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1.0 INTRODUCTION

Golder Associates Ltd. (Golder) was retained by CDM Smith Canada ULC (CDM Smith) to provide geotechnical,
environmental, and archaeological services for the Annacis Island Wastewater Treatment Plant (AIWWTP)
transient mitigation and outfall system from pre-design (Phase A), to detailed design (Phase B) and through to
construction (Phase C).

The predesign work generally involved discussions on route and options selection, type of outfall system
(i.e. grade-supported, piled, and tunnelled). Golder has carried out geotechnical field investigations in two phases,
including on-land and offshore boreholes and cone penetration tests along the proposed conceptual outfall
alignments, referred to as the western and central alignments, as part of the conceptual study; this was
implemented initially under a separate contract to Black & Veatch Canada, and subsequently under the predesign
contract with CDM Smith. The field investigations during the predesign phase were focused on obtaining limited
subsurface information along the conceptual alignments to assist with the route and option selection.

A western alignment, located 500 m west of the existing outfall, was initially selected as the preferred alignment
following completion of the Phase Il geotechnical investigation, and subsequently additional subsurface
exploration (Phase Ill) was completed focusing on this preferred alignment to address data gaps, including
hydrogeological testing. In addition, the Phase Il investigation included a limited subsurface exploration at the
potential future shaft location associated with the conveyance system from the Stage V expansion of the treatment
plant to the proposed outfall.

The preferred alignment was subsequently shifted further east to a location some 200 m west of the existing outfall
to allow the riser pipe and diffuser system to be located at a location within the river channel where the potential
impacts due to sedimentation are minimized. This new preferred alignment is referred to as the “Option 6 Outfall
Alignment”, and is the alignment finally selected for detailed design. Additional subsurface exploration (Phase V)
was carried out along the selected final Option 6 outfall alignment corridor.

This Geotechnical Data Report (GDR) contains descriptions of the investigation methods and factual data collected
during the field investigations completed to date. It is noted that this report is prepared as a data report only and
does not include any interpretation of the subsurface conditions at the site, assignment of design parameters, or
geotechnical design and analyses of the proposed outfall system.

Golder was retained to also provide environmental and archeological services for the project. Deliverables from
these disciplines are reported under separate cover.

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

The Annacis Island Wastewater Treatment Plant (AIWWTP) provides secondary treatment of wastewater to a
significant number of residents in Metro Vancouver and is located on Annacis Island at 1299 Derwent Way, Delta,
BC (see Figure 2-1). The AIWWTP is currently being expanded to increase the secondary treatment capacity and
a new outfall is required to augment or replace the existing outfall facilities. The conceptual design recommended
two new proposed gravity outfall options following central and western alignments to increase the capacity, as
shown on Figure 2-2.

A single outfall located about 200 m west of the existing outfall, referred to as the Option 6 Outfall Alignment, was
selected as the final preferred alignment. The proposed alignment traverses underneath the nearby buildings to
allow the riser pipe and diffuser system to be located within the river channel at a position where potential impacts
due to sedimentation are expected to be minimized. The alignment also traverses under a berthing dolphin
supported by piles within the river channel. Based on available information, the tips of the piles for the dolphin are
located about 5 m above the proposed tunnel crown. The Option 6 outfall alignment is also shown on Figure 2-2.

The outfall segment from the outfall shaft to the riser shaft, as well as a segment of the effluent conduit leading to
the effluent shaft from the outfall shaft, which are together referred to herein as the outfall corridor, will be tunnelled.
A new level control gate structure, near the existing Amil Gate, will also be constructed as part of the new outfall
system. A riser shaft and a discharge pipe system, with a length of approximately 300 m, will be installed close to
the navigational channel within the river to discharge the effluent. The discharge pipe system will be installed below
mudline by dredging to the proposed grade.

The ground surface in the area surrounding of the AIWWTP is generally flat, with a nominal grade at El 104.5 m
relative to the CVD28GVRD2005 datum. The CVD28GVRD2005 datum refers to geodetic datum plus 100 m. The
ground surface remains generally flat or slopes gently towards the Fraser River along the proposed outfall corridor.

The original ground elevation at the Annacis Island site was about El. 100 m CVD28GVRD2005 and the site has
been extensively modified through the placement of fill materials and land development for light-industrial and
warehouse use. Maintenance dredging is regularly carried out within the river to maintain the navigation channel.

s

25 January 2018 ’ Golder
Report No. 1525010-108-R-Rev0 2 Associates
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3.0 SITE GEOLOGY

Armstrong (1982%) reports that the area in which the subject site is located has been overridden during three or
more periods of glaciation and that the area of present day Annacis Island was part of the seafloor at the mouth
of the Fraser River prior to the first glaciation. The glaciers then moved into the area during Quaternary time and
deposited a mixture of sand and gravel. Following the retreat of the glaciers, primarily fine-grained soils were
initially deposited by the meltwater from the glaciers in a marine environment. The fine-grained soils were then
subsequently consolidated and subsequent glaciers deposited a mixture of sand and gravel. Glaciofluvial
sediments ranging from clayey silt to silty sand, grading into sand with thin layers of gravel with depth, were
deposited during the last glaciation, the Fraser Glaciation. Clayey silt with interbedded gravel and gravelly sand
was deposited towards the end of the Fraser Glaciation (i.e., Glaciomarine deposit).

The glacial deposits are typically encountered at a depth of 65 metres (m) or more below present ground surface
at Annacis Island today. These deposits are hard or very dense due to the glacial loading and are inferred to
outcrop within portions of the river channel, based on available information in the vicinity of the Alex Fraser Bridge.

Following the end of the Fraser Glaciation, fine-grained deposits comprising silt and clay were deposited in a
marine environment. The silt and clay was then overlain by coarser deposits from the Fraser River, which consist
primarily of sand and small amounts of fines. The relative density of the sand generally increases with depth.
During flooding, clayey silt to silty clay containing varying amounts of organic material were deposited in areas
adjacent to the main river channels; these deposits are referred to as overbank deposits and they are typically
weak and compressible. Within the present day Fraser River channel, the overbank deposits were either never
present or have subsequently been eroded due to the activity of the river.

The surficial geology of the project site is illustrated in the Surficial Geology Map (GSC No. 1484 A, 1980), as
shown on Figure 3-1.

1 Armstrong JE. 1982. “Geology of the Fraser Lowland with special reference to the area in the vicinity of the Annacis Island Bridge” (App F of
Golder Associates report “Geotechnical Investigation Annacis Island Main Span”, March 1982)
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4.0 SUBSURFACE INVESTIGATIONS

Golder has carried out geotechnical investigations in four different phases along the conceptual, as well as the
preferred Option 6 outfall alignments. The results of all investigation phases are included herein. The locations of
the test holes put down during the field investigations are shown on Figure 4-1.

The geotechnical investigations included putting down mud-rotary boreholes (BHSs), sonic holes (SHs), auger holes
(AHs), Cone Penetration Tests (CPTs), Seismic CPTs (SCPTs). Standard Penetration Testing (SPT) and Large
Penetration Testing (LPT) were carried within the mud-rotary boreholes. Split-spoon sampling during SPTs and
LPTs and thin-wall tube sampling in fine-grained soils were also carried within the mud-rotary boreholes. In situ
testing including down-hole shear wave velocity measurements, as well as Nilcon and electric vane shear tests
were carried out within the fine-grained deposits. The details of the drilling and in situ testing methodology and the
associated standards are provided in the following sections. The details of the field program carried out in each
phase are provided in Section 5. Hydrogeological testing was also carried out as part of the Phase Il and Phase IV
geotechnical investigations and further details can be found in Section 6.

All field work was carried out under the full-time inspection of a member of our geotechnical staff, who identified
the borehole and CPT locations in the field, logged the subsurface conditions encountered, and collected
representative samples for detailed examination and laboratory testing.

4.1  Mud-Rotary Drilling and Sampling

All mud-rotary boreholes were drilled through the overburden soils underlying the site using a track-mounted drill
rig, supplied and operated by Mud Bay Drilling Ltd. (Mud Bay). The locations of the BHs are shown on Figure 4-1.
Each BH was drilled to a target depth below ground surface using the mud-rotary drilling technique described
below.

m Aninitial piece of conductor (surface) casing was installed sufficiently into the ground surface to create a seal.
m The borehole was then advanced as follows:

= A drill bit (tri-cone) attached to a hollow pipe is advanced into the deposit. A drill string comprised of
AWJ rods to a maximum depth of 15 m, and subsequently heavier-walled NWJ rods were used for all
sampling and testing.

®= The drilling technique involves pumping ‘mud’ through the rotating casing and out the end of the bit in
order to lubricate the advancement of the drill, and to bring cuttings to the surface mud circulation tank
via the surface casing. The ‘mud’ also prevents the hole from collapsing. Borehole advancement is
achieved through the process of fracturing, shearing, and/or displacement depending on the type and
consistency of the material encountered.

The mud-rotary drilling technique employed was completed generally in accordance with ASTM D5783-95,
Standard Guide for Use of Direct Rotary Drilling with Water-Based Drilling Fluid for Geo-environmental Exploration.
Detailed descriptions of the soil conditions encountered in the test holes are presented on the Record of Borehole
sheets included in Appendix A.
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4.1.1 Split-Spoon Sampling

Split-spoon sampling was completed using an open-ended split-spoon sampler to measure the penetration
resistance values during advancement of the sampler, and at the same time, to obtain disturbed soil samples for
geotechnical inspection and testing. The split-spoon sampling was completed generally in accordance with ASTM
D1586-11, Standard Test Method for Standard Penetration Test (SPT) and Split-Barrel Sampling of Soils. A 50.8
mm (2 inch) diameter split-spoon sampler was driven to a total penetration depth of 0.61 m (24 inches) or effective
refusal per sample; the sampler was driven by a 63.5 kg hammer with a drop height of 762 mm. In specific selected
boreholes, a large diameter penetration (LPT) sampler was utilized to allow for increased sampling in coarser
materials and to obtain reliable penetration values. It is noted that the North American LPT (NALPT) sampler was
utilized and it is generally 76.2 mm in diameter, driven to a total penetration depth of 0.61 m (24 inches) or effective
refusal per sample with a hammer mass of 136 kg dropped over a height of 762 mm. The empirical correlation
suggested by Daniel et al, 20032 can be used for NALPT to establish the equivalent SPT blow counts from the
recorded LPT blow counts.

The recorded blow counts for individual test samples are presented on the Record of Borehole sheets in
Appendix A. The compactness or consistency reported in the Record of Boreholes is generally based on the
recorded blow counts. It is noted that many factors affect the recorded blow count value, including hammer
efficiency (which may be greater than 60% in automatic trip hammers), groundwater conditions, and grainsize. As
such, the recorded blow count values should be considered only an approximate guide in assigning the
compactness term. These factors need to be considered when evaluating the results, and the stated compactness
terms should not be relied upon for design or construction. It is also noted that the compactness was not reported
in the Record of Boreholes for certain strata, where significant gravel or cobble-sized particles were encountered
and the large split-spoon sampler was used, as the recorded blow counts are not considered representative and
an engineering judgement in combination with laboratory testing is required to evaluate the compactness of those
strata.

Fine-grained material consistency is described as noted in the Record of Boreholes by observation and the
recorded blow count values are also only used as a guide in these deposits.

The split-spoon samples were measured for recovery, bagged, logged and described, and sent to Golder’s
warehouse for storage and review as required.

Energy measurements were carried out in accordance with ASTM D4633 during SPTs and LPTs within the
granular soils underlying the site at four test hole locations to record the energy transfer ratio from the hammer to
the drill rods. The results of the energy measurements summarized in two Technical Memoranda included in
Appendix B.

4.1.2 Relatively Undisturbed Soil Sampling (Thin-walled Tube Samples)

Thin-walled tube samples of overburden materials were collected by piston sampling methods within cohesive soil
deposits at depths selected by the Golder geotechnical inspector. Thin-walled tube samples are generally 0.61 m
(24 inches) in length and 76.2 mm (3 inches) in diameter. Stainless steel, sharpened edge tubes were utilized to

2 Daniel, Chris & Howie, John & Sy, Alex. (2003). A method for correlating large penetration test (LPT) to standard penetration test (SPT) blow counts. Canadian Geotechnical Journal. 40.
66-77. 10.1139/t02-094.
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minimize the disturbance of the sample collected. Upon retrieval from the borehole, the ends of the tubes were
wax-sealed, and capped for containment and moisture content preservation. The tubes were then placed in
purpose-built protective containers to maintain their vertical position during on-site storage and transportation; they
were ground-transported with care to reduce the potential exposure to sample handling and transportation-related
disturbances. High-end soils laboratory testing was completed on sections of the relatively undisturbed soil
samples, after extrusion and visual review of the open-ended tube samples.

All thin-walled tube sampling conducted on-site generally adhered to ASTM D1587/D1587M-15.

4.2  Sonic Drilling

Continuous sonic coring methods were utilized for the investigation purposes of geotechnical and hydrogeological
testing and sampling, and polyvinyl chloride (PVC) standpipe monitoring well installation. Sonic drilling for this
project was completed using a truck mounted Boart Longyear LS600-ATV2 rig, supplied and operated by Mud Bay.
The locations of the SHs are shown on Figure 4-1.

Sonic drilling utilizes a dual-cased single tube core barrel system that employs high frequency mechanical vibration
to obtain near-continuous core samples of the soils. The drilling technique involves vibrating the entire drill string
at a frequency rate between 50 and 150 cycles per second, adjusted during operation to suit the ground conditions
encountered. The technique employs vibration along with low speed rotational motion and downward pressure to
advance the drill string. Drill hole advancement is achieved through the process of fracturing, shearing, and/or
displacement depending on the type and consistency of the material encountered. The soil enters the core barrel,
generally providing 102 mm diameter near-continuous core samples. Upon completion of each drill run, the outer
steel casing is advanced to the end of the run, the core barrel and drill rods are removed, and the continuous sonic
core sample is vibrated out of the core barrel directly into a plastic sample bag before being transferred into wooden
core boxes. The sample is typically highly disturbed, and can be either compressed or expanded during the drilling
and retrieval process; soils can also be displaced if the casing becomes blocked during advancement, in which
case core is not retrieved from that horizon.

Detailed descriptions of the soil conditions encountered in the sonic holes are included on the sonic hole records
in Appendix A, and photographs of sonic hole cores are included in Appendix C.

4.3 Cone Penetration Testing

Static cone penetration testing was carried out utilizing specialized drill rigs supplied by ConeTec Investigations
Ltd. (ConeTec) at the various locations as shown on Figure 4-1 throughout the four phases of investigation.
A 15-ton compression-type cone with a tip area of 15 cm? and a friction sleeve area of 225 cm? was used for all
soundings. The detailed cone information utilized for the various phases of work can be found on the CPT testing
reports provided in Appendix A.

All compression cones are designed with an equal end area friction sleeve and an approximate tip area ratio of
0.80. A pore water pressure filter is located directly behind the cone tip in the u2 position on the cone. The cone
recorded the following parameters at regular depth intervals at each CPT location:

m tip resistance (qc)
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m sleeve friction (fs)
m dynamic pore water pressure (u)

Cone penetration testing was generally carried out in accordance with ASTM D5778-07. A set of baseline readings
were taken prior to, and at the completion of, each sounding to assess temperature shifts and any zero load
offsets.

Graphical plots of the CPT data, including the cone tip resistance (qt), sleeve friction (fs), dynamic pore pressure
(u), and friction ratio (Rr) are presented on the Record of Cone Penetration Tests in Appendix A. An inferred
stratigraphic log is also included on the CPT plots for information purposes only. The stratigraphic interpretations
shown are based on relationships between gt, fs, u and Rr as summarized by Lunne et al. (1997)3.

4.4  In Situ Testing

At selected borehole locations, in situ Nilcon and electric vane shear tests were carried out within the underlying
cohesive soils to collect soil strength data. Dynamic pore pressure dissipation tests were carried out at selected
depths during the CPTs. Down-hole shear wave velocity measurements were carried out at selected CPT locations
and in select mud-rotary boreholes and sonic holes.

A brief summary of the Nilcon and electric vane testing procedures, pore pressure dissipation tests, and down-hole
shear wave velocity measurements is provided in the following sections.

4.4.1 Nilcon Vane Test

Field Nilcon vane testing was performed within the borehole using a Nilcon vane having the capacity to measure
undrained shear strength up to 210 kPa. In most cases a 'small’ vane measuring 12.7 cm x 5.1 cm with a tapered
bottom end was used, especially for the tests carried out at depth. The vane was attached to a steel rod using an
adapter, which was coupled with the Nilcon readout apparatus. After initial shearing, remoulded strengths were
measured by rotating the vane ten (10) revolutions. The Nilcon vane tests were conducted in accordance with
ASTM D2573. The field traces of the Nilcon vane tests are included in Appendix E.

4.4.2 Electric Vane Test

During the Phase IV investigation, due to technical issues with the Nilcon vane at BH16-06, an electrically powered
vane was utilized on site to carry out three in situ undrained shear strength tests. The electric vane test is very
similar to the Nilcon vane test with the exception that the vane head that is placed at the surface is an electric vane
head that records the data digitally. The field traces of the electric vane tests are included in Appendix E.

4.4.3 CPT Pore Water Pressure Dissipation Test

At select depths within the CPT holes, pore water pressure dissipation tests were performed by stopping the
advancement of the CPT probe and allowing the pore water pressure sensor to record the dissipation of pore
water pressures over time. Pressure recordings were taken at 5-second intervals. Dissipation testing was

3 Lunne T, Robertson PK, Powell JJM. 1997. “Cone Penetration Testing in Geotechnical Practice”, Blackie Academic and Professional.
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performed for a sufficient length of time to allow dissipation of 50 percent of the excess pore water pressure (tso).
The dissipation test results are summarized in a report prepared by ConeTec included in Appendix D. Users are
responsible for interpretation of the raw dissipation data.

4.4.4 Shear Wave Velocity Measurements

Down-hole shear wave velocity measurements were carried out at selected CPT locations and in selected
borehole and sonic holes as described below.

SCPT Testing

Shear wave velocity testing was performed in conjunction with the piezocone penetration test in order to
collect interval velocities. ConeTec’s piezocone penetrometers are manufactured with a horizontally active
geophone (28 hertz) that is rigidly mounted in the body of the cone penetrometer, 0.2 metres behind the
cone tip.

Shear waves are typically generated by using an impact hammer horizontally striking a beam that is held in
place by a normal load. The hammer and beam act as a contact trigger that triggers the recording of the
seismic wave traces. The traces are recorded using an up-hole integrated digital oscilloscope which is part
of the SCPT data acquisition system. Down-hole shear wave velocity measurements were generally recorded
out at 1-m intervals at all SCPT locations.

The results of the shear wave velocity measurements including shear wave arrival times are summarized in
plots prepared by ConeTec, included in Appendix A.

Geophysical Downhole Seismic Testing

Downhole seismic testing (DST) is generally conducted using a system comprising a surface source, a
downhole tool equipped with a triaxial geophone package, and a data acquisition system. The downhole tool
has a triaxial geophone package mounted on an internal block such that the orientation of the geophones
can be maintained within the borehole through the use of the built-in fluxgate compass and servo motor
system. A motor driven bow spring clamp is used to couple the downhole tool with the borehole wall. The
downhole seismic test equipment is in general accordance with the current ASTM D7400 standard.

Shear waves (Vs) are typically generated by using an impact hammer horizontally striking a beam that is held
in place by a normal load. The hammer and beam (or plate) act as a contract trigger that initiates the recording
of the seismic wave traces. The beam is generally struck on each end to generate horizontally polarized
shear waves. The traces are recorded using an up-hole data acquisition system.

Geophysical down-hole shear wave measurements were carried out using tri-axial geophones within a
purpose-installed PVC casing during the Phase Il investigation.

In an effort to obtain Vs data at depth at reduced cost, downhole shear wave velocity testing was also carried
out within the steel sonic casing during the Phase Il and IV investigations. The downhole seismic testing was
generally carried out in accordance with ASTM D7400; however, due to the use of a steel sonic casing the
built in fluxgate compass and servo motor system could not be utilized to maintain the orientation of the
geophones. The geophone orientation was maintained by using the motor driven spring clamp to secure the
geophone within the casing and subsequently lifting the geophone without releasing the clamp. It was
determined, through comparison of the down hole Vs data obtained from the measurements within the sonic
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