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1.0 INTRODUCTION

Stantec Consulting Ltd. (Stantec) has been retained by TC United Group to prepare a Geotechnical Investigation
Report for the proposed residential development located on the properties at 17-19 Robinson Avenue in Ottawa,
Ontario at the location shown on the Key Plan (refer to Drawing No. 1).

Stantec previously conducted a geotechnical investigation and prepared an investigation report for a previously
planned development at the site in 2010 which was reported under Stantec Project No. 163808203. As the
development plans and building code requirements have changed since the submittal of the previous report, this
report provides updated geotechnical design input for the proposed development. TC United Group has received
approval from the former property owner to reference/use the subsurface information contained in that report and
provided authorization to Stantec to use this information as part of the current assignment.

This report provides recommendations on the geotechnical design aspects of the project. Limitations associated with
this report and its contents are provided in the Statement of General Conditions included in Appendix A.

2.0 BACKGROUND INFORMATION

2.1 SITE AND PROJECT DESCRIPTIONS

The proposed development site contains three former properties (17, 19, and 23 Robinson Avenue) that have been
combined to form a single property. Each of the former properties currently contains an individual residential
structure located in the south (front) portion of the property.

Based on the information provided by TC United Group, Stantec understands that it is planned to construct a three-
storey apartment building with a basement level that has a floor slab located approximately 1 m below exterior site
grades at the site. The proposed building will encompass a plan area of approximately 258 m? and is planned to be
constructed at the location shown on Drawing No. 1 in Appendix B.

Based on a topographical plan of the site prepared by Stantec dated July 10, 2009, the ground surface within the site
is generally flat with ground surface elevations varying between about 60.8 m and 61.5 m.

2.2  PREVIOUS INVESTIGATION

A total of eight boreholes designated as BH10-01 to BH10-07 and MW 10-05A were drilled at the site as part of the
previous investigation. The boreholes were advanced to depths of between 2.5 m and 11.6 m below ground surface.
Bedrock coring was conducted in BH10-4. A monitoring well was installed at the location of MW10-05A.
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3.0 SUBSURFACE CONDITIONS

3.1 GENERAL

Detailed descriptions of the subsurface soil, bedrock and groundwater conditions encountered during the 2010
investigation at the site are presented on the Borehole Records, Bedrock Core Log, and Rock Core Photographs
provided in Appendix C. Documents providing explanations of the symbols and terms used on the borehole records
are also provided in Appendix C. Laboratory test results from the previous investigation are shown on the borehole
records and are included in Appendix D for reference.

The stratigraphic boundaries on the borehole records are inferred from non-continuous sampling and, therefore,
represent transitions between soil and bedrock types rather than exact boundaries between geological units. The
borehole records depict conditions at the particular locations and at the particular times indicated. The subsurface
soil, bedrock and groundwater conditions will vary between boreholes and/or at locations away from the boreholes.

The information provided in the following sections is intended to summarize the conditions encountered; however, the
borehole records provided in Appendix C should be used as the primary source of the subsurface information for the
site.

In general, the subsurface stratigraphy encountered at the borehole locations consisted of surficial materials including
topsoil, asphalt and fill underlain by a native deposit of glacial till and then by shale bedrock. A summary of the
subsurface conditions encountered in the boreholes is provided in the following sections.

3.2 SURFICIAL MATERIALS

Surficial/near-surface materials consisting of topsoil, asphalt and predominantly granular fill materials, varying in
composition from silty sand to gravelly sand/sand and gravel to gravel with asphalt, were encountered at all borehole
locations. These materials extended to depths of approximately 0.035 m to 0.9 m below ground surface.

In addition to the fill encountered during the investigation, fill materials of greater thickness are expected to be
present within the backfill zones of the existing residential structures and site services.

A deposit of dark brown silty sand was encountered below the fill at a depth of 0.9 m in BH10-02. The silty sand
extended to a depth of 2.1 m below ground surface.

3.3 GLACIAL TILL

The near-surface materials described above are underlain by a native glacial till deposit that was encountered at
depths of approximately 0.1 m to 1.6 m below ground surface (corresponding to elevations of approximately 59.2 m
to 61.1 m).

The glacial till typically consists of silty sand with gravel. Cobbles were noted throughout the till deposit at the
borehole locations. The glacial till in Ottawa is typically comprised of cobbles and boulders set in a matrix of finer-
grained material (i.e. gravel, sand, silt and clay); larger boulders (e.g. in excess of 1.0 m) are common. The till is
typically unsorted and without stratification, but in places contains discontinuous layers or irregular shaped masses of
sand and silt. In this regard, where glacial till deposits are identified, cobbles and boulders will be present throughout
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the deposits and permeable layers of sand and/or silt may also randomly be present due to the unsorted and
unstratified nature of the glacial till.

Standard Penetration Test (SPT) ‘N’ values measured within the glacial till ranged between 1 to > 50 per 0.3 m of
penetration indicating that the glacial till is in a loose to very dense state. However, the lower ‘N’ values are inferred
to be influenced by disturbance of the glacial till during drilling while the higher ‘N’ values are inferred to be influenced
by the presence of cobbles and boulders.

Laboratory testing conducted on samples of the glacial till measured natural moisture contents of between 7 % and
13 %, expressed as a percentage of the dry weight of the soil.

Grain size distribution tests were completed on three (3) samples of the glacial till. The results of the tests are
displayed on the figures in Appendix D and are summarized in Table 3.1. In accordance with the Unified Soil
Classification System, the samples tested can be classified as SILTY SAND with gravel (SM).

Table 3.1: Grain Size Distribution Results — SILTY SAND TILL (SM)

Debth Unified Soil
Borehole Sample (nF:) Classification % Gravel % Sand % Silt and Clay
System
BH10-3 SS3 15 22 44 34
BH10-04 ssi1 76 | SILTYSAND(SM) [ 5, 44 36
with gravel
BH10-5A SS4 53 20 45 35

3.4 BEDROCK

The bedrock surface was encountered at depths of approximately 9.1 mto 9.5 m below ground surface
corresponding to elevations of about 51.5 m and 52.1 m, respectively.

Coring was conducted in BH10-4 to confirm the presence and type of bedrock and to provide information on the
engineering characteristics of the bedrock. The first core run at this location retrieved predominantly glacial till
materials with fractured shale bedrock present within the lower portion of the core run. A detailed description of the
rock core is provided on the Bedrock Core Log in Appendix C.

The bedrock core obtained from BH10-04 consisted predominantly of slightly weathered, black shale. Rock Quality
Designation (RQD) values of 9% and 82% were recorded within the core runs indicating that the bedrock is of very
poor to good quality. The lower RQD value in the lowest core run is inferred to have been influenced by the drilling
process.

Unconfined compressive strength tests on rock core samples yielded strengths of approximately 56 and 70 MPa.

3.5 GROUNDWATER CONDITIONS

A groundwater monitoring well was installed in MW10-05A on August 4, 2010. The groundwater level in the well was
recorded at approximately 3.7 m below ground surface, corresponding to an elevation of 57.5 m, one week after
completion of drilling.
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It should be noted that groundwater level at the site will be subject to fluctuations due to seasonal changes and
precipitation events as well as water level in the nearby Rideau River. The water level at the site may have changed
since the time of 2010 investigation.

4.0 DISCUSSION AND RECOMMENDATIONS

This section provides engineering input related to the geotechnical design aspects of the proposed development
based on our interpretation of the available subsurface information described herein and our understanding of the
project requirements.

The discussion and recommendations presented in the following sections of this report are intended to provide the
designers with preliminary information for planning and design purposes only. Contractors bidding on or undertaking
the works should examine the factual results of the investigation, satisfy themselves as to the adequacy of the factual
information for construction, and make their own interpretation of the factual data as it affects their proposed
construction techniques, schedule, safety, and equipment capabilities.

4.1 SEISMIC DESIGN CONSIDERATIONS
4.1.1 Seismic Class

The seismic Site Class value, as defined in Section 4.1.8.4 of the 2012 Ontario Building Code (OBC), contains a
seismic analysis and design methodology which uses a seismic site response and site classification system defined
by the average shear stiffness of the upper 30 metres of the ground below the foundation level. There are six site
classes (from A to F), decreasing in stiffness from A (hard rock) to E (soft soil); Site Class F denotes problematic soils
for which a site-specific evaluation is required.

As part of the Seismic Site Class assessment, publicly available information from a nearby site where vertical seismic
profile (VSP) testing was carried out to determine the shear wave velocity of the subsurface materials was reviewed.
The results of this testing indicate that shear wave velocities in excess of 1,000 m/s were measured within till
deposits that had similar gradations and strength characteristics to those measured at the subject site. Based on the
results of the current field investigation and the above noted VSP testing, it is appropriate to classify the existing
ground conditions at the subject site as a Site Class C.

A copy of the NBC Seismic Hazard Calculation Data sheet for this site is provided in Appendix E for reference.

4.1.2 Liquefaction Potential

The potential for soil liquefaction was evaluated by comparing the cyclic stress ratio (CSR) caused by the design
earthquake with the soil resistance expressed in terms of the cyclic resistance ratio (CRR). The evaluation follows
the analysis methodology suggested by Idriss and Boulanger (2008) and is based on the following:

e SPT ‘N’ values from boreholes and available information on the shear wave velocity of till soils noted above.
e A Site Adjusted PGA of 0.28 g.
e An earthquake magnitude M,, of 6.2.
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The assessment indicated that the site soils are generally not considered susceptible to liquefaction taking into
account the available information on the shear wave velocities in the till and that the lowest SPT ‘N’ values measured
within the till are considered to have been influenced by drilling activities.

4.2 FROST PENETRATION

The design frost penetration depth for the Ottawa area is 1.8 m. All foundations founded on frost-susceptible
materials should be provided with a minimum of 1.8 metres of earth cover or equivalent insulation for frost protection
purposes.

It is to be noted that the above frost penetration depth is applicable only to foundation design. Short period deeper
frost penetrations, which would have little impacts on foundations, may occur. The typical soil cover for frost
protection of watermains and services is 2.4 m below ground surface in the City of Ottawa.

Exterior slabs-on-grade or slabs-on-grade within unheated areas will also be subject to the risk of heave and
deformation/cracking due to frost. Consideration could be given to the use rigid insulation to protect structures
against frost action; however appropriate frost tapers would need to be incorporated at the ends of the insulation.

4.3 SITE PREPARATION
4.3.1 Grade Raise Restrictions

It is understood that significant grade raises are not planned at the site. The native subsurface materials present at
the site consist predominantly of silty sand till overlying shale bedrock. These materials are not considered to be
highly compressible. Therefore, grade raises of less than 1 m, if required, are not anticipated to result in settlements
of the underlying soil/bedrock that would adversely affect the performance of the proposed facilities.

4.3.2 Site Preparation and Floor Slab Construction

In preparation for construction of the building foundations and floor slab, all vegetation and tree stumps/roots, organic
soil (including topsoil), existing fill materials, existing infrastructure (e.g. foundations, floor slabs and services for the
existing buildings) and any loose, wet, and/or otherwise disturbed native material should be removed from within the
footprint of the proposed building and any other settlement sensitive areas. To provide consistent subgrade
conditions, all below-grade portions of the existing buildings as well as basement wall backfill materials should be
removed to expose the native glacial till. Following removal of the above noted materials, the prepared subgrade will
require inspection by geotechnical personnel to verify all unsuitable material has been removed.

The existing basements and foundations of the existing structures at the site are anticipated to extend below the
basement floor slab level for the proposed building. Where removal of existing structures and/or unsuitable materials
extends below the floor slab subgrade level, the grade beneath the new building floor slab should be raised/reinstated
to the design subgrade level using Structural Fill consisting of Ontario Provincial Standard Specification (OPSS)
Granular B Type | or Il materials that are placed in lifts no thicker than 300 mm and compacted to at least 100% of
the material’s Standard Proctor Maximum Dry Density (SPMDD).

The floor slab for the basement/lowest level of the proposed building is understood to be located below the final
exterior grades. This level should either be designed to be waterproof/watertight or an underslab drainage system
should be provided to prevent hydrostatic pressure build-up beneath the floor due to fluctuations in the water table
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and/or infiltration of surface water. At least 300 mm of free draining material, such as 16 mm clear crushed stone,
should be provided beneath the base of the slab. These materials should be lightly-compacted to provide a level
surface and improve trafficability during construction. Subdrains consisting of geotextile encapsulated, 100 mm
diameter perforated pipes should be provided at approximately 6 m spacings within the floor slab bedding and should
be connected to a frost-free gravity outlet or a sump from which the water is pumped. The requirements for an
underslab vapour barrier should be determined in accordance with the requirements of the Ontario Building Code.

As noted later in this report, the proposed building is recommended to be supported on shallow foundations bearing
on the native silty sand till deposit. If existing fill materials or structures are present beneath the proposed founding
elevations, all such fill materials and structures should be removed from beneath the footprint of the building, the
footings and the zone of influence of all footings, to expose the native glacial till surface. The zone of influence is
defined by a line drawn at 1 horizontal to 1 vertical, outward and downward from the edge of the footings. The grade
should be raised back up to the founding level using Structural Fill as discussed above.

Inspection and testing services will be critical to ensure that all fill, existing structures and unsuitable materials are
removed beneath the proposed building, and that new engineered fill and concrete used is suitable and is placed
competently.

4.4  FOUNDATION DESIGN INPUT

Based on the subsurface conditions encountered at the site and the proposed finished floor slab level of the proposed
building, the preferred foundation option for this site is the use of shallow strip and/or spread footings bearing on
either the undisturbed native till deposits or compacted Structural Fill placed above the undisturbed till.

4.4.1 Foundation Design Parameters - Shallow Footings

Shallow foundations bearing directly on undisturbed native silty sand till or on Structural Fill placed above the native
silty sand till can be designed using factored geotechnical resistance values presented in Table 4.1 below.

Table 4.1: Geotechnical Resistance for Shallow Footings

Footing Type and Minimum Footing Factored Geotechnical Geotechnical Resistance
- Embedment (m) Below -
Width B Resistance at ULS at SLS
(m) asement Floor Slab (kPa) (kPa)
Surface
Square Footings
1 225
2 0.8 300 200
25 175
Strip Footings
05t01.5 0.8 200 175

Notes:

The geotechnical resistances in the above table are provided for the range of footing widths and the
minimum footing embedment depths (below the basement floor slab surface) listed in the above table.
Additional input should be provided by the geotechnical engineer if the foundation sizes or embedment
depths are outside of the ranges outlined above.
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The factored geotechnical bearing resistance at ULS incorporates a resistance factor of 0.5. The post-construction
total and differential settlements of footings sized using the above SLS bearing pressure should be less than about 25
and 20 millimetres, respectively, provided that the soil at or below founding level is not disturbed during construction.

The native soils are highly susceptible to disturbance by construction activity especially during wet or freezing
weather. Care should be taken to preserve the integrity of the materials as bearing strata. It is essential that the
founding level for the footings be inspected by the geotechnical engineer prior to placing concrete. If the concrete for
the footings on the native soil cannot be placed immediately after excavation and inspection, it is recommended that
a working mat of lean concrete be placed in the excavation to protect the integrity of the bearing stratum.

The unfactored horizontal resistance to sliding of the spread foundations may be calculated using the following
unfactored coefficients of friction:

0.55 between OPSS Granular A or B Type Il materials and cast-in-place concrete
0.45 between silty sand till and cast-in-place concrete

In accordance with Table 8.1 of the Canadian Foundation Engineering Manual 4™ Edition (CFEM), a resistance factor
(9) against sliding (for frictional materials) of 0.8 should be applied to obtain the factored resistance at ULS.

4.4.2 Foundation Wall Backfill

The soils/fill materials encountered at the site are susceptible to frost heave and should not be used as backfill
against exterior, unheated, or well insulated foundation elements within the depth of frost penetration. To avoid
problems with frost adhesion and heaving, foundation walls in these areas should be backfilled with non-frost
susceptible granular fill meeting the gradation requirements of OPSS Granular B Type | materials. The fill should be
placed in maximum 300-millimetre thick lifts and should be compacted to at least 95 percent of the material’'s SPMDD
using suitable vibratory compaction equipment.

In areas where hard surfacing (e.g., concrete slabs, sidewalks) surround the building, differential frost heaving will
occur between the granular fill backfill zone and other areas. To reduce this differential heaving, a frost taper of the
granular backfill is recommended. The frost taper should extend up from 1.5 metres below finished exterior grade (at
the foundation wall) at a slope of 3 horizontal to 1 vertical, or flatter, to the surface level.

Exterior grades should be sloped away from the building to prevent ponding of water around the buildings. As the
lowest floor slab level is understood to be below the final exterior grades, the basement wall backfill should be
drained using a perimeter drainage system (e.g. perforated subdrain) which is provided positive drainage to a storm
sewer or to a sump from which water is pumped similar to the underslab drainage system discussed in section 4.3.2.

4.5 EARTH PRESSURES

Earth pressures will need to be considered in the design of the basement walls. The total active (Pa), passive (Pp)
and at-rest (Po) thrusts can be calculated using the following equations:

Pa =% Kay H2
Pp =% Kpy H?
Po =% Koy H?
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where;
H = height of the wall
Y = unit weight of the backfill soil

Values for Ka, Kp, Ko and y are provided in the table below. These values are based on the assumption that a
horizontal back slope will be utilized behind the wall system. At-rest earth pressures should be used in the design of
walls that are restrained from movement. The thrust acts at a point one third up the height of the wall.

Table 4.2: Non-Seismic Lateral Earth Pressure Parameters (Horizontal Backfill)

Parameter OPSS Granular B - Type |
Bulk Unit Weight, y (KN/m3) 22
Effective Friction Angle 320
Coefficient of Earth Pressure at Rest (Ko) 0.47
Coefficient of Active Earth Pressure (Ka) 0.31
Coefficient of Passive Earth Pressure (Kp) 3.25

Total active and passive thrusts under earthquake conditions can be calculated using the following equations:

Pae = Y2 Kag y H?
Ppe = ¥ Kpe y H?

where;
Kae = active earth pressure coefficient (combined static and seismic)
Kpe = passive earth pressure coefficient (combined static and seismic)
H = height of wall
y = total unit weight

The recommended seismic earth pressure parameters are provided in Table 4.3 below. The angle of friction between
the soil and the wall has been assumed to be 0° to provide a conservative estimate.

Table 4.3: Seismic Earth Pressure Parameters (Horizontal Backfill)

Parameter OPSS Granular B - Type |

Bulk Unit Weight, y (KN/m3) 22

Effective Friction Angle 320

Kae (Non-Yielding Wall) 0.51

Height of Application of Pae from base as a ratio of wall height, 0.44
(H) — Non Yielding Wall ’

Active Earth Pressure (Kag) — Yielding Wall 0.4

Height of Application of Pae from base as a ratio of wall height, 0.39
(H) - Yielding Wall ’

Passive Earth Pressure, (Krg) 2.99

Height of Application of Pre from base as a ratio of wall height,
H) 0.31

In order to use the coefficients of pressure for the granular materials presented in the tables above, the granular
backfill must be provided within a wedge extending out from the base of the wall at 45 degrees (or smaller) to the
horizontal.

ct \\ca0218-ppfss01\work_group2\01216\active\1216220xx\121622042\05_report_deliv\deliverables\final report\121622042_fin_rpt_tcu_17-19 8
robinson_20180727.docx




GEOTECHNICAL INVESTIGATION REPORT - PROPOSED RESIDENTIAL DEVELOPMENT -
17-19 ROBINSON AVENUE, OTTAWA, ONTAIRO

July 27, 2018

4.6 EXCAVATIONS AND BACKEFILL
4.6.1 Temporary Excavations

All temporary excavations should be carried out in accordance with the Occupational Health and Safety Act and
Regulations for Construction Projects. Care should be taken to direct surface water away from the open excavations.

The excavation side slopes should be protected from precipitation or surface runoff to prevent further softening that
could lead to additional sloughing and caving. If sloughing and cave-in are encountered in the excavation, the slopes
should be further flattened to achieve a stable configuration.

Excavations required for the building construction are expected to typically be less than 2 m in depth although
localized, deeper excavations could be required (e.g. for service connection tie-ins).

Shallow excavations within the overburden at the site are anticipated to extend through fill materials varying in
composition from silty sand with gravel to sand and gravel and the native silty sand till deposit. Conventional
hydraulic excavating equipment is considered suitable for developing excavations in these materials recognizing that
additional effort will be required to remove cobbles and boulders within the glacial till. Boulders larger than 0.3
metres in size should be removed from the excavation side slopes.

The existing fill materials and the native glacial till deposit that are above the water table would be classified as Type
3 soils as defined by Occupational Health and Safety Act (OHSA) and Regulations for Construction Projects. Within
Type 3 soils, temporary open cut excavations must be sloped at 1 horizontal to 1 vertical from the base of the
excavation per the requirements of OHSA.

The excavation side slopes would need to be flattened and/or appropriate groundwater control measures
implemented if excavations are carried out in overburden materials below the water table.

The excavations must be developed in a manner to ensure that adequate support is provided for any existing
structures, utilities or underground services located adjacent to the excavations. Where there is insufficient space to
develop open cuts without resultant loss of support for existing features or encroaching into adjacent properties, the
installation of a shoring system meeting the requirements of the OHSA would be required. All shoring systems
should be designed and approved by a qualified Professional Engineer. The excavation support system should be
designed to resist loads from traffic and adjacent building foundations.

4.6.2 Temporary Dewatering Considerations

The groundwater level measured in the piezometer installed in MW10-05A was measured to be at a depth of about
3.7 m below ground surface in 2010. Control of groundwater into shallow excavations into the glacial till deposit is
expected to be able to be handled by filtered sumps within the excavation areas.

More significant groundwater inflows should be expected for deeper excavations that extend below the groundwater
level. More extensive dewatering systems (e.g. external dewatering system using well points or other dewatering
wells) could be required for such conditions. Depending on the depth of excavations, dewatering activities may
require either registration in the Ministry of the Environment and Climate Change (MOECC) Environmental Activity
and Sector Registry (EASR) or obtaining a Permit to Take Water (PTTW) from the MOECC depending on the
anticipated groundwater removal rates. A separate hydrogeological assessment, should be completed to confirm
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these requirements before such excavations are undertaken. This assessment should include measurement of the in
situ hydraulic conductivity of the site soils.

4.7  PIPE BEDDING AND BACKEFILL

OPSS Granular A materials should be placed below sewer and water pipes as bedding material. The bedding should
have a minimum thickness of 150 mm to meet City of Ottawa standards. Where unavoidable disturbance to the
subgrade surface does occur, it may be necessary to thicken the bedding layer or provide a sub-bedding layer of
compacted Granular B Type Il materials. Pipe backfill and cover materials should also consist of OPSS Granular A
material. A minimum thickness of 300 mm of these materials should be provided as vertical and side cover beside
and over top of the pipes. These materials should be compacted to at least 95% of the material’s SPMDD in lifts no
greater than 300 mm. Clear crushed stone backfill should not be permitted as pipe bedding or cover materials.

Where the pipe trenches will be covered with hard surfaced areas, the type of native material placed in the frost zone
(i.e. between subgrade level and the top of the pipe cover materials) should match the soil exposed on the trench
walls for frost heave compatibility. A 3H:1V frost taper is recommended in order to minimize the effects of differential
frost heaving if materials different than those present in excavation sidewalls are used as backfill.

Trench backfill above the pipe cover materials should be placed in maximum 300 mm thick lifts and should be
compacted to at least 98 % of the material’'s SPMDD using suitable vibratory compaction equipment.

The existing fill materials and the native glacial till that are free of organic matter and other deleterious materials, may
be considered suitable for reuse as trench backfill or as general site grade fill (i.e. materials used to raise the site
grade to the design elevations). The ability to compact these materials to the required levels is dependent on the
moisture content of the materials; thus, the amount of re-useable material will be dependent on the natural moisture
content, weather conditions and the construction techniques at the time of excavation and placement. In addition,
any boulders or cobbles with dimensions greater than 150 mm should be removed from these materials prior to
placement.

Any imported fill materials proposed for use as bedding or trench backfill should be tested and approved by a
geotechnical engineering firm prior to delivery to the site.

Materials testing and inspection should be carried out during construction to ensure the materials meet the project
specifications and required levels of compaction.

4.8 ADVERSE WEATHER CONSTRUCTION

Additional precautions, effort, and measures may be required, when and where construction is undertaken during late
fall, winter, and/or early spring (i.e. when the temperature and climatic conditions can have an adverse influence on
the standard construction practices) or during periods of inclement weather. With respect to all earthworks activities
undertaken during the late fall through to late spring, when less-than-ideal weather and construction conditions may
prevail, the following comments are provided:

1. Foundations shall be constructed on non-frozen ground only; where non-frozen ground includes the material at
surface and all underlying soils. The non-frozen nature of the ground must be confirmed by a geotechnical
inspection within 1 hour of concrete placement.
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2. Similarly, concrete for floor slabs should not be placed on or above frozen ground. Test pits or other measures
should be undertaken to confirm that the soils beneath the slab(s) are frost-free prior to slab construction.

3. Following construction of footings, protection measures must be provided to prevent freezing of the foundation
subgrade/bearing soils and for protection of the concrete during curing.

4. Engineered fills including pipe bedding and cover, are recommended to consist of imported granular materials,
including OPSS Granular A or B materials. The use of non-granular fill materials may be considered for use as
trench backfill but obtaining suitable compaction of such materials could be extremely problematic, and these
materials should only be used if large, post-construction settlement of the trench backfill is deemed acceptable.

5. Fill placement should be inspected by qualified field personnel on a full-time basis under the supervision of a
geotechnical engineer, with the authority to stop the placement of fill at any time when conditions are considered
to be unfavourable.

6. Backfill materials, including imported materials, that contain ice, snow, or any frozen material should not be
accepted for use.

7. Overnight frost penetration may occur, even in granular fill materials, where precipitation and ground surface
runoff pools and accumulates, and freezing temperatures exist. The on-site native soils are prone to frost heave
due to ice lensing. Any frozen materials should be removed prior to placing subsequent lifts of engineered fill.
Breaking the frost in-situ is not considered acceptable.

8. It may be necessary to stop the placement of engineered fill during periods of cold, where ambient temperatures
are -5° C or less exist.

Appropriate scheduling of the work may also require specific consideration and revision from that typically adopted.
The scope of work intended may have to be reduced or adjusted, and/or only select construction activities be
undertaken during specific climatic conditions. The areas of planned fill placement may have to be reduced on a
daily basis, and the extent of excavations may have to be limited.

4.9 CEMENT TYPE AND CORROSION POTENTIAL

The results of two (2) tests conducted on selected soil samples to determine the water soluble sulphate content of the
site soils completed during the previous investigation at the site are summarized in Table 4.4 below. The results are
provided to aid in the selection of coatings and corrosion protection systems for items such as steel pipe in contact
with the soil and groundwater at the site.

Table 4.4: Chemical Analysis Results

Chloride Sulphate Resistivity
Borehole No. | Sample No. Depth (m H
P pth (m) P (ug/g) (ug/g) (Ohm-m)
BH10-3 SS5 31m-3.7m 7.82 22 145 50.6
BH10-6 SS5 31m-3.7m 7.87 6 138 63.5

The concentration of soluble sulphate provides an indication of the degree of sulphate attack that is expected for
concrete in contact with soil and groundwater at the site. The soluble sulphate concentrations for the samples were
138 pg/g and 145 pg/g. Soluble sulphate concentrations less than 1000 pg/g generally indicate that a low degree of
sulphate attack is expected for concrete in contact with the soil and groundwater. General Use (GU) Portland cement
is appropriate for use at the site.
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The test results provided in the Table 4.4 may also be used to aid in the selection of coatings and corrosion
protection systems for buried steel objects. The pH, resistivity, and chloride concentration provide an indication of the
degree of corrosiveness of the sub-surface environment. The soil pH values were 7.82 and 7.87, which are within
what is considered a normal range for soil pH of 5.5 to 9.0. The pH levels of the tested soils do not indicate a highly
corrosive environmental. The reported resistivity levels of 50.6 Ohm-m and 63.5 Ohm-m suggest a moderate degree
of corrosiveness for steel.
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APPENDIX A

Statement of General Conditions
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