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May 6, 2025

Confidential

Attn: Edith Tobe, Executive Director
Squamish River Watershed Society
P.O. Box 1791, Squamish B.C.
V8B 0B3

Dear Madam/Sir:

Subject:  Monitoring survey data and interpretation following completion of the
Central Estuary Restoration Project – September/October 2024 Survey
Rev. 1

INTRODUCTION

The Squamish River Watershed Society (SRWS) has completed both phases of the Central
Estuary Restoration Project (CERP) to restore salmon habitat in the Lower Squamish River
Estuary (Estuary). The overall Project entailed the lowering of approximately 900 m of the
Squamish River Training Berm (Berm) south of the Yellow Gate while retaining the southern tip
of the Berm (Island).

Phase 1 of the CERP, was substantially completed in March 2022, which included lowering the
southern 300 m of the Berm, north of the Island, to a top elevation of approximately -1.0 m
CGVD28, preserving a weir-like structure that is tidally inundated.

During Phase 2, the remaining approximately 600 m of the Berm was lowered. This work was
substantially completed in March 2023. The finished Berm elevation is variable above -1.0m
CGVD28. Figure 1 presents an overview of the study area before and after completion of the berm
lowering.

As part of their permit for CERP, Transport Canada has included a requirement for repeat surveys
of the CERP project site to confirm its stability. WSP Canada Inc. (WSP) has prepared this
technical memorandum summarizing the raw results and interpretation of surveys conducted in
September/October 2024. This memorandum expands on the previous memorandums issued in
December 2022 and April 2024, which summarizes the surveys conducted twice per year since
April 2022.

Data was collected within the main channel of the Squamish River (River) to the west of the Berm
and the berth pocket (Berth Pocket) of the West Berth of Squamish Terminals (West Berth), which
has been dredged out of the intertidal flats to the east of the Berm.

Methodology for survey, processing, and result reporting was completed as per the Monitoring
Plan established for this project titled “Central Estuary Restoration Project Phase 2 – Squamish
River Training Berm Modifications, Monitoring Program Topographic and Bathymetric Survey
Plan”, dated February 1, 2024.
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This technical memorandum contains the following sections:

o Survey Summary: Overview of the surveys carried out as part of the CERP monitoring
program.

o Data Processing and Merging: Summary of data processing carried out to generate a
surveyed surface for assessment.

o Survey Results, River: Reporting of observations at the River west of the Berm.

o Survey Results, Berm: Reporting of observations at the lowered section of the Berm and
adjacent tidal flats.

o Survey Results, Berth Pocket: Reporting of observations at the Berth Pocket east of the
Berm.

The information presented in this report is based solely on the data collected through surveys
conducted on the specified dates. It is a factual representation of the findings from those specific
periods and should not be interpreted as indicative of ongoing or future trends. Furthermore, this
report does not contain speculation on the causes behind the changes observed between the
surveys. The intent is to provide a clear and accurate account of the data as it stands, without
inferring beyond the scope of the collected information.
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Figure 1:  Left Panel, pre-Berm lowering condition, imagery from Google Earth (April 2021)
Middle Panel, post Phase 1 Berm lowering condition, imagery from Volatus Aerospace (October 2022) and Google Earth (April 2021)
Right Panel, post Phase 2 Berm lowering condition, imagery from Volatus Aerospace (October 2023) and Google Earth (April 2021)
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SURVEY SUMMARY

The Berm has been surveyed before (April 2022) and after (October 2022) the 2022 freshet to
fulfill the monitoring requirements placed on CERP by Transport Canada. The Berm was also
surveyed before (June 2023) and after (October 2023) the 2023 freshet, and before (May 2024)
and after (September/October 2024) the 2024 freshet.

Bathymetric and topographic surveys were carried out using a combination of vessel mounted
Single-Beam Echosounders (SBES), Multi-Beam Echosounders (MBES) and photogrammetric
and LiDAR aerial drone overflights. Table 1 summarizes the surveys undertaken in support of this
monitoring program.

Table 1: Summary of surveys undertaken at the project site.

Project Stage Date Survey Methodology Surveyor

CERP Phase 1

Pre-freshet

19/04/2022 Topography Photogrammetry
Bennett Land
Surveying Ltd.

21/04/2022 Bathymetry SBES/MBES WSP Canada Inc.

25/05/2022 Bathymetry MBES WSP Canada Inc.

CERP Phase 2

Post-freshet

05/10/2022 Topography LiDAR Volatus Aerospace
Corp.

01/10/2022 Bathymetry MBES WSP Canada Inc.

Monitoring Survey 1

Pre-freshet

06/06/2023 Topography LiDAR Volatus Aerospace
Corp.

30/06/2023 Bathymetry MBES CRA Canada Surveys
Inc.

Monitoring Survey 2

Post-freshet

24/10/2023 Topography LiDAR Volatus Aerospace
Corp.

31/10/2023 Bathymetry MBES CRA Canada Surveys
Inc.

Monitoring Survey 3

Pre-freshet

07/05/2024 Topography LiDAR Volatus Aerospace
Corp.

10/05/2024 Bathymetry MBES CRA Canada Surveys
Inc.
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Monitoring Survey 4

Post-freshet

24/09/2024 Topography LiDAR Volatus Aerospace
Corp.

07/10/2024 Bathymetry MBES CRA Canada Surveys
Inc.

SURVEY CONTROL

The geodetic parameters for all surveys are outlined in Table 2.

Table 2: Survey Parameters

Parameter Reference Datum
Projection UTM Zone 10N

Vertical Datum CGVD28 (HT v2.0)
Horizontal Datum NAD83

Distance and Depth meters (m)

Bennet Land Surveying Ltd. established a primary survey control point, “100”, on the Berm using
a Trimble RTK GNSS (Real-time Kinematic Global Navigation Satellite System) antenna on
April 19, 2022. Four additional control points were established along the Berm for aerial image
referencing. These points are summarized in Table 3. Control point “100” was used as a static
reference point for the RTK GNSS base antennas during the 2022 bathymetry surveys to simplify
the integration of surveyed data.

Table 3: Control points used for 2022 bathymetric and topographic surveys established
by Bennett Land Surveying Ltd.

Point
Easting

(m)
Northing

(m)
Elevation

(m)
100 487077.085 5504162.607 3.615
101 487053.666 5504252.878 3.084
102 487039.571 5504379.949 3.285
103 487001.537 5504509.520 3.358
104 486977.919 5504697.171 3.152
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A benchmark at Darrel Bay has also been used by CRA as a check. The information related to this
benchmark is presented below:
— Benchmark Number: M15C9003
— Established In: 2015
— Condition: Good
— Latitude: 49.6688
— Longitude: -123.169233
— Reference Benchmark: No
— Vertical Datum Code: Unknown
— Type: Bronze_Tablet
— Setting: Vertical
— Description: In Darrel Bay, on the South east side of the island. 35 m NW of the ferry pier,

4.2m South of M15C9002, on a rock shelf at the high water mark, set in granite, a bronze
tablet marked “Hydrographic Service Canada BM M15C9003.”

The control points used by Volatus Aerospace are summarized in Table 4, Table 5, Table 6 and
Table 7.

Table 4: Control points used for 2022 topographic surveys conducted by Volatus
Aerospace.

Point
Easting

(m)
Northing

(m)
Elevation

(m)
GCP01 487053.608 5504252.471 3.127
GCP02 487030.245 5504370.183 3.584
GCP03 487000.181 5504518.249 3.318
GCP04 486964.950 5504708.712 3.358

Table 5: Control points used for 2023 topographic surveys conducted by Volatus
Aerospace.

Point
Easting

(m)
Northing

(m)
Elevation

(m)
GCP01 487056.166 5504347.074 -0.527
GCP02 486983.701 5504497.561 0.366
GCP03 486991.811 5504630.962 0.363
GCP04 486964.707 5504712.610 3.143
GCP05 486962.096 5504788.295 3.477
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Table 6: Control points used for 2024 Spring topographic surveys conducted by Volatus
Aerospace.

Point
Easting

(m)
Northing

(m)
Elevation

(m)
GCP01 487032.769 5504436.755 0.545

GCP02 487001.787 5504497.841 0.881

GCP03 487006.848 5504560.384 0.707

GCP04 486978.550 5504619.525 0.614

GCP05 486981.871 5504687.008 0.435

GCP06 486967.891 5504741.001 3.128

GCP07 486958.970 5504814.297 3.502

GCP08 486964.175 5504876.783 3.451

Table 7: Control points used for 2024 Fall topographic surveys conducted by Volatus
Aerospace.

Point
Easting

(m)
Northing

(m)
Elevation

(m)

Ν ΠΥΤΜΞΡЮΤ ΡΡΜΠΠΝΞ ΜЮΠΟΞ
Ξ ΠΥΤΜΟΜЮΞ ΡΡΜΠΠΠΦ ΜЮΣΝΟ
Ο ΠΥΤΜΜΥЮΡ ΡΡΜΠΠΤΡ ΜЮΤΠΦ
Π ΠΥΤΜΝΡЮΞ ΡΡΜΠΡΝΤ ΜЮΤΞΡ
Ρ ΠΥΣΦΦΞЮΞ ΡΡΜΠΡΡΝ ΜЮΦΟΣ
Σ ΠΥΣΦΦΡЮΦ ΡΡΜΠΣΜΣ ΜЮΣΦΟ
Τ ΠΥΣΦΤΟЮΥ ΡΡΜΠΣΡΡ ΜЮΠΞΟ
Υ ΠΥΣΦΣΜЮΟ ΡΡΜΠΤΜΝ ΜЮΣΤΦ
Φ ΠΥΣΦΣΤЮΦ ΡΡΜΠΤΠΝ ΟЮΝΣΥ
ΝΜ ΠΥΣΦΣΜЮΝ ΡΡΜΠΤΣΤ ΟЮΟΦΞ
ΝΝ ΠΥΣΦΣΝЮΥ ΡΡΜΠΤΦΤ ΟЮΠΠΞ
ΝΞ ΠΥΣΦΤΣЮΜ ΡΡΜΠΤΝΜ ΞЮΥΟΠ
ΝΟ ΠΥΣΦΤΣЮΜ ΡΡΜΠΤΝΜ ΞЮΥΞΣ

TOPOGRAPHIC SURVEYS

APRIL 2022

An aerial photogrammetry survey was completed using an Unmanned Aerial Vehicle (UAV) by
Bennett Land Surveying Ltd. The survey coverage targeted the Berm location and adjacent
intertidal areas. Deliverables from the UAV survey include:

Orthoimage in TIFF format at 5 cm resolution

Digital elevation model (DEM) in CSV and LAS format gridded to 25 cm
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OCTOBER 2022

An aerial LiDAR survey was completed using a UAV by Volatus Aerospace Corp. The survey
coverage targeted the Berm location and adjacent intertidal areas. Deliverables from the UAV
survey include:

Orthoimage in TIFF format at 0.8 cm resolution

Point cloud in CSV and LAS format

JUNE 2023

An aerial LiDAR survey was completed using a UAV by Volatus Aerospace Corp. The survey
coverage targeted the Berm location and adjacent intertidal areas. Deliverables from the UAV
survey include:

Orthoimage in TIFF format at 2.75 cm resolution

Digital elevation model (DEM) in CSV and LAS format gridded to 10 cm

OCTOBER 2023

An aerial LiDAR survey was completed using a UAV by Volatus Aerospace Corp. The survey
coverage targeted the Berm location and adjacent intertidal areas. Deliverables from the UAV
survey include:

Orthoimage in TIFF format at 2.5 cm resolution

Point cloud in CSV and LAS format

MAY 2024

An aerial LiDAR survey was completed using a UAV by Volatus Aerospace Corp. The survey
coverage targeted the Berm location and adjacent intertidal areas. Deliverables from the UAV
survey include:

Orthoimage in TIFF format at 3.4 cm resolution

Point cloud in CSV and LAS format

SEPTEMBER/OCTOBER 2024

An aerial LiDAR survey was completed using a UAV by Volatus Aerospace Corp. The survey
coverage targeted the Berm location and adjacent intertidal areas. Deliverables from the UAV
survey include:

Orthoimage in TIFF format at 3.46 cm resolution

Point cloud. in CSV and LAS format

Digital Terrain Model at 10cm resolution

Digital Surface Model at 10cm resolution
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BATHYMETRIC SURVEYS

APRIL 2022 - SINGLE BEAM BATHYMETRY

WSP completed a single-beam bathymetric survey in select locations within the project area using
a SonarMite BTX/HPR (Ohmex Instruments Ltd.) SBES. This survey was completed from a
lightweight vessel equipped with an outboard engine allowing for coverage in areas that could not
be reached by the multi beam survey vessel. Deliverables from the SBES include:

Point cloud in CSV and native formats

APRIL 2022 - MULTIBEAM BATHYMETRY

WSP collected MBES data. The timing of the data collection was planned during a period of
relatively high tide level permitted access into shallow water areas. Deliverables from the MBES
include:

Point cloud in CSV and native formats

OCTOBER 2022 - MULTIBEAM BATHYMETRY

MBES data was collected by WSP. The timing of the data collection was planned during a period
of relatively high tide level permitted access into shallow water areas. Deliverables from the
MBES include:

Digital elevation model (DEM) in CSV format gridded to 0.5 m

JUNE 2023 - MULTIBEAM BATHYMETRY

MBES data was collected by CRA Canada Surveys Inc. The timing of the data collection was
planned during a period of relatively high tide level permitted access into shallow water areas.
Deliverables from the MBES include:

Digital elevation model (DEM) in CSV format gridded to 0.5 m

OCTOBER 2023 - MULTIBEAM BATHYMETRY

MBES data was collected by CRA Canada Surveys Inc. The timing of the data collection was
planned during a period of relatively high tide level permitted access into shallow water areas.
Deliverables from the MBES include:

Digital elevation model (DEM) in CSV format gridded to 0.5 m

MAY 2024 - MULTIBEAM BATHYMETRY

MBES data was collected by CRA Canada Surveys Inc. The timing of the data collection was
planned during a period of relatively high tide level permitted access into shallow water areas.
Deliverables from the MBES include:

Digital elevation model (DEM) in CSV format gridded to 0.5 m.
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SEPTEMBER / OCTOBER 2024 – MULTIBEAM BATHYMETRY

MBES data was collected by CRA Canada Surveys Inc. The timing of the data collection was
planned during a period of relatively high tide level permitted access into shallow water areas.
Deliverables from the MBES include:

Digital elevation model (DEM) in CSV format gridded to 0.5 m
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DATA PROCESSING AND MERGING

Topographic and bathymetric survey data from each survey period (April 2022, October 2022,
June 2023, October 2023, May 2024 and September/October 2024) was merged into a common
Digital Elevation Model (DEM). Data from the topographic surveys governed in regions where
the bathymetric and topographic surveys overlap.

For elevation differencing within the Berth Pocket, the DEMs were generated with a 0.25 m grid
resolution. However, for visual comparison within the survey limits, a second set of DEMs were
generated with a reduced horizontal resolution of 1m. The limits for the Berth Pocket and the
survey area are shown on Figure 2.

Cross-sections (transects) have been established along the Berm and Berth Pocket as shown in
Figure 2. The elevations along these cross-sections have been interpolated from the native point
cloud data to a 0.25 m resolution.

Figure 2: Overview of Survey Limits, Berth Pocket, and Cross Sections
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SURVEY RESULTS, RIVER

The combined topographic and bathymetric surveys of the Estuary are presented on Panels 1 and 2
of Figure 3 for the April 2022 and October 2022 surveys, respectively. The difference between
these surveys is presented on Panel 3 of Figure 3.

Figure 4 shows the combined topographic and bathymetric surveys of the Estuary for the October
2022 and June 2023 surveys, respectively. The difference between these surveys is presented on
Panel 3 of Figure 4.

Figure 5 shows the combined topographic and bathymetric surveys of the Estuary for the June
2023 and October 2023 surveys, respectively. The difference between these surveys is presented
on Panel 3 of Figure 5. Coverage during the October 2022 survey is slightly less comprehensive
than during the other surveys due to filming on the Berm preventing site access during the lowest
tides.

Figure 6 shows the combined topographic and bathymetric surveys of the Estuary for the October
2023 and May 2024 surveys, respectively. The difference between these surveys is presented on
Panel 3 of Figure 6.

Figure 7 shows the combined topographic and bathymetric surveys of the Estuary for the May
2024 and September/October 2024 surveys, respectively. The difference between these surveys is
presented on Panel 3 of Figure 7.
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Figure 3: Panel 1: Pre-freshet survey, April 2022, Panel 2: Post-freshet survey, October 2022, Panel 3: Difference between April 2022 and October 2022 surveys
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Figure 4: Panel 1: Post-freshet survey, October 2022, Panel 2: Pre-freshet survey, June 2023, Panel 3: Difference between October 2022 and June 2023 surveys.
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Figure 5: Panel 1: Pre-freshet survey, June 2023, Panel 2: Post-freshet survey, October 2023, Panel 3: Difference between June 2023 and October 2023 surveys.
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Figure 6: Panel 1: Post-freshet survey, October 2023, Panel 2: Pre-freshet survey, May 2024, Panel 3: Difference between October 2023 and May 2024 surveys.
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Figure 7: Panel 1: Pre-freshet survey, May 2024, Panel 2: Post-freshet survey, October 2024, Panel 3: Difference Between May 2024 and October 2024 surveys
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SURVEY RESULTS, BERM

The condition of the finished Berm surface following the CERP has been surveyed to indicate
changes to the Berm crest elevation. The top elevation of the Berm crest along its centreline is
shown in the top panel of Figure 8 for all surveys. The middle panel shows the net elevation
change between surveys along the Berm centerline. The April 2022 and October 2022 surveys
occurred after Phase 1 of the Berm lowering but before completion of the project, therefore the
data series on the comparison plot for these surveys has been terminated at roughly 300 m such
that only post construction data is used in the comparisons.

Figure 9 through Figure 13 present sections cut through the Berm at approximately 35 m intervals.
Section 1 is north of the project site, Sections 2 through 12 cover Phase 2 of the construction,
Sections 13 through 18 cover Phase 1 of the construction, and Section 19 is south of the project
site.

It is noted that the two surveys from Spring and Fall 2022 appear to diverge starting
approximately at Section Distance 500 m, with the difference increasing to the north. There is no
known cause of a general lowering of the berm in that location over time, and the divergence is
indicative of a discrepancy in the topographic survey processing which could impact the accuracy
of apparent changes between the surveys. This issue is isolated to the north part of the survey and
only for the 2022 surveys.
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Figure 8: Top Panel, Berm elevation along its centerline for all surveys (April 2022, October 2022, June 2023, October 2023, May 2024, September/October 2024)
Middle Panel, net changes to the lowered Berm crest elevation
Bottom Panel, Overview of Section placement along Berm, imagery from Volatus Aerospace (September 2024)
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Figure 9: Section views of the Berm looking upstream | Right Panel, Overview of Section placement, imagery from Volatus
Aerospace (September 2024)
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