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Executive Summary

This report summarizes the design criteria for intertidal marsh and subtidal eelgrass zones as well as
using hydraulic engineering manual to design a rock containment berm at northern side of Roberts
Bank Terminal 2 (RBT2) site. Hydrodynamic modeling results (M&N 2020) are used to study and
better understand the overall condition of the project’s site.

A discussion of the existing site conditions is provided in Chapter 2. By characterizing the existing site
conditions the design concept was developed.

A summary of metocean data utilized for the study including water levels, wind, and waves provided
in Chapter 3.

Subsequently, the numerical modeling details are indicated in Chapter 4 and the criteria used to
support the design of the site are discussed in Chapter 5. The Project design criteria also include a
description of the functional, physical and biological criteria as well as the applied engineering
standards using the Costal Engineering Manual (CEM) developed by U.S. Army Corp of Engineers.

Overall conclusions are summarized in Chapter 6.
Findings and Conclusions

1. Post-project current speeds around the peripheral boundaries and RBT2 project areas are
equal to or less than pre-project values.

2. The proposed marsh and eelgrass habitat meets the outline design criteria.

3. The salinity range in the area proposed for new eelgrass plantings is within the optimal range
for eelgrass.

4. The salinity range estimated for the proposed intertidal marsh zone along the northern side of
RBT2 is within the optimal range for select salt-tolerant species.

5. Based on the salinity tolerance parameters; Saltgrass, pickleweed, and Arrowgrass species
may be candidate marsh vegetation for the onsite marsh habitat. The preferred elevation range
for these species is 3.6 to 5.0 m Chart Datum (CD).

6. The freeboard of the rock berm is estimated to be 1.1 m above Higher High Water-Mean Tide
(HHW-MT) with a crest width of 5 m. This corresponds to a crest elevation of about +5.2 m
CD.

7. The suggested marsh channel dimensions range from a 5 m wide and 0.7 m deep channel to
a 10 m wide and 1.4 m deep channel.
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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.

» o« » o« » o« » o« » o« » o« » o«

This study is qualified in its entirety by, and should be considered in light of, these limitations, conditions and considerations.
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Glossary
CD Chart Datum
CHS Canadian Hydrographic Service
cm Centimetres
DHI Danish Hydraulic Institute
HD Hydrodynamic
GD Geodetic Datum
HA Hectare
HHW-LT Higher High Water - Large Tide
HHW-MT Higher High Water - Mean Tide
Hs Significant Wave Height
kg Kilogram
m metre
m Metres
M&N Moffatt & Nichol
m/s Metres per second
mm Millimetres
N Newtons
N/m? Newton per square metre
NAD83 North American Vertical Datum of 1983
OOF Onsite Offset Feature
PAR Photosynthetically Active Radiation
Pl Plasticity Index
ppt Parts per thousand
psu Practical salinity unit
RBT2 Roberts Bank Terminal 2
Sl Systéme International
SW Spectral Wave
To Peak Wave Period
usS United States
USCS Unified Soil Classification System
UM Universal Transverse Mercator
VFPA Vancouver Fraser Port Authority
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1. Introduction

The Roberts Bank Terminal 2 (RBT2) On Site Offsetting project (Project) consists of an intertidal marsh
site and a subtidal eelgrass zone located north of the proposed RBT2 terminal and southwest of the
existing Deltaport Terminal, 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.

Hydrographic conditions including water levels, wind, and waves discussed in Section 3.

Subsequently, the numerical modeling details are included in Chapter 4 and the criteria used to
support the design of the site are discussed in Section 5. The Project design criteria also include a
description of the functional, physical and biological criteria as well as the applied engineering
standards. Conclusions are summarized in Chapter 6.
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2. Site Description

On site offset features for the RBT2 Project consist of an eelgrass bed and an intertidal marsh zone
located along the RBT2 causeway adjacent to the existing Westshore/Deltaport Terminals and to the
north of RBT2 (Figure 2-1).

Roberts Bank
Terminal 2

Existing Deltaport Terminal

Existing Westshore Terminals
Proposed

Rocky Reef

FIGURE 2-1: ROBERTS BANK TERMINAL 2 (EELGRASS, INTERTIDAL MARSH, ROCKY REEF) LOCATION

The Onsite Offset Features (OOF) involve creation of eelgrass beds by placement of sand fill between
constructed containment berms. The eelgrass zone will be located at west-side of the existing Delta-
port terminal adjacent to existing eelgrass colonies. The containment berms are comprised of quarry
run rock and quarry screenings orientated along the north side of the proposed intertidal marsh zone,
adjacent to the proposed RBT2. The site boundaries are constrained by property boundaries, existing
habitat, and footprint of the proposed RBT2 terminal.

The proposed intertidal marsh zone will be placed along the north-side of RBT2 and protected and
contained by a rock berm. The rock berm will serve to reduce vulnerability of intertidal marsh against
wave action coming from west and contain the fill material. An example photo of existing marsh near
the proposed site is shown in Figure 2-2.
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FIGURE 2-2: EXAMPLE OF EXISTING MARSH
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3. Hydrographic Conditions

3.1. Water Levels

3.1.1. Astronomical Tides

Total water level consists of astronomical and meteorological tide components. Astronomical tides
refer to the tidal levels which result from gravitational effects, e.g. of the Earth, Sun and Moon, without
any atmospheric influences.

Table 3-1 summarizes tidal datums at Tsawwassen based on the Canadian Hydrographic Service
Nautical Chart 3492 (CHS, 2005).
e Higher High Water Large Tide (HHW-LT): The average of the highest high waters, one from
each of 19 years of predictions.
e Higher High Water Mean Tide (HHW-MT): The average from all the higher high waters from
19 years of predictions.
e Mean Water Level (MLW): The average of all hourly water levels over the available period of
record.
e Lower Low Water Mean Tide (LLW-MT): The average of all the lower low waters from 19 years
of predictions.
e Lower Low Water Large Tide (LLW-LT): The average of the lowest low waters, one from each
of 19 years of predictions.

TABLE 3-1: TIDAL DATUMS FOR TSAWWASSEN (CHS, 2005)

Elevation above Chart Datum (m, CD)

Location Large Tide Mean Tide
Mean Water Level
HHW LLW HHW LLW
Tsawwassen 4.8 0.1 4.1 1.2 3.0

3.1.2. Extreme Water Levels

The second component of total water level, meteorological tides (or residual), refer to changes in
expected astronomical tides caused by local meteorological conditions. The positive value of residual
is commonly called storm surge as the water surface is elevated due to the passage of a low-pressure
storm system. Extreme value estimates are summarized in Table 3-2.

TABLE 3-2: EXTREME HIGH WATER LEVELS ESTIMATED AT RBT2 (WORLEY PARSONS, 2014)

Return Period (Years)

Description
2 5 10 50 100
Extreme High Water Level 502 515 599 535 539
(m, CD)
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3.2. Winds

Wind data for Sandheads is archived in the Environment Canada National Climate Data and
Information network. A total of 24 years of data between 1995 and 2018 was analyzed. Figure 3-1
presents the annual wind rose and shows the prevailing wind direction is from the east. Stronger
winds are aligned northwesterly or east/southeasterly, which reflects the open water orientation of the
Strait of Georgia. The largest recorded wind speed was approximately 50 knots.

Table 3-3 summarizes wind speed extremes. The 50-year and 100-year return period omni-directional
winds are 50 and 51 knots.

TABLE 3-3. EXTREME WIND SPEEDS AT SANDHEADS (WORLEY PARSONS, 2014)

Return Period (Year)
Wind Direction

1 2 5 10 25 30 50 100
Omni-Directional (knots) 40 42 44 46 48 49 50 51
SE-S (knots) 38 40 43 45 47 48 49 51
NW-W (knots) 36 39 42 44 47 48 49 51

M&N conducted a wind-wave analysis using MIKE-21 Spectral Wave (SW) model to estimate the
exposure of the marsh and eelgrass zones to wave action. Figure 3-2 shows the location of output
points.
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Wind Speed (Annual)
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FIGURE 3-1: ANNUAL WIND ROSE AT SANDHEADS
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FIGURE 3-2: WIND-WAVE MODEL DATA OUTPUT LOCATIONS

Table 3-4 lists the significant wave height for the 7 selected locations (Figure 3-2). Comparing all
locations, it is clear that Point 1 is the most exposed location. These values were obtained from a
normal high tide without sea-level rise (SLR).

TABLE 3-4: SIGNIFICANT WAVE HEIGHT FOR SELECTED LOCATIONS

WSPD Significant Wave Height (m)
(knots) Point1 Point2 Point3  Point4 Point5 Point6 Point7
5 0.21 0.19 0.19 0.20 0.19 0.19 0.19
10 0.29 0.27 0.27 0.28 0.27 0.27 0.27
15 0.42 0.40 0.39 0.39 0.39 0.38 0.37
20 0.54 0.51 0.50 0.51 0.50 0.50 0.47
25 0.68 0.63 0.62 0.65 0.63 0.61 0.59
30 0.84 0.78 0.76 0.79 0.78 0.75 0.72
35 1.00 0.94 0.92 0.95 0.93 0.91 0.86
40 1.17 1.1 1.08 1.10 1.08 1.07 1.01
45 1.35 1.28 1.25 1.26 1.24 1.23 1.16
50 1.53 1.45 1.42 1.42 1.40 1.40 1.31
55 1.70 1.63 1.59 1.57 1.55 1.57 1.46
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Similarly, Table 3-5 lists the corresponding peak wave period. For the design wind speed of 50 knots
(e.g. 50-year return period), the peak wave period is around 4.1 seconds in the marsh area.

TABLE 3-5: PEAK WAVE PERIOD FOR SELECTED LOCATIONS

WSPD Peak Wave Period (s)

(knots) Point1 Point2 Point3  Point4 Point5 Point6 Point7
S 2.5 2.5 2.5 2.5 2.5 2.5 2.5
10 2.7 2.7 2.7 2.7 2.7 2.7 2.7
15 2.9 2.8 2.8 2.8 2.7 2.8 2.7
20 3.0 2.9 2.9 2.9 2.9 2.9 2.9
25 3.2 3.2 3.1 3.1 3.1 3.1 3.1
30 3.4 3.3 33 3.3 3.3 3.3 3.3
35 3.6 3.5 3.5 3.6 3.5 3.5 3.5
40 3.8 3.7 3.7 3.7 3.7 3.7 3.6
45 4.0 3.9 3.9 3.9 3.9 3.9 3.9
50 4.1 41 4.0 4.1 41 4.0 4.0
55 4.3 4.2 4.2 4.2 4.2 4.2 41

Figure 3-3 and Figure 3-4 present examples of significant wave height variations and peak wave period
under 50 knots wind.
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FIGURE 3-4: PEAK WAVE PERIOD UNDER 50 KNOTS WIND
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4.  Numerical Modelling Development

The Danish Hydraulic Institute MIKE-21 two-dimensional Spectral Wave (SW) and Hydrodynamic
(HD) models were developed for the Lower Fraser River and Strait of Georgia to carry out the relevant
analyses and to determine engineering requirements for the proposed marsh. Both models were
calibrated to ensure that wave and hydrodynamic processes were adequately reproduced. Figure 4-1
depicts the locations of the metocean data stations used in the model development.

08MH005

A ;
[DF0;7795 W
8 YDFO

Y% Project site
Data Stations
discharge
tide
wave / wind [l

wind

FIGURE 4-1: METEOCEAN DATA STATIONS

41. Model Description

MIKE-21 is a modelling system developed by the Danish Hydraulic Institute (DHI) Water and
Environment. It was selected for the project because of the flexibility and computational efficiency with
its unstructured grid configuration. The unstructured grid makes it possible to resolve both large and
small-scale flow and wave processes effectively. Finer resolution grid elements are used in the vicinity
of the project area while coarser grid elements are used away from the areas of interest.

The SW model solves the wave action conservation equations and simulates the growth, decay, and
transformation of wind-generated seas and long-period swells in offshore and coastal areas. The SW
considers important physical processes, including wave growth by action of winds, shoaling and
refraction due to depth variations, diffraction and reflection near structures, wave breaking in the surf
zone, wave dissipation (including bottom friction, white capping, and wave-wave interaction), and
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some non-linear wave-current interactions. Although the model considers wave shoaling due to
seabed changes and wave breaking where the water depth can’t sustain the incident wave height, it
should be noted that the focus of the study is on the design wave condition, which is occurred when
the water level is high.

The HD model solves the depth-averaged shallow water equations and simulates water level
variations and flows in response to a variety of forcing functions. It has been applied extensively
worldwide within oceanographic, coastal, and estuarine environments.

4.2. Model Grid and Bathymetry

For computational efficiency and accuracy purposes, different model grids were developed for the SW
and HD model. To accurately reproduce wave processes such as growth and propagation to RBT2,
the computational domain for the SW model covers the Strait of Georgia Basin, extended around
Texada Island to the northwest and connected with Strait of Juan de Fuca to the south (orange polygon
in Figure 4-2); while a smaller domain for the HD model (pink polygon in Figure 4-2) to resolve the
complex circulation processes in the Fraser River Delta. The HD domain extends inland to Mission as
the freshwater discharge source.

Figure 4-3 shows the unstructured grid configuration (e.g. variable element resolutions) near RBT2.
The finest element resolution around the proposed marsh area is approximately 25 m, while the
coarsest grid element is about 650 to 700 m in the Strait of Georgia.

Bathymetry (or seabed elevations) for the majority of model domain was extracted from the C-Map
Software of DHI, incorporating Jeppesen Norway’s electronic database of global nautical charts (DHI,
2008). Figure 4-4 shows the average water depth in the Strait of Georgia is approximately 150 meters.
The maximum depth can reach 400 meters, just south of Texada Island.

Bathymetry in the shallow mudflats surrounding the project area was based on Stantec’s LiDAR survey
conducted in July 2013 (Stantec, 2013). The LiDAR coverage included Roberts Bank and Sturgeon
Bank. At the proposed onsite marshes, the design elevation was based on the preliminary concept
drawing (M&N, 2020). Figure 4-5 presents the model bathymetry near RBT2, with onsite marshes.
Vertical datum reference is Chart Datum (CD).
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FIGURE 4-3: UNSTRUCTURED GRID ELEMENTS NEAR RBT2
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4.3. SW Model Calibration

Typically, outputs from any numerical model need to be verified with field measurements, in order to
show the model can reasonably reproduce the processes or environment of interest. This procedure
is called model calibration.

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

A winter storm which occurred in Strait of Georgia in December 2001 was selected for SW model
calibration because the storm had lasted more than 12 hours. Figure 4-6 shows the selected storm
had retained wind speeds up to 40 knots (or 20 m/s) at Halibut Bank with predominant northwest-
southeast directions.
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FIGURE 4-6: SELECTED WINTER STORM EVENT FOR WAVE CALIBRATION

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

 Root Mean Square Error (RMSE): ¢, =/(x—»)’

e Mean Absolute Error (MAE, m): MAE = ‘x—y|
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e Model Prediction Capability Index (d): ; __ (x-y)°
(=] =y - =)

Where, x and y represent the measured and modelled data, respectively. A comparison between
measured and modelled wave statistical parameters is presented in Figure 4-7 and Figure 4-8, and
shows that the model is in reasonable agreement with the measurements.
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4.4. HD Model Calibration

The HD model was calibrated against water levels and flow split. Modelled water levels were compared
with tides measured at two DFO tide gauges, namely Point Atkinson and Vancouver, labelled as
DFO7795 and DFO7735 in Figure 4-1. Modelled flow split was compared to measurements as
reported by North Hydraulic Consultants (NHC, 2006).

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

A two-month simulation period was conducted between June 1 and July 31, 2012, in order to capture
the higher-than-average discharges observed during the 2012 freshet season. A graphical comparison
between measured and modelled water levels is provided in Figure 4-9 and shows that the HD model
closely reproduces observed water level variations. Model prediction capability indices (d) of 0.99 (1.0
being perfect prediction) corroborate the accuracy of the modelled water levels at both tide gauges.

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

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

Onsite Offset Features for the RBT2 project include intertidal marsh, subtidal eelgrass, and rock
berms. This section describes the design criteria that apply to these. This includes a description of the
physical and biological design criteria as well as applicable engineering standards.

Horizontal datum is NAD83 UTM Zone 10N. The vertical datum is Canadian Hydrographic Service
(CHS) Chart Datum (CD). All drawings are presented in SI (metric) units.

The following guidelines, codes, and standards are applicable:

e British Columbia Building Code 2018 (BCBC'18); and

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

5.1. Peak Tidal Currents

Sediment mobilized by waves and tidal currents may either bury plants, expose roots and rhizomes or
during heavy storms even uproot entire plants. Moderate current speeds tend to enhance eelgrass
growth. The maximum current that eelgrass can withstand depends to some extent on the sediment
type. The optimal range for eelgrass reported in the literature varies considerably, a conservative
range would be 2 to 120 cm s™'. The habitat is usually patchy (sub-optimal) at the higher velocities.

A recent study using a flume determined that the critical orbital velocity threshold for eelgrass growing
in sand was 12 cm s and in mud 4 cm s, greater velocities resulted in increased sediment
resuspension and therefore increased turbidity reducing the amount of photosynthetically active
radiation (PAR) that reaches the plants. The roots and rhizomes of eelgrass growing in mud started
to be uprooted around 15 cm s, while the eelgrass growing in sand could withstand that velocity.
Eelgrass establishes best on a fairly level seabed, it would be best to minimize any slopes (Durance
C., 2014).

The MIKE-21 HD model was used to evaluate the changes to the tidal hydrodynamics due to the
incorporation of the proposed intertidal marsh and eelgrass beds. The pre- and post-project peak
current speeds within the existing and proposed intertidal marsh and subtidal eelgrass zones are
shown graphically in Figure 5-1 and Figure 5-2. Additionally, Figure 5-3 shows the difference of peak
currents between the pre- and post-project conditions. Table 5-1 provides depth-averaged current
speeds for both the intertidal marsh and subtidal eelgrass zones.

Result shows that the post-project speeds at the project boundaries are equal or less than the existing
values and within the acceptable range to predict bedform impacts. Consequently the construction of
the intertidal marsh and eelgrass beds will have negligible impact to the tidal currents in the existing
intertidal marsh and eelgrass zones with peak post-project current speeds of approximately 0.4 m/s.
At the northwest corner of the RBT2, the area with the highest current speed (ranges 1 — 1.2 m/s)
reduces at the post-project phase and still remains within the acceptable range defined for optimal
eelgrass/marsh zone maximum current speed.
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The overall evaluation indicates that post project current speeds are equal or less than pre-project
values and construction of the new plan meet all the requirements and design criteria.

TABLE 5-1: DEPTH-AVERAGED CURRENT SPEED FOR EXISTING AND PROPOSED CONDITIONS

Tidal Currents
Description Existing Proposed
Intertidal Eelarass Intertidal Eelarass
Marsh 9 Marsh 9
CurrentSpeed  po\, 04  04-06  Below0.1 Below 0.4
Range (m/s)

(m]
5435000

5434000

5433000

5432000

5431000

Current speed [m/s]
Il Above 1.2
10-1.2
08-1.0
06-08
04-06
02-04

5430000

5428000

5428000 -
482000 484000 486000 488000 480000 492000

FIGURE 5-1: PRE-PROJECT PEAK CURRENTS
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FIGURE 5-3: DIFFERENCE OF PEAK CURRENTS BETWEEN PRE- AND POST-PROJECT CONDITIONS

5.2. Permissible Bed Shear Stress

Stantec (2016a, b) conducted an exploratory investigation of soil properties and performed laboratory
tests on samples collected from borings.

Per the Unified Soil Classification System (USCS), Table 5-2, surficial sediments at the project site
classify as poorly graded sand (SP), poorly graded sand with silt (SP-SM), and silty sand (SM),
generally described as poorly graded sand with fines (silt), interbedded by layers of silt
(Stantec, 2016a). From west to east, the content of fines in the sand ranges from 5 to 15% (silt

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 21



Modeling Report | Vancouver Fraser Port Authority
Revision 0 | August 13, 2020

content), increasing to 15-30%. About 5 metres below the surface, transitioning to grey, sandy silt (ML)
with an overall fines content of 65% (Stantec 2016b).

TABLE 5-2: UNIFIED SOIL CLASSIFICATION SYSTEM (ABBREVIATED)

Classification ID Description
Clean GGV;/ \Fi\/ell Igrade(;j iravels |
Gravels - .oor y graded gravels
With GM Silty gravels
Fines GC Clayey gravels
SW Well graded sands
Clean SP Poorly graded sands
Sands - . VA
With SM Silty sands
Fines SC  |Clayey sands
Silts and Clays '\élll: !norgan‘|c s:lts
LL 50% or less Inorganic clays
OL  |Organic silts or clays
Silts and Clays MH !norgan}c silts
CH inorganic clays

LL greater than 50% —
OH Organic silts or clays

Highly Organic Soils Peat

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

Table 5-3 summarizes typical permissible shear stresses for materials in the range from non-cohesive
to cohesive material. Shear stress is defined as the force per unit area (expressed in N/m?) applied
parallel to the surface of a material.

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

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

The plasticity index (Pl) of materials obtained from surficial soil samples ranged from about 7 to 9,
Stantec (2016a). Based on this the permissible shear stress is estimated to be around 2.5 to 3.0 N/m2.
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TABLE 5-3: TYPICAL PERMISSIBLE SHEAR STRESS, REPRODUCED FROM FHWA (2005)

Permissible Shear

Material Category Material Type Stress (N/m?)
Clayey sands 1.81t04.5
Bare Soil (P1=10) Inorganic silts 1.1104.0
Silty sands 111034
Clayey sands 4.5
Bare Soil Inorganic silts 4.0
Cohesive (Pl = 20) Silty sands 35
Inorganic sands 6.6
Finer than coarse sand 10
d7s < 1.3 mm )
Bare Soil Fine gravel 56
Non-cohesive (Pl < 10) d7s = 7.5 mm '
Gravel
drs = 15 mm 1.0
Coarse gravel
dso = 25 mm 19.0
Gravel v I
ery coarse grave
dso = 50 mm 38.0
dso =0.15m 113.0
Rock riprap
dso =0.30 m 227.0

By coupling the calibrated HD and SW model, tidal-induced and storm wave-induced bed shear stress
at each model grid were combined to represent a normalized annual condition. Figure 5-4 illustrates
the maximum pre-project bed shear stress, as well as the approximate outline of existing dense
eelgrass or marsh beds (dark green line). Result indicates that although the majority of the existing
dense eelgrass or marsh beds fall in the bed shear stress less than 1 N/m? (light blue color), the upper-
end threshold can be near 2.5-3 N/m? as some local spots can see eelgrass growth up to this zone,
e.g. areas near Canoe Pass and the Delta Port entrance. Figure 5-5 investigates the maximum bed
shear stress after the onsite marshes are created. Result indicates that the entire onsite marshes area
falls in the zone with bed shear stress less than 1 N/m2. In addition, there are very minor (nearly non-
noticeable) changes from the pre-project condition.
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FIGURE 5-4: PRE-PROJECT BED SHEAR STRESS
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FIGURE 5-5: POST-PROJECT BED SHEAR STRESS

5.3. Biological Design Criteria

5.3.1. Eelgrass Salinity Range

The optimal salinity range for eelgrass is 10-30 ppt. Although it can tolerate short periods of 0 ppt.
without any reduction in growth. Figure 5-6 and Figure 5-7 indicates salinity values for the project
location based on high slack and ebb tides respectively (RBT2 EIS Appendix 9.5-A). Table 5-4 shows
the estimated salinity ranges for existing and proposed conditions extracted from the figures and based
on both high slack and ebb tides.
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TABLE 5-4: SALINTY RANGES FOR EXISTING AND PROPOSED EELGRASS ZONES

Eelgrass Zone

Description
Existing Proposed

Salinity Range (ppt) 22.5-30 10.5-30

Based on the ranges obtained from the below figures and per Table 5-4 it is concluded that the salinity
levels remain within the optimal range for the proposed eelgrass area.

5434000
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NORTHING (m)

5430000

5429000

5428000
483000 484000 485000 486000 487000 488000 489000 490000

EASTING (m) Elevation in Chart Datum (m)

FIGURE 5-6: SALINITIES ASSOCIATED WITH A HIGH SLACK TIDE
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FIGURE 5-7: SALINITIES ASSOCIATED WITH AN EBB TIDE

5.3.2. Intertidal Marsh Salinity Range

Intertidal marsh habitat is characterized by emergent vascular plants that exist in the elevation range
of +3.2 to +4.8 m CD that is regularly covered during high tides. At Roberts Bank, typical species of
intertidal marsh habitats include sedges such as Carex lyngbyei and Schoenoplectus pungens,
saltgrass species, e.g. Distichlis spicata, and succulents including Sarcocomia pacifica
(Hemmera 2014). The salinity tolerance of marsh vegetation ranges between 18 to 30 ppt
(GLW, 2017).

Table 5-5 shows that salinity levels at the existing tidal marsh area (northwest of delta port) are about
25 ppt. The salinity range estimated for the proposed intertidal marsh zone along the northern side of
RBT2 is within the optimal range.

TABLE 5-5: SALINTY RANGES FOR EXISTING AND PROPOSED TIDAL MARSH ZONES

Marsh Zone
Description
Existing Proposed

Salinity Range (ppt) 24 -255 18-25.5
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The intertidal marsh can be created on raised areas adjacent to the terminal and causeway at
elevations between +3.0 m chart datum (CD) and +5.0 m CD (EIS Appendix 17-B, Drawing 17-B1),

where wave energy is dissipated in the high intertidal (supralittoral) zone.

Table 5-6 summarizes elevation and salinity tolerance ranges of dominant low and high intertidal
marsh species measured on Roberts Bank.

TABLE 5-6: PROJECT AND REGIONAL MARSH HABITAT SALINITY TOLERANCE

Plant Species

Salinity Range

(PPT)

Seacoast Bulrush 2-20
Lyngbye’s Sedge 0-15
Saltgrass 4-35

Baltic Rush 2-15
Pacific Silverweed 0-15
Pickleweed 18 -35
Three-Square Bulrush 0-20
Softstem Bulrush 0-11
Arrowgrass 0-30

References:
1) GLW (2009)
2) GLW (2017a)

5.3.3. Intertidal Marsh Elevation Range

Table 5-7 summarizes elevation ranges of dominant low and high intertidal marsh species on Roberts

Bank identified in field surveys.

Blank cells indicate that the respective species was not observed at the indicated location, or elevation

data was not collected.
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TABLE 5-7: PROJECT AND REGIONAL MARSH HABITAT ELEVATION RANGES

Elevation Range (m CD)

Plant Species Roberts DeltaPort Steveston Jetty
Bank' Causeway’ South Arm?
Seacoast Bulrush 3.0-338 34-40 3.0-3.2
Lyngbye’s Sedge 3.1-4.2 3.1-3.9
Saltgrass 3.8-5.0 3.8-5.0
Baltic Rush 3.0-34 32-40
Pacific Silverweed 3.0-4.2
Pickleweed 3.6-45 3.6-47
Three-Square Bulrush 26-3.8 3.2-3.9 28-33
Softstem Bulrush 3.1-43
Arrowgrass 3.6-4.0 3.6-4.0
References:

1) GLW (2009)
2) GLW (2017a)

5.3.4. Intertidal Marsh Wave Tolerance

Douglass et al. (2004) have studied the tolerance of marsh vegetation with respect to wave exposure.

Figure 5-8 summarizes the applicable guidance. The green lines in the figure indicate significant wave
height limits permitting marsh vegetation to propagate. The blue lines indicate wave heights at which
wetland vegetation will be subject to erosion. The red lines indicate the wave threshold above which
wetland species are unable to grow.

The studies by Douglass et al. (2004) found that the upper limit of wave energy for existence of salt
marsh could be quantified as:

e Median (Hs0) H=0.13 m
e Corresponding Hgg = 0.25 m

Sites with less wave energy were observed to have vegetation along the shoreline, while sites exposed
to larger wave heights were unable to support marsh habitat.
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FIGURE 5-8: WAVE HEIGHT TOLERANCE FOR MARSH SPECIES, DOUGLASS (2004).

5.3.5. Rock Berm Stone Size

The median stone mass for a stable riprap distribution can be determined using the Hudson equation
(CEM, 2011):

ps X H?

My, = 5-1

Ky X (&— 1)3 X cota
Pw

H  Characteristic wave height (Hy)
Ms, Median mass of stone armor unit
ps Mass density of stone
pw Mass density of water
K, Stability coefficient
a Slope angle

Based on the equation 5-1, median stone mass would be equal to 740 kg.

Table 5-8 demonstrates the gradation of rock sizes in each class of riprap. To meet the minimum
requirements, class of 1000 kg is selected for design purposes.
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TABLE 5-8: GRADATION OF ROCK SIZES IN EACH CLASS OF RIPRAP

CLASS OF *NOMINAL THICKNESS ROCK GRADATION PERCENTAGE SMALLER
RIPRAP OF RIPRAP THAN GIVEN ROCK MASS (kg)
(kg) (mm)
15% 50% 85%
10 350 1 10 30
25 450 2.5 25 75
50 550 5 50 150
100 700 10 100 300
250 1000 25 250 750
500 1200 50 500 1500
| 1000 1500 100 1000 3000 ]
2000 2000 200 2000 6000
4000 2500 400 4000 12000

* The thickness of riprap, measured at right angles to the slope, for the class specified, shall be the nominal
thickness stated, unless otherwise shown on the Drawings or required by the Ministry Representative.

5.3.6. Rock Berm Crest Elevation

Wave action behind a rock structure can be caused by wave overtopping and wave penetration if the
structure is permeable. The wave transmission can be characterized by a transmission coefficient, C;,
defined as the ratio of transmitted to incident characteristic wave heights. The transmission coefficient
is defined by equation 5-2 as follows:

Hg, 5-2

Ct:H_s

Where:
H,, Transmitted characteristic wave height

H, Incident characteristic wave height

Based on Table 3-3 and Table 3-4, the maximum 1-year return period wind speed from northwest-
west (NW-W) direction and maximum wave height is equal to 36 knots and 1 m respectively. For
design purposes, the maximum transmitted wave for intertidal marsh zone is selected to be 0.1 m.

Therefore, the transmission coefficient (C,) equals 0.1.

Equation 5-3 indicates the wave transmission formula by van der Meer et al. (1991) for rock armored
low-crested, and submerged structures, which accounts for the crest width of structure.

5-3

R

+b

Hy
C, = (0.031 X - 0.24) X

n50 n50
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H,  Significant wave height of incident waves

D,s, Median of nominal diameter of rocks for design condition
R. Freeboard, negative for submerged structure
b  Constant based on crest width

Based on equation 5-3 and a crest width of 5 m, the required freeboard above HHW-MT taken as an
average of mean high tides is R; = 1.1 m, which corresponds to a crest elevation of the rock berm of
about +5.2 m CD (Figure 5-9).

Crest Top Elevation =+5.2 m Amwr smm
HHW-MT = +4.1m /

FIGURE 5-9: ROCK BERM CREST ELEVATION AND DETAILS (VAN DER MEER-1991)

5.3.7. Marsh Channel Dimensions

To provide channel characteristics and dimensions within a tidally dominated coastal landscape,
Hughes (2002) and other studies suggest the existence of a relationship between cross-sectional area
and tidal prism for tidal channels. Their approach reasonably fits a wide range of channels and inlets.
The findings from Hughes (2002) was augmented with data for local mudflat and marsh channels on
Sturgeon Bank and Roberts Bank. Data for tidal prism, channel width, channel depth, and
cross-sectional area was collected for existing marsh channels and channels on the mudflat.
Figure 5-10 presents the observed relationship where green circles are representative of marsh
channels and orange circles representative of channels on the mudflats.
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FIGURE 5-10: EQUILIBRIUM CROSS-SECTION AREA VERSUS TIDAL PRISM DATA

The plan areas of the intertidal marsh zone and rock berm are about 76,000 m? and 44,000 m?
respectively (120,000 m? in total). Based on Table 3-1, HHW-MT equals to 4.1 m (CD) and LLW-MT
is about 1.2 m (CD). Since the suggested marsh vegetation is located at around elevation 3.6 m (CD),
the maximum water volume needed to route through the channel is approximately 6x10* m3. Using
the relationship, an equilibrium cross-sectional area during peak discharge is estimated around 5 m?
if using Jarrett’s relationship and about 10 m? based on the local marsh channel data. In addition,
based on the simulation modeling results, the maximum discharge for the channel out of intertidal
marsh zone is approximately 12 m3/s. Based on Friedrichs (1995), the relationship between cross-
sectional area and peak discharge for tidal channels is shown in Figure 5-11. It confirms the finding
from previous method about the optimal cross-sectional area for the channel is about 10 m? based on
Friedrichs relationship.

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 32



Modeling Report | Vancouver Fraser Port Authority
Revision 0 | August 13, 2020

106 T L T T T v - L/ /

103 | "
104 | i
10° 1
A > ::. +
@?) | 3 4
A )
102 v "
L

10!

U.S. Atlantic Coast inlets
(JARRETT, 1976)

:/o |
10! - “ '!12 ' - . .

102 107! 10° 10! 102 103 104 10 106
Q (m3s)

FIGURE 5-11: CROSS-SECTIONAL AREA VS. PEAK DISCHARGE FOR SHELTERED TIDAL CHANNELS
(FRIEDRICHS,1995)

10°

While there is great variability within tide-dominated systems, the channel width-to-depth ratio can be
split into two discrete groups of tidal channels, namely marsh channels and channels on mudflats
(Hughes, 2011). Adopting this concept, aerial photographs and LiDAR survey were used to estimate
the width-to-depth ratios for marsh channels and mudflat channels on Sturgeon Bank and Roberts
Bank. The data is shown in Figure 5-12, where the green circles represent marsh channel dimensions
and the orange circles are representative of channels on the mudflats. The marsh channel data
correlates well with Hughes (2011) data in the figure. The suggested range of the proposed marsh
channel geometry is indicated by the dashed red lines in the figure. The suggested range is from a
5 m wide and 0.7 m deep channel to a 10 m wide and 1.4 m deep channel.
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FIGURE 5-12: WIDTH-TO-DEPTH RATIO FOR TIDAL CHANNELS (ADOPTED FROM HUGHES 2011)
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Conclusions

Overall evaluation from the analyses conducted for this report indicates that:

Post-project current speeds around the peripheral boundaries and RBT2 project areas are
equal to or less than pre-project values.

The proposed marsh and eelgrass habitat meets the outline design criteria.

The salinity range in the area proposed for new eelgrass plantings is within the optimal range
for eelgrass.

The salinity range estimated for the proposed intertidal marsh zone along the northern side of
RBT2 is within the optimal range for select salt-tolerant species.
Based on the salinity tolerance parameters; Saltgrass, pickleweed, and Arrowgrass species

may be candidate marsh vegetation for the onsite marsh habitat. The preferred elevation range
for these species is 3.6 to 5.0 m CD.

The freeboard of the rock berm is estimated to be 1.1 m above Higher High Water-Mean Tide
(HHW-MT). This corresponds to a crest elevation of about +5.2 m CD.

The suggested marsh channel dimensions range from a 5 m wide and 0.7 m deep channel to
a 10 m wide and 1.4 m deep channel.

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 35



Modeling Report | Vancouver Fraser Port Authority
Revision 0 | August 13, 2020

7. References

BIEAP-FREMP (2006). Environmental Management Strategy for Dredging in the Fraser River Estuary.
Burrard Inlet Environmental Action Program (BIEAP) and Fraser River Estuary Management Program
(FREMP).

BC Ministry of Environment (BC MOE, 2007), Lower Mainland Region Dyke Mapping. 2007.
Canadian Hydrographic Services (2005). Charts #3492.

CBA (2010). Roberts Bank and Sturgeon Bank Reach Overview — Phase 2. A report for BIEAP-
FREMP.

CEM (2011). U.S. Army Corps of Engineers, Engineering and Design “Coastal Engineering Manual’.
DHI (2008). MIKE C-Map. User Guide.

Durance, C. (2014). Eelgrass Habitat Creation in British Columbia. A Presentation to Port Metro
Vancouver. October 1, 2014.

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

Friedrichs, C.T., 1995. Stability Shear Stress and Equilibrium Cross-Sectional Geometry of Sheltered
Tidal Channels. Journal of Coastal Research (11), p1062-1074.

FHWA (2005). Design of Roadside Channels with Flexible Linings. Hydraulic Engineering Circular
No. 15, Third Edition. Publication No. FHWA-NHI-05-114. U.S. Department of Transportation, Federal
Highway Administration. National Highway Institute. September 2005.

GLW (2009). Roberts Bank and Sturgeon Bank Reach Overview. Backgrounder. Prepared for Fraser
River Estuary Management Program. Prepared by Gary Williams, GL Williams & Associates Ltd., 2907
Silver Lake Place, Coquitlam BC V3C 6A2; and Andre Zimmermann, Derek Ray, Charlene Menezes,
Northwest Hydraulic Consultants, 30 Gostick Place, North Vancouver, BC V7M 3G3. October 27,
20009.

GLW (2017). Preliminary determination of planting quantities for South Arm Jetty. Prepared for Moffatt
& Nichol. Prepared by Gary Williams, Professional Wetland Scientist. GL Williams & Associates Ltd.,
Coastal and Estuarine Habitat, 2907 Silver Lake Place, Coquitlam BC V3C 6A2.

Hemmera Environchem Inc. (2014). Roberts Banks Terminal 2, Technical Data Report, Marine
Vegetation.

Hemmera Environchem Inc. (2015a). Existing Ecological Conditions Proposed Tsawwassen Eelgrass
Enhancement Project.

Hemmera Environchem Inc. (2015b). Tsawwassen Eelgrass Enhancement Project Source Sediment
Characterization.

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 36



Modeling Report | Vancouver Fraser Port Authority
Revision 0 | August 13, 2020

Hughes, Z.J., 2011. Chapter 11: Tidal Channels on Tidal Flats and Marshes, Principles of Tidal
Sedimentology. Editors: Davis Jr., R.A. and Dalrymple, R.W. Publisher: Springer Netherlands.

Jacques Whitford-Axys (2007). Vancouver Island Transmission Reinforcement Project; Application for
Navigable Waters Act Authorization for Habitat Compensation Works on Roberts Bank, Tsawwassen,
BC.

Jacques Whitford-Axys (2007). Vancouver Island Transmission Reinforcement Project; Fish Habitat
Compensation Plan, Tsawwassen, BC.

Moffatt & Nichol (2012). Memorandum on Updated Hydrodynamic Model of Roberts Bank, prepared
for Hemmera Environchem Inc. Reference Job No. 7627-22. Dated March 16, 2012.

Moffatt & Nichol (2020). Proposed Eelgrass at Elev -1 W/ Temp. Access Road & Intertidal Ranges.
Dated February 26, 2020.

North Hydraulic Consultants (2006). Lower Fraser River Hydraulic Model: Recorded Flow Splits.
Drawing Prepared for Fraser Basin Council. North Vancouver, BC.

Precision Identification (2013). Assessment of Potential Eelgrass Transplant Sites, prepared for Port
Metro Vancouver. Tsawwassen, Delta. April 2013.

Stantec (2013). Sturgeon and Roberts Bank LiDAR July 2013. Data file Prepared for Port of
Vancouver.

Stantec (2016a). Borehole Record. Project: Roberts Bank Terminal 2. Prepared for: Port of Vancouver.
Prepared by: Stantec. Dates of Borings: 2016/08/25 to 2016/08/30.

Stantec (2016b). Profile B-B’ — Fines Content. Container Capacity Improvement Program, Roberts
Bank Terminal 2. Proposed Terminal Expansion. Dwg. 34-347-GT-0304, sheet 1 of 1, Rev. A. Scale
1:2500H, 1:500V. Date: 12/02/16.

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 37



Appendix IR2020-1.1-A2

Roberts Bank Terminal 2 Onsite Habitat
Offsetting Design Report



moffatt & nichol

Roberts Bank Terminal 2 Onsite Habitat Offsetting

Design Report

PRODUCED FOR

(,'e\ PORT of

1’4 vancouver

AUGUST 14, 2020

www.moffattnichol.com Creative People, Practical Solutions.®



Document Verification

Design Report | Vancouver Fraser Port Authority
Revision B | August 14, 2020

Client

Vancouver Fraser Port Authority

Project name

RBT2 Onsite Habitat Offsetting

Document title Design Report

Date August 14, 2020

Project number 9117

Revision  Description Issued by Date Checked
A Draft AA/LW June 24, 2020 MC

B Issued for Review AAILW August 14, 2020 | YN/MC
Produced by:

Moffatt & Nichol, Vancouver
Suite 301 - 777 West Broadway
Vancouver BC V5Z 4J7 Canada

T +1-604-707-9004
www.moffattnichol.com

.‘.‘ moffatt & nichol

Creative People, Practical Solutions.®



Table of Contents

Design Report | Vancouver Fraser Port Authority
Revision B | August 14, 2020

DOCUMENT VEITICALION ...ttt [
D] - T 0 -] PP OT ST v
1. INEFOAUCTION ... bbbt 1
110 PTOJECE SILE oot 2
2. C0ASTAl SEELING.......viececieiir et R bRt R bbb pen et 3
2.1, BACKGIOUNT. ...t 3
2.2, Fraser RIVEr SAlINILY DALA........ccccceriiiirireiiriiicte st ettt er b b s 6
2.3, ENVIroONmMENtal CONGIIONS ......cuiurueiriieieieieisrie ettt 9
2.3.1. WALET LBVEIS ...ttt 9
2.3.2. EXIEME WAL LEVEIS ..ottt 10
2.3.3. WINGS.c..iieiseiei ettt 10
2.3.4. Wind Wave Characteristics - ONSIE MAISH .........ccrrriieerernsc s 12
2.3.5. CUurrents at the ROCK REET ..o 14
2.3.6. GEOteChNICAl CONMIIONS ......cvevieeeriiereieieeisiec ettt ettt s s s 14
3. DESIGN CHILEIIA ...vcvvviiccictete ettt bbbt b s s bbb bbbttt s s s s 15
3.1 GENEIal DESIGN CIILEIIA ......vveeeieiseieieie e 15
3.1.1. Project DAtum @N0 UNIES.........cviriiiiiiniicisiies s 15
3.1.2. Service Life and REIUM PEIOM ...........oovuriiiiiceee sttt 15
3.1.3. Codes, Standards and DeSigN GUITEIINES .........ccririiriiriiriiniireeii s 15
3.1.4. Functional Requirements — Marsh and E€IGrass ...........cuovrnniinissssese s 15
3.1.5. Functional Requirements — ROCKY REET ... 17
3.2, Proposed Marsh and EIGIASS. .........cueereuririiireretitsissise ettt ss s st s st s s s 18
3.3, PropoSEU ROCK REET ...ttt bttt 20
K Bt To I 1101 - TSRS 22
3.4.1. C0aStal DESIGN PATAMELETS .......c.vueiieieeriiieiriscieei et 22
3.4.2. Planting EIEVALIONS ......c.cviviieeiriiieirieiett et 22
3.4.3. ROCKY REEF EIBVALIONS. ......ouivuieeaiiiseieieicteii ettt 22
344, SPALAI CONSITAINTS.......evrrivtiseireireireeiet sttt 22
3.5, Wave and Hydrodynamic MOUEIING ..........coceruruririiceees e 22
3.5.1. MOGEI DESCIIPLON ...ttt bbbt 22
3.5.2. PEAK TItal CUITENTS .....evieiieiiieieiireiei sttt bbbttt es 25
3.5.3. Permissible BEA SNEA SIESS ........cvviieiriiieiiesicei bbb 28
3.5.4. Salinity MOGEIING, EQIGIASS........cuirireiiieisciriieieireie ettt 29
3.5.5. Salinity MOElNG, MASH.......coiiieirie bbb 31
3.6, ROCK BEIM SLONE SIZE......oiiiiiieieieieiee ettt ettt bttt 32
3.7, ROCK BEIM CreSt EIBVALION. .......ciiiiiiiieiricieiiesi s 32
3.8, Marsh Channel DIMENSIONS.......c.cieereuriririririereistetst sttt es et ese e st eb e s e e st es s nnes 33
4, CONSTIUCTION DELAIIS. ... 34
.‘.‘ moffatt & nichol Creative People, Practical Solutions.® i



Design Report | Vancouver Fraser Port Authority
Revision B | August 14, 2020

4.1, SIE DESCHIPHONS .....v.iieeceeteisisi ettt ettt ettt s et bbb s ettt s e e s bbb b s s s bbbt b s bbb 34
O 00 3 1 11T [0 T =T L] (=TSSR 34
4.2.1. MArSH @0 ERIGIASS........cuviiieiiiriiriiieirieie bbb 34
A = (010 Q2 (=L TS 34
G TS| (=Yoot -1 U 34
4.4, Construction MEthOUOIOQY ........vveerrurirriiiieieies ettt ettt 35
4.5, CONSHUCHON SCREAUIE.......ceiivieii ettt b ettt b et s b b e st bese et 36
5. (000 g 1S3 1 (8 o (o] g D[ (=Tox A0 ) AR 38
ST AR O 1 A o1 TS0 (=1 = 4O 38
LI I 1121 110 Y 38
= (L (=] (=TSR 39
APPENIX A PIOJECE DIAWINGS. ... ceceeieetiiricieieieisteisise ettt ese et es st b s se e st b e b et s e e st e s b s esseser et eansens A
Appendix B: Coastal ANAIYSIS REPOIM........cccciiiiiiieisrcee e B
APPENTiX C: BOrENOIE RECOITS ...t C
Appendix D: CONSLIUCTION SCREUUIE..........cccviiiiicecs s D

List of Figures

Figure 1-1: Roberts Bank Terminal 2 (eelgrass, intertidal marsh, rocky Reef) location ............cccceeevivvccnessiininnen, 2
Figure 2-1: Fraser River Delta fringe physiography (after Williams et al, 2009)...........ccccorrriernernieeerer s 3
Figure 2-2: Bathymetry in The Vicinity of the Project (CHS, 2005) ........ccccovivreiniiiiiccnsrssseessssss s ssenens 4
Figure 2-3: Fraser River Daily diSCharge, (EC 2017) ....ccovoieeererireeiesis et seneees 5
Figure 2-4: Effects of freshets on water level in the Fraser River Estuary, British Columbia ..........ccccccovvvivieininniinnen, 6
Figure 2-5: Location of Fraser River Water QUAlity BUOY...........cccvuiiiiiccnnsssecess s sesesns 7
Figure 2-6: Water temperature and salinity data from Fraser River WQ Buoy (ENVIRODAT, 2017).......cccccoevrurrinenn. 8
Figure 2-7: Variation of salinity with flood and ebb tide (ENVIRODAT, 2017)........cccovirrriirniininiinsieissseeseeisnssseens 9
Figure 2-8: ANNUAI WING ROSE .......ccvvriiieceiees sttt 11
Figure 2-9: Location of observation points for Wave characteristics approaching Onsite Marsh and eelgrass ........... 12
Figure 3-1: Schematic of Interrelationships and Habitat characteristics (after Roni et al, 2002)..........ccccocevvirvrrinennes 16
Figure 3-2: Proposed EEIgrass and Marsh ConCept [aY0UL ............criurriiiieniissesees s 19
Figure 3-3: Typical onsite Marsh and E€lgrass CroSS SECHONS. ........cccoieciieeiiieieeee e 20
Figure 3-4: ROCK REEF LAYOUL .......cucveviiicicieies ettt bbb 21
Figure 3-5: ROCK REEF tYPICaAl SECHON. .....c.ceiviiisie ettt 21
Figure 3-6: Model domain for the spectral wave and hydrodynamic MOGEIS ...........cccoeerriiricesssiseceees s 24
Figure 3-7: Unstructured grid elements NEAr RBT2 ..........ccovirrrinncitcesss et 24
Figure 3-8: Overall MOdel DAtNYMELIY ........cciiie e 25
Figure 3-9: Pre-projeCt PEAK CUITENLS ........c.ceuieririreereieieisiriree ettt ese sttt ettt et es s nsenes 27
Figure 3-10: POSE-PrOJECt PEAK CUMENLS ........cuvieeiiciiiiescisieeis i 27
Figure 3-11: Difference of peak currents between pre- and post-project Conditions...........cccoeerrerrreeesnrnerenes 28

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® ii



Design Report | Vancouver Fraser Port Authority
Revision B | August 14, 2020

Figure 3-12: Pre-project Ded SNEAI SIIESS.........cuiiiiiiricie 29
Figure 3-13: POSt-project Ded SNEAT SIIESS ...ttt 29
Figure 3-14: Salinities associated with a high slack tide (RBT2 EIS AppendixX 9.5-A) ... 30
Figure 3-15: Salinities associated with an ebb tide (RBT2 EIS AppendiX 9.5-A) ......cevirrrerrnrrreeee s 31
Figure 3-16: Rock berm crest elevation and details (van der Meer-1991) ... 32
Figure 4-1: Temporary ACCESS ROBM .........cciuiuriiiiieieieirree ettt 35
List of Tables

Table 2-1: Tidal datums for TSAWwasSen (CHS, 2005)..........ccuririeiiieieis s 10
Table 2-2: Extreme high water levels (m, CD) estimated at RBT2 (Worley Parsons, 2014) ..........cccccevvvvreeernrennnns 10
Table 2-3. Extreme wind speeds at Sandheads (Worley Parsons, 2014) ... 10
Table 2-4: wave characteristics for data-point 10cations (NW WINQS).........cccoeervviiiieisssseeesessssssesessessssnns 13
Table 2-5: Peak wave period for Selected locations (NW WiNAS) .........coveerrrnninicerssreseeeee e 13
Table 3-1: BIEAP-FREMP Habitat Management Guideling (CBA 2010)........cccccvviiienisniseeessssss s 17
Table 3-2: Depth-Averaged Current speed for existing and proposed CONGItIONS...........ccerreereerrnnrereeeessesenens 26
Table 3-3: Salinty ranges for existing and proposed Eelgrass ZONES..........ccovereirnieine s 30
Table 3-4: Salinty ranges for existing and proposed tidal Marsh ZONES..........cccovvierinnneeer e 31
Table 4-1: TOtal HADIEAL ATBA .....c.cvivivicieeeicieisi ettt ettt b b n st et 34
Table 5-1: Marsh & Eelgrass CONStruCtion QIfECE COSE.........uviiimiiiiiininiirirsse e 38
Table 5-2: Rock Reef CONSIIUCION QIFECE COSE.......ciuiuiiiiiiiiicieistss et 38

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® v



Design Report | Vancouver Fraser Port Authority
Revision B | August 14, 2020

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.

" o« " o« ”ou ” o

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

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® v



Design Report | Vancouver Fraser Port Authority
Revision B | August 14, 2020

1. Introduction

The Vancouver Fraser Port Authority (VFPA) is proposing to create habitat to offset impacts from
construction of the Roberts Bank Terminal 2 (RBT2). RBT2 is a proposed marine container terminal
in Delta, British Columbia (BC), approximately 35 km south of downtown Vancouver, BC. The terminal
would be constructed west of the existing Westshore and Deltaport terminals, as shown on Figure 1-
1.

Two onsite habitat offsetting projects (hereafter referred to as the Project) under investigation include:
e anonsite marsh and eelgrass bed located on the northern perimeter of the RBT2 terminal; and
e arocky reef located immediately east of the RBT2 terminal

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

The construction details for the Project are discussed in Section 4. Following a general site description,
the features of the Project are presented, including: the eelgrass habitat, containment structure, marsh,
site access, rocky reef layout, construction methodology and construction schedule. Sections 5
provides details on the construction direct cost (CDC) estimate.
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Proposed
Roberts Bank
Terminal 2

Proposed Widened Roberts Bank Causeway

Deltaport Way (Existing)

Expanded Tug Basin (Proposed)

Existing Deltaport Terminal

Existing Westshore Terminals
Proposed

Rocky Reef

FIGURE 1-1: ROBERTS BANK TERMINAL 2 (EELGRASS, INTERTIDAL MARSH, ROCKY REEF) LOCATION

1.1.  Project Site

The marsh/eelgrass beds are proposed to be located on the northern perimeter of the proposed RBT2
terminal. The rocky reef would supplement existing rocky reef located east of RBT2, offshore of the
Westport terminal. The site lies on the Fraser River Delta, adjacent to Delta, British Columbia.

The proposed subtidal eelgrass beds are located adjacent to existing eelgrass on the Fraser River
Delta in elevations ranging from 0.0 m to -2.0 m Chart Datum (CD). The marsh area is proposed to be
placed directly against the proposed terminal boundary ranging from +3.6 m to +5.0 m and contained
with rock berms.

The proposed rocky reef site was selected because of the current relatively low sub bottom habitat
values and adjacency to previously constructed successful habitat. The site was originally started with
prototype reefs in 1983 and have undergone several expansions between 1985 to 2007. The proposed
rocky reef extension consists of constructing a series of boulder mounds located adjacent to the
existing Westshore coal terminal in Delta (Figure 1-1). Existing rocky reef habitat in the area will be
supplemented by the proposed additions. The configuration comprising the Project currently consists
of a series of linear boulder features as well as separate smaller mounds interspersed amongst the
linear features. The proposed rocky reef exists in waters from roughly -2.0 m to -5.0 m CD (subtidal
range).
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2. Coastal Setting

2.1.  Background

The proposed project site is in Roberts Bank, which is a shallow offshore estuarine area on the outer
edge of the Fraser River Delta. Roberts Bank supports a productive and diverse ecosystem that
supports critical fish and wildlife functions. Figure 2-1 gives a general impression of the physiography
of the delta, where the dashed line marks the reach boundary of Sturgeon Bank and Roberts Bank.
Figure 2-2 shows the water depth in the vicinity of the project. The site is located close to the edge of
the Fraser River Delta, and is also affected by waves from the Salish Sea. A brief review of the general
physical setting of the Fraser River system and Delta is presented in this section.

FIGURE 2-1: FRASER RIVER DELTA FRINGE PHYSIOGRAPHY (AFTER WILLIAMS ET AL, 2009)
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FIGURE 2-2: BATHYMETRY IN THE VICINITY OF THE PROJECT (CHS, 2005)

The gross drainage area of the Fraser River is approximately 217,000 km?. Hydrometric data, including
water level and discharge data has been measured at Hope since 1912, capturing a period of record
of 106 years.

Figure 2-3 summarizes the maximum, minimum, and mean discharge data recorded at Hope.
Additionally, the year 1991 is shown, taken as representative of average conditions.

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

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

The peak annual discharge around mid-June can range from approximately 4,000 m3/s (blue curve)
to 14,000 m3/s (green curve). The average peak annual discharge is around 7,000 m3/s (brown curve).
In dry years, the base outflow can be as low as 600-1,000 m%/s, increasing to 2,000-4,000 m?/s in wet
years.

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 4



Design Report | Vancouver Fraser Port Authority
Revision B | August 14, 2020

—— 1391 Data haimum —— Mdinimum —— Mean

17000

16000 4

150004

14000 4

130004

120004

110004

100004

3000 4

G000 4

Discharge (m3/s)

70004
G000 4
o000+
4000 A
3000 1
2000 4

1000 ™
e eteeee™”

0 T T T T T T T T T T T
Jan 01 Feh 01 har 01 Apr o May 01 Jun 01 Jul o1 Aug 01 Sep 01 Oct 01 Moy 01 Dec 01
Date

FIGURE 2-3: FRASER RIVER DAILY DISCHARGE, (EC 2017)

Due to the distributary flow share, the water levels along the south arm are affected by the freshets.
Figure 2-4 shows the effects of freshets on water level in the reach starting from Sand Heads, in open
water, to New Westminster (Ferguson 1991). The figure shows that mean water level rises by more
than 1 m from Sand Heads to New Westminster during freshets.
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FIGURE 2-4: EFFECTS OF FRESHETS ON WATER LEVEL IN THE FRASER RIVER ESTUARY, BRITISH
COLUMBIA

2.2.  Fraser River Salinity Data

Water is drawn from the Fraser River for consumption, industrial, and agricultural uses. The salinity of
the water depends on how far upstream the water is sourced. The extent of salinity intrusion up the
Fraser River is strongly dependent on the river outflow (discharge), which varies annually. The salinity
intrusion is greater in years with low river discharge.

Salinity data was acquired from ENVIRODAT (2016) for the Fraser River Water Quality Buoy. The
buoy provides continuous real-time sampling of surface water quality parameters utilized to assess
the quality of Fraser River fresh water. The location of the buoy is shown in Figure 2-5, which is near
Tilbury at Gravesend Reach, at Latitude/Longitude 49.1484°N, 123.0392°W.

The buoy provides continuous real-time tracking of dissolved oxygen (DO) content, water pH value,
conductivity, turbidity, water velocity, and water temperature. Levels of trace metals, nutrients, major
ions, and coliforms are logged bi-weekly. The buoy also has the ability to track levels of a range of
organic contaminants, including: pesticides, nonylphenols, polychlorinated biphenyls (PCBSs),
polycyclic aromatic hydrocarbons (PAHSs), and polybrominated diphenyl ether (PBDES).
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Additional instrumentation on the buoy captures wind speed, wind direction, air pressure, relative
humidity, water depth, and latitude/longitude position and heading.

"z §
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Burrard Inlet
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w
Fraser River
Water Quality Buoy
Roberts Bank

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

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

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

Salinity levels throughout the year are inversely related to outflow from the Fraser River. Salinities of
up to 15-18 parts per thousand (ppt) are recorded in the months from September to April (low
discharge months). Over the summer months from May through August, i.e. the peak discharge
months, the water is fresh.
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FIGURE 2-6: WATER TEMPERATURE AND SALINITY DATA FROM FRASER RIVER WQ BUOY

(ENVIRODAT, 2017)

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

The variation of the salinity level is indicated by the orange/red curve, with units in PSU/ppt per the
scale on the right-hand side of the figure. The variation of the salinity follows each tidal cycle,
increasing on flood tides as saltwater propagates inland, and decreasing on ebb tides where more

freshwater flows out.
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FIGURE 2-7: VARIATION OF SALINITY WITH FLOOD AND EBB TIDE (ENVIRODAT, 2017)

2.3.  Environmental Conditions
2.3.1. Water Levels

Total water level consists of astronomical and meteorological tide components, as well as river flow in
an estuarine environment. Astronomical tides refer to the tidal levels which result from gravitational
effects, e.g. of the Earth, Sun and Moon, without any atmospheric influences.

Table 2-11 summarizes tidal datums at Tsawwassen based on the Canadian Hydrographic Service
(CHS) Nautical Chart 3492 (CHS, 2005).
e Higher High Water Large Tide (HHWLT): The average of the highest high waters, one from
each of 19 years of predictions.
e Higher High Water Mean Tide (HHWMT): The average from all the higher high waters from 19
years of predictions.
o Mean Water Level (MWL): The average of all hourly water levels over the available period of
record.
e Lower Low Water Mean Tide (LLWMT): The average of all the lower low waters from 19 years
of predictions.
e Lower Low Water Large Tide (LLWLT): The average of the lowest low waters, one from each
of 19 years of predictions.
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TABLE 2-1: TIDAL DATUMS FOR TSAWWASSEN (CHS, 2005)

Tidal water surface

Higher High Water Large Tide (HHWLT) +4.8
Higher High Water Mean Tide (HHWMT) +4.1
Mean Water Level (MWL) +3.0
Lower Low Water Mean Tide (LLWMT) +1.2
Lower Low Water Large Tide (LLWLT) +0.1
Chart Datum (CD) 0.0

2.3.2. Extreme Water Levels

The second component of total water level, meteorological tides (or residual), refer to changes in
expected astronomical tides caused by local meteorological conditions. The positive value of residual
is commonly called storm surge as the water surface is elevated due to the passage of a low-pressure
storm system. Extreme value estimates are summarized in Table 2-2.

TABLE 2-2: EXTREME HIGH WATER LEVELS (M, CD) ESTIMATED AT RBT2 (WORLEY PARSONS, 2014)

Return Period (Years)

Description
2 5 10 50 100
Extreme High Water Level
(m, CD) 5.02 5.15 5.22 5.35 5.39
2.3.3.  Winds

Wind data for Sandheads is archived in the Environment Canada National Climate Data and
Information network. A total of 24 years of data between 1995 and 2018 was analyzed. Figure 2-8
presents the annual wind rose and shows the prevailing wind direction is from the east. Stronger winds
are aligned northwesterly or east/southeasterly, which reflects the open water orientation of the Strait
of Georgia. The largest recorded wind speed was approximately 50 knots.

Table 2-3 summarizes wind speed extremes. The 50-year and 100-year return period omni-directional
winds are 50 and 51 knots.

TABLE 2-3. EXTREME WIND SPEEDS AT SANDHEADS (WORLEY PARSONS, 2014)

Return Period (Year)
Wind Direction

1 2 5 10 25 30 50 100
Omni-Directional (knots) 40 42 44 46 48 49 50 51
SE-S (knots) 38 40 43 45 47 48 49 51
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FIGURE 2-8: ANNUAL WIND ROSE
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2.3.4. Wind Wave Characteristics - Onsite Marsh

M&N (2020) conducted a wind-wave analysis using MIKE-21 Spectral Wave (SW) model to estimate
the exposure of the proposed marsh and eelgrass zones to wave action. Figure 2-9 shows the location
of observation points within the proposed habitat area.

FIGURE 2-9: LOCATION OF OBSERVATION POINTS FOR WAVE CHARACTERISTICS APPROACHING ONSITE
MARSH AND EELGRASS

A detailed discussion of wind wave analysis is presented in Appendix B. At the proposed onsite habitat
area, wave breaking processes (i.e. depth limited breaking waves) associated with water levels were
found to govern the potential wave heights at the project site.

Table 2-4 and Table 2-5 shows the detailed wave characteristics for 7 observation-points presented
in Figure 2-9. Point #1 is the most exposed resulting in higher waves compared to other observation
points, therefore considered most critical location for design purposes. These values are obtained
during a normal high tide without Sea-Level Rise (SLR).
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TABLE 2-4: WAVE CHARACTERISTICS FOR DATA-POINT LOCATIONS (NW WINDS)

Wind Speed Significant Wave Height (m)

(knots) Point1 Point2 Point3 Point4 Point5 Point6 Point7
5 0.21 0.19 0.19 0.20 0.19 0.19 0.19
10 0.29 0.27 0.27 0.28 0.27 0.27 0.27
15 0.42 0.40 0.39 0.39 0.39 0.38 0.37
20 0.54 0.51 0.50 0.51 0.50 0.50 0.47
25 0.68 0.63 0.62 0.65 0.63 0.61 0.59
30 0.84 0.78 0.76 0.79 0.78 0.75 0.72
35 1.00 0.94 0.92 0.95 0.93 0.91 0.86
40 1.17 1.11 1.08 1.10 1.08 1.07 1.01
45 1.35 1.28 1.25 1.26 1.24 1.23 1.16
50 1.53 1.45 1.42 1.42 1.40 1.40 1.31
55 1.70 1.63 1.59 1.57 1.55 1.57 1.46

TABLE 2-5: PEAK WAVE PERIOD FOR SELECTED LOCATIONS (NW WINDS)

Peak Wave Period (s)
Point1 | Point2 | Point3 | Point4 | Point5 Point6 | Point 7

WSPD (knots)

S 2.5 2.5 2.5 2.5 2.5 2.5 2.5
10 2.7 2.7 2.7 2.7 2.7 2.7 2.7
15 2.9 2.8 2.8 2.8 2.7 2.8 2.7
20 3.0 2.9 29 2.9 2.9 29 2.9
25 3.2 3.2 3.1 3.1 3.1 3.1 3.1
30 3.4 3.3 3.3 3.3 3.3 3.3 3.3
35 3.6 3.5 3.5 3.6 3.5 3.5 3.5
40 3.8 3.7 3.7 3.7 3.7 3.7 3.6
45 4.0 3.9 3.9 3.9 3.9 3.9 3.9
50 4.1 4.1 4.0 4.1 4.1 4.0 4.0
95 4.3 4.2 4.2 4.2 4.2 4.2 4.1

Highest waves are observed at Point #1, with a Hs of up to 1.70 m. Based on the wind data presented
in Section 2.3.3, the 100-year extreme wind is in the order of 51 knots, therefore a the corresponding
100-year wave is expected to be in the order of 1.53 m with peak wave period of 4.1 seconds. Other
observation points behind the proposed landmass are more sheltered compared to Point 1, and
therefore the resulting wave heights are smaller. The peak periods from measured storms for model
calibration are between 6 and 7 seconds at the height of the storm. The shallower depths, especially
in stations 5, 6, and 7 result in a depth limited wave condition.
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2.3.5. Currents at the Rock Reef

The maximum velocity on the bottom under the 50-year design event is calculated to be about 2.1 m/s.
The required stable rock size based on commonly used bridge scour protection and a factor of safety
of 1.5 is 225 mm. Thus, the proposed boulder clusters are not likely to be displaced by wave-induced
horizontal particle velocities during the 50-year design storm event. However, in order to ensure that
any potential movement of the boulders occurs within the rock bedding and not onto the adjacent
seabed or rock reef, it is recommended that they not be placed within 2 m of the edge of the rock
bedding. (NHC, 2015)

2.3.6. Geotechnical Conditions

The proposed project is located at Roberts Bank which forms the western boundary of the modern
day Fraser River delta. The Fraser River delta is a geologically young feature, being about 10,000
years old. Roberts Bank is an even younger feature than the Fraser River delta, representing the
geologically most recent depositions associated with deltaic formation, likely over no more than the
last 2000 years.

The delta consists of layered sands and fined sediments washed down from the Coast Mountains.
The RBT2 site is underlain by a granular soil unit consisting of loose to compact recently deposited
sands, silts, and interbedded sand and silts that vary in thickness from 75m to in excess of 100m.
Geotechnical reports prepared for the proposed Roberts Bank Terminal 2 include soil borings in the
vicinity of the marsh/eelgrass areas. The substrate is suitable to accommodate stable placement of
the rock berm and fill materials.

Stantec conducted geotechnical site investigation program in 2016 which includes collection of sail
samples at the proposed RBT2 area. For the onsite marsh area, borehole record at the northwest
corner of the proposed terminal shows that the surface soil consists of mostly sand with traces of silt
material (Appendix C).
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3. Design Criteria

This section describes the criteria that guided the design of the proposed Project. This section includes
a description of the functional, physical and biological design criteria as well as the applied engineering
standards.

3.1.  General Design Criteria

3.1.1. Project Datum and Units

Horizontal datum is based on NAD83 UTM Zone 10. The vertical datum is Chart Datum (CD). 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
withstand no damage, such as a marine terminal, a 50-year or more return period event is often used.
However, for this project the containment structures for the habitat features are less critical since the
sites do not constitute existing flood protection infrastructure (BC MOE 2007). As such, a return period
of 25 years for the extreme event will be used in the design. The shore protection measure under
consideration is a rubble mound construction which typically does not fail catastrophically, but rather,
tends to fail incrementally, which can be repaired to extend the lifespan. The existing rock reef
elements have been in place for decades in a stable configuration and are not considered critical
structures.

3.1.3. Codes, Standards and Design Guidelines
The following guidelines, codes, and standards shall be used for this project:
e British Columbia Building Code 2018 (BCBC’18);

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

3.1.4. Functional Requirements — Marsh and Eelgrass

Figure 3-1 shows a schematic of processes and controls that define a habitat. Engineering and other
interventions must take note of the delicate balance among relevant factors to avoid destruction or
significant modification of a habitat.
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FIGURE 3-1: SCHEMATIC OF INTERRELATIONSHIPS AND HABITAT CHARACTERISTICS (AFTER RONI ET AL,
2002)

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

Guideline Description

1 Preserve habitat features to maintain fish and wildlife functions:
o fish feeding (marshes),

o waterfowl and shorehird nesting,

e roosting and feeding (trees and shrubs),

e leaf and insect input, and

o wildlife feeding and refuge cover.

2 Design facilities to minimize structure or surface footprints, even for elevated structures such as docks.
3 Preserve intertidal areas, including sand flats, mudflats and marsh to the degree possible.
4 For mitigation consider complexing marsh habitat, e.g. tidal channels, planting, large woody debris to improve

fish access and utilization.

3.1.5.  Functional Requirements — Rocky Reef

The proposed rocky reef site was selected because of the current relatively low sub bottom habitat
values and adjacency to previously constructed successful habitat. The site was originally started with
prototype reefs in 1983 and have undergone several expansions from 1985 to 2007. The reef designs
provided hard, stable substrates in the productive shallow sub-tidal zone to benefit fish, invertebrate,
and algal communities.

Strong tidal currents flush the seaward margin of the Deltaport facility to support a diverse and
productive marine community on the hard, stable surfaces of the reef and within the voids of the
artificial structure itself. The Port reports that the existing rock reef features remain physically stable
and continue to perform well, sustaining a diverse and productive marine community. In addition to
supporting an abundant fish and invertebrate community, subtidal vegetation algae (e.g. Nereocystis)
is well established (Williams et al., 2006).

The existing reefs were constructed using large angular riprap that was randomly stacked to create
large crevices and provide a large surface area for sessile organisms to attach. Crevices of varying
size in the interstitial spaces of subtidal reefs are well documented to provide excellent habitat for a
wide variety of resident fish. The open matrix of a well-constructed rock rubble reef also promotes
good exposure to strong tidal flushing that increases food and oxygen availability within the reef
structure itself. Lingcod, for example, typically select habitats with these characteristics for their nest
sites as they promote successful spawning and offer good egg attachment substrates. Exposure to
strong and efficient tidal flushing has been shown to ensure efficient oxygen delivery to the center of
lingcod nests (Cass et al. 1990).

Rock Reef provides:

e important habitat for fish and wildlife including juvenile salmon, Pacific herring, Dungeness
crab, Lingcod, and sea stars
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o refuge and nurseries for juvenile fish and invertebrates

3.2.  Proposed Marsh and Eelgrass

Intertidal marshes perform important ecological functions including shoreline stabilization, gas and
nutrient regulation, contaminant filtering, nutrient supply, as well as increasing biological diversity.
They also provide complex habitat use for shelter and food by organisms at a number of trophic levels.
Intertidal marsh is generally defined as vegetated low-lying habitat for which flooding characteristics
are determined by the tidal movement of the adjacent water body. Although the Fraser River supports
three types of intertidal marsh habitat, the salt marsh is predominant along the existing causeway and
is typically colonized by salt tolerant emergent plants. The structure and function of the marsh is
heavily influenced by hydrology as well as salinity, substrate, and sediment supply. The overall goal
for the project is to create marsh habitat with interconnected channels to enhance salmon passage
and bird habitat. Elevations of the channels e are designed to maximize circulation, while minimizing
erosion that would require maintenance or detrimental impacts to adjacent habitat and navigation
channels.

Eelgrass fills would consist of both filling in deeper areas where eelgrass currently is not growing, as
well as transplanting in areas of proper elevation, but sparse or no eelgrass coverage.

Physical features of the marsh and eelgrass site include wave protection from northwest waves,
erosion protection in channel areas subjected to higher current velocities, fills to support planted
vegetation, and channels to connect the site to adjacent habitat and proposed marsh. The eelgrass
area would include a protective fore-berm to protect it from scouring currents and fills to raise the
existing sea floor. A plan and typical section of the proposed marsh and eelgrass is shown in Figure
3-2 and Figure 3-3.
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FIGURE 3-2: PROPOSED EELGRASS AND MARSH CONCEPT LAYOUT

10

PROPOSED ]
E GHOUND INTERTIDAL
%
E EBLOFE PROTECTION MWL
g i 5 s 7
REVETMENT STk 1 EELGRASS L
o Etmstm - EL=1 __g__
"n‘{.,‘ P R I W _/,
\- ADOTONAL EFLGRASS
EXISTING PLANTING ON EXISTING

BATHY

=10

m INTERTIDAL MARSH AND BERM

@ SCALE: 11000, 55 VERTICAL EXAGGERATION

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 19



Design Report | Vancouver Fraser Port Authority
Revision B | August 14, 2020

CROWM FEDERAL P

ROIL¥ATTE

i INTERTIOAL MARS
4 _é

SLOFE FROTECTION

A7 L
B e Sm EELGRASS EL=1m
iy,
.*n--n.uw—--l [ a1

EXISTING BATHY
ARMOR TO EXPOSED FACE

A1 HY

/C\ EELGRASS (FINAL)
I-\"\‘_:Ii! SCALE: 1:1000, 5% VERTICAL EXAGGERATION

FIGURE 3-3: TYPICAL ONSITE MARSH AND EELGRASS CROSS SECTIONS.

3.3.

Proposed Rock Reef

The proposed boulder clusters consist of 900 mm diameter boulders that would be placed on top of
the 450 mm rock bedding adjacent to the rock reefs at elevations between -3.0 m and -4.0 m CD. The
boulders would consist of both linear features and independent boulder clusters. The boulders would
be placed in clusters of three boulders at a spacing of one cluster per 27 m2. The bedding extends 5
m from the edge of the rock reef. Placement of the boulders on top of the bedding will cause them to
project above the surrounding surface and is intended to provide improved habitat conditions. The
proposed layout and typical sections are shown in Figure 3-4 and Figure 3-5.
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3.4.  Design Criteria

3.41. Coastal Design Parameters

The description of coastal design parameters, including tide, water levels, waves, and salinity were
previously presented in Section 2.

3.4.2. Planting Elevations

Marsh construction at the marsh habitat enhancement site will consist of extending the marsh platform
over the tidal flats, contained within a cobble gravel berm. The finished marsh design elevation will
range between +3.6 and +5.0 m CD. The containment berm will consist of a rock berm. Suitable low
marsh brackish plant species will be transplanted into the constructed marsh platform.

The eelgrass planting will range between -2.0 m CD and abut the existing eelgrass beds.

3.4.3. Rocky Reef Elevations

The bathymetry varies between -2.0 m and -5.0 m CD with the proposed reef crest elevations varying
between -0.5 m and -3.5 m CD, which will support marine algal communities and provide habitat
zonation in the well-flushed shallow subtidal region. The reefs are sited in subtidal waters so that they
will not impede or obstruct the out-migration of juvenile salmon, particularly chum and pink that sweep
around the end of the Deltaport facility during the Fraser River's springtime out-migration.

3.44. Spatial Constraints

The overall configuration for the marsh and eelgrass areas are confined by existing habitat to the
north, proposed RBT2 terminal to the south, causeway to the east, and property boundaries on both
north and east.

The rocky reef is limited to the north by the existing Westport terminal, to the east by the property
boundary, to the west by the proposed RBT2 terminal, and to the south by a sharply dipping ocean
floor. Existing rock reef will be expanded.

3.5. Wave and Hydrodynamic Modeling

This section describes wave and hydrodynamic modeling conducted in support of the marsh and
eelgrass design.

3.5.1.  Model Description

In 2020 Moffatt & Nichol prepared modeling of the onsite marsh project. The modeling were conducted
to assess wave stress over the marsh substrate and to examine the salinity conditions to support the
marsh habitat. The outcome was used to establish the amount of shore protection required to lessen
wave action sufficiently to support vegetation, elevations for planting, as well as the salinity levels to
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allow plant survival. Details of the study are provided in Appendix B in detail and are summarized in
this report.

Coastal design parameters for wind, wave, tides, and river flows have been presented in section 2 and
were used as input parameters for the model. Topography and bathymetry data in the shallow mudflats
surrounding the project area was obtained from two LIDAR surveys conducted in 2013 and 2017
respectively. This was supplemented with additional data collected in 2019.

The Danish Hydraulic Institute MIKE-21 two-dimensional Spectral Wave (SW) and Hydrodynamic
(HD) models were developed for the Lower Fraser River and Strait of Georgia to carry out the relevant
analyses and to determine design requirements for the proposed marsh. Both models were calibrated
to ensure that wave and hydrodynamic processes were adequately reproduced.

MIKE-21 is a modelling system developed by the Danish Hydraulic Institute (DHI) Water and
Environment. It was selected for the project because of the flexibility and computational efficiency with
its unstructured grid configuration. The unstructured grid makes it possible to resolve both large and
small-scale flow and wave processes effectively. Finer resolution grid elements are used in the vicinity
of the project area while coarser grid elements are used away from the areas of interest.

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

The HD model solves the depth-averaged shallow water equations and simulates water level
variations and flows in response to a variety of forcing functions. It has been applied extensively
worldwide within oceanographic, coastal, and estuarine environments.

Different model grids were developed for the SW and HD model. The computational domain for the
SW model covers the Strait of Georgia Basin, extended around Texada Island to the northwest and
connected with Strait of Juan de Fuca to the south (orange polygon in Figure 3-6); while a smaller
domain was used for the HD model (pink polygon in Figure 3-6) to resolve the complex circulation
processes in the Fraser River Delta. The HD domain extends inland to Mission as the freshwater
discharge source.

Figure 3-7 shows the unstructured grid elements near RBT2. The finest element resolution around the
proposed marsh area is approximately 25 m. Figure 3-8 illustrates the overall model bathymetry.

The models were calibrated using measurement data available from DFO to compare model outputs
versus actual measurements. The results were found to be in agreement with the measured data.
Details are provided in Appendix B.
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FIGURE 3-8: OVERALL MODEL BATHYMETRY

3.5.2. Peak Tidal Currents

Sediment mobilized by waves and tidal currents may either bury plants, expose roots and rhizomes or
during heavy storms even uproot entire plants. Moderate current speeds tend to enhance eelgrass
growth. The maximum current that eelgrass can withstand depends to some extent on the sediment
type. The optimal range for eelgrass reported in the literature varies considerably, ranging between
0.02 to 1.20 m/s. The habitat is usually patchy (sub-optimal) at the higher velocities.

A recent study using a flume determined that the critical orbital velocity threshold for eelgrass growing
in sand was 0.12 m/s and in mud 0.04 m/s, greater velocities resulted in increased sediment
resuspension and therefore increased turbidity reducing the amount of photosynthetically active
radiation (PAR) that reaches the plants. The roots and rhizomes of eelgrass growing in mud started
to be uprooted around 0.15 m/s, while the eelgrass growing in sand could withstand that velocity.
Eelgrass establishes best on a fairly level seabed, it would be best to minimize any slopes (Durance,
2014).

The MIKE-21 HD model was used to calculate peak current speeds in the RBT2 project area. The pre-
and post-project peak current speeds within the existing and proposed intertidal marsh and subtidal
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eelgrass zones are shown graphically in Figure 3-9 and Figure 3-10. Additionally, Figure 3-11 shows
the difference of peak currents between the pre- and post-project conditions.

The detailed hydrodynamic analysis was undertaken to evaluate the potential change to the tidal
hydrodynamics of the project’'s boundary related to the construction of the proposed intertidal marsh
and eelgrass beds. Table 3-2 provides the current speeds between the existing and proposed
conditions for both intertidal marsh and subtidal eelgrass zones.

Hydrodynamic model results show that the post-project current speeds at the project boundaries are
equal or less than the existing values and within the acceptable range to determine bedform impacts.
Consequently, the construction of the intertidal marsh and eelgrass beds will have negligible impact
to the tidal currents in the existing intertidal marsh and eelgrass zones with peak post-project current
speeds of approximately 0.4 m/s. At the northwest corner of the RBT2, the area with the highest current
speed (ranges 1 — 1.2 m/s), the current speed reduces at the post-project phase and still remains
within the acceptable range defined for optimal eelgrass/marsh zone maximum current speed.

The overall evaluation indicates that post-project current speed are equal or less than pre-project
values and construction of the new plan meet all the requirements and design criteria.

TABLE 3-2: DEPTH-AVERAGED CURRENT SPEED FOR EXISTING AND PROPOSED CONDITIONS

Tidal Currents Condition

Description Existing Proposed
Intertidal Eelarass Intertidal Eelarass
Marsh 9 Marsh g

Current Speed

Range (m/s) Below0.4 04-0.6 | Below0.1 Below0.4
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FIGURE 3-11: DIFFERENCE OF PEAK CURRENTS BETWEEN PRE- AND POST-PROJECT CONDITIONS

3.5.3. Permissible Bed Shear Stress

The plasticity index (PI) of materials obtained from surficial soil samples ranged from about 7 to 9,
Stantec (2016a). Based on this the permissible shear stress is estimated to be around 2.5 to 3.0 N/mz2,

Modeling results indicates that although the majority of the existing dense eelgrass or marsh beds fall
in the bed shear stress less than 1 N/mz2 (light blue color), the upper-end threshold can be near
2.5-3 N/m2 as some local spots can see eelgrass growth up to this zone, e.g. areas near Canoe
Passage and the Deltaport entrance. Figure 3-13 shows the post-construction maximum bed shear
stress. Result indicates that the entire onsite marshes area falls in the zone with bed shear stress less
than 1 N/m2. In addition, there are very minor (nearly non-noticeable) changes from the pre-project
condition.
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FIGURE 3-13: POST-PROJECT BED SHEAR STRESS

3.5.4. Salinity Modeling, Eelgrass

The optimal salinity range for eelgrass is 10-30 ppt. However, it can tolerate short periods of lower
salinity without any reduction in growth. Figure 3-14 and Figure 3-15 illustrate salinity values for the
project location based on high slack (The tide cycle between high and low tides) and ebb tides
respectively (RBT2 EIS Appendix 9.5-A). Table 3-3 shows the estimated salinity ranges for existing
and proposed conditions per the figures.
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Therefore, it is concluded that the salinity levels remain within the optimal range for the proposed
eelgrass area.

TABLE 3-3: SALINTY RANGES FOR EXISTING AND PROPOSED EELGRASS ZONES

Eelgrass Zone

Description
Existing Proposed

Salinity Range (ppt) 22.5-30 10.5-30

Salinity
(psu)

5434000 F

5433000

5432000

5431000

NORTHING (m)

5430000

5429000

5428000
483000 484000 485000 486000 487000 488000 489000 490000

EASTING (m) Elevation in Chart Datum (m)

FIGURE 3-14: SALINITIES ASSOCIATED WITH A HIGH SLACK TIDE (RBT2 EIS APPENDIX 9.5-A)
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FIGURE 3-15: SALINITIES ASSOCIATED WITH AN EBB TIDE (RBT2 EIS APPENDIX 9.5-A)

3.5.5. Salinity Modeling, Marsh

Intertidal marsh habitat is characterized by emergent vascular plants that exist in the elevation range
of +3.2 to +4.8 m CD that is regularly covered during high tides (Williams et al., 2009). At Roberts
Bank, typical species of intertidal marsh habitats include sedges such as Carex lyngbyei and
Schoenoplectus pungens, saltgrass species, e.g. Distichlis spicata, and succulents including
Sarcocomia pacifica (Hemmera, 2014). The salinity tolerance of marsh vegetation ranges between 18
to 30 ppt (Williams, 2017).

Table 3-4 shows that salinity levels at the existing tidal marsh area (northwest of Deltaport) are about
25 ppt. The salinity range estimated for the proposed intertidal marsh zone along the northern side of
RBT2 is within the optimal range.

TABLE 3-4: SALINTY RANGES FOR EXISTING AND PROPOSED TIDAL MARSH ZONES

Marsh Zone

Description
Existing Proposed

Salinity Range (ppt) 24 -255 18 -25.5

A discussion of suitable plant ranges is included in the Modeling Report in Appendix B.
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3.6.  Rock Berm Stone Size

The median stone mass for a stable riprap distribution can be determined using the Hudson equation
(CEM, 2011):

ps X H?

M5 =
° KDX(&—1)3XC0ta
Pw

H  Characteristic wave height (H,)
Ms, Median mass of stone armor unit
ps Mass density of stone

pw Mass density of water

K, Stability coefficient

a  Slope angle

Based on the equation 3-1, median stone mass would be equal to 740 kg.

To meet the minimum gradation requirements, class of 1000 kg is selected for design purposes.

3.7.  Rock Berm Crest Elevation

Wave action behind a rock structure can be caused by wave overtopping and wave penetration if the
structure is permeable. To achieve a wave environment behind the rock berm suitable for the marsh,
the berm was found to require an elevation of +5.2 m CD as shown in Figure 3-16.

Crest Top Elevation = 45.2 m

HHW-MT =+4.1m

Armor stone

FIGURE 3-16: ROCK BERM CREST ELEVATION AND DETAILS (VAN DER MEER-1991)
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3.8.  Marsh Channel Dimensions

To provide channel characteristics and dimensions within a tidally dominated coastal landscape,
Hughes (2002) and other studies suggest the existence of a relationship between cross-sectional area
and tidal prism for tidal channels.

The suggested range of the proposed marsh channel geometry is from a 5 m wide and 0.7 m deep
channel to a 10 m wide and 1.4 m deep channel. More details can be found in the Modeling Report in
Appendix B.
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4, Construction Detalls

4.1.  Site Descriptions

The objective of the proposed marsh works is to raise the elevation of the existing mud flat to support
intertidal habitat and allow for protective rock berms. The eelgrass works include fill to raise the seabed
to optimum planting levels. The rock reef includes placement of bedding material and boulders to
create the reef. Detailed drawings of the sites are included in Appendix A. Note that one side of the
containment for the marsh fill would be the proposed RBT2 terminal, therefore, the phasing of the work
would need to coincide with at least the outer berm construction. Detailed descriptions of the proposed
work are covered in Sections 3.2 and 3.3. Constraints/elevations are covered in Sections 3.4.2 through
3.4.4.

4.2.  Construction Features

4.21. Marsh and Eelgrass

The marsh area will be surrounded by a protective rock barrier. It is anticipated that the marsh and
eelgrass construction would coincide with the RBT2 fills. This would include delivery of rock and fill
using the temporary offloading ramps at RBT2.

The sand fill material could be either dredgeate sourced from the Fraser River where annual
maintenance dredging occurs, or from offsite quarries depending on Fraser River sand availability.
The total quantity of sand fill material required will include 10% for losses and sinkage.

4.2.2. Rock Reef

The rock reef consists of bedding and armor using local quarries placed from a barge. The bedding
would be placed in advance to a distance of 15 m beyond the boulders, with boulders placed 1.5 m
atop the bedding. The required bedding and rock for the rock reef including 10% tolerance for overbuild
and sinkage.

TABLE 4-1: TOTAL HABITAT AREA

Marsh Rock Berm for Eelarass Rock Berm Rock Reef Total
Marsh | g for Eelgrass (no edge effect) |

| 9.4 ha | 3.7 ha | 9.1 ha | 0.3 ha | 4.2 ha | 26.7 ha |

4.3. Site Access

Access to the Marsh site will be via the proposed RBT2 marine terminal. A temporary access berm
may be required for placement of the eelgrass material if it is not pumped into place. The reef access
will be marine based equipment.
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4.4,  Construction Methodology

The proposed concept for the onsite Tidal Marsh site is to construct a rock berm encompassing the
proposed fill area, place the fill material, and then the channels will be constructed. During construction
the access will be from the RBT2 terminal area. The rock would then be placed and shaped using
conventional land-based equipment such as excavators and loaders. This would allow rock to be
placed over at all tide levels and allow for placement by land-based equipment throughout most of the
tidal range. The eelgrass area will include an access road. It is expected that the rock material for the
berm will come from a commercial quarry operation and be brought to the site by barge. The eelgrass
area will also be filled with sandy material from either dredge offload across the RBT2 terminal, or from
commercial quarries and trucked to the location. The fill on the eelgrass area would require a
temporary access road, shown in Figure 4-1. The temporary access will be removed upon completion
of construction.
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FIGURE 4-1: TEMPORARY ACCESS ROAD

The containment structure will be constructed from rock offloaded to the site from a floating derrick
situated in the navigation channel, alongside the jetty. Due to the location of the navigation channel at
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the Steveston Bend, the derrick barge would be required to move out of the channel to accommodate
passing vessel traffic.

The proposed marsh area requires a significant volume of fill material to raise the elevation in the area
between the containment berms. For the estimates the required fill volume for the marsh has been
increased by a factor (10%) to allow for settlement, consolation, and material losses during fill
placement. Fill material in the marsh should not be placed until the perimeter has been enclosed.

Log booms will be added to the channel inlets/outlets to discourage infiltration.

The rock reef will be constructed with a derrick barge and rock barges using commercially sourced
quarry material and pushed or placed in position. The placement may have limitations during salmon
season.

45. 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)
o Crab-applies to seabed below -5.0m (October 15 through March 30)
Marine Mammals:
e Temporary works stoppage if specific marine mammals are observed in the area.
Source/Equipment

e Fraser River Maintenance dredging operates from June 15 through February 28. Actual dates
depend on freshet conditions and degree of shoaling in critical areas.

e 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 onsite using
land-based equipment mobilized via barge/crane.

Production Rates
e Working hours M-F, 6am-5pm
e Dredge pumpout 2500 m3/day. (Light loaded to allow closer approach to shore).
e Rock placement dyke 1000 m3/day
e Rock placement temp road 800 m3/day
e Rock Reef Bedding 500 m®/day
e Rock Reef Armor 250 m3/day
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e Boulder Field placement 100 m3/day
e Onsite excavation/grading 1000 m3/day.
e Planting (Not covered in this document).

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

5.1. Cost Considerations

The cost estimate includes supply and installation of the containment berm; marsh fill (sand); eelgrass
fill (sand); bedding stone, boulder placement; environmental protection measures; mobilization/
demobilization; and Site Modifications. An allowance is included for possible environmental
protections measures that may be required by the approving agencies, such as, preparing an
environmental protection plan, installing and maintaining turbidity booms. Direct costs are based on
anticipated equipment, labor and materials using recently prepared estimates from an RBT2 CDC.
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.

e The costs are limited to the civil construction elements such as rock, fill, mobilization, etc.

e Planting costs are excluded from these estimates.

e The overall 2020 RBT2 CDC opinion of probable cost unit rates were used, where applicable.

e Contingency varies by status of design. The onsite eelgrass and marsh carry a 20% contingency.

For further background on CDC RBT2 cost drivers, estimate methods, limitations and uncertainties
refer to Moffatt & Nichol Memorandum RBT2 CDC Summary and Cost Drivers Memo, Rev.A — DRAFT.
dated February 28, 2020.

TABLE 5-1: MARSH & EELGRASS CONSTRUCTION DIRECT COST

Note: This section is removed.

TABLE 5-2: ROCK REEF CONSTRUCTION DIRECT COST

Note: This section is removed.

5.2.  Limitations

In providing opinions of estimate, it is recognized that the OE has no control over the costs of labour,
equipment or materials, over the Contractor's methods of determining prices, or of the bidding climate.
Opinions of estimate prepared by the OE are based on reasonable professional judgement and
experience and do not constitute a warranty, expressed or implied, that the Contractor’s bids or the
negotiated price of the Work, or the actual cost of the Work, will not vary from the Client’'s budget or
from any opinion of estimate prepared by the OE.

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 38



Design Report | Vancouver Fraser Port Authority
Revision B | August 14, 2020

References

BC Ministry of Environment (BC MOE), Lower Mainland Region Dyke Mapping. 2007.

BIEAP-FREMP, 2006. Environmental Management Strategy for Dredging in the Fraser River Estuary.
Burrard Inlet Environmental Action Program (BIEAP) and Fraser River Estuary Management
Program (FREMP).

CBA, 2010. Roberts Bank and Sturgeon Bank Reach Overview — Phase 2. A report for BIEAP-FREMP.

CEM, 2011. U.S. Army Corps of Engineers, Engineering and Design “Coastal Engineering Manual”.
CHS (Canadian Hydrographic Services), 2005. Charts #3492
CHS (Canadian Hydrographic Services), 2012. Canadian Tide and Current Tables, Volume 5.

Durance, C. (2014). Eelgrass Habitat Creation in British Columbia. A Presentation to Port Metro
Vancouver. October 1, 2014.

ENVIRODAT, 2017. Water Quality Data from Fraser River [Data file]. Environment and Climate
Change Canada (2017). Retrieved from Environment and Climate Change Canada
ENVIRODAT database via data requested on June 23, 2017.

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

Ferguson, A., 1991. Navigation, Dredging and Environment in the Fraser River Estuary. Navigation
and Dredging Workshop Report, Fraser River Estuary Management Program, British
Columbia, Canada.

Fisheries Act, RSC 1985, c. F-14. Last amended on August 28, 2019.

Moffatt & Nichol, 2020. Onsite Offsetting — Marsh and Eelgrass, Roberts Bank Terminal Project
Modeling Report.

Morrison, J., Quick, M.C. and Foreman, M.G.G., 2002. Climate change in the Fraser River watershed:
flow and temperature projections. Journal of Hydrology, 263, 230-244.

North Hydraulic Consultants, 2006. Lower Fraser River Hydraulic Model: Recorded Flow Splits.
Drawing Prepared for Fraser Basin Council. North Vancouver, BC.

VFPA, 2015. Roberts Bank Terminal 2 Project, Roberts Bank, Delta, BC — Environmental Impact
Statement.

Roni, P., Timothy, Beechie, T.J., Bilby, R.E., Leonetti, F.E., Pollock, M.M. and Pess, G.R., 2002. A
Review of Stream Restoration Technigues and a Hierarchical Strategy for Prioritizing in Pacific
Northwest Watersheds. North American Journal of Fisheries Management, 22, 1-20.

Stantec, 2016. Borehole Record. Project: Roberts Bank Terminal 2. Prepared for: Port of Vancouver.
Prepared by: Stantec. Dates of Borings: 2016/08/25 to 2016/08/30

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 39



Design Report | Vancouver Fraser Port Authority
Revision B | August 14, 2020

Thomson, R.E., 1981. Oceanography of the British Columbia Coast. Canadian Special Publication of
Fisheries and Aquatic Sciences, 56. Department of Fisheries and Oceans, 291p.

Williams, G., Zimmermann, A., Ray, D. and Menezes C., 2009. Roberts Bank and Sturgeon Bank
Reach Overview — Backgrounder. Prepared for Fraser River Estuary Management Program.

Williams, G., 2017. Preliminary determination of planting quantities for South Arm Jetty. Prepared for
Moffatt & Nichol.

Williams, G., Millar, J., 2006. Vancouver Port Authority Deltaport Third Berth Proposed Habitat
Compensation.

Worley Parsons (2014). Container Capacity Improvement Program, Roberts Bank Terminal 2,
Metocean Desktop Study.

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 40



Design Report | Vancouver Fraser Port Authority
Revision B | August 14, 2020

Appendix A:
Project Drawings

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® A



DATE: 2020/07/24 — 10:55am

—

TITLE BLOCK: DL-TB.dwg

PATH: Q:\VAN\8117 RBT2 Working Folder\CADD\_Active\_SheetSet (Mitigation)\_EELGRASS AND MARSH HABITAT\9117-G-001.dwg

VANCOUVER FRASER PORT AUTHORITY

HABITAT ENHANCEMENT PROGRAM

ONSITE EELGRASS AND MARSH

WESTHAM
ISLAND

ROBERTS BANK

e

@NDELTAPORT
WESTHORE
TERMINALS

S TSAWWASSEN.

VICINITY MAP PRELIMINARY
NS .. DO NOT USE FOR CONSTRUCTYION
DESIGN BY
RBT2 OFFSETTING
IN ASSOCIATION WITH: DRAWN BY
.‘. ‘ REVISION IN ’b\ PORT of S ONSITE EELGRASS AND MARSH
PROGRESS '.¢’ vancouver [_ TITLE SHEET & LOCATION
1 CHS CHART 3490 ] SCALE
Ref.No. REFERENCE mo ffGTT & nic h OI No.| Date REVISION Dr'n [Ch’d VANCOUE\LZTNEF;?,\%RDE12:IM£,\1UTTHOR'TY Pw STE D |"w“' G=001 S N




TITLE BLOCK: DL-TB.dwg

PATH: Q:\VAN\@117 RBT2 Working Folder\CADD\_Active\_SheetSet (Mitigation)\_EELGRASS AND MARSH HABITAT\9117-G—002 Drawing Index.dwg

DATE: 2020/07/24 — 10:56am

—

DRAWING LIST:

G-001 TITLE SHEET & LOCATION

G-002 DRAWING INDEX

G-003 NOTES & SEQUENCE

G-004 SITE AND ACCESS MAP

C-001 SURVEY CONTROL

C-002 PHOTOS - EXISTING CONDITIONS

C-003 FILL/EXCAVATION PLANS

C-004 FILL/EXCAVATION SECTIONS- SHEET 1 OF 2
C-005 FILL/EXCAVATION SECTIONS- SHEET 2 OF 2
PL-XXX PLANTING PLANS, AMENDMENTS ETC BY OTHERS (5-10 SHEETS)

PRELIMINARY

DO NOT USE FOR CONSTRUC

Ref.No.

REFERENCE

moffatt & nichol

IN ASSOCIATION WITH:

REVISION IN

PROGRESS

(}) PORT of

vancouver

DESIGN BY

DRAWN BY

APPROVED

DATE

No.

Date

REVISION

Ch’d

VANCOUVER FRASER PORT AUTHORITY
ENGINEERING DEPARTMENT

SCALE

RBT2 OFFSETTING
ONSITE EELGRASS AND MARSH
DRAWING INDEX

PMV SITE

SIZE

D

DWG.

G-002

| SHEET

REV.




DATE: 2020/07/27 — 11:49am

>
g
b
@
o
I
5
a
”
8
S
@
w
=
£
E

EXISTING DENSE NATIVE EELGRASS

PROPOSED EELGRASS

PROPOSED EELGRASS - ADDITIONAL PLANTING ON
EXISTING

PROPOSED INTERTIDAL MARSH

ROCKY HABITAT IN FINAL FORM

VFPA BOUNDARY
CROWN FEDERAL PROPERTY LINES
EXISTING BATHY

DAYLIGHT LINE

71,300 m*

ROCK 223,065 m*

IN ASSOCIATION WITH:

oscuemnewiro | i

NOTES:

ACCESS ROAD IS TEMPORARY FOR CONSTRUCTION OF THE EELGRASS

PLANTING.

ALL PROPOSED DESIGN SHALL REMAIN 5m MINIMUM FROM THE VFPA

BOUNDARY LINE.

BATHYMETRIC CONTOURS ARE SHOWN AT A 0.5m INTERVAL

vancouve

VANCOUVER FRASER PORT AUTHORITY

ENGINEERING

DEPARTMENT

40000 Omm 40000 80000
e  —

SCALE: 1: 2000

RBT2 OFFSETTING
ONSITE EELGRASS AND MARSH
PLAN VIEW LAYOUT




DATE: 2020/07/27 — 10:54am

TITLE BLOCK: DL-TB.dwg

PATH: Q:\VAN\9117 RBT2 Working Folder\CADD\_Active\_SheetSet (Mitigation)\_EELGRASS AND MARSH HABITAT\9117—-C—004.dwg

20 20
10 - & & 10
<t| (3]
PROPOSED i ki
L GROUND o INTERTIDAL
m MARSH 5m
<
2
o SLOPE PROTECTION 7 MWL
z PROPOSED =
REVETMENT EELGRASS m
o+ 3 / EL=-1 = Lo
./bgqg. %8 = N —— = ’"’7””’
B \ ADDITIONAL EELGRASS
EXISTING PLANTING ON EXISTING
BATHY
-10 -10
/ A"\ INTERTIDAL MARSH AND BERM
C-003 /  SCALE: 1:1000, 5X VERTICAL EXAGGERATION
20 20
10 + +10
PROPOSED
= GROUND\ INTERTIDAL SFOWN FEDERAL
m
s
g PROPOSED F PROTECTION MWL
> REVETMENT K ==
LLWL
0+ A VA Lo
X —H:V 3:1
— =—2m MIN
-10 -10
/ B\ INTERTIDAL MARSH AND BERM
C-003 / SCALE: 1:1000, 5X VERTICAL EXAGGERATION
20m 0 20m 40m
SCALE: 1 : 1000
DESIGN BY
IN ASSOCIATION WITH: ﬂ DRAWN BY RBTZ OFFSETTING
') PORT of B ONSITE EELGRASS AND MARSH
vancouver | SECTIONS, SHEET 1 OF 2
ffatt & nichol
VANCOUVER FRASER PORT AUTHORITY
Refto- REFERENCE mofra nicno No.| Date REVISION Dr'n|Ch’d ENGINEERING DEPARTMENT PV STTE D C-004 |SHEET e




DATE: 2020/07/27 — 10:54am

TITLE BLOCK: DL-TB.dwg

PATH: Q:\VAN\9117 RBT2 Working Folder\CADD\_Active\_SheetSet (Mitigation)\_EELGRASS AND MARSH HABITAT\9117—-C—005.dwg

NOILVATT13

NOILVAT13

20 20
10+ E =10
9 g
CROWN FEDERAL PL\ i e
w +
BM __RoCK TO BE REMOVED FOR FINAL i INTERTIDAL MARSH
TEMPORARY ACCESS ROAD BERM /
MWL
VAL SLOPE PROTECTION
EELGRASS EL=-1m
ol 7 LWL / o
,,,,, . EL=1m—, — —— CHANNEL
10:1 H:V
5m MIN —=| L \EXISTING
BATHY
-10 -10
m ACCESS ROAD (TEMPORARY) AND EELGRASS
C-003 SCALE: 1:1000, 5X VERTICAL EXAGGERATION
20 20
104 £ - 10
© £
CROWN FEDERAL PL i e
\ Moo INTERTIDAL MARSH
BERM N /
7 MwL SLOPE PROTECTION ,(;g‘v. 5
B _ og‘ré" 2
5m EELGRASS EL=-1m P >
ol 7 LLwL = / Va0 o
- - T S —————————————— AT CHANNEL
5m MIN —=— L 3AHY \EXISTING BATHY
ARMOR TO EXPOSED FACE
10:1 H:V
-10 -10

/C\ EELGRASS (FINAL)

C-003 SCALE: 1:1000, 5X VERTICAL EXAGGERATION

20m 0

-

20m

40m

|

SCALE: 1:1000

Ref.No.

REFERENCE

DESIGN BY

IN ASSOCIATION WITH: REVISION IN X DRAWN BY
.‘. ‘ PROGRESS (}) vancouver [

DATE

SCALE

moffatt & nichol

VANCOUVER FRASER PORT AUTHORITY

RBT2 OFFSETTING

No.| ~ Date REVISION Dr'n|Ch’d ENGINEERING DEPARTMENT PMV SITE

SIZE

D

DWG.

| SHEET

REV.




DATE: 2020/07/24 — 11:25am

TITLE BLOCK: DL—TB.dwg

PATH: Q:\VAN\9117 RBT2 Working Folder\CADD\ _Active\_SheetSet (Mitigation)\_BOULDER FIELD\9117—-G—001.dwg

VANCOUVER FRASER PORT AUTHORITY

HABITAT ENHANCEMENT PROGRAM

ROCKY REEF

WESTHAM
ISLAND

ROBERTS BANK

PROJECT SITE

DELTAPORT
WESTHORE
TERMINALS

- TSAWWASSEN__

VICINITY MAP PRELIMINARY
NS DO NOT USE FOR CONSTRUCTION
e RBT2 OFFSETTING
IN ASSOCIATION WITH: DRANN BY
. ‘ . ‘ EE\SCS;I%NS ISN qp; PORT of - ROCKY REEF
w vancouver [ TITLE SHEET & LOCATION
1 CHS CHART 3430 ff 1_ 1_ & ' h | 1 7/24/20 | ISSUED FOR CLIENT REVIEW AA SCALE
Ref.No. REFERENCE moita nicno No.| Date REVISION Dr'n(Ch’d VANCOUE\:.EGTNEFE';?:(SRDEZ%IM:;THOR”Y P ST o™ G—001 |SNEET |m‘




TITLE BLOCK: DL—TB.dwg

DRAWING LIST:

G-001 TITLE SHEET & LOCATION

G-002 DRAWING INDEX

G-003 NOTES & SEQUENCE

G-004 SITE AND ACCESS MAP

C-001 SURVEY CONTROL

C-002 PHOTOS - EXISTING CONDITIONS

C-003 FILL/EXCAVATION PLAN

C-004 FILL/EXCAVATION SECTIONS SHEET

PL-XXX PLANTING PLANS, AMENDMENTS ETC BY OTHERS (5-10 SHEETS)

PATH: Q:\VAN\8117 RBT2 Working Folder\CADD\_Active\_SheetSet (Mitigation)\_BOULDER FIELD\9117—G—002.dwg

DATE: 2020/07/24 — 11:27am

PRELIMINARY
DO NOT USE FOR CONSTRUCTION
IN ASSOCIATION WITH: REVISION IN DRAWN BY RBTZ OFFSETTING
SROGRESS .;') PORT of ROCKY REEF
vancouver | DRAWING INDEX
. 1 7/24/20 | ISSUED FOR CLIENT REVIEW AA SCALE
Ref.No. REFERENCE moffatt & nichol No.| Date REVISION Drnlchd] T e e epami R [ s Y G-002 |SHEET e




TITLE BLOCK: DL-TB.dwg

PATH: Q:\VAN\9117 RBT2 Working Folder\CADD\_Active\_SheetSet (Mitigation)\_BOULDER FIELD\9117-C—003.dwg

DATE: 2020/07/24 — 11:28am

-1 SUBTIDAL
REEF
APPROXIMATE EXISTING EXTENSIONS,TYP APPROXIMATE EXISTING S
SUBTIDAL REEF OUTLINES SUBTIDAL REEF OUTLINES 3) w
(2010) a (2010) ( s
(&)
E \0) =
>
20m 21.3m 212m . 20.2m 202 m 3
== = \ = . ( &
_ o o o [I] o] o o
@ @] L |®|
(‘3) o € o e
e o o o
£ 5 m BENCH o 5mBENCH || (o [/|o]|| ® o 3 S
(=] |
iy 3m CREST o 3.m CREST Ll o A I SEAPEN
5m CREST 5.m CREST | TRANSPLANT (BY
CROWN o o ||| o] OTHERS
FEDERAL o o . )
4 [ [ [ ——
ol L @
»
30m O.C. TY 30mO.C. TYP 30 mO.C. TYP . s
7.
o ® /
r A o 5 m BENCH
o > )
S w = 3 m CREST 7
) oo E B
c 0 5m CREST it
- 1615 m S
3] of 11| [of || L]
< - . T e \
‘ L ] - - [ - ) e e & @ ] } . &
F 1l “{1]" , 18.75m <
E g o \d g L o|
o 8 n n
z BOULDERS WITHIN — alilly SNy
J 3 m FROM ROCKY el 1l e ol |I[ o N
S REEF 1 A A HINJI
E (]
(a2} — — o
[s) e
~4) 30mO.C. TYP @ o~
e -
‘ \ )
' CONTAINMENT a ROBERTS BANK
DYKE I~ STRAIGHT OF sexven O
\ j TRANSPLANT (BY ,
g TOEOF - GEORGIA OTHERS)
SLOPE THE CROWN IN RIGHT OF CANADA * WESTSHORE TERMINALS LIMITED PARTNERSHIP
| PROTECTION : —
LEGEND: QUANTITIES: NOTES:
SLOPE ARMOUR RIPRAP | 15.100 m® 1. BATHYMETRIC CONTOURS ARE SHOWN AT A 0.5m INTERVAL.
PROTECTION BEDDING 7500 2. BOULDERS SHALL BE PLACED THROUGHOUT THE BENCH OF
el EACH PROPOSED SUBTIDAL REEF IN CLUSTERS OF UP TO 3
CROWN FEDERAL PROPERTY LINES | BOULDER 422m BOULDERS. BOULDER DENSITY SHALL AVERAGE 1 PER 9m? (|
. EXISTING BATHY CLUSTER PER 27m?) THE BOULDERS SHALL NOT BE PLACED
(XX) EXISTING SUBTIDAL REEF 07ta XV_II_T1I-(|)II;I niné %F THE EDGE OF ROCK BEDDING. CLUSTERS PLACES
PROPOSED AREA 4.0ha 3. ALL ELEVATION OF CREST TO BE 1.5m ABOVE BEDDING.
AREA 5m FROM EDGE OF REEF 5.64 ha
AREA 10m FROM EDGE OF REEF 7.14 ha % o 2 0
SCALE: 1:1000
DESIGN BY
IN ASSOCIATION WITH: REVISION IN DRAWN BY RBTZ OFFSETTING
<P PORT of ROCKY REEF
PROGRESS i» APPROVED
vancouvern | PLAN VIEW LAYOUT
. 1" | 7/24/20 [ ISSUED FOR CLIENT REVIEW soae
VANCOUVER FRASER PORT AUTHORITY SIZE | owe.
Ref.No. REFERENCE mo ff a -I- T & nic h o I No.| Date REVISION Dr'n|Ch’d ENGINEERING DEPARTMENT P SITE D C-003 | SHEET REV.




DATE: 2020/07/24 — 11:29am

TITLE BLOCK: DL-TB.dwg

PATH: Q:\VAN\9117 RBT2 Working Folder\CADD\_Active\_SheetSet (Mitigation)\_BOULDER FIELD\9117-C—004.dwg

NOILVATT3

NOILVATT13

-3

5

24

-3 4

BOULDER, D50 =
900mm, TYP. SEE
NOTES ON C-003

7 HHWL, EL = 4.8m

7 MWL, EL = 3.0m

7 LLWL, EL =0.1m

O.C. DISTANCE PER PLAN

ARMOUR RIPRAP,
D50 = 900mm

5 m BENCH——

~— 2mMIN. TYP

3
1h

4

-5

FILL VOIDS IN BEDDING ROCK WITH

BATHY

\ EXISTING

SAND, TO EXTENTS SHOWN BATHY

EXISTING SUBTIDAL

BEDDING, D50 =
225mm

SUBTIDAL ROCK REEF TYPICAL CROSS SECTION

SCALE: 1:100, 2X VERTICAL EXAGGERATION

7 HHWL, EL = 4.8m

7 MWL, EL = 3.0m

\ EXISTING

BATHY

BOULDER, D50

REEF OUTLINES (2010) < LLWL, EL = 0.1m = 900mm, TYP.
= SEE NOTES
ARMOUR RIPRAP,
D50 = 900mm ON C-003
50m }
TR |
e 15
o \ﬁ 1 5 m BENCH
T \ 2m MIN. TYP
= \
[to) \
|1
FILL VOIDS IN BEDDING ROCK WITH \ EXISTING BEDDING, D50 = f B
SAND, TO EXTENTS SHOWN BATHY 225mm € /
2 EXISTING
S BATHY
2.0 om 2.0 4.0
SUBTIDAL ROCK REEF EXTENSIONS TYPICAL CROSS SECTION ——— 1
SCALE: 1:100

SCALE: 1:100, 2X VERTICAL EXAGGERATION

Ref.No.

REFERENCE

moffatt & nichol

IN ASSOCIATION WITH:

'S% PORT of
vancouver

DESIGN BY

RBT2 OFFSETTING

DRAWN BY

ROCKY REEF

APPROVED

ROCKY REEF SECTIONS

DATE

REVISION IN

PROGRESS
1| 7/24/20 [ ISSUED FOR CLIENT REVIEW AA
No. Date REVISION Dr'n(Ch’d

VANCOUVER FRASER PORT AUTHORITY
ENGINEERING DEPARTMENT

SCALE

PMV SITE

SIZE

D

DWG.

C-004

| SHEET

REV.




Design Report | Vancouver Fraser Port Authority
Revision B | August 14, 2020

Appendix B:
Coastal Analysis Report

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® B



moffatt & nichol

On Site Offsetting — Marsh and Eelgrass

Roberts Bank Terminal Project
Modeling Report

PRODUCED FOR

(};) PORT of

vancouver

AUGUST 13, 2020

www.moffattnichol.com Creative People, Practical Solutions.®



Modeling Report | Vancouver Fraser Port Authority
Revision 0 | August 13, 2020

Document Verification

Client Vancouver Fraser Port Authority

Project name RBT2 On Site Offsetting — Marsh and Eelgrass

Document title Modeling Report

Date August 13, 2020

Project number 9117-0

Revision  Description Issued by Date Checked

A Draft E. Omranian May 29, 2020 M. Jorgensen
0 Final M. Jorgensen Aug 13, 2020 A. Alcorn
Produced by:

Moffatt & Nichol, Vancouver
Suite 301 - 777 West Broadway
Vancouver BC V5Z 4J7 Canada
T +1-604-707-9004
www.moffattnichol.com

.‘.‘ moffatt & nichol Creative People, Practical Solutions.®



Modeling Report | Vancouver Fraser Port Authority
Revision 0 | August 13, 2020

Table of Contents

DOCUMENE VEITTICATION ....cveivee ettt sttt sttt e bt et e s b et et e st et eb e st e st abeseeb e abese et e abe e eb e st e e ebeabeseebe st eseebe st et e sbeseareareseerenrs i
EXECULIVE SUMIMAIY ...ttt v
o P 1T 1= TR Vi
GIOSSAIY ...ttt vii
1. T oo (U o3 1 o] o FU TSR 1
2. SIEE DESCIIPLION ...ttt 2
3 HydrographiC CONAITIONS.........ciiiiicieieissi ettt b s 4
TR LT =1 (= LY TSP 4
0 X3 0 Lo o= 0 (=TSR 4
3.1.2. EXIEME WALET LEVEIS ...ttt ettt ettt st st et st et et et et e saeen e st e ar e et e esteseeseensesaesaeareseeareeseantentereeareneearenrs 4
I 11T TR 5
4, Numerical Modelling DEVEIOPMENT ..........coviiiiicse e 10
TV [0TSR 10
4.2, Model Grid and BatNYMERY ..o 11
LV Y (oo LT O 1 =1 o TR 14
o e [0 Y oo (< O 111 ] L1 o)  FO TSRO 16
5. Design Criteria for Onsite Habitat FEAtUIES ........cccoveviiiicces s 19
ST N =T L o b= I AT (=] 11 £ R PP 19
5.2.  PErmiSSIDIE BEU SNEBAI SITESS .....i.vivireieiieireieiiiseeise et st st e e st st s e st et st sr et atesrestsbesreststesbestsbestesesrestasesrestasesrens 21
o T = To] (o] [[or= I D= o [ O 11 (- TSRO 24
5.3.1. Eelgrass SaliNity RANGE........cerriieeeeerrice sttt 24
5.3.2. Intertidal Marsh Salinity RANQE ...........coceiiiriiicciessss e 26
5.3.3. Intertidal Marsh EIQVation RANGE..........ccciiiriieieieieirrire ettt 27
5.3.4, Intertidal Marsh WaAVE TOIBIANCE .........cvvireeiiireeist et st st sr ettt st b et st e st ess st e st esesbe st esesbe st asesretesesbessaresrens 28
5.3.5. ROCK BEIMN SIONE SIZE......coviieiieieeeeeeeeetee ettt ettt ettt et et e st e st e et e sreab e et e e st as e et et eseear e et e arear e e st enteseereebeneesrenreans 29
5.3.6. ROCK BEIM CreESt EIBVALION ......vevieiiriieeistiiei sttt sttt et st st s b et e st st et eb e st et e be st e st sbesbe st sbesbeseabesbesearenrens 30
5.3.7. MarSh ChaNNE! DIMEBNSIONS ... .cveivieeieeeeeteete st et sr e st st e st et et essessessearesreaseabeastasseseeseseeasestearearesreenteseessesreseearenreans 31
6. (000 003 [T 4 13PTSR 35
7. R T=T =T (01T TSR 36

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® i



Modeling Report | Vancouver Fraser Port Authority
Revision 0 | August 13, 2020

List of Figures

Figure 2-1: Roberts Bank Terminal 2 (eelgrass, intertidal marsh, rocky reef) 10cation.............ccocoevevvieieiesessiinienes 2
Figure 2-2: Example 0f @XIStiNG MAISN.........coiec e 3
Figure 3-1: Annual wind rose at SANANEAAS. ..........cvveveriieiririieeese st 6
Figure 3-2: Wind-wave model data QUIPUL TOCALIONS .......cueurvriieiereieirrrcrc s 7
Figure 3-3: Significant wave height under 50 KNOtS WING ..........ccvviiiiiiccessssss s 8
Figure 3-4: Peak wave period under 50 KNOES WING ........cceriieirenriincceeississeeseie e 9
Figure 4-1: MeteoCean data StAtIONS. .........coceiriiiecreieisisiris st s sttt s s s 10
Figure 4-2: Model domain for the spectral wave and hydrodynamic MOdElS ...........ccceervrirecrinnrecee e 12
Figure 4-3: Unstructured grid elements NEAr RBT2 ..o 12
Figure 4-4: Overall MOdel DATNYMETIY ..o 13
Figure 4-5: Model bathymetry near RBT2 With ONSIte MAISNES ..........ccvviiriiriiiirniese e 13
Figure 4-6: Selected winter storm event for wave Calibration..............coooceieiiccce e 14
Figure 4-7: Measured vs modelled Hs at HalioUt BanK............cccceeiiniiiiiiccssssceees s 15
Figure 4-8: Measured vs modelled Ty at HalIUt BanK...........ocoveeiriiniccnsseeee e 15
Figure 4-9: Measured vs modelled water levels at DFO tide QAUGES........cocveriieieeeiisseeississs s eseeens 17
Figure 4-10: Measured vs modelled tidal constituents at DFO tide QAUGES ........oovereerererririereeninisrereerees e 18
Figure 4-11: Measured vs modelled fIOwW SPIIL.............cccviriiiiciiei s 18
Figure 5-1: Pre-projeCt PEAK CUITENLS ........c.eueuiririiereeeieisirirese et ese ettt e s s et es s s enes 20
Figure 5-2: POSt-ProjeCt PEAK CUITENLS ......c.ceviviiiiescrctststsisiis ettt s s ettt bbb s s s 21
Figure 5-3: Difference of peak currents between pre- and post-project CONAItioNS ... 21
Figure 5-4: Pre-projeCt DEd SNEAT SIIESS. ..ottt 24
Figure 5-5: POSt-Project DEA SNEAI SIIESS ... 24
Figure 5-6: Salinities associated with @ high SIACK tide ... s 25
Figure 5-7: Salinities associated With an €00 tide .........cccceiciiecce e 26
Figure 5-8: Wave height tolerance for marsh species, Douglass (2004).........ccccoveeerrnnnieenrsreeeeessseseseeseees 29
Figure 5-9: Rock berm crest elevation and details (van der MEEr-1991) .......cccovvvviveeeniiniecssssseee s 31
Figure 5-10: Equilibrium cross-section area versus tidal prism data..........ccccceveernnnneesseeese s 32
Figure 5-11: Cross-sectional area vs. peak discharge for sheltered tidal channels (friedrichs,1995) ..........cccccvvvnnee. 33
Figure 5-12: Width-to-depth ratio for tidal channels (adopted from hughes 2011)........cccocovriinennieceeer e 34

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® ii



Modeling Report | Vancouver Fraser Port Authority
Revision 0 | August 13, 2020

List of Tables

Table 3-1: Tidal datums for TsSawwassen (CHS, 2005)..........ccccieeriiimieeenisiss s 4
Table 3-2: Extreme high water levels estimated at RBT2 (Worley Parsons, 2014).........ccccvvvrrereennnnneneessinisnens 4
Table 3-3. Extreme wind speeds at Sandheads (Worley Parsons, 2014).........ccccvieeninnsieeesesssssssesssssssnnns 5
Table 3-4: Detailed wave characteristics for data-point I0CALONS ...........covveerurrrririeee e 7
Table 3-5: Detailed normal tide Peak wave period for data-point [0CatIoNS .........cccvveeerieiiieeeees s 8
Table 5-1: Depth-average tidal Current velocities for existing and proposed CONditions.............ccoveeervrrrereeernninens 20
Table 5-2: Unified soil classification system (abRreviated)..........cccovvriiiiiiiiiscessss s 22
Table 5-3: Typical permissible shear stress, reproduced from FHWA (2005).........cccouerrnnnnieeeernneeeeeesseenens 23
Table 5-4: Salinty ranges for existing and propoSed Eelgrass ZONES..........cco e 25
Table 5-5: Salinty ranges for existing and proposed tidal Marsh ZONES...........cccevvierrrrnreeee s 26
Table 5-6: Project and regional marsh habitat Salinity tOIEIANCE..........ccoiirirrcre s 27
Table 5-7: Project and regional marsh habitat elevation FANQES .........cccvviveeeiiiiieece e 28
Table 5-8: Gradation of rock sizes in €ach Class Of MPrap ... s 30

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® v



Modeling Report | Vancouver Fraser Port Authority
Revision 0 | August 13, 2020

Executive Summary

This report summarizes the design criteria for intertidal marsh and subtidal eelgrass zones as well as
using hydraulic engineering manual to design a rock containment berm at northern side of Roberts
Bank Terminal 2 (RBT2) site. Hydrodynamic modeling results (M&N 2020) are used to study and
better understand the overall condition of the project’s site.

A discussion of the existing site conditions is provided in Chapter 2. By characterizing the existing site
conditions the design concept was developed.

A summary of metocean data utilized for the study including water levels, wind, and waves provided
in Chapter 3.

Subsequently, the numerical modeling details are indicated in Chapter 4 and the criteria used to
support the design of the site are discussed in Chapter 5. The Project design criteria also include a
description of the functional, physical and biological criteria as well as the applied engineering
standards using the Costal Engineering Manual (CEM) developed by U.S. Army Corp of Engineers.

Overall conclusions are summarized in Chapter 6.
Findings and Conclusions

1. Post-project current speeds around the peripheral boundaries and RBT2 project areas are
equal to or less than pre-project values.

2. The proposed marsh and eelgrass habitat meets the outline design criteria.

3. The salinity range in the area proposed for new eelgrass plantings is within the optimal range
for eelgrass.

4. The salinity range estimated for the proposed intertidal marsh zone along the northern side of
RBT2 is within the optimal range for select salt-tolerant species.

5. Based on the salinity tolerance parameters; Saltgrass, pickleweed, and Arrowgrass species
may be candidate marsh vegetation for the onsite marsh habitat. The preferred elevation range
for these species is 3.6 to 5.0 m Chart Datum (CD).

6. The freeboard of the rock berm is estimated to be 1.1 m above Higher High Water-Mean Tide
(HHW-MT) with a crest width of 5 m. This corresponds to a crest elevation of about +5.2 m
CD.

7. The suggested marsh channel dimensions range from a 5 m wide and 0.7 m deep channel to
a 10 m wide and 1.4 m deep channel.
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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.
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This study is qualified in its entirety by, and should be considered in light of, these limitations, conditions and considerations.
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Glossary
CD Chart Datum
CHS Canadian Hydrographic Service
cm Centimetres
DHI Danish Hydraulic Institute
HD Hydrodynamic
GD Geodetic Datum
HA Hectare
HHW-LT Higher High Water - Large Tide
HHW-MT Higher High Water - Mean Tide
Hs Significant Wave Height
kg Kilogram
m metre
m Metres
M&N Moffatt & Nichol
m/s Metres per second
mm Millimetres
N Newtons
N/m? Newton per square metre
NADS3 North American Vertical Datum of 1983
OOF Onsite Offset Feature
PAR Photosynthetically Active Radiation
PI Plasticity Index
ppt Parts per thousand
psu Practical salinity unit
RBT2 Roberts Bank Terminal 2
Sl Systéme International
SW Spectral Wave
Tp Peak Wave Period
us United States
USCS Unified Soil Classification System
UTM Universal Transverse Mercator
VFPA Vancouver Fraser Port Authority
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1. Introduction

The Roberts Bank Terminal 2 (RBT2) On Site Offsetting project (Project) consists of an intertidal marsh
site and a subtidal eelgrass zone located north of the proposed RBT2 terminal and southwest of the
existing Deltaport Terminal, 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.

Hydrographic conditions including water levels, wind, and waves discussed in Section 3.

Subsequently, the numerical modeling details are included in Chapter 4 and the criteria used to
support the design of the site are discussed in Section 5. The Project design criteria also include a
description of the functional, physical and biological criteria as well as the applied engineering
standards. Conclusions are summarized in Chapter 6.

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 1
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2. Site Description

On site offset features for the RBT2 Project consist of an eelgrass bed and an intertidal marsh zone
located along the RBT2 causeway adjacent to the existing Westshore/Deltaport Terminals and to the
north of RBT2 (Figure 2-1).

Proposed
Roberts Bank
Terminal 2

Deltaport Way (Existing)

Expanded Tug Basin (Proposed)

Existing Deltaport Terminal

Existing Westshore Terminals
Proposed

Rocky Reef

FIGURE 2-1: ROBERTS BANK TERMINAL 2 (EELGRASS, INTERTIDAL MARSH, ROCKY REEF) LOCATION

The Onsite Offset Features (OOF) involve creation of eelgrass beds by placement of sand fill between
constructed containment berms. The eelgrass zone will be located at west-side of the existing Delta-
port terminal adjacent to existing eelgrass colonies. The containment berms are comprised of quarry
run rock and quarry screenings orientated along the north side of the proposed intertidal marsh zone,
adjacent to the proposed RBT2. The site boundaries are constrained by property boundaries, existing
habitat, and footprint of the proposed RBT2 terminal.

The proposed intertidal marsh zone will be placed along the north-side of RBT2 and protected and
contained by a rock berm. The rock berm will serve to reduce vulnerability of intertidal marsh against
wave action coming from west and contain the fill material. An example photo of existing marsh near
the proposed site is shown in Figure 2-2.

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 2



Modeling Report | Vancouver Fraser Port Authority
Revision 0 | August 13, 2020

FIGURE 2-2: EXAMPLE OF EXISTING MARSH

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 3



Modeling Report | Vancouver Fraser Port Authority
Revision 0 | August 13, 2020

3. Hydrographic Conditions

3.1. Water Levels

3.1.1. Astronomical Tides

Total water level consists of astronomical and meteorological tide components. Astronomical tides
refer to the tidal levels which result from gravitational effects, e.g. of the Earth, Sun and Moon, without
any atmospheric influences.

Table 3-1 summarizes tidal datums at Tsawwassen based on the Canadian Hydrographic Service
Nautical Chart 3492 (CHS, 2005).
e Higher High Water Large Tide (HHW-LT): The average of the highest high waters, one from
each of 19 years of predictions.
o Higher High Water Mean Tide (HHW-MT): The average from all the higher high waters from
19 years of predictions.
¢ Mean Water Level (MLW): The average of all hourly water levels over the available period of
record.
e Lower Low Water Mean Tide (LLW-MT): The average of all the lower low waters from 19 years
of predictions.
e Lower Low Water Large Tide (LLW-LT): The average of the lowest low waters, one from each
of 19 years of predictions.

TABLE 3-1: TIDAL DATUMS FOR TSAWWASSEN (CHS, 2005)

Elevation above Chart Datum (m, CD)

Location Large Tide Mean Tide
Mean Water Level
HHW LLW HHW LLW
Tsawwassen 4.8 0.1 4.1 1.2 3.0

3.1.2. Extreme Water Levels

The second component of total water level, meteorological tides (or residual), refer to changes in
expected astronomical tides caused by local meteorological conditions. The positive value of residual
is commonly called storm surge as the water surface is elevated due to the passage of a low-pressure
storm system. Extreme value estimates are summarized in Table 3-2.

TABLE 3-2: EXTREME HIGH WATER LEVELS ESTIMATED AT RBT2 (WORLEY PARSONS, 2014)

Return Period (Years)

2 5 10 50 100

Description

Extreme High Water Level

(m, CD) 5.02 5.15 5.22 5.35 5.39
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3.2.  Winds

Wind data for Sandheads is archived in the Environment Canada National Climate Data and
Information network. A total of 24 years of data between 1995 and 2018 was analyzed. Figure 3-1
presents the annual wind rose and shows the prevailing wind direction is from the east. Stronger
winds are aligned northwesterly or east/southeasterly, which reflects the open water orientation of the
Strait of Georgia. The largest recorded wind speed was approximately 50 knots.

Table 3-3 summarizes wind speed extremes. The 50-year and 100-year return period omni-directional
winds are 50 and 51 knots.

TABLE 3-3. EXTREME WIND SPEEDS AT SANDHEADS (WORLEY PARSONS, 2014)

Return Period (Year)
Wind Direction

1 2 5 10 25 30 50 100
Omni-Directional (knots) 40 42 44 46 48 49 50 51
SE-S (knots) 38 40 43 45 47 48 49 51
NW-W (knots) 36 39 42 44 47 48 49 51

M&N conducted a wind-wave analysis using MIKE-21 Spectral Wave (SW) model to estimate the
exposure of the marsh and eelgrass zones to wave action. Figure 3-2 shows the location of output
points.

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 5
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knots
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2] 10405025 013 1.44
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FIGURE 3-1: ANNUAL WIND ROSE AT SANDHEADS

.‘.‘ moftatt & nichol

Creative People, Practical Solutions.®



Modeling Report | Vancouver Fraser Port Authority
Revision 0 | August 13, 2020

FIGURE 3-2: WIND-WAVE MODEL DATA OUTPUT LOCATIONS

Table 3-4 lists the significant wave height for the 7 selected locations (Figure 3-2). Comparing all
locations, it is clear that Point 1 is the most exposed location. These values were obtained from a
normal high tide without sea-level rise (SLR).

TABLE 3-4: SIGNIFICANT WAVE HEIGHT FOR SELECTED LOCATIONS

WSPD Significant Wave Height (m)

(knots) Point 1 | Point2 | Point3  Point4 Point5  Point6 @ Point 7
5 0.21 0.19 0.19 0.20 0.19 0.19 0.19
10 0.29 0.27 0.27 0.28 0.27 0.27 0.27
15 0.42 0.40 0.39 0.39 0.39 0.38 0.37
20 0.54 0.51 0.50 0.51 0.50 0.50 0.47
25 0.68 0.63 0.62 0.65 0.63 0.61 0.59
30 0.84 0.78 0.76 0.79 0.78 0.75 0.72
35 1.00 0.94 0.92 0.95 0.93 0.91 0.86
40 1.17 1.11 1.08 1.10 1.08 1.07 1.01
45 1.35 1.28 1.25 1.26 1.24 1.23 1.16
50 1.53 1.45 1.42 1.42 1.40 1.40 1.31
55 1.70 1.63 1.59 1.57 1.55 1.57 1.46
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Similarly, Table 3-5 lists the corresponding peak wave period. For the design wind speed of 50 knots
(e.g. 50-year return period), the peak wave period is around 4.1 seconds in the marsh area.

TABLE 3-5: PEAK WAVE PERIOD FOR SELECTED LOCATIONS

WSPD Peak Wave Period (s)

(knots) Point1  Point2 Point3  Point4 Point5 Point6 @ Point 7
5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
10 2.7 2.7 2.7 2.7 2.7 2.7 2.7
15 2.9 2.8 2.8 2.8 2.7 2.8 2.7
20 3.0 2.9 2.9 2.9 2.9 2.9 2.9
25 3.2 3.2 3.1 3.1 3.1 3.1 3.1
30 3.4 3.3 3.3 3.3 3.3 3.3 3.3
35 3.6 3.5 3.5 3.6 3.5 3.5 3.5
40 3.8 3.7 3.7 3.7 3.7 3.7 3.6
45 4.0 3.9 3.9 3.9 3.9 3.9 3.9
50 41 4.1 4.0 4.1 41 4.0 4.0
55 43 4.2 4.2 4.2 4.2 4.2 4.1

Figure 3-3 and Figure 3-4 present examples of significant wave height variations and peak wave period

under 50 knots wind.

(m]
5431500
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5430000
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FIGURE 3-3: SIGNIFICANT WAVE HEIGHT UNDER 50 KNOTS WIND
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FIGURE 3-4: PEAK WAVE PERIOD UNDER 50 KNOTS WIND

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 9



Modeling Report | Vancouver Fraser Port Authority
Revision 0 | August 13, 2020

4. Numerical Modelling Development

The Danish Hydraulic Institute MIKE-21 two-dimensional Spectral Wave (SW) and Hydrodynamic
(HD) models were developed for the Lower Fraser River and Strait of Georgia to carry out the relevant
analyses and to determine engineering requirements for the proposed marsh. Both models were
calibrated to ensure that wave and hydrodynamic processes were adequately reproduced. Figure 4-1
depicts the locations of the metocean data stations used in the model development.

& 08MH005

DFECTT795 %

j“,( Project Site I

Data Stations

discharge
tide
wave / wind

wind

FIGURE 4-1: METEOCEAN DATA STATIONS

4.1. Model Description

MIKE-21 is a modelling system developed by the Danish Hydraulic Institute (DHI) Water and
Environment. It was selected for the project because of the flexibility and computational efficiency with
its unstructured grid configuration. The unstructured grid makes it possible to resolve both large and
small-scale flow and wave processes effectively. Finer resolution grid elements are used in the vicinity
of the project area while coarser grid elements are used away from the areas of interest.

The SW model solves the wave action conservation equations and simulates the growth, decay, and
transformation of wind-generated seas and long-period swells in offshore and coastal areas. The SW
considers important physical processes, including wave growth by action of winds, shoaling and
refraction due to depth variations, diffraction and reflection near structures, wave breaking in the surf
zone, wave dissipation (including bottom friction, white capping, and wave-wave interaction), and
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some non-linear wave-current interactions. Although the model considers wave shoaling due to
seabed changes and wave breaking where the water depth can’t sustain the incident wave height, it
should be noted that the focus of the study is on the design wave condition, which is occurred when
the water level is high.

The HD model solves the depth-averaged shallow water equations and simulates water level
variations and flows in response to a variety of forcing functions. It has been applied extensively
worldwide within oceanographic, coastal, and estuarine environments.

4.2. Model Grid and Bathymetry

For computational efficiency and accuracy purposes, different model grids were developed for the SW
and HD model. To accurately reproduce wave processes such as growth and propagation to RBT2,
the computational domain for the SW model covers the Strait of Georgia Basin, extended around
Texada Island to the northwest and connected with Strait of Juan de Fuca to the south (orange polygon
in Figure 4-2); while a smaller domain for the HD model (pink polygon in Figure 4-2) to resolve the
complex circulation processes in the Fraser River Delta. The HD domain extends inland to Mission as
the freshwater discharge source.

Figure 4-3 shows the unstructured grid configuration (e.g. variable element resolutions) near RBT2.
The finest element resolution around the proposed marsh area is approximately 25 m, while the
coarsest grid element is about 650 to 700 m in the Strait of Georgia.

Bathymetry (or seabed elevations) for the majority of model domain was extracted from the C-Map
Software of DHI, incorporating Jeppesen Norway’s electronic database of global nautical charts (DHI,
2008). Figure 4-4 shows the average water depth in the Strait of Georgia is approximately 150 meters.
The maximum depth can reach 400 meters, just south of Texada Island.

Bathymetry in the shallow mudflats surrounding the project area was based on Stantec’s LIDAR survey
conducted in July 2013 (Stantec, 2013). The LIiDAR coverage included Roberts Bank and Sturgeon
Bank. At the proposed onsite marshes, the design elevation was based on the preliminary concept
drawing (M&N, 2020). Figure 4-5 presents the model bathymetry near RBT2, with onsite marshes.
Vertical datum reference is Chart Datum (CD).
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4.3. SW Model Calibration

Typically, outputs from any numerical model need to be verified with field measurements, in order to
show the model can reasonably reproduce the processes or environment of interest. This procedure
is called model calibration.

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

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

DFO C146146 Measured Wind

I T T T I T T
.20
n
i)
E
o 15
0]
8
@ 10
©
c
s 5 :
0 1 1 1 1 1 L 1
12/13/01 12/13/01 12/14/01 12/14/01 12/15/01 12/15/01 12/16/01 12/16/01
350 T T T T T T T
— 300 .
=z
£
= 250
]
5 200 i
o
5 150 -
e
£ 100 -
= 50
1] l 1 | | l 1 |
12/13/01 12/13/01 12114101 12/14/01 12/15/01 12/15/01 12/16/01 12/16/01

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

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

» Root Mean Square Error (RMSE): g, =+/(x-y)’

e Mean Absolute Error (MAE, m): MAE = |x - y|
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e Model Prediction Capability Index (d): 4 —1____ (X=¥)°
(x =~y - x|

Where, x and y represent the measured and modelled data, respectively. A comparison between
measured and modelled wave statistical parameters is presented in Figure 4-7 and Figure 4-8, and
shows that the model is in reasonable agreement with the measurements.
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FIGURE 4-8: MEASURED VS MODELLED Tp AT HALIBUT BANK
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4.4, HD Model Calibration

The HD model was calibrated against water levels and flow split. Modelled water levels were compared
with tides measured at two DFO tide gauges, namely Point Atkinson and Vancouver, labelled as
DFO7795 and DFO7735 in Figure 4-1. Modelled flow split was compared to measurements as
reported by North Hydraulic Consultants (NHC, 2006).

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

A two-month simulation period was conducted between June 1 and July 31, 2012, in order to capture
the higher-than-average discharges observed during the 2012 freshet season. A graphical comparison
between measured and modelled water levels is provided in Figure 4-9 and shows that the HD model
closely reproduces observed water level variations. Model prediction capability indices (d) of 0.99 (1.0
being perfect prediction) corroborate the accuracy of the modelled water levels at both tide gauges.

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

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

Onsite Offset Features for the RBT2 project include intertidal marsh, subtidal eelgrass, and rock
berms. This section describes the design criteria that apply to these. This includes a description of the
physical and biological design criteria as well as applicable engineering standards.

Horizontal datum is NAD83 UTM Zone 10N. The vertical datum is Canadian Hydrographic Service
(CHS) Chart Datum (CD). All drawings are presented in SI (metric) units.

The following guidelines, codes, and standards are applicable:

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

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

5.1. Peak Tidal Currents

Sediment mobilized by waves and tidal currents may either bury plants, expose roots and rhizomes or
during heavy storms even uproot entire plants. Moderate current speeds tend to enhance eelgrass
growth. The maximum current that eelgrass can withstand depends to some extent on the sediment
type. The optimal range for eelgrass reported in the literature varies considerably, a conservative
range would be 2 to 120 cm s™1. The habitat is usually patchy (sub-optimal) at the higher velocities.

A recent study using a flume determined that the critical orbital velocity threshold for eelgrass growing
in sand was 12 cm s? and in mud 4 cm s, greater velocities resulted in increased sediment
resuspension and therefore increased turbidity reducing the amount of photosynthetically active
radiation (PAR) that reaches the plants. The roots and rhizomes of eelgrass growing in mud started
to be uprooted around 15 cm s, while the eelgrass growing in sand could withstand that velocity.
Eelgrass establishes best on a fairly level seabed, it would be best to minimize any slopes (Durance
C., 2014).

The MIKE-21 HD model was used to evaluate the changes to the tidal hydrodynamics due to the
incorporation of the proposed intertidal marsh and eelgrass beds. The pre- and post-project peak
current speeds within the existing and proposed intertidal marsh and subtidal eelgrass zones are
shown graphically in Figure 5-1 and Figure 5-2. Additionally, Figure 5-3 shows the difference of peak
currents between the pre- and post-project conditions. Table 5-1 provides depth-averaged current
speeds for both the intertidal marsh and subtidal eelgrass zones.

Result shows that the post-project speeds at the project boundaries are equal or less than the existing
values and within the acceptable range to predict bedform impacts. Consequently the construction of
the intertidal marsh and eelgrass beds will have negligible impact to the tidal currents in the existing
intertidal marsh and eelgrass zones with peak post-project current speeds of approximately 0.4 m/s.
At the northwest corner of the RBT2, the area with the highest current speed (ranges 1 — 1.2 m/s)
reduces at the post-project phase and still remains within the acceptable range defined for optimal
eelgrass/marsh zone maximum current speed.
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The overall evaluation indicates that post project current speeds are equal or less than pre-project

values and construction of the new plan meet all the requirements and design criteria.

TABLE 5-1: DEPTH-AVERAGED CURRENT SPEED FOR EXISTING AND PROPOSED CONDITIONS

Tidal Currents

Description Existing Proposed
Intertidal Eelarass Intertidal Eelarass
Marsh 9 Marsh g

Current Speed

Below 0.4 0.4-0.6 Below 0.1 Below 0.4
Range (m/s)

[m]

5435000 w
5434000
5433000
5432000
5431000
5430000
5429000
5428000

482000 484000 486000 488000 90000 4982000
FIGURE 5-1: PRE-PROJECT PEAK CURRENTS

Current speed [m/s]
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FIGURE 5-3: DIFFERENCE OF PEAK CURRENTS BETWEEN PRE- AND POST-PROJECT CONDITIONS

5.2. Permissible Bed Shear Stress

Stantec (20164, b) conducted an exploratory investigation of soil properties and performed laboratory
tests on samples collected from borings.

Per the Unified Soil Classification System (USCS), Table 5-2, surficial sediments at the project site
classify as poorly graded sand (SP), poorly graded sand with silt (SP-SM), and silty sand (SM),
generally described as poorly graded sand with fines (silt), interbedded by layers of silt
(Stantec, 2016a). From west to east, the content of fines in the sand ranges from 5 to 15% (silt
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content), increasing to 15-30%. About 5 metres below the surface, transitioning to grey, sandy silt (ML)
with an overall fines content of 65% (Stantec 2016Db).

TABLE 5-2: UNIFIED SOIL CLASSIFICATION SYSTEM (ABBREVIATED)

Classification ID Description
Clean GGVF\)/ \I:Vell Igradedd iravelsI
Gravels - .Oorygra ed gravels
With GM  |Silty gravels
Fines GC Clayey gravels
SW  |Well graded sands
Clean 5 Soor] g
Sands - _°0r y graded sands
With SM Silty sands
Fines SC Clayey sands
i ML Inorganic silts
Silts and Clays o : -
LL 50% or less Inorganic cays
OL Organic silts or clays
Silts and Clays MH .Inorga nic silts
CH inorganic clays

LL greater than 50% —
OH Organic silts or clays

Highly Organic Soils Peat

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

Table 5-3 summarizes typical permissible shear stresses for materials in the range from non-cohesive
to cohesive material. Shear stress is defined as the force per unit area (expressed in N/m?) applied
parallel to the surface of a material.

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

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

The plasticity index (PI) of materials obtained from surficial soil samples ranged from about 7 to 9,
Stantec (2016a). Based on this the permissible shear stress is estimated to be around 2.5 to 3.0 N/m2.
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TABLE 5-3: TYPICAL PERMISSIBLE SHEAR STRESS, REPRODUCED FROM FHWA (2005)

Permissible Shear

Material Category Material Type Stress (N/m?)
Clayey sands 1.8t0 4.5
Bare Soil (P1=10) Inorganic silts 1.1t04.0
Silty sands 1.1t0 3.4
Clayey sands 4.5
Bare Soil Inorganic silts 4.0
Inorganic sands 6.6
Finer than coarse sand 1.0
d7s < 1.3 mm )
Bare Soil Fine gravel 56
Non-cohesive (P1 < 10) d7s =7.5mm ’
Gravel
d7s =15 mm 11.0
Coarse gravel
dso = 25 mm 19.0
Gravel v |
ery coarse grave
dso =50 mm 38.0
. dso =0.15m 113.0
Rock riprap
dso =0.30m 227.0

By coupling the calibrated HD and SW model, tidal-induced and storm wave-induced bed shear stress
at each model grid were combined to represent a normalized annual condition. Figure 5-4 illustrates
the maximum pre-project bed shear stress, as well as the approximate outline of existing dense
eelgrass or marsh beds (dark green line). Result indicates that although the majority of the existing
dense eelgrass or marsh beds fall in the bed shear stress less than 1 N/mz (light blue color), the upper-
end threshold can be near 2.5-3 N/m2 as some local spots can see eelgrass growth up to this zone,
e.g. areas near Canoe Pass and the Delta Port entrance. Figure 5-5 investigates the maximum bed
shear stress after the onsite marshes are created. Result indicates that the entire onsite marshes area
falls in the zone with bed shear stress less than 1 N/m2. In addition, there are very minor (nearly non-
noticeable) changes from the pre-project condition.
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FIGURE 5-4: PRE-PROJECT BED SHEAR STRESS
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FIGURE 5-5: POST-PROJECT BED SHEAR STRESS

5.3. Biological Design Criteria

5.3.1. Eelgrass Salinity Range

The optimal salinity range for eelgrass is 10-30 ppt. Although it can tolerate short periods of O ppt.
without any reduction in growth. Figure 5-6 and Figure 5-7 indicates salinity values for the project
location based on high slack and ebb tides respectively (RBT2 EIS Appendix 9.5-A). Table 5-4 shows
the estimated salinity ranges for existing and proposed conditions extracted from the figures and based
on both high slack and ebb tides.
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TABLE 5-4: SALINTY RANGES FOR EXISTING AND PROPOSED EELGRASS ZONES

Eelgrass Zone

Description —
Existing Proposed

Salinity Range (ppt) 22.5-30 10.5-30

Based on the ranges obtained from the below figures and per Table 5-4 it is concluded that the salinity
levels remain within the optimal range for the proposed eelgrass area.

NORTHING (m)

Salinity
(psu)

5434000 F

5433000

5432000

5431000

5430000

5429000

5428000
483000 484000 485000 486000 487000 488000 489000 490000

EASTING (m) Elevation in Chart Datum (m)

FIGURE 5-6: SALINITIES ASSOCIATED WITH A HIGH SLACK TIDE
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Salinity
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FIGURE 5-7: SALINITIES ASSOCIATED WITH AN EBB TIDE

5.3.2. Intertidal Marsh Salinity Range

Intertidal marsh habitat is characterized by emergent vascular plants that exist in the elevation range
of +3.2 to +4.8 m CD that is regularly covered during high tides. At Roberts Bank, typical species of
intertidal marsh habitats include sedges such as Carex lyngbyei and Schoenoplectus pungens,
saltgrass species, e.g. Distichlis spicata, and succulents including Sarcocomia pacifica
(Hemmera 2014). The salinity tolerance of marsh vegetation ranges between 18 to 30 ppt
(GLW, 2017).

Table 5-5 shows that salinity levels at the existing tidal marsh area (northwest of delta port) are about
25 ppt. The salinity range estimated for the proposed intertidal marsh zone along the northern side of
RBT2 is within the optimal range.

TABLE 5-5: SALINTY RANGES FOR EXISTING AND PROPOSED TIDAL MARSH ZONES

Marsh Zone

Description o
Existing Proposed

Salinity Range (ppt) 24 -255 18 -25.5
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The intertidal marsh can be created on raised areas adjacent to the terminal and causeway at
elevations between +3.0 m chart datum (CD) and +5.0 m CD (EIS Appendix 17-B, Drawing 17-B1),
where wave energy is dissipated in the high intertidal (supralittoral) zone.

Table 5-6 summarizes elevation and salinity tolerance ranges of dominant low and high intertidal
marsh species measured on Roberts Bank.

TABLE 5-6: PROJECT AND REGIONAL MARSH HABITAT SALINITY TOLERANCE

Salinity Range
Plant Species y g

(PPT)

Seacoast Bulrush 2-20
Lyngbye’s Sedge 0-15
Saltgrass 4-35

Baltic Rush 2-15
Pacific Silverweed 0-15
Pickleweed 18 - 35
Three-Square Bulrush 0-20
Softstem Bulrush 0-11
Arrowgrass 0-30

References:
1) GLW (2009)
2) GLW (2017a)

5.3.3. Intertidal Marsh Elevation Range

Table 5-7 summarizes elevation ranges of dominant low and high intertidal marsh species on Roberts
Bank identified in field surveys.

Blank cells indicate that the respective species was not observed at the indicated location, or elevation
data was not collected.
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TABLE 5-7: PROJECT AND REGIONAL MARSH HABITAT ELEVATION RANGES

Elevation Range (m CD)

Plant Species Roberts DeltaPort Steveston Jetty
Bank? Causeway? South Arm?
Seacoast Bulrush 3.0-338 34-40 3.0-3.2
Lyngbye’s Sedge 3.1-4.2 3.1-39
Saltgrass 3.8-5.0 3.8-5.0
Baltic Rush 3.0-34 3.2-40
Pacific Silverweed 3.0-4.2
Pickleweed 3.6-45 3.6-4.7
Three-Square Bulrush 2.6-3.8 3.2-39 28-3.3
Softstem Bulrush 3.1-43
Arrowgrass 36-4.0 3.6-4.0
References:

1) GLW (2009)
2) GLW (2017a)

5.3.4. Intertidal Marsh Wave Tolerance
Douglass et al. (2004) have studied the tolerance of marsh vegetation with respect to wave exposure.

Figure 5-8 summarizes the applicable guidance. The green lines in the figure indicate significant wave
height limits permitting marsh vegetation to propagate. The blue lines indicate wave heights at which
wetland vegetation will be subject to erosion. The red lines indicate the wave threshold above which
wetland species are unable to grow.

The studies by Douglass et al. (2004) found that the upper limit of wave energy for existence of salt
marsh could be quantified as:

e Median (Hso) H=0.13m
e Corresponding Hgo = 0.25 m

Sites with less wave energy were observed to have vegetation along the shoreline, while sites exposed
to larger wave heights were unable to support marsh habitat.

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 28



Modeling Report | Vancouver Fraser Port Authority
Revision 0 | August 13, 2020

o
oo

e
=

o
o

o
»

o
30

o
(X0

E
bl
=
2
@
I
S
o 0.4
=
-
c
©
L
—
c
2
w

o
—

o
o

Frequency of Occurrence (% less than)

FIGURE 5-8: WAVE HEIGHT TOLERANCE FOR MARSH SPECIES, DOUGLASS (2004).

5.3.5. Rock Berm Stone Size

The median stone mass for a stable riprap distribution can be determined using the Hudson equation
(CEM, 2011):

ps X H?

Msy = 5-1

Kp % (&— 1)3 X cota
Pw

H  Characteristic wave height (H,)
Ms, Median mass of stone armor unit
ps Mass density of stone

pw Mass density of water

K, Stability coefficient

a  Slope angle

Based on the equation 5-1, median stone mass would be equal to 740 kg.

Table 5-8 demonstrates the gradation of rock sizes in each class of riprap. To meet the minimum
requirements, class of 1000 kg is selected for design purposes.
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TABLE 5-8: GRADATION OF ROCK SIZES IN EACH CLASS OF RIPRAP
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CLASS OF | *NOMINAL THICKNESS ROCK GRADATION PERCENTAGE SMALLER
RIPRAP OF RIPRAP THAN GIVEN ROCK MASS (kg)
(kg) (mm)
15% 50% 85%
10 350 1 10 30
25 450 25 25 75
50 550 5 50 150
100 700 10 100 300
250 1000 25 250 750
500 1200 50 500 1500
| 1000 1500 100 1000 3000 |
2000 2000 200 2000 6000
4000 2500 400 4000 12000

* The thickness of riprap, measured at right angles to the slope, for the class specified, shall be the nominal
thickness stated, unless otherwise shown on the Drawings or required by the Ministry Representative.

5.3.6. Rock Berm Crest Elevation

Wave action behind a rock structure can be caused by wave overtopping and wave penetration if the
structure is permeable. The wave transmission can be characterized by a transmission coefficient, C;,
defined as the ratio of transmitted to incident characteristic wave heights. The transmission coefficient
is defined by equation 5-2 as follows:

Hy

c, = 2> 5-2
t Hs

Where:
H,, Transmitted characteristic wave height
H, Incident characteristic wave height

Based on Table 3-3 and Table 3-4, the maximum 1-year return period wind speed from northwest-
west (NW-W) direction and maximum wave height is equal to 36 knots and 1 m respectively. For
design purposes, the maximum transmitted wave for intertidal marsh zone is selected to be 0.1 m.
Therefore, the transmission coefficient (C;) equals 0.1.

Equation 5-3 indicates the wave transmission formula by van der Meer et al. (1991) for rock armored
low-crested, and submerged structures, which accounts for the crest width of structure.

H R
C, = (0.031 X —— — 0.24) X——+b 5-3

n50 n50
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H,  Significant wave height of incident waves

D,so Median of nominal diameter of rocks for design condition
R. Freeboard, negative for submerged structure
b  Constant based on crest width

Based on equation 5-3 and a crest width of 5 m, the required freeboard above HHW-MT taken as an
average of mean high tides is Rc = 1.1 m, which corresponds to a crest elevation of the rock berm of
about +5.2 m CD (Figure 5-9).

Crest Top Elevation = +5.2 m Amf stone
B=5m

HHW-MT =+4.1m

FIGURE 5-9: ROCK BERM CREST ELEVATION AND DETAILS (VAN DER MEER-1991)

5.3.7. Marsh Channel Dimensions

To provide channel characteristics and dimensions within a tidally dominated coastal landscape,
Hughes (2002) and other studies suggest the existence of a relationship between cross-sectional area
and tidal prism for tidal channels. Their approach reasonably fits a wide range of channels and inlets.
The findings from Hughes (2002) was augmented with data for local mudflat and marsh channels on
Sturgeon Bank and Roberts Bank. Data for tidal prism, channel width, channel depth, and
cross-sectional area was collected for existing marsh channels and channels on the mudflat.
Figure 5-10 presents the observed relationship where green circles are representative of marsh
channels and orange circles representative of channels on the mudflats.
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FIGURE 5-10: EQUILIBRIUM CROSS-SECTION AREA VERSUS TIDAL PRISM DATA

The plan areas of the intertidal marsh zone and rock berm are about 76,000 m2 and 44,000 m?
respectively (120,000 m2 in total). Based on Table 3-1, HHW-MT equals to 4.1 m (CD) and LLW-MT
is about 1.2 m (CD). Since the suggested marsh vegetation is located at around elevation 3.6 m (CD),
the maximum water volume needed to route through the channel is approximately 6x10* m3. Using
the relationship, an equilibrium cross-sectional area during peak discharge is estimated around 5 m?
if using Jarrett’s relationship and about 10 m2 based on the local marsh channel data. In addition,
based on the simulation modeling results, the maximum discharge for the channel out of intertidal
marsh zone is approximately 12 m3/s. Based on Friedrichs (1995), the relationship between cross-
sectional area and peak discharge for tidal channels is shown in Figure 5-11. It confirms the finding
from previous method about the optimal cross-sectional area for the channel is about 10 m? based on
Friedrichs relationship.
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FIGURE 5-11: CROSS-SECTIONAL AREA VS. PEAK DISCHARGE FOR SHELTERED TIDAL CHANNELS
(FRIEDRICHS, 1995)

10° F

While there is great variability within tide-dominated systems, the channel width-to-depth ratio can be
split into two discrete groups of tidal channels, namely marsh channels and channels on mudflats
(Hughes, 2011). Adopting this concept, aerial photographs and LIDAR survey were used to estimate
the width-to-depth ratios for marsh channels and mudflat channels on Sturgeon Bank and Roberts
Bank. The data is shown in Figure 5-12, where the green circles represent marsh channel dimensions
and the orange circles are representative of channels on the mudflats. The marsh channel data
correlates well with Hughes (2011) data in the figure. The suggested range of the proposed marsh
channel geometry is indicated by the dashed red lines in the figure. The suggested range is from a
5 m wide and 0.7 m deep channel to a 10 m wide and 1.4 m deep channel.
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FIGURE 5-12: WIDTH-TO-DEPTH RATIO FOR TIDAL CHANNELS (ADOPTED FROM HUGHES 2011)
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Conclusions

Overall evaluation from the analyses conducted for this report indicates that:

Post-project current speeds around the peripheral boundaries and RBT2 project areas are
equal to or less than pre-project values.

The proposed marsh and eelgrass habitat meets the outline design criteria.

The salinity range in the area proposed for new eelgrass plantings is within the optimal range
for eelgrass.

The salinity range estimated for the proposed intertidal marsh zone along the northern side of
RBT2 is within the optimal range for select salt-tolerant species.
Based on the salinity tolerance parameters; Saltgrass, pickleweed, and Arrowgrass species

may be candidate marsh vegetation for the onsite marsh habitat. The preferred elevation range
for these species is 3.6 to 5.0 m CD.

The freeboard of the rock berm is estimated to be 1.1 m above Higher High Water-Mean Tide
(HHW-MT). This corresponds to a crest elevation of about +5.2 m CD.

The suggested marsh channel dimensions range from a 5 m wide and 0.7 m deep channel to
a 10 m wide and 1.4 m deep channel.

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 35



Modeling Report | Vancouver Fraser Port Authority
Revision 0 | August 13, 2020

7. References

BIEAP-FREMP (2006). Environmental Management Strategy for Dredging in the Fraser River Estuary.
Burrard Inlet Environmental Action Program (BIEAP) and Fraser River Estuary Management Program
(FREMP).

BC Ministry of Environment (BC MOE, 2007), Lower Mainland Region Dyke Mapping. 2007.
Canadian Hydrographic Services (2005). Charts #3492,

CBA (2010). Roberts Bank and Sturgeon Bank Reach Overview — Phase 2. A report for BIEAP-
FREMP.

CEM (2011). U.S. Army Corps of Engineers, Engineering and Design “Coastal Engineering Manual”.
DHI (2008). MIKE C-Map. User Guide.

Durance, C. (2014). Eelgrass Habitat Creation in British Columbia. A Presentation to Port Metro
Vancouver. October 1, 2014.

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

Friedrichs, C.T., 1995. Stability Shear Stress and Equilibrium Cross-Sectional Geometry of Sheltered
Tidal Channels. Journal of Coastal Research (11), p1062-1074.

FHWA (2005). Design of Roadside Channels with Flexible Linings. Hydraulic Engineering Circular
No. 15, Third Edition. Publication No. FHWA-NHI-05-114. U.S. Department of Transportation, Federal
Highway Administration. National Highway Institute. September 2005.

GLW (2009). Roberts Bank and Sturgeon Bank Reach Overview. Backgrounder. Prepared for Fraser
River Estuary Management Program. Prepared by Gary Williams, GL Williams & Associates Ltd., 2907
Silver Lake Place, Coquitlam BC V3C 6A2; and Andre Zimmermann, Derek Ray, Charlene Menezes,
Northwest Hydraulic Consultants, 30 Gostick Place, North Vancouver, BC V7M 3G3. October 27,
2009.

GLW (2017). Preliminary determination of planting quantities for South Arm Jetty. Prepared for Moffatt
& Nichol. Prepared by Gary Williams, Professional Wetland Scientist. GL Williams & Associates Ltd.,
Coastal and Estuarine Habitat, 2907 Silver Lake Place, Coquitlam BC V3C 6A2.

Hemmera Environchem Inc. (2014). Roberts Banks Terminal 2, Technical Data Report, Marine
Vegetation.

Hemmera Environchem Inc. (2015a). Existing Ecological Conditions Proposed Tsawwassen Eelgrass
Enhancement Project.

Hemmera Environchem Inc. (2015b). Tsawwassen Eelgrass Enhancement Project Source Sediment
Characterization.

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 36



Modeling Report | Vancouver Fraser Port Authority
Revision 0 | August 13, 2020

Hughes, Z.J., 2011. Chapter 11: Tidal Channels on Tidal Flats and Marshes, Principles of Tidal
Sedimentology. Editors: Davis Jr., R.A. and Dalrymple, R.W. Publisher: Springer Netherlands.

Jacques Whitford-Axys (2007). Vancouver Island Transmission Reinforcement Project; Application for
Navigable Waters Act Authorization for Habitat Compensation Works on Roberts Bank, Tsawwassen,
BC.

Jacques Whitford-Axys (2007). Vancouver Island Transmission Reinforcement Project; Fish Habitat
Compensation Plan, Tsawwassen, BC.

Moffatt & Nichol (2012). Memorandum on Updated Hydrodynamic Model of Roberts Bank, prepared
for Hemmera Environchem Inc. Reference Job No. 7627-22. Dated March 16, 2012.

Moffatt & Nichol (2020). Proposed Eelgrass at Elev -1 W/ Temp. Access Road & Intertidal Ranges.
Dated February 26, 2020.

North Hydraulic Consultants (2006). Lower Fraser River Hydraulic Model: Recorded Flow Splits.
Drawing Prepared for Fraser Basin Council. North Vancouver, BC.

Precision Identification (2013). Assessment of Potential Eelgrass Transplant Sites, prepared for Port
Metro Vancouver. Tsawwassen, Delta. April 2013.

Stantec (2013). Sturgeon and Roberts Bank LIDAR July 2013. Data file Prepared for Port of
Vancouver.

Stantec (2016a). Borehole Record. Project: Roberts Bank Terminal 2. Prepared for: Port of Vancouver.
Prepared by: Stantec. Dates of Borings: 2016/08/25 to 2016/08/30.

Stantec (2016b). Profile B-B’ — Fines Content. Container Capacity Improvement Program, Roberts
Bank Terminal 2. Proposed Terminal Expansion. Dwg. 34-347-GT-0304, sheet 1 of 1, Rev. A. Scale
1:2500H, 1:500V. Date: 12/02/16.

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® 37



Design Report | Vancouver Fraser Port Authority
Revision B | August 14, 2020

Appendix C:
Borehole Records

.‘.‘ moffatt & nichol Creative People, Practical Solutions.® C



TITLE BLOCK: DL—TB.dwg

PATH: \\CD1183—F05\workgroup\1158\active\ 115815019\ 7_drawings\6_geotech\6_figures\interpretive_drawings\\34—347—-GT—0300_test_hole_plan.dwg

DATE: 2017/03/03 — 3:36pm

[
CPT11-045 AN '
SH11-54 N\ /
1
’
CPT11-059 \\ /
AN !/
. /
N\ "
SH11-32 ]
W CPi07.03 \—CPTH 511 - /
CPT11-036 CPT11-505 —SH11-96 SH11-99 . S
SH11-43 CPT11-052 CPT11-507
4 —
E CPT11-048 6', CPT11-097
SH11-57
- CPT11-028
SH11-34
CPT11-038
CPTI w-om—\
T £=/2ir S - S S R L
- < 3 V¥ CPT16-16
// [oSH1127
/ W SCPT16-19 \/
,'/ W CPT16-17
/ SH11-36
! CPT11-041 ® 5162 ) W SCPT16-15
[ SH11-17 -8 -8 8 ® BHI614
h S SH11-49— © ©
B | CPT11-024
- L}
' | CPT16-21 SH11-93 CPT11-032 v Ci#T16-23
SH11-39
! CPT11-015 1 CPT1 ]_501_\ s /_ 3 /—SHW 1-95 8 [—CPT1 1-510 /\i\j
| N B CPT11-504 L&
I T T T » I T T T T I T T T J T "
0+000 o+ioo 0+300 0+400 0+500 @ BH16-260 0+800 0+900 SH]I;?E% 1+100 14200 14300 14400 51471 08 14500 CPT11-086 14600 I, Z
WV CPT16-27 SHH—]‘?J N CPT11-058 ! I
| CPT11-020 CET1T 093 SH11-68 | ——
: CPT11-072 '
| N CPT11-081 | \/
1 . N .
CPT11-011 i K SH11-31—" W CPT15-07 stn-e0—/ ﬁ - i ] |
: _% - —% 8 CPTI HOO? !
S © CPT11-047 ° CPT16-24
| CPT11-016 L SHIT-42 SH11-87 [ B =
' CPT11-021 SH11-56 | CPTT-087
| /- @® BHI16-30 |
' V SCPT16-29 CPT11-044 CP111-062 : o
| SCPT16-31 /
CPT11-007 CPT11-092 : CPT11-027 Y J :
/7 | CPT11-095 CPT11-075 SH11-82 |
- \—sH11-33 X Q [ o
N sH1111 i CPT11-012 B J H B crees |
1 ° CPT11-037 SHTTAS : SH11-88
/i/\” _ CPT16-33 CPT11-050 I J
. \Ip\ Y CRI-ot7 W CPT16-34 v BH16.32 CPT11-088 ‘ )
W CPT16-36 ® BHI63S T [ ] 6-3 : SH11-91
| SH11-21— CPT11-099 |
. CPT11-022 SH11-94— CPT11-065 r -
' SH11-26 '
SH11-08 _
CPT11-008 ! B 102 CPT11-503 S CPT11-077 :l
' 3 3 8 CPT11-084
SH11 B B B l :
e | SRV N @ Br16-41 ., @  BOREHOLE LOCATION
7\¥*77774.‘77i . — S o - SH11-22 CPT11-509 ' [STANTEC, 2016] ]
[ | ] / SH11-63 ! W CONE PENETRATION TEST
—_— /Lsm 109 : /_SH] | og I' LOCATION [STANTEC, 2016] -
CRTTH0s \\\‘\!\————‘\\\\ \—CPm s o . ,,//"’/WJ SH11-76 SCW:% 2 SEISMIC CONE PENETRATION |
' - . CPTI1 - -
\_cPT11-091 Iw cpri1-009 [ / _ W CFTIS-39 8 —~ [TGEESOTL[SJEIECQRL \gL'JAF;/VEEY OF
- —_— i s -5 .
500 o oo Y s [ /.chr1 1-079 CANADA, 1998]
— —_— ) - - . cPmIS0S
_ | — Ny o Oy =10 “shites § ® BH16.40 ¢ BOREHOLE [GOLDER, 2015]
T T e —— - PT15-02 o <« @ == B I
- | —— vcenros e 019 crri-os—" BH15-05 eI S CPT1}-085 W  CONEPENETRATIONTEST
- o \\\i\\ o SH11-18—/ _\*wif—————7f7f?,7,,\777¢\777777\ [ E N1 150 cerios (CPT) [GOLDER, 2015] -
SHIT06 D S— S — — - - BOREHOLE [GOLDER, 2011 N
— /j - ' . "W SCPT16-46 ﬂcms—m - :x\z TSHIN e £ . ——CPT15-04 - 17*&])77 S [ 201
— . R i I - ) - ~_ I \_BH15.06 CONE PENETRATION TEST i
. — ~ LapHiso . : A - y | >S_BHI504 CPT15-06
R 1006 sHilo b BHIGAT— o010 _ T N cr iy - e R (CPT ABOVE ELEV. -38 m GD)
I — 7777777\777772777::—-T;--;T e e e e e e e e e e e e e e e e e e e e T T T e Y, e e e s e e e e e e e e ey e e e e e s e ) [GOLDER, 2011]
e - - CPTI50 - ) 4 /
- S — CPT15-08— - - S ‘L CPT15-11 CPT11-034—/ CPT15-12 CONE PENETRATION TEST
e IE—————— — — . . e . . . — — (CPT BELOW ELE. -38 m GD)
- ee@ oM@ T 20 080 00 0+500 0+700 0¥ 0+900 SH11-41—/ 1400 1100 [f%igi—/iiij:j:jﬁ% [GOLDER, 2011]
e e = E— — 1500 CONE PENETRATION TEST
- e —— - I *f*ftyﬂé—is—iffffiff,,77777\77777777777 cPioos — (CPT) [GOLDER, 2010]
:i:::::if7\7777777*77\;;;*\290—0 - — e — - ::::i::iii’** T - e v CONE PENETRATION TEST
| - e — [ — - - - = - 000 —— (CPT) [THURBER, 2007]
R [ — - 18 R —— e ——— —— |8 —— =2
- - & — R — R E S ——————— e ______ PROPOSED ROBERTS BANK
B Y R — I E - - TERMINAL 2 EXTENTS
- E— — o e e — BATHYMETRY MAJOR
T — e — - = CONTOUR (5 m)
- - - T — - Kiii:)/
| — — e — BATHYMETRY MINOR
o o CONTOUR (1 m)
° ° 1. ELEVATIONS IN CHART DATUM
SCALE IN METRES
0 25 5 75 100
' 1:2500
DESIN BY  PLASTERER
ﬂ PRAWN BT . HuYNH
11/14/16| 2016 CPT LOCATIONS ADDBITIONS I‘t' Q,%Rr;rcoéuver APPROVED L RISTIANSEN ROBERTS BANK TERMINAL 2
2 R . | INAL SURVEY. DWG NO. 34-347-Cl-1150-1160 m S l a n l e C 05/11/16| REVISED LOCATIONS FOR GEOLOGICAL SURVEY OF CANADA (1998) DATE 04/29/16
— 5 FOR DISCUSSION ONLY AS—BUILT TEST HOLE LOCATION PLAN
1 AECOM BATHYMETRY CONTOURS, DWG NO. 20000-ACL-RBT2, DATED 12/12/15 D0 NOT USE FOR CONSTRUCTION 04/29/16| INITIAL DRAFT SCALE 12500
Last Saved: Feb. 21/17 12:19pm VANCOUVER FRASER PORT AUTHORITY szt | owe, SHEET REV.
PMV SITE — — —



lwidjaja
Rectangle

lwidjaja
Rectangle

lwidjaja
Rectangle

lwidjaja
Rectangle

lwidjaja
Rectangle

lwidjaja
Rectangle


TITLE BLOCK: DL—TB.dwg

PATH: \\CD1183—F05\workgroup\1158\active\ 115815019\ 7_drawings\6_geotech\6_figures\interpretive_drawings\\34—347—-GT—0303_xsect_b_cpt_tip_resistence.dwg

DATE: 2017/03/03 — 3:43pm

B EL 8.75m Etr £ E
7 (chart Dq'tum)\ £ = B FINAL GRADE 3 23 M~ 10
4 = = UT= L
1 : € = € E £ 1S .
j L7 ¥ : IR T EE s : : Y ‘e : ce g Y .
°T : 28 2 ¥ TE Lz 29¥ 98 85 g For T B 8% 253 S Grz Trg 8 jg 5
I oo o —1 L gE Pok 538,548 b G EXISTING [ 2 TRE b g £ 4 cok Fok 2 1
o__ SOUTH ] %IEQ 5?8 %E% s S ?%38 2?8 /MUDLINE %?% moz-T!ooz gg é?g %,E %?\8 moz=’|z§ooz % %,39 0
5 ’ |' e o SP| L4SM T SM _’ § SP /M = = =z 5
1 L g "_-i__.> B SP ’g 1 %:
T % : T - —_— :
10+ ] 5 = SM ML SP/ — 10
e $ | SM g SM zf;‘f , -
4 | d = —_— - %
I . = = g =
15+ SP/SM é : . = 4 _ 15
I . 3*; : SP/SM M 55 e ? L =
20+ CEp e - 1 .' = 7T : - = g R 20
I & um * awwon ll % % agpan ° o “% . %(bar) ¥
25T g —'Fi:: g 1‘:- .' e -25
I X . ——
Sepegs. = i &
301 == 3 .'g = I = 30
I =% § % ML 12, %c } — ;
351 X % g g_m 3 -35
<4 I el bl S . ¢
- = = —e= L= -
a0 E‘E\,— —— 17| S % -——-—-?:;‘;:_, | 40
! L A S 4=
1 - 7| == E = o iy 21
501 | é iz; — et o (el 50
e I = ! ‘-_}_ _E %ﬁk = % -
55+ 1% et & apar) % 100 g qj(‘éo) 200 100 100 200 100 0 100 -55
+ ar, U, (M) A(bar) u, (m)  Y(bar)
60+ -60
65+ -65
70+ -70
E 151 75 £
© T ©
o I (]
£ .50l SAND/SILT (HOLOCENE) 80 €
N 1 =
O T O
£ -85 -85 £
c +4 c
e -+ o
S 90+ 90 S
o U kS
L 1 L
-95+ -95
-100+ -100
-105+ -105
-110+ L e T T R T e e R e I T e e T T e -110
1 ST Pl ___r)—._ -—— — =
-115+ S e U e R S -115
I . =
120+ et e e T S e s e e 1120
it
-125+ e e — L)
I = —
130 VAN AVAA -130
I COHESIVE DEPOSIT
-135+ (HOLOCENE) .
1 =
-140F -140
-145+ NN -145
I a — = T
-150F AN -150
155+ o TR, 1155
I s TILL—LIKE SOIL
N NN 707 NS A AN AN (PLEISTOCENE) LEGEND:
-160+ 160 T
I CPT TIP RESISTANCE Qt
-165+ -165 PORE WATER PRESSURE u,
04000  0+00  0+200 0+300 0+400 0+700 0+800 0+900 1+000 1+100 1+400 1+500 1+600 SAND/SILT (HOLOCENE)
Stationing (m)
[ ] ctaY (HoLocene)
Profile View of B—B’ [ ] TILL-LIKE SOIL (PLEISTOCENE)
Vertical Exaggeration: 5:1
: HORIZONTAL SCALE IN METRES
NOTES: o MORGEONTAG SCALE N METRES,
1. COHESIVE AND TILL DEPOSITS INFERREED BASED ON 2016 INVESTIGATION AND FROM
FIGURE 5-1 OF GOLDER REPORT ‘ROBERTS BANK SEISMIC EVALUATION", (REPORT REF.
- VERTICAL SCALE IN METRES
NO. 10-1447-0150, BATED MAY 18, 2011) 0 5 10 15 20 25
2. 2016 PAIRED TEST HOLE DATA ILLUSTRATED AT ONE LOCATION.
DESIGN BY
M. YUAN
____ CONTAINER CAPACITY IMPROVEMENT PROGRAM
G. HUYNH
<Y PORT of ROBERTS BANK TERMINAL 2
* APPROVED 1 KRISTIANSEN
vancouver PROPOSED TERMINAL EXPANSION
B [12/02/16| 2016 TEST HOLE DATA UPDATES GH | HK DATE 11/14/16 PROFILE B—B’ CPT TIP RESISTANCE Q
FOR DISCUSSION ONLY — —
1 AECOM BATHYMETRY CONTOURS, DWG NO. 20000-ACL-RBT2, DATED 12/12/15 A |11/14/16| INITIAL DRAFT GH | HK SCALE . . f
PONOT USE FOR CONS TRUC TION VANCOUVER FRASER PORT AUTHORITY 12000, 10OV
R f N R E F E R E N C E Last Saved: Feb. 21/17 11:46am N D 1_ REV'S'ON D ’ Chsd PMV SITE SIZE | DWG. 34_347_GT_0303 SHEET
et.No. 0. ate rn ENGINEERING DEPARTMENT 34 D 1 of 1




TITLE BLOCK: DL—TB.dwg

PATH: \\CD1183—F05\workgroup\ 1158\active\ 115815019\ 7_drawings\6_geotech\6_figures\interpretive_drawings\\34—347—GT—0304_xsect_b_fines_content.dwg

DATE: 2017/03/03 — 3:45pm

B EL 8.75 == = T, B|
_ .75m =7 2 2 EL 8.00
10 (Chart Dotum)\ £ £ Rk FINAL GRADE - - 8§ 8% " \ 10
1:75 £ £ £ o =o EE € £ <+ €€ €€ = £ o E £ 1:75
5+ 2o §o 8« 27 "O’.'?I ons 82 wf " g% 8? Qo E o N 82 B2 2 o 5
CPTI6—27 1 Loz o NE L7z :I:QE EQE D 19z DT EXISTING LE :':mE TEN Sz 8913 ?BE LB EsE g (},%E 1
0/S: 26.0 = hailty™] halry I \O ,0 N0 - =& ‘u_; .. ) - — - .. ‘e e - .. = pmy — e
ol /5 280 EI§§ E§§ gﬁé pezgoo= S ?Egé Elgé %I§§ /MUDLINE %E%T%EQ glg Igé 5.§ glg\é %E%Ts%ég g g$§ 0
i — .
b : " u-. e L M, T JOEAtE sM_T o N 'E\‘ 2 -5
o 90 S 090 , _
g “‘ ML s G 10
2 ; RS
< } > " y AN N et 15
: >< SR ‘ 7/ N\WML N i ih
CX K2 9 AU < Y IO E; B4 20
) @ NG : '#"4 QL]
K5 KRR
X % oV N
(] - 3%
&5 . Y o F ¥
& \ X S
\ < ) RNCT 5
Q y SN ©- .. PN
NG ¥ ~%0% -40
— N LI N NG 2 g
— i L o ..zo° = y 9
- F .;’M’ N -45
N NN NN AN AN Y
s L \20 Oc(z 0 g0 NQO ::,#.‘ AN - ' ::', N
A o5 &8 1 ON_ 20\, 40\_60Y -55
R S S N S N W ) ) N o S SN NN N R S S NN N N S e i N N A A\ 60
65+ -65
70+ -70
E 151 75 E
a 1 a
£ 80T SAND/SILT (HOLOCENE) 80 &
6 1 &
E 85+ -85 E
& I S
S 90f 90 &
> 1 ko
LLl 1 L
-95+ -95
-100+ -100
-105+ -105
-110+ E e T e e B e S T e e e 1110
I FEO R A T e
-115+ B e e e -115
I V| R ——— N
-120+ ~ - = y e p. 000N R -120
= — — : A == %
1251 L Y e . Tz
T S = NN,
130 - e SSSARRK -130
3 COHESIVE DEPOSIT LD
135+ e (HOLOCENE) 7N 135
: s S 7 — LEGEND
-140 ¢ N = -140 . APPARENT FINES CONTENT
I —— ——— === S FROM CPT INTERPRETATION
ST —_— = A RRLIR 145 . FINES CONTENT FROM
i Y- LABORATORY TESTING
-150+ . ) -150
I oy A A ~uus| REPRESENTATIVE FINES
I [ — °|  CONTENT
-155+ M I -155 _
e A VA AN SR ———— 5-15% FINES CONTENT
1607 100 O\ 15-30% FINES CONTENT
165+ 165 XK +30% FINES CONTENT
O+006 . b+i06 S (I)+éO(I) I 6+é06 (I)+JLO(I) I 6+%O(I) I I 6+é06 I I i+ZILOd I I i+é06 I I :II_+éOOI o i+éOd I ZII.+%OO SAND/SILT (HOLOCENE)
Stationing (m)
[ ] cLAY (HoLOCENE)
Profile View of B—B’ [ ] TILL-LIKE SOIL (PLEISTOCENE)
Vertical Exaggeration: 5:1
: HORIZONTAL SCALE IN METRES
NOTES: 0 25 50 75 100 125
1. COHESIVE AND TILL DEPOSITS INFERREED BASED ON 2016 INVESTIGATION AND FROM 1:2500
FIGURE 5-1 OF GOLDER REPORT 'ROBERTS BANK SEISMIC EVALUATION”, (REPORT REF.
' VERTICAL SCALE N METRES
NO. 10-1447-0150, BATED MAY 18, 2011) 0 5 10 15 20 25
2. 2016 PAIRED TEST HOLE BATA ILLUSTRATED AT ONE LOCATION. =00
M. YUAN
CONTAINER CAPACITY IMPROVEMENT PROGRAM
- G. HUYNH
PORT of ROBERTS BANK TERMINAL 2
H. KRISTIANSEN
Sta ntec vancouver PROPOSED TERMINAL EXPANSION
12/02/16 ;
FOR DISCUSSION ONLY PROFILE B—B — FINES CONTENT
1 AECOM BATHYMETRY CONTOURS, DWG NO. 20000-ACL-RBT2, DATED 12/12/15 DO NOT USE FOR CONSTRUCTION A [12/02/16| INITIAL DRAFT GH | HK 1:2500H. 1:500V
LaST Saved: Feb 21/17 11:37am s s VANCOUVER FRASER PORT AUTHOR'TY : SIZE DWG. SHEET REV.




TITLE BLOCK: DL—TB.dwg

PATH: \\CD1183—F05\workgroup\ 1158\active\ 115815019\ 7_drawings\6_geotech\6_figures\interpretive_drawings\\34—347—GT—0305_xsect_c_cpt_tip_resistence.dwg

DATE: 2017/03/03 — 3:46pm

C EL 6.50m C'
10 (Chart Datum) SN— _ FINAL GRADE _ c £ e c / (Chart Datum) 10
E U — — -
E 2o o 15 8z <3 me 29 ~ o 1:75 I
° E 8% ij»— glg ﬁlaE:a T?'- igars ’I%'- EXISTING g =
o~ ~ &% = =0 —0n E0n =0
TR EN'),_ RS ggg Pom & on To8  Botaedol MUDLINE Zon ! (C)F/’;!Gg;f‘z - I
’ cop £ep | &9 | | TEem 1o
O O ——
I T= sp ! ML T !
-5 , L i ’ — -5
' é i SP/SM :
-10 < ,-f SP/SM T 10
. |3} Ii R SM/ % -T- . L
-15 = i—é%’} ' SM /ML E| I .15
z S L3
-20 , % , T | ‘ I -20
gf‘ o (m)o ab )100 =y 5 g
-25 = ,_é_ B == b~ I 25
g i = S = ==
I3 — s I
-30 T %: , 3) = ,? = - -30
b A= I = 7| == Ak
-35 g oy 2 % SM /ML ,{_ I 35
= ——— rs
40 = g#’g = C| = 2 = * -0
£ 3l £ 7l
-45 : ‘%‘— | % e [ % ] I 45
| : = | .
E : SJ 2% g - | :
50 s = I = N e ~ T 50
Ié : ’,‘ 3 = 100, i(m) 0 100 e )260 r
-55 lg -‘;\__ %Z Cueim © apan'® T 5
100 0 100 -
-60 u, (m) qt(bqr) — -60
] -
-65 G(bar)! 00 i I 65
£ 70 I 70 =
S ®
£ g
= -80 _; T 80 ¢
.5 \S/
E -85 ——— + -85 %
& = :
g ks
-90 R — T U
-95 ﬁz -+ -95
g I
-100 SAND/SILT (HOLOCENE) I -100
-105 +-105
-110 }§ +-110
-115 i L T.115
£ [ sP/sM/ME==2T I
120 —-;-“-;-L;-' T.120
: L e ey —
125 E}_;,:TZ—‘E&;— — T.125
e ? 4
g — o T
-130 A e —— = I.130
) —— = | t
-135 — T e I F-135
g t - T 1
s e} 3 I
-140 B = 300 200 100 100 200 300 T-140
U, (m) qi(bar N
CL/ML &5 I
-145 +-145
COHESIVE DEPOSIT I
-150 (HOLOCENE) I 150
-155 e e 1
______,__,—_—9———-——""_——_’ : I LEGEND:
-160 e P NN NN L. +-160
T NI A r CPT TIP RESISTANCE Qt
R R AT (PLEISTOCENE) T
-165 — I.165 PORE WATER PRESSURE u,
0+000 0+200 04300 0+400  0+500  0+00  0+700 0+800 0+900 1+000 [ ] SAND/SILT (HOLOCENE)
Stationing (m) [ ] cLAY (HoLOCENE)
Profile View of C-C’ [ ] TILL-LIKE SOIL (PLEISTOCENE)
Vertical Exaggeration: 35:1
: HORIZONTAL SCALE IN METRES
NOTES: 0 25 50 75 100 125
1. COHESIVE AND TILL DEPOSITS INFERREED BASED ON 2016 INVESTIGATION AND FROM 1:2500
FIGURE 5-1 OF GOLDER REPORT ‘ROBERTS BANK SEISMIC EVALUATION”, (REPORT REF.
- VERTICAL SCALE IN METRES
NO. 10-1447-0150, BATED MAY 18, 2011) 0 5 10 15 20 25
2. 2016 PAIRED TEST HOLE DATA ILLUSTRATED AT ONE LOCATION. 100
DESIoN Y pLASTERER
____° CONTAINER CAPACITY IMPROVEMENT PROGRAM
G. HUYNH
;’ PORT of ROBERTS BANK TERMINAL 2
D) Stantec o/ vancouver [T« wome
: PROPOSED TERMINAL EXPANSION
S a n e B [12/02/16| 2016 TEST HOLE DATA UPDATES GH | HK DATE 04/29/16 ,
1 FOR DISCUSSION ONLY PROFILE C—-C — CPT TIP RESISTANCE Q;
AECOM BATHYMETRY CONTOURS, DWG NO. 20000-ACL-RBT2, DATED 12/12/15 DO NOT USE FOR CONSTRUCTION A |04/29/16| INITIAL DRAFT NP | HK SCALE 1:2500H, 1:500V




TITLE BLOCK: DL—TB.dwg

ntent.dwg

_c_fines_co

ct

drawings\\34—347—GT—0306_xse

s\linterpretive

PATH: \\CD1183—F05\workgroup\ 1158\active\ 115815019\ 7_drawings\6_geotech\6_figure

DATE: 2017/03/03 — 3:47pm

C EL 8.75m EL 6.50m C|
10 (Chart Dolum)\ _ FINAL GRADE £ € € £ / (Ghart Datum) I 10
5 c f o 13 3 lg "F‘F* 1:75 5
; gn 17 4 i suDe \[' o 1
5otk 5l : : J VEST :
* sP sp [, I
-5 G J AVAN VO T
-10 £ % ‘ X1 8 “ ‘Q / + -10
N NN : PR KIS :
| RO e ARSI LR 3
. VR % R OL000 0 1A 02020001000 R e
20 % o S ¢ ““““ : ‘*“‘ "Q‘& _ R
3 X I RIS g --
\ . QAL IR i
) B 0000000000050 00001 92020 RS s
-30 : 0% N ﬁ}“ ““ ‘Q‘ NedNe 2 - ’ A a0
} RS RRR S A SIS 3 Asle
4 i (OO0 00O 950000000 AN LXK
- NNNTT0%%0 1 20%0seteserosecese rtes SRR 335G
| 920, 94 9.9.9.9.9:9:9:9.9. 9.9:9 X ' 2
0 AR OSON % 12070 302020202020 4 20501 ' oS
19909 O.©. O 99:9.9.9.9:9: 0,9, KXk
BAIOCOCPAIBCIESETHAIR (XK
- A SRS IR R
o 20202000 e %005 X
50 R K 2 X XPEEBEK > OG0
LSS SRR B
s CHRD K KPR X WAV S
9 AR %
-60 @;@0 AN “ T 60
R @
65 R Ry T T S e e T -65
£ 70 0
B L d
g I 8
EE)/_SO T 80 E
£ os 2
: g
-90 T -90
9 SAND/SILT (HOLOCENE) _ e
-100 +-100
-105 -105
-110 -110
-115 -115
-120 —_: -120
-125 -125
-130 i paeemmR -130
135 T /g 185 LEGEND:
140 . = > A == T -140 APPARENT FINES CONTENT
L < rE— CL/ML ! FROM CPT INTERPRETATION
A N y o COHESIVE DEPOSIT ]
-145 , ¥ (HOLOCENE) T-145 FINES CONTENT FROM
— ] LABORATORY TESTING
-150 - -150 ~##%| FCQEZFT%IE;ENTATIVE FINES
e e RIS S — 5-15% FINES CONTENT
160 e S AR A SRR £ -160 NN\ 15-30% FINES CONTENT
165 = SRR R % RLEORENE) I.165 XXX >30% FINES CONTENT
o+(|)0(:) —ttttt——— O+éoo —t 0+1i,00 A O+éoo e B S S e m e e e e e e R O ;OO e o+{=300 — 1 300 I:I SAND/SILT (HOLOCENE)
Stationing (m) [ ] CLAY (HOLOCENE)
Profile View of C—C’ [ ] TILL-LIKE SOIL (PLEISTOCENE)
Vertical Exaggeration: 35:1
NOTES: , MORIZONTAL SCALE IN METRES, _
COHESIVE AND TILL DEPOSITS INFERREED BASED ON 2016 INVESTIGATION AND FROM 12500 |
EISIU1F(€)E15A—A17(1;1658{_I[3)iRT§|IJEI:EARYT1§'OZBOE1F1€)TS BANK SEISMIC EVALUATION", (REPORT REF. , VERTICAL SCALE INMETRES
. 2016 PAIRED TEST HOLE BATA ILLUSTRATED AT ONE LOCATION. Fo00 |
DESIGN BY
T CONTAINER CAPACITY IMPROVEMENT PROGRAM
PORT of ____ > ROBERTS BANK TERMINAL 2
Sta ntec vancouver | o PROPOSED TERMINAL EXPANSION
“OR DISCUSSION ONLY 12/02/16 PROFILE C—C’ — FINES CONTENT
AECOM BATHYMETRY CONTOURS, DWG NO. 20000-ACL-RBT2, DATED 12/12/15 DO NOT USE FOR CONSTRUCTION 12/02/16| INITIAL DRAFT GH | HK SCALE 1:2500H, 1:500V
Last Saved: Feb. 21717 1126am VANCOUVER FRASER PORT AUTHORITY SEET R,
Ref.No. REFERENCE : .| Date REVISION Dr’n|Ch’d ENGINEERING DEPARTMENT PMV SITE o, 34—-347—-GT—-0306 1 of 1| A




Page 1 of 9

() stantec BOREHOLE RECORD BH16-20
CLIENT Port of Vancouver NORTHING _5430016 PROJECT NoO. 115815019
PROJECT Roberts Bank Terminal 2 EASTING _485992 BH SIZE HQ (96 mm)
DATES BORING 2016/08/25 to 2016/08/30 METHOD Sonic / Mud Rotary DATUM Chart

SAMPLES UNDRAINED SHEAR STRENGTH (kPa)
. E 5 o 4|0 8|0 1|20 1|60
£ z 7 E > W & T T T T
| 2 SOIL DESCRIPTION < |z E1E |z |go s
E = Elgl w |8 Y| 3% | W@ | WATER CONTENT/ATTERBERG LIMITS (%) ~ F—6——
a o clel > |2 | 08|l | £ NON-PLASTIC o
e i 5 ;‘ -2 é g g O F | STANDARD PENETRATION TEST, blows/0.30 m °
&)
Lo -1.45 10 20 30 40 50 60 70 80
é Grey,poorly—gradedSAND HRER [N SN SO A A I I
E (SP-SM) with silt
- 13 - with a few shell fragments and
| organics I BS|[ 1 [0.30
E - passing #200 at 1.2 m: 10.2%
-2 3 fines
35 . [ BS| 2 |0.30
R - traces of silt below 3.1 m N *
E - passing #200 at 3.1 m: 2.3%
- 43 fines
[ 1 -6.35
-3 E Grey, sandy SILT (ML)
- - with silty sand seams and
- 6 partings | BS['3 [0.30 [34.8
E - with a few shell fragments and
IE organics
- 7 - passing #200 at 5.8 m: 65.2%
R fines
< 3 - traces of sand below 7.5 m
-9 _E
E - hydrometer test at 9.0 m: 5 BS| 4 | 0.50 | 39.1
E gravel= 0%, sand= 6%,
103 silt=78%, clay= 16%
— - with sand below 10.2m 7 BS 33
L1 3 - passing #200 at 10.5 m:76.9% . b 03038
E fines
- 125
- 13
N - passing #200 at 13.1 m: 76.1% Z BS| 6 [0.30 |37.3
E fines
- 14
L 5_ - sandy below 14. 6 m
B 16_; - passing #200 at 15.9 m: 50.9% (I BS | 7 10.30 136.1
- fines
- 17
- 185
- 19 - hydrometer test at 18.9 m: K/ BS| 8 |0.30 |37.7
R gravel= 0%, sand= 49%,
L 20 E silt=42%, clay= 8%
Sample Types: BS - Bulk Sample; SS - Split Spoon; PT - Piston Tube; HQ - Continuous Core B Pocket Penetrorﬁeter (kPa)
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() stantec BOREHOLE RECORD BH16-20
CLIENT Port of Vancouver NORTHING _5430016 PROJECT NO. 115815019
PROJECT Roberts Bank Terminal 2 EASTING _485992 BH SIZE HQ (96 mm)
DATES BORING _ 2016/08/25 to 2016/08/30 METHOD Sonic / Mud Rotary DATUM Chart

SAMPLES UNDRAINED SHEAR STRENGTH (kPa)
_ E 5 i 4|0 8|0 1|20 1|60
E z & o > uE T T T T
| 2 SOIL DESCRIPTION < |z B8 |%Sc |z LD
E < Elg| w |8 W_| 35 | W® | WATER CONTENT/ATTERBERG LIMITS (%)  F—6——
a o clel > |2 | 08|l | £ NON-PLASTIC o
e o 5 ;‘ -2 E 2z O F | STANDARD PENETRATION TEST, blows/0.30 m °
e}
0 10 20 30 40 50 60 70 80
é GreysandySILT(ML) MR S M A N SO S A
E - with silty sand seams and
—214 partings
R - with a few shell fragments
” E - traces of organics below 20.8 m
- - with sand below 22.3 m 4 BS| 9 [0.30 [37.0
BXE - passing #200 at 22.3 m: 76.0%
B fines
249 -25.75
e Grey, poorly-graded SAND ¥ BS]10 | 0.30
953 (SP-SM) with silt
B - with a few shell fragments
E - hydrometer test at 24.4 m:
- 26 gravel= 0%, sand= 94%,
— silt=3%, clay= 3%
1 -2835| _ _ _ _ _ _ _________
IRE ud Rotary drilling below 26.9 m
27 Mud Rotary drilling below 26
- 283
- 293
30 .
E - traces of organics at 30.0 m PT| 11 | 0.60
313
323
- 333
- 34
353
36 .
E - traces of silt below 36.0 m PT |12 | 0.50 | 24.6
E - hydrometer test at 36.0 m:
-37 gravel= 0%, sand= 97%,
R silt=3%, clay= 0%
- 385
-39
- 40 : - . S— : . :
Sample Types: BS - Bulk Sample; SS - Split Spoon; PT - Piston Tube; HQ - Continuous Core B Pocket Penctromieter (kPa)
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() stantec BOREHOLE RECORD BH16-20
CLIENT Port of Vancouver NORTHING _5430016 PROJECT NO. _115815019
PROJECT Roberts Bank Terminal 2 EASTING _485992 BH SIZE HQ (96 mm)
DATES BORING _ 2016/08/25 to 2016/08/30 METHOD Sonic / Mud Rotary DATUM Chart

SAMPLES UNDRAINED SHEAR STRENGTH (kPa)
_ E 5 i 4|0 8|0 1|20 1|60
1S z | > = I I I I
- [©) .y x E & e W w W
£ B SOIL DESCRIPTION Sle| w wlu_| > E & @ | WATER CONTENT / ATTERBERG LIMITS (%)  ——6——
a o SIE| S |S|3E|BL bl EQ NON-PLASTIC o
e o 5 ;‘ 2 E 2z O F | STANDARD PENETRATION TEST, blows/0.30 m °
e}
L 40 10 20 30 40 50 60 70 80
é Grey,poorly—gradedSAND(SP) R ISRSS SESEE ERSE BEEEN BEEEE EEE N BES:
B - traces of silt and shell fragments
- 412
- 42
| 431 4445
E Grey, silty SAND (SM) | PT |13 | 0.60 | 33:1
B - hydrometer test at 43.25 m:
- 44 gravel= 0%, sand= 61%,
| silt=35%, clay= 4%
- 45
| | PT |14 | 0.48
- 46
- 47
| ol -a04s| _______________ _
1 ~0.0=| Grey, poorly-graded SAND N PT| 15 | 0.50 | 28.2
- 322031 (SP-SM) with silt i
- 49 |- hydrometer test at 48.0 m: I
| ] Igravel= 0%, sand= 92%, Il _
E Isilt=7%, clay= 1% + TBS|16 020 [ 22.2
R Sonic drilling belowg8.6m__ _ [} {f{ [ S
R Grey, silty SAND (SM) :
51 - hydrometer test at 49.7m:
| gravel= 0%, sand= 78%,
E silt=17%, clay= 5%
B 52'5 - sand seam with woody organics
- at52.0m
E - poorly-graded sand with silt
E from 52.1 mto 52.8 m
- 4 _-55.05
Y Grey, sandy SILT (ML)
> E - with silty sand partings 4 BS 117 10.30 | 31.8
E - with a few shell fragments
- 55 - passing #200 at 54.0 m: 69.5%
R fines
- 56
i 57_§ - passing #200 at 57.0 m: 60.2% < BS 118 [ 0.30 | 34.8
B fines
- 583
- 59
— - traces of mica/pyrite below
L 60 E 59.4m :
Sample Types: BS - Bulk Sample; SS - Split Spoon; PT - Piston Tube; HQ - Continuous Core B Pocket Penetrorﬁeter (kPa)
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() stantec BOREHOLE RECORD BH16-20
CLIENT Port of Vancouver NORTHING _5430016 _ PROJECT No. _115815019
PROJECT Roberts Bank Terminal 2 EASTING _485992 BHSIZE _ HQ (96 mm)
DATES BORING _ 2016/08/25 to 2016/08/30 METHOD Sonic / Mud Rotary DATUM Chart

SAMPLES UNDRAINED SHEAR STRENGTH (kPa)
_ E 5 o 4|0 8|0 1|20 1|60
3 =z & 5 > & T T T T
| 2 SOIL DESCRIPTION 3 218 |80 |xo s
E < Elg| w |8 W_| 35 | W® | WATER CONTENT/ATTERBERG LIMITS (%)  F—6——
a o clel > |2 | 08|l | £ NON-PLASTIC o
e i 5 ;‘ -2 E 2z O F | STANDARD PENETRATION TEST, blows/0.30 m °
e}
60 10 20 30 40 50 60 70 80
é Grey,sandySILT(ML) Y| BS 19 [ 0.30 | 33.3 HRER ::::Qé:::::::::::t::::::::
E - with silty sand partings
- 613 - with a few shell fragments and
I mica/pyrite
E - with silty sand seams
- 623 below 61.0 m
- - passing #200 at 60.1 m: 68.9%
63 _ fines
= 64—5 - hydrometer test at 63.7 m: < BS |20 | 0.30 120.0
B gravel= 0%, sand= 37%,
E silt=55%, clay= 8%
- 653
- 9 -67.15
- 66 Grey, poorly-graded SAND
B (SP-SM) with silt
E - with sandy silt partings
- 67 - with a few shell fragments S BS 51 Tom0 201
— - passing #200 at 67.1 m: 8.6% : *
[ 63 fines
- 693
- 703
- 713
- 723
- 737 |
| - passing #200 at 73.2 m: 6.1% 4 BS |22 [0.30 | 22.1
74 fines
- 753
- 76
- 773
-789 -79.65
I Grey, sandy SILT (ML)
- 79
- J -81.05
2o E Grey, silty SAND (SM) 1 :
Sample Types: BS - Bulk Sample; SS - Split Spoon; PT - Piston Tube; HQ - Continuous Core B Pocket Penetroméeter (kPa)
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() stantec BOREHOLE RECORD BH16-20
CLIENT Port of Vancouver NORTHING _5430016 PROJECT NoO. 115815019
PROJECT Roberts Bank Terminal 2 EASTING _485992 BH SIZE HQ (96 mm)
DATES BORING 2016/08/25 to 2016/08/30 METHOD Sonic / Mud Rotary DATUM Chart

SAMPLES UNDRAINED SHEAR STRENGTH (kPa)
_ E 5 o 4|0 8|0 1|20 1|60
£ =z i E > ;\; I I I I
| 2 SOIL DESCRIPTION 3 g | & |xo [
E < Elg| w |8 W_| 35 | W® | WATER CONTENT/ATTERBERG LIMITS (%)  F—6——
a o clel > |2 | 08|l | £ NON-PLASTIC o
e i 5 ;‘ -2 E 2z O F | STANDARD PENETRATION TEST, blows/0.30 m °
e}
20 10 20 30 40 50 60 70 80 90
é Grey’siltySAND(SM) RSN AR IS I A S S SR g
B - with sandy silt partings | BS [ 23 | 0.30 | 20.0 E |
- 81 - with a few shell fragments
| - hydrometer test at 80.5 m:
E gravel= 0%, sand= 73%,
- 82 silt=21%, clay= 6%
- 3 - traces of organics below 81.7 m
- 83
- 84
- 853
36 1 -87.45
E Grey, poorly-graded SAND with £l BS [ 24 10.301.27.6
e silt (SP-SM)
- 874 - with sandy silt partings
| - with a few shell fragments
E - passing #200 at 86.0 m: 8.9%
- 883 fines
-89
- 90
913 -
B - passing #200 at 91.1 m: 6.9% £ BS |25 [0.30 | 21.7
E fines
- 923
- 933
e - no visible shell fragments or
- 943 organics below 93.3 m
- 953
B _ - 600 mm thick layer of T BS 56
- 96 poorly-graded sand with silt at 20 030
I 95.4 m
E - passing #200 at 95.7 m: 9.7%
B 97_; fines
| 3 -98.95
08 E Grey, silty SAND (SM)
B _ - 600 mm thick layer of silt with
E sand at 98.1 m
— 99
- - traces of organics below 99.7 m
1007 - :
Sample Types: BS - Bulk Sample; SS - Split Spoon; PT - Piston Tube; HQ - Continuous Core B Pocket Penetrorﬁeter (kPa)
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() stantec BOREHOLE RECORD BH16-20
CLIENT Port of Vancouver NORTHING _5430016 _ PROJECT No. _115815019
PROJECT Roberts Bank Terminal 2 EASTING _485992 BH SIZE HQ (96 mm)
DATES BORING _ 2016/08/25 to 2016/08/30 METHOD Sonic / Mud Rotary DATUM Chart

SAMPLES UNDRAINED SHEAR STRENGTH (kPa)
E =g 40 80 120 160
g = S |= S I = I =
- [©) .y x E & e W w W
£ > SOIL DESCRIPTION Sl w |w|w |35 £ & @ | WATER CONTENT / ATTERBERG LIMITS (%)  ——6——
= o N I = = B T I = 7 NON-PLASTIC
a w e % Qe g | Ew .
o R > E 2z O F | STANDARD PENETRATION TEST, blows/0.30 m °
e}
100 10 20 30 40 50 60 70 80
é Grey’siltySAND(SM) PR M A N SO S A
L) 01_5 - occasional poorly-graded sand |
E with silt seams and partings below | ][]’
E 100.6 m ik |
1023 - passing #200 at 101.8 m: 19.6% [{[{| [-BS{27 0.30 [25.9
L J-104.05| fines )
1 03_ Grey, poorly-graded SAND with
R silt (SP-SM)
1047
1057
- 4-107.25
-1067 Grey, sandy SILT (ML)
— - occasional silty sand seams
07 - passing #200 at 106.7 m: 53.3% Y| BS [28 | 0:30 | 28.6
1-108.75] fines
I Grey, silty SAND (SM)
—108 - frequent sandy silt seams and
— partings
100 - traces of organics
1104 111,75
e Grey, poorly-graded SAND with
111 silt (SP)
1 -112.85
I Grey, sandy SILT (ML)
-1124 -113.65
I Grey SILT (ML)
L1 3_ - traces of sand and shell
e fragments Y[ BS |29 [0.30 [27.7
114 115.75
- Grey, silty SAND (SM)
1153 - traces of organics
1163
117
1 18— - seam of poorly-graded sand with |1}
B silt at 117.7 m
-1 19— - hydrometer test at 118.9 m: 1t | BS [30 | 0.30 | 29.0
R gravel= 0%, sand= 51%, |
_1205 silt=40%, clay= 9% |
Sample Types: BS - Bulk Sample; SS - Split Spoon; PT - Piston Tube; HQ - Continuous Core B Pocket Penetroméeter (kPa)
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() stantec BOREHOLE RECORD BH16-20
CLIENT Port of Vancouver NORTHING _5430016 _ PROJECT No. _115815019
PROJECT Roberts Bank Terminal 2 EASTING _485992 BH SIZE HQ (96 mm)
DATES BORING 2016/08/25 to 2016/08/30 METHOD Sonic / Mud Rotary DATUM Chart

SAMPLES UNDRAINED SHEAR STRENGTH (kPa)
- B 5 g 4|0 8|0 1|20 1|60
£ % T |m > W I I I W, I w
O a x < w
E B SOIL DESCRIPTION = wlow W é . g E % @ | WATER CONTENT / ATTERBERG LIMITS (%) o
a o & Elz |2] 8¢ bl | £9 NON-PLASTIC o
o R -2 é 2z O F | STANDARD PENETRATION TEST, blows/0.30 m °
e}
120 10 20 30 40 50 60 70 80
;_121.05 |Grey’siltySAND(SM) , MR S M A N SO S A
B IMud Rotary drilling I
121 below1202m__ _______ I
- 3 Grey, SILT (ML) with sand
190 - with a few shell fragments
1237
R - hydrometer test at 123.1 m: | PT| 31 | 0.43
E gravel= 0%, sand= 16%,
‘124‘5 silt=56%, clay= 28%
A - traces of sand below 124.2 m | PT |32 | 0.60
L) 25_ - hydrometer test at 124.2 m:
E gravel= 0%, sand= 9%,
E silt=55%, clay= 36%
|- 3 » i
1264 - vane shear test at 125.9 m: _‘gﬁg}f
e peak shear strength undetermined i
1273 remolded shear strength = 150kPa
R - vane shear test at 126.2 m:
3 peak shear strength = 345kPa
—128—E remolded shear strength = 128kPa
-1299 13065
I Grey, elastic SILT (MH) | PT |33 | 0.39
13 0_ - traces of sand
E - hydrometer test at 129.2 m: |
- 4 -132.05| gravel= 0%, sand= 1%, PT |34 | 043
1313 Isilt=549%, clay= 45% I
N |- hydrometer test at 130.1 m: ' VANE
E |gravel: 0%, sand= 1%, ,' “VANE
1323 pilt=54%, clay=45% __ ____ J
e Sonic drilling below 130.8 m
1333 - vane shear test at 131.4 m:
B peak shear strength undetermined
E remolded shear strength = 233kPa
1345 - vane shear test at 131.7 m:
— peak shear strength = 426kPa
E remolded shear strength = 197kPa
1357
1363
137413861
— Grey, elastic SILT (MH) | BS[35 [ 0.30 [ 44.6
| o] - traces of sand and shell
138_5 fragments
1393
1407 :
Sample Types: BS - Bulk Sample; SS - Split Spoon; PT - Piston Tube; HQ - Continuous Core B Pocket Penetrorﬁeter (kPa)




Page 8 of 9

() stantec BOREHOLE RECORD BH16-20
CLIENT Port of Vancouver NORTHING _5430016 PROJECT NO. 115815019
PROJECT Roberts Bank Terminal 2 EASTING _485992 BHSIZE _ HQ(O6mm)
DATES BORING _ 2016/08/25 to 2016/08/30 METHOD Sonic / Mud Rotary DATUM Chart

SAMPLES UNDRAINED SHEAR STRENGTH (kPa)

E =l 40 80 120 160
gl z CiE s | | | |
| 2 SOIL DESCRIPTION <|z & [2C |go s
E < Elg| w |8 W_| 35 | W® | WATER CONTENT/ATTERBERG LIMITS (%)  F—6——
a o clel > |2 | 08|l | £ NON-PLASTIC o
e o 5 ;‘ -2 E 2z O F | STANDARD PENETRATION TEST, blows/0.30 m °

O
140 10 20 30 40 50 60 70 80
é Grey’elasticSILT(MH) R S M A N SO S A
B - traces of sand and shell
1413 fragments
1423
| g3lddas|
E Grey, lean CLAY (CL) T BST26
B - traces of sand and shell 301 0.30 | 37.5
1447 fragments
| - hydrometer test at 143.3 m:
E gravel= 0%, sand= 9%,
_145'; silt=69%, clay= 22%
1463
147
1483
_149_5 -15085| _ _ _ _ _ o |
E Grey, SILT (ML) ¥.BS [ 37 [ 0.30 [ 36.3
—1503 - traces of sand and shell
R fragments
1515
1523
1537
154
_155é '15645 _______________
E Grey, fat CLAY (CH) |
B - traces of sand and shell / < BS |38 | 0.30 | 37.6
1563 fragments %
157 -158.55 /
R TILL: grey, lean clay with sand g i
E - traces of gravel 2l [ BS|39[0.30 [32.3
‘158‘5 - passing #200 at 157.6 m: 82.2% a!
_ fines Fa
E 8-
1593 2
I 2y
E <o
1607 : - , —e e : , :
Sample Types: BS - Bulk Sample; SS - Split Spoon; PT - Piston Tube; HQ - Continuous Core B Pocket Penctromieter (kPa)




Page 9 of 9

() stantec BOREHOLE RECORD BH16-20
CLIENT Port of Vancouver NORTHING _5430016 PROJECT NO. _115815019
PROJECT Roberts Bank Terminal 2 EASTING _485992 BH SIZE HQ (96 mm)
DATES BORING _ 2016/08/25 to 2016/08/30 METHOD Sonic / Mud Rotary DATUM Chart

SAMPLES UNDRAINED SHEAR STRENGTH (kPa)
B =g 40 80 120 160
B z S s = I I I I
- [©) .y x E & e W w W
£ B SOIL DESCRIPTION = wl w | W)W |55 & @ | WATER CONTENT / ATTERBERG LIMITS (%)  ——6——
a o clEl > |2 | 8E| W | £9 NON-PLASTIC o
e o 5 ;‘ 2 é 2z O F | STANDARD PENETRATION TEST, blows/0.30 m °
e}
—1607 ; : 3T
E TILL: grey silty sand with gravel |~ 4 = 85T70 [0.30
I - passing #200 at 160.2 m: 30.9% |21-,
-161 fines oy
3 P\
= = -
1 62— - lean clay with sand s i
| 3 _164.05| below161.7m 2y
E 4051 traces of gravel below 161.7 m
~1637 - mottled with white
— below 161.7 m
1643 End of BH16-20 at 162.6 m
1657
1667
1675
1683
1697
1703
1713
1723
1737
1747
1757
1763
177
1783
1797
1807 - - _ - : : . :
Sample Types: BS - Bulk Sample; SS - Split Spoon; PT - Piston Tube; HQ - Continuous Core B Pocket Penctromieter (kPa)




File:N:\BUR-GRAPHICS\PROJECTS\2011\1447\11-1447-0150\DRAF TING\GINT\2000\11-1447-0150-2000-2001.GPJ Output Form:BC_SONIC BOREHOLE (FINES DESIGN) Template:BC REGION TEMPLATE BETA 1.GDT Library:BC REGION LIBRARY.GLB bdrozdiak 08/22/11

PROJECT No.: 11-1447-0150

LOCATION: Refer to Site Plan.
N: 5429979.5 E: 485997.2 UTM

DRILLING DATE: May 21, 2011
DRILLING CONTRACTOR: Foundex Explorations Ltd.

RECORD OF SONIC HOLE: SH11-17

SHEET 1 OF 2
DATUM: Chart Datum

5 SOIL PROFILE SAMPLES RUN GRADATION % | %5 [ FINES CONTENT % Design - [ TEST RESULTS, NOTES
u O|T a Measured - @ | 24 © AND COMMENTS
So |Z|D = € = CPT Interpreted - > | £ £
o8 |ol= S © a | g i r 20 40 60 80 B
P4 5 o =0
zh | 5le COlEEV. [ B |Ww 2| 2 Y1918 |o i o=
= = DESCRIPTION £ g % 2 [ z |RECOVERY % g Z | 4| 2 |WATER CONTENT % fieldest. - © 5 =
wo xS < |PEPTH 5 3|2 19|52 |wpr—oeW—yw iceest-0|2S
4 E (m) @ 3
o » 88 ¢ 8 o 10 20 30 40
L SEA FLOOR -1.94
L Wet, dark grey, fine to medium SAND, 0.00 i
- trace to some silt, contains shell —
- fragments and organics. 1
- - Contains silt layer at 0.9m. 1 _]
B - Contains silt layer at 1.2m. - ]
- 1 |es 0|97 3 o B
B - Contains silt layer at 1.7m. ]
5 ]
B - Contains silt layer at 2.6m. 1
3 2 ]
- 2 | es 0|9 | 1 > B
s ]
B o - Contains wood fragments at 4.6m. ]
L 2 - 1
[=3
- Qe 3 | Gs 0 |99 | 1 » R
= 5[X|§& 1 3, —
- 2 0 .
B ] 1
- w .
- S -8.04 .
L Wet, dark grey, silty SAND 6.10 ]
- interlayered with sandy SILT and — -
B SILTY CLAY. 4 | Gs 0| 7 |9|Mn H—1} @ B
- 4 ]
& ]
L 5 | Gs o |21 |79 4 o ]
. 5 ]
P 1557 I I DU N [ AN I Y A N T S N S S
CONTINUED NEXT PAGE
= .
DEPTH SCALE Golder LOGGED: C.H.C.
1:50 Associates CHECKED: RO




PROJECT No.: 11-1447-0150 .
RECORD OF SONIC HOLE: SH11-17 SHEET 2 OF 2
LOCATION: Refer to Site Plan. DRILLING DATE: May 21 2011 DATUM: Chart Datum
N: 5429979.5 E:485997.2 UTM - May 21,
DRILLING CONTRACTOR: Foundex Explorations Ltd.
5 SOIL PROFILE SAMPLES RUN GRADATION % | %5 [ FINES CONTENT % Design - [ TEST RESULTS, NOTES
w O [a Measured - @ | 2 Q AND COMMENTS
<o || = c z CPT Interpreted - > | £ £
ae 123 2 AMHE g’ F|w «TETTC\FE
L (512 Lleey. (W | w|e Tlal|al|E : — | i
N AEE DESCRIPTION s g $2 Z |Recoverv% | 3 | 2 | & | © [WATERCONTENT % field est. - © S5
a & é = DE:;)I’H 2 S 2 % @ % wp —oW " wi ceest.- 0| <
T
a 2 @ 8 8 9 8 o 10 20 30 40
- 10 . -
I Wet, dark grey, silty SAND i ! ]
- interlayered with sandy SILT and bl 6 | GS 0 | 8 | 14 [ ] b
- SILTY CLAY. (continued) g 1 b
r - Sand layer from 10.0m to 10.5m. /] 7]
L 6 -
L 5 / -13.94 ]
B Wet, dark grey, sandy SILT ) 12.00 i
i interlayered with CLAYEY SILT. [ B
i ]
ak 7 | Gs 0|30 70 ) ]
= 13 — 7 |
<l .
gl i
é L ]
oL 1
&J - .
sF i
e o b
ar 8 N
= 2 1
8 %8 b
£ & 1
wt w 4
wl i
<L B
z[ i
=8 1
5 - .
sk - i
gl 15 8 | GS 8 0| 22|78 C —
gl | = i
g., .
5L i
3l ]
wl .
al ]
?
] i
£ 16 —
al i
o i
&J - .
g - .
ol i
% | S | .
2 - Contains silty sand layer at 16.6m. LK 9 | Gs o | 74| 26 ° ]
EN ]
- 7 9 —
N ]
1 ]
e 19.94 ]
iC"® 18.00 i
- End of Sonic Hole. e
N _]
g L i
& - .
sl i
S~ 20 —
a
4
g —
é DEPTH SCALE Go]der LOGGED: C.H.C.
o
Z . * .
3 1:50 Assoaates CHECKED: R.O.




File:N:\BUR-GRAPHICS\PROJECTS\2011\1447\11-1447-0150\DRAF TING\GINT\2000\11-1447-0150-2000-2001.GPJ Output Form:BC_SONIC BOREHOLE (FINES DESIGN) Template:BC REGION TEMPLATE BETA 1.GDT Library:BC REGION LIBRARY.GLB bdrozdiak 08/22/11

PROJECT No: T1-A7-01%0 RECORD OF SONIC HOLE: SH11-34

LOCATION: Refer to Site Plan. ]
N: 5429967 E: 486445 UTM DRILLING DATE: May 15, 2011
DRILLING CONTRACTOR: Foundex Explorations Ltd.

SHEET 1 OF 2
DATUM: Chart Datum

3 SOIL PROFILE SAMPLES RUN GRADATION %| 25 | FINES CONTENT % Design - [ TEST RESULTS, NOTES
u O|T a Measured - @ | 24 © AND COMMENTS
S @ am 5 € = CPT Interpreted - > [ < %
2E 1215 T & 2l s z olEl 2 4 8 & |5
L (512 ELEV. wlg| 2 =) = - —F
N AEE DESCRIPTION s g | 2| z [Recoverv% Z | Z| 9|2 |WATERCONTENT % fieldest - O 84
wo xS < |PEPTH| 5 3|2 19|52 |wpr—oeW—yw iceest-0|2S
4 E (m) @ 3
o 2 8 8 2 8 o 10 20 30 40
L SEA FLOOR _ -3.01
- Wet, dark grey SAND, some silt to silty 1 0.00[ 4 | gs o | 81| 19 r ]
- interlayered with CLAYEY SILT, AN — B
- contains organics 1
L 1 ]
- I _]
- 2 | GS 0| 9 | 10 [ ] 1
- 5 2 _]
N 3 -6.01 |
L Wet, dark grey, fine to medium SAND, 3.00 B
- trace to some silt. — B
- - Contains silt layer at 3.1m. 3 | Gs 0 | 9% | 4 o B
= 4 L 3 _]
L - Contains silt layer at 4.0m. 4
B - Contains wood fragments at 4.4m. ]
L . ]
- x 1% ) . .
- s5|g|5| -Contains siltlayer at 4.9m. |
- gl - Contains wood fragments at 5.0m. E
B - Contains silt layer at 5.8m. ]
— 6 4 |
L 4 | Gs 0|9 | 6 [ ] T
I _]
I - Contains silt layer at 7.1m. ]
B - Contains silt layer at 7.8m. ]
- & 5 _]
- 5 | GS 0|9 | 6 [} 1
- o o _]
L - Contains silt layer from 9.0m to 9.3m. i
L 6 ]
i - Contains silt layer at 9.6m. ]
- - - - - - ] (SIS IR I I N N A A N Y AN AN I N DU R, R
CONTINUED NEXT PAGE
= .
DEPTH SCALE Goldel' LOGGED: C.H.C.
1:50 Associates CHECKED: RO




PROJECT No.: 11-1447-0150

LOCATION: Refer to Site Plan.
N: 5429967 E: 486445 UTM

RECORD OF SONIC HOLE: SH11-34

DRILLING DATE: May 15, 2011
DRILLING CONTRACTOR: Foundex Explorations Ltd.

SHEET 2 OF 2
DATUM: Chart Datum

File:N:\BUR-GRAPHICS\PROJECTS\2011\1447\11-1447-0150\DRAF TING\GINT\2000\11-1447-0150-2000-2001.GPJ Output Form:BC_SONIC BOREHOLE (FINES DESIGN) Template:BC REGION TEMPLATE BETA 1.GDT Library:BC REGION LIBRARY.GLB bdrozdiak 08/22/11

5 SOIL PROFILE SAMPLES RUN GRADATION % | %5 [ FINES CONTENT % Design - [ TEST RESULTS, NOTES

w O [a) Measured - @ | 2 Q AND COMMENTS

So |Z|D = € = CPT Interpreted - > | £ £

7k |2/ s AMHE . ) I O i -7

2E |20 [ Ulw|s|2 dlal4dls o fieldest - ©| E

A E|E DESCRIPTION Z g % 2 | z [RECOVERY% | £ | Z | 2 | 2 | WATERCONTENT % b - 0| S

w x é b 2 ] 2 % @ % wWp —aW Wi iceest.- 0| <

i
a 2 @ 8 8 9 8 o 10 20 30
10 : -
L Wet, dark grey, fine to medium SAND, i
- trace to some silt. (continued) —
- - Contains silt layer at 10.1m. b
= Gs 0| 92 ° g
4 _]
L 2 _]
= GS 0 | 93 [ ] 1
13 _]
- GS 0 | 8 [ 1
B 2| o| -Contains silt layer at 13.3m. ]
- % é -
B s ]
14 o _]
L - Contains silt layer at 14.0m. 4
B - Contains silt layer at 14.6m. ]
s _]
B - Contains silt layer at 15.3m. ]
6 _]
= Gs o | 8 ) g
17
- End of Sonic Hole. ]
4 _]
N _]
% _]
:
DEPTH SCALE Go]der LOGGED: C.H.C.
1:50 Associates CHECKED: RO




PROJECT No.: 11-1447-0150 .
RECORD OF SONIC HOLE: SH11-46 SHEET 1 OF 2
LOCATION: Refer to Site Plan. ] DATUM: Chart Datum
N: 5429873.5 E:486619.3 UTM DRILLING DATE: May 13, 2011
DRILLING CONTRACTOR: Foundex Explorations Ltd.
3 SOIL PROFILE SAMPLES RUN GRADATION %| 25 | FINES CONTENT % Design - [ TEST RESULTS, NOTES
w O [a Measured - @ | 2 Q AND COMMENTS
<o X\ = c z CPT Interpreted - > | £ £
B |22 3 AMEIE . = L I -7
I |50 & [EEV. (8 |w|g [ =R i “®|E
N AEE DESCRIPTION s g $2 Z |Recoverv% | 2 | 2 | & | © [WATERCONTENT % field est. - © S5
S = g DE:JH 2 3| lo | 2 |wp oYWl iccest- 0| TS
=
a 2 @ 8 8 9 8 o 10 20 30 40
) SEA FLOOR -2.40
L Wet, dark grey, fine SAND, trace to Vo 0.00 ]
- some silt, contains shell fragments. S —
ro - , ]
B 1 | Gs 0|97 3 o ]
- 5 _]
2 B 2 |Gs o |8 | 14 ® i
i | 500 7]
£t Wet, dark grey SILT and SAND T 2.60 i
ol interlayered with CLAYEY SILT. B
or - Organics (wood pieces) layer at B
g ® 2.85m. hat 2 ]
% . - Organics (wood pieces) layer at % B
z| m. ]
sl - Organics (wood pieces) layer at B
3
al 3.0m. B
8r K -6.10 ]
gL Wet, dark grey fine to medium SAND, |- . 3.70 7]
- trace to some silt, contains shell S —
8~ 4 fragments. —
= ]
wl ]
wl ]
3+ 3 | Gs 0|97 3 i R
gl ] 1
zL .
2L AL ]
sk °lg|a : ]
sl = ]
g. - .
s ]
2l ]
wl .
al ]
@
gL ]
Cf— 6 —
mB ]
1B ]
N ]
18 -885| 4 | GS 0 |9| 8 ® R
or Wet, dark grey, sandy SILT ) 645 7
8 interbedded with CLAYEY SILT, Ll 1
gl contains organics (wood fibres) B
EL i
- 7 4 —
HE ]
1 1
I e _
L o 5 | GS 5 0 | 31|69 [ ) -
g L i
g - .
ol ]
st o ——— — - = — -1 1T+t -1 |-
% CONTINUED NEXT PAGE
z —
% 3
: LOGGED: M.J.K.
% DEPTH SCALE Gol(l.er s o
IR Associates T




File:N:\BUR-GRAPHICS\PROJECTS\2011\1447\11-1447-0150\DRAF TING\GINT\2000\11-1447-0150-2000-2001.GPJ Output Form:BC_SONIC BOREHOLE (FINES DESIGN) Template:BC REGION TEMPLATE BETA 1.GDT Library:BC REGION LIBRARY.GLB bdrozdiak 08/22/11

PROJECT No.:

11-1447-0150

LOCATION: Refer to Site Plan.
N: 5429873.5 E: 486619.3 UTM

RECORD OF SONIC HOLE: SH11-46

DRILLING DATE: May 13, 2011

DRILLING CONTRACTOR: Foundex Explorations Ltd.

SHEET 2 OF 2
DATUM: Chart Datum

8 SOIL PROFILE SAMPLES RUN GRADATION % 25 | FINES CONTENT %  Design - [] TEST RESULTS, NOTES
u Ol a Measured - @ | 24 © AND COMMENTS
So |Z|D = € = CPT Interpreted - > [ < %
3% |2|= 9 x al g o = 20 40 & 8 |35
L (512 Lleey. (W w|g |2 Tlaololk : — | i
N AEE DESCRIPTION s g | 2| z [Recoverv% Z | Z| 9|2 |WATERCONTENT % fieldest - O S5
u % o é DEPTH 2 ez % D2 (wp —oW wl iceest.-of < <
x = | (m) a |
a (%) 8 8288 o 10 20 30 40
= 10
L Wet, dark grey, sandy SILT i
3 interbedded with CLAYEY SILT, 4
B contains organics (wood fibres) B
r (continued) ]
= 1 6 —]
- 6 | GS 0 |27 |73 E
- 12 _]
L - Becomes more sandy at 12.0m. B
L . ]
- x o .
— B35 — 7 -
- 1A 7 | Gs 0 | 43 | 57 o -
- w .
" 16.50 ]
= Wet, dark grey, silty SAND, contains 14.10 B
- organics (wood fibres). i
- 8 | GS 0 | 78| 22 » R
= 15 8 —
B -18.40 ]
e 16.00 ]
- End of Sonic Hole. E
- 47 _]
- 18 _]
- 19 _]
- 2 _]
= .
DEPTH SCALE Golder LOGGED: M.J.K.
1:50 Associates CHECKED: R.O.




File:N:\BUR-GRAPHICS\PROJECTS\2011\1447\11-1447-0150\DRAF TING\GINT\2000\11-1447-0150-2000-2001.GPJ Output Form:BC_SONIC BOREHOLE (FINES DESIGN) Template:BC REGION TEMPLATE BETA 1.GDT Library:BC REGION LIBRARY.GLB bdrozdiak 08/22/11

PROJECT No.: 11-1447-0150

LOCATION: Refer to Site Plan.
N: 5429917.6 E: 486756 UTM

RECORD OF SONIC HOLE: SH11-57

DRILLING DATE: April 30, 2011
DRILLING CONTRACTOR: Foundex Explorations Ltd.

SHEET 1 OF 2
DATUM: Chart Datum

8 SOIL PROFILE SAMPLES RUN GRADATION %| 25 | FINES CONTENT % Design - [ TEST RESULTS, NOTES
u O|T a Measured - @ | 24 © AND COMMENTS
So |Z|E = c = CPT Interpreted - > | £ £
ow | o E| . > 20 40 60 80 |8
o |z 3 z ELEV Elwlgls ZlolwlE | | | | S @
T s . el z 5 i ol E
= = DESCRIPTION £ g % 2 [ z |RECOVERY % g Z | 4| |WATER CONTENT % fieldest. - © 5 =
wo xS < |PEPTH 5 I 19|52 |wpr—oeW—yw iceest-0|2S
x 5l m @ s s 2 e a
a %] 8 8 2 | 10 20 30 40
L SEA FLOOR -2.25
B Wet, dark grey, fine SAND and SILT. 0.00 < S i
i 2 ]
B s i
- 1 DY ]
B —F i
B e i
B | i
L = |
- -3.50 r E
- Wet, dark grey, fine to medium SAND, 125 | .
B trace to some silt, trace to some sandy ]
B SILT layers contains shell fragments K B
- and organic seams. ( i
- [ i
— 2 2 g;x -
B 1| 6s 0| 9% | 4 ﬁ ]
B <1 | _{_ ]
I 3 I =— T —
i | ]
- || T — . i
B 570 2 | 68 0 | 86 | 14 ® —= 7
B Wet, dark grey, silty SAND 3.45 . 1
B interlayered with CLAYEY SILT. F— ]
B . i
- x %) .
N B
- w .
- 6 . |
- 3 | Gs 0| 25|75 B
I |
i - Fine SAND layer at 7.0m to 7.2m. ]
- 8 s |
B 4 | Gs 0 | 64| 36 1
B — i
- £ _— .
. - Wood pieces at 8.9m. 11.20 S _]
B Wet, dark grey, fine SAND, trace to 9.04 ] B
r some silt interlayered with CLAYEY — [ R el — 7]
B SILT. 5 | Gs 0|8 |15 LI i
B 6 = 1
I SR I N N (Y I O A N NN e B = EN I
CONTINUED NEXT PAGE
DEPTH SCALE Golder LOGGED: M.J.K.
: 3 CHECKED: R.O.
1:50 Associates




File:N:\BUR-GRAPHICS\PROJECTS\2011\1447\11-1447-0150\DRAF TING\GINT\2000\11-1447-0150-2000-2001.GPJ Output Form:BC_SONIC BOREHOLE (FINES DESIGN) Template:BC REGION TEMPLATE BETA 1.GDT Library:BC REGION LIBRARY.GLB bdrozdiak 08/22/11

PROJECT No.: 11-1447-0150

LOCATION: Refer to Site Plan.
N: 5429917.6 E: 486756 UTM

RECORD OF SONIC HOLE: SH11-57

DRILLING DATE: April 30, 2011
DRILLING CONTRACTOR: Foundex Explorations Ltd.

SHEET 2 OF 2
DATUM: Chart Datum

5 SOIL PROFILE SAMPLES RUN GRADATION % | %5 [ FINES CONTENT % Design - [ TEST RESULTS, NOTES
u O|T a Measured - @ | 24 © AND COMMENTS
So |Z|D = € = CPT Interpreted - > | £ £
ow | o E| . > 20 40 60 80 |8
2e 12|35 & lpev |[Blwlols glalolk . : , : 3
T 5 . S|z o ] "ol E
N AEE DESCRIPTION s g | 2| z [Recoverv% Z | Z| 9|2 |WATERCONTENT % fieldest - O S5
wo xS < |PEPTH 5 3|2 19|52 |wpr—oeW—yw iceest-0|2S
x = | (m) a |
o » 88 ¢ 8 o 10 20 30 40
= 10 - e
L Wet, dark grey, fine SAND, trace to — i
- some silt interlayered with CLAYEY k -
- SILT. (continued) - 1
L - i
L 6 =7 ]
L - Contains silty SAND layer at 8.9m. 1 T = B
—
L 6 | Gs 0o |o7| 3 o ~— | i
L . i
B 7 | s 0|75 |2 - 1
r . ]
- 12 7 R . [ ]
L — ]
L = i
- / .
L ~N— ]
B 4515 T ]
- 13 Wet, dark grey, fine SAND, trace silt, 12.90 = _]
- contains shell fragments and organics. —
S - r 1
- 8|5 8 | GS 0| 9% | 4 ? B
L 2|3 = i
L s 4
L . i
4 s & |
L ™ ]
L - i
- 9 | GS 0|9 | 2 | o R
L 5 = ]
r I ]
L - ]
L 6 0 K |
L - ~ i
- 10 | GS 0| 92| 8 ® R
B <>~ .
4 -19.29 _
- 17.04 E
r End of Sonic Hole. 7]
5 |
[ 1 ]
[ 2 ]
—
DEPTH SCALE Go]der LOGGED: M.J.K.
: 3 CHECKED: R.O.
1:50 Associates




PROJECT No.: 11-1447-0150 .
RECORD OF SONIC HOLE: SH11-96 SHEET 1 OF 6
LOCATION: Refer to Site Plan. ] DATUM: Chart Datum
N: 5429872.2 E: 4869752 UTM DRILLING DATE: May 1, 2011
DRILLING CONTRACTOR: Foundex Explorations Ltd.
3 SOIL PROFILE SAMPLES RUN GRADATION %| 25 | FINES CONTENT % Design - [ TEST RESULTS, NOTES
w O [a Measured - @ | 2 Q AND COMMENTS
<o |\ = c 4 CPT Interpreted - > | < %
be 2= = i 2| g w | & 0 4 & 8 "|5a
L (512 ELEV. w| 9 o E - —F
N AEE DESCRIPTION s g $2 Z |Recoverv% | 3 | 2 | & | © [WATERCONTENT % field est. - © S5
g4 1E = g DE:JH 2 S| lo | 2 |wp oYWl iccest- 0| <3
=
a 2 @ 8 8 9 8 o 10 20 30 40
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Appendix D:
Construction Schedule
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ID [Task Name Duration |Predecessors Start Finish 1st Half 2nd Half
Qtr 1 Qtr4 Qtr3 | Qtr2
1 Environmental Closures 763 days Wed 3/1/23 Tue 4/1/25 v
2 Juvenile Salmon Closure (Y1) 168 days Wed 3/1/23 Tue 8/15/23 I -/ venile Salmon Closure (Y1)
3 Juvenile Salmon Closure (Y2) 168 days Fri 3/1/24 Thu 8/15/24 I Juvenile Salmon Closure (Y2)
4 Crab Closure (Y1) 168 days Sun 10/15/23  Sat 3/30/24 I Crab Closure (Y1)
5 Crab Closure (Y2) 169 days Tue 10/15/24  Tue 4/1/25 I Crab Closure (Y2)
6 | Milestones and Target Dates 0 days Mon 7/3/23 Mon 7/3/23 * 73
7 Start of Construction 0 days Mon 7/3/23 Mon 7/3/23
8 | Marsh Dyking (Incl Rip-Rap) (0.25MM3) 250 days Wed 8/16/23 Sun 4/21/24 v
9 Containment Dyke (1,000m3/day) (Truck) 250 days 7,2 Wed 8/16/23  Sun 4/21/24 Containment Dyke (1,000m3/day) (Truck)
10 Temp Road (45km3@ 800m3/day) (eelgrass) 56 days 7,2 Wed 8/16/23  Tue 10/10/23 Temp Road (45km3@ 800m3/day) (eelgrass)
11 | Fill Marsh and Eelgrass Areas (0.57 MM3) 228 days Wed 10/11/23 Sat 5/25/24 v
12 Offload Material and place (2500m3/day) 228 days 10,2 Wed 10/11/23 Sat 5/25/24 Offload Material and place (2500m3/day)
13 | Place Rock Reef (Incl Boulders) (0.25MM3) 101 days Wed 8/16/23  Fri11/24/23
14 Bedding Stone (18.5 km3@0.5k/day) 37 days 7,2 Wed 8/16/23  Thu 9/21/23 Bedding Stone (18.5 km3@0.5k/day)
15 Armor Stone (16k@0.25k/day) 64 days 14 Fri 9/22/23 Fri 11/24/23 Armor Stone (16k@0.25k/day)
16 Boulders (0.5k@ 0.1k/day) 7 days 14 Fri 9/22/23 Thu 9/28/23 Boulders (0.5k@ 0.1k/day)
Task I nactive Task Manual Summary Rollup External Milestone o Manual Progress
Split Inactive Milestone Manual Summary 1 Deadline ¥
Project: 2018.07.09 RBT2BaseSched . . "
Date: Wed 6/17/20 Milestone L 2 Inactive Summary Start-only C Critical ]
Summary ¥——————————¥  Manual Task I  Finish-only 1 Critical Split
Project Summary I | Duration-only External Tasks Progress
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