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Executive Summary
This report provides the results of a geotechnical investigation in support of the proposed building addition of the
DFO Office / Cabot Building, and a proposed seawater pump house for the Canadian Coast Guard College
Campus, located at 1190 Westmont Road, Sydney, Nova Scotia. The mechanical upgrades addressed in this
report include the construction of the piping trenches, approximately 170 m long, connecting the pump house to the
Cabot Building.

Field work was performed on February 6th, February 8th, and February 9th, 2018. The sub-surface investigation
consisted of drilling and sampling two (2) boreholes, to depths of 7.5 m and 8.4 m below the existing ground
surface (m bgs), as well as excavating and sampling thirteen (13) test pits to depths between 2.6 m and 4.8 m bgs.

The borehole drilling was completed using a truck mounted B-17 drill rig, supplied and operated by Nova Drilling
Inc. The test pit excavation was completed using a CAT 320E excavator supplied and operated by B. Curry and
Sons Construction Ltd. Subsurface utilities were located and cleared by the public utility owners, and Allnorth
Consultants Ltd., retained by AECOM. The boreholes were advanced from the existing ground surface using
116 mm outside diameter, continuous flight, solid-stem augers. The test pits were advanced from existing ground
surface using  CAT 320E excavator bucket. Borehole and test pit details are summarized below in Table 1.

Table 1: Borehole and Test Pit Summary

ID Date of
Completion Contractor Depth

(m)
BH-1 02/06/2018 Nova Drilling 8.4
BH-2 02/06/2018 Nova Drilling 7.5
TP-1 02/08/2018 B. Curry & Sons Construction 3.6
TP-2 02/08/2018 B. Curry & Sons Construction 2.6
TP-3 02/08/2018 B. Curry & Sons Construction 3.5
TP-4 02/08/2018 B. Curry & Sons Construction 3.0
TP-5 02/08/2018 B. Curry & Sons Construction 3.0
TP-6 02/09/2018 B. Curry & Sons Construction 3.0
TP-7 02/09/2018 B. Curry & Sons Construction 4.6
TP-8 02/09/2018 B. Curry & Sons Construction 4.0
TP-9 02/09/2018 B. Curry & Sons Construction 4.5
TP-10 02/09/2018 B. Curry & Sons Construction 4.8
TP-11 02/09/2018 B. Curry & Sons Construction 4.7
TP-12 02/08/2018 B. Curry & Sons Construction 3.2
TP-13 02/09/2018 B. Curry & Sons Construction 2.5

Soil samples were reviewed by a qualified engineer at AECOM’s office in Sydney, NS. All samples were submitted
for moisture content analysis and select samples were submitted for particle size analysis, and Atterberg limits
testing.

In general, the subsurface conditions encountered at the proposed pump house location consisted of granular fill,
underlain by silty sand till underlain by, underlain by clayey silt till.

Monitoring wells were not installed during the investigation. Groundwater conditions were observed in the open
boreholes during and upon completion of drilling. These are summarized below and presented on the borehole logs
(Appendix B). Free groundwater was observed in both boreholes, BH-1 and BH-2, at depths of 3.2 m and 2.2 m
bgs, respectively.
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The subsurface conditions encountered along the proposed pipe alignment consisted of topsoil, underlain by sandy
silt to silty sand fill, underlain by silty sand till, underlain by clayey to sandy silt till. Cobbles and boulders were
encountered in both till layers.

Groundwater conditions were observed in the open test pits during and upon completion of excavation. These are
summarized in below sections of report and presented on the borehole logs (Appendix B). Along the piping
alignment, groundwater was observed on the sides of six (6) test pits, TP-6, TP-7, TP-8, TP-9, TP-10, and TP-11.

The subsurface conditions encountered at the proposed Cabot Building addition consisted of topsoil, or fill,
underlain by sandy silt, underlain by clayey to sandy silt.

Free groundwater was not observed during and upon completion of excavation for the proposed Cabot Building.

Excavator refusal was encountered within test pits TP-1, TP-2, TP-3, and TP-8 at depths of 3.6 m, 2.6 m, 3.0 m,
and 4.0 m bgs, respectively. Refusal of the excavator can be an indication of bedrock or a dense cobbley layer.
Cobbles were encountered within all test pit locations.

A total of four (4) recovered soil samples were tested for grain size distribution analyses (sieve, sieve and
hydrometer), and six (6) atterberg limit tests were performed on selected soil samples.

In conclusion, shallow footings can be used to support both, seawater pump house and Cabot building addition.
The footings should bear on native silty sand glacial till below the frost penetration depth of 1.2 m bgs.

The recommended factored geotechnical resistance at Ultimate Limit State (ULS) and the geotechnical reaction at
Serviceability Limit State (SLS) for the seawater pump house and Cabot building are summarized below. Details
such as founding depth, footing type and size are provided in Section 3.1 of the report

Factored geotechnical resistance at Ultimate States (ULS): ........... 350 kPa
Geotechnical resistance at Serviceability Limit States (SLS): ......... 250 kPa
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1. Introduction

AECOM Canada Ltd. (AECOM) was retained by Public Services and Procurement Canada (PSPC) to carry out a
geotechnical investigation in support of the Canadian Coast Guard College (CCGC) Mechanical Upgrade Project.
The mechanical upgrades addressed in this report include:

1. Seawater Pump House and Piping to Cabot Building;
2. Simulator – Building Addition at the DFO Office/Cabot Building; and
3. Associated piping, approximately 170 m long, between the pump house and Cabot Building.

The purpose of the investigation was to obtain information about the subsurface conditions at the site by means of
advancing boreholes and test pits, and to assess the geotechnical engineering characteristics of the subsurface
soils by means of field and laboratory tests.

1.1 Site Description
The site is located at 1190 Westmont Road in Sydney, Nova Scotia. The existing facilities include residences, a
sports complex, a waterfront training facility, and indoor marine simulators. The site is generally surrounded by
commercial, residential, and industrial properties. The north, northeast and northwest ends of the site are
surrounded by Crawleys Creek, which stems from Sydney Harbour and the Spanish Florence Bay. The topography
where the residences are located is generally flat, becoming moderately steep near banks of the creek. The ground
surface drops approximately 6.5 m from the Cabot Building to the seawater pump house along a distance of 280 m.

1.2 Scope of Work
The scope of work for this project included the following services:

Prepare a geotechnical investigation plan, including borehole locations;

Arrange for public and private underground utilities clearances;

Arrange a drilling sub-contractor to advance two (2) boreholes and thirteen (13) test pits;

Monitor the drilling and test pit excavation operations;

Collect soil samples from the boreholes at regular intervals and perform Standard Penetration Tests
(SPTs);

Collect bulk soil samples from the test pits;

Observe groundwater conditions in the open boreholes and test pits; and,

Conduct geotechnical laboratory testing including moisture content on all retrieved samples, particle
size distribution tests (sieve, and sieve and hydrometer analyses) and Atterberg Limits tests on
selected soil samples.

This geotechnical engineering report presents the findings of the investigation and provides geotechnical
recommendations related to the following:

Soil types and stratigraphy as encountered at the borehole locations;
Groundwater levels at the borehole locations during and upon completion of drilling;
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Shallow groundwater conditions as observed in test pits;
Suitable foundation options and recommendations for geotechnical resistances at Serviceability Limit
State (SLS) and Ultimate Limit State (ULS) for the pump house and building foundations; and
Recommendations on the trench excavation slopes, backfill requirements and dewatering.

The Site Plan and Borehole Location Plan are presented in Appendix A. Borehole and Test Pit logs are included in
Appendix B, and the results of the laboratory testing (Grain Size Distribution curves, and Atterberg Limits and
Corrosivity testing results) are presented in Appendix C.
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2. Geotechnical Investigation

2.1 Subsurface Plan and Investigation
The locations of the boreholes and test pits were established in the field by AECOM personnel in accordance with
the project requirements. The initial scope of work was to include two (2) boreholes and nine (9) test pits, and this
was expanded to two (2) boreholes and thirteen (13) test pits at PSPC’s request, see Appendix A. Subsurface
utilities were located and cleared by the public utility owners, and Allnorth Consultants Ltd., retained by AECOM.
AECOM supervised the hydrovacuum-excavation of utilities in the general area of proposed test pit and borehole
locations, and this work was performed and backfilled on January 26, 2018.

The sub-surface investigation was performed on February 6th, February 8th, and February 9th, 2018. The sub-surface
investigation consisted of drilling and sampling two (2) boreholes, to depths of 7.5 m and 8.4 m below ground surface
(bgs), as well as excavating and sampling thirteen (13) test pits to depths ranging between 2.6 m and 4.8 m bgs.

The borehole drilling was completed using a truck mounted B-17 drill rig, supplied and operated by Nova Drilling
Inc. The test pit excavation was completed using a CAT 320E excavator supplied and operated by B. Curry and
Sons Construction Ltd. The boreholes were advanced from the existing ground surface using 116 mm outside
diameter, continuous flight, solid-stem augers. The test pits were advanced from existing ground surface using a
CAT 320E excavator bucket.

Standard Penetration Tests (SPTs) were carried out at regular intervals to assess the soil strength and to obtain
soil samples. SPTs were carried out in general accordance with ASTM D1586. The test consists of freely dropping
a 63.6 kg hammer over a vertical distance of 760 mm to drive a 51 mm outside diameter (O.D) split spoon sampler
into the ground. The number of blows of the hammer required to drive the sampler into the relatively undisturbed
ground over a vertical distance of 300 mm was recorded as the Standard Penetration Resistance or the N-value of
the soil, which is indicative of the compactness of cohesionless soils (gravels, sands, silts) or the consistency of
cohesive soils (clays and clayey soils).

Borehole and test pit details are summarized below in Table 2.

Table 2: Borehole and Test Pit Summary

ID Date of
Completion Contractor Depth

(m) bgs
BH-1 02/06/2018 Nova Drilling 8.4
BH-2 02/06/2018 Nova Drilling 7.5
TP-1 02/08/2018 B. Curry & Sons Construction 3.6
TP-2 02/08/2018 B. Curry & Sons Construction 2.6
TP-3 02/08/2018 B. Curry & Sons Construction 3.5
TP-4 02/08/2018 B. Curry & Sons Construction 3.0
TP-5 02/08/2018 B. Curry & Sons Construction 3.0
TP-6 02/09/2018 B. Curry & Sons Construction 3.0
TP-7 02/09/2018 B. Curry & Sons Construction 4.6
TP-8 02/09/2018 B. Curry & Sons Construction 4.0
TP-9 02/09/2018 B. Curry & Sons Construction 4.5

TP-10 02/09/2018 B. Curry & Sons Construction 4.8
TP-11 02/09/2018 B. Curry & Sons Construction 4.7
TP-12 02/08/2018 B. Curry & Sons Construction 3.2
TP-13 02/09/2018 B. Curry & Sons Construction 2.5
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Soil samples were reviewed by a qualified engineer at AECOM’s office in Sydney, NS. Selected samples were
submitted for moisture content analysis, particle size analysis, and Atterberg Limits testing.

No monitoring wells were installed as part of this investigation.

2.2 Subsurface Conditions
Subsurface conditions are described below and generally consisted of topsoil, underlain by silty sand till, underlain
by clayey silty sand till and sedimentary bedrock (sandstone). Cobbles and boulders were encountered within the
glacial till layers.

2.2.1 Geological Review

The study area is located entirely within the Sydney Basin physiographic region (Boehner and Giles, 2008),  and is
located on the boundary of the Sydney Coalfield comprising rocks of the Morien Group of Westphalian C to D age
(Calder, 1985).The Sydney Basin is a structural basin defined by a succession of carboniferous rocks. Coarse
pebble conglomerate, sandstone and minor siltstone comprise the lower part with a major section of coal bearing
strata including sandstone, siltstone. The onshore section of the basin has a projected maximum thickness of
3500 m of carboniferous sedimentary rocks.

The study area is located within an anticline bounded by the Sydney Harbour Syncline and the Dutch Brook
Syncline which both trend northeast / southwest, to the northwest and southeast of the study area, respectively.

The George River Fault, and Coxheath Fault, which both trend northeast / southwest, are approximately 11.5 km
northwest and southeast of the study area, respectively.

Geological mapping of the study area indicates the native overburden soils typically consists of a stony till plain,
known as Richmond Till, deposited during the most recent Wisconsinan glaciation (Nova Scotia Department of
Natural Resources, 1992). The till has been described as having a stony and sandy matrix with material derived
from local bedrock sources. Siltier till material incorporated from older glaciation periods may also be found within
the unit.

2.2.2 Seawater Pump House

The detail subsurface conditions described below are based on information found in the Borehole Logs, see
Appendix B.

2.2.2.1 Fill

A surficial sand fill layer, containing gravel, was encountered in boreholes BH-1 and BH-2 extending to 1.75 m and
0.08 m bgs, respectively. SPT’s yielded N-values of 2 to 8 blows/0.3 m, which indicates a loose state of
compactness. The surficial sand layer encountered is possibly the material used to backfill hydro-excavation holes.

Underlying the possible backfill material were sand and sandy silt fill materials in boreholes BH-1 and BH-2, respectively.

The sand fill in BH-1 ranged in depth from 1.75 m to 2.29 m bgs and contained trace silt. The single SPT N value
obtained for the sand fill was 23, indicating a compact condition.

The sandy silt fill encountered in BH-2 contained trace amounts of rootlets and gravel and extended to a depth of
0.76 m bgs. SPT N value obtained for the sand fill was 5, indicating a loose state of compactness.
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The natural moisture content for the fill samples varied from 11% to 16%.

2.2.2.2 Silty Sand Till

A layer of silty sand till that extended to 6.10 m bgs was encountered below fill materials in boreholes BH-1 and
BH-2. The till contained some gravel, trace to some clay in a silty sand matrix and was reddish brown. While drilling
within the layer, auger grinding was noted between 3.0 m and 6.1 m, which could be an indication of the presence
of cobbles or boulders.

Majority of SPT N values ranged from 15 to 47, indicating a compact to dense state of compactness, but the lowest
N value was 8, in BH-2 at 0.76 m bgs. The moisture content of samples obtained within the sandy silt till varied
from 7% to 19%.

A grain size analysis was conducted on one (1) representative sample, and the results are presented on the
borehole logs in Appendix B, and are summarized as follows:

Gravel: .......................................................  15%
Sand: .........................................................  42%
Silt: ............................................................  30%
Clay sized particles: ................................  13%

Based on the gradation analysis, the till is classified as silty sand, with some clay, and some gravel.

Atterberg Limits test were conducted on two (2) representative samples, and the results are presented on the
borehole logs in Appendix B, and are summarized as follows:

Liquid Limit: .............................................  20%
Plastic Limit: ..................................  15% – 16%
Plasticity Index: ........................................ 4 – 5
Natural Moisture Content ................ 7% – 19%

2.2.2.3 Clayey Silt Till

In boreholes BH-1 and BH-2 a clayey silt till was encountered from 6.1 m bgs to borehole completion depths of
8.41 m and 7.53 m, respectively. The clayey silt till layer contained some sand, trace to some gravel and was found
to range in colour from grey to reddish brown.

SPT N values ranged from 35 to greater than 50 blows/0.3 m, indicating a hard state of consistency. The moisture
content from a sample of the clayey silt till was 8%.

2.2.3 Pipe Alignment

The detail subsurface conditions described below are based on information found in the Test Pit Logs, see
Appendix B.

2.2.3.1 Topsoil / Organics

A surficial layer of topsoil was encountered in all eight (8) test pits along the pipe alignment, TP-6 to TP-13, that
were excavated along the piping alignment. The thickness of topsoil ranged from 50 mm to 600 mm and has been
summarized in Table 3, below.
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Table 3:  Summary of Topsoil / Organics Depths

BH ID Bottom of Organic Layer
(mm bgs)

TP-6 100
TP-7 50
TP-8 50
TP-9 300
TP-10 600
TP-11 200
TP-12 100
TP-13 100

2.2.3.2 Fill

Fill varying from sandy silt to sand to gravely sand was encountered in test pits TP-6, TP-7, TP-8, TP-9, TP-10, and
TP-13. The depth of fill varied from 0.61 m (TP-6 and TP-7) to 1.89 m (TP-9) bgs. The moisture content of samples
obtained from the fill layer varied from 13% to 20%.

2.2.3.3 Silty Sand Till

Underlying the fill materials in all test pits were layers of till (sand, silty sand, sandy silt, and silt containing trace to
some gravel and trace to some clay). The clay content of the till was observed to increase with the increasing depth
of test pits.

The excavator bucket met refusal in test pits TP-6 and TP-8 at 3.5 m and 3.7 m bgs. Heavy bucket grinding was
noted within test pits TP-9 and TP-10 at 3.2 m and 4.5 m bgs. The excavator bucket refusal may be an indication of
either inferred bedrock (sandstone) or a dense cobble layer.

The moisture content of the sand and silt till samples varied from 9% to 24%.

Grain size analyses were conducted on two (2) representative samples, and the results are presented on the
borehole logs in Appendix B, and are summarized as follows:

Gravel: ...............................................  13 – 14%
Sand: ...............................................  45% - 52%
Silt: ............................................................  27%
Clay sized particles: ..................................  8%

Based on the gradation analyses, the cohesive glacial till is classified as silty sand, with some gravel and trace clay.

Atterberg Limits tests were conducted on four (4) representative samples of the till, and the results are presented
on the borehole logs in Appendix B, and are summarized as follows:

Liquid Limit: ...................................  18% - 21%
Plastic Limit: .............................................  16%
Plasticity Index: ........................................ 2 – 5
Natural Moisture Content ................ 9% – 24%

Atterberg Limits tests were also conducted on samples selected from TP-7 and TP-10, at depths of 4.6 m and
2.4 bgs, and the test results indicated that the material was non-plastic.
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2.2.4 Cabot Building Addition

2.2.4.1 Topsoil / Organics

A surficial layer of topsoil with trace to some organics was encountered in all five (5) test pits in the area of the
Cabot building extension, TP-1 to TP-5, and it varied in thickness from 270 mm (TP-1) to 600 mm (TP-3, TP-4 and
TP-5). The moisture content of samples obtained from this layer varied from 31% to 32%.

2.2.4.2 Fill

A sand fill layer containing trace gravel, trace silt, and trace organics was encountered in test pits TP-1 and TP-2 to
depths of 1.0 m and 1.2 m bgs. The moisture content of the fill samples varied from 15% to 25%.

2.2.4.3 Gravely Silty Sand Till

Underlying the fill was a gravely silty sand till to sandy silt till with trace clay in test pits TP-1 to TP-5. The clay
content was observed to increase with the increasing depth of the test pits.

The excavator bucket met refusal in test pits TP-1, TP-2, and TP-3 at depths of 3.6 m, 2.6 m, and 3.5 m bgs,
respectively. The excavator bucket refusal may be an indication of either inferred bedrock or a dense cobble layer.

The moisture content of samples obtained from the gravelly silty sand till varied from 3% to 29%.

A grain size analysis was conducted on one (1) representative sample and the results are presented on the
borehole logs in Appendix B, and are summarized as follows:

Gravel: .......................................................  37%
Sand: .........................................................  41%
Silt and clay sized particles:  ..................  22%

Based on the gradation analysis, the glacial till is classified as gravely sand with trace to some silt and clay.

2.2.5 Groundwater Conditions

Groundwater conditions were observed in the open boreholes during and upon completion of drilling and these are
included on the borehole logs in Appendix B. No monitoring wells were installed for this investigation, as this is
outside the scope of work presented within the RFP. As noted in Table 4 below, free groundwater was observed in
both the boreholes at a depth of 2.2 m and 3.2 m bgs.

Table 4: Summary of Groundwater Conditions at the Completion of Drilling

BH ID Date of Completion Borehole Depth
(m*)

Depth of Groundwater**
(m*)

BH-1 02/06/2018 7.5 2.2
BH-2 02/06/2018 8.4 3.2

Notes: * Refers to m below the existing ground surface.
** Un-stabilized groundwater levels.

Groundwater was observed in seven (7) open test pits upon completion of excavation, and the details are included
on the test pit logs in Appendix B. The depth at which groundwater was observed is summarized in Table 5, below.
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Table 5: Summary of Groundwater Conditions at the Completion of Excavation

TP ID Date of Completion Test Pit Depth
(m*)

Depth of Groundwater**
(m*)

TP-1 02/08/2018 3.6 DRY
TP-2 02/08/2018 2.6 DRY
TP-3 02/08/2018 3.5 0.8
TP-4 02/08/2018 3.0 DRY
TP-5 02/08/2018 3.0 DRY
TP-6 02/09/2018 3.5 1.4
TP-7 02/09/2018 4.6 1.2
TP-8 02/09/2018 4.0 1.0
TP-9 02/09/2018 4.5 0.3
TP-10 02/09/2018 4.8 0.3
TP-11 02/09/2018 4.7 1.1
TP-12 02/08/2018 3.2 DRY
TP-13 02/09/2018 2.5 DRY

Notes: * Refers to m below the existing ground surface.
** Un-stabilized groundwater levels.
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3. Engineering Recommendations

During the preparation of this report, the following drawings were provided to AECOM by PSPC:

Drawing No. 5 of 7 “Topographic Plan” dated May 12, 2017, produced by Public Works and
Government Services Canada

Drawing No. C-100 “Proposed Seawater Heat Pump Pipe Routing and Building Location” dated
08/15/16, issued for 66% review, produced by M & R Engineering

3.1 Foundation Recommendations
It is understood that the proposed development will consist of (i) a single storey seawater pump house, and (ii) a
single story simulator addition at the Cabot Building, with no basements.

Based on the sub-surface conditions, shallow footings are considered to be the most suitable foundation system for
supporting the loads of the proposed structures.

3.1.1 Seawater Pump House

Shallow footings can be used to support the Seawater Pump House structure. The footings should be founded on
the native silty sand glacial till below the frost penetration depth of 1.2 m bgs.

The proposed structure may be founded on spread footings. The recommended factored geotechnical resistance at
Ultimate Limit State (ULS) and the geotechnical reaction at Serviceability Limit State (SLS) are given in the Table 6
below.

Table 6: Geotechnical Resistance – Spread Footings

Footing Type Founding Stratum Minimum Depth
(m bgs)

SLS
(kPa)

Factored ULS
(kPa)

Strip (0.75 m wide) Silty Sand Till 2.3 250 350
Square (1.5 m) Silty Sand Till 2.3 250 360

The geotechnical bearing resistance values above are for vertical loads (no inclination) without load eccentricity.
The ULS/SLS values will vary from those displayed above if inclined or eccentric loading conditions are applied.
Additional analyses are required for providing ULS/SLS under inclined or eccentric loading conditions.

All loose, disturbed, remoulded or sloughed material should be removed from bearing surfaces of footing
excavations.  Footing surfaces should be shovel-cleaned to remove all disturbed, loose or wet material.  The
minimum width of footing that can be used should conform to specifications in the appropriate building code.

Footings should be founded on undisturbed, native, inorganic soil as described in the text of this report.  It should be
noted that weak or soft foundation soils may exist at the site which were not encountered in the test borings.  Over-
excavation below footing levels may be required to ensure that footings are founded on competent bearing strata. Any
over excavated materials must be replaced by engineered fill, compacted in place, as directed by the site engineer.
All footing excavations should be inspected by a qualified geotechnical engineer prior to forming and concreting.
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Footing excavations should be protected from rain, snow, drying and ingress of free water at all times.  Prolonged
exposure of the foundation excavations should be avoided. Foundation soils beneath the footings must be
protected from frost action during and after construction.  Adequate soil cover should be provided to all footings.

Backfill against foundation walls and around grade beams should not be placed until the concrete foundation
elements have developed sufficient strength and are laterally supported to resist earth pressures resulting from fill
placement and compaction.  The use of heavy equipment for compaction should be avoided.  Backfill should be
compacted in layers not exceeding 150 mm (6.0 inches) in compacted thickness, and should be compacted to a
uniform dry density of at least 95% standard. The backfill material should be capped with a minimum 0.60 metres
(2.0 feet) compacted thickness of selected fine grained soils to provide a relatively impermeable layer which will
minimize surface water infiltration.  The final site grading should also direct surface water to areas away from the
proposed structure.

3.1.2 Cabot Building Addition

3.1.2.1 Shallow Footings

Shallow footings can be used to support the proposed structure. The footings should be founded on the native silty
sand glacial till below the frost penetration depth of 1.2 m bgs.

The proposed structure may be founded on spread footings. The recommended factored geotechnical resistance at
Ultimate Limit State (ULS) and the geotechnical reaction at Serviceability Limit State (SLS) are given in the Table 7
below.

Table 7: Geotechnical Resistance - Spread Footings

Footing Type Founding Stratum Minimum Depth
(m bgs)

SLS
(kPa)

Factored ULS
(kPa)

Square (1.5 m) Silty Sand Till 1.2 250 350

The additional recommendations for footing construction, as presented in Section 3.1.1, also apply for the Cabot
Building addition.

3.1.3 Settlement Evaluation

The recommended design parameters presented in this section are for preliminary design purposes and
compliance with the recommendations would produce tolerable settlement under normal structures.

It should be noted, however, that foundation settlements are a function of the foundation layout and the
construction procedure.  We recommend that AECOM should review the final design of the foundation system prior
to construction.

3.2 Utility Trench Recommendations
The subsurface investigation indicated that the encountered silty sand till would be adequate to support the
proposed utilities between the seawater pump house and the Cabot Building.

The excavation of the trench should be carried out in accordance with latest version of applicable Nova Scotia
Provincial Standard Specifications.
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3.2.1 Trench Backfilling

The trench should be backfilled with granular materials in accordance with latest version of applicable Provincial
Standards.  It is recommended that the backfill against the pipe walls comprise free draining granular material such
as imported Type 1 Gravel.

With the approval of the geotechnical engineer at site, the excavated native material may be used as fill on the
condition that it is free of any organics (such as topsoil, roots, peats, etc.) or other debris and inspected by a
qualified engineer.  Due to the nature of glacial tills, allowances should be made for the presence of cobbles and
boulders in the sandy silt till.

Backfill should be placed in thin loose lifts not exceeding 200 mm and compacted to 95% standard Proctor
maximum dry density.  Over-compaction should be avoided since this may cause excessive lateral earth pressure
against the structure walls. The backfill should be brought up evenly on both sides of the pipe to prevent
unbalanced loads.  It is recommended that the backfilling operation be reviewed by the site engineer in order to
approve the backfill materials and degree of compaction

3.2.2 Backfilling Ditch Area

Following the backfilling of the trench, the ditch area should be backfilled with granular material or approved on-
site/imported soil to the design level.

The following backfilling procedure is recommended:

a) After placing and compacting the trench backfill in accordance with the applicable Provincial
Standards, the entire area should be inspected and approved by the geotechnical engineer.
Spongy, wet or soft/loose spots should be sub-excavated to expose stable subgrade and these
areas would be replaced with compactable approved soil, compatible with the subgrade
conditions, as directed by the site engineer.  Where required, the engineered fill should be
benched into the native soils (as per applicable Provincial Standards).

b) The fill material must be a uniform, homogeneous material, and should be placed in thin layers
not exceeding 200 mm loose thickness.  Oversize particles (cobbles and boulders) larger than
120 mm should be removed.  The material for backfilling the excavation and raising the grades
should consist of select granular fill, or approved equivalent.  For engineered fill below the
structure foundations, each fill layer should be uniformly compacted with heavy compactors,
suitable for the type of fill used, to at least 98% of its Standard Proctor Maximum Dry Density.

c) Full-time inspection and quality control by means of frequent field density and laboratory testing
are necessary during the construction. The compaction procedure and efficiency should be
approved by the site engineer.

d) The engineered fill should not be frozen, and the material should be placed at water contents
within 2 % of the optimum value for compaction.  The engineered fill should not be placed
during winter months when freezing ambient temperatures occur persistently or intermittently.

3.3 Grade Supported Floor Slabs
Floor slabs supported on grade must be designed for the intended loads, including those resulting from materials
storage and the operation of machinery.  Any soft, organic and fill materials, as determined from inspection and
proof-rolling, must be over-excavated and replaced by compacted engineered fill, as directed by the engineer.
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Floor slabs should be supported on a well-compacted granular base to ensure uniform distribution of floor loadings
over the subgrade.  The required thickness of this base course is dependent upon the magnitude of the loadings,
but should not be less than 100 mm (4.0 inches).  The base course, and any other fill material used to replace soft
subsoils, should be compacted to at least 98% of Standard Proctor maximum dry density.

It is recommended that the floor slabs should contain an adequate number of construction joints to ensure
controlled cracking of concrete.  Slabs supporting dynamic loadings, such as those resulting from the operation of
machinery, should be specially designed.

3.4 Drainage
Final site grading should direct surface runoff away from the proposed structure to prevent surface water infiltration.
The backfill around the building should be compacted to a minimum 95% of Standard Proctor maximum density
and be graded with a positive slope away from the building to prevent surface ponding of water after settlement.

In view of the site conditions, a weeping tile drainage system connected to a positive drainage should be installed
around the building foundations to enhance the drainage of subsurface water.

3.5 Frost Heave
The depth of frost penetration at the site is 1.2 m (Frost Design Practice in Canada, M. Amerstong, T. Csathy). The
native sandy silt till within this depth is expected to be moderately susceptible to frost heaving.

3.6 Subgrade Protection
Subgrade soils beneath foundation elements must be protected from frost penetration during and after construction.
Detrimental heaving may result due to soil freezing and/or settlement resulting from subsequent thawing of frozen
soils.  It is essential to ensure that footings and floor slabs are not poured on frozen subsoils, and that the
foundation soils are protected from frost action at all times.

Similarly, all foundation excavations must be protected from rain, snow and the ingress of free water.  Surface
ponding should not be allowed on any excavated surfaces.  Unnecessary prolonged exposure of bearing surfaces
should be avoided, to limit effects of weathering and deterioration of the integrity of the subgrade soils

3.7 Temporary Excavation Side Slopes
Temporary excavations at the site should be sloped or shored for worker and foundation protection.  Construction
must conform to good practice and comply with regulations such as the Nova Scotia Occupational Health and
Safety Regulations.  For temporary excavations in the natural soil existing at the site, a construction side slope of
1.0 V: 1.5 H (1.0 Vertical to 1.5 Horizontal) may be used up to footing depth on the site.

Any construction side slope differing from the suggested one should be verified and approved by a qualified engineer.

Excavations must be protected from rain, snow and the ingress of free water.  Prolonged exposure of excavated
areas should be avoided to prevent deterioration of exposed soils with resultant slope instability.  Similarly,
excavated materials should be stockpiled away from the slope to avoid slope instability and to prevent materials
falling into the excavation.  The integrity of any adjacent structures should be protected by either underpinning or
installing shoring prior to the excavation of the subject site.
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3.8 Seismic Classification
A Site Classification ‘D’ should be used for earthquake load and effects in accordance with Table 4.1.8.4.A of the
National Building Code of Canada, 2005.

3.9 Geo-Environmental Considerations
Based on visual observation during sub-surface exploration, no potential contaminants were observed at the site.

This report does not provide any recommendations with regard to the potential for environmental contamination of
the soils at site. Any soil removed from the site should be handled and disposed of in accordance with the local
applicable regulations and/or on recommendations provided by a qualified environmental engineer or scientist.

3.10 Soil Corrosivity and Cement Type
Two (2) soil samples were submitted for analysis for corrosivity and sulphate attack potential in the overburden
soils. The results are summarized in Table 8, and the detailed results are presented in Appendix D.

Table 8: Summary of Corrosivity Testing Results

Borehole
No.

Sample
Depth

(m)

Sulfide
(u/g)

Chloride
(mg/kg)

Sulphate
(mg/kg) pH E.C.

( S/cm)
Resistivity
(ohm.cm)

Redox
Potential

(mV)
BH-2 1.5 - 2.9 < 0.50 35 11 7.48 90 11000 170
TP-3 1.2 0.82 150 < 10 6.28 140 7200 150

Based on the results of the testing, the following conclusions are provided:

There is minimal potential for sulphate attack on concrete (Sulphates <150 µg/g). Therefore, in
accordance with Canadian Standard Association (CSA) document A23.1-14, normal Type 10 Portland
Cement may be used.

As the total points of soils is less than 10 as per AWWA C-105 Standard, no corrosion protective
measures is recommended for cast iron alloys, if any, used at the site.

3.11 Dewatering and Excavations
Stockpiles of excavated materials should be kept at least 3.0 m from the edge of any excavation to avoid slope
instability, subject to confirmation by the geotechnical engineer.  Care should also be taken to avoid overloading of
any underground services/structures by stockpiles.

The presence of cobbles and boulders may cause excavation difficulties and allowances should be made
accordingly. The terms describing the relative density (loose, compact, dense, and very dense) or consistency (stiff,
very stiff, hard) of soil strata give an indication of the effort needed for excavation. The trench side slopes should be
regularly inspected for evidence of instability following periods of heavy rainfall, following periods of thawing, or
when the trench has been left open for an extended period of time.  Appropriate remedial action should be taken to
ensure the continued stability of the slopes.

Perched groundwater inflow into the excavation should be expected from the fill and within the native glacial till
deposits. Perched groundwater was encountered while excavating test pits TP-3, and TP-11 0.8 m and 1.1 m bgs,
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respectively. The flow should be adequately controlled using conventional gravity dewatering techniques with
filtered sump/pumps. Performing excavations during dry seasons will minimize pumping requirements.

Excavations for this site are not expected to require shoring. If required, all shoring systems must be designed by a
qualified professional engineer, in accordance with the latest version of the Occupational Health and Safety Act for
Construction Projects and the latest edition of the Canadian Foundation Engineering Manual. The design should
take into consideration the effects of hydrostatic pressure and anticipated surcharge loading including the impact of
construction activities.
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Site Location and Borehole Location Plan
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Appendix C
Soil Laboratory Testing Results

C1 – Geotechnical Laboratory Testing Results
C2 – Corrosivity Testing Results



C1 – Geotechnical Laboratory Testing
Results



0

10

20

30

40

50

60

70

80

90

100

0.001 0.01 0.1 1 10 100

PE
R

C
EN

T 
   

PA
SS

IN
G

GRAIN   SIZE  ( mm )

BH2 / SS6 4.5m

BH2 / SS6 4.5m

TP-3 / S4 1.8m

TP-8 / S3 3.0m

TP-8 / S3 3.0m

TP-11 / S3 2.8m

UNIFIED  SOIL  CLASSIFICATION  SYSTEM

CLAY AND SILT
SAND GRAVEL

Fine CoarseFine Medium Coarse

1 5
3/4"#4#200 #40

GRAIN  SIZE  IN  MICROMETERS

10 30 75503
SIEVE  DESIGNATION  ( Imperial )

3"

Legend

LS702/D422

#10
2



0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 100

Pl
as

tic
ity

 In
de

x

Liquid Limit (%)

EXP Services Inc. - Plastic Limits
ASTM D4318

SYD-00245424-A0

6, 9 - Feb-18

CL-ML

MH
or

OH

CH

CL

ML
or
OL

U-Line
A-Line



0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 100

Pl
as

tic
ity

 In
de

x

Liquid Limit (%)

EXP Services Inc. - Plastic Limits
ASTM D4318

SYD-00245424-A0

Feb 6 & 9, 2018

CL-ML

MH
or

OH

CH

CL

ML
or
OL

U-Line
A-Line



1800

1825

1850

1875

1900

1925

1950

1975

2000

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

D
ry

 D
en

si
ty

 (k
g/

m
3 )

Water Content (%)

Moisture Density Relationship
ASTM D698

zero air voids, Gs=2.6



Sieve Percent
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Comment:
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Sieve Percent
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C2 – Corrosivity Testing Results











































Appendix D
Site Photographs
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