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IMPORTANT NOTICE TO READER

This report was prepared by Hatch Ltd. (“Hatch”) for the sole and exclusive use of Brookfield Renewable
(the “Principal”) for the purpose of the South March Battery Energy Storage System (BESS) project.

This report must not be used by the Principal for any other purpose, or provided to, relied upon or used by
any other person without Hatch'’s prior written consent.

This report contains the expression of the opinion of Hatch using its professional judgment and
reasonable care based on information available and conditions existing at the time of preparation.

The use of, or reliance upon, this report is subject to the following:

1. This report is to be read in the context of and subject to the terms of the relevant Purchase Order (PO)
No. C157954 between Hatch and the Principal (the “Hatch Agreement”), including any
methodologies, procedures, techniques, assumptions and other relevant terms or conditions specified
in the Hatch agreement;

2. This report is meant to be read as a whole, and sections of the report must not be read or relied upon
out of context; and

3. Unless expressly stated otherwise in this report, Hatch has not verified the accuracy, completeness or
validity of any information provided to Hatch by or on behalf of the Principal and Hatch does not accept
any liability in connection with such information.
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1. Introduction

Hatch Ltd. (Hatch) has been retained by Brookfield BRP Canada Corporation (Brookfield) to
provide geotechnical investigation services as part of the South March Battery Energy
Storage System (BESS) project (Project) under Purchase Order (PO) No. C157954.

The investigation was conducted in accordance with Project Addendum No. P-079708.
Proposed geotechnical investigation documents were prepared for the South March BESS
where geotechnical investigations were required and submitted to Brookfield for review and
approval prior to initiation based on our understanding of the project scope. The
investigations were carried out at locations selected by Hatch and approved by Brookfield at
the project site.

The objective of the investigation was to characterize the soil, rock and groundwater
conditions (where applicable) at the BESS site by advancing boreholes at select locations.
This geotechnical investigation report presents the investigation methodology, records of
boreholes and coreholes, geotechnical field and laboratory test data completed to date and
geotechnical analyses and recommendations for foundation design of the South March BESS
facility and ancillary structures, as well as general construction considerations. In addition,
this report identifies and discusses potential geological and geotechnical hazards and their
associated risks.

This report should be read in conjunction with the “Important Notice to Reader”. The reader’s
attention is specifically drawn to this information, as it is essential for the proper use and
interpretation of this report. If information or assumptions contained herein are incorrect,
please inform Hatch so that we may amend our recommendations as appropriate.

2. Project and Site Description

The South March BESS project is directly responding to the Independent Electricity System
Operator’s (IESO) request to increase supply and capacity to meet Ontario’s growing
electricity expenditure and demand by constructing an energy storage facility. The facility will
increase renewable grid capacity and storage, enhance flexible grid operations and provide a
low carbon initiative to avoid greenhouse gas emissions by reducing reliance on higher
carbon intensive facilities.

Based on the drawing entitled “Civil, General Arrangement, Plan, Sungrow” dated

October 22, 2024, Drawing No. 7154023-100000-41-D20-00002, Brookfield is proposing to
develop approximately 15 acres of 150 acres of property at 2555 and 2625 Marchurst Road
in Dunrobin, Ontario, approximately 26 km southwest of Ottawa. Hatch understands the
Project will consist of about 432 battery energy storage “cabinets” in about 108 “modules”, a
substation, transmission line, access roads and associated electrical infrastructure.

A key plan outlining the site location is shown on Figure 1 following the text of this report.
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Geotechnical Standards

The geotechnical investigation, soil/rock descriptions and the graphical representations of the
soil types are in general accordance with the American Society for Testing and Materials
(ASTM) D2488-17. Geotechnical field, in-situ and laboratory testing was carried out in
accordance with the relevant testing methods specified in the American Society for Testing
and Materials (ASTM) Standards.

Investigation Procedures
Health and Safety Plan

Prior to initiating the field work at the site, Hatch prepared a site-specific Health and Safety
Environment Plan (HSEP) for Hatch staff and subcontractor use. The HSEP addressed
health and safety within the work area and established contingency plans for emergencies
that may occur during the field work.

Utility Service Clearances

Underground public utility clearances were obtained through Ontario One Call prior to
initiating the intrusive investigation. A private utility locator was also retained to confirm that
the proposed borehole locations were clear of private underground utilities for boreholes
located within private property.

Borehole Drilling, Sampling and In-Situ and Field Testing

The proposed borehole locations were selected by Hatch’s geotechnical staff and approved
by Brookfield prior to mobilization. Hatch located the boreholes in the field using
measurements relative to existing site features and a hand-held Global Positioning System
(GPS) device. Detailed below, the geotechnical investigation program consisted of the
following:

{ Standard Penetration Test (SPT) split-spoon sampling was carried out at ten (10)
borehole locations for the proposed BESS site (Boreholes FY24-1 to FY24-9 and
FY25-4);

{ Standard Penetration Test (SPT) split-spoon sampling was carried out at three (3)
borehole locations for the proposed transmission line poles (Boreholes FY25-1 to
FY25-3);

f Rock coring was completed in two select boreholes (Boreholes FY24-1 and FY25-1);
' One monitoring well was installed in Borehole FY24-1; and

{ Electrical Resistivity Testing was completed along two lines.
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OGS Inc. (OGS) of Almonte, Ontario, supplied and operated a track-mounted drill rig to
advance the SPT boreholes/coreholes as detailed above and as shown on the Borehole
Location Plan in Figure 1 following the text of this report.

The field work was observed by members of Hatch’s engineering and technical staff, who
located the boreholes, arranged for the clearance of underground services, observed the
drilling investigation and soil sampling, photographed and recorded field observations, in-situ
testing operations, logged the boreholes, and examined the soil samples.

The SPT boreholes were advanced by hollow stem augers and soil samples were taken at
0.76-m intervals within the upper approximately 4.6 m, and at 1.5-m intervals below the 4.6 m
depth using 50-mm diameter split-spoon samplers, in accordance with the SPT procedure
(ASTM D1586-08a: Standard Test Method for Standard Penetration Tests and Split Barrel
Sampling of the Soil). Pocket penetrometer tests were carried out on the cohesive soil SPT
samples once retrieved from the borehole. Thin-walled Shelby tube samples were retrieved in
select soil strata, where possible, in accordance with ASTM Standard D1587, in order to
complete advanced geotechnical laboratory testing on the collected samples. In-situ vane
shear testing (ASTM D2573) was completed in the cohesive soils, where possible, with a ‘N’
sized vane.

The soil samples were described and logged in the field with respect to soil type/group and
moisture content. Bedrock coring completed in two boreholes was carried out using a HQ
sized core barrel.

Bulk soil samples were collected in sealed 5-gallon buckets from auger cuttings at depths of
approximately 0.3 m to 1.5 m below ground surface for thermal resistivity, standard Proctor
and California Bearing Ratio (CBR) laboratory tests. Bulk samples on which moisture content
and classification testing were performed were placed in sealed bags.

For geotechnical investigation purposes, the soil SPT, Shelby tube samples and rock cores
were labelled and transported to Hatch’s Niagara Falls geotechnical laboratory where the
samples underwent further visual examination and laboratory testing. Bulk samples were
shipped to Soil Engineering Testing, Inc., (SET) in Bloomington, Minnesota for the specified
testing.

Field Electrical Resistivity Testing

Field electrical resistivity testing was completed at a total of two locations. The resistivity
testing was completed in accordance with ASTM method G57 “Standard Test Method for
Field Measurement of Soil Resistivity Using the Wenner Four-Electrode Method” (equivalent
to IEEE Std. 81). Electrode “A” spacings of 2, 5,10, 20, 50, 100, and 200 ft were used at the
test locations. At each of the locations, measurements were taken to determine average soil
resistivity along the test sections.
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The equipment used to collect the data consisted of a resistivity meter, four metal electrodes
and connecting wire. Co-linear arrays of four electrodes were placed in the ground for each
measurement. Electrical current was input to the ground through the two outer electrodes of
the array. The voltage drop produced by the resulting electrical field was measured across
the two inner electrodes. The “A” spacing was increased with each measurement, expanding
the array about a common center. Increasing the electrode separation increases the depth of
exploration and indicates vertical variation in resistivity. The resistivity meter reported

apparent resistivity; the conversion of electrical potential and inductance to apparent
resistivity was not required.

4.5 As-Drilled Borehole Locations
The as-drilled borehole locations were surveyed using a hand-held GPS unit and the ground
surface elevations were interpolated from site survey provided by Brookfield referenced to a
High-Resolution Digital Elevation Model (HRDEM), dated February 2025. Borehole locations
are shown on the Borehole Location Plan and referenced to NAD 83 MTM Zone 9. Elevations
noted on the Record of Borehole sheets in Appendix A are referenced to Canadian Geodetic
Vertical Datum 2013 (CGVD2013). A summary of the borehole locations and elevations are
summarized in Table 4-1 below.

Table 4-1: As-Drilled Borehole Identification and Depth

Ground Monitoring
Borehole Borehole Northing Easting Surface ezl Wse(llrgeenpég J
Location Type (m) (m) Elevation Interval
(m)
evoat | Rook 5,028,520.19 | 340,593.57 | 100.89 9.14 o4/ L2z
Core ’
FY24-2 SPT 5,028,632.28 340,428.35 100.19 1.20 -
FY24-3 SPT 5,028,685.75 340,470.80 99.04 2.85 -
FY24-4 SPT 5,028,617.03 340,502.04 100.10 1.05 -
FY24-5 SPT 5,028,675.83 340,603.10 99.22 7.55 -
FY24-6 SPT 5,028,607.61 340,644.90 100.43 3.55 -
FY24-7 SPT 5,028,576.59 340,719.30 103.20 4.65 -
FY24-8 SPT 5,028,511.78 340,657.27 102.89 0.75 -
FY24-9 SPT 5,028,663.08 340,667.29 100.20 3.60 -
FY25-1 SPT 5,028,338.15 340,483.99 101.35 10.55 -
FY25-2 SPT 5,028,353.32 340,488.79 101.26 2.55 -
FY25-3 SPT 5,028,398.85 340,502.84 101.11 5.20 -
FY25-4 SPT 5,028,549.33 340,433.41 100.78 0.45 -
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The as-drilled borehole locations may differ slightly from the proposed borehole locations due
to site access considerations.
5. Laboratory Testing

5.1 Geotechnical Laboratory Testing
The following geotechnical testing was carried out on selected soil samples:

Moisture Content (ASTM D2216);

Grain Size Distribution (ASTM D6913);

Atterberg Limits (ASTM D4318);

Unconsolidated Undrained Triaxial Compression Tests for Cohesive Soil (ASTM D2850);
Unconfined Compressive Strength Tests of Cohesive Soils (ASTM D2166);
One-Dimensional Soil Consolidation Test (ASTM D2435);

One-Dimensional Swell or Collapse of Soils (ASTM D4546-21);

Thermal Resistivity Test (ASTM D5334);

California Bearing Ratio (ASTM D1883);

Standard Proctor Density (ASTM D698);

Soil pH tests (ASTM G51); and

= A& a4 _—a _—a a4 _—a _a _a _a _a -2

Soluble chloride and soluble sulfate of soils (ASTM D4327).

The geotechnical test results carried out on selected soil samples are shown on the Record
of Borehole sheets presented in Appendix A. The results of the classification tests are
presented in Appendix B. The advanced geotechnical laboratory testing results are presented
in Appendix C.

A soil sample for thermal resistivity testing was collected at the location of Borehole FY?24-1.
The sample was transported to Soil Engineering Testing, Inc., (SET) in Bloomington,
Minnesota for laboratory testing in accordance with ASTM D5334, “Standard Test Method for
Determination of Thermal Conductivity of Soil and Soft Rock by Thermal Needle Probe
Procedure”. Bulk samples were recompacted to 85% of the soils Maximum Dry Density
(MDD). California Bearing Ratio (CBR), standard Proctor and grain size distribution testing
were also conducted on the bulk sample recompacted to 95% MDD. The test reports are
presented in Appendix C.
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Geotechnical Results

6.1 Regional Geology
As delineated in The Physiography of Southern Ontario!, the South March BESS site lies
within the physiographic region known as the Ottawa Valley Clay Plain. This region is
characterized by relatively thick deposits of sensitive marine clay, silty clay and silt that were
deposited within the Champlain Sea basin. These deposits, known as the Champlain Sea
clay or Leda clay, overlie relatively thin, reworked glacial till and glaciofluvial deposits which
overlie bedrock.

West of the Carp River valley, the upper bedrock consists of limestone of the Ottawa
Formation. Within and immediately east of the Carp River valley, the upper bedrock consists
of sandstones and dolostones that have been cut by igneous and metamorphic rocks
controlled by faulting in the vicinity of the Carp River.?

6.2 Subsurface Conditions
The detailed subsurface soil and rock conditions encountered in the boreholes advanced as
part of the investigation and the results of the in-situ, field and laboratory testing are provided
in the following appendices:

f Appendix A - Record of Boreholes.

Appendix B - Soil Classification Testing (Grain-Size Distribution).
Appendix C - Advanced Laboratory Testing.

Appendix D - Chemical Testing.

Appendix E - Electrical Resistivity Testing.

Appendix F - Rock Core Photographs.

Appendix G - Conceptual Foundation Drawings.

= —4a —a _—a _a _a _2

Appendix H - Geophysics Report.

Chapman, L. J. and Putnam, D. F. 1984. The Physiography of Southern Ontario, Ontario Geological Survey. Special Volume 2,
Third Edition. Accompanied by Map P.2715, Scale 1:600,000. Ontario Ministry of Natural Resources.

Belanger, J. R. “Urban Geology of Canada’s National Capital Area”, in Urban Geology of Canadian Cities, Geological
Association of Canada Special Paper 42, Ed. P.F. Karrow and O.L. White, 1998.
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6.2.1

6.2.2

6.2.3
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Classification and identification of the soils are based on the American Society of Testing and
Materials (ASTM) D2488-17 - Standard Practice for Description and Identification of Soils.
The stratigraphic boundaries shown on the Record of Borehole sheets are inferred from non-
continuous sampling, observations of drilling progress and results of SPTs. These
boundaries, therefore, represent transitions between soil types/groups rather than exact
planes of geological change. Further, subsurface conditions will vary between and beyond
the borehole locations.

A detailed description of the subsurface conditions encountered in the boreholes is provided
in the following sections.

Topsoil

Topsoil was encountered in all boreholes advanced at the site and is 100 mm to 600 mm
thick. Materials identified as topsoil in this report were classified based on visual and textural
evidence and no other testing for organic content or other nutrients was carried out. Localized
zones of thicker or thinner surficial soil with variable organic content should be expected
across the site depending on the agricultural use and topography.

Silty Sand

Silty sand was encountered below the topsoil in Boreholes FY24-4 and FY24-7 at depths of

0.1 m and 0.3 m below ground surface and is 0.5 m and 0.6 m thick, respectively. Silty sand

was also encountered below the silty clay deposit in Borehole FY?24-1, discussed below, at a
depth of 4.9 m below ground surface and is 1.1 m thick.

The measured SPT ‘N’ values within the silty sand ranges from 2 blows to 13 blows per 0.3 m
of penetration, indicating a very loose to compact state of relative compaction.

Silty Clay

Silty clay was encountered below the topsoil in all boreholes advanced at the site, except
Boreholes FY24-4 and FY24-7 where the silty clay was encountered below the silty sand.
The silty clay was measured to be 0.2 m to 5.2 m thick in the boreholes. The silty clay
contains trace sand.

The measured SPT ‘N’ values within the silty clay range from 2 blows to 29 blows per 0.3 m

of penetration, suggesting a very soft to very stiff consistency. The measured SPT ‘N’ values
measured in the upper about 2 m to 3 m of the silty clay generally correlated to a firm to stiff

consistency with the consistency becoming softer with depth (very soft to soft).
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Field vane tests conducted within Boreholes FY24-1 and FY24-5 indicated peak undrained
shear strengths ranging from about 20 kPa to greater than 96 kPa (field vane would not turn)
and remoulded values ranging from 6 kPa to 15 kPa. The field vane tests indicate that the
silty clay has a soft to stiff consistency with a sensitivity of about 2 to 15, where tested. Where
the silty clay was tested, the soils are considered to have low to high sensitivitys.

The results of grain-size distribution testing conducted on three samples of the silty clay are
shown in Appendix B.

Atterberg limits testing conducted on twelve samples of the silty clay measured liquid limits
ranging from 33% to 51%, plastic limits ranging from 14% to 23% and plasticity indices
ranging from 19% to 29%. The results of the Atterberg limits testing are shown plasticity
charts in Appendix B and indicate that the tested samples are silty clay of low to high
plasticity (CL to CH).

The water content measured on samples of the silty clay range from 10% to 55%.

Unconsolidated Undrained (UU) triaxial compression testing was conducted on two samples
of the silty clay. The UU testing indicated undrained shear strengths of 106 kPa in Borehole
FY24-1 and 68 kPa in Borehole FY24-5.

An Unconfined Compressive Strength (UCS) test was conducted on one sample of the silty
clay and the results indicated a compressive strength of 182 kPa which correlates to an
undrained shear strength of 91 kPa (1/2 compressive strength).

One-dimensional swell potential testing was completed on two samples of the silty clay
obtained from Boreholes FY24-01 and FY24-05. The tested samples did not show evidence
of swelling during the testing. The results of the one-dimensional swell tests are provided in
Appendix C.

A laboratory compaction test was conducted on the bulk soil sample and the Standard
Proctor testing indicated the maximum dry density was 16.3 kN/m?3 with a corresponding
optimum moisture of 21.6%. The results of the standard Proctor tests are provided in
Appendix C.

The bulk soil sample was also compacted to 95% of the maximum standard Proctor density
at the optimum moisture content and subsequently soaked for 96 hours before California
Bearing Ration (CBR) tests were performed. The test results indicated a CBR value of 3.1%.
The results of the testing are provided in Appendix C.

3 Robert D. Holtz and William D. Kovacs, An Introduction to Geotechnical Engineering, 1981.
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Thermal resistivity testing was conducted on the bulk soil sample of the silty clay collected
from about 0.3 m to 1.5 m below ground surface at Borehole FY24-1. The bulk sample was
recompacted to 85% of the soil's maximum dry density (MDD) and thermal dry-out curve
populated based on the moisture content vs. the thermal resistivity measured with the needle
probe. The results of the thermal resistivity testing are provided in Appendix C.

6.2.3.1 Consolidation Testing
One-dimensional consolidation (oedometer) testing was conducted on one sample of the silty
clay collected at a depth of about 4.9 m below ground surface in Borehole FY24-05. The data
from the oedometer test was used to interpret consolidation parameters such as compression
index (cc), recompression index (cr) and Overconsolidation Ratio (OCR) and are summarized
in Table 6-1 below. The test results are provided in Appendix C.

Table 6-1: Summary of Interpreted Consolidation Parameters

Borehole Average

and Depth of Soil
Sample Sample Type
No. ()
FY24-5 Silty
TO1 4.9 Clay 52 60 175 1.44 0.55 0.055 29
Where:
wn - Initial water content prior to testing €o - Initial void ratio

Svo- Computed existing vertical effective stress  s’p - Preconsolidation pressure
Cc - Compression index ¢r - Recompression index
OCR - Overconsolidation ratio

6.2.4 Silty Clay (Glacial Till)
A deposit of silty clay till was encountered below the silty clay in Borehole FY24-6 at a depth
of 3.0 m below ground surface. Borehole FY24-6 was terminated within the silty clay till at a
depth of about 3.6 m below ground surface after encountering split-spoon refusal on inferred
bedrock surface.

A measured SPT ‘N’ value within the silty clay till was 28 blows to per 0.3 m of penetration,
suggesting a very stiff consistency.

The water content measured on a sample of the silty clay till was 25%.
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6.2.5 Granitic Gneiss Bedrock
Granitic Gneiss bedrock was encountered below the overburden materials in all boreholes
advanced at the site. The bedrock was inferred by split-spoon and auger refusal in Boreholes
FY24-2 to FY24-8, FY25-2 to FY25-4 and confirmed by coring the rock in Boreholes FY24-1
and FY25-1. The bedrock was cored from 6.1 m to 9.1 m below ground surface in Borehole
FY24-1 and from 5.7 m to 10.6 m in Borehole FY25-1. The bedrock core samples were
described as fresh, very strong, fine to medium grained, very thinly bedded and grey, black,
light pink and white in colour. Further details of the granitic gneiss bedrock are shown on the
Record of Borehole/Corehole sheets in Appendix AError! Reference source not found.. P
hotographs of the recovered bedrock cores are shown in Appendix E.

6.2.6 Groundwater Conditions
The groundwater level within the boreholes was monitored during advancement and in the
open boreholes upon completion. A monitoring well was installed in Borehole FY24-1 for long
term groundwater monitoring. Details of the monitoring well installation are shown on the
Record of Borehole sheets in Appendix A.

The water level measured in the open boreholes upon completion of drilling ranged from
about 1.0 m to 1.3 m below ground surface. The groundwater level measured in the
monitoring well installed in Borehole FY24-1 ranged from about 1.8 m to 2.6 m below ground
surface during the monitoring events. Further details of the groundwater level monitoring can
be found on the Borehole Records in Appendix A.

The groundwater level at the site is expected to fluctuate seasonally in response to change in
the precipitation and snowmelt and is expected to be higher during the spring and during
periods of precipitation.

6.3 Soil Chemical Testing
Chemical tests, consisting of soil pH, soluble chlorides and soluble sulfates, were performed
on two samples collected at the Project site. The results of the chemical testing indicate that
soil had a pH ranging from 7.10 to 7.16, resistivity ranging from 106 to 175 Ohm*m, and a
soluble sulfate concentration ranging from 6 to 10 pg/g. The chemical test results are shown
in Appendix D.

Chemical testing was also conducted on samples from Borehole FY25-1 according to Hydro
One’s “Technical Specification for Geotechnical Investigation” which was provided to Hatch
from Brookfield. The testing was conducted on a bulk sample from 0.5 m, 1.5 m and 3.0 m
below ground surface from Borehole FY25-1 for testing according to Ontario Regulation
(O.Reg.) 153. Testing was also conducted on a soil sample taken from about 1.5 m below
ground surface according to O.Reg. 558. The test results are provided in Appendix D.
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7. Geotechnical Discussion and Design Considerations

This section of the report presents an interpretation of the factual geotechnical data to date
and provides geotechnical design recommendations for the proposed BESS and associated
structures. These discussions and recommendations are based on our understanding of the
project and our interpretation of the factual data obtained from the December 2024 and July
2025 geotechnical investigations as well as the geophysics investigation completed in April
2025.

This section of the report provides engineering information for the geotechnical design
aspects of the project, based on our interpretation of the borehole data and on our
understanding of the project requirements. The information in this portion of the report is
provided for the guidance of the design engineers and professionals. Where comments are
made on construction considerations, they are provided only to highlight aspects of
construction which could affect the design of the project. Contractors bidding on or
undertaking any work at the site should examine the factual results of the investigation,
satisfy themselves as to the adequacy of the information for construction and make their own
interpretation of the factual data as it affects their proposed construction techniques,
schedule, equipment capabilities, costs, sequencing, and the like. If the project is modified in
concept, location or elevation, Hatch should be given the opportunity to confirm that the
recommendations in this report are still valid.

This report addresses only the geotechnical (physical) aspects of the subsurface conditions
at this Site. The geo-environmental (chemical) aspects, including the consequences of
possible surface and/or subsurface contamination resulting from previous activities or uses of
the Site and/or resulting from the introduction onto the site of materials from off-site sources,
are outside of the terms of reference for this report.

Based on the results of this investigation, the subsurface soil conditions encountered at the
Site are considered to generally be suitable for the proposed development, which is
understood to comprise of BESS structures, a substation structure, transmission line, access
roads and associated electrical servicing based on the drawing entitled “Civil, General
Arrangement, Plan, Sungrow” dated October 22, 2024, Drawing No. 7154023-100000-41-

D20-00002.
7.1 Site Preparation
7.1.1 Subgrade Preparation

It is understood from drawings provided to Hatch that the BESS development will consist of a
BESS area, a substation area with site servicing and access roads. To achieve the proposed
design grades, it is assumed that minor cut and/or fill site grading operations (i.e., less than
0.5 m) will be required to establish subgrade levels and permit construction of the proposed
development.
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As discussed in Section 6.2, the subsurface conditions at the site generally consist of topsaoil
underlain by clayey soils of the Champlain Sea Basin deposit which varies in moisture
content, consistency and plasticity across the site and with depth. The clay soils are underlain
by granitic gneiss bedrock which varies in elevation across the site. Based on the conditions
encountered during the geotechnical investigation, in-situ testing and the results of the
laboratory testing, the clayey soils are considered to be compressible in nature and prone to
settlement when overstressed by external loads that are close to or exceeding the pre-
consolidation pressure or yield stress of the soil. Such external loads include grade raises,
equipment and structure foundations, pavement structure (if filling required) and the lowering
of the groundwater table (if required).

In the areas of the site underlain by the clayey soils, as encountered across the site, large
grade raises should be avoided to minimize settlement and should be kept to a maximum of
0.5 m. As noted, site grading details for the site were not known at the time of this report and,
as such, when these details have been determined, if significant grade raises are required for
the site, a detailed settlement analysis should be conducted to determine the long-term
effects of the grade raises across the site and at settlement sensitive structure foundations
such as the BESS “cabinets” and substation structures. If significant grade changes are
required in areas with silty clay soils, pre-consolidation measures (such as preloading) may
be needed in advance of earthwork activities.

Any filling carried out at the Site in conjunction with grading (with the exception of future
green spaces) should be carried out as engineered fill. Recommendations for the placement
of engineered fill are outlined in Section 7.1.2 of this report. In general, the existing
vegetation, surficial topsoil, reworked soil, the clayey soils or other near-surface soils
containing significant amounts of organic matter are not considered to be suitable for the
subgrade support of engineered fill, foundations, slabs or other settlement sensitive
structures. These materials should be completely stripped prior to placing any engineered fill
or construction of foundations or exterior slab-on-grade(s).

The near surface subgrade soils consist of silty clay materials which are subject to
disturbance when exposed. Therefore, the site grading should ideally be scheduled during
the summer months and construction methods should be adopted to avoid running heavy
equipment (other than where proof-rolling is being conducted) directly on the exposed clayey
subgrade soils to avoid disturbing the subgrade.
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Following the stripping of the surficial topsoil, reworked soil, clayey soils, and/or soils
containing significant amounts of organics and/or soft/disturbed areas, the exposed subgrade
should be heavily proof-rolled with suitable equipment, such as a heavy roller or partially
loaded truck, in conjunction with inspection by qualified geotechnical personnel to confirm
that the exposed soils are competent and have been adequately stripped of ponded water
and all disturbed, loosened, softened, organic and other deleterious material. Remedial work
(i.e., further sub-excavation and replacement) should be carried out on poorly performing
areas identified during the proof-rolling activities, as directed by a geotechnical professional.
Poorly performing or disturbed areas should be excavated and removed to expose
undisturbed competent soil or rock and backfilled to the design grade with Granular ‘B’. If the
depth of excavation becomes excessive and the very soft to firm clay is exposed, ground
stabilizing measures may be required such as placing a Geogrid Reinforcement or use of
chemical stabilization (i.e. lime, cement, and/or fly ash).

7.1.2 Engineered Fill Requirements
As described above, the anticipated site grading activities are expected to include both
cutting and raising (filling) the original grade to meet the final design site grades. The native
silty clay soils encountered in the boreholes advanced at the site are not considered suitable
as engineered fill in settlement sensitive areas such as beneath proposed foundations,
access roads or utilities. However, this material could be used for general grade raises in
landscape areas around the proposed development.

Imported engineered fill will be required for any grade raises at the site in settlement sensitive
areas. If imported material is required for the engineered fill process, the material that is
proposed for use as engineered fill should be approved by the geotechnical engineer, at its
source, prior to importing the material to the site. In this regard, imported materials which
meet the requirements for OPSS Select Subgrade Material (SSM) would be suitable for use
as engineered fill. Suitable soils, free of topsoil, organic matter, cobbles/boulders or other
deleterious materials can be used as engineered fill provided that the water content of the soil
at the time of placement does not vary by more than 2% above or below its optimum water
content for compaction. Otherwise, the soils may require treatment (i.e., drying or wetting)
prior to placement. All oversized cobbles (i.e., greater than 150 mm in size) and boulders, if
present, should be removed from the material to be used as engineered fill material.

It should be noted that the native subsurface material at the site is susceptible to over-wetting
and subsequent freezing during inclement weather. Therefore, it is recommended that site
grading activities not be carried out during late fall, winter, early spring seasons or any
periods of inclement weather conditions.
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Following the inspection and approval of the subgrade as described previously in this report,
engineered fill materials should be placed in maximum 300 mm thick loose lifts and uniformly
compacted to 98% of the Standard Proctor Maximum Dry Density (SPMDD). Filling should
continue until the design elevations are achieved. Full-time monitoring and in-situ density
testing should be carried out during placement of engineered fill.

The final surface of the engineered fill should be protected, as necessary, from construction
traffic and should be sloped to provide positive drainage for surface water during the
construction period. If the engineered fill materials will be left exposed (i.e., uncovered) during
periods of freezing weather, additional soil cover should be placed above final subgrade to
provide some level of frost protection. Areas excavated and replaced with non-frost
susceptible Granular ‘B’ fill should be topped with a minimum of 150 mm of Granular ‘A’ fill to
reduce infiltration.

Where the BESS foundations will be founded on the bedrock surface (on bedrock outcrops or
where the silty clay has been excavated to bedrock surface), filling/levelling will be required to
prepare a level surface to place the foundation. The filling should consist of Granular ‘B’
placed, as noted above, on the cleaned bedrock surface and grade raised to 150 mm below
the final grade level. The final lift above the Granular ‘B’ should consist of a minimum of

150 mm Granular ‘A’ pad. Alternatively, where material is excavated over bedrock,
filling/levelling could be achieved by pouring lean concrete on the bedrock up to the required
design grades.

7.1.3 Excavations
For the purpose of this report, the maximum depth of the foundation footings and
underground services was assumed to be up to about 2 m below the existing ground surface
(below frost penetration depth). The founding soils at this depth are anticipated to generally
consist of the native silty clay or bedrock. The upper portion of the silty clay material
(encountered to about 2 m to 3 m below ground surface) is considered to be suitable for
supporting the BESS structures on shallow foundations consisting of strip or spread footings
provided that the integrity of the base of the excavations is maintained during construction.

Slab-on-grade foundations placed on the native silty clay materials could be considered;
however, the compressibility of subgrade soils could cause intolerable settlements of the
slab-on-grade foundations. Therefore, design loads and settlement tolerances from the
structural designer should be provided to the geotechnical engineer of record and a detailed
settlement analysis carried out to determine if the calculated settlements are tolerable. The
slab-on-grade foundations are considered to be suitable in areas where founded directly on
the bedrock or on engineered fill placed above the bedrock following excavation of the native
subsurface soils.
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It is noted that the bedrock elevation varied considerably across the site from ground surface
(exposed at surface) to greater than 7.5 m below ground surface. Therefore, foundation
conditions and preparation will vary from structure to structure depending on the area of
construction on the site.

Where softened or disturbed native soils or other deleterious materials are encountered at the
base of excavations for settlement-sensitive foundations or underground services, these
materials should be sub-excavated and replaced with compacted fills approved by the
geotechnical engineer.

Care should be taken to direct surface water away from any open excavations and all
temporary excavations should be carried out in accordance with the Occupational Health and
Safety Act (OHSA) and Regulations for Construction Projects. In general, the groundwater
levels measured in the open boreholes upon completion of drilling ranged from about 1.0 m to
1.3 m below ground surface during the geotechnical investigation. The groundwater level
measured in the monitoring well installed in Borehole FY24-1 ranged from 1.8 mto 2.6 m
below ground surface. The groundwater in the excavations within the native silty clay
deposits are likely to be handled by collection via properly constructed and filtered sumps,
located within the excavations, and then pumping and discharging the water to a suitable
discharge point.

All temporary excavations must be carried out in accordance with the requirements of the
OHSA. The soil types, as defined in the OHSA, for overburden soils present at the proposed
BESS development site are summarized below as an aid for design:

1 Very soft to stiff silty clay - Type 4 soil.

For open excavations, Type 4 soils must be sloped from the bottom of the excavation with an
allowable slope of 3H:1V. Depending upon the construction procedures adopted, the
groundwater seepage conditions and weather conditions at the time of construction, some
local flattening of the slopes of open cut excavations may be required, especially in
looser/softer zones or where localized seepage is encountered. Further, layering of soils
could affect the OHSA classification and, therefore, the classification of soils for OHSA
purposes must be made at the time the excavation is open and can be directly observed
during construction.

Where the side slopes of excavations are required to be steepened to limit the extent of the
excavation, then some form of trench support may be required. Some trench excavations
could be carried out using a vertically excavated, unsupported excavation (using a properly
engineered trench liner box for protection, certified by an experienced engineer); or by a
supported (sheeted) excavation if conditions warrant so; such as in wet areas and/or in close
proximity to adjacent underground services.
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The bedrock encountered at the site consists of granitic gneiss and was encountered at
varying depths ranging from ground surface (noted visual outcrops during the geotechnical
investigation) to greater than 7.5 m below ground surface in Borehole FY24-1. The bedrock
was described as fresh and very strong based on the recovered rock cores from Boreholes
FY24-1, FY25-1 and visual inspection of the outcrops noted at the site. If excavations of the
bedrock are required to achieve design elevations, it is anticipated that the rock will need to
be excavated using mechanical excavation methods which will be very slow due to the
strength of the rock. Large hydraulic rock breakers with sufficient percussive force to break
the rock will be required if blasting techniques are not allowed in the area.

7.1.4 Potential for Expansive Soils
The laboratory testing conducted on samples of the clayey soils encountered at the site
measured plasticity indices ranging from 19% to 29% and moisture contents generally
ranging from about 30% to 45%. Based on the laboratory testing results and the swell testing
conducted on two samples of the silty clay (discussed in Section 6.2.3), the tested samples
are considered to generally have a low potential for expansion based on reference to the
Canadian Foundation Engineering Manual (CFEM) (Holtz and Gibbs, 1956).

8. Structures

It is understood that the BESS structures, or ‘cabinets’, are typically supported on deep
foundation systems connected to a frame at the base of the structure. Typical deep
foundation systems include drilled piers (caissons) or helical piers (ground screws). Based on
the subsurface conditions encountered at the site, shallow foundations could also be
considered for support of the BESS structures and other lightly loaded ancillary structures,
including strip footings, spread footings or conventional slab-on-grade (in areas where
founded on bedrock or engineered fill). Discussion of the shallow and deep foundation
options that could be considered to support the BESS structures and/or ancillary structures is
provided in the following sections. Conceptual foundation details of the foundation options are
provided in Appendix G.

8.1 Shallow Foundations
As noted in Section 6.2, the subsurface conditions in the area of the BESS structures consist
of topsoil overlying generally soft to stiff silty clay which is underlain by strong to very strong
granitic gneiss bedrock. As discussed above, the upper approximately 2 m to 3 m of the silty
clay is generally firm to stiff with generally lower moisture content, with the consistency
becoming softer and more moist with depth (very soft to soft about 2 m to 3 m above the
bedrock in the areas of thickest deposit).
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Based on the subsurface conditions encountered at the site, strip and/or spread footings may
be used for the proposed BESS structures and lightly loaded ancillary structures provided
that the footings are founded in the upper 2 m of the silty clay, on the granitic gneiss bedrock
or engineered fill placed on the bedrock at depths noted below and placed in accordance with
the recommendations outlined in Section 7.1.

Based on the Ontario Provincial Standard Drawing (OPSD) 3090.010 entitled “Foundation
Frost Penetration Depths for Southern Ontario”, the depth of frost penetration in the Ottawa
area is approximately 1.8 m below ground surface. In order to provide adequate protection
against frost damage, it is recommended that the shallow foundations be constructed a
minimum of 1.8 m below finished ground surface or on bedrock (which is considered non-
frost susceptible).

For strip and/or spread footings, the following preliminary geotechnical axial resistances at
Ultimate Limit States (ULS) and at Serviceability Limit States (SLS, for 25 mm of settlement)
may be assumed for design purposes. At the time of this report, the dimensions of the
footings for the proposed structures were not provided. Therefore, a footing width of 0.5 m
with a length of 6 m has been assumed for strip footings. For spread footings, the dimensions
have been assumed to be 1 m by 1 m in area at a minimum depth of 1.8 m below ground
surface.

Table 8-1: Founding Elevations and Geotechnical Axial Resistances

Maximum
Founding Factored Factored
. Depth . Geotechnical Geotechnical
F()Eﬁlggitr;?n Below BFi)erIeetY(?lr:ets FOUST)?Img Resistance at Resistance
Ground ULS at SLS?
Surface ((GE)) (CGEY)
(m)
Firm to Stiff
Silty Clay 150 75
BESS 20 FY24-2 to —
Structures ‘ FY24-9 Granitic
Gneiss 500 -2
Bedrock
Firm to Stiff
Silty Clay 150 &
Substation 20 FY24'1 Granitic
Gneiss 500 -2
Bedrock
Note:

1. SLS value for 25 mm of settlement.
2. SLS geotechnical resistance will be higher than the ULS resistance. Therefore, ULS will govern.
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The factored geotechnical axial resistance at ULS and geotechnical reaction at SLS are
dependent on the foundation size, depth, configuration and applied loads. The geotechnical
resistance/reaction should, therefore, be reviewed once more detailed design information
(i.e., footing size and depth) becomes available. The geotechnical resistance/reaction are
based on loading applied perpendicular to the base of the footings. Where applicable,
inclination of the load should be taken into account.

Where spread footings are constructed at different elevations, the difference in elevation
between the individual footings should not be greater than one half the clear distance
between the footings. In addition, the lower footings should be constructed first so that if it is
necessary to construct the lower footings at a greater depth than anticipated, the elevation of
the upper footings can be adjusted accordingly. Stepped strip footings should be constructed
in accordance with the Ontario Building Code (2024), Section 9.15.3.9.

The maximum total and differential settlements are expected to be less than 25 mm and
20 mm; respectively, for footings designed, constructed and inspected as outlined above.

The native soils are susceptible to disturbance from 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 surface for the footings be inspected by
qualified geotechnical personnel prior to placing concrete. If the concrete for the footings
cannot be placed immediately after excavation and inspection of the subgrade, it is
recommended that a working mat of lean concrete be placed in the excavation to protect the
integrity of the bearing stratum.

To avoid detrimental impacts from frost adhesion and heaving, the excavated areas behind
any below grade foundation elements, such as the substation, should be backfilled with non-
frost susceptible granular material conforming to the requirements for OPSS.MUNI 1010
Granular “B” Type | material. In areas where asphalt/concrete pavement or other hard
surfacing (flatwork) will abut the structure, differential frost heaving could occur between the
granular fill immediately adjacent to the structure and the more frost susceptible native
materials which exist beyond the wall backfill. To reduce the severity of this differential
heaving, the backfill adjacent to the wall should be placed to form a frost taper. The frost
taper should be brought up to asphalt/concrete subgrade level from 1.8 m below finished
exterior grade at a slope of 3 horizontal to 1 vertical, or flatter, away from the wall. The backfill
materials should be placed evenly in lifts not exceeding 200 mm loose thickness. The layers
should be compacted to at least 98% of the materials Standard Proctor Maximum Dry Density
(SPMDD). Light compaction equipment should be used immediately adjacent to the walls;
otherwise, compaction stresses on the wall may be greater than that imposed by the backfill
material. The upper 0.3 m of backfill should consist of clayey material (in landscape areas) to
provide a relatively low-permeability cap and the exterior grade should also be shaped to
slope away from the structure.
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Resistance to lateral forces/sliding resistance between the concrete footings and the
subgrade should be calculated in accordance with Section 6.10.4 of the Canadian Highway
and Bridge Design Code (CHBDC). The unfactored coefficient of friction, tan U, for the
interface between the cast-in-place concrete footing and the properly prepared subgrade can
be assumed to be 0.31.

8.2 Slab-On-Grade
Conventional slab-on-grade foundation construction could be considered for the proposed
BESS structure ‘cabinets’ at the site in areas of exposed bedrock or shallow bedrock where
the near surface soils have been excavated and replaced with engineered fill. Slab-on-grade
foundations could also be considered if constructed on the silty clay soils, however, the
compressibility of subgrade soils could cause intolerable settlements of the slab-on-grade
foundations. Therefore, design loads and settlement tolerances from the structural designer
should be provided to the geotechnical engineer of record and a detailed settlement analysis
carried out to determine if the calculated settlements are tolerable. The slab-on-grade
foundations are considered to be suitable in areas where founded directly on the bedrock or
on engineered fill placed above the bedrock following excavation of the native subsurface
soils.

The design of “raft” foundations is generally governed by settlement considerations rather
than bearing capacity since the design bearing pressure is generally less than the allowable
bearing capacity. Differential settlements may also occur along the length of the structure
supported by a raft due to the variation in loading across the raft as well as potential variable
soils/rock at the base elevation, as such, reinforcing steel should be incorporated into the raft
slab to help mitigate differential settlement.

The modulus of vertical subgrade reaction or soil “spring constant” is a concept used in
structure engineering; however, it is not related to fundamental soil properties. The values of
“spring constants” for raft design can only be evaluated following a detailed settlement
analysis and should be considered approximate only. The moduli of subgrade reaction
provided has been adjusted from that interpreted for a 0.3 m by 0.3 m square plate and a
minimum base slab thickness of 600 mm has been used as an indicator of relative base slab
stiffness and effective foundation width for calculation using spring constants. The design
modulus of subgrade reaction is derived based on the assumption that the soils overlying the
bedrock have been stripped and covered with 200 mm thick pad of Ontario Provincial
Standard Specification (OPSS) Granular ‘A’ compacted to 100% of the Standard Proctor
Maximum Dry Density (SPMDD). A typical preliminary modulus of subgrade reaction, ks, of
10 MPa/m may be considered assuming that the subgrade is not disturbed during
construction, excavation subgrade is prepared according to recommendations in this report
and adequate dewatering (if required) is undertaken to ensure an undisturbed subgrade.
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As noted previously, the modulus of subgrade reaction is not a fundamental nor intrinsic soil
property and will vary depending on the rigidity of the slab, the thickness of the granular
bedding, and the thickness, type and stiffness of the subgrade at the location/elevation of the
raft slab-on-grade. Where the design is sensitive to the specific modulus value(s) and the
design details of the proposed foundations for the raft is confirmed (including founding level
and contact stresses at the underside of the foundation) a detailed settlement analysis will
need to be carried out, from which values of modulus of subgrade reaction across the
foundation can be estimated.

For predictable performance of the floor slab, the existing topsoil or organic soils, reworked
soail, silty clay overlying the bedrock (if encountered within the same excavation footprint), as
well as any wet or disturbed material should be removed from within the proposed BESS
slab-on-grade structure area. Provisions should be made for at least 200 mm of OPSS
Granular ‘A’ to form the base for the slab.

Any bulk fill required to raise the grade to the underside of the Granular ‘A’ should consist of
OPSS Granular ‘B’ Type II. The underslab fill should be placed in maximum 300 mm thick lifts
and should be compacted to at least 98% of the materials Standard Proctor Maximum Dry
Density (SPMDD) using suitable vibratory compaction equipment.

8.3 Deep Foundations

8.3.1 Drilled Pier (Caisson) Foundations
Drilled pier foundations (caissons) can be considered for support of the proposed BESS
‘cabinet’ structures, substation and ancillary structures. The factored ULS bearing resistance
values provided below are based on a limit state resistance factor of 0.4. Based on the
stratigraphic conditions, the recommended factored axial geotechnical resistance in
compression at Ultimate Limit states (ULS) and the axial geotechnical resistance at
Serviceability Limit States (SLS) for 600 mm diameter caissons founded on the granitic
gneiss bedrock are provided in the table below. The bottom of the pile caps are assumed to
be at a minimum of 1.8 m below ground surface (frost penetration depth) in soils with a
minimum pile length of 3 m bearing on the granitic gneiss bedrock. Further, the minimum
required pile length is based on the embedded depth skin friction and structure loads resisting
adfreeze uplift forces within the frost penetration zone. Once the design structure loads and
foundation type are determined the required pile lengths can be reassessed. Due to the
expected fluctuations in the bedrock surface elevation, a minimum pile length has been
assumed rather than a specific elevation. The axial resistance provided in the table below is
based on end-bearing resistance only. It is expected that pile lengths across the site and
even within the same BESS ‘module’ or across the substation foundation will vary.
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Table 8-2: Preliminary Geotechnical Axial Resistances for Caissons

Recommended Minimum Factored Geotechnical Geotechnical
Caisson Length (m) and Axial Resistance at ULS Resistance at SLS
Anticipated Founding Stratum (kN) (kN)
3.0m 1
Granitic Gneiss Bedrock 500 )
Note:
1. ULS value will govern the design as the SLS value for 25 mm of settlement is higher than the ULS
value.

An approximately 1 m thick layer of saturated silty sand was encountered above the bedrock
in Borehole FY24-1. Further, the native silty clay encountered at the site is considered
sensitive soil based on the shear vane undisturbed and remoulded vanes. Also, the water
content measured on samples of the silty clay within about 2 m above the bedrock was above
the liquid limit of the soil. Based on the SPT's, vane shear testing and Atterberg limits, the
sensitive clay soils could “flow” into the auger hole during installation of the drilled pier if left
unsupported. Therefore, the installation of caissons will likely require a temporary casing to
provide support to the surrounding soil and the use of drilling slurry to minimize disturbance to
the soil sidewalls and balance the groundwater head. Due to the anticipated water inflow,
concrete must be placed in caissons using tremie techniques. That is, the concrete must be
discharged at the base of the caisson excavations, and flow upward to the ground

surface. The tremie discharge should be maintained a minimum of 1 m below the surface of
the wet concrete during placement and as the temporary liner is withdrawn. The performance
of caissons in compression will depend, to a large degree, upon the final cleaning and
verification of the condition of the bedrock surface at the base of the circular pile. For the
caissons acting in compression, the base of each caisson excavation must be cleaned to
remove all loose cuttings to ensure that the concrete is in contact with the competent
undisturbed base.

All caisson/pile caps should be founded at a minimum depth of 1.8 m or provided with an
equivalent thickness of insulation below the cap for frost protection, in accordance with OPSD
3090.101 (Foundation Frost Penetration Depths for Southern Ontario). In addition, the
bearing soil and fresh concrete should be protected from freezing during cold weather
construction.

8.3.2 Helical (Screw) Piles
Typically, helical (screw) piles are considered a proprietary foundation system due to
variability in the use of pile materials and installation methods. Therefore, the provided design
guidelines are for planning and preliminary design purposes only. Detailed design and
verification of the installed capacity of helical piles is the responsibility of the proprietary
foundation system designer/installer.
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Helical pier foundation systems installed at the site should be augered through the
overburden soils and bear on the granitic gneiss bedrock (end bearing pier). Due to the soft
consistency and compressibility of the silty clay soils encountered on site, this material is not
considered suitable to provide the required resistance as the applied loads on the helix would
induce unacceptable settlements of the pier and, ultimately, the BESS ‘cabinet’ structures
and ‘modules’. A helical pile system specifically intended to bear directly on sound bedrock
should be selected for this project as penetration of the helices into rock is not anticipated.
Consideration should be given by the foundation system designer of the helical pile shaft
bearing on the undulating surface (varying depth and slope) of the bedrock encountered and
observed at the site as a sloping contact may affect the capacity and feasibility of the pile.

Following advancement of the helical pier to refusal on the granitic gneiss bedrock, the top of
the pier/foundation would then be attached to the foundations using brackets. Pre-
compression should be induced in the helical pier prior to transferring the foundation loads to
minimize the amount of post-construction settlement.

As the silty clay soils encountered at the site are considered sensitive and may “flow” during
installation of drilled piers, as well as the high groundwater table which would require
temporary casing in order to successfully install steel reinforcing and pour concrete, helical
piers may be the preferred option for the South March site to support the proposed
development structures due to the following advantages:

 Minimal disturbance of sensitive clays or saturated sands;
Do not require temporary liners, placement steel reinforcing or tremie poured concrete;
No vibration or excess soils to dispose;

Adaptable to various subsurface conditions;

= —4a —a _a

Installation equipment requires minimal footprint and can be installed with portable
equipment (if required); and

{ Can be installed shallow or deep (2 m to 60 m).

The number, size and design of the helical piles should be determined and confirmed by the
supplier.

The number and size of the helical piles will need to be determined based on the loading and
configuration of the support system of the BESS ‘cabinet’ structures. The project geotechnical
information and structural loading should be provided to a specialist design-build contractor to
assess the feasibility of this foundation system and to determine probable helical pile
installation depths and capacities.
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For preliminary design purposes, the table below provides the factored helical pile capacities
based on end-bearing resistance on the granitic gneiss bedrock only (no shaft skin-friction
resistance or resistance of helices founded in the overburden due to the soft consistency of
the silty clay soils).

Table 8-3: Preliminary Factored Geotechnical Axial Resistances for Helical Piles

Recommended Minimum Factored Geotechnical Geotechnical Resistance
Caisson Length (m) and Axial Resistance at ULS at SLS
Anticipated Founding Stratum (kN) (kN)
3.0m 1
Granitic Gneiss Bedrock 500 i
Note:
1. ULS value will govern the design as the SLS value for 25 mm of settlement is higher than the ULS
value.

It is recommended that a pile load test program be completed on site prior to completion of
detailed design to verify or amend capacity of the helical piles if suggested by the specialist
contractor.

The actual depth of each helical pile is determined on site based on depth, torque
measurements or noted refusal and load support requirements. Full time inspection of the
installation of the helical piles by a geotechnical professional is recommended to confirm that
the subsurface conditions are consistent with the findings of the geotechnical investigation
which the design was based on.

Based on the fluctuating elevation of the bedrock across the site noted visually during the
geotechnical investigation and encountered in the boreholes, it is expected that pile lengths
across the site, and even within the same BESS ‘module’ or across the substation foundation,
will vary.

8.3.3 Additional Design and Construction Recommendations
Construction specifications for the drilled piles should include a concrete mix designed to limit
bleeding. It is the contractor’s responsibility to increase individual or group pile lengths and/or
increase the number of piles to compensate for any soil disturbance created by the
contractor’'s means and methods during construction.

To minimize disturbance of foundation soils, the contractor should drill piles using temporary
casings where groundwater is present. After drilling, the casing should be extracted at a slow,
uniform rate, with the pull in line with the center of the shaft. We recommend the contractor
review this report and adjust drilled shaft installation means and methods accordingly.
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A geotechnical professional or authorized representative should be on-site to observe drilled
pile installation including drilling operations as well as concrete and reinforcing steel
placement. The base of the drilled piles should be clean and free of debris or loose soil prior
to pouring concrete or placing reinforcing steel. Concrete should be poured promptly after
drilling to reduce exposing the subsoil to water or drying conditions. If foundation bearing
strata are subjected to such conditions, the soils should be reevaluated before concrete is
poured.

Free-fall concrete placement is not recommended unless approved by the structural
engineer. The use of a bottom dump hopper or tremie pipe should be considered to prevent
potential aggregate segregation or sidewall disturbance.

8.4 Lateral Earth Pressures
The parameters* (unfactored) provided below may be used to calculate the lateral earth
pressures acting on ancillary structures such as the substation systems for excavation
support, if required:

Table 8-4: Lateral Earth Pressure Parameters

Angle of Coefficients of Static Lateral Earth
Internal Unit Weight Pressure

el e Friction (KN/m?)

(Deg) At-Rest, Ko Active, Ka Passive, Kp

New GFirl"l"““'ar 35 22 0.43 0.27 3.69
Silty Clay 26 21 0.56 0.39 2.56
Silty Clay (Till) 32 21 0.47 0.31 3.25

The unit weight of water may be taken as 10 kN/m3. If the structure allows for lateral yielding,
active earth pressures may be used in the design of the structure(s). If the structure does not
allow for lateral yielding, at-rest earth pressures should be assumed for design.

8.5 Transmission Line Poles
Based on the transmission pole alignment information provided to Hatch by Brookfield, it is
understood that the proposed transmission line will be supported by three groups of poles
extending from the BESS substation to about 170 m to the southwest where the lines will
connect with existing Hydro One infrastructure. The information provided to Hatch does not
contain detailed design information for the poles (alignment only) and therefore, the
recommendations for the axial and lateral capacities could not be calculated at this time. It is
recommended that the designer of the transmission line poles use the information provided in
the following sections as input to calculate the required resistances.

4 Canadian Geotechnical Society (2023). Canadian Foundation Engineering Manual, 5" Edition.
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The generally soft clayey soils encountered below the frost penetration depth at the location
of the proposed transmission line poles (Boreholes FY25-1 to FY25-3) will provide minimal
axial and lateral resistance. Therefore, the transmission poles should be ‘socketed’ into the
underlying granitic gneiss bedrock for a length of at least three times their diameter. It is
anticipated that single caisson foundations will be installed to support each pole.

8.5.1 Axial and Lateral Capacity
The ultimate axial bearing capacity of a drilled shaft in bedrock can be determined for end
bearing of the pile and the downward skin friction resistance along the ‘socketed’ length into
which the pile is embedded in the rock. For this case and based on Section 18.6 of the
Canadian Foundation Engineering Manual (CFEM 2023), the axial resistance of a single pile
can be derived from toe resistance only, utilizing an estimated Unconfined Compressive
Strength (UCS) of the rock.

The granitic gneiss bedrock underlying the soils encountered at the site was described as
fresh and very strong. Therefore, a UCS = 100 MPa may be used for end bearing axial
resistance and lateral resistance. The ultimate axial capacity should be multiplied by a
geotechnical resistance factor of 0.4 applied for compression.

The ultimate (unfactored) lateral resistance of the granitic gneiss bedrock may be taken as
the lesser of 100 MPa or the compressive strength of the tremie concrete.

The construction contractor selected to install the caissons for the transmission line poles
should be aware of the strength and character of the bedrock (UCS estimated to be greater
than 100 MPa) to facilitate selection of appropriate equipment and procedures for the caisson
excavation and construction.

As noted in Section 8.3.1, the native silty clay encountered overlying the bedrock at the site is
sensitive soil and could “flow” into the caisson auger holes during installation if left
unsupported. Therefore, the installation of caissons will likely require a temporary casing
advanced to the top of the bedrock to provide support to the surrounding soil to minimize
disturbance to the soil sidewalls and balance the groundwater head. If water is encountered
while constructing the caissons, concrete must be placed using tremie techniques. That is,
the concrete must be discharged at the base of the caisson excavations, and flow upward to
the ground surface. The tremie discharge should be maintained a minimum of 1 m below the
surface of the wet concrete during placement and as the temporary liner is withdrawn. The
base of each caisson excavation must be cleaned to remove all loose cuttings to ensure that
the concrete is in contact with the competent undisturbed base.
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8.6 Installation of Underground Services

8.6.1 Temporary Excavations

It is assumed that the maximum depth of the underground services will require an excavation
of about 2 m below the existing ground surface. At 2 m below existing ground surface, the
founding soils for the proposed utilities are anticipated to be within the silty clay and silty clay
till materials or on granitic gneiss bedrock. These materials are considered to be suitable for
supporting the underground services provided that the integrity of the base of the trench
excavations is maintained during construction. Where softened or disturbed native soils or
other deleterious materials are encountered at the base of the excavations for settlement-
sensitive services, these materials should be subexcavated and replaced with compacted fills
approved by a geotechnical engineer.

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

In general, the groundwater level in the open boreholes upon completion of drilling was
measured at a depth of about 1.0 m to 1.3 m below ground surface. The groundwater
measured in the monitoring well installed in Borehole FY24-1 ranged from about 1.8 m to
2.6 m below ground surface. In general, the excavations within the native silty clay and silty
clay till deposits are likely to be handled by collection via properly constructed and filtered
sumps, located within the excavations, and then pumping and discharging the water to a
suitable discharge point.

For trench excavations (i.e., for servicing) extending predominantly through the silty clay and
silty clay till material within the upper 2 m, it is anticipated that conventional temporary open
cuts may be developed with side slopes not steeper than 3 horizontal to 1 vertical

(3H:1V). Where the side slopes of excavations are required to be steepened to limit the
extent of the excavation, then some form of trench support will be required. Trench
excavations could be carried out using a vertically excavated, unsupported excavation (using
properly engineered trench liner box for protection, certified by an experienced engineer); or
by supported (sheeted) excavation if conditions warrant so; such as in wet areas and/or in
close proximity to adjacent underground services. It must be emphasized that a trench liner
box provides protection for construction personnel but does not provide any lateral support for
adjacent excavation walls, underground services or existing structures (if any). It is imperative
that any underground services or existing structures adjacent to the trench excavations be
accurately located prior to construction and adequate support provided where required.
Steepened excavations should only be left open for as short duration as possible and
completely backfilled at the end of each working day.
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As noted in Section 7.1.3, the bedrock encountered at the site was described as fresh and
very strong based on the recovered rock cores from Borehole FY24-1 and visual inspection of
the outcrops noted at the site. If excavations of the bedrock are required for installation of
underground utilities, it is anticipated that the rock will need to be excavated using
mechanical excavation methods which will be very slow due to the strength of the rock. Large
hydraulic rock breakers with sufficient percussive force to break the rock will be required if
blasting techniques are not allowed in the area.

8.6.2 Pipe Bedding and Cover
The bedding for sewers and watermains should be compatible with the size, type and class of
pipe and the surrounding subsoil and the requirements of the City of Ottawa. If granular
bedding is deemed to be acceptable, then Ontario Provincial Standard Specifications
(OPSS.MUNI 1010) Granular ‘A’ should be used from at least 150 mm below invert to
springline. Clear stone should not be used as bedding material. From springline to 300 mm
above obvert of the pipe, sand cover could be used. All bedding and cover material should be
placed in 150 mm loose lifts and uniformly compacted to at least 100% of SPMDD. Where
variable fill materials, softened or disturbed native soils or other deleterious materials are
encountered at the base of excavations, these materials should be sub-excavated and
replaced with compacted fills approved by the geotechnical engineer.

8.6.3 Trench Backfill
The excavated materials from the Site will consist predominantly of silty clay and silty clay
till. The materials encountered within the upper 2 m at the site are estimated to be near their
estimated optimum water content for compaction and may be reused as backfill, however,
should not be used in settlement sensitive areas (i.e., under access roads, foundations, etc.).
The soils optimum water content should be maintained during placement. The soil excavated
below the groundwater level may be wet and as such may require some drying prior to
placement and compaction. It is expected that the excavation required for the underground
utilities will not reach sufficient depth to encounter the sensitive clay soils. However, if
encountered, these soil would not be suitable for use as trench backfill.

Care should be taken to maintain the water content of the soils close to/at the optimum water
content for compaction during the construction operations, as difficulties with compaction
and/or backfill performance would be anticipated with fine-grained soils where the water
content is significantly above the optimum for compaction purposes. Soils that contain
significant quantities of organics or debris are not suitable for use as trench backfill within
settlement sensitive areas. In addition, any cobbles or boulders greater than 150 mm in size
should be removed from the trench backfill materials. If there is a shortage of suitable in-situ
material, an approved imported material such as Ontario Provincial Standard Specifications
Select Subgrade Material (SSM) should be used for trench backfill. As noted above, the
trench backfill materials are silty in nature and are susceptible to wetting/freezing
temperatures. Backfilling during cold or wet weather is not recommended.
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Trench backfill should be placed in maximum 300 mm loose lifts and uniformly compacted to
at least 98% of the material’'s SPMDD. Soil that is frozen should not be used as backfill.

Normal post-construction settlement of the compacted trench backfill should be anticipated
with the majority of such settlement taking place within about 12 months following the
completion of trench backfilling operations. These settlements will be reflected at the ground
surface and in gravel access road construction areas. This may be compensated for, where
necessary, by placing additional granular material prior to placing the final granular lift. Post-
construction settlement of the restored ground surface in off-road trench areas is also
expected and should be topped-up and re-landscaped, as required.

The subgrade should be proof-rolled and inspected by qualified geotechnical personnel prior
to placing the Granular ‘B’ subbase and additional subbase material placed as required,
being consistent with the prevailing weather conditions and anticipated use by construction
traffic.

It is understood that the underground cables associated with the BESS structures will require
specialized backfill requirements based on the results of the soils thermal resistivity testing
provided in Appendix C. Therefore, cable sizing and backfill requirements should be selected
by the appropriate civil designer and is beyond the scope of the geotechnical
recommendations provided in this report.

8.7 Access Road Design
Provided that preparation of the site is completed in accordance with recommendations
stated above, the following access road structure should be suitable for construction based
on subgrade conditions of silty clay and exposed bedrock.
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Table 8-5: Access Road Construction Details

Subgrade . . Thickness
Conditions Pavement Layer Material Description (mm)
Base OPSS.MUNI 1010 Granular ‘A" 300
Subbase OPSS.MUIEI_I[logﬂ)(;ranular B 300
Silty Clay / yp
Silty Clay Till Geogrid Requirement Yes
Geotextile Requirement Yes
Total Thickness 600
Base OPSS.MUNI 1010 Granular A 250
Subbase OPSS.MUIEI1I_1081?I)(23ranuIar B 250
Granitic Gneiss yp
Bedrock Geogrid Requirement No
Geotextile Requirement No
Total Thickness 500

Notes:
1. Compacted to 100% of SPMDD (ASTM D698).
2. Compacted to 98% of SPMDD.

During construction, the lift thicknesses should be placed in lifts not exceeding 200 mm loose
thickness and compacted, as noted above, within 2% of the optimum moisture content. If any
import fill is required, quality control shall be carried out during the placement and compaction
of the fill. The fill must be placed under the supervision of a qualified Geotechnical Engineer
in loose lifts not exceeding 200 mm. Field density tests must be taken on each lift of fill.
Records of the field density results should be maintained and added to the construction
records.

Surfaces of the roadways should be sloped at 2% or greater to promote runoff to designated
surface drainage features and the subgrade should be crowned at the centreline and sloped
at 3% minimum up to a maximum of 5% towards the roadway perimeter. The soils at the road
subgrade level (directly beneath the topsoil) will become unstable and soft when wet or at
certain times of the year, particularly the spring thaw. Due to the silty nature of the subgrade
soils (in areas where bedrock is not exposed at the surface), it will be necessary to add a
layer of geotextile reinforcing (e.g., Terrafix 300R or approved equivalent) between the
subgrade and geogrid (Tensar BX1500 or equivalent). Adjacent sheets of geotextile should
be overlapped a minimum 450 mm.
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9. Corrosivity Analysis

Analytical laboratory testing to assess the corrosion potential of the site soils was completed
on two selected soil samples from the site. The soil samples were submitted for chemical
analysis of sulphate, chlorides, pH and electrical resistivity. The results of the chemical
testing indicate that soil had a pH ranging from 7.10 to 7.16, resistivity ranging from 106 to
175 Ohm*m, and a soluble sulfate concentration ranging from 6 to 10 pg/g.

The resistivity testing results indicate that the soils tested generally have a “very low” steel
corrosiveness potential based on the Ministry of Transportation Gravity Pipe Design
Guidelines, 2014, Table 3.2 and negligible water-soluble sulphate for sulphate attack on
concrete based on Canadian Standards Association (CSA) A23.1 - Table 3. We note that a
limited number of tests were carried out across the site and that corrosiveness of the site
soils may vary with depth and material types.

10. Seismic Classification for Seismic Response

Seismic hazard is defined in the 2024 Ontario Building Code (OBC, 2024) by uniform hazard
spectra (UHS) at spectral coordinates of 0.2 seconds, 0.5 seconds, 1.0 seconds and

2.0 seconds and a probability of exceedance of 2% in 50 years. The OBC method uses a site
classification system defined by the average soil/bedrock properties (e.g., shear wave
velocity, Standard Penetration Test (SPT) resistance, undrained soil shear strength, etc.) in
the 30 m below the foundation level. There are six site classes from A to F, decreasing in
ground stiffness from A, hard rock, to E, soft soil; with Site Class F used to denote
problematic soils (e.g., sites underlain by thick peat deposits and/or liquefiable soils). The site
class is then used to obtain acceleration and velocity-based site coefficients Fa and Fv,
respectively, used to modify the UHS to account for the effects of site-specific soil conditions
in design.

A geophysics investigation was conducted at the site by Simcoe Geoscience based on
requests from Brookfield to further delineate the bedrock surface across the site. The
geophysics scope was conducted from March 30 to April 4, 2025. The investigation included
seismic refraction and Multichannel Analysis of Surface Waves (MASW) testing.

The results of the seismic refraction testing were analyzed and boreholes advanced as part of
the geotechnical investigation were