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1.0 INTRODUCTION

Tetra Tech Canada Inc. (Tetra Tech) was retained by Hatch Corporation (Hatch) to provide geotechnical
recommendations for the design of the Commissioner Street Rail Expansion project, previously referred to as “CP
East L Yard Expansion”, between Mile 125.34 and Mile 126.93 in Vancouver, B.C.

The proposed track layout and cross sections provided by Hatch are attached in Appendix B. The scope of services
is limited to the geotechnical aspects of the proposed rail development in the area, and is summarized as follows:

= perform a site-specific subsurface exploration and prepare a geotechnical characterization for the site.
= provide foundation assessment and track bed evaluation for the new tracks.

= evaluate the foundation requirements for the retaining wall at New Brighton Road.

= evaluate potential impacts on the Metro Vancouver sewer.

= evaluate potential impacts on the City of Vancouver sewer.

= provide engineering analyses and recommendations for the protection slab at the Metro Vancouver sewer
crossing.

= provide a geotechnical assessment for the existing decommissioned pavement structure within the tracked
widening footprint.

The purpose of this technical memorandum is to present the results of the site investigation and foundation analyses
that have been completed for the proposed development, and to provide relevant geotechnical recommendations
for the design and construction of the track expansion.
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2.0 SUBSURFACE EXPLORATION

A subsurface exploration was conducted between April 7" and May 1%, 2020. The scope included a total of twelve
(12) testing locations where Dynamic Cone Penetration Tests (DCPT) and solid-stem auger sampling were
performed to depths ranging between 3.4 m and 9 m below the existing ground surface. In addition, a Cone
Penetration Test with shear wave velocity measurements (SCPT) was performed near the proposed alignment to
complement the information obtained from the test holes. The drilling and testing locations were defined by Tetra
Tech based on the proposed track alignment (Appendix B). Underhill Geomatics Ltd. provided the UTM
coordinates and ground elevations after the locations were selected in the field. The coordinates and elevations
for each testing location are provided in the following table, as well as the final depths of the boring/tests.

UTM Coordinates ("
TestID Elevation (m) @ Depth (m) @
Northing Easting
BH20-01 5459186.901 495305.933 5.18 5.1/51
BH20-02 5459267.437 495417.221 4.60 45/4.6
BH20-03 5459362.943 495472.418 4.38 5.3/5.0
BH20-04 5459467.058 495523.339 3.95 34/34
BH20-05 5459667.648 495638.240 4.49 46/4.7
BH20-06 5459785.473 495774.602 4.43 6.1/4.7
BH20-07 5459897.134 495979.619 4.14 36/59
BH20-08 5459952.996 496178.003 4.99 53/5.0
BH20-09 5460005.101 496383.165 5.83 6.1/6.2
BH20-10 5459930.089 496692.813 7.05 6.1/9.0
BH20-11 5459865.291 496857.791 6.39 45/5.0
BH20-12 5459766.679 496972.910 9.24 6.1/7.7
SCPT20-01 5459921.336 495933.048 4.19 9.0

() UTM Coordinates obtained in the field and provided by Underhill Geomatics Ltd.
2)  Ground Elevations provided by Underhill Geomatics Ltd.
@) Depth of auger hole or CPT Sounding / Depth of DCPT Sounding.

Utility locate request (Ticket No. 20201400061) was submitted to BC One Call by Tetra Tech. Western locates
provided the service of utility locating in support to this project. Electromagnetic scanning and GPR was used to
locate all nearby utilities, which were marked on the ground prior to drilling. All thirteen (13) testing locations along
the proposed rail track alignment were marked and cleared of underground utilities before commencing drilling
activities.

The auger drilling and DCPT testing were performed by ConeTec Investigations Ltd. (ConeTec) using a M5T
track-mounted rig for part of the drilling program, and a M7 truck-mounted rig for the remaining testing locations.
Continuous sampling was performed at the testing locations to a maximum depth of 6.1m using solid-stem augers.
After the samples were inspected and logged, representative samples were collected for laboratory testing.

The SCPT was performed by ConeTec using the M7 rig. For the SCPT, tip resistance (qc), sleeve friction (fs), and
pore pressure (u2) were recorded at every 2.5cm depth interval. Penetration was suspended at specific horizons
to perform pore water pore pressure dissipation tests (PPDT). Penetration was stopped at every 1m interval to
allow for shear wave velocity measurements. Due to the presence of gravel and cobbles near the surface, a solid
stem auger was used to drill out the coarse materials and allow the sounding to be performed. The CPT report
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provided by ConeTec containing CPT profiles, PPD results and shear wave velocity profile is included in
Appendix C.

A geotechnical engineer from Tetra Tech was on site during the field investigation to provide full-time supervision,
including verifying the test hole locations in the field, completing utility locates, checking and logging the subsurface
soil conditions, collecting representative soil samples and recording blow counts from the DCPT soundings. The
borehole logs were prepared using the results of field inspection and laboratory testing. Details on DCPT
penetration values, sample intervals, soil descriptions and laboratory soil index test results are also presented on
the logs. The final borehole logs are presented in Appendix D.

3.0 LABORATORY TESTING

Laboratory tests were performed on disturbed samples collected during the auger drilling. Only disturbed samples
were recovered from the auger drilling. Laboratory testing was performed at the Tetra Tech geotechnical laboratory
facility located in Richmond, BC. The following soil testing were completed as part of the testing program:

= Soil Description and Classification
= Natural Moisture Content (32)

=  Organic Content (2)

= Atterberg Limits (3)

= Particle Size Determination (9)

The numbers in brackets refer to the total number of each test type performed on the soil samples. The laboratory
testing was completed by May 14, 2020. The results of the laboratory testing are included in Appendix E.

In addition to the soil classification tests, selected samples were sent to an environmental laboratory for chemical
testing to determine pH and sulphate content of the soil. A total of eleven (11) soil samples were tested by CARO
Analytical Services (CARO) in Richmond, B.C. Laboratory test results performed by CARO are presented in
Appendix F.

The tests completed as part of the laboratory testing program for this subsurface exploration are briefly described
in the following sections. The methodology used for each testing generally reflects the procedures outlined by the
ASTM standards. The methodologies used by CARO for chemical testing are outlined in the procedures by the
Canadian Standards Association (CSA), or otherwise mentioned in the CARO report.

3.1  Soil Description (and Classification)

In the field, immediately upon recovery, the soil samples were classified visually and by texture in accordance with
Tetra Tech internal geotechnical soil classification work method by Tetra Tech engineers. Tetra Tech geotechnical
soil classification work method has been developed based on the general guidelines provided in the Canadian
Foundation Engineering Manual 4th Edition and ASTM Standards. The detailed soil descriptions include the
following information:

= Main soil type
= Secondary soil components

= Qualitative assessment of grading (granular soils)
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= Structure, texture or other relevant descriptions
= Color

Soils have been classified as granular (coarse-grained) soils or fine-grained soils. Granular soils are described in
terms of the relative proportions of the mineral constituents. Fine-grained soils are classified based on plasticity
(Atterberg limits) as per ASTM D 2487.

It should be noted that the methodology used to describe grain-size fractions is in accordance with CFEM (4th
edition), but the basis of grain size diameter is identified using the classification outlined in ASTM D 2487 and the
sieve sizes described in ASTM D 422. In summary, the soil descriptions are based on Tetra Tech geotechnical

soil classification work method and CFEM recommendations, but the particle size boundaries are based on the
ASTM definitions (since the lab testing is performed in accordance with ASTM).

On the final drilling logs presented in Appendix C, the field descriptions have been revised to include the results of
the laboratory classification tests. The classification for each of the soil layers where specific laboratory test results
are available is also included on the borehole logs.

3.2 Natural Water Content

Moisture content determinations were performed on all samples recovered from the auger holes. Water content in
the samples selected varies in a range from 3% to 46%, except for the peat encountered at the BH20-03 location.
The water content measured in the peat samples were between 195% and 250%. The results of natural water
content tests are plotted on the borehole logs (Appendix D) and are included in Appendix E.

Water (or moisture) contents were determined from the difference in measured total and dry weights before and
after oven drying of specimens taken from soil samples recovered from the boreholes. Measurements were
performed in accordance with the procedures described in ASTM D 2216.

3.3 Organic Content

Two (2) organic content determination were performed for the soils recovered from BH20-02 and BH20-03. Organic
contents are determined from the difference in measured dry weights or soil before and after burning the organics
in a furnace. Measurements are performed in accordance with the procedures described in ASTM D2974-14. The
measured organic content is 3% in a sample containing traces of organics, and 44% in a peat sample recovered
from BH20-03.

The results of the organic content testing are included into the soil descriptions on the borehole logs presented in
Appendix D and are included in Appendix E.

3.4 Atterberg Limits

Atterberg limit tests were performed using the multipoint test on samples recovered from the boreholes. The liquid
and plastic limits are determined for fine grained samples to assist soil classification using the test procedures
described in ASTM D4318-17.

The range of results obtained among the three (3) selected samples show that the soils in the explored depth vary
from low plastic fines to highly plastic clay along the site.

The results for the Atterberg Limits testing are plotted on the borehole logs in Appendix D and are presented in
Appendix E.
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3.5 Particle Size Determination

Sieve analyses were performed on a total of nine (9) soil samples. Sieve analyses were performed in accordance
with the procedures described in ASTM D 422. The proportion of fines (silt and clay) in a specimen was determined
by washing the material through the #200 (75 pm) sieve and computing the percentage passing. Sieves with larger
opening were used for the sand and gravel fraction. Results for grain size distribution analyses are presented on
a semi-logarithmic plot with grain size (log) versus percentage passing by weight finer than the grain size. The
results of the grain size distributions are tabulated and presented graphically in Appendix E. The relative proportions
of gravel, sand and fines are also reported on the borehole logs (Appendix D).

4.0 GEOTECHNICAL CONDITIONS

Based on the information provided on the Surficial Geological Map of Vancouver, British Columbia (MAP 1486A),
the recent geology at the project site is represented by glacial deposits and colluvium on top of bedrock. Rock
surface in this area is typically exposed within 10 m or less from surface. West of the site, the rock can be overlain
by glaciomarine and marine deposits (less than 3 m thick), followed by glacial drift materials, including lenses of
sand and gravel, and stony silt.

The information obtained from the subsurface exploration indicates the top of the very dense till-like materials are
generally present at depths of less than 6 m along the track alignments (i.e. L31 and L30). The deposits overlying
the till-like material can be classified into 5 main soil units that vary across the site as shown on Figure 1a to
Figure 1c. The characteristics of the main soil units are the following:

Unit 1 — Fill. The granular fill encountered at the project site comprises compact to dense sand and gravel and is
generally well graded with angular to sub rounded gravel. Near the west end of the project, from BH20-01 to BH20-
03, the thickness of the fill varies from about 3.7 m to 2.7 m. The layer contains some organics and becomes loose
at depths below 2 m. Between BH20-04 and BH20-12, the fill layer has thicknesses ranging from 1.5 m to 2.1 m
and contains cobbles at various locations.

Unit 2 — Gravelly Sand. Loose to compact gravelly sand to sand and gravel was encountered at most locations
below the surficial fill. Field observations indicate that the gravel is subangular to rounded in this layer. The
presence of cobbles was observed at different locations, particularly at BH20-07 and BH20-08. Sieve testing on
selected samples indicate fines contents are generally less than 8%. The gravelly sand thickness varies from about
3 m to 5 m across the site.

Unit 3 - Silty Sand to Sand and Silt. Loose to compact silty sand to sand and silt was found overlying the till-like
layer. The layer thickness varies from about 0.6 m to a maximum of 2.5 m at BH20-10. Observations and testing
on representative samples indicate traces of organics at BH20-01 and BH20-02. A pocket of peat (Figure 1a) was
found within this unit at BH20-03.

Unit 4 — Low Plasticity Clay. A clay layer was encountered between Unit 3 and the till-like materials at BH20-11.
The clay is firm to stiff and is of low plasticity. The thickness of this clay layer was inferred to be 1.7 m to 2.0 m.

Unit 5 — Till-like Materials. The top of the till-like material is generally present at depths of less than 6 m below
the existing ground surface along Tracks L30 and L31. Samples recovered from this layer indicated the material
consists mainly of silty sand with gravel, except for BH20-06, where the hard layer comprises highly plastic clay. At
the location of the Columbia Containers realigned lead connection, SCPT20-01 encountered refusal at about 9 m
depth, implying the top of the till-like material may dip towards Burrard Inlet.

The pore water pressure measurements and the results of the PPDT performed at SCPT20-01 indicate the
groundwater level is located at a depth of about 4 m, which corresponds to an elevation of about +0.2m. The
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groundwater level is expected to vary with the tides in the Burrard Inlet, as well as seasonal changes, precipitation,
etc.

5.0 TRACK BED STRUCTURE

For the analyses presented herein, the thickness of the ballast has been taken as 200 mm (8”), as per the Canadian
Pacific Engineering Guidelines for Private Siding Design and Construction document. The thickness of the granular
bedding was determined in accordance with the procedure outlined in AREMA. The input used in the calculations
is summarized in the table below.

Train Speed 15 mph

Tie Facing Dimension 9" x 102" (228 mm x 2590 mm)
Tie Spacing 20" (508 mm)

Considering the foundation consists of compact granular soils, the minimum CP track bed structure, consisting of
200 mm (8”) of sub-ballast and 200 mm (8”) of ballast, is expected to provide adequate bearing capacity.

The peat material encountered at BH20-03 is not expected to affect the bearing capacity of the track bed, given the
top of the peat layer is located at a depth of about 3 m.

The existing fill contains large particles that are not suitable to be used as sub-ballast and should be removed to
provide the full depth of sub-ballast. Alternatively, the existing fill can be removed and processed to meet the sub-
ballast requirements.

For the section (between BH20-06 and BH20-09) where the proposed tracks are located within the footprint of
existing road, the track bed can be placed on the decommissioned pavement structure once the asphalt layer is
removed. The existing road fill has a thickness of about 1.3 m. The gradation of the road fill is shown on Figure 2,
indicating the material has a maximum particle size of 50 mm and fines content of generally less than 5%. Based
on the results of the gradation analyses presented on Figure 2 and the assumption that the materials were
compacted adequately for the construction of the existing road structure, the existing road fill is considered suitable
to be used as sub-ballast.

5.1 Foundation Settlement

For estimating the short-term track deflection, a typical range of elastic modulus was assigned to the foundation
soils. The elastic modulus of the granular materials is assumed to vary between about 4 MN/m? and 28 MN/m? for
the different granular soils. The elastic foundation settlement corresponding to the E90 loading for the proposed
track bed structure is estimated to be less than 25 mm.

The preliminary drawings (Appendix B) indicate the track bed will be placed above the existing grade between
Sta. 0+610 and Sta. 1+740. The track bed placement above the existing grade is expected to generate some
settlement, especially at the location where peat was encountered (Sta. 1+900 to Sta. 2+000). The settlement
resulting from the placement of the fill at the location with peat can cause settlements in the order of 500 mm.

Outside the peat section (Sta. 1+900 to Sta. 2+000), the compressible soils are mostly silts. The long-term
settlement is expected to be less than 50 mm.
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5.2 Potential Settlement Mitigation for Peat

As discussed above, the placement of a new track in the area where peat was encountered can potentially induce
settlements of about 500 mm. The development of settlement was estimated considering fill and sub-ballast will be
placed to the bottom of the ballast layer. Ballast is then placed 2 weeks after the initial fill placement and grading.
The settlement at each stage is summarized as follows.

= About 150 mm of elastic and consolidation settlements will occur after placing the initial fill and sub-ballast. The
settlement will take 1 to 2 weeks to occur.

= Placing the ballast layer will cause additional elastic and consolidation settlements of about 50 mm.

= The remaining 300 mm is caused by the secondary compression within the peat layer and will occur over a
period of 25 years. The estimated rate of secondary (long-term) settlement is presented in the table below.

Years after Construction Estimated Long-term settlement (mm)
0.5 (6 months) 100
1 150
5 200
10 250
25 300

As indicated by the results above, most of the settlement is caused by the secondary compression of the
peat. Preloading to include the load from the ballast layer will remove only 50 mm of the total settlement and is not
effective in reducing the secondary compression.

To reduce the long-term settlement, the following options can be considered:

Foundation Surcharge — the application of a foundation surcharge will reduce the secondary compression
occurring within the peat layer. For example, a 2-m surcharge will reduce the secondary compression or long-term
settlement by about 50% (i.e. from 300 mm to about 150 mm). A surcharge duration of 2 to 3 weeks should be
considered.

Ground Reduction — Adjust the final grade, such that the grade change is less than 100 mm (based on the
assumption that secondary compression is not re-triggered for a stress increase of less than 5% in the peat
layer). Ideally, if there is no grade change (i.e. sub-excavating for the placement of sub-ballast and ballast), the on-
going secondary compression of the peat is expected to be minimal.

Peat Removal — the peat layer is interpreted to extend to a depth of about 4 m. Temporary support and dewatering
will be required for the excavation.

Load Transfer Platform - transferring the load through the peat layer to the underlying firm foundation. This can
be achieved by piles, soil mix columns/panels or other form of structural support.

Based on our experience working with other rail projects involving peat, we believe monitoring and re-ballasting is
a reasonably cost-effective approach, especially when the post-construction settlement is expected to develop over
a long period of time.

For monitoring the settlement during construction (to confirm the rate and magnitude of settlement in the peat zone),
we recommend installing a minimum of three (3) settlement gauges. One of the settlement gauges should be
placed at the location of borehole BH20-03, where the peat layer was encountered. The other two settlement
gauges are recommended to be placed 15 m on either side of BH20-03. Baseline readings (at least 3) should be
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obtained prior to any fill placement. The settlement gauges should be read on a daily basis during fill
placement. After fill placement, the gauges should be read every 2 days for 2 weeks.

5.3 General Requirements

All organic materials present near the existing ground surface should be removed. Once the excavation is
completed to the depth corresponding to the base of the sub-ballast, the granular subgrade should be compacted
using a vibratory roller with a minimum number of passes of 4, or until no visible deflection is observed. The
subgrade conditions should be inspected prior to fill placement.

For the construction of the new track, the sub-ballast should be 50-mm minus with a fines content less than 5%. A
minimum in-situ density of 95% standard Proctor maximum dry density (SPMDD) is required and the fill placement
procedure should comply with AREMA (1.3.5.15). The materials and compaction requirements to be used for the
ballast and sub-ballast should comply with CP specifications.

6.0 SEISMIC DESIGN CONSIDERATIONS

The rail development has been designed using the seismic design criteria outlined in AREMA. The earthquake
return periods shown below are considered typical for the design of track bed structures. For the design of the new
tracks, a return period of 975 years was used to carry out the assessment.

Limit State Return Period (years)
Serviceability 100

Ultimate 475
Survivability 975

The seismic hazard for the project site was obtained from Earthquakes Canada website (Natural Resources
Canada) and is presented in Appendix G. The peak ground acceleration (PGA) corresponding to the 975-year
return period for a Class C site (360 m/s < Vs < 760 m/s) was determined to be 0.247g.

The project site has been designated to be Class D based on the following:

= The results of the shear wave velocity profile obtained with the SCPT indicate that the shear wave velocity
range from 211 m/s to 265 m/s for the soils overlying the till-like materials.

= The soft soils or organics are localized and do not have thickness exceeding 3 m.

As per CHBDC CAN/CSA S6-14 CHBDC, a site coefficient, F(PGA), of 1.05 was used to estimate the PGA at the
ground surface for the 975-year earthquake. A PGA value of 0.259g was calculated for the 975-year event and
was used to carry out the simplified liquefaction triggering analysis.

6.1 Liquefaction Assessment

The cyclic resistance ratio (CRR) was estimated using the CPT-based approach recommended by Idriss and
Boulanger (2014).

To evaluate the liquefaction triggering potential, the calculated cyclic stress ratio (CSR) values were compared with
the calculated CRR values. For CRR < CSR (FS<1), the layer is deemed to be susceptible to initial liquefaction.
The results of the liquefaction triggering analyses performed for SCPT20-01 are presented on Figure 3.
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The results of the analyses indicate the loose to compact sand is susceptible to liquefaction in the vicinity of
SCPT20-01. The assessment has not included other locations along the alignment. Upon reviewing the DCPT
results, the low penetration values suggest the loose to compact sand across the project site is susceptible to
liquefaction under the 975-year earthquake loading. The thickness of potentially liquefied soil could vary from about
0.6 m to 1.2 m along the alignment based on the simple review of the DCPT results.

6.2 Seismic-Induced Ground Deformations

The soils in the profile that liquefy during the EQ ground motions will dissipate the excess pore pressures once the
ground movements cease. The post-liquefaction reconsolidation settlements associated with the 975-year
earthquake event have been estimated using the approach described by Ishihara and Yoshimi (1992) based on the
in situ penetration data. Post-seismic settlement due to the dissipation of excess pore pressure is estimated to be
less than 100 mm for the 975-year event.

The potential lateral ground deformation resulting from the 975-year earthquake has been considered as part of the
seismic evaluation. The site is reasonably flat, but it is located approximately 30 m or more south of the Burrard
Inlet and lateral ground movements may be controlled by the stability of the near shore structures. Considering the
relatively small thickness of potentially liquefiable soils, lateral movements are anticipated to attenuate to some
degree away from the shoreline and not extend as far as the proposed track development.

Post-seismic limit equilibrium analyses were performed to assess the potential soil movement towards Burrard Inlet.
The analyses were performed using the commercially available program SLOPE/W (GeoStudio 2016). The
geometry towards the inlet is not known. For the assessment, a slope of 1:1 at the shoreline was assumed. The
stability analyses were carried out accounting for the potential loss and reduction of soil strength for the soils
susceptible to liquefaction. The results of the analyses are presented on Figure 4 and indicate safety factors of 1.1
for the pseudo-static conditions and 1.5 for the post-seismic conditions for the potential failure surfaces affecting
the new tracks. With a calculated factor of safety greater than 1.0, large lateral ground deformations are not
anticipated at the L30 and L31 locations.

Based on the very preliminary analysis and reasoning presented above, the potential damage resulting from the
975-year earthquake on tracks L30 and L31 is expected to be repairable.

7.0 UTILITY IMPACT ASSESSMENT

Impact assessments of the proposed train expansion on the nearby Metro Vancouver sewer and City of Vancouver
sewer (CoV) were performed. Details of the assessment performed for the Metro Vancouver sewer are presented
in a separate document, namely “CP East L Yard Expansion Utility Impact Assessment” (Doc. VGEO03974-01_01
Rev.0, March 2021), and is attached in Appendix H. This document is currently being updated to include a
monitoring plan.

To assess the impact from the proposed L30 track loading on the Metro Vancouver and CoV utillities and to account
for the three-dimensional effect of the soil response and loading, 3D finite element analyses were conducted using
the commercially available program PLAXIS 3D (version 20 update 4). The analysis was performed assuming a
0.4 m thick track bed structure (consisting of 200 mm (8”) of sub-ballast and 200 mm (8”) of ballast) and the loading
associated with an E90 train. The assumed load distribution corresponds to that from a single axle across adjacent
rail ties, as shown on Figure 5. It should be noted that the analyses in PLAXIS were performed using a sustained
train loading. Inreality, the live load exerted by the train is a transient load. The rate of drainage of the compressible
layer will be slow relative to the duration of the axle loading cycle. Therefore, the estimated settlements presented
herein are likely conservative.
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This section presents the analyses conducted for the CoV sewer. The location of the CoV sewer is shown in the
record drawing provided by the project. The record drawing is attached in Appendix B. Based on the information
provided on the record drawing, the existing casing that protects the CoV pipe extends about 2.6 m beyond the
centerline of track L30.

Analyses were conducted to evaluate the potential impacts on the section that is not covered by the existing casing.
The results of the analyses to estimate the stress increase and settlement affecting the utility are presented on
Figures 6a and 6b. A summary of the analyses is provided as follows.

= The soil conditions at the CoV pipe location were inferred from the nearby borehole BH20-09. The soils are
generally granular, consisting of 2 m of fill followed by 3 m of gravelly sand and 1 m of silty sand underlain by
till-like soils.

= The information provided on the record drawing indicates the top of the existing casing is located at a minimum
depth of about 2.2 m. The base of the casing and CoV pipe is located at a minimum depth of about 3.8 m. For
the analyses, the top of the CoV pipe is taken to be located at a depth of 3 m, as indicated on the figures.

= The existing casing/protection is considered to extend 2.64 m south from the center line of the L30 track.

= The structural stiffnesses of the casing and the pipe have been accounted for in the analyses and were
determined using the concrete sections shown on the record drawing.

= Best-estimate geotechnical parameters were used for the analyses. The analyses indicate the proposed tracks
will have a limited effect or impact on the pipe located at a depth of 3 m. Therefore, the estimated stress
increase and settlement are not likely sensitive to the potential variations in geotechnical parameters.

= Asindicated by the results, the maximum vertical stress increase for the section of the pipe that is not protected
is estimated to be less than 15 kPa.

= The settlement impact is estimated to be very small (< 5 mm).

8.0 METRO VANCOUVER SEWER PROTECTION SLAB

The potential use of a protection slab was considered at the location where the proposed Columbia Container lead
track crosses the MetroVan HEI sewer. The protection slab will be supported by HP360x132 piles to carry the train
loading from the proposed track. The vertical force on each pile was provided by Hatch to be about 500 kN.

8.1 Pile Embedment

The ultimate axial capacity in compression provided by the HP360x132 pile calculated according to the
recommendations provided in CAN/CSA S6-19. A factor of safety of 2 was used to determine the allowable
capacity, considering the main objective of the protection slab is to limit settlement impact and stress increase on
the MV utility. For a vertical load of 500 kN, the required ultimate axial capacity for a single pile is estimated to be
1000 kN using a factor of safety of 2.

To achieve an ultimate axial capacity in compression of 1 MN, the proposed HP360x132 pile will need to be
embedded 8.5 m. With the very dense till-like material expected to be encountered at a shallow depth (likely 5 m
or less), driving the pile to achieve 8.5 m embedment may be difficult. Additional measures, such as pre-drilling
and/or protecting the pile toe, should be considered.
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8.2 Protection Slab Limits

Analyses were conducted to provide input to Hatch to define the extents of the required protection. Three cases
were analyzed:

= Case 1 — The centerline of the pipe is located 0.5 m from the edge of the rail ties. The pipe is assumed to be
located at a depth of about 1.8. This case was evaluated to limit the excavation affecting the existing track.

= Case 2 — The centerline of the pipe is located at the edge of the rail ties. The pipe is assumed to be located at
a depth of about 1.8. The results will be used by Hatch to optimize the extents of the protection.

= Case 3 —The pipe is located at the centerline of the proposed track near Sta. 8+058. Based on the information
provided by Hatch, top of pipe is located at 2.2m below the base of rail ties that are 10’ long. This case provides
the worst condition in assessing the settlement impact and stress increase on the MV sewer.

The results of the analyses are presented in Figures 7 to 9. The estimated settlement at the base of the MV pipe
and the vertical stresses at the depth of the utility are summarized as follows.

Cace Estimated Estimated Vertical Stresses (kPa)
settlement (mm) Existing Condition Estimated Stress Increase Total Stress
1 <5 35 30 65
2 <5 35 40 75
3 <5 40 75 115

9.0 NEW BRIGHTON ROAD RETAINING WALL

The construction of Track L30 next to New Brighton Road, from about Sta. 0+280 to Sta. 0+370, will require
excavating part of the existing road embankment and installing a retaining wall.

The input and assumptions used for the wall evaluation are outlined as follows:

= The retaining wall is about 85 m long and has a maximum retained height of 3.2 m. The retaining wall will
consist of W610x372 piles installed at 2-m spacing with precast concrete panels placed between the piles.

= The soil conditions along Commissioner Street were defined based on the information obtained from testhole
BH20-12 and are summarized in the table below. The groundwater table was interpreted using the available
data to be located at a depth of 6 m (from the top of the wall).

Depth from Top of Wall (m) el T Soll Strength
From To
0 2.4 FILL ¢ = 34°
2.4 7.8 Loose to compact SAND ¢ =32°
>7.8 Till-like ¢ =40°

= Areturn period of 475 years was used for seismic considerations.

= The road surface behind the wall is assumed to be flat (i.e. no inclination behind the wall).

1"
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= For static conditions, the following loads were considered:
- Aftraffic surcharge of 16 kPa,
- Animpact load of 100 kN applied perpendicular to the wall at 1 m above the pile top.
- Animpact load of 30 kN applied parallel to the wall at 1 m above the pile top.

Analyses have been conducted using the commercially available program, PYWALL (v2019). Working stress
design approach was used for the analyses. The bending moment and shear demands provided herein are
unfactored and should be considered by the structural designer for the evaluation of the structural wall elements.
The recommendations related to the proposed wall configuration are provided below.

= Active, at rest and passive lateral earth pressure coefficients have been calculated using a friction angle of the
34 degrees for the existing road fill. The lateral earth pressure coefficients are summarized in the table below.

Condition Coefficient of Lateral Earth Pressure
Active, Ka 0.28
At-rest, Ko 0.44
Passive, Kp 3.54

= For seismic conditions, the magnitude of the earthquake-induced loads is approximated using the Mononobe-
Okabe equation. The coefficient of active earth pressure, Kae, was calculated to be 0.34, based on the
assumption that the wall is capable of moving 25 mm to 50 mm during the 475-year earthquake.

= The results of the PYWALL analyses are presented on Figure 10. Four cases were evaluated:
1. Static conditions — active soil loading with a traffic surcharge of 16.8 kPa.
2. Impact loading — static conditions with the addition of the impact load.

3. Seismic conditions — application of seismic coefficient corresponding to the 475-year earthquake. Traffic
load was not combined in the seismic case.

4. Post-seismic conditions — residual soil strength was use for the loose to compact sand that will undergo
liquefaction. Liquefaction is expected to occur after the strong motion; therefore, not combining seismic
load with reduced soil strength

= The deflection at the top of the wall for the worst case is less than 50 mm, which is generally considered
acceptable as the deflection in relation to the retained height of 3.2 m is less than 2%. The soldier piles should
have a minimum total length of 10 m for a retained height of 3.2 m (i.e., 6.8 m embedment).

= A pile group analysis was conducted to evaluate the effect of the impact load that is applied parallel to the wall.
The results of the analysis are shown on Figure 11 and indicate small pile responses.

= Considering the water table is about 2 m to 3 m below the track elevation, and the retained fill and foundation
soils being reasonably permeable, water is not likely to accumulate behind the wall and induces hydrostatic
pressure on the wall. However, use of swale, or other means of drainage, is recommended to the eliminate the
risk.
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10.0 LIMITATIONS OF REPORT

This report and its contents are intended for the sole use of Hatch and their agents. Tetra Tech Canada Inc. (Tetra
Tech) does not accept any responsibility for the accuracy of any of the data, the analysis, or the recommendations
contained or referenced in the report when the report is used or relied upon by any Party other than Hatch, or for
any Project other than the proposed development at the subject site. Any such unauthorized use of this report is at
the sole risk of the user. Use of this document is subject to the Limitations on the Use of this Document attached in
Appendix A or Contractual Terms and Conditions executed by both parties.
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11.0 CLOSURE

We trust this technical memo meets your present requirements. If you have any questions or comments, please
contact the undersigned.

Respectfully Submitted,
Tetra Tech Canada Inc.

Prepared by: Reviewed by:

Adriana Luis, M.Sc., E.I.T. John P. Sully, Ph.D., P.Eng.
Geotechnical Engineer Principal Consultant

Direct Line: 604.608.8618 Direct Line: 604.608.8616
Adriana.Luis@tetratech.com John.Sully@tetratech.com

Prepared by:

Lothar Chan, M.Eng., P.Eng.
Geotechnical Engineer
Direct Line: 604.608.8644
Lothar.Chan@tetratech.com

Enclosure: Figures
Appendix A — Limitations on the Use of this Document
Appendix B — Information Provided by Hatch
Appendix C — CPT Report
Appendix D — Borehole Logs
Appendix E — Geotechnical Laboratory Test Results
Appendix F — Chemical Test Results
Appendix G — Seismic Hazard
Appendix H — Impact Assessment for Metro Vancouver Sewer
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LIMITATIONS ON USE OF THIS DOCUMENT

GEOTECHNICAL

1.1 USE OF DOCUMENT AND OWNERSHIP

This document pertains to a specific site, a specific development, and
a specific scope of work. The document may include plans, drawings,
profiles and other supporting documents that collectively constitute the
document (the “Professional Document”).

The Professional Document is intended for the sole use of TETRA
TECH's Client (the “Client”) as specifically identified in the TETRA
TECH Services Agreement or other Contractual Agreement entered
into with the Client (either of which is termed the “Contract” herein).
TETRA TECH does not accept any responsibility for the accuracy of
any of the data, analyses, recommendations or other contents of the
Professional Document when it is used or relied upon by any party
other than the Client, unless authorized in writing by TETRA TECH.

Any unauthorized use of the Professional Document is at the sole risk
of the user. TETRA TECH accepts no responsibility whatsoever for any
loss or damage where such loss or damage is alleged to be or, is in
fact, caused by the unauthorized use of the Professional Document.

Where TETRA TECH has expressly authorized the use of the
Professional Document by a third party (an “Authorized Party”),
consideration for such authorization is the Authorized Party’s
acceptance of these Limitations on Use of this Document as well as
any limitations on liability contained in the Contract with the Client (all
of which is collectively termed the “Limitations on Liability”). The
Authorized Party should carefully review both these Limitations on Use
of this Document and the Contract prior to making any use of the
Professional Document. Any use made of the Professional Document
by an Authorized Party constitutes the Authorized Party’s express
acceptance of, and agreement to, the Limitations on Liability.

The Professional Document and any other form or type of data or
documents generated by TETRA TECH during the performance of the
work are TETRA TECH'’s professional work product and shall remain
the copyright property of TETRA TECH.

The Professional Document is subject to copyright and shall not be
reproduced either wholly or in part without the prior, written permission
of TETRA TECH. Additional copies of the Document, if required, may
be obtained upon request.

1.2 ALTERNATIVE DOCUMENT FORMAT

Where TETRA TECH submits electronic file and/or hard copy versions
of the Professional Document or any drawings or other project-related
documents and deliverables (collectively termed TETRA TECH's
“Instruments of Professional Service”), only the signed and/or sealed
versions shall be considered final. The original signed and/or sealed
electronic file and/or hard copy version archived by TETRA TECH shall
be deemed to be the original. TETRA TECH will archive a protected
digital copy of the original signed and/or sealed version for a period of
10 years.

Both electronic file and/or hard copy versions of TETRA TECH's
Instruments of Professional Service shall not, under any
circumstances, be altered by any party except TETRA TECH. TETRA
TECH's Instruments of Professional Service will be used only and
exactly as submitted by TETRA TECH.

Electronic files submitted by TETRA TECH have been prepared and
submitted using specific software and hardware systems. TETRA
TECH makes no representation about the compatibility of these files
with the Client’s current or future software and hardware systems.

1.3 STANDARD OF CARE

Services performed by TETRA TECH for the Professional Document
have been conducted in accordance with the Contract, in a manner
consistent with the level of skill ordinarily exercised by members of the
profession currently practicing under similar conditions in the
jurisdiction in which the services are provided. Professional judgment
has been applied in developing the conclusions and/or
recommendations provided in this Professional Document. No warranty
or guarantee, express or implied, is made concerning the test results,
comments, recommendations, or any other portion of the Professional
Document.

If any error or omission is detected by the Client or an Authorized Party,
the error or omission must be immediately brought to the attention of
TETRA TECH.

1.4 DISCLOSURE OF INFORMATION BY CLIENT

The Client acknowledges that it has fully cooperated with TETRA TECH
with respect to the provision of all available information on the past,
present, and proposed conditions on the site, including historical
information respecting the use of the site. The Client further
acknowledges that in order for TETRA TECH to properly provide the
services contracted for in the Contract, TETRA TECH has relied upon
the Client with respect to both the full disclosure and accuracy of any
such information.

1.5 INFORMATION PROVIDED TO TETRA TECH BY OTHERS

During the performance of the work and the preparation of this
Professional Document, TETRA TECH may have relied on information
provided by third parties other than the Client.

While TETRA TECH endeavours to verify the accuracy of such
information, TETRA TECH accepts no responsibility for the accuracy
or the reliability of such information even where inaccurate or unreliable
information impacts any recommendations, design or other
deliverables and causes the Client or an Authorized Party loss or
damage.

1.6 GENERAL LIMITATIONS OF DOCUMENT

This Professional Document is based solely on the conditions
presented and the data available to TETRA TECH at the time the data
were collected in the field or gathered from available databases.

The Client, and any Authorized Party, acknowledges that the
Professional Document is based on limited data and that the
conclusions, opinions, and recommendations contained in the
Professional Document are the result of the application of professional
judgment to such limited data.

The Professional Document is not applicable to any other sites, nor
should it be relied upon for types of development other than those to
which it refers. Any variation from the site conditions present, or
variation in assumed conditions which might form the basis of design
or recommendations as outlined in this document, at or on the
development proposed as of the date of the Professional Document
requires a supplementary exploration, investigation, and assessment.

TETRA TECH is neither qualified to, nor is it making, any
recommendations with respect to the purchase, sale, investment or
development of the property, the decisions on which are the sole
responsibility of the Client.

@ TETRA TECH



LIMITATIONS ON USE OF THIS DOCUMENT

1.7 ENVIRONMENTAL AND REGULATORY ISSUES

Unless stipulated in the report, TETRA TECH has not been retained to
explore, address or consider and has not explored, addressed or
considered any environmental or regulatory issues associated with
development on the subject site.

1.8 NATURE AND EXACTNESS OF SOIL AND
ROCK DESCRIPTIONS

Classification and identification of soils and rocks are based upon
commonly accepted systems, methods and standards employed in
professional geotechnical practice. This report contains descriptions of
the systems and methods used. Where deviations from the system or
method prevail, they are specifically mentioned.

Classification and identification of geological units are judgmental in
nature as to both type and condition. TETRA TECH does not warrant
conditions represented herein as exact, but infers accuracy only to the
extent that is common in practice.

Where subsurface conditions encountered during development are
different from those described in this report, qualified geotechnical
personnel should revisit the site and review recommendations in light
of the actual conditions encountered.

1.9 LOGS OF TESTHOLES

The testhole logs are a compilation of conditions and classification of
soils and rocks as obtained from field observations and laboratory
testing of selected samples. Soil and rock zones have been interpreted.
Change from one geological zone to the other, indicated on the logs as
a distinct line, can be, in fact, transitional. The extent of transition is
interpretive. Any circumstance which requires precise definition of soil
or rock zone transition elevations may require further investigation and
review.

1.10 STRATIGRAPHIC AND GEOLOGICAL INFORMATION

The stratigraphic and geological information indicated on drawings
contained in this report are inferred from logs of test holes and/or
soil/rock exposures. Stratigraphy is known only at the locations of the
test hole or exposure. Actual geology and stratigraphy between test
holes and/or exposures may vary from that shown on these drawings.
Natural variations in geological conditions are inherent and are a
function of the historical environment. TETRA TECH does not
represent the conditions illustrated as exact but recognizes that
variations will exist. Where knowledge of more precise locations of
geological units is necessary, additional exploration and review may be
necessary.

1.11 PROTECTION OF EXPOSED GROUND

Excavation and construction operations expose geological materials to
climatic elements (freeze/thaw, wet/dry) and/or mechanical disturbance
which can cause severe deterioration. Unless otherwise specifically
indicated in this report, the walls and floors of excavations must be
protected from the elements, particularly moisture, desiccation, frost
action and construction traffic.

1.12 SUPPORT OF ADJACENT GROUND AND STRUCTURES

Unless otherwise specifically advised, support of ground and structures
adjacent to the anticipated construction and preservation of adjacent
ground and structures from the adverse impact of construction activity
is required.

GEOTECHNICAL

1.13 INFLUENCE OF CONSTRUCTION ACTIVITY

Construction activity can impact structural performance of adjacent
buildings and other installations. The influence of all anticipated
construction activities should be considered by the contractor, owner,
architect and prime engineer in consultation with a geotechnical
engineer when the final design and construction techniques, and
construction sequence are known.

1.14 OBSERVATIONS DURING CONSTRUCTION

Because of the nature of geological deposits, the judgmental nature of
geotechnical engineering, and the potential of adverse circumstances
arising from construction activity, observations during site preparation,
excavation and construction should be carried out by a geotechnical
engineer. These observations may then serve as the basis for
confirmation and/or alteration of geotechnical recommendations or
design guidelines presented herein.

1.15 DRAINAGE SYSTEMS

Unless otherwise specified, it is a condition of this report that effective
temporary and permanent drainage systems are required and that they
must be considered in relation to project purpose and function. Where
temporary or permanent drainage systems are installed within or
around a structure, these systems must protect the structure from loss
of ground due to mechanisms such as internal erosion and must be
designed so as to assure continued satisfactory performance of the
drains. Specific design details regarding the geotechnical aspects of
such systems (e.g. bedding material, surrounding soil, soil cover,
geotextile type) should be reviewed by the geotechnical engineer to
confirm the performance of the system is consistent with the conditions
used in the geotechnical design.

1.16 DESIGN PARAMETERS

Bearing capacities for Limit States or Allowable Stress Design,
strength/stiffness  properties and similar geotechnical design
parameters quoted in this report relate to a specific soil or rock type
and condition. Construction activity and environmental circumstances
can materially change the condition of soil or rock. The elevation at
which a soil or rock type occurs is variable. It is a requirement of this
report that structural elements be founded in and/or upon geological
materials of the type and in the condition used in this report. Sufficient
observations should be made by qualified geotechnical personnel
during construction to assure that the soil and/or rock conditions
considered in this report in fact exist at the site.

1.17 SAMPLES

TETRA TECH will retain all soil and rock samples for 30 days after this
report is issued. Further storage or transfer of samples can be made at
the Client's expense upon written request, otherwise samples will be
discarded.

1.18 APPLICABLE CODES, STANDARDS, GUIDELINES & BEST
PRACTICE

This document has been prepared based on the applicable codes,
standards, guidelines or best practice as identified in the report. Some
mandated codes, standards and guidelines (such as ASTM, AASHTO
Bridge Design/Construction Codes, Canadian Highway Bridge Design
Code, National/Provincial Building Codes) are routinely updated and
corrections made. TETRA TECH cannot predict nor be held liable for
any such future changes, amendments, errors or omissions in these
documents that may have a bearing on the assessment, design or
analyses included in this report.

E] TETRA TECH
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PROPOSED LIGHT POLE BY OTHERS (TYP.
CURVE | RADIUS(m) | Dc vf  |Eulinch)| Ea (inch) | Lc (m) A | | IERS (TYP.) LIMIT OF GRADING
CP R.O.W. RELOCATED CATCH BASIN CB206 PROPOSED CURB & GUTTER BY OTHERS
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C12a 295293 | 5°5500" | 15,mph | 0.93 0 129.692 | 25°22' 15" 88“E|ER(§AT|£§?NPITF;|EE%?£‘L%T|ON TOBE

D e e A1 00-504100 RELOCATED CATCH BASIN CB206 WITH NEW
C26 208124 | 5°5140" | q5mph | 0.92 0 84531 | 16° 18' 03" : -RW-100-S0- 600x600mm GRATE.

TO 4103 EXISTING CONNECTING PIPE CONDITION TO BE

=== |\ —
C11a 194.241 1 9°00'00" | 15 mph | 1.42 0 57.617 | 16°59' 43" e 2 ‘

____— EXISTING SANITARY MANHOLE TO

\ CONFIRMED IN THE FIELD.

REFER TO DWG. H362376-RW-100-S0-4100 TO

c12 800.000 | 2°10'59" | 45mpn | 0.34 0 55911 | 4°00'16" o BE REMOVED BY OTHERS -\ | % s = gs%ioHSEig BARRIERS 4103
/ T A \i e —— = R \ ! , \
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NOTES:
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PROFILE Sm 0 H: 1:500 2om 1. K09 - CP SLIDING DERAIL LOCATED AT STA 10+765.237, 20' EAST OF CLEARANCE POINT
SCALE H 1500 VITERRA POWERED SLIDING DERAIL LOCATED AT STA 10+763.713, 25' EAST OF CLEARANCE POINT
' 05m 0 V: 1:50 2.5m 2. K10 - CP SLIDING DERAIL LOCATED AT STA 0+812.610, 20' EAST OF CLEARANCE POINT
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V 1:50 I e VITERRA POWERED SLIDING DERAIL LOCATED AT STA 0+811.500, 25' EAST OF CLEARANCE POINT
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