural 
sufficiency are directly applicable. The proposed habitat development enhances or expands the 
existing natural foreshore environment. The Westham site is not a public gathering space and is 
restricted from public access. As such, where typical building code design criteria such as 
environmental (snow, rain, temperature and seismic) and structural loads do not apply in most cases, 
appropriate engineering judgment will be used when assessing these requirements. 

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 (RONI ET AL, 2002) 

It is important that identified habitats are preserved and maintained. BIEAP-FREMP (CBA, 2010) has 
identified four basic guidelines for marine works in their habitat management strategy policy statement. 
Relevant highlights of these guidelines are summarized in Table 3-1. 

TABLE 3-1: BIEAP-FREMP HABITAT MANAGEMENT GUIDELINES (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. 
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Further to these basic guidelines for marine work, the aim is to create habitat sites that will be self-
sustaining and work within the natural setting of the project location. 

 Site Specific Design Criteria 
3.2.1. Physical Design Criteria  

3.2.1.1. Tidal Datums 

Tidal datums at the site are shown in Table 3-2. Geodetic Datum is 2.2 m above Chart Datum at this 
site 

TABLE 3-2: TSAWWASSEN TIDAL DATUMS 

Datum Chart Datum (m) Geodetic Datum (m) 

HHWLT +4.0 +1.8 

HHWMT +3.4 +1.2 

MWL +2.2 0.0 

LLWMT +0.4 -1.8 

LLWLT -0.7 -2.9 
Source: CHS 

3.2.1.2. Waves 

Wave conditions at the Westham site are represented by vessel generated waves as the site is 
relatively immune from any significant wind generated waves. Vessel wakes from slow moving vessels 
can generate erosive waves for unprotected shoreline. The vessel wake prediction for the site is based 
on a tugboat with a length of 33.3 m, a breadth of 9.5 m and a draft of 3.5 m.  

• Anticipated Vessel Generated Wave Height:  0.6 m 

• Design Wave Height:     1.0 m 

3.2.1.3. Currents 

Examination of AVADEPTH forecasts suggests that during the mean peak flow on the Fraser River of 
8,705 m3/s, the maximum depth-averaged ebb-current is likely about 0.5 m/s at the Westham site. As 
a conservative measure, at the Westham site, the design current will be set at 1.0 m/s. 

3.2.1.4. Geotechnical Conditions 

A preliminary geotechnical assessment was carried out by Golder Associates Ltd. on the basis of a 
desktop geotechnical study and limited site reconnaissance (Appendix A). Upon review of available 
geotechnical information nearby to the project site and upon review of data from surficial geology 
maps, it is inferred that conditions at the site may comprise 2 to 4 m of clayey silt overlying loose to 
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compact sand to depths of about 40 m, overlying compressible marine deposits to depths in the order 
of 100 m. While specific information pertinent to consolidation characteristics of the silt and marine 
deposits is not available, past experience in surrounding areas suggests that settlement of about 50 
to 200 mm could be expected to occur during the construction period (assuming 4 month duration) 
with secondary consolidation following construction in the order of 25 to 100 mm over life of the project. 

To effectively manage settlement during the construction phase, fill placement within the deepest 
portions of the site could be completed first. This will facilitate much of the settlement to occur during 
construction and allow for final grading operations to be carried out prior to the Contractor’s departure 
from the site. The requirement to stage fill placement will be a function of whether there are surficial 
soft clays and silts over the site. In the absence of information on the presence of such deposits, 
staging may be considered. 

3.2.2. Biological Design Criteria 

3.2.2.1. Existing Marsh Conditions 

Site surveys in the spring and summer of 2012 indicated tidal marshes exist along the Westham Island 
dike and on an island located in Canoe Passage at the downstream end of the site. The main species 
colonizing the shoreline marsh was Lyngbye’s sedge (Carex lyngbyei). Above the sedge zone is a 
narrow band of common cattail (Typha latifolia) and hardstem bulrush (Schoenoplectus acutus) that 
exists along a depression at the base of the dike. Small patches of softstem bulrush (Schoenoplectus 
tabernaemontani) and hardstem bulrush occur within the sedge. At the lower edge of the sedge, 
common spikerush (Eleocharis palustris) and threesquare bulrush (Schoenoplectus pungens) grow 
just above the unvegetated mudflat elevation. Threesquare bulrush grows in brackish marshes with 
elevated salinity of approx. 1-15 ppt and illustrates that the salt wedge effects are evident in Canoe 
Passage. The island at the downstream end of the site is much higher in elevation and supports a 
more diverse plant community including common cattail, rushes, grasses and other species.  

Based on topographical surveys conducted in early April 2013, sedge extended from about 1.0 m 
(Geodetic) elevation near the dike to about -0.8 m at the lower elevation adjacent to the mudflat 

3.2.2.2. Soils 

Marsh soils provide an anchoring material for plants to root, fertility for growth, and suitable 
characteristics that promote stability and drainage under intertidal conditions. Marsh soil typically will 
depend on the supply source and could involve dredged material or imported soil from an upland 
source. Clean mineral soil free from rocks, debris, and contamination are preferable. Use of 
manufactured soil is not recommended as sawdust and peat moss typically used in its fabrication 
make it more buoyant and it may not remain in place when exposed to river currents and waves.  

Data from previous marsh construction projects indicate that natural marshes tend to have a higher 
proportion of fines than constructed marshes. Marsh vegetation traps naturally deposited silts and 
clays during yearly freshets over a long period of time. However, marshes can be established on sandy 
sediments if that is the main source material. Low elevation marshes range from loamy sand (i.e. 85% 
sand and 15% fines), to sandy loam (i.e. 75% sand and 25% fines), to silt loam (i.e. 15% sand and 
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85% fines). Constructed marshes tend to be sandy loam, ranging from 50-75% sand, but soils vary 
depending on the available source material. Another important component is organic matter, which 
ranges from 1-10% in natural marshes.  

Observations of the existing unvegetated sandflat indicate that the sandy sediments (in excess of 95% 
sand) are mobile under the existing hydraulic conditions, while the sediments with a higher component 
of fines (i.e. 60-70% sand) are more stable. The marsh substrate is only 9% sand and 91% fines. 
However, dense marsh vegetation will encourage sediment deposition and will result in a higher 
percentage of fines. 

3.2.2.3. Marsh Plants 

The proposed plant species list is presented in Table 3-3. Nursery grown plant material, typically plugs, 
will be transplanted at approximately 0.5 m centre to centre spacing (i.e. 4 plugs per m2). For larger 
donor material, such as common cattail or softstem bulrush, larger containers are typically used to 
promote underground tuber production and plant spacing will be wider at approximately 0.75 m centre 
to centre. Transplanting should occur from March to mid-June. Marsh soils should be left for several 
weeks to months, depending on construction timing and plant growth window to allow soils to settle 
and consolidate prior to transplanting.  

TABLE 3-3: PROPOSED MARSH PLANT SPECIES FOR THE WESTHAM ISLAND/CANOE PASS TIDAL MARSH 
PROJECT 

Scientific Name Common Name 

Carex lyngbyei Lyngbye’s sedge 
Eleocharis palustris Common Spikerush 

Schoenoplectus tabernaemontani Softstem bulrush 

Schoenoplectus pungens Threesquare bulrush 

Transport of the donor marsh plants to the transplant site should not damage existing marsh habitat. 
For example, driving a truck to Trim Road and off-loading at the dike, will require packing trays 
containing the plugs across the existing sedge marsh. Due to the large number of plugs required, foot 
traffic will damage marsh vegetation and compact sediments. To reduce impacts from the 
transplanting operation, plywood should be laid over existing vegetation in foot traffic areas to avoid 
permanently damaging the marsh.  

Alternately, a herring skiff or vessel equipped with a bow ramp, could be used so that plant material 
and planting crew could be transported to the site by water and avoid impacts to the existing marsh 
habitat. A suitable staging point would be the boat launch ramp at Wellington Point Park along River 
Road in Delta. This alternative also has the advantage of bringing material closer to the transplanting 
site, which will maximize planting efficiency. 
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4. Construction Details 

 Site Descriptions 
The proposed project involves the construction of a containment berm and infilling with sand to 
establish a marsh bench. The containment berm will circle the southern end of an existing marsh and 
extend northwards delineating a new outline for additional marsh area. The toe of the containment 
berm will be placed at the low water level while the crest of the berm will be above the mean water 
level to match the elevation of the existing marsh. The area within the containment berm will be filled 
with sand to the same elevation as the crest of the containment berm. The maximum width of the 
marsh is approximately 130 meters. The overall length of the existing marsh coupled with the new 
extended marsh area is approximately 670 meters. 

 Construction Features 

4.2.1. Rock Berm 
The proposed work involves construction of a containment berm to an approximate elevation of just 
below mean water level. The containment berm will be a typical riprap berm cross section. The 
containment berm quantities are based on the rock berm design profile as detailed on the Project 
Drawings (Appendix B). The containment berm consists of an underlayer of crushed granular sub-
base, an underlayer of filter stone and a layer of riprap stone on top. The crest of the containment 
berm is approximately 1.6 meters wide. 

A toe trench will be excavated at the offshore edge of the rock berm to prevent scour of the 
containment berm toe. The existing material excavated for the toe trench will be sidecast onto the 
existing low-lying marsh area for use as fill. 

4.2.2. Marsh Bench Quantities 
The containment berm will serve to enclose a marsh bench composed of sand extending from the 
back edge of the containment berm to the existing shoreline.. The marsh bench will be constructed 
through infilling the existing drainage channel and lower lying areas with sand fill to raise the existing 
substrate to the same elevation as the existing marsh plateau. The marsh bench will facilitate native 
plant growth providing enhanced habitat for the area. 

The marsh platform fill quantity is based on the area and fill depths within the containment berm 
alignment as shown on the site plan and typical sections on the drawings. The drainage channel near 
the existing shoreline will require a majority of the fill, with the thickness of fill tapering off as the marsh 
platform approaches the existing marsh plateau and containment berm limits. The fill will be required 
to bring the existing substrate up to the required marsh elevation. The geotechnical assessment 
provided by Golder Associates indicated that settlement in the order of 50 to 200 mm could be 
expected to occur during the construction period with secondary consolidation of 50 to 200 mm 
anticipated over the design life of habitat site. To account for the anticipated consolidation of the 
existing substrate during construction, the furnished and placed quantity of sand fill was increased by 
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15%. To account for placement losses during construction, the sand fill quantities were increased an 
additional 10%. To account for dredging losses for sand supply to be pumped in place from Wellington 
Point, the sand fill quantities were increased by an additional 25%. 

The proposed total habitat area for the Westham site is shown in Table 4-1 below. 

TABLE 4-1: TOTAL HABITAT AREA 

Marsh Area Rock Berm Total Area 

4.0 ha 0.3 ha 4.3 ha 

 Site Access 
To access the site with marine equipment, the contractor will need to pass through the Westham Island 
Bridge. The swing span has a vertical clearance of 1.6 meters when closed and will open only for 
vessels that cannot pass under the bridge. The width between the fenders is approximately 15 meters 
which limits the size of barge that can pass through the open swing span. The passage through the 
swing span needs to be timed with the appropriate tidal and current conditions. 

Land-based equipment can be transported across the bridge on trucks. The project site, located on 
private land, can be accessed from the end of Trim Road. Entry through the gate at the end of Trim 
Road will be needed for the land based equipment to gain access to the project site. Vehicle load limits 
of 50 tonnes on the bridge and 5,000 kg on Trim Road will have to be followed. 

 Construction Methodology 
Due to the width restrictions at the Westham Island Bridge, the largest barges that can pass through 
the swing span are limited to 12.2-13.7 m in width. Barges of this size vary in length from 24.4-36.6 m 
in length and 2.1-3 m in depth. Barges of this size have a limited carrying capability with the typical 
capacity no greater than 1,500 tonnes. 

The existing piles at the north end of the site will need to be removed with a vibratory extractor or cut 
off at the mudline. The removal method will depend on the pile type (timber or steel) and condition. 
The debris along the shoreline will also need to be removed from the site prior to placement of fill. 

Construction of the containment berm and excavation of the containment berm toe trench can be 
performed using either a barge mounted excavator or a derrick barge. Excavators or cranes of the 
size required to construct the containment berm can be placed on smaller size barges or on sectional 
barges and towed through the swing span. Examples of barge mounted excavators and derrick barges 
are included in Appendix C. 

Barges will be limited to 1,500 tonne or less of rock. The rock will be placed with a barge mounted 
excavator or by a derrick barge with a small clamshell bucket. Due to the limited depths in the project 
area, the rock will need to be placed at the higher tide levels so the barges can maintain 
maneuverability along the containment dike alignment. The barges can be allowed to sit on the bottom 
at lower tides, however it is not ideal and the working area is smaller due to the limited reach of the 
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excavator or crane. The rock prism can also be shaped using a small excavator working from the 
existing ground at lower tides. 

The sand infill material is assumed to be sourced from Wellington Point located 1.5 km upstream, 
although other sources may be used. It can be hydraulically transported to the site using a pipeline 
over the containment berm. Given the low draft at Wellington Point a hydraulic suction dredge can be 
used. Depending on the characteristics of the dredged material some level of grading by land-based, 
low-ground contact pressure equipment can be expected, especially to achieve the desired grading. 

One potential issue with locally dredged material may be the turbidity of the discharge, given the size 
of the site and the large volume of water and material flowing from the pipeline (35,000-40,000 gpm 
slurry with 8-20% fines). The fines could wash over the containment berm during fill placement. To 
mitigate against this a turbidity boom can be placed around the site to help knock down some of the 
turbidity from hydraulic placement; however turbidity booms can be difficult to anchor. 

 Potential Hydraulic Effects 
The layout of proposed stone berms lying on the channel bed generally follows the planform lay of 
channels and bars and is neither retarder, nor accelerator, nor diverter type. Therefore, it is not 
expected to modify local flow behavior to any relevance. Hydraulic effects are initiated by formation of 
vortices, its strength scales with local flow velocities; for structures lying on the channel-bottom, the 
local flow velocities are very low. Transported downstream, the turbulence and vortices usually 
disperse and lose intensity. Only structures with large discontinuity could initiate large vortices; the 
possibility of such effect caused by the proposed structure is marginal, if any.  

Similar arguments apply for riprap habitat structures on the bank. Aligned with the existing bank, the 
riprap structures are not expected to have functions other than fixing the bank and enhancing the 
habitat.  

As discussed above, hydraulic effects are initiated by shedding of eddies by the structure - the strength 
of which scales with local flow velocities. Once formed, the eddies are usually transported downstream 
by local flow velocities and in the process, they usually disperse and lose strength. In addition, eddy 
sizes usually vary from millimeter size Kolmogorov scale to the maximum of local water depth (Yalin, 
1992; see also Barua and Rahman, 1998 for turbulent flow structure). With water depths in the order 
of 10 m and channel widths in the order of 350 m at the Westham site, there is no possibility that 
eddies, if formed, are transported cross-stream to affect the opposite bank.  

Extending the Westham tidal marsh further downstream (west) and providing stable marsh habitat is 
difficult due to the hydrodynamics of the system in that area. Presently the containment structure for 
the fill is located to provide an offset distance from the river thalweg (centerline of deepest portion of 
the river) position at the time of design. The reasoning for this positioning being the thalweg will vary 
in location over time due to variation in flow conditions, therefore a buffer is included to prevent the 
containment structure from potential undermining by possible variation in thalweg position.  

Moving further downstream (west) of the Westham site the position of the river thalweg is much closer 
to the existing marsh area, limiting the potential for including an offset between the thalweg and a 
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containment structure for new fill material. Additionally, downstream of the Westham site there are 
visual indicators that the area is likely much more dynamic in terms of sediment transport, fluvial 
processes, tidal processes (flow reversal) as indicated by the larger lateral channels, larger sand 
waves and sand ripples compared to the presently designed upstream portion. This increase in energy 
is expected when approaching the offshore marine boundary conditions. For these reasons, adding 
additional marsh area downstream was not included in the design. 

Current agricultural water supply is obtained from the South Arm in proximity to the proposed project. 
An assessment has been provided and is included in Appendix E. The conclusion is that the project 
will have no material impact on the quality or quantity of irrigation water. 

 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 
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• Planting (Not covered in this document). 

Based on these assumptions the schedule indicates a construction period of approximately four (4) 
months. See Appendix D for schedule layout 
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5. Construction Direct Cost 

 Cost Considerations 
The cost estimate includes supply and installation of the containment berm; marsh bench (sand); 
environmental protection measures; and mobilization/demobilization. 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. Direct costs 
are based on anticipated equipment, labor and materials.; 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. excluding planting. 

• The overall 2020 RBT2 CDC opinion of probable cost unit rates were used where 
applicable. Where the 2020 RBT2 CDC unit rates were not available, previous estimates 
were escalated to 2020. 

• Contingency varies by status of design. The projects carries a 20% contingency.  

For further background on 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. 

 Limitations 
In providing opinions of estimate, it is recognized that the Owner’s Engineer (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 

TABLE 5-1: CONSTRUCTION DIRECT COST 

Note – This section is removed. 
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1.0 INTRODUCTION 

Golder Associates Ltd. (Golder) carried out a geotechnical assessment of the Phase 1 proposed habitat 

compensation site to be built at Westham Island, Delta, BC. The assessment was requested by Moffatt and 

Nichol (MN) on behalf of Port of Metro Vancouver (PMV).  The development of the habitat compensation site 

involves site grading, fill placement and excavation 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 site.  All elevations 

discussed within this report are referenced to Geodetic Datum.  

The assessment of the Westham Island site is being carried out as 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 assignment has been carried out in accordance with the Golder proposal dated November 02, 

2012.  The work has been completed in accordance with the terms and conditions outlined in the reciprocal 

master agreement for consulting services between MN and Golder dated March 11, 2011. 

The scope of this report is limited to geotechnical aspects of the proposed site development under static 

conditions (specifically excludes seismic response and design considerations), 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 CONDITIONS AND PROPOSED DEVELOPMENT 

2.1 Site Location and Description 

The site is located on the south-east perimeter of Westham Island in Canoe Pass, approximately 0.5 km 

downstream of the Westham Island Bridge, as shown on Figure 1. The existing site is characterized as a series 

of sandbars that are prominent at lower water levels but become partially submerged at higher water levels.  

The Site is offset from the dyke surrounding the perimeter of Westham Island as follows: 

 About 32 m offset at the south-east end; increasing to: 

 Greater than 100 m offset at the south end. 
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2.2 Proposed Habitat Compensation 

Site geometry and proposed development details are based on plans and sections provided to Golder by MN 

(ref: MN Drawings 6047 to 6051, included within Appendix B of the MN submission to PMV dated December 13, 

2013).  The MN drawings indicate the proposed habitat compensation involves the construction of a containment 

berm and infilling with sand/silt to establish a permanent marsh platform as follows: 

 The arc-shaped containment berm will encompass the southern end of an existing marsh and over adjacent 

banks for construction of additional marsh area.  

 The overall length of the existing marsh coupled with the new extended marsh area will be approximately 

670 m, with a maximum width of approximately 100 m and area of approximately 40,000 m
2
. 

 The design elevation of the top of the marsh is at about 0.3 m.  This will require fill placement of, on 

average, approximately 1 m thick and up to approximately 3.3 m thick in the existing “drainage channel” 

located at the northern edge of the marsh. 

 The containment berm will comprise a 1.6 m wide crest and  2H:1V slope armoured with a 0.46 m thick 

layer of riprap protection (32 kg riprap stone) underlain with a 0.22 m thick layer of filter stone.  

 

3.0 SITE RECONNAISSANCE  

A Golder representative attended a site viewing by boat of the Westham Island project site, on March 11, 2013, 

with representatives from MN and PMV and other consultants for the project. 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. 
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4.2 Previous Geotechnical Investigations 

A review of available geotechnical reports in the vicinity of the Sites was carried out as summarized below. 

 

Golder 1980 and 2000 

Golder previously carried out two separate geotechnical investigations on the north east side of Westham Island 

approximately 2.5 m from the Site.  The purpose of the investigations was to determine the soil conditions at the 

respective sites and to provide geotechnical recommendations for the design and construction of proposed flood 

boxes.  In the 1980 investigation, one augerhole was put down to a depth of approximately 19 m below ground 

surface with standard penetration tests carried out during drilling to assess the relative densities of the soils at 

the site.  In the 2000 investigation, two augerholes and two dynamic cone penetration tests were put down to 

depths of 6 m below the existing ground surface. 

 

Golder 2009-2011 

Golder previously carried out a geotechnical investigation approximately 3.5 km southeast 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. 

 

Golder 2010-2011 

Golder carried out a number of field investigation programs during 2010 and 2011 as part of the Terminal 2 and 

DTRRIP projects. These included a number of CPTs and sampling holes using mud rotary and sonic drilling 

techniques located along Deltaport Way some 2 km southeast of the project site. The results show between 60 

to 80 m of interbeded sand and silt underlain by a clay deposit estimated to be 20 to 60 m in thickness, underlain 

by glacial till. 

 

4.3 Aerial Photographs 

A review of available historical air photographs from 1963 to 2013 indicated the following: 

 There appears to be little to no development at the site.  The site appears to have comprised a marsh 

bench since the earliest available aerial photograph and this appears not to have been disturbed 

throughout recent history; 
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 Use of the immediately adjacent upslope land appears to have been limited to agriculture since 1963 (the 

first available historical aerial photograph); 

 The perimeter dyke to Westham Island may have been present in 1963; and 

 Any changes to the configuration of the sand flats are most likely due to accretion or erosion within the 

littoral zone. 

 

5.0 SUBSURFACE CONDITIONS 

A summary of inferred stratigraphic units based on the references presented in 4.2 is presented herein. The 

summary is not intended to represent a site-specific, detailed or comprehensive description of the subsurface 

conditions.  Given the considerable distance of the closest available information, significant variation should be 

anticipated.  The generalized subsurface conditions at the nearby sites comprised: 

 Fill up to about 1.7 m thick at the dyke flood box sites; 

 Sandy to clayey silt up to approximately 3.0 m thick; overlying 

 Sand and silty sand strata approximately 40 m to 80 m thick; inferred to be underlain by 

 Silty clay to clay sequence extending to depths of approximately 100 m. 

 

5.1 Silt 

Silt layers, varying from clayey silt to silt with some sand, were encountered beneath surficial fill at our previous 

investigations and extended to depths of approximately 2 - 5 m below ground surface. The unit generally 

comprised soft clayey silt transitioning to loose to compact silt with depth. 

CPT Tip resistance values measured in this layer were typically about 4 bars and generally less than 10 bars, 

indicating that the consistency of this deposit is generally loose or soft.  CPT friction ratio values were generally 

in the order of 1.5 to 3.5 percent, indicating a primarily fine-grained, cohesive soil unit. 

 

5.2 Interlayered Sand and Silty Sand 

The loose to compact silt strata are underlain by fine to medium sand containing some silt.  The upper boundary 

of this layer was encountered in our previous investigations at depths ranging from about 2.5 m to 9.0 m below 

ground surface.  The stratum generally consists of an upper, more uniform sand deposit extending to 12 to 17 

metres below ground surface, overlying interlayered deposits of sand and silty sand.  All of Golder’s augerholes 

and CPTs put down during our previous investigations were terminated within this sequence (greater than 39.7 

m below ground surface in our 2009 investigation) and it is anticipated that this sequence extends to 

approximately 50 m or more below ground surface.   

CPT tip resistance values measured within this layer were observed to vary significantly within this sequence, 

varying from approximately 50 to greater than 200 bars, indicating a loose to compact relative density. 
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5.3 Marine Deposits 

An extensive sequence of compressible marine deposits comprising silty clay to clay with occasional interlayers 

and interbeds of sand, sandy silt strata is inferred to underlie the silt and sand sequences described above.  

Published surficial geology information and deep borehole data obtained at adjoining sites indicates that this 

sequence extends to depths in the order of 100 m below ground surface, and is underlain by competent 

Pleistocene deposits including glacial till soils. 

 

6.0 GEOTECHNICAL CONSIDERATIONS 

The following briefly summarizes significant geotechnical design and construction considerations for the 

proposed habitat compensation structures: 

 The subgrade soils comprise of 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 will require the placement of permanent grade fills to an elevation of about 0.3 m, requiring 

about 1 m of fill over a broad area but up to approximately 3.3 m to fill in the existing drainage channel. The 

placement of this fill 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 the nature of the fill placement due to constraints associated with 

dredging and submerged fill placement; and 

 The low-plastic silt and extensive loose sand deposits are susceptible to soil liquefaction during 

intermediate to strong seismic (earthquake) levels of shaking, which will result in loss of soil strength. 

 

6.1 Settlement Assessment 

As described in Section 4.2.4, a test fill embankment was constructed at a project 3.5 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; and 

 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. 
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Settlement in the order of 50 to 200 mm could be expected to occur during the construction period with 

secondary consolidation of about 50 mm to 300 mm could occur over the design life of the habitat embankment 

(assumed at 25 years). 

 

6.2 Staged Fill and Placement Sequencing 

For initial planning purposes, we have assumed that the habitat compensation structure will be constructed in a 

staged loading sequence to allow sequential strength gain of the underlying compressible soils.  Stage loading 

produces sequential gains of strength in the soft soils. A waiting period between lifts should be observed to allow 

dissipation of excess pore pressures induced by the fill, and to avoid overstressing the underlying highly 

compressible fine-grained soils. 

Staging of fill placement should consider placement in stages no thicker than about 0.5 m. 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. 

 

The planning of the construction should consider fill placement within the deepest part of the habitat banking 

first.  This will allow the majority of the settlement to occur during construction and final grading operations to 

accommodate settlement can be carried out prior to the Contractor demobilizing from site. 

 

6.3 Construction 

Golder understands that consideration is being given to hydraulic placement of dredged material at Westham 

Island. Hydraulic dredging method entails excavating material from a submerged borrow area and pumping a 

slurry of suspended sediments and water through a pipeline to the fill site. The slurry is typically about 70-80% 

water, so the discharged material will tend to run, resulting in a mild residual beach slope. 

The side slope achievable in berm construction is mainly a factor of grain size and sediment density, but the 

compaction of material, dredging and placement method, and currents during placement also determine the final 

slope.  Based on the cross sections provided; it appears the work will comprise placement of only veneer of fill at 

the sloping section. Consideration should be given to constructing the rip rap berm first prior to fill placement at 

the side slopes. This will make it easier to maintain the design grades and minimize material losses from various 

littoral processes. 

 

6.4 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; 



 

PHASE 1 HABITAT COMPENSATION: WESTHAM ISLAND 

 

December 13, 2013 
Report No. 1314470047-003-R-Rev0 7  

 

 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. 

 

6.5 Impact on Adjacent Dyke 

The proposed fill thickness appears relatively small in the area where the habitat bank encroaches closest to 

(within 32 m of) the existing dyke.  Significant fill thickness (in the drainage channel) is in an area offset some 

70 m away from the existing dyke.  Considering the balance between fill thickness and offset from the dyke, the 

proposed construction is not anticipated to impact the existing Westham Island Dyke.  The assumptions on fill 

thickness should be verified with cross-sections cut at the eastern end of the habitat site. 

 

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. 

Yours truly, 

GOLDER ASSOCIATES LTD.  

 

 

Kieran McNally, EIT Jo-Anne Perrett, P.Eng. 

Junior Geotechnical Engineer Associate, Senior Geotechnical Engineer 

 

KMN/JIP 

o:\final\2013\1447\13-1447-0047\1314470047-003-r-rev0\1314470047-003-r-rev0 westham island draft report 13dec_2013.docx 
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Appendix B: 
Project Drawings 
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Appendix C: 
Construction Equipment Figures 

 



 
8 CY Hydraulic Excavator on Sectional Barges 

 

  
  Derrick Barge  ‐ 91’ x 40’ x 6’‐11”  



 
Hydraulic Excavator mounted on FlexiFloat Sectional Barges 

 



 
    Derrck  Barge  ‐ 105’ x 40’ x 7’‐6”  

 

 
50‐Ton Hookload Capacity Crane on FlexiFloat Sectional Barges 

mtranmer
Oval

mtranmer
Oval



 

Beach fill placement at Texas City, TX (approx. 15‐20% silt content) 



 

Beach fill placement at Texas City, TX (approx. 15‐20% silt content) 
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Appendix D: 
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 (4kM3) 15 days Wed 8/16/23 Wed 8/30/23

8 Containment Dyke 4k@ (400m3/day) (Barge 
Offload)

15 days 6,2 Wed 8/16/23 Wed 8/30/23

9 Fill Marsh Areas (75 kM3) 52 days Thu 8/31/23 Sat 10/21/23

10 Offload Material and place 
(75km3@2500m3/day)

45 days 8 Thu 8/31/23 Sat 10/14/23

11 Grading on‐site material (2km3@ 500m3/day) 7 days 10 Sun 10/15/23 Sat 10/21/23

Juvenile Salmon Closure (Y1)

7/3

7/3

Setup work

Containment Dyke 4k@ (400m3/day) (Barge Offload)

Offload Material and place (75km3@2500m3/day)

Grading on-site material (2km3@ 500m3/day)

Qtr 1 Qtr 4
1st Half

Task

Split

Milestone

Summary

Project Summary

Inactive Task

Inactive Milestone

Inactive Summary

Manual Task

Duration-only

Manual Summary Rollup

Manual Summary

Start-only

Finish-only

External Tasks

External Milestone

Deadline

Critical

Critical Split

Progress

Manual Progress

Page 1

Project: 2020.06.18 Westham/Canoe P
Date: Fri 6/19/20
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Appendix E: 
Memorandum Addressing Agricultural Water Supply Impacts 

 



  
  

2185 N. California Blvd., Ste 500 
Walnut Creek, CA 94596-3500 
 
(925) 944-5411  Fax (925) 944-4732 
www.moffattnichol.com 

 

MEMORANDUM 

 To: Vancouver Fraser Port Authority 

 From: Cheng-Feng Tsai, Alan Alcorn, Michael Cho, Moffatt & Nichol 

 Date: June 9, 2020 

 Subject:  Salinity Impacts for the Westham Island/Canoe Passage Tidal Marsh Project 

The farmers on the adjacent land along the Canoe Passage have indicated their concerns regarding 
the salinity impacts to the water, as a result of the proposed Westham Island/Canoe Passage Tidal 
Marsh Project. The passage has always been the primary freshwater source to the farmland.  

The recent modelling work1 by Moffatt & Nichol confirms that the project is located where the 
freshwater from the Fraser River mixes with the saltwater from the Strait of Georgia. The most 
dominant controlling factor for salinity mixing is the Fraser river discharge, e.g. Figure 1 indicates 
that the Canoe Passage is fresh irrespective of tide stage when the Fraser discharge is medium or 
higher (such as freshet). When the Fraser discharge is low, the secondary factor of the oscillating 
tides increases its contribution to the mixing process. As shown in Figure 2, the salinity at the 
passage transitions from fresh to brackish when the tide stage is high. In addition, the passage 
does not exhibit a notable stratification as the nearby Fraser River South Arm (e.g. surface layer 
vs. bottom layer). In general, M&N’s modelling results are consistent with the measurements and 
modelling results from the Northwest Hydraulic Consultants2. 

From the salinity mixing perspective, only the change of the volume of freshwater or saltwater 
input (e.g. flow path alteration) or a significant reduction of the cross-sectional area in the flow 
conveyance (e.g. blockage) may alter the salinity level in the Canoe Passage. The overall 
reduction of the cross-sectional area due to the project is estimated less than 4 to 5%. Since the 
project is located at the shallower part of the channel, even less flow area will be impacted (e.g. 
lower impacts when the water level is high). Given the proposed tidal marsh project does not 
change the volume of freshwater or saltwater input and does not significantly reduce the cross-
sectional area, the project is not expected to alter the salinity level in the Canoe Passage.  

One of the farm inlets is very close to the tie-in to east end of the project area. Because the 
project does not connect the berm to the bank, so there will always be a channel that can feed 
this inlet. In addition, smaller channels will be created within the habitat so there will not be 
any stagnation impacts from either the farm weir intake or outlet. Finally, with a fresh 
environment in the Canoe Passage being a prominent condition for all except during the high 

 
1 Moffatt & Nichol, 2020. Supplemental Hydrodynamic and Salinity Analysis by Incorporating Phase 2 Breaching 
into the South Arm Jetty Tidal Marsh Project. Memorandum. May 28, 2020. 
2 Northwest Hydraulic Consultants, 2014. Coastal Geomorphology Study, Proposed Roberts Bank Terminal 2 
Technical Report. Final Report. March 2014. 
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tide, low Fraser flow condition, the intakes will not experience saltier condition as a result of 
the project. 

It should be noted that this memorandum only takes into account the current states of the 
hydrological regime, any potential climate change-induced alterations of freshwater (e.g. changes 
in precipitation patterns) or saltwater characteristics (e.g. sea level rise or storminess) are not 
considered. 
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Figure 1: Salinity Distribution for Medium Fraser Flow (5,500 m3/s), at Surface (Top Panel) and 

Bottom (Bottom Panel) Layer during Low (Left Panel) and High (Right Panel) Tide Stage 

 
Figure 2: Salinity Distribution for Low Fraser flow (2,000 m3/s), at Surface (Top Panel) and 

Bottom (Bottom Panel) Layer during Low (Left Panel) and High (Right Panel) Tide Stage 



 

 

  

Moffatt & Nichol, Vancouver 
Suite 301 - 777 W. Broadway 

Vancouver BC V5Z 4J7 
Canada 

T +1-604-707-9004 
 

www.moffattnichol.com 
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1.0 INTRODUCTION 

Golder Associates Ltd. (Golder) carried out a geotechnical assessment of the Phase 1 proposed habitat 

compensation site to be built at Westham Island, Delta, BC. The assessment was requested by Moffatt and 

Nichol (MN) on behalf of Port of Metro Vancouver (PMV).  The development of the habitat compensation site 

involves site grading, fill placement and excavation 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 site.  All elevations 

discussed within this report are referenced to Geodetic Datum.  

The assessment of the Westham Island site is being carried out as 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 assignment has been carried out in accordance with the Golder proposal dated November 02, 

2012.  The work has been completed in accordance with the terms and conditions outlined in the reciprocal 

master agreement for consulting services between MN and Golder dated March 11, 2011. 

The scope of this report is limited to geotechnical aspects of the proposed site development under static 

conditions (specifically excludes seismic response and design considerations), 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 CONDITIONS AND PROPOSED DEVELOPMENT 

2.1 Site Location and Description 

The site is located on the south-east perimeter of Westham Island in Canoe Pass, approximately 0.5 km 

downstream of the Westham Island Bridge, as shown on Figure 1. The existing site is characterized as a series 

of sandbars that are prominent at lower water levels but become partially submerged at higher water levels.  

The Site is offset from the dyke surrounding the perimeter of Westham Island as follows: 

 About 32 m offset at the south-east end; increasing to: 

 Greater than 100 m offset at the south end. 
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2.2 Proposed Habitat Compensation 

Site geometry and proposed development details are based on plans and sections provided to Golder by MN 

(ref: MN Drawings 6047 to 6051, included within Appendix B of the MN submission to PMV dated December 13, 

2013).  The MN drawings indicate the proposed habitat compensation involves the construction of a containment 

berm and infilling with sand/silt to establish a permanent marsh platform as follows: 

 The arc-shaped containment berm will encompass the southern end of an existing marsh and over adjacent 

banks for construction of additional marsh area.  

 The overall length of the existing marsh coupled with the new extended marsh area will be approximately 

670 m, with a maximum width of approximately 100 m and area of approximately 40,000 m
2
. 

 The design elevation of the top of the marsh is at about 0.3 m.  This will require fill placement of, on 

average, approximately 1 m thick and up to approximately 3.3 m thick in the existing “drainage channel” 

located at the northern edge of the marsh. 

 The containment berm will comprise a 1.6 m wide crest and  2H:1V slope armoured with a 0.46 m thick 

layer of riprap protection (32 kg riprap stone) underlain with a 0.22 m thick layer of filter stone.  

 

3.0 SITE RECONNAISSANCE  

A Golder representative attended a site viewing by boat of the Westham Island project site, on March 11, 2013, 

with representatives from MN and PMV and other consultants for the project. 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. 
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4.2 Previous Geotechnical Investigations 

A review of available geotechnical reports in the vicinity of the Sites was carried out as summarized below. 

 

Golder 1980 and 2000 

Golder previously carried out two separate geotechnical investigations on the north east side of Westham Island 

approximately 2.5 m from the Site.  The purpose of the investigations was to determine the soil conditions at the 

respective sites and to provide geotechnical recommendations for the design and construction of proposed flood 

boxes.  In the 1980 investigation, one augerhole was put down to a depth of approximately 19 m below ground 

surface with standard penetration tests carried out during drilling to assess the relative densities of the soils at 

the site.  In the 2000 investigation, two augerholes and two dynamic cone penetration tests were put down to 

depths of 6 m below the existing ground surface. 

 

Golder 2009-2011 

Golder previously carried out a geotechnical investigation approximately 3.5 km southeast 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. 

 

Golder 2010-2011 

Golder carried out a number of field investigation programs during 2010 and 2011 as part of the Terminal 2 and 

DTRRIP projects. These included a number of CPTs and sampling holes using mud rotary and sonic drilling 

techniques located along Deltaport Way some 2 km southeast of the project site. The results show between 60 

to 80 m of interbeded sand and silt underlain by a clay deposit estimated to be 20 to 60 m in thickness, underlain 

by glacial till. 

 

4.3 Aerial Photographs 

A review of available historical air photographs from 1963 to 2013 indicated the following: 

 There appears to be little to no development at the site.  The site appears to have comprised a marsh 

bench since the earliest available aerial photograph and this appears not to have been disturbed 

throughout recent history; 
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 Use of the immediately adjacent upslope land appears to have been limited to agriculture since 1963 (the 

first available historical aerial photograph); 

 The perimeter dyke to Westham Island may have been present in 1963; and 

 Any changes to the configuration of the sand flats are most likely due to accretion or erosion within the 

littoral zone. 

 

5.0 SUBSURFACE CONDITIONS 

A summary of inferred stratigraphic units based on the references presented in 4.2 is presented herein. The 

summary is not intended to represent a site-specific, detailed or comprehensive description of the subsurface 

conditions.  Given the considerable distance of the closest available information, significant variation should be 

anticipated.  The generalized subsurface conditions at the nearby sites comprised: 

 Fill up to about 1.7 m thick at the dyke flood box sites; 

 Sandy to clayey silt up to approximately 3.0 m thick; overlying 

 Sand and silty sand strata approximately 40 m to 80 m thick; inferred to be underlain by 

 Silty clay to clay sequence extending to depths of approximately 100 m. 

 

5.1 Silt 

Silt layers, varying from clayey silt to silt with some sand, were encountered beneath surficial fill at our previous 

investigations and extended to depths of approximately 2 - 5 m below ground surface. The unit generally 

comprised soft clayey silt transitioning to loose to compact silt with depth. 

CPT Tip resistance values measured in this layer were typically about 4 bars and generally less than 10 bars, 

indicating that the consistency of this deposit is generally loose or soft.  CPT friction ratio values were generally 

in the order of 1.5 to 3.5 percent, indicating a primarily fine-grained, cohesive soil unit. 

 

5.2 Interlayered Sand and Silty Sand 

The loose to compact silt strata are underlain by fine to medium sand containing some silt.  The upper boundary 

of this layer was encountered in our previous investigations at depths ranging from about 2.5 m to 9.0 m below 

ground surface.  The stratum generally consists of an upper, more uniform sand deposit extending to 12 to 17 

metres below ground surface, overlying interlayered deposits of sand and silty sand.  All of Golder’s augerholes 

and CPTs put down during our previous investigations were terminated within this sequence (greater than 39.7 

m below ground surface in our 2009 investigation) and it is anticipated that this sequence extends to 

approximately 50 m or more below ground surface.   

CPT tip resistance values measured within this layer were observed to vary significantly within this sequence, 

varying from approximately 50 to greater than 200 bars, indicating a loose to compact relative density. 
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5.3 Marine Deposits 

An extensive sequence of compressible marine deposits comprising silty clay to clay with occasional interlayers 

and interbeds of sand, sandy silt strata is inferred to underlie the silt and sand sequences described above.  

Published surficial geology information and deep borehole data obtained at adjoining sites indicates that this 

sequence extends to depths in the order of 100 m below ground surface, and is underlain by competent 

Pleistocene deposits including glacial till soils. 

 

6.0 GEOTECHNICAL CONSIDERATIONS 

The following briefly summarizes significant geotechnical design and construction considerations for the 

proposed habitat compensation structures: 

 The subgrade soils comprise of 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 will require the placement of permanent grade fills to an elevation of about 0.3 m, requiring 

about 1 m of fill over a broad area but up to approximately 3.3 m to fill in the existing drainage channel. The 

placement of this fill 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 the nature of the fill placement due to constraints associated with 

dredging and submerged fill placement; and 

 The low-plastic silt and extensive loose sand deposits are susceptible to soil liquefaction during 

intermediate to strong seismic (earthquake) levels of shaking, which will result in loss of soil strength. 

 

6.1 Settlement Assessment 

As described in Section 4.2.4, a test fill embankment was constructed at a project 3.5 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; and 

 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. 
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Settlement in the order of 50 to 200 mm could be expected to occur during the construction period with 

secondary consolidation of about 50 mm to 300 mm could occur over the design life of the habitat embankment 

(assumed at 25 years). 

 

6.2 Staged Fill and Placement Sequencing 

For initial planning purposes, we have assumed that the habitat compensation structure will be constructed in a 

staged loading sequence to allow sequential strength gain of the underlying compressible soils.  Stage loading 

produces sequential gains of strength in the soft soils. A waiting period between lifts should be observed to allow 

dissipation of excess pore pressures induced by the fill, and to avoid overstressing the underlying highly 

compressible fine-grained soils. 

Staging of fill placement should consider placement in stages no thicker than about 0.5 m. 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. 

 

The planning of the construction should consider fill placement within the deepest part of the habitat banking 

first.  This will allow the majority of the settlement to occur during construction and final grading operations to 

accommodate settlement can be carried out prior to the Contractor demobilizing from site. 

 

6.3 Construction 

Golder understands that consideration is being given to hydraulic placement of dredged material at Westham 

Island. Hydraulic dredging method entails excavating material from a submerged borrow area and pumping a 

slurry of suspended sediments and water through a pipeline to the fill site. The slurry is typically about 70-80% 

water, so the discharged material will tend to run, resulting in a mild residual beach slope. 

The side slope achievable in berm construction is mainly a factor of grain size and sediment density, but the 

compaction of material, dredging and placement method, and currents during placement also determine the final 

slope.  Based on the cross sections provided; it appears the work will comprise placement of only veneer of fill at 

the sloping section. Consideration should be given to constructing the rip rap berm first prior to fill placement at 

the side slopes. This will make it easier to maintain the design grades and minimize material losses from various 

littoral processes. 

 

6.4 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; 
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 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. 

 

6.5 Impact on Adjacent Dyke 

The proposed fill thickness appears relatively small in the area where the habitat bank encroaches closest to 

(within 32 m of) the existing dyke.  Significant fill thickness (in the drainage channel) is in an area offset some 

70 m away from the existing dyke.  Considering the balance between fill thickness and offset from the dyke, the 

proposed construction is not anticipated to impact the existing Westham Island Dyke.  The assumptions on fill 

thickness should be verified with cross-sections cut at the eastern end of the habitat site. 

 

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. 

Yours truly, 

GOLDER ASSOCIATES LTD.  

 

 

Kieran McNally, EIT Jo-Anne Perrett, P.Eng. 

Junior Geotechnical Engineer Associate, Senior Geotechnical Engineer 
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