
Brookfield Renewable Engineering Report
South March BESS Geotechnical Investigation Report Geotechnical Engineering
H375142 South March Battery Energy Storage System (BESS)

Geotechnical Investigation Report

H375142-0000-2A0-230-0001, Rev. 4
Page i

Ver: 04.05

© Hatch 2026 All rights reserved, including all rights relating to the use of this document or its contents.

Engineering Report

South March Battery Energy Storage System (BESS)
Geotechnical Investigation Report

H375142-0000-2A0-230-0001

Application File No. D07-12-25-0096
Plan No. 19401

2026-02-11 4 Approved for Use T. Beadle B. Kussmann C. Benoit

2026-01-16 3 Approved for Use T. Beadle B. Kussmann T. Beadle

2025-11-06 2 Approved for Use T. Beadle B. Kussmann T. Beadle

2025-09-18 1 Approved for Use T. Beadle B. Kussmann S. Chemanedji

2026-02-11 0 Approved for Use T. Beadle B. Kussmann T. Beadle

DATE REV. STATUS PREPARED BY CHECKED BY APPROVED BY

Discipline Lead Functional Manager



Brookfield Renewable Engineering Report
South March BESS Geotechnical Investigation Report Geotechnical Engineering
H375142 South March Battery Energy Storage System (BESS)

Geotechnical Investigation Report

H375142-0000-2A0-230-0001, Rev. 4
Page ii

Ver: 04.05

© Hatch 2026 All rights reserved, including all rights relating to the use of this document or its contents.

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 and geotechnical
analyses and recommendations for foundation design of the South March BESS facility and
ancillary structures for permitting purposes. In addition, this report provides general
construction considerations and 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.

Fitzroy BESS Inc., a subsidiary of Evolugen by Brookfield Renewable (Brookfield) in
partnership with the Algonquins of Pikwàkanagàn and is proposing to develop the South
March Battery Energy Storage System (BESS) Project (the Project). The Project will be in the
West Carleton-March Ward in the City of Ottawa, Ontario. The Project is located on two
leased parcels of land at 2555 and 2625 Marchurst Road, Ottawa, Ontario, and situated
south of Thomas A. Dolan Parkway, west of Marchurst Road, and north of John Aselford
Drive. The Project has a Development Area of approximately 9.0 hectares on approximately
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84.5 hectares of property. The leased rural lots currently include two residential buildings with
an access lane, naturalized areas with woodland and wetland, as well as limited non-
commercial pasture use.

The Project is a 250 Megawatt (MW) energy storage facility that uses lithium ion (lithium iron
phosphate) technology and is designed to store up to 1,000 MW hours of energy, providing
four hours of continuous discharge at full capacity.

The Project will consist of 256 BESS containers at the start of commercial operations and will
progressively increase to 307 BESS containers over the duration of the IESO Offtake
Agreement. The additional BESS containers will be added through the augmentation process
to maintain the required 250 MW capacity. This process is further detailed within the
Augmentation Process Memo.

This report considers the full Augmentation Process (a total of 307 BESS containers). Its
findings and conclusions are not affected by any stage of augmentation, from 256 to 307
BESS containers.

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

3. 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.

4. Investigation Procedures

4.1 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.

4.2 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.
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4.3 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);

¶ 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.

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.



Brookfield Renewable Engineering Report
South March BESS Geotechnical Investigation Report Geotechnical Engineering
H375142 South March Battery Energy Storage System (BESS)

Geotechnical Investigation Report

H375142-0000-2A0-230-0001, Rev. 4
Page 4

Ver: 04.05

© Hatch 2026 All rights reserved, including all rights relating to the use of this document or its contents.

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.

4.4 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.

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

Borehole
Location

Borehole
Type

Northing
(m)

Easting
(m)

Ground
Surface

Elevation
(m)

Borehole
Depth

(m)

Monitoring
Well Depth /

Screened
Interval

(m)

FY24-1
SPT / NQ
Rock Core 5,028,520.19 340,593.57 100.89 9.14

9.14 / 1.22 -
4.27

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 -

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);
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¶ Standard Proctor Density (ASTM D698);

¶ Soil pH tests (ASTM G51); and

¶ 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 FY24-1.
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.

6. Geotechnical Results

6.1 Regional Geology
As delineated in The Physiography of Southern Ontario1, 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.2

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:

1  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.

2  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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¶ 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

¶ Appendix H - Geophysics Report

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.

6.2.1 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.

6.2.2 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 FY24-1, 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.

6.2.3 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.
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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).

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 sensitivity3.

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/m3 with a corresponding
optimum moisture of 21.6%. The results of the standard Proctor tests are provided in
Appendix C.

3 Robert D. Holtz and William D. Kovacs, An Introduction to Geotechnical Engineering, 1981.
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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.

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
and

Sample
No.

Average
Depth of
Sample

(m)

Soil
Type

Wn

(%) svo' s’p eo Cc Cr OCR

FY24-5
TO1 4.9 Silty

Clay 52 60 175 1.44 0.55 0.055 2.9

Where:
wn - Initial water content prior to testing                  eo - Initial void ratio

svo'- Computed existing vertical effective stress s’p - Preconsolidation pressure

cc - Compression index                                           cr - 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 A. Photographs 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 µg/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 topsoil
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 m to 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:

¶ 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).



Brookfield Renewable Engineering Report
South March BESS Geotechnical Investigation Report Geotechnical Engineering
H375142 South March Battery Energy Storage System (BESS)

Geotechnical Investigation Report

H375142-0000-2A0-230-0001, Rev. 4
Page 17

Ver: 04.05

© Hatch 2026 All rights reserved, including all rights relating to the use of this document or its contents.

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 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

Foundation
Element

Maximum
Founding

Depth
Below

Ground
Surface

(m)

Relevant
Boreholes

Founding
Soil

Factored
Geotechnical
Resistance at

ULS
(kPa)

Factored
Geotechnical
Resistance at

SLS1

(kPa)

BESS
Structures 2.0

FY24-2 to
FY24-9

Firm to Stiff
Silty Clay 150 75

Granitic
Gneiss

Bedrock
500 -2

Substation 2.0 FY24-1

Firm to Stiff
Silty Clay 150 75

Granitic
Gneiss

Bedrock
500 -2

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 I 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 ŭ, 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 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
soil, 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: Geotechnical Axial Resistances for Caissons

Recommended Minimum Caisson
Length (m) and Anticipated Founding

Stratum

Factored Geotechnical Axial
Resistance at ULS

(kN)

Geotechnical Resistance at
SLS
(kN)

3.0 m
Granitic Gneiss Bedrock 500 -1

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 1.8m 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;

¶ 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.



Brookfield Renewable Engineering Report
South March BESS Geotechnical Investigation Report Geotechnical Engineering
H375142 South March Battery Energy Storage System (BESS)

Geotechnical Investigation Report

H375142-0000-2A0-230-0001, Rev. 4
Page 23

Ver: 04.05

© Hatch 2026 All rights reserved, including all rights relating to the use of this document or its contents.

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 Caisson
Length (m) and Anticipated

Founding Stratum

Factored Geotechnical Axial
Resistance at ULS

(kN)

Geotechnical Resistance at
SLS
(kN)

3.0 m
Granitic Gneiss Bedrock 500 -1

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 parameters4 (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

Soil Type

Angle of
Internal
Friction

(Deg)

Unit Weight
(kN/m3)

Coefficients of Static Lateral Earth Pressure

At-Rest, Ko Active, Ka Passive, Kp

New Granular Fill 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. It is understood that the
transmission line poles will be designed and installed by Hydro One.

4 Canadian Geotechnical Society (2023). Canadian Foundation Engineering Manual, 5th 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 for installation of 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 300mm 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
Conditions Pavement Layer Material Description Thickness

(mm)

Silty Clay /
Silty Clay Till

Base OPSS.MUNI 1010 Granular ‘A’1 300

Subbase OPSS.MUNI 1010 Granular ‘B’ (Type
II)2 300

Geogrid Requirement Yes

Geotextile Requirement Yes

Total Thickness 600

Granitic Gneiss
Bedrock

Base OPSS.MUNI 1010 Granular A’1 250

Subbase OPSS.MUNI 1010 Granular ‘B’
(Type II)2 250

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 µg/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 used to aid in interpreting the results to delineate the
bedrock surface. The results of the seismic refraction testing can be found in a report
prepared by Simcoe Geoscience in Appendix H.
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Based on the results of the geotechnical investigation, a Site Class F is estimated for
planning purposes based on the sensitivity of the underlying silty clay material of the
Champlain Sea basin. However, further discussion of the Site Class is provided in the report
prepared by Simcoe Geoscience in Appendix H. As noted in the report, the Site Class
depends on the type of foundation chosen for the proposed BESS ‘cabinets’ and associated
structures. Therefore, once the foundation type is chosen by the construction contractor, this
information should be provided to the geotechnical engineer of record to determine the
appropriate Site Class.
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  Appendix A 
Record of Boreholes



 
 

 

 

List of Abbreviations and Terms Used in the Borehole Reports 
 
(Sheet 1) 

General 
 
Sample Type 
The first letter describes the sampling method and the second, the 
shipping container. 
 
Sampling Method 
A – Split Tube 
B – Thin Wall Tube 
C – Piston Sampler 
D – Core Barrel 

 
E – Auger 
F – Wash 
G – Shovel Grab Sample 
K – Slotted Sampler 
 

Shipping Container 
N – Insert (split spoon) 
O – Tube 
P – Water Content Tin 
Q – Jar 
R – Cloth Bag 

 
S – Plastic Bag 
U – Wooden Box 
X – Plastic & PVC Sleeve (Sonic) 
Y – Core Box 
Z – Discarded 
 
 

 
Elevations 
Elevations are referenced to datum indicated. 
 
Depth 
All depths are given in meters (feet) measured from the ground 
surface unless otherwise noted. 
 
Sample Recovery 
Indicates the length retained in millimeters (inches) in a split spoon 
sampler or percentage recovery of sample retained in the core barrel 
sampler. 
 
Sample Number 
Samples are numbered consecutively in the order in which they were 
obtained in the borehole. 
 
Sampler Size 
Dimension is in millimetres and refers to the outside diameter of the 
sampler. 

Abbreviations 
N/A – Not applicable 
N/E – Not encountered 
N/O – Not observed 
 

 

Soil 
 
Soil Description, Label and Symbol 
Soil description under the “Description” column conforms generally, 
but not rigorously , to the Unified Soils Classification System.  For a 
given soil unit, defined by depth boundaries, the descriptive text 
constitutes the definitive soil unit description and takes precedence 
over both the brief label and the symbol used to graphically represent 
the soil unit. 

 
Density (Granular Soils) 
 N(SPT) 
Very loose 0 – 4 
Loose 4 – 10 
Compact 10 – 30 
Dense 30 – 50 
Very dense >50 

 
Grain Size  
Clay  <0.002 mm 
Silt 0.002 –  0.075 mm 
Sand 0.075 –  4.75 mm 
Gravel 4.75  – 75 mm 
Cobbles 75 –  300 mm 
Boulder  >300 mm 
 

 
Consistency (Cohesive Soils) 
  N(SPT) 
Very soft  <2 
Soft  2 – 4 
Firm  4 – 8 
Stiff  8 – 15 
Very stiff  15 – 30 
Hard  >30 

Relative Quantities  
Term  Example   (%) 
Trace Trace sand 1 – 10 
Some Some sand 10 – 20 
With With Sand 20 – 35 
And And sand >35 
Noun Sand >50 

Plasticity/Compressibility 
 Liquid Limit (%) 

Low plasticity clays Low compressibility silts <30 
Medium plasticity clays Medium compressibility silts 30 – 50 
High plasticity clays High compressibility silts >50 

 
Standard Penetration Test (SPT) 
The test is carried out in accordance with ASTM D-1586 and the ‘N’ 
value corresponds to the sum of the number of blows required by a 
63.5-kg (140-lb) hammer, dropped 760 mm (30 in.), to drive a 50-mm 
(2-in.) diameter split tube sampler the second and third 150 mm (6 
in.) of penetration. 
 

 
Dilatancy 
None - No visible change. 
Slow - Water appears slowly on surface of specimen during 

shaking and does not disappear or disappears slowly upon 
squeezing. 

Rapid - Water appears quickly on the surface of specimen during 
shaking and disappears quickly upon squeezing. 

 
 Sensitivity 

Insensitive <2 
Low 2 – 4 
Medium 4 – 8 
High 8 – 16 
Quick >16 
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Geotechnical Laboratory Testing
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[ƛǉǳƛŘ [ƛƳƛǘΣ tƭŀǎǘƛŎ [ƛƳƛǘ ŀƴŘ tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ ƻŦ {ƻƛƭǎΦ
DŜƻǘŜŎƘƴƛŎŀƭ [ŀōƻǊŀǘƻǊȅ
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[ƛǉǳƛŘ [ƛƳƛǘ ό҈ύ

tƭŀǎǘƛŎƛǘȅ /ƘŀǊǘ

/[πa[ a[ 

/[ 

/I 

aIΣ hI 



!ǘǘƴΥ

[ƛǉǳƛŘ [ƛƳƛǘ пф҈
tƭŀǎǘƛŎ [ƛƳƛǘ но҈
tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ нс҈

5ŀǘŜΥ
5ŀǘŜΥ

ϭIŀǘŎƘ нлмт !ƭƭ ǊƛƎƘǘǎ ǊŜǎŜǊǾŜŘΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ ǊƛƎƘǘǎ ǊŜƭŀǘƛƴƎ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ƛǘǎ ŎƻƴǘŜƴǘǎΦ

wŜǾƛŜǿŜŘ .ȅΥ wΦ {ŜǊƭǳŎŀΣ [ŀō aŀƴŀƎŜǊ CŜōǊǳŀǊȅ рΦ нлнр

bƻǘƛŎŜΥ ¢ƘŜ ǘŜǎǘ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜƛƴ ǇŜǊǘŀƛƴ ǘƻ ǘƘŜ ǎŀƳǇƭŜ ǇǊƻǾƛŘŜΣ ŀƴŘ Ƴŀȅ ƴƻǘ ōŜ ŀǇǇƭƛŎŀōƭŜ ǘƻ ƻǘƘŜǊ ǇǊƻŘǳŎǘƛƻƴ ȊƻƴŜǎκǇŜǊƛƻŘǎΦ ¢Ƙƛǎ ǊŜǇƻǊǘ ŎƻƴǎǘƛǘǳǘŜǎ ŀ 
ǘŜǎǘƛƴƎ ǎŜǊǾƛŎŜ ƻƴƭȅΦ LƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜ Ƴŀȅ ōŜ ǇǊƻǾƛŘŜŘ ǳǇƻƴ ǊŜǉǳŜǎǘΦ

{ǳƛǘŜ оллΣ попн vǳŜŜƴ {ǘΣ bƛŀƎŀǊŀ CŀƭƭǎΣ hƴǘŀǊƛƻΣ /ŀƴŀŘŀΣ [н9 тWт  ¢ŜƭΥм όфлрύ отп рнлл  ǿǿǿΦƘŀǘŎƘΦŎƻƳΦ

{ƻǳǊŎŜ C¸нпπо

/ƻƳƳŜƴǘǎΥ {ƛƭǘȅπ/ƭŀȅΣ ƎǊŜȅΦ

wŜǇƻǊǘŜŘ .ȅΥ 5Φ /ǳŜƭƭŀǊΣ ¢ŜŎƘƴƛŎƛŀƴ WŀƴǳŀǊȅ моΦнлнр

¢ŜŘ .ŜŀŘƭŜ

{ŀƳǇƭŜ {{н 5ŜǇǘƘ нŦǘ π пŦǘ

tǊƻƧŜŎǘ bǳƳōŜǊΥ Iотрмпн .ǊƻƻƪŦƛŜƭŘ tƭŀŎŜΣ {ǳƛǘŜ мллΣ мум .ŀȅ {ǘΦ ¢ƻǊƻƴǘƻ
tǊƻƧŜŎǘΥ {ƻǳǘƘ aŀǊŎƘ .9{{                         hbΦ aрW н¢о

!{¢a 5помуπмт aŜǘƘƻŘ !
5ŀǘŜΥ WŀƴǳŀǊȅ моΦнлнр .ǊƻƻƪŦƛŜƭŘ .wt

[ƛǉǳƛŘ [ƛƳƛǘΣ tƭŀǎǘƛŎ [ƛƳƛǘ ŀƴŘ tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ ƻŦ {ƻƛƭǎΦ
DŜƻǘŜŎƘƴƛŎŀƭ [ŀōƻǊŀǘƻǊȅ
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ύ

[ƛǉǳƛŘ [ƛƳƛǘ ό҈ύ

tƭŀǎǘƛŎƛǘȅ /ƘŀǊǘ

/[πa[ a[ 
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aIΣ hI 



!ǘǘƴΥ

[ƛǉǳƛŘ [ƛƳƛǘ пу҈
tƭŀǎǘƛŎ [ƛƳƛǘ нл҈
tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ ну҈

5ŀǘŜΥ
5ŀǘŜΥ

ϭIŀǘŎƘ нлмт !ƭƭ ǊƛƎƘǘǎ ǊŜǎŜǊǾŜŘΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ ǊƛƎƘǘǎ ǊŜƭŀǘƛƴƎ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ƛǘǎ ŎƻƴǘŜƴǘǎΦ

wŜǾƛŜǿŜŘ .ȅΥ wΦ {ŜǊƭǳŎŀΣ [ŀō aŀƴŀƎŜǊ CŜōǊǳŀǊȅ рΦ нлнр

bƻǘƛŎŜΥ ¢ƘŜ ǘŜǎǘ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜƛƴ ǇŜǊǘŀƛƴ ǘƻ ǘƘŜ ǎŀƳǇƭŜ ǇǊƻǾƛŘŜΣ ŀƴŘ Ƴŀȅ ƴƻǘ ōŜ ŀǇǇƭƛŎŀōƭŜ ǘƻ ƻǘƘŜǊ ǇǊƻŘǳŎǘƛƻƴ ȊƻƴŜǎκǇŜǊƛƻŘǎΦ ¢Ƙƛǎ ǊŜǇƻǊǘ ŎƻƴǎǘƛǘǳǘŜǎ ŀ 
ǘŜǎǘƛƴƎ ǎŜǊǾƛŎŜ ƻƴƭȅΦ LƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜ Ƴŀȅ ōŜ ǇǊƻǾƛŘŜŘ ǳǇƻƴ ǊŜǉǳŜǎǘΦ

{ǳƛǘŜ оллΣ попн vǳŜŜƴ {ǘΣ bƛŀƎŀǊŀ CŀƭƭǎΣ hƴǘŀǊƛƻΣ /ŀƴŀŘŀΣ [н9 тWт  ¢ŜƭΥм όфлрύ отп рнлл  ǿǿǿΦƘŀǘŎƘΦŎƻƳΦ

{ƻǳǊŎŜ C¸нпπр

/ƻƳƳŜƴǘǎΥ {ƛƭǘȅπ/ƭŀȅΣ ƎǊŜȅΦ

wŜǇƻǊǘŜŘ .ȅΥ 5Φ /ǳŜƭƭŀǊΣ ¢ŜŎƘƴƛŎƛŀƴ WŀƴǳŀǊȅ моΦнлнр

¢ŜŘ .ŜŀŘƭŜ

{ŀƳǇƭŜ {{п 5ŜǇǘƘ сŦǘ π уŦǘ

tǊƻƧŜŎǘ bǳƳōŜǊΥ Iотрмпн .ǊƻƻƪŦƛŜƭŘ tƭŀŎŜΣ {ǳƛǘŜ мллΣ мум .ŀȅ {ǘΦ ¢ƻǊƻƴǘƻ
tǊƻƧŜŎǘΥ {ƻǳǘƘ aŀǊŎƘ .9{{                         hbΦ aрW н¢о

!{¢a 5помуπмт aŜǘƘƻŘ !
5ŀǘŜΥ WŀƴǳŀǊȅ моΦнлнр .ǊƻƻƪŦƛŜƭŘ .wt

[ƛǉǳƛŘ [ƛƳƛǘΣ tƭŀǎǘƛŎ [ƛƳƛǘ ŀƴŘ tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ ƻŦ {ƻƛƭǎΦ
DŜƻǘŜŎƘƴƛŎŀƭ [ŀōƻǊŀǘƻǊȅ
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[ƛǉǳƛŘ [ƛƳƛǘ ό҈ύ

tƭŀǎǘƛŎƛǘȅ /ƘŀǊǘ

/[πa[ a[ 
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aIΣ hI 



!ǘǘƴΥ

[ƛǉǳƛŘ [ƛƳƛǘ пп҈
tƭŀǎǘƛŎ [ƛƳƛǘ нл҈
tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ но҈

5ŀǘŜΥ
5ŀǘŜΥ

ϭIŀǘŎƘ нлмт !ƭƭ ǊƛƎƘǘǎ ǊŜǎŜǊǾŜŘΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ ǊƛƎƘǘǎ ǊŜƭŀǘƛƴƎ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ƛǘǎ ŎƻƴǘŜƴǘǎΦ

wŜǾƛŜǿŜŘ .ȅΥ wΦ {ŜǊƭǳŎŀΣ [ŀō aŀƴŀƎŜǊ CŜōǊǳŀǊȅ рΦ нлнр

bƻǘƛŎŜΥ ¢ƘŜ ǘŜǎǘ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜƛƴ ǇŜǊǘŀƛƴ ǘƻ ǘƘŜ ǎŀƳǇƭŜ ǇǊƻǾƛŘŜΣ ŀƴŘ Ƴŀȅ ƴƻǘ ōŜ ŀǇǇƭƛŎŀōƭŜ ǘƻ ƻǘƘŜǊ ǇǊƻŘǳŎǘƛƻƴ ȊƻƴŜǎκǇŜǊƛƻŘǎΦ ¢Ƙƛǎ ǊŜǇƻǊǘ ŎƻƴǎǘƛǘǳǘŜǎ ŀ 
ǘŜǎǘƛƴƎ ǎŜǊǾƛŎŜ ƻƴƭȅΦ LƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜ Ƴŀȅ ōŜ ǇǊƻǾƛŘŜŘ ǳǇƻƴ ǊŜǉǳŜǎǘΦ

{ǳƛǘŜ оллΣ попн vǳŜŜƴ {ǘΣ bƛŀƎŀǊŀ CŀƭƭǎΣ hƴǘŀǊƛƻΣ /ŀƴŀŘŀΣ [н9 тWт  ¢ŜƭΥм όфлрύ отп рнлл  ǿǿǿΦƘŀǘŎƘΦŎƻƳΦ

{ƻǳǊŎŜ C¸нпπр

/ƻƳƳŜƴǘǎΥ {ƛƭǘȅπ/ƭŀȅΣ ƎǊŜȅΦ

wŜǇƻǊǘŜŘ .ȅΥ 5Φ /ǳŜƭƭŀǊΣ ¢ŜŎƘƴƛŎƛŀƴ WŀƴǳŀǊȅ моΦнлнр

¢ŜŘ .ŜŀŘƭŜ

{ŀƳǇƭŜ {{мл 5ŜǇǘƘ муŦǘ π нлŦǘ

tǊƻƧŜŎǘ bǳƳōŜǊΥ Iотрмпн .ǊƻƻƪŦƛŜƭŘ tƭŀŎŜΣ {ǳƛǘŜ мллΣ мум .ŀȅ {ǘΦ ¢ƻǊƻƴǘƻ
tǊƻƧŜŎǘΥ {ƻǳǘƘ aŀǊŎƘ .9{{                         hbΦ aрW н¢о

!{¢a 5помуπмт aŜǘƘƻŘ !
5ŀǘŜΥ WŀƴǳŀǊȅ моΦнлнр .ǊƻƻƪŦƛŜƭŘ .wt

[ƛǉǳƛŘ [ƛƳƛǘΣ tƭŀǎǘƛŎ [ƛƳƛǘ ŀƴŘ tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ ƻŦ {ƻƛƭǎΦ
DŜƻǘŜŎƘƴƛŎŀƭ [ŀōƻǊŀǘƻǊȅ
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[ƛǉǳƛŘ [ƛƳƛǘ ό҈ύ

tƭŀǎǘƛŎƛǘȅ /ƘŀǊǘ

/[πa[ a[ 
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aIΣ hI 



!ǘǘƴΥ

[ƛǉǳƛŘ [ƛƳƛǘ по҈
tƭŀǎǘƛŎ [ƛƳƛǘ мф҈
tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ нр҈

5ŀǘŜΥ
5ŀǘŜΥ

ϭIŀǘŎƘ нлмт !ƭƭ ǊƛƎƘǘǎ ǊŜǎŜǊǾŜŘΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ ǊƛƎƘǘǎ ǊŜƭŀǘƛƴƎ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ƛǘǎ ŎƻƴǘŜƴǘǎΦ

wŜǾƛŜǿŜŘ .ȅΥ wΦ {ŜǊƭǳŎŀΣ [ŀō aŀƴŀƎŜǊ CŜōǊǳŀǊȅ рΦ нлнр

bƻǘƛŎŜΥ ¢ƘŜ ǘŜǎǘ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜƛƴ ǇŜǊǘŀƛƴ ǘƻ ǘƘŜ ǎŀƳǇƭŜ ǇǊƻǾƛŘŜΣ ŀƴŘ Ƴŀȅ ƴƻǘ ōŜ ŀǇǇƭƛŎŀōƭŜ ǘƻ ƻǘƘŜǊ ǇǊƻŘǳŎǘƛƻƴ ȊƻƴŜǎκǇŜǊƛƻŘǎΦ ¢Ƙƛǎ ǊŜǇƻǊǘ ŎƻƴǎǘƛǘǳǘŜǎ ŀ 
ǘŜǎǘƛƴƎ ǎŜǊǾƛŎŜ ƻƴƭȅΦ LƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜ Ƴŀȅ ōŜ ǇǊƻǾƛŘŜŘ ǳǇƻƴ ǊŜǉǳŜǎǘΦ

{ǳƛǘŜ оллΣ попн vǳŜŜƴ {ǘΣ bƛŀƎŀǊŀ CŀƭƭǎΣ hƴǘŀǊƛƻΣ /ŀƴŀŘŀΣ [н9 тWт  ¢ŜƭΥм όфлрύ отп рнлл  ǿǿǿΦƘŀǘŎƘΦŎƻƳΦ

{ƻǳǊŎŜ C¸нпπт

/ƻƳƳŜƴǘǎΥ {ƛƭǘȅπ/ƭŀȅΣ ƎǊŜȅΦ

wŜǇƻǊǘŜŘ .ȅΥ 5Φ /ǳŜƭƭŀǊΣ ¢ŜŎƘƴƛŎƛŀƴ WŀƴǳŀǊȅ моΦнлнр

¢ŜŘ .ŜŀŘƭŜ

{ŀƳǇƭŜ {{п 5ŜǇǘƘ тΦрŦǘ π фΦрŦǘ

tǊƻƧŜŎǘ bǳƳōŜǊΥ Iотрмпн .ǊƻƻƪŦƛŜƭŘ tƭŀŎŜΣ {ǳƛǘŜ мллΣ мум .ŀȅ {ǘΦ ¢ƻǊƻƴǘƻ
tǊƻƧŜŎǘΥ {ƻǳǘƘ aŀǊŎƘ .9{{                         hbΦ aрW н¢о

!{¢a 5помуπмт aŜǘƘƻŘ !
5ŀǘŜΥ WŀƴǳŀǊȅ моΦнлнр .ǊƻƻƪŦƛŜƭŘ .wt

[ƛǉǳƛŘ [ƛƳƛǘΣ tƭŀǎǘƛŎ [ƛƳƛǘ ŀƴŘ tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ ƻŦ {ƻƛƭǎΦ
DŜƻǘŜŎƘƴƛŎŀƭ [ŀōƻǊŀǘƻǊȅ
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[ƛǉǳƛŘ [ƛƳƛǘ ό҈ύ

tƭŀǎǘƛŎƛǘȅ /ƘŀǊǘ

/[πa[ a[ 
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/I 

aIΣ hI 



!ǘǘƴΥ

[ƛǉǳƛŘ [ƛƳƛǘ оо҈
tƭŀǎǘƛŎ [ƛƳƛǘ мп҈
tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ мф҈

5ŀǘŜΥ
5ŀǘŜΥ

ϭIŀǘŎƘ нлмт !ƭƭ ǊƛƎƘǘǎ ǊŜǎŜǊǾŜŘΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ ǊƛƎƘǘǎ ǊŜƭŀǘƛƴƎ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ƛǘǎ ŎƻƴǘŜƴǘǎΦ

wŜǾƛŜǿŜŘ .ȅΥ wΦ {ŜǊƭǳŎŀΣ [ŀō aŀƴŀƎŜǊ CŜōǊǳŀǊȅ рΦ нлнр

bƻǘƛŎŜΥ ¢ƘŜ ǘŜǎǘ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜƛƴ ǇŜǊǘŀƛƴ ǘƻ ǘƘŜ ǎŀƳǇƭŜ ǇǊƻǾƛŘŜΣ ŀƴŘ Ƴŀȅ ƴƻǘ ōŜ ŀǇǇƭƛŎŀōƭŜ ǘƻ ƻǘƘŜǊ ǇǊƻŘǳŎǘƛƻƴ ȊƻƴŜǎκǇŜǊƛƻŘǎΦ ¢Ƙƛǎ ǊŜǇƻǊǘ ŎƻƴǎǘƛǘǳǘŜǎ ŀ 
ǘŜǎǘƛƴƎ ǎŜǊǾƛŎŜ ƻƴƭȅΦ LƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜ Ƴŀȅ ōŜ ǇǊƻǾƛŘŜŘ ǳǇƻƴ ǊŜǉǳŜǎǘΦ

{ǳƛǘŜ оллΣ попн vǳŜŜƴ {ǘΣ bƛŀƎŀǊŀ CŀƭƭǎΣ hƴǘŀǊƛƻΣ /ŀƴŀŘŀΣ [н9 тWт  ¢ŜƭΥм όфлрύ отп рнлл  ǿǿǿΦƘŀǘŎƘΦŎƻƳΦ

{ƻǳǊŎŜ C¸нпπт

/ƻƳƳŜƴǘǎΥ {ƛƭǘȅπ/ƭŀȅΣ ƎǊŜȅΦ

wŜǇƻǊǘŜŘ .ȅΥ 5Φ /ǳŜƭƭŀǊΣ ¢ŜŎƘƴƛŎƛŀƴ WŀƴǳŀǊȅ моΦнлнр

¢ŜŘ .ŜŀŘƭŜ

{ŀƳǇƭŜ {{т 5ŜǇǘƘ мрŦǘ π мтŦǘ

tǊƻƧŜŎǘ bǳƳōŜǊΥ Iотрмпн .ǊƻƻƪŦƛŜƭŘ tƭŀŎŜΣ {ǳƛǘŜ мллΣ мум .ŀȅ {ǘΦ ¢ƻǊƻƴǘƻ
tǊƻƧŜŎǘΥ {ƻǳǘƘ aŀǊŎƘ .9{{ hbΦ aрW н¢о

!{¢a 5помуπмт aŜǘƘƻŘ !
5ŀǘŜΥ WŀƴǳŀǊȅ моΦнлнр .ǊƻƻƪŦƛŜƭŘ .wt

[ƛǉǳƛŘ [ƛƳƛǘΣ tƭŀǎǘƛŎ [ƛƳƛǘ ŀƴŘ tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ ƻŦ {ƻƛƭǎΦ
DŜƻǘŜŎƘƴƛŎŀƭ [ŀōƻǊŀǘƻǊȅ
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!ǘǘƴΥ

5ŜǇǘƘ

{ƛŜǾŜ όƳƳύ {ƛŜǾŜ όƳƳύ {ƛȊŜ όƳƳύ
тр пΦтр лΦлооф
со н лΦлнпт
ро лΦурл лΦлмсл

отΦр лΦпнр лΦллфс
нсΦр лΦнрл лΦллтл
мф лΦмлс лΦллрм

моΦн лΦлтр лΦллнс
фΦр лΦллмм

5ŀǘŜΥ
5ŀǘŜΥ

!{¢a 5сфмоπмт ŀƴŘ 5тфнуπмт
5ŀǘŜΥ !ǳƎǳǎǘ мпΦнлнр .ǊǊƻƪŦƛŜƭŘ .wt

tŀǊǘƛŎƭŜ {ƛȊŜ 5ƛǎǘǊƛōǳǘƛƻƴ όDǊŀŘŀǘƛƻƴύ ƻŦ {ƻƛƭǎ 
¦ǎƛƴƎ {ƛŜǾŜ ŀƴŘ IȅŘǊƻƳŜǘŜǊ !ƴŀƭȅǎƛǎ DŜƻǘŜŎƘƴƛŎŀƭ [ŀōƻǊŀǘƻǊȅ

{ŀƳǇƭŜ о пŦǘ π сŦǘ

tǊƻƧŜŎǘ bǳƳōŜǊΥ  Iотсоун
tǊƻƧŜŎǘΥ {ƻǳǘƘ aŀǊŎƘ .Ŝǎǎ

{ƻǳǊŎŜ C¸нрπм

҈ tŀǎǎƛƴƎ ҈ tŀǎǎƛƴƎ ҈ tŀǎǎƛƴƎ
мллΦл мллΦл уфΦу

¢ŜŘ .ŜŀŘƭŜ

.ǊƻƻƪŦƛŜƭŘ tƭŀŎŜΣ {ǳƛǘŜ мллΣ мум .ŀȅ {ǘΦ ¢ƻǊƻƴǘƻ hbΦ aрW 
н¢о

мллΦл ффΦу тпΦн
мллΦл ффΦт тлΦр

мллΦл мллΦл урΦн
мллΦл ффΦф улΦс

мллΦл ппΦф

/ƻƳƳŜƴǘǎΥ ²ƘƻƭŜ ǎŀƳǇƭŜΣ ǘŜǎǘŜŘ ŀǎ ǊŜŎŜƛǾŜŘΦ млл҈ ǇŀǎǎƛƴƎ ǘƘŜ нƳƳ ǎƛŜǾŜΦ

wŜǇƻǊǘŜŘ .ȅΥ 5Φ /ǳŜƭƭŀǊΣ ¢ŜŎƘƴƛŎƛŀƴ !ǳƎǳǎǘ мрΦнлнр

мллΦл ффΦо срΦл
мллΦл фуΦф ртΦт

{ǳƛǘŜ оллΣ попн vǳŜŜƴ {ǘΣ bƛŀƎŀǊŀ CŀƭƭǎΣ hƴǘŀǊƛƻΣ /ŀƴŀŘŀΣ [н9 тWт  ¢ŜƭΥм όфлрύ отп рнлл  ǿǿǿΦƘŀǘŎƘΦŎƻƳΦ
ϭIŀǘŎƘ нлмт !ƭƭ ǊƛƎƘǘǎ ǊŜǎŜǊǾŜŘΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ ǊƛƎƘǘǎ ǊŜƭŀǘƛƴƎ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ƛǘǎ ŎƻƴǘŜƴǘǎΦ

wŜǾƛŜǿŜŘ .ȅΥ wΦ{ŜǊƭǳŎŀΣ [ŀō aŀƴŀƎŜǊ !ǳƎǳǎǘ мфΦнлнр

bƻǘƛŎŜΥ ¢ƘŜ ǘŜǎǘ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜƛƴ ǇŜǊǘŀƛƴ ǘƻ ǘƘŜ ǎŀƳǇƭŜ ǇǊƻǾƛŘŜΣ ŀƴŘ Ƴŀȅ ƴƻǘ ōŜ ŀǇǇƭƛŎŀōƭŜ ǘƻ ƻǘƘŜǊ ǇǊƻŘǳŎǘƛƻƴ ȊƻƴŜǎκǇŜǊƛƻŘǎΦ ¢Ƙƛǎ ǊŜǇƻǊǘ ŎƻƴǎǘƛǘǳǘŜǎ ŀ ǘŜǎǘƛƴƎ 
ǎŜǊǾƛŎŜ ƻƴƭȅΦ LƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜ Ƴŀȅ ōŜ ǇǊƻǾƛŘŜŘ ǳǇƻƴ ǊŜǉǳŜǎǘΦ
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!ǘǘƴΥ

[ƛǉǳƛŘ [ƛƳƛǘ пт҈
tƭŀǎǘƛŎ [ƛƳƛǘ но҈
tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ нп҈

5ŀǘŜΥ
5ŀǘŜΥ

[ƛǉǳƛŘ [ƛƳƛǘΣ tƭŀǎǘƛŎ [ƛƳƛǘ ŀƴŘ tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ ƻŦ 
{ƻƛƭǎΦ DŜƻǘŜŎƘƴƛŎŀƭ [ŀōƻǊŀǘƻǊȅ
!{¢a 5помуπмт aŜǘƘƻŘ !
5ŀǘŜΥ !ǳƎǳǎǘ мрΦнлнр .ǊƻƻƪŦƛŜƭŘ .wt
tǊƻƧŜŎǘ bǳƳōŜǊΥ  Iκотсоун .ǊƻƻƪŦƛŜƭŘ tƭŀŎŜΣ {ǳƛǘŜ мллΣ мум .ŀȅ {ǘΦ ¢ƻǊƻƴǘƻ 

hbΦ aрW н¢оtǊƻƧŜŎǘΥ {ƻǳǘƘ aŀǊŎƘ .9{{

wŜǇƻǊǘŜŘ .ȅΥ 5Φ /ǳŜƭƭŀǊΣ ¢ŜŎƘƴƛŎƛŀƴ !ǳƎǳǎǘ мрΦнлнр

¢ŜŘ .ŜŀŘƭŜ

{ŀƳǇƭŜ о 5ŜǇǘƘ пŦǘ π сŦǘ
{ƻǳǊŎŜ C¸нрπм

/ƻƳƳŜƴǘǎΥ {ƛƭǘȅπ/ƭŀȅΣ ƎǊŜȅΦ

wŜǾƛŜǿŜŘ .ȅΥ wΦ {ŜǊƭǳŎŀΣ [ŀō aŀƴŀƎŜǊ !ǳƎǳǎǘ муΦнлнр

bƻǘƛŎŜΥ ¢ƘŜ ǘŜǎǘ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜƛƴ ǇŜǊǘŀƛƴ ǘƻ ǘƘŜ ǎŀƳǇƭŜ ǇǊƻǾƛŘŜΣ ŀƴŘ Ƴŀȅ ƴƻǘ ōŜ ŀǇǇƭƛŎŀōƭŜ ǘƻ ƻǘƘŜǊ ǇǊƻŘǳŎǘƛƻƴ ȊƻƴŜǎκǇŜǊƛƻŘǎΦ ¢Ƙƛǎ ǊŜǇƻǊǘ ŎƻƴǎǘƛǘǳǘŜǎ ŀ 
ǘŜǎǘƛƴƎ ǎŜǊǾƛŎŜ ƻƴƭȅΦ LƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜ Ƴŀȅ ōŜ ǇǊƻǾƛŘŜŘ ǳǇƻƴ ǊŜǉǳŜǎǘΦ

{ǳƛǘŜ оллΣ попн vǳŜŜƴ {ǘΣ bƛŀƎŀǊŀ CŀƭƭǎΣ hƴǘŀǊƛƻΣ /ŀƴŀŘŀΣ [н9 тWт  ¢ŜƭΥм όфлрύ отп рнлл  ǿǿǿΦƘŀǘŎƘΦŎƻƳΦ
ϭIŀǘŎƘ нлмт !ƭƭ ǊƛƎƘǘǎ ǊŜǎŜǊǾŜŘΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ ǊƛƎƘǘǎ ǊŜƭŀǘƛƴƎ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ƛǘǎ ŎƻƴǘŜƴǘǎΦ
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!ǘǘƴΥ

[ƛǉǳƛŘ [ƛƳƛǘ оу҈
tƭŀǎǘƛŎ [ƛƳƛǘ мф҈
tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ мф҈

5ŀǘŜΥ
5ŀǘŜΥ

ϭIŀǘŎƘ нлмт !ƭƭ ǊƛƎƘǘǎ ǊŜǎŜǊǾŜŘΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ ǊƛƎƘǘǎ ǊŜƭŀǘƛƴƎ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ƛǘǎ ŎƻƴǘŜƴǘǎΦ

wŜǾƛŜǿŜŘ .ȅΥ wΦ {ŜǊƭǳŎŀΣ [ŀō aŀƴŀƎŜǊ !ǳƎǳǎǘ муΦнлнр

bƻǘƛŎŜΥ ¢ƘŜ ǘŜǎǘ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜƛƴ ǇŜǊǘŀƛƴ ǘƻ ǘƘŜ ǎŀƳǇƭŜ ǇǊƻǾƛŘŜΣ ŀƴŘ Ƴŀȅ ƴƻǘ ōŜ ŀǇǇƭƛŎŀōƭŜ ǘƻ ƻǘƘŜǊ ǇǊƻŘǳŎǘƛƻƴ ȊƻƴŜǎκǇŜǊƛƻŘǎΦ ¢Ƙƛǎ ǊŜǇƻǊǘ ŎƻƴǎǘƛǘǳǘŜǎ ŀ 
ǘŜǎǘƛƴƎ ǎŜǊǾƛŎŜ ƻƴƭȅΦ LƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜ Ƴŀȅ ōŜ ǇǊƻǾƛŘŜŘ ǳǇƻƴ ǊŜǉǳŜǎǘΦ

{ǳƛǘŜ оллΣ попн vǳŜŜƴ {ǘΣ bƛŀƎŀǊŀ CŀƭƭǎΣ hƴǘŀǊƛƻΣ /ŀƴŀŘŀΣ [н9 тWт  ¢ŜƭΥм όфлрύ отп рнлл  ǿǿǿΦƘŀǘŎƘΦŎƻƳΦ

{ƻǳǊŎŜ C¸нрπм

/ƻƳƳŜƴǘǎΥ {ƛƭǘȅπ/ƭŀȅΣ ƎǊŜȅΦ

wŜǇƻǊǘŜŘ .ȅΥ 5Φ /ǳŜƭƭŀǊΣ ¢ŜŎƘƴƛŎƛŀƴ !ǳƎǳǎǘ мрΦнлнр

¢ŜŘ .ŜŀŘƭŜ

{ŀƳǇƭŜ т 5ŜǇǘƘ мнΦрŦǘ π мпΦрŦǘ

tǊƻƧŜŎǘ bǳƳōŜǊΥ  Iκотсоун .ǊƻƻƪŦƛŜƭŘ tƭŀŎŜΣ {ǳƛǘŜ мллΣ мум .ŀȅ {ǘΦ ¢ƻǊƻƴǘƻ 
hbΦ aрW н¢оtǊƻƧŜŎǘΥ {ƻǳǘƘ aŀǊŎƘ .9{{

!{¢a 5помуπмт aŜǘƘƻŘ !
5ŀǘŜΥ !ǳƎǳǎǘ мрΦнлнр .ǊƻƻƪŦƛŜƭŘ .wt

[ƛǉǳƛŘ [ƛƳƛǘΣ tƭŀǎǘƛŎ [ƛƳƛǘ ŀƴŘ tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ ƻŦ 
{ƻƛƭǎΦ DŜƻǘŜŎƘƴƛŎŀƭ [ŀōƻǊŀǘƻǊȅ
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[ƛǉǳƛŘ [ƛƳƛǘ ό҈ύ

tƭŀǎǘƛŎƛǘȅ /ƘŀǊǘ

/[πa[ a[ 

/[ 

/I 

aIΣ hI 



!ǘǘƴΥ

[ƛǉǳƛŘ [ƛƳƛǘ пф҈
tƭŀǎǘƛŎ [ƛƳƛǘ но҈
tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ нс҈

5ŀǘŜΥ
5ŀǘŜΥ

ϭIŀǘŎƘ нлмт !ƭƭ ǊƛƎƘǘǎ ǊŜǎŜǊǾŜŘΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ ǊƛƎƘǘǎ ǊŜƭŀǘƛƴƎ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ƛǘǎ ŎƻƴǘŜƴǘǎΦ

wŜǾƛŜǿŜŘ .ȅΥ wΦ {ŜǊƭǳŎŀΣ [ŀō aŀƴŀƎŜǊ !ǳƎǳǎǘ нрΦнлнр

bƻǘƛŎŜΥ ¢ƘŜ ǘŜǎǘ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜƛƴ ǇŜǊǘŀƛƴ ǘƻ ǘƘŜ ǎŀƳǇƭŜ ǇǊƻǾƛŘŜΣ ŀƴŘ Ƴŀȅ ƴƻǘ ōŜ ŀǇǇƭƛŎŀōƭŜ ǘƻ ƻǘƘŜǊ ǇǊƻŘǳŎǘƛƻƴ ȊƻƴŜǎκǇŜǊƛƻŘǎΦ ¢Ƙƛǎ ǊŜǇƻǊǘ ŎƻƴǎǘƛǘǳǘŜǎ ŀ 
ǘŜǎǘƛƴƎ ǎŜǊǾƛŎŜ ƻƴƭȅΦ LƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜ Ƴŀȅ ōŜ ǇǊƻǾƛŘŜŘ ǳǇƻƴ ǊŜǉǳŜǎǘΦ

{ǳƛǘŜ оллΣ попн vǳŜŜƴ {ǘΣ bƛŀƎŀǊŀ CŀƭƭǎΣ hƴǘŀǊƛƻΣ /ŀƴŀŘŀΣ [н9 тWт  ¢ŜƭΥм όфлрύ отп рнлл  ǿǿǿΦƘŀǘŎƘΦŎƻƳΦ

{ƻǳǊŎŜ C¸нрπн

/ƻƳƳŜƴǘǎΥ {ƛƭǘȅπ/ƭŀȅΣ ƎǊŜȅΦ

wŜǇƻǊǘŜŘ .ȅΥ 5Φ /ǳŜƭƭŀǊΣ ¢ŜŎƘƴƛŎƛŀƴ !ǳƎǳǎǘ ноΦнлнр

¢ŜŘ .ŜŀŘƭŜ

{ŀƳǇƭŜ о 5ŜǇǘƘ пŦǘ π сŦǘ

tǊƻƧŜŎǘ bǳƳōŜǊΥ  Iκотсоун .ǊƻƻƪŦƛŜƭŘ tƭŀŎŜΣ {ǳƛǘŜ мллΣ мум .ŀȅ {ǘΦ ¢ƻǊƻƴǘƻ 
hbΦ aрW н¢оtǊƻƧŜŎǘΥ {ƻǳǘƘ aŀǊŎƘ .9{{

!{¢a 5помуπмт aŜǘƘƻŘ !
5ŀǘŜΥ !ǳƎǳǎǘ нрΦнлнр .ǊƻƻƪŦƛŜƭŘ .wt

[ƛǉǳƛŘ [ƛƳƛǘΣ tƭŀǎǘƛŎ [ƛƳƛǘ ŀƴŘ tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ ƻŦ 
{ƻƛƭǎΦ DŜƻǘŜŎƘƴƛŎŀƭ [ŀōƻǊŀǘƻǊȅ

л

мл

нл

ол

пл

рл

сл

л мл нл ол пл рл сл тл ул фл млл ммл

tƭ
ŀǎ

ǘƛŎ
ƛǘȅ

 Lƴ
ŘŜ

Ȅ 
ό҈

ύ

[ƛǉǳƛŘ [ƛƳƛǘ ό҈ύ

tƭŀǎǘƛŎƛǘȅ /ƘŀǊǘ

/[πa[ a[ 

/[ 

/I 

aIΣ hI 



!ǘǘƴΥ

[ƛǉǳƛŘ [ƛƳƛǘ рм҈
tƭŀǎǘƛŎ [ƛƳƛǘ но҈
tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ нф҈

5ŀǘŜΥ
5ŀǘŜΥ

ϭIŀǘŎƘ нлмт !ƭƭ ǊƛƎƘǘǎ ǊŜǎŜǊǾŜŘΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ ǊƛƎƘǘǎ ǊŜƭŀǘƛƴƎ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ƛǘǎ ŎƻƴǘŜƴǘǎΦ

wŜǾƛŜǿŜŘ .ȅΥ wΦ {ŜǊƭǳŎŀΣ [ŀō aŀƴŀƎŜǊ !ǳƎǳǎǘ нрΦнлнр

bƻǘƛŎŜΥ ¢ƘŜ ǘŜǎǘ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜƛƴ ǇŜǊǘŀƛƴ ǘƻ ǘƘŜ ǎŀƳǇƭŜ ǇǊƻǾƛŘŜΣ ŀƴŘ Ƴŀȅ ƴƻǘ ōŜ ŀǇǇƭƛŎŀōƭŜ ǘƻ ƻǘƘŜǊ ǇǊƻŘǳŎǘƛƻƴ ȊƻƴŜǎκǇŜǊƛƻŘǎΦ ¢Ƙƛǎ ǊŜǇƻǊǘ ŎƻƴǎǘƛǘǳǘŜǎ ŀ 
ǘŜǎǘƛƴƎ ǎŜǊǾƛŎŜ ƻƴƭȅΦ LƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ Řŀǘŀ ƎƛǾŜƴ ƘŜǊŜ Ƴŀȅ ōŜ ǇǊƻǾƛŘŜŘ ǳǇƻƴ ǊŜǉǳŜǎǘΦ

{ǳƛǘŜ оллΣ попн vǳŜŜƴ {ǘΣ bƛŀƎŀǊŀ CŀƭƭǎΣ hƴǘŀǊƛƻΣ /ŀƴŀŘŀΣ [н9 тWт  ¢ŜƭΥм όфлрύ отп рнлл  ǿǿǿΦƘŀǘŎƘΦŎƻƳΦ

{ƻǳǊŎŜ C¸нрπо

/ƻƳƳŜƴǘǎΥ {ƛƭǘȅπ/ƭŀȅΣ ƎǊŜȅΦ

wŜǇƻǊǘŜŘ .ȅΥ 5Φ /ǳŜƭƭŀǊΣ ¢ŜŎƘƴƛŎƛŀƴ !ǳƎǳǎǘ ноΦнлнр

¢ŜŘ .ŜŀŘƭŜ

{ŀƳǇƭŜ о 5ŜǇǘƘ пŦǘ π сŦǘ

tǊƻƧŜŎǘ bǳƳōŜǊΥ  Iκотсоун .ǊƻƻƪŦƛŜƭŘ tƭŀŎŜΣ {ǳƛǘŜ мллΣ мум .ŀȅ {ǘΦ ¢ƻǊƻƴǘƻ 
hbΦ aрW н¢оtǊƻƧŜŎǘΥ {ƻǳǘƘ aŀǊŎƘ .9{{

!{¢a 5помуπмт aŜǘƘƻŘ !
5ŀǘŜΥ !ǳƎǳǎǘ нрΦнлнр .ǊƻƻƪŦƛŜƭŘ .wt

[ƛǉǳƛŘ [ƛƳƛǘΣ tƭŀǎǘƛŎ [ƛƳƛǘ ŀƴŘ tƭŀǎǘƛŎƛǘȅ LƴŘŜȄ ƻŦ 
{ƻƛƭǎΦ DŜƻǘŜŎƘƴƛŎŀƭ [ŀōƻǊŀǘƻǊȅ
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!ǘǘƴΥ

7.797 cm 2.72 Assumed
3.803 cmч 39 %

11.298 cmч 18 %
165.25 grams 21 %
1876.0 kg/mш 1200 kPa

35.5 %
1341.5 kg/mш 100 kPa

2.06 0.20 % /min

Axial Strain at Peak 15 % Max. Deviator Stress ( ʵ♫ π ʵш ύ 105.83 kPa

5ŀǘŜΥ
5ŀǘŜΥ

1 of 2

пΦрт Ƴ ǘƻ рΦмт Ƴ

L/D Ratio

Specific Gravity
Liquid Limit
Plastic Limit
Plasticity Index
E  of Membrane

Strain Rate 

Specimen Average Diameter
Initial Cross Sect. Area
Moist Specimen Mass

!{¢a 5нурлπмр DŜƻǘŜŎƘƴƛŎŀƭ [ŀōƻǊŀǘƻǊȅ

5ŀǘŜΥ WŀƴǳŀǊȅ мтΦ нлнр .ǊƻƻƪŦƛŜƭŘ wŜƴŜǿŀōƭŜ tƻǿŜǊ

¦ƴŎƻƴǎƻƭƛŘŀǘŜŘ ¦ƴŘǊŀƛƴŜŘ ¢ǊƛŀȄƛŀƭ /ƻƳǇǊŜǎǎƛƻƴ 
¢Ŝǎǘ ƻƴ /ƻƘŜǎƛǾŜ {ƻƛƭǎ

tǊƻƧŜŎǘ bǳƳōŜǊΥ  

ϭIŀǘŎƘ нлмт !ƭƭ ǊƛƎƘǘǎ ǊŜǎŜǊǾŜŘΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ ǊƛƎƘǘǎ ǊŜƭŀǘƛƴƎ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ƛǘǎ ŎƻƴǘŜƴǘǎΦ

R. Serluca . Lab Manager January 22.2025
wŜǾƛŜǿŜŘ .ȅΥ 

 мум .ŀȅ {ǘΦ {ǳƛǘŜ оллΣ ¢ƻǊƻƴǘƻΣ hb aрW н¢о
tǊƻƧŜŎǘΥ {ƻǳǘƘ aŀǊŎƘ .9{{ ¢ŜŘ .ŜŀŘƭŜ

{ŀƳǇƭŜ

Iκотрмпн

February 18.2025

Notice: The test data given herein pertain to the sample provide, and may not be applicable to other production zones/periods. This 
report constitutes a testing service only. Interpretation of the data given here may be provided upon request.

Moist Density
Moisture Content 

{ƻǳǊŎŜ C¸нпπлм

Soil Type: Silty-clay, trace sand and fine gravel, grey, moist.
Specimen Average Height

Suite 300, 4342 Queen St, Niagara Falls, Ontario, Canada, L2E 7J7  Tel:1 (905) 374 5200  www.hatch.com.

Dry Density Confining Pressure - ŭϝ

A. Touhidi
wŜǇƻǊǘŜŘ .ȅΥ
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!ǘǘƴΥ

Photo Not
Available

BEFORE AFTER AFTER

NOTES:

2 of 2

Strain rate slightly less than minimum suggested by ASTM was chosen to facilitate 
manual readings.

tǊƻƧŜŎǘΥ {ƻǳǘƘ aŀǊŎƘ .9{{ ¢ŜŘ .ŜŀŘƭŜ

{ŀƳǇƭŜ пΦрт Ƴ ǘƻ рΦмт Ƴ
{ƻǳǊŎŜ C¸нпπлм

5ŀǘŜΥ WŀƴǳŀǊȅ мтΦ нлнр .ǊƻƻƪŦƛŜƭŘ wŜƴŜǿŀōƭŜ tƻǿŜǊ
tǊƻƧŜŎǘ bǳƳōŜǊΥ  Iκотрмпн  мум .ŀȅ {ǘΦ {ǳƛǘŜ оллΣ ¢ƻǊƻƴǘƻΣ hb aрW н¢о

DŜƻǘŜŎƘƴƛŎŀƭ [ŀōƻǊŀǘƻǊȅ

¦ƴŎƻƴǎƻƭƛŘŀǘŜŘ ¦ƴŘǊŀƛƴŜŘ ¢ǊƛŀȄƛŀƭ /ƻƳǇǊŜǎǎƛƻƴ 
¢Ŝǎǘ ƻƴ /ƻƘŜǎƛǾŜ {ƻƛƭǎ
!{¢a 5нурлπмр



!ǘǘƴΥ

7.810 cm 2.72 Assumed
3.795 cmч 37 %

11.313 cmч 18 %
153.98 grams 19 %
1742.7 kg/mш 1200 kPa

48.3 %
1173.2 kg/mш 100 kPa

2.06 0.29 % /min

Axial Strain at Peak 3 % Max. Deviator Stress ( ʵ♫ π ʵш ύ 68.00 kPa

5ŀǘŜΥ
5ŀǘŜΥ

1 of 2

пΦрт Ƴ ǘƻ рΦмт Ƴ

L/D ratio

Specific Gravity
Liquid Limit
Plastic Limit
Plasticity Index
E  of Membrane

Strain Rate 

Specimen Average Diameter
Initial Cross Sect. Area
Moist Specimen Mass

!{¢a 5нурлπмр DŜƻǘŜŎƘƴƛŎŀƭ [ŀōƻǊŀǘƻǊȅ

5ŀǘŜΥ CŜōǊǳŀǊȅ мнΦнлнр .ǊƻƻƪŦƛŜƭŘ wŜƴŜǿŀōƭŜ tƻǿŜǊ

¦ƴŎƻƴǎƻƭƛŘŀǘŜŘ ¦ƴŘǊŀƛƴŜŘ ¢ǊƛŀȄƛŀƭ /ƻƳǇǊŜǎǎƛƻƴ 
¢Ŝǎǘ ƻƴ /ƻƘŜǎƛǾŜ {ƻƛƭǎ

tǊƻƧŜŎǘ bǳƳōŜǊΥ  

ϭIŀǘŎƘ нлмт !ƭƭ ǊƛƎƘǘǎ ǊŜǎŜǊǾŜŘΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ ǊƛƎƘǘǎ ǊŜƭŀǘƛƴƎ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ƛǘǎ ŎƻƴǘŜƴǘǎΦ

R. Serluca . Lab Manager January 22.2025
wŜǾƛŜǿŜŘ .ȅΥ 

 мум .ŀȅ {ǘΦ {ǳƛǘŜ оллΣ ¢ƻǊƻƴǘƻΣ hb aрW н¢о
tǊƻƧŜŎǘΥ {ƻǳǘƘ aŀǊŎƘ .9{{ ¢ŜŘ .ŜŀŘƭŜ

{ŀƳǇƭŜ

Iκотрмпн

February 18.2025

Notice: The test data given herein pertain to the sample provide, and may not be applicable to other production zones/periods. This 
report constitutes a testing service only. Interpretation of the data given here may be provided upon request.

Moist Density
Moisture Content 

{ƻǳǊŎŜ C¸нпπлрΣ ¢Ŝǎǘ н

Soil Type: Silty clay, grey, moist.
Specimen Average Height

Suite 300, 4342 Queen St, Niagara Falls, Ontario, Canada, L2E 7J7  Tel:1 (905) 374 5200  www.hatch.com.

Dry Density Confining Pressure - ŭϝ

A. Touhidi
wŜǇƻǊǘŜŘ .ȅΥ
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!ǘǘƴΥ

BEFORE AFTER

NOTES:

2 of 2

Strain rate slightly less than minimum suggested ASTM was chosen to facilitate manual 
readings.

tǊƻƧŜŎǘΥ {ƻǳǘƘ aŀǊŎƘ .9{{ ¢ŜŘ .ŜŀŘƭŜ

{ŀƳǇƭŜ пΦрт Ƴ ǘƻ рΦмт Ƴ
{ƻǳǊŎŜ C¸нпπлрΣ ¢Ŝǎǘ н

5ŀǘŜΥ CŜōǊǳŀǊȅ мнΦнлнр .ǊƻƻƪŦƛŜƭŘ wŜƴŜǿŀōƭŜ tƻǿŜǊ
tǊƻƧŜŎǘ bǳƳōŜǊΥ  Iκотрмпн  мум .ŀȅ {ǘΦ {ǳƛǘŜ оллΣ ¢ƻǊƻƴǘƻΣ hb aрW н¢о

DŜƻǘŜŎƘƴƛŎŀƭ [ŀōƻǊŀǘƻǊȅ

¦ƴŎƻƴǎƻƭƛŘŀǘŜŘ ¦ƴŘǊŀƛƴŜŘ ¢ǊƛŀȄƛŀƭ /ƻƳǇǊŜǎǎƛƻƴ 
¢Ŝǎǘ ƻƴ /ƻƘŜǎƛǾŜ {ƻƛƭǎ
!{¢a 5нурлπмр



!ǘǘƴΥ

13.322 cm 2.72 Assumed
5.888 cmч 37 %

27.226 cmч 18 %
636.03 grams 19 %
1753.6 kg/mш

50.9 %
1161.8 kg/mш

2.26 0.38 % /min

Axial Strain at Peak 3.2 % Max. Stress at Peak ( ʵ♫ ύ 182.39 kPa

5ŀǘŜΥ
5ŀǘŜΥ

1 of 2

пΦрт Ƴ ǘƻ рΦмт Ƴ

L/D Ratio

Specific Gravity
Liquid Limit
Plastic Limit
Plasticity Index

Strain Rate 

Specimen Average Diameter
Initial Cross Sect. Area
Moist Specimen Mass

!{¢a 5нмссπнп DŜƻǘŜŎƘƴƛŎŀƭ [ŀōƻǊŀǘƻǊȅ

5ŀǘŜΥ WŀƴǳŀǊȅ нлΦ нлнр .ǊƻƻƪŦƛŜƭŘ wŜƴŜǿŀōƭŜ tƻǿŜǊ

¦ƴŎƻƴŦƛƴŜŘ /ƻƳǇǊŜǎǎƛǾŜ {ǘǊŜƴƎǘƘ ƻŦ /ƻƘŜǎƛǾŜ 
{ƻƛƭǎ

tǊƻƧŜŎǘ bǳƳōŜǊΥ  

ϭIŀǘŎƘ нлмт !ƭƭ ǊƛƎƘǘǎ ǊŜǎŜǊǾŜŘΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ ǊƛƎƘǘǎ ǊŜƭŀǘƛƴƎ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ƛǘǎ ŎƻƴǘŜƴǘǎΦ

R. Serluca . Lab Manager January 22.2025
wŜǾƛŜǿŜŘ .ȅΥ 

 мум .ŀȅ {ǘΦ {ǳƛǘŜ оллΣ ¢ƻǊƻƴǘƻΣ hb aрW н¢о
tǊƻƧŜŎǘΥ {ƻǳǘƘ aŀǊŎƘ .9{{ ¢ŜŘ .ŜŀŘƭŜ

{ŀƳǇƭŜ

Iκотрмпн

February 18.2025

Notice: The test data given herein pertain to the sample provide, and may not be applicable to other production zones/periods. This 
report constitutes a testing service only. Interpretation of the data given here may be provided upon request.

Moist Density
Moisture Content 

{ƻǳǊŎŜ C¸нпπлр

Soil Type: Silty clay, grey, moist.
Specimen Average Height

Suite 300, 4342 Queen St, Niagara Falls, Ontario, Canada, L2E 7J7  Tel:1 (905) 374 5200  www.hatch.com.

Dry Density

A. Touhidi
wŜǇƻǊǘŜŘ .ȅΥ
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!ǘǘƴΥ

BEFORE AFTER

NOTES:

2 of 2

Strain rate slightly slower than ASTM minimum reccomended in order to facilitate 
manual readings.

tǊƻƧŜŎǘΥ {ƻǳǘƘ aŀǊŎƘ .9{{ ¢ŜŘ .ŜŀŘƭŜ

{ŀƳǇƭŜ пΦрт Ƴ ǘƻ рΦмт Ƴ
{ƻǳǊŎŜ C¸нпπлр

5ŀǘŜΥ WŀƴǳŀǊȅ нлΦ нлнр .ǊƻƻƪŦƛŜƭŘ wŜƴŜǿŀōƭŜ tƻǿŜǊ
tǊƻƧŜŎǘ bǳƳōŜǊΥ  Iκотрмпн  мум .ŀȅ {ǘΦ {ǳƛǘŜ оллΣ ¢ƻǊƻƴǘƻΣ hb aрW н¢о

DŜƻǘŜŎƘƴƛŎŀƭ [ŀōƻǊŀǘƻǊȅ

¦ƴŎƻƴǎƻƭƛŘŀǘŜŘ ¦ƴŘǊŀƛƴŜŘ ¢ǊƛŀȄƛŀƭ /ƻƳǇǊŜǎǎƛƻƴ 
¢Ŝǎǘ ƻƴ /ƻƘŜǎƛǾŜ {ƻƛƭǎ
!{¢a 5нурлπмр



!ǘǘƴΥ

5ŜǇǘƘ

Soil Type:
1.853 cm 1.389 cm
1.442 - 0.830 -
100.5 % 99.9 %
1.732 g/cm3 1.972 g/cm3

101.99 grams 2.78
1.14 g/cmш 6.361 cm
52.1 % 29.8 %

Load Pressure Final Final t50 cv mv k
Stage Void Height

kPa Ratio cm min. cm2/s 1/kPa cm/s

Initial 0.0 1.442 1.853
1 11.5 1.434 1.847
2 23.9 1.423 1.839
3 47.7 1.412 1.831
4 95.5 1.391 1.814
5 190.9 1.274 1.726
6 381.8 0.989 1.510 2.89 4.08E-02 6.99E-04 2.80E-06
7 763.7 0.820 1.381 1.82 2.22E-01 2.33E-04 5.08E-06
8 1527.4 0.702 1.292 1.00 6.20E-01 8.77E-05 5.33E-06
9 763.7 0.699 1.290

10 190.9 0.719 1.304
11 47.7 0.744 1.324
12 11.5 0.769 1.343

5ŀǘŜΥ
5ŀǘŜΥ

hƴŜπ5ƛƳŜƴǎƛƻƴŀƭ /ƻƴǎƻƭƛŘŀǘƛƻƴ ƻŦ {ƻƛƭǎ ¦ǎƛƴƎ 
LƴŎǊŜƳŜƴǘŀƭ [ƻŀŘƛƴƎΦ

5ŀǘŜΥ CŜōǊǳŀǊȅ млΦнлнр .ǊƻƻƪŦƛŜƭŘ wŜƴŜǿŀōƭŜ tƻǿŜǊ
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tǊƻƧŜŎǘΥ {ƻǳǘƘ aŀǊŎƘ .9{{ ¢ŜŘ .ŜŀŘƭŜ
tǊƻƧŜŎǘ bǳƳōŜǊΥ  Iκотрмпн .ǊƻƻƪŦƛŜƭŘ tƭŀŎŜΣ {ǳƛǘŜ мллΣ мум .ŀȅ {ǘΦ ¢ƻǊƻƴǘƻ 

aŜǘƘƻŘ{ƻǳǊŎŜ C¸нпπлр ! π нп ƘƻǳǊ LƴŎǊŜƳŜƴǘǎ
{ŀƳǇƭŜ ¢hм 15 ft to 17 ft

Initial Degree of Saturation Final Degree of Saturation 
Initial Void Ratio Final Void Ratio

Clayey SILT, trace Sand, trace Gravel.
Initial Height of Specimen Final Height of Sample

Initial Dry Density Specimen Diameter
Initial Moist Specimen Mass Specific Gravity
Initial Wet Density Final Wet Density

February 24.2025
wŜǇƻǊǘŜŘ .ȅΥ R.Serluca,  Laboratory Manager February 18.2025

Initial Moisture Content Final Moisture Content

wŜǾƛŜǿŜŘ .ȅΥ T. Beadle 

ϭIŀǘŎƘ нлмт !ƭƭ ǊƛƎƘǘǎ ǊŜǎŜǊǾŜŘΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ ǊƛƎƘǘǎ ǊŜƭŀǘƛƴƎ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ƛǘǎ ŎƻƴǘŜƴǘǎΦ

Notice: The test data given herein pertain to the sample provide, and may not be applicable to other production zones/periods. This report 
constitutes a testing service only. Interpretation of the data given here may be provided upon request.

Suite 300, 4342 Queen St, Niagara Falls, Ontario, Canada, L2E 7J7  Tel:1 (905) 374 5200  www.hatch.com.
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Test Notes.

1- Standard load increment durations were 24 hrs.

2-

3- Seating load of 3.86 kPa applied before test

4- Test specimen was trimmed from 75 mm tube sample.

5- Specific gravity was determined from sample trimmings

Data interpolated at loads that  exceeded 24 hrs, namely loading at 
191 kPa and unloading 191 kPa loads.

!{¢a 5 нпорπмм DŜƻǘŜŎƘƴƛŎŀƭ [ŀōƻǊŀǘƻǊȅ
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Project: Job:
Client: Date:

Thermal Resistivity Report ASTM D:5334

H/375142/999-0101
Hatch

Specimen A:
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15599
1/22/25
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Project:
Client:
Boring No.:FY24-1
Soil Type:

LL: PI: 20

21.6

SET-R18a

Moisture Density Curve ASTM: D698, Method B
H/375142/999-0101

Maximum Dry Density (pcf):

Hatch

18

Lean Clay (CL)
1-5Sample:

9530 James Ave South Bloomington, MN 55431

*Assumed

Job No.
Date: 1/14/25

15599

Specific Gravity: ����

Opt. Water Content (%):

Location:

As Received W.C. (%): 28.6 38 PL:

Depth(ft):

104.0

95

96

97

98

99

100

101

102

103

104

105

18 19 20 21 22 23 24 25 26 27 28

D
ry

 D
en

si
ty

 (P
C

F)

Water Content (%)

Proctor Points

Zero Air Voids



California Bearing Ratio ASTM:D1883

Job:
Date:

LL: Gs:
PL: Organic Content:
PI: pH:

22.9%Average of specimen:

Corrected CBR Values
at 0.1 inch (%)
at 0.2 inch (%)

Top 1" of Specimen:

Surcharge (psf)

3.1%

24.4%

2.8%

Specimen
Compaction Hammer:
Number of Layers:
Blows per Layer:

Total Swell (%)

99.0

50
Days Soaked
Surcharge (psf)

Initial Moisture Content:
Initial Dry Density (PCF)
Relative Compaction

1.8%

4

50

95.2%

Stress vs. Penetration Graph

A
5 lb

3

Initial Molding Conditions

Soaking Phase

Penetration Phase

Moisture Content After Penetration

NA
21.5%

Classification:

ASTM:D698 Method B
Index PropertiesLaboratory Moisture-Density Values

104.0
Optimum Water Content:

Maximum Dry Density (PCF):
Method:

21.5%

Project:
Client:

Boring #:

15599
1/16/25

H/375142/999-0101
Hatch

Depth (ft):

Lean Clay (CL)

Procedural Method:
Sample:

Type:
1-5

FY24-1

Bulk

Specimens compacted to approximately 95% of maximum standard proctor 
density at optimum moisture content.  Specimens soaked for a period of 4 
days before CBR test was performed.
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351 Nash Road North, unit 9B
Hamilton, ON L8H 7P4

1-800-749-1947

www.paracellabs.com

Certificate of Analysis
Hatch Ltd.
4342 Queen Street, Suite 300
Niagara Falls, ON L2E 7J7

Attn: Ted Beadle
    Report Date : 24-Dec-2024 

Client PO:  

Project: H/375035 / H/375142

Custody:    145330 

This Certificate of Analysis contains analytical data applicable to the following samples as submitted:

Order Date: 18-Dec-2024 

 Order #: 2451324

Paracel ID Client ID

2451324-01 TR24-1-C1

2451324-02 TR24-6-C1

2451324-03 FY24-1-C1

2451324-04 FY24-5-C1

Approved By: Alex Enfield, MSc

Lab Manager
Page 1 of 8



 Order #: 2451324

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 24-Dec-2024

Order Date: 18-Dec-2024 

Project Description: H/375035 / H/375142

Analysis Summary Table
Analysis Method Reference/Description Extraction Date Analysis Date
Anions EPA 300.1 - IC, water extraction 23-Dec-2423-Dec-24
pH, soil EPA 150.1 - pH probe @ 25 °C, CaCl buffered ext. 20-Dec-2419-Dec-24
Resistivity EPA 120.1 - probe, water extraction 24-Dec-2423-Dec-24
Solids,  % CWS Tier 1 -  Gravimetric 20-Dec-2419-Dec-24
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 Order #: 2451324

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 24-Dec-2024

Order Date: 18-Dec-2024 

Project Description: H/375035 / H/375142

TR24-1-C1 TR24-6-C1 FY24-1-C1 FY24-5-C1Client ID:

Sample Date:
Sample ID:

Matrix:

MDL/Units

18-Dec-24 11:00
2451324-01

Soil

18-Dec-24 11:00
2451324-02

Soil

18-Dec-24 11:30
2451324-03

Soil

18-Dec-24 11:30
2451324-04

Soil

- -

Physical Characteristics

72.373.987.588.3% Solids 0.1 % by Wt. - -
General Inorganics

7.107.167.337.36pH 0.05 pH Units - -

10617510265.5Resistivity 0.10 Ohm.m - -
Anions

<5<5<5<5Chloride 5 ug/g - -

610772Sulphate 5 ug/g - -
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 Order #: 2451324

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 24-Dec-2024

Order Date: 18-Dec-2024 

Project Description: H/375035 / H/375142

 Analyte Result Reporting
Limit

Units %REC %REC
Limit

RPD RPD
Limit

Notes 

Method Quality Control: Blank

Anions
Chloride 5 ug/g ND  
Sulphate 5 ug/g ND  
General Inorganics
Resistivity 0.10 Ohm.mND  
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 Order #: 2451324

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 24-Dec-2024

Order Date: 18-Dec-2024 

Project Description: H/375035 / H/375142

Method Quality Control: Duplicate

 Analyte Result Reporting
Limit

Units Source
Result

%REC %REC
Limit

RPD RPD
Limit

Notes 

Anions
Chloride ND 5 ug/g ND NC 20  

Sulphate 63.6 5 ug/g 72.4 13.0 20  

General Inorganics
pH 7.12 0.05 pH Units 7.11 0.1 10  

Resistivity 77.5 0.10 Ohm.m 75.9 2.0 20  

Physical Characteristics
% Solids 80.8 0.1 % by Wt. 81.5 0.9 25  
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 Order #: 2451324

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 24-Dec-2024

Order Date: 18-Dec-2024 

Project Description: H/375035 / H/375142

Method Quality Control: Spike

 Analyte Result
Reporting

Limit Units
Source
Result %REC

%REC
Limit RPD

RPD
Limit Notes 

Anions
Chloride 10.8 5 ug/g ND 105 80-120
Sulphate 16.9 5 ug/g 7.24 97.0 80-120
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 Order #: 2451324

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 24-Dec-2024

Order Date: 18-Dec-2024 

Project Description: H/375035 / H/375142

Qualifer Notes:

Sample Data Revisions:
None

Work Order Revisions / Comments:
None

Other Report Notes:

n/a: not applicable

ND: Not Detected

MDL: Method Detection Limit

Source Result: Data used as source for matrix and duplicate samples

%REC: Percent recovery.

RPD: Relative percent difference.
NC: Not Calculated

Soil results are reported on a dry weight basis unlesss otherwise noted.

Where %Solids is reported, moisture loss includes the loss of volatile hydrocarbons.

Any use of these results implies your agreement that our total liabilty in connection with this work, however arising, shall be limited to the amount paid by you for this work, and that our employees or agents 
shall not under any circumstances be liable to you in connection with this work.
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351 Nash Road North, unit 9B
Hamilton, ON L8H 7P4

1-800-749-1947

www.paracellabs.com

Certificate of Analysis
Hatch Ltd.
4342 Queen Street, Suite 300
Niagara Falls, ON L2E 7J7

Attn: Ted Beadle
    Report Date : 12- Aug -2025 

Client PO:  

Project: H375142

Custody:     

This Certificate of Analysis contains analytical data applicable to the following samples as submitted:

Order Date: 1- Aug -2025 

 Order #: 2531429

Paracel ID Client ID

2531429-01 BH-25-1-S1

Approved By: Alex Enfield, MSc

Lab Manager
Page 1 of 15



 Order #: 2531429

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 12-Aug-2025

Order Date: 1-Aug-2025 

Project Description: H375142

Analysis Summary Table
Analysis Method Reference/Description Extraction Date Analysis Date
Ignitability based on EPA 1030 5-Aug-255-Aug-25
REG 558 - Cyanide TCLP MOE E3015- Auto Colour 5-Aug-255-Aug-25
REG 558 - Fluoride TCLP EPA 340.2 - ISE 6-Aug-256-Aug-25
REG 558 - Mercury by CVAA TCLP EPA 7470A, CVAA 7-Aug-257-Aug-25
REG 558 - Metals, ICP-MS TCLP EPA 6020 - Digestion - ICP-MS 7-Aug-257-Aug-25
REG 558 - NO3/NO2 TCLP EPA 300.1 - IC 7-Aug-257-Aug-25
REG 558 - PCBs TCLP EPA 608 - GC-ECD 12-Aug-2512-Aug-25
REG 558 - SVOCs TCLP EPA 625 - GC-MS 6-Aug-255-Aug-25
REG 558 - VOCs TCLP ZHE EPA 624 - P&T GC-MS 7-Aug-256-Aug-25
Solids,  % CWS Tier 1 -  Gravimetric 7-Aug-256-Aug-25
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 Order #: 2531429

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 12-Aug-2025

Order Date: 1-Aug-2025 

Project Description: H375142

Summary of Criteria Exceedances
(If this page is blank then there are no exceedances)

Sample Analyte MDL / Units Result Reg 558 Schedule 4 -

Only those criteria that a sample exceeds will be highlighted in red

Regulatory Comparison:

Paracel Laboratories has provided regulatory guidelines on this report for informational purposes only and makes no representations or warranties that the data is accurate or reflects the current regulatory 
values . The user is advised to consult with the appropriate official regulations to evaluate compliance . Sample results that are highlighted have exceeded the selected regulatory limit . Calculated uncertainty 
estimations have not been applied for determining regulatory exceedances .
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 Order #: 2531429

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 12-Aug-2025

Order Date: 1-Aug-2025 

Project Description: H375142

BH-25-1-S1 - - -Client ID: Criteria:

Sample Date:
Sample ID:

Matrix:

MDL/Units

22-Jul-25 09:10
2531429-01

Soil

-
-
-

-
-
-

-
-
-

Reg 558 Schedule 4 -

Physical Characteristics

---71.2% Solids 0.1 % by Wt. - -

---Negative [1]Ignitability  N/A - -
EPA 1311 - TCLP Leachate Inorganics

---0.06Fluoride 0.05 mg/L 150 mg/L -

---<1Nitrate as N 1 mg/L 1000 mg/L -

---<1Nitrite as N 1 mg/L 1000 mg/L -

---<0.02Cyanide, free 0.02 mg/L 20 mg/L -
EPA 1311 - TCLP Leachate Metals

---<0.05Arsenic 0.05 mg/L 2.5 mg/L -

---0.17Barium 0.05 mg/L 100 mg/L -

---<0.05Boron 0.05 mg/L 500 mg/L -

---<0.01Cadmium 0.01 mg/L 0.5 mg/L -

---<0.05Chromium 0.05 mg/L 5 mg/L -

---<0.05Lead 0.05 mg/L 5 mg/L -

---<0.005Mercury 0.005 mg/L 0.1 mg/L -

---<0.05Selenium 0.05 mg/L 1 mg/L -

---<0.05Silver 0.05 mg/L 5 mg/L -

---<0.05Uranium 0.05 mg/L 10 mg/L -
EPA 1311 - TCLP Leachate Volatiles

---<0.005Benzene 0.005 mg/L 0.5 mg/L -

---<0.005Carbon Tetrachloride 0.005 mg/L 0.5 mg/L -

---<0.004Chlorobenzene 0.004 mg/L 8 mg/L -

---<0.006Chloroform 0.006 mg/L 10 mg/L -

---<0.0041,2-Dichlorobenzene 0.004 mg/L 20 mg/L -

---<0.0041,4-Dichlorobenzene 0.004 mg/L 0.5 mg/L -
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 Order #: 2531429

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 12-Aug-2025

Order Date: 1-Aug-2025 

Project Description: H375142

BH-25-1-S1 - - -Client ID: Criteria:

Sample Date:
Sample ID:

Matrix:

MDL/Units

22-Jul-25 09:10
2531429-01

Soil

-
-
-

-
-
-

-
-
-

Reg 558 Schedule 4 -

EPA 1311 - TCLP Leachate Volatiles

---<0.0051,2-Dichloroethane 0.005 mg/L 0.5 mg/L -

---<0.0061,1-Dichloroethylene 0.006 mg/L 1.4 mg/L -

---<0.30Methyl Ethyl Ketone (2-Butanone) 0.30 mg/L 200 mg/L -

---<0.04Methylene Chloride 0.04 mg/L 5 mg/L -

---<0.005Tetrachloroethylene 0.005 mg/L 3 mg/L -

---<0.004Trichloroethylene 0.004 mg/L 5 mg/L -

---<0.005Vinyl chloride 0.005 mg/L 0.2 mg/L -
Surrogate4-Bromofluorobenzene - -108% - - -
SurrogateToluene-d8 - -104% - - -
SurrogateDibromofluoromethane - -96.8% - - -

EPA 1311 - TCLP Leachate Organics

---<0.00102,4-Dinitrotoluene 0.0010 mg/L 0.13 mg/L -

---<0.0010Benzo [a] pyrene 0.0010 mg/L 0.001 mg/L -

---<0.0010Nitrobenzene 0.0010 mg/L 2 mg/L -

---<0.0010Hexachloroethane 0.0010 mg/L 3 mg/L -

---<0.0500Hexachlorobenzene 0.0500 mg/L 0.13 mg/L -

---<0.0010Hexachlorobutadiene 0.0010 mg/L 0.5 mg/L -

---<0.00202,3,4,6-Tetrachlorophenol 0.0020 mg/L 10 mg/L -

---<0.00102,4,5-Trichlorophenol 0.0010 mg/L 400 mg/L -

---<0.00102,4,6-Trichlorophenol 0.0010 mg/L 0.5 mg/L -

---<0.00102,4-Dichlorophenol 0.0010 mg/L 90 mg/L -

---<0.00102-Methylphenol 0.0010 mg/L 200 mg/L -

---<0.00103/4-Methylphenol 0.0010 mg/L 200 mg/L -

---<0.0050Pentachlorophenol 0.0050 mg/L 6 mg/L -
Surrogate2,4,6-Tribromophenol - -99.2% - - -
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 Order #: 2531429

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 12-Aug-2025

Order Date: 1-Aug-2025 

Project Description: H375142

BH-25-1-S1 - - -Client ID: Criteria:

Sample Date:
Sample ID:

Matrix:

MDL/Units

22-Jul-25 09:10
2531429-01

Soil

-
-
-

-
-
-

-
-
-

Reg 558 Schedule 4 -

EPA 1311 - TCLP Leachate Organics
Surrogate2-Fluorophenol - -32.4% [4] - - -
Surrogate2-Fluorobiphenyl - -62.1% - - -
SurrogateTerphenyl-d14 - -56.1% - - -

---<0.003 [1]PCBs, total 0.003 mg/L 0.3 mg/L -
SurrogateDecachlorobiphenyl - -109% [1] - - -
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 Order #: 2531429

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 12-Aug-2025

Order Date: 1-Aug-2025 

Project Description: H375142

 Analyte Result Reporting
Limit

Units %REC %REC
Limit

RPD RPD
Limit

Notes 

Method Quality Control: Blank

EPA 1311 - TCLP Leachate Inorganics
Fluoride 0.05 mg/LND  
Nitrate as N 1 mg/LND  
Nitrite as N 1 mg/LND  
Cyanide, free 0.02 mg/LND  
EPA 1311 - TCLP Leachate Metals
Arsenic 0.05 mg/LND  
Barium 0.05 mg/LND  
Boron 0.05 mg/LND  
Cadmium 0.01 mg/LND  
Chromium 0.05 mg/LND  
Lead 0.05 mg/LND  
Mercury 0.005 mg/LND  
Selenium 0.05 mg/LND  
Silver 0.05 mg/LND  
Uranium 0.05 mg/LND  
EPA 1311 - TCLP Leachate Organics
2,4-Dinitrotoluene 0.0010 mg/LND  
Benzo [a] pyrene 0.0010 mg/LND  
Nitrobenzene 0.0010 mg/LND  
Hexachloroethane 0.0010 mg/LND  
Hexachlorobenzene 0.0500 mg/LND  
Hexachlorobutadiene 0.0010 mg/LND  
2,3,4,6-Tetrachlorophenol 0.0020 mg/LND  
2,4,5-Trichlorophenol 0.0010 mg/LND  
2,4,6-Trichlorophenol 0.0010 mg/LND  
2,4-Dichlorophenol 0.0010 mg/LND  
2-Methylphenol 0.0010 mg/LND  
3/4-Methylphenol 0.0010 mg/LND  
Pentachlorophenol 0.0050 mg/LND  
Surrogate: 2,4,6-Tribromophenol 0.023 % 92.3 40-150  
Surrogate: 2-Fluorobiphenyl 0.013 % 49.9 40-150  
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 Order #: 2531429

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 12-Aug-2025

Order Date: 1-Aug-2025 

Project Description: H375142

 Analyte Result Reporting
Limit

Units %REC %REC
Limit

RPD RPD
Limit

Notes 

Method Quality Control: Blank

Surrogate: 2-Fluorophenol 0.0083 % 32.8 40-150  S-GC
Surrogate: Terphenyl-d14 0.019 % 75.7 40-150  
PCBs, total 0.003 mg/LND  
Surrogate: Decachlorobiphenyl 0.010 % 103 62-138  
EPA 1311 - TCLP Leachate Volatiles
Benzene 0.005 mg/LND  
Carbon Tetrachloride 0.005 mg/LND  
Chlorobenzene 0.004 mg/LND  
Chloroform 0.006 mg/LND  
1,2-Dichlorobenzene 0.004 mg/LND  
1,4-Dichlorobenzene 0.004 mg/LND  
1,2-Dichloroethane 0.005 mg/LND  
1,1-Dichloroethylene 0.006 mg/LND  
Methyl Ethyl Ketone (2-Butanone) 0.30 mg/LND  
Methylene Chloride 0.04 mg/LND  
Tetrachloroethylene 0.005 mg/LND  
Trichloroethylene 0.004 mg/LND  
Vinyl chloride 0.005 mg/LND  
Surrogate: 4-Bromofluorobenzene 0.776 % 112 50-140  
Surrogate: Dibromofluoromethane 0.632 % 91.5 50-140  
Surrogate: Toluene-d8 0.748 % 108 50-140  
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 Order #: 2531429

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 12-Aug-2025

Order Date: 1-Aug-2025 

Project Description: H375142

Method Quality Control: Duplicate

 Analyte Result Reporting
Limit

Units Source
Result

%REC %REC
Limit

RPD RPD
Limit

Notes 

EPA 1311 - TCLP Leachate Inorganics
Fluoride 0.32 0.05 mg/L 0.32 0.6 20  

Nitrate as N ND 1 mg/L ND NC 20  

Nitrite as N ND 1 mg/L ND NC 20  

Cyanide, free ND 0.02 mg/L ND NC 20  

EPA 1311 - TCLP Leachate Metals
Arsenic ND 0.05 mg/L ND NC 29  

Barium 8.46 0.05 mg/L 8.39 0.9 34  

Boron 0.289 0.05 mg/L 0.281 2.9 33  

Cadmium 0.064 0.01 mg/L 0.066 3.1 33  

Chromium ND 0.05 mg/L ND NC 32  

Lead 1.14 0.05 mg/L 1.13 1.6 32  

Mercury ND 0.005 mg/L ND NC 30  

Selenium ND 0.05 mg/L ND NC 28  

Silver ND 0.05 mg/L ND NC 28  

Uranium ND 0.05 mg/L ND NC 27  

EPA 1311 - TCLP Leachate Organics
PCBs, total ND 0.003 mg/L ND NC 30  

Surrogate: Decachlorobiphenyl 0.010 % 103 62-138
EPA 1311 - TCLP Leachate Volatiles
Benzene ND 0.005 mg/L ND NC 50  

Carbon Tetrachloride ND 0.005 mg/L ND NC 50  

Chlorobenzene ND 0.004 mg/L ND NC 50  

Chloroform ND 0.006 mg/L ND NC 50  

1,2-Dichlorobenzene ND 0.004 mg/L ND NC 50  

1,4-Dichlorobenzene ND 0.004 mg/L ND NC 50  

1,2-Dichloroethane ND 0.005 mg/L ND NC 50  

1,1-Dichloroethylene ND 0.006 mg/L ND NC 50  

Methyl Ethyl Ketone (2-Butanone) ND 0.30 mg/L ND NC 50  

Methylene Chloride ND 0.04 mg/L ND NC 50  

Tetrachloroethylene ND 0.005 mg/L ND NC 50  
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 Order #: 2531429

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 12-Aug-2025

Order Date: 1-Aug-2025 

Project Description: H375142

Method Quality Control: Duplicate

 Analyte Result Reporting
Limit

Units Source
Result

%REC %REC
Limit

RPD RPD
Limit

Notes 

Trichloroethylene ND 0.004 mg/L ND NC 50  

Vinyl chloride ND 0.005 mg/L ND NC 50  

Surrogate: 4-Bromofluorobenzene 0.750 % 109 50-140
Surrogate: Dibromofluoromethane 0.590 % 85.5 50-140
Surrogate: Toluene-d8 0.725 % 105 50-140
Physical Characteristics
% Solids 92.2 0.1 % by Wt. 91.9 0.3 25  
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 Order #: 2531429

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 12-Aug-2025

Order Date: 1-Aug-2025 

Project Description: H375142

Method Quality Control: LCS Dup

 Analyte Result
Reporting

Limit Units
Source
Result %REC

%REC
Limit RPD

RPD
Limit Notes 

EPA 1311 - TCLP Leachate Organics
2,4-Dinitrotoluene 0.0230 0.0010 mg/L ND 92.0 50-140 4.63 200
Benzo [a] pyrene 0.0209 0.0010 mg/L ND 83.5 50-140 3.26 200
Nitrobenzene 0.0184 0.0010 mg/L ND 73.5 50-140 9.55 200
Hexachloroethane 0.0041 0.0010 mg/L ND 16.4 50-140 5.82 200 QS-02
Hexachlorobenzene ND 0.0500 mg/L ND 50-140 200 QS-01
Hexachlorobutadiene 0.0028 0.0010 mg/L ND 11.1 50-140 5.95 200 QS-02
2,3,4,6-Tetrachlorophenol 0.0221 0.0020 mg/L ND 88.4 50-140 0.773 200
2,4,5-Trichlorophenol 0.0224 0.0010 mg/L ND 89.5 50-140 4.15 200
2,4,6-Trichlorophenol 0.0221 0.0010 mg/L ND 88.4 50-140 4.04 200
2,4-Dichlorophenol 0.0213 0.0010 mg/L ND 85.1 50-140 5.33 200
2-Methylphenol 0.0208 0.0010 mg/L ND 83.0 50-140 5.37 200
3/4-Methylphenol 0.0213 0.0010 mg/L ND 85.0 50-140 4.84 200
Pentachlorophenol 0.0208 0.0050 mg/L ND 83.0 50-140 1.89 200
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 Order #: 2531429

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 12-Aug-2025

Order Date: 1-Aug-2025 

Project Description: H375142

Method Quality Control: Spike

 Analyte Result
Reporting

Limit Units
Source
Result %REC

%REC
Limit RPD

RPD
Limit Notes 

EPA 1311 - TCLP Leachate Inorganics
Fluoride 0.81 0.05 mg/L 0.32 98.2 70-130
Nitrate as N 1 1 mg/L ND 102 80-120
Nitrite as N 1 1 mg/L ND 109 80-120
Cyanide, free 0.047 0.02 mg/L ND 94.5 60-136

EPA 1311 - TCLP Leachate Metals
Arsenic 0.507 0.05 mg/L ND 101 83-119
Barium 0.454 0.05 mg/L ND 90.8 83-116
Boron 0.775 0.05 mg/L 0.281 98.7 71-128
Cadmium 0.543 0.01 mg/L 0.066 95.5 78-119
Chromium 0.524 0.05 mg/L ND 105 80-124
Lead 0.458 0.05 mg/L ND 91.6 77-126
Mercury 0.0315 0.005 mg/L ND 105 70-130
Selenium 0.459 0.05 mg/L ND 91.8 81-125
Silver 0.446 0.05 mg/L ND 89.2 70-128
Uranium 0.476 0.05 mg/L ND 95.2 70-131

EPA 1311 - TCLP Leachate Organics
2,4-Dinitrotoluene 0.0220 0.0010 mg/L ND 87.8 50-140
Benzo [a] pyrene 0.0202 0.0010 mg/L ND 80.8 50-140
Nitrobenzene 0.0167 0.0010 mg/L ND 66.8 50-140
Hexachloroethane 0.0043 0.0010 mg/L ND 17.3 50-140 QS-02
Hexachlorobenzene ND 0.0500 mg/L ND 50-140 QS-01
Hexachlorobutadiene 0.0029 0.0010 mg/L ND 11.8 50-140 QS-02
2,3,4,6-Tetrachlorophenol 0.0219 0.0020 mg/L ND 87.7 50-140
2,4,5-Trichlorophenol 0.0215 0.0010 mg/L ND 85.9 50-140
2,4,6-Trichlorophenol 0.0212 0.0010 mg/L ND 84.9 50-140
2,4-Dichlorophenol 0.0202 0.0010 mg/L ND 80.7 50-140
2-Methylphenol 0.0197 0.0010 mg/L ND 78.7 50-140
3/4-Methylphenol 0.0202 0.0010 mg/L ND 81.0 50-140
Pentachlorophenol 0.0211 0.0050 mg/L ND 84.6 50-140
Surrogate: 2,4,6-Tribromophenol 0.025 % 99.9 40-150
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 Order #: 2531429

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 12-Aug-2025

Order Date: 1-Aug-2025 

Project Description: H375142

Method Quality Control: Spike

 Analyte Result
Reporting

Limit Units
Source
Result %REC

%REC
Limit RPD

RPD
Limit Notes 

Surrogate: 2-Fluorobiphenyl 0.013 % 53.0 40-150
Surrogate: 2-Fluorophenol 0.0064 % 25.4 40-150 S-GC
Surrogate: Terphenyl-d14 0.013 % 52.0 40-150
PCBs, total 0.036 0.003 mg/L ND 90.1 86-145
Surrogate: Decachlorobiphenyl 0.011 % 109 62-138

EPA 1311 - TCLP Leachate Volatiles
Benzene 37.3 0.005 mg/L ND 92.7 60-130
Carbon Tetrachloride 38.6 0.005 mg/L ND 95.9 60-130
Chlorobenzene 36.2 0.004 mg/L ND 90.0 60-130
Chloroform 37.8 0.006 mg/L ND 94.4 60-130
1,2-Dichlorobenzene 36.0 0.004 mg/L ND 89.6 60-130
1,4-Dichlorobenzene 36.0 0.004 mg/L ND 89.5 60-130
1,2-Dichloroethane 34.9 0.005 mg/L ND 87.4 60-130
1,1-Dichloroethylene 36.7 0.006 mg/L ND 91.3 60-130
Methyl Ethyl Ketone (2-Butanone) 92.7 0.30 mg/L ND 92.7 50-140
Methylene Chloride 38.3 0.04 mg/L ND 95.8 60-130
Tetrachloroethylene 37.3 0.005 mg/L ND 92.8 60-130
Trichloroethylene 36.4 0.004 mg/L ND 91.1 60-130
Vinyl chloride 43.7 0.005 mg/L ND 108 50-140
Surrogate: 4-Bromofluorobenzene 0.680 % 98.5 50-140
Surrogate: Dibromofluoromethane 0.704 % 102 50-140
Surrogate: Toluene-d8 0.681 % 98.6 50-140
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 Order #: 2531429

Certificate of Analysis

Client: Hatch Ltd.

Client PO:  

Report Date: 12-Aug-2025

Order Date: 1-Aug-2025 

Project Description: H375142

Qualifer Notes:

Sample Qualifiers :
1: Holding time had been exceeded upon receipt of the sample at the laboratory or prior to the analysis being requested.

4: Surrogate recovery outside of control limits. The data was accepted based on valid recovery of the remaining surrogate.

Applies to Samples: BH-25-1-S1

QC Qualifiers:
QS-01 Spike Level is less than the reporting MDL, however, recovery was acceptable.

QS-02 Spike level outside of control limits. Analysis batch accepted based on other QC included in the batch.

S-GC Surrogate recovery outside of control limits. The data was accepted based on valid recovery of the remaining surrogate.

Sample Data Revisions:
None

Work Order Revisions / Comments:
None

Other Report Notes:

n/a: not applicable

ND: Not Detected

MDL: Method Detection Limit

Source Result: Data used as source for matrix and duplicate samples

%REC: Percent recovery.

RPD: Relative percent difference.
NC: Not Calculated

Soil results are reported on a dry weight basis unlesss otherwise noted.

Where %Solids is reported, moisture loss includes the loss of volatile hydrocarbons.

Any use of these results implies your agreement that our total liabilty in connection with this work, however arising, shall be limited to the amount paid by you for this work, and that our employees or agents 
shall not under any circumstances be liable to you in connection with this work.
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Subcontracted Analysis

4342 Queen Street, Suite 300
Niagara Falls, ON L2E 7J7

Attn: Ted Beadle

Paracel Report No . 2531429

Client Project(s): H375142

Client PO:

CoC Number:

Reference : #25-360 - H375142

Order Date: 01-Aug-25
Report Date : 25-Aug-25

Sample(s) from this project were subcontracted for the listed parameters .  A copy of the subcontractor �s report is attached

Paracel ID Client ID

Hatch Ltd.

www.paracellabs.com
1-800-749-1947

Niagara-on-the-Lake, ON, L0S 1J0
16B - 360 York Road

Analysis

2531429-01 BH-25-1-S1 REG 558 - Pesticides & Herbicides- full list



Client: Alex Enfield Work Order Number: 591450
Company: Paracel Laboratories Ltd. - Hamilton PO #:
Address: 351 Nash Rd. N Unit 9b Regulation: O.Reg. 558 - Schedule 4

Hamilton, ON, L8H7P4 Project #: 2531429
Phone: (905) 631-2077 DWS #:
Email: aenfield@paracellabs.com Sampled By:

Date Order Received: 8/6/2025 Analysis Started: 8/13/2025
Arrival Temperature: 14 C Analysis Completed: 8/22/2025

Sample Description Lab ID Matrix Type Comments Date Collected Time Collected

BH-25-1-S1 2181115 Soil None 7/22/2025 9:10 AM

BH-25-1-S1 TCLP 2181454 Leachate None 8/6/2025

WORK ORDER SUMMARY

ANALYSES WERE PERFORMED ON THE FOLLOWING SAMPLES. THE RESULTS RELATE ONLY TO THE ITEMS TESTED.

Method Lab Description Reference

Carbamate TCLP (A57) Garson Determination of Carbamate Pesticides, Diuron and Glyphosate by HPLC Modified from SW846-8318A

Diquat/Paraquat TCLP (A70) Garson Determination of Diquat and Paraquat in TCLP Leachate by HPLC/ DAD Modified from EPA 549.2

Glyphosate TCLP (A82) Garson Determination of Glyphosate in Water Modified from EPA 547

OCPs TCLP (A19) Garson Determination of Organochlorine Pesticides in TCLP Extract by GC/ECD Modified from SW846-8081B

OPPest TCLP (A18) Garson Determination of Triazine Herbicides and Organophosphorus Pesticides in 
Leachate Modified from SW846-8270D, SW846-8141B

PhenoxyHerb TCLP (A56) Garson Determination of Phenoxy Acid Herbicides in Leachate by GC/ECD/ECD Modified from SW846-8151A

TCLP Leachate Extraction (A99) Garson TCLP Leachate Extraction of Soils EPA Method 1311

Toxaphene TCLP (A19) Garson Determination of Toxaphene in TCLP by GC/ECD Modified from SW846-8080

METHODS AND INSTRUMENTATION

THE FOLLOWING METHODS WERE USED FOR YOUR SAMPLE(S):

Date of Issue: 08/22/2025 14:59 7 Margaret Street, Garson, ON, P3L 1E1
Phone: (705) 693-1121   Fax: (705) 693-1124   Web: www.testmark.ca
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This report has been approved by:

Brad Halvorson, B.Sc.

Laboratory Director

WORK ORDER RESULTS

Sample Description BH - 25 - 1 - S1 TCLP

Sample Date 8/6/2025 12:00 AM

Lab ID 2181454

Carbamate Pesticides (TCLP) Result MDL Units Criteria: O.Reg. 
558 - Schedule 4

Aldicarb <100 100 ug/L 900

Bendiocarb <100 100 ug/L 4000

Carbaryl <100 100 ug/L 9000

Carbofuran <100 100 ug/L 9000

Diuron <1000 1000 ug/L 15000

Pyridine <1000 1000 ug/L 5000

Temephos <100 100 ug/L 28000

Sample Description BH - 25 - 1 - S1 TCLP

Sample Date 8/6/2025 12:00 AM

Lab ID 2181454

Herbicides (TCLP) Result MDL Units Criteria: O.Reg. 
558 - Schedule 4

Glyphosate <20 20 ug/L 28000

Date of Issue: 08/22/2025 14:59 7 Margaret Street, Garson, ON, P3L 1E1
Phone: (705) 693-1121   Fax: (705) 693-1124   Web: www.testmark.ca
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Paracel Laboratories Ltd. - Hamilton Work Order Number: 591450





Sample Description BH - 25 - 1 - S1 TCLP

Sample Date 8/6/2025 12:00 AM

Lab ID 2181454

OP Pesticides (TCLP) Result MDL Units Criteria: O.Reg. 
558 - Schedule 4

Atrazine <0.2 0.2 ug/L ~

Azinphos-methyl (Guthion) <0.2 0.2 ug/L 2000

Chlorpyriphos (Dursban) <0.2 0.2 ug/L 9000

Cyanazine (Bladex) <0.3 0.3 ug/L 1000

Desethyl atrazine <0.1 0.1 ug/L ~

Diazinon <0.2 0.2 ug/L 2000

Dimethoate <0.2 0.2 ug/L 2000

Malathion <0.1 0.1 ug/L 19000

Methyl parathion <0.3 0.3 ug/L 700

Metolachlor <0.1 0.1 ug/L 5000

Metribuzin (Sencor) <0.1 0.1 ug/L 8000

Parathion <0.2 0.2 ug/L 5000

Phorate <0.2 0.2 ug/L 200

Simazine <0.2 0.2 ug/L 1000

Terbufos <0.1 0.1 ug/L 100

Triallate <0.1 0.1 ug/L 23000

Tributyl Phosphate (Surr.) 93.6 N/A % Rec ~

Trifluralin <0.1 0.1 ug/L 4500

Date of Issue: 08/22/2025 14:59 7 Margaret Street, Garson, ON, P3L 1E1
Phone: (705) 693-1121   Fax: (705) 693-1124   Web: www.testmark.ca

Page 4 of 6

CERTIFICATE OF ANALYSIS

Paracel Laboratories Ltd. - Hamilton Work Order Number: 591450



Sample Description BH - 25 - 1 - S1 TCLP

Sample Date 8/6/2025 12:00 AM

Lab ID 2181454

Pesticides (TCLP) Result MDL Units Criteria: O.Reg. 
558 - Schedule 4

Diquat <1 1 ug/L 7000

Paraquat <0.5 0.5 ug/L 1000

Sample Description BH - 25 - 1 - S1 TCLP

Sample Date 8/6/2025 12:00 AM

Lab ID 2181454

Phenoxyacid Herbicides (TCLP) Result MDL Units Criteria: O.Reg. 
558 - Schedule 4

2,4,5-T <10 10 ug/L 28000

2,4-D <10 10 ug/L 10000

Bromoxynil <10 10 ug/L 500

Dicamba <10 10 ug/L 12000

Dichlorophenyl acetic acid (Surr.) 58.9 N/A % Rec ~

Diclofop-methyl <10 10 ug/L 900

Dinoseb <10 10 ug/L 1000

Picloram <70 70 ug/L 19000

Silvex <10 10 ug/L 1000

Date of Issue: 08/22/2025 14:59 7 Margaret Street, Garson, ON, P3L 1E1
Phone: (705) 693-1121   Fax: (705) 693-1124   Web: www.testmark.ca
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Paracel Laboratories Ltd. - Hamilton Work Order Number: 591450



LEGEND
Dates: Dates are formatted as mm/dd/year throughout this report.

Matrix: If the matrix is a leachate, the sample was extracted according to Regulation 558.

MDL: Method detection limit or minimum reporting limit.

% Rec: Surrogate compounds are added to the sample in some cases and the recovery is reported as a % recovered.

~: In a criteria column indicates the criteria is not applicable for the parameter row.

Organic Soil Analysis: Data reported for organic analysis in soils samples are corrected for moisture content.

Quality Control: All associated Quality Control data is available on request.

Field Data: Reports containing Field Parameters represent data that has been collected and provided by the client.  Testmark is not responsible for the validity of this data which may be used in subsequent calculations.

Sample Condition Deviations: A noted sample condition deviation may affect the validity of the result. Results apply to the sample(s) as received.

Reproduction of Report: Report shall not be reproduced, except in full, without the approval of Testmark Laboratories Ltd.

Regulation Comparisons: Disclaimer: Please note that regulation criteria are provided for comparative purposes, however the onus on ensuring the validity of this comparison rests with the client.

Sample Description BH - 25 - 1 - S1 TCLP

Sample Date 8/6/2025 12:00 AM

Lab ID 2181454

Toxaphene Result MDL Units Criteria: O.Reg. 
558 - Schedule 4

Decachlorobiphenyl (Surr.) 64.2 N/A % Rec ~

Toxaphene <70 70 ug/L 500

Date of Issue: 08/22/2025 14:59 7 Margaret Street, Garson, ON, P3L 1E1
Phone: (705) 693-1121   Fax: (705) 693-1124   Web: www.testmark.ca
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1. Introduction
This report presents the results of the Vertical Electric Sounding survey carried out by Hatch
on November 27, 2024, at the South March Battery Energy Storage System (BESS) site in
Dunrobin, Ontario. The objective of the survey was to conduct soil resistivity tests using the 4-
electrode Wenner method at the site.

2. Methodology
The Wenner 4-electrode method is also known as a vertical electric resistivity sounding
(VES). This method is described by ASTM G57-06 and ANSI/IEEE Standard 81-1983
standards. To determine the soils resistivity, four evenly spaced steel electrodes are inserted
into the soil in a straight line and a DC or AC test current is applied to the outer two
electrodes. The associated potential difference V is measured between the inner pair of
potential electrodes. The effective resistance R of subsurface material is measured and
converted to units of Ohms using Ohms’ law, R=V/I. The influence of each specific electrode
spacing between electrodes is then converted to the soils apparent resistivity using the
geometrical correction factor p,ʍ m = 2Ⱬ a R where (a) is the electrode spacing in meters.
The apparent resistivity is then reported in units of ohm-metres (ʍ m).

The test is carried out by keeping the test instrument at central location, while the a-spacing
between the current electrodes (C1 and C2) and potential electrodes (P1 and P2) is
increased outwards from the central location in steps in order to achieve greater depth
penetration (see Figure 1 below). The survey depth increases with increasing electrode
separation to yield a vertical electrical sounding of the subsurface. This approach highlights
changes in vertical stratification in electrical properties of the ground. Where possible, the test
array is then rotated 90 degrees creating two orthogonal spreads about a common midpoint
to investigate the possibility of planar anisotropy in the ground where space permits.

Figure 1: Typical Wenner Array Configuration

The data were acquired with the following standards as guidelines.

• ASTM Standard G 57, 2006, “Standard Test Method for Field Measurement of Soil
Resistivity Using the Wenner Four-Electrode Method,” ASTM International, West
Conshohocken, PA.
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• ANSI/IEEE Standard 81, 1983, “Guide for Measuring Earth Resistivity, Ground
Impedance, and Earth Surface Potentials of a Ground System,” The Institute of Electrical
and Electronics Engineers, Inc., New York, NY, USA.

3. Field Work
Two intersecting VES lines were collected. The VES data were acquired using a Syscal R1
Plus soil resistivity meter using the 4-electrode Wenner survey. Electrode ‘a’-spacings of
0.61, 1.5, 3.0, 6.1, 15.2, 30.5, and 61.0 m were employed for Line A, and 0.61, 1.5, 3.0, 6.1,
15.2, 30.5, and 36.6 m for Line B.

Cold, windy and sunny conditions persisted throughout the duration of the field testing.
Temperature ranged from -1 and 5 degrees Celsius.

The ground surface at the South March BESS site is grass covered, and soil conditions were
moist at the time of testing due to light rain in the previous day.  Terrain is generally flat.

Figure 2 displays a general project location map indicating the VES test location.

Figure 2: Site Map Showing VES Test Location (Red Line)
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Table 1 shows the NAD 83 MTM Zone 9 coordinates for each VES line. Table 2 and 3 shows
the measurements taken on site and Figures 3 and 4 presents the graphical results of the
VES data.

Table 1: Coordinates of VES Lines

Line Location of Point
Easting

(m)
Northing

(m)

Approximate
Elevation

(masl)

A
West End 340,557.11 5,028,466.98 100.89
Mid-Point 340,622.44 5,028,532.00 100.89
East End 340,686.68 5,028,598.05 100.43

B
North End 340,548.64 5,028,545.91 100.89
Mid-point 340,596.32 5,028,511.54 100.89

South End 340,635.99 5,028,479.48 102.89

Table 2: Measured Data of VES Line A

Electrode Spacing
(a) m

Pin Depth
(d) m

Voltage
(mV)

Current
(mA) Resistance ʍ Apparent

Resistivity (ʍ-m)

0.61 0.06 3,273.55 161.36 20.29 77.67
1.5 0.15 805.59 245.42 3.28 31.42
3.0 0.15 709.60 334.07 2.12 40.66
6.1 0.15 685.09 370.32 1.85 70.82

15.2 0.15 831.43 440.58 1.89 180.61
30.5 0.2 988.93 495.64 2.00 381.92
61.0 0.2 1,006.02 480.76 2.09 801.09
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Figure 3: Graphical Presentation of Measured VES Data Line A

Table 3: Measured Data of VES Line B

Electrode Spacing
(a) m

Pin Depth
(d) m

Voltage
(mV)

Current
(mA) Resistance ʍ Apparent

Resistivity (ʍ-m)

0.61 0.06 3,305.08 157.93 20.93 80.12
1.5 0.15 890.95 233.74 3.81 36.48
3.0 0.15 565.65 267.68 2.11 40.45
6.1 0.15 587.37 327.27 1.79 68.71

15.2 0.15 901.00 465.61 1.94 185.20
30.5 0.2 405.25 153.18 2.65 506.40
36.6 0.2 518.69 186.63 2.78 638.38
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Figure 4: Graphical Presentation of Measured VES Data Line B

4. Limitations of Use
The geophysical method presented in this report is based on the use of geophysical
surveying techniques. As with any geophysical method, values presented in this report should
be confirmed by intrusive methods (boreholes, test pits, etc.).

This geophysical survey was carried out in a manner consistent with the level of care and skill
normally exercised by other members of the engineering and science professions currently
practising under similar conditions, subject to the time limits and financial and physical
constraints applicable to the services provided. This is a factual report therefore no warranty
is either expressed, implied, or made as to the conclusions, advice, and recommendations
offered.

Any use of the information within this report made by a third party, or any reliance on, or
decisions to be made based on it, are the sole responsibility of such third parties. Hatch
accepts no responsibility for damages, if any, suffered by any third party as a result of
decisions made or actions taken based on this report.
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5. Closure
We trust that this technical memorandum meets your needs at the present time. If you have
any questions or require clarification, please contact the undersigned at your convenience.

Ralph Serluca C.Tech
Civil Technologist
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Rock Core Photographs
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  Appendix G
Conceptual Foundation Drawings
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GENERAL NOTES
1. THIS SKETCH PRESENTS VARIOUS TYPES OF FOUNDATIONS TO BE USED FOR THE

SOUTH MARCH BESS PROJECT AND IS BASED ON THE GEOTECHNICAL REPORT
H375142-0000-2A0-066-0001. REFER TO GEOTECHNICAL REPORT FOR FURTHER 
FOUNDATION DETAILS.

2. DUE TO THE VARYING DEPTH OF BEDROCK ON THE SITE, CONTRACTOR TO SELECT
THE MOST OPTIMAL OPTION BASED ON THE ACTUAL SOIL CONDITIONS.

3. CONTRACTOR IS RESPONSIBLE FOR DETAIL DESIGN OF ALL FOUNDATIONS TO BE
CONSTRUCTED BY THEM.

4. FOR DEAD LOADS AND MANUFACTURER REQUIREMENTS FOR FOUNDATION DESIGN,
REFER TO THE DOCUMENT "DW_20241019_ST5015UX-4H-US_STRUCTURE DRAWING
AND THE FOUNDATION DIAGRAM_V5".

NOTES:
1. PILE TIP ELEVATION TO BE DETERMINED ACCORDING TO SUBSURFACE

CONDITIONS ENCOUNTERED BY THE CONSTRUCTION CONTRACTOR. SEE GEOTECHNICAL REPORT.
2. THE USE OF TEMPORARY CAISSON LINERS TO BE DETERMINED BY

CONSTRUCTION CONTRACTOR.
3. A FACTORED PILE RESISTANCE OF 500 KN AT ULTIMATE LIMIT STATES (ULS) 

WITH THE TIP INSTALLED TO TOP OF BEDROCK CAN BE USED FOR DESIGN PURPOSES.

NOTES:
1. PILE TIP ELEVATION TO BE DETERMINED ACCORDING TO SUBSURFACE

CONDITIONS ENCOUNTERED BY THE CONSTRUCTION CONTRACTOR.
2. HELICAL PILE GEOTECHNICAL RESISTANCE TO BE DETERMINED BY

PROPRIETARY DESIGNER.
3. A FACTORED PILE RESISTANCE OF 500 KN AT ULTIMATE LIMIT STATES (ULS)

WITH THE TIP INSTALLED TO TOP OF BEDROCK CAN BE USED FOR DESIGN PURPOSES.
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GENERAL NOTES
1. THIS SKETCH PRESENTS VARIOUS TYPES OF FOUNDATIONS TO BE USED FOR THE

SOUTH MARCH BESS PROJECT AND IS BASED ON THE GEOTECHNICAL REPORT
H3750142-0000-2A0-066-0001. REFER TO GEOTECHNICAL REPORT FOR FURTHER 
FOUNDATION DETAILS.

2. DUE TO THE VARYING DEPTH OF BEDROCK ON THE SITE, CONTRACTOR TO SELECT
THE MOST OPTIMAL OPTION BASED ON THE ACTUAL SOIL CONDITIONS.

3. CONTRACTOR IS RESPONSIBLE FOR DETAIL DESIGN OF ALL FOUNDATIONS TO BE
CONSTRUCTED BY THEM.

4. FOR DEAD LOADS AND MANUFACTURER REQUIREMENTS FOR FOUNDATION DESIGN
REFER TO THE DOCUMENT "DW_20241019_ST5015UX-4H-US_STRUCTURE DRAWING
AND THE FOUNDATION DIAGRAM_V5".
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  Appendix H 
Geophysics Report
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a!{²κa!a ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ моШ
.ŜŘǊƻŎƪ wŜǎǳƭǘǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мтШ

 
¢ŀōƭŜ мΥ {ŜƛǎƳƛŎ [ƛƴŜǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ фШ
¢ŀōƭŜ нΥ .ƻǊŜƘƻƭŜ [ƻƎǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ млШ
¢ŀōƭŜ оΥ 9ƭŀǎǘƛŎ aƻŘǳƭƛ /ŀƭŎǳƭŀǘƛƻƴǎ ŦǊƻƳ a!{² 5ŀǘŀ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мсШ
 

CƛƎǳǊŜ мΥ hǾŜǊǾƛŜǿ aŀǇ ǿƛǘƘ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ǎǳǊǾŜȅ ŀǊŜŀ ƛƴ ǊŜŘ оШ
CƛƎǳǊŜ нΥ DŜƻƴƛŎǎ 9aπом aƪн ƻƴ ǎƛǘŜ рШ
CƛƎǳǊŜ оΥ {ŜƛǎƳƛŎ оπƳŜǘŜǊ {ǇŀŎƛƴƎ CƛŜƭŘ {ŜǘǳǇΣ DŜƻǇƘƻƴŜǎ όƻǊŀƴƎŜύΣ {Ƙƻǘ [ƻŎŀǘƛƻƴǎ όǊŜŘύ сШ
CƛƎǳǊŜ пΥ !.9a ¢ŜǊǊŀƭƻŎ tǊƻ н ς нп /ƘŀƴƴŜƭ {ŜƛǎƳƻƎǊŀǇƘ ǿƛǘƘ пΦрIȊ ƎŜƻǇƘƻƴŜǎΦ тШ
CƛƎǳǊŜ рΥ 9aπом vǳŀŘǊŀǘǳǊŜ DǊƻǳƴŘ /ƻƴŘǳŎǘƛǾƛǘȅ aŀǇ ммШ
CƛƎǳǊŜ сΥ 9aπом LƴπtƘŀǎŜ aŀƎƴŜǘƛŎ {ǳǎŎŜǇǘƛōƛƭƛǘȅ aŀǇ ммШ
CƛƎǳǊŜ тΥ 9aπом vǳŀŘǊŀǘǳǊŜ tƘŀǎŜ DǊƻǳƴŘ /ƻƴŘǳŎǘƛǾƛǘȅ aŀǇ ǿƛǘƘ {ŜƛǎƳƛŎ [ƛƴŜ ŀƴŘ .ƻǊŜƘƻƭŜ hǾŜǊƭŀȅ мнШ
CƛƎǳǊŜ уΥ 9aπом LƴπtƘŀǎŜ aŀƎƴŜǘƛŎ {ǳǎŎŜǇǘƛōƛƭƛǘȅ aŀǇ ǿƛǘƘ {ŜƛǎƳƛŎ [ƛƴŜ ŀƴŘ .ƻǊŜƘƻƭŜ hǾŜǊƭŀȅ мнШ
CƛƎǳǊŜ фΥ /ƻƳōƛƴŜŘ !ŎǘƛǾŜ ϧ tŀǎǎƛǾŜ 5ƛǎǇŜǊǎƛƻƴ /ǳǊǾŜ ŦƻǊ ǘƘŜ a!{² ǘŜǎǘ моШ
CƛƎǳǊŜ млΥ {ǳƳƳŀǊȅ ƻŦ {ƛǘŜ /ƭŀǎǎ ōŀǎŜŘ ǳǇƻƴ {ƘŜŀǊπǿŀǾŜ ǾŜƭƻŎƛǘƛŜǎ мрШ
CƛƎǳǊŜ ммΥ ±ǎол [ŀȅŜǊ ƳƻŘŜƭ ƻŦ [ƛƴŜ о ƻƴ ǎƛǘŜ ƛƴ 5ǳƴǊƻōƛƴΣ hb 9ǊǊƻǊΗ .ƻƻƪƳŀǊƪ ƴƻǘ ŘŜŦƛƴŜŘΦШ
CƛƎǳǊŜ мнΥ .ŜŘǊƻŎƪ 5ŜǇǘƘ tƭƻǘ 9ǊǊƻǊΗ .ƻƻƪƳŀǊƪ ƴƻǘ ŘŜŦƛƴŜŘΦШ
CƛƎǳǊŜ моΥ {ǳǊŦŀŎŜ 9ƭŜǾŀǘƛƻƴ tƭƻǘ όǇǊƻǾƛŘŜŘ ōȅ IŀǘŎƘύ муШ
CƛƎǳǊŜ мпΥ .ŜŘǊƻŎƪ 9ƭŜǾŀǘƛƻƴ tƭƻǘ мфШ
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D9b9w![ h±9w±L9² 

! ŦǳǘǳǊŜ .9{{ ό.ŀǘǘŜǊȅ 9ƴŜǊƎȅ {ǘƻǊŀƎŜ {ȅǎǘŜƳύ ƛǎ ǇǊƻǇƻǎŜŘ ǿƛǘƘ ŀ ŦƻƻǘǇǊƛƴǘ ǎǇŀƴƴƛƴƎ ŀŎǊƻǎǎ нррр ϧ нснр 
aŀǊŎƘǳǊǎǘ wƻŀŘ ƛƴ 5ǳƴǊƻōƛƴΣ hbΦ {ƛƳŎƻŜ DŜƻǎŎƛŜƴŎŜ όƘŜǊŜƛƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ {ƛƳŎƻŜύ ǿŀǎ ǊŜǉǳŜǎǘŜŘ ōȅ I!¢/I 
ǘƻ ŎƻƴŘǳŎǘ ǎŜƛǎƳƛŎ ǎƛǘŜ Ŏƭŀǎǎ ǘŜǎǘƛƴƎ ŀƴŘ ōŜŘǊƻŎƪ ǘƻƳƻƎǊŀǇƘȅ ƳŀǇǇƛƴƎ ǎǇŀƴƴƛƴƎ ŀƴ ŀǊŜŀ ǊƻǳƎƘƭȅ ŜƴŎƻƳǇŀǎǎƛƴƎ 
ǘƘŜ ŜȄǘŜƴǘǎ ƻŦ ǘƘŜ ƻǇŜǊŀǘƛƻƴ ό.ǳƛƭŘƛƴƎǎΣ ǎǘǊǳŎǘǳǊŜǎ ŀƴŘ ōǳǊƛŜŘ ǳǘƛƭƛǘƛŜǎύΦ ! DŜƻƴƛŎǎ 9aомπƳƪн ¢ŜǊǊŀƛƴ 
/ƻƴŘǳŎǘƛǾƛǘȅ aŜǘŜǊ ŎƻƳōƛƴŜŘ ǿƛǘƘ ǎŜƛǎƳƛŎ ǊŜŦǊŀŎǘƛƻƴΣ ǎŜƛǎƳƛŎ a!{² ŀƴŘ ŀ ŦŜǿ ōƻǊŜƘƻƭŜǎ ǘƻ ƎŜƴŜǊŀǘŜ ŀ 
ōŜŘǊƻŎƪ ǘƻƳƻƎǊŀǇƘȅ ƳŀǇΦ CƛƎǳǊŜ м ǎƘƻǿǎ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ǘƘŜ ǎŎŀƴƴŜŘ ŀǊŜŀ ǳǎƛƴƎ ŀƭƭ ƎŜƻǇƘȅǎƛŎŀƭ ƳŜǘƘƻŘǎΦ   

 

 
CƛƎǳǊŜ мΥ hǾŜǊǾƛŜǿ aŀǇ ǿƛǘƘ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ǎǳǊǾŜȅ ŀǊŜŀ ƛƴ ǊŜŘ 

 
 

tŜǊǎƻƴƴŜƭ 
tŜǊǎƻƴƴŜƭ ¢ƛǘƭŜ 5ŀǘŜǎ ƻƴ ǎƛǘŜ 
!ƴǘƘƻƴȅ {ƛǘǳƳ DL¢ aŀǊŎƘ олǘƘ ς !ǇǊƛƭ пǘƘΣ нлнр 
aƛǘŎƘŜƭƭ hǎƳƻƴŘ DL¢ aŀǊŎƘ олǘƘ ς !ǇǊƛƭ пǘƘΣ нлнр 
[ƘƻǳŎƛƴ ¢ŀƎƘȅŀΣ tΦDŜƻΦ DŜƻǇƘȅǎƛŎƛǎǘ wŜƳƻǘŜ ƻŦŦ {ƛǘŜ 
aƛƭŀƴ {ƛǘǳƳΣ tΦDŜƻΦ DŜƻǇƘȅǎƛŎƛǎǘ wŜƳƻǘŜ ƻŦŦ {ƛǘŜ 

 

 



Project SGL # 25381 

4 
 

a9¢Ih5h[hD¸ 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ōŀŎƪƎǊƻǳƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ǇǊƻǾƛŘŜǎ ŀƴ ŜȄǇƭŀƴŀǘƛƻƴ ƻŦ ǘƘŜ ǇǊƛƴŎƛǇŀƭǎ ƛƴǾƻƭǾŜŘΣ ŜǉǳƛǇƳŜƴǘ ǳǘƛƭƛȊŜŘΣ 
ǎǳǊǾŜȅ ŘŜǎƛƎƴΣ ŀƴŘ ǘƘŜ ƛƴǘŜǊǇǊŜǘƛǾŜ ǇǊƻŎŜǎǎΦ 

DŜƻƴƛŎǎ 9aπом aYн 
.ŀǎƛŎ ¢ƘŜƻǊȅ 

¢ƘŜ ƛƴǎǘǊǳƳŜƴǘ ǿƻǊƪǎ ƻƴ ǘƘŜ ǇǊƛƴŎƛǇƭŜ ƻŦ ŀ ǎƻǳǊŎŜ Ŏƻƛƭ ǘǊŀƴǎƳƛǘǘƛƴƎ ŀ ǇǊƛƳŀǊȅ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ǿƘƛŎƘ ƛƴŘǳŎŜǎ ŀ 
ŎǳǊǊŜƴǘ ƛƴ ŎƻƴŘǳŎǘƛǾŜ ƳŀǘŜǊƛŀƭ ŀƭƭ ŀǊƻǳƴŘ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘ ŀōƻǾŜ ŀƴŘ ōŜƭƻǿ ƎǊƻǳƴŘΦ ¢Ƙƛǎ ǇǊƛƳŀǊȅ ŦƛŜƭŘ ƛƴŘǳŎŜǎ ŀ 
ǎŜŎƻƴŘŀǊȅ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ǿƛǘƘƛƴ ǘƘŜ ŦƻƻǘǇǊƛƴǘ ƻŦ ƛƴŦƭǳŜƴŎŜ ŀƴŘ ǘƘƛǎ ǎŜŎƻƴŘŀǊȅ ŦƛŜƭŘ Ŏŀƴ ōŜ ƳŜŀǎǳǊŜŘ ōȅ ǘƘŜ 
ƛƴǎǘǊǳƳŜƴǘΦ  ¢ǿƻ ǎŜŎƻƴŘŀǊȅ ŦƛŜƭŘǎ Ŏŀƴ ōŜ ƳŜŀǎǳǊŜŘΥ 

мΦ ¢ƘŜ ǉǳŀŘǊŀǘǳǊŜ όƻǳǘπƻŦπǇƘŀǎŜύ ŎƻƳǇƻƴŜƴǘ ƛǎ ǘƘŜ ƳŜŀǎǳǊŜ ƻŦ ŀǇǇŀǊŜƴǘ ŎƻƴŘǳŎǘƛǾƛǘȅ ǿƘƛŎƘ ƛǎ ƳŜŀǎǳǊŜŘ 
ƛƴ ƳƛƭƭƛǎƛŜƳŜƴǎ ǇŜǊ ƳŜǘŜǊ όƳ{κƳύΦ   

нΦ ¢ƘŜ ƛƴπǇƘŀǎŜ ŎƻƳǇƻƴŜƴǘ ƳŜŀǎǳǊŜǎ ǘƘŜ Ǌŀǘƛƻ ƻŦ ǘƘŜ ǎŜŎƻƴŘŀǊȅ ǘƻ ǇǊƛƳŀǊȅ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ŀƴŘ ƛǎ 
ƳŜŀǎǳǊŜŘ ƛƴ ǇŀǊǘǎ ǇŜǊ ǘƘƻǳǎŀƴŘ όǇǇǘύΦ  ¢ƘŜ ƛƴπǇƘŀǎŜ ƛǎ ŀ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ƳŀƎƴŜǘƛŎ ǎǳǎŎŜǇǘƛōƛƭƛǘȅ ǿƘƛŎƘ 
ƛǎ ŀ ƳŜŀǎǳǊŜ ƻŦ ŀ ƳŀǘŜǊƛŀƭΩǎ ŀōƛƭƛǘȅ ǘƻ Ƴŀƛƴǘŀƛƴ ŀ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ŀŦǘŜǊ ōŜƛƴƎ ŜȄǇƻǎŜŘ ǘƻ ŀƴ 
ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ŦƛŜƭŘΦ  DŜƴŜǊŀƭƭȅΣ ŀƴȅǘƘƛƴƎ ǿƛǘƘ ƳŜǘŀƭ Ƙŀǎ ǘƘŜ ƘƛƎƘŜǎǘ ǎǳǎŎŜǇǘƛōƛƭƛǘȅ ǿƘƛŎƘ ƛǎ ǿƘȅ ǘƘŜ 
ŘŀǘŀǎŜǘ ǘŜƴŘǎ ǘƻ ŜȄǇƻǎŜ ƳŀǘŜǊƛŀƭǎ ǿƛǘƘ ƘƛƎƘ ƳŜǘŀƭ ŎƻƴǘŜƴǘ ƻǊ ƭŀǊƎŜǊ ƛƴŘƛǾƛŘǳŀƭ ƳŜǘŀƭƭƛŎ ƻōƧŜŎǘǎΦ   

 

{ǳǊǾŜȅ 5ŜǎƛƎƴ 

.ŜŘǊƻŎƪ ŜƭŜǾŀǘƛƻƴ ǘƻǇƻƎǊŀǇƘȅ ƛǎ ǘƘŜ ǇǊƛƳŀǊȅ ŦƻŎǳǎΣ ǘƘǳǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻǾŜǊōǳǊŘŜƴ ǘƘƛŎƪƴŜǎǎ ƛǎ ŀ ŎǊǳŎƛŀƭ ǎǘŜǇ ƛƴ 
ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ǘƘƛǎ ǳƴŘŜǊǘŀƪƛƴƎΦ CǊƻƳ ōƻǊŜƘƻƭŜ ǊŜŎƻǊŘǎ ǘŀƪŜƴ ǇǊŜǾƛƻǳǎ ǘƻ ǘƘŜ ǎƛǘŜ ǾƛǎƛǘΣ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ 
ƻǾŜǊōǳǊŘŜƴ ǎǳōǎǘǊŀǘŜ ƛǎ ŦƻǳƴŘ ǘƻ ōŜ Ƴƻǎǘƭȅ ǎƛƭǘȅ Ŏƭŀȅ ƛƴ ŀ ǊŜƭŀǘƛǾŜƭȅ ǎƘŀƭƭƻǿ ƻǾŜǊōǳǊŘŜƴ όƳƻǎǘƭȅ ғмлƳύ ŎƻǾŜǊƛƴƎ 
ǘƘŜ ǇǊƻǇƻǎŜŘ ǎǳǊǾŜȅ ŀǊŜŀΦ  

¢ƘŜ ŦǳƴŘŀƳŜƴǘŀƭ ƛŘŜŀ ƛǎ ǘƘŀǘ Ƴƻǎǘ Ŏƭŀȅǎ ƘŀǾŜ ŀ ŎƻƴŘǳŎǘƛǾƛǘȅ ǊŀƴƎŜ ƻŦ ол ǘƻ млл Ƴ{κƳΦ LŦ ǘƘŜǊŜ ƛǎ р ƻǊ ƳƻǊŜ 
ƳŜǘŜǊǎ ƻŦ ŎƭŀȅΣ ǘƘŜƴ ǘƘŜ ŎƻƴŘǳŎǘƛǾƛǘȅ ǊŀƴƎŜ ǿƛƭƭ ōŜ ŀǘ ƛǘǎ ƳŀȄƛƳǳƳ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƳƻƛǎǘǳǊŜ ŎƻƴǘŜƴǘ ŀƴŘ Ŏƭŀȅ 
ǘȅǇŜΦ LŦ ǘƘŜǊŜ ƛǎ ōŜŘǊƻŎƪ όƎǊŀƴƛǘƛŎǎύ ǿƛǘƘƛƴ р ƳŜǘŜǊǎΣ ǘƘŜƴ ǘƘŜ ŎƻƴŘǳŎǘƛǾƛǘȅ ǾŀƭǳŜǎ ŘǊƻǇ ōŜŎŀǳǎŜ ǘƘŜ ŎƻƴŘǳŎǘƛǾƛǘȅ 
ǊŜŀŘƛƴƎ ǿƛƭƭ ŜƴŎƻƳǇŀǎǎ ŀ ǇƻǊǘƛƻƴ ƻŦ ǾŜǊȅ ǊŜǎƛǎǘƛǾŜ ǊƻŎƪΦ ! Ǉƭŀƴ ƳŀǇ ƻŦ ǎƻƛƭ ŎƻƴŘǳŎǘƛǾƛǘƛŜǎ ƛǎ ƎŜƴŜǊŀǘŜŘ ŎƻƴǾŜǊǘŜŘ 
ǘƻ ǳƴŘŜǊǎǘŀƴŘ ŀ ƎŜƴŜǊŀƭ ƛŘŜŀ ƻŦ ōŜŘǊƻŎƪ ŘŜǇǘƘǎ ōŀǎŜŘ ƻƴ ǘƘŜǎŜ ǾŀƭǳŜǎΦ ¢ƘŜ 9a ǇǊƻŘǳŎǘ ƛǎ ŀ ŎƻƴǘƻǳǊ ƳŀǇ ƻŦ 
ōŜŘǊƻŎƪ ŘŜǇǘƘǎ ǿƘŜǊŜ ǘƘŜ ōŜŘǊƻŎƪ ƛǎ ŦǊƻƳ ǎǳǊŦŀŎŜ ǘƻ р ƳŜǘŜǊǎ ŘŜǇǘƘΦ IƻǿŜǾŜǊΣ ŦƻǊ ǘƘŜ ŀǊŜŀǎ ǿƛǘƘ ƳƻǊŜ ǘƘŀƴ р 
ƳŜǘŜǊǎ ŀ ǎǳǇǇƭŜƳŜƴǘŀǊȅ ǎŜƛǎƳƛŎ ǘŜŎƘƴƛǉǳŜ ƛǎ ƴŜŜŘŜŘΣ ǿƘƛŎƘ ǿƛƭƭ ōŜ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘŜ ǎŜƛǎƳƛŎ ǎŜŎǘƛƻƴΦ CƻǊ 
ŎŀƭƛōǊŀǘƛƴƎ ǘƘŜ ǇǊŜǎŜƴǘŜŘ ǾŀƭǳŜǎΣ ǘƘǊŜŜ ƳŜŀǎǳǊŜƳŜƴǘ άȊŜǊƻƛƴƎέ ƳŜǘƘƻŘǎ ŀǊŜ ŎƻƳƳƻƴƭȅ ǳǎŜŘΣ ŀƭƭ ƻŦ ǿƘƛŎƘ ǿŜǊŜ 
ǇǊŜǎŜƴǘ ƻƴ ǎƛǘŜΦ ¦ǎƛƴƎ ǇǊƻǾƛŘŜŘ ōƻǊŜƘƻƭŜǎ ǿƘƛŎƘ ǊŜŀŎƘ ŎƻƳǇŜǘŜƴǘ ōŜŘǊƻŎƪ όо ƭƻŎŀǘƛƻƴǎύΣ ŜȄǇƻǎŜŘ ǎǳǊŦŀŎŜ 
ōŜŘǊƻŎƪ όŀōǳƴŘŀƴǘύΣ ŀƴŘ ǎŜƛǎƳƛŎ ǊŜǎǳƭǘǎΦ    

tƻǎƛǘƛƻƴƛƴƎ 

¢ƘŜ Dt{ ŎƻƻǊŘƛƴŀǘŜǎ ŀǊŜ ǊŜŎƻǊŘŜŘ ǿƛǘƘ ŀ WǳƴƛǇŜǊ 5Dt{ DŜƻŘŜ ŘŜǾƛŎŜ ǘƘŀǘ Ŏŀƴ ŎƻƳƳǳƴƛŎŀǘŜ ǿƛǘƘ ŀ ŎŜƭƭǳƭŀǊ 
ǇƘƻƴŜ ōȅ .ƭǳŜǘƻƻǘƘΦ  ¢ƘŜ ŀŎŎǳǊŀŎȅ ƻŦ ǘƘŜ ·Σ̧  ŎƻƻǊŘƛƴŀǘŜǎ ǎƘƻǳƭŘ ōŜ ǿƛǘƘƛƴ мл ŎŜƴǘƛƳŜǘŜǊǎΦ Lƴ ƻǊŘŜǊ ǘƻ ŎƻǾŜǊ 
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5 
 

ǘƘŜ ǇǊƻǇŜǊǘȅ ǇǊƻǇŜǊƭȅΣ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘΩǎ ƭŀǘŜǊŀƭ ǊŀƴƎŜ ƻŦ ŘŜǘŜŎǘƛƻƴ ǿŀǎ ǘŀƪŜƴ ƛƴǘƻ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ǘƘŜǊŜŦƻǊŜ ŀ мл 
ƳŜǘŜǊ ƻŦ ǎŜǇŀǊŀǘƛƻƴ ōŜǘǿŜŜƴ ǇǊƻŦƛƭŜǎ ǿŀǎ ŎƘƻǎŜƴΦ ¢ƘŜ ƛƴǎǘǊǳƳŜƴǘ ŀƴŘ ƻǇŜǊŀǘƻǊ Ŏŀƴ ōŜ ǘǊŀŎƪŜŘ ŀƴŘ ǘƘŜƛǊ ǇŀǘƘ 
ǊŜŎƻǊŘŜŘ ŀƴŘ ŘƛǎǇƭŀȅŜŘ ƻƴ ŀ ǘŀōƭŜǘ ƛƴ ǊŜŀƭπǘƛƳŜ ǎƻ ǘƘŜ ƻǇŜǊŀǘƻǊ ŎƻǳƭŘ Ƴŀƛƴǘŀƛƴ ŜǾŜƴ ŎƻǾŜǊŀƎŜΦ hōǎǘǊǳŎǘƛƻƴǎ ƻƴ 
ǎƛǘŜ ǿŜǊŜ Ƴƻǎǘƭȅ ŀǾƻƛŘŜŘΣ ǿƛǘƘ ƻƴƭȅ ǎƻƳŜ ǎƳŀƭƭ ǇŀǘŎƘŜǎ ƻŦ ǘƘƻǊƴȅ ōǳǎƘŜǎ ŀƴŘ ŀ ǎǿŀƳǇ ǘƻ ǘƘŜ ƴƻǊǘƘπŜŀǎǘ ōŜƛƴƎ 
ǘƻƻ ƘŀȊŀǊŘƻǳǎ ǘƻ ǇŀǎǎΦ CƛƎǳǊŜ н ǎƘƻǿǎ ǘƘŜ 9aπом aƪн ŘŜǾƛŎŜ ƻƴ ǎƛǘŜΦ 

 

 

CƛƎǳǊŜ нΥ DŜƻƴƛŎǎ 9aπом aƪн ƻƴ ǎƛǘŜ 
 
 

{ŜƛǎƳƛŎ wŜŦǊŀŎǘƛƻƴ ŀƴŘ aǳƭǘƛπŎƘŀƴƴŜƭ !ƴŀƭȅǎƛǎ ƻŦ {ǳǊŦŀŎŜ ²ŀǾŜǎ όa!{²ύ 
.ŀǎƛŎ ¢ƘŜƻǊȅ 

{ŜƛǎƳƛŎ wŜŦǊŀŎǘƛƻƴ ŀƴŘ a!{² ŀǊŜ ƎŜƻǇƘȅǎƛŎŀƭ ǎŜƛǎƳƛŎ ƳŜǘƘƻŘǎ ǳǎŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǎǳōǎǳǊŦŀŎŜ ǎǘǊǳŎǘǳǊŜ 
ŀƴŘ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǎƻƛƭ ŀƴŘ ǊƻŎƪΦ {ŜƛǎƳƛŎ wŜŦǊŀŎǘƛƻƴ ǳǘƛƭƛȊŜǎ ŎƻƳǇǊŜǎǎƛƻƴŀƭ ǿŀǾŜǎ όǇǳǎƘπǇǳƭƭΣ ǎƻƳŜǘƛƳŜǎ ŎŀƭƭŜŘ t 
ǿŀǾŜǎύΦ {ŜƛǎƳƛŎ wŜŦǊŀŎǘƛƻƴ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǇǊƛƴŎƛǇƭŜ ǘƘŀǘ t ǿŀǾŜǎ ǊŜŦǊŀŎǘ ƻǊ ōŜƴŘ ŀǎ ǘƘŜȅ Ǉŀǎǎ ǘƘǊƻǳƎƘ ƭŀȅŜǊǎ ƻŦ 
ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǾŜƭƻŎƛǘƛŜǎΦ  ¢ƘŜ ǾŜƭƻŎƛǘȅ ƻŦ ǘƘŜ ǿŀǾŜ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŜƭŀǎǘƛŎ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭ ƛǘ ƛǎ ǇŀǎǎƛƴƎ 
ǘƘǊƻǳƎƘΣ ǿƘƛŎƘ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ǎǇŜŜŘ ƻŦ ǘƘŜ ǿŀǾŜ ŎƘŀƴƎŜǎ ŀǎ ƛǘ ƳƻǾŜǎ ǘƘǊƻǳƎƘ ŘƛŦŦŜǊŜƴǘ ƭŀȅŜǊǎΦ .ȅ ŀƴŀƭȅǎƛƴƎ 
ǘƘŜ ǘƛƳŜΣ ƛǘ ǘŀƪŜǎ ŦƻǊ ǿŀǾŜǎ ǘƻ ǘǊŀǾŜƭ ǘƘǊƻǳƎƘ ǘƘŜ ǎǳōǎǳǊŦŀŎŜ ŀƴŘ ǘƘŜ ŀƴƎƭŜǎ ŀǘ ǿƘƛŎƘ ǘƘŜȅ ǊŜŦǊŀŎǘΣ ƎŜƻǇƘȅǎƛŎƛǎǘǎ 
Ŏŀƴ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŘŜǇǘƘΣ ǘƘƛŎƪƴŜǎǎΣ ŀƴŘ ǾŜƭƻŎƛǘȅ ƻŦ ǎǳōǎǳǊŦŀŎŜ ƭŀȅŜǊǎΦ ¢Ƙƛǎ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ǳǎŜŘ ǘƻ ŎǊŜŀǘŜ ŀ 
ǇǊƻŦƛƭŜ ǘƘŀǘ ǎƘƻǿǎ ǘƘŜ ǎǳōǎǳǊŦŀŎŜ ǎǘǊǳŎǘǳǊŜΦ  
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aǳƭǘƛŎƘŀƴƴŜƭ !ƴŀƭȅǎƛǎ ƻŦ {ǳǊŦŀŎŜ ²ŀǾŜǎ όa!{²ύ ŀƴŘ aƛŎǊƻǘǊŜƳƻǊ !ǊǊŀȅ aŜŀǎǳǊŜƳŜƴǘǎ όa!aύ ǳǘƛƭƛȊŜǎ ΨǊƻƭƭƛƴƎΩ 
ǿŀǾŜǎ ŀƭǎƻ ŎŀƭƭŜŘ wŀƭŜƛƎƘ ǿŀǾŜǎ ŀƴŘ ƳŜŀǎǳǊƛƴƎ Ƙƻǿ ŜŀŎƘ ŦǊŜǉǳŜƴŎȅ ŎƻƳǇƻƴŜƴǘ ŘƛǎǎƛǇŀǘŜǎ ǿƛǘƘ ŘƛǎǘŀƴŎŜΦ  
5ƛǎǎƛǇŀǘƛƻƴ ǊŀǘŜǎ ƻŦ ŜŀŎƘ ŦǊŜǉǳŜƴŎȅ Ŏŀƴ ōŜ ƳƻŘŜƭƭŜŘ ǘƻ ǇǊƻŘǳŎŜ ǘƘŜ ǘƘƛŎƪƴŜǎǎ ƻŦ ǎƻƛƭ ƭŀȅŜǊǎ ōŀǎŜŘ ǳǇƻƴ ǘƘŜƛǊ 
ǎƘŜŀǊπǿŀǾŜ ǾŜƭƻŎƛǘƛŜǎΦ ¢ƘŜ Ǉƭƻǘ ƻŦ ǘƘŜ ǾŀǊƛŀǘƛƻƴ ƛƴ ŦǊŜǉǳŜƴŎȅ ǎǇŜŜŘǎ ƛǎ ŎŀƭƭŜŘ ŀ ΨŘƛǎǇŜǊǎƛƻƴΩ ǇƭƻǘΦ  ¢ƘŜ Ŧƛƴŀƭ 
ǇǊƻŘǳŎǘ ƛǎ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴ ǘƻ ǎƘŜŀǊπǿŀǾŜ ǾŜƭƻŎƛǘƛŜǎ όŘƛǾƛŘŜ ōȅ лΦфύ ŀƴŘ ǳƭǘƛƳŀǘŜƭȅ ŀ Ǉƭƻǘ ƻŦ ǎƘŜŀǊπǿŀǾŜ ǾŜƭƻŎƛǘȅ 
ǿƛǘƘ ŘŜǇǘƘΦ      

CƛŜƭŘ tǊƻŎŜŘǳǊŜ 

¢ƘŜ ŦƛŜƭŘ ǎŜǘǳǇ ƻŦ ŀ a!{² ƻǊ wŜŦǊŀŎǘƛƻƴ ǎǳǊǾŜȅ ƛƴǾƻƭǾŜǎ ǘƘŜ ƭŀȅƻǳǘ ƻŦ нп ƎŜƻǇƘƻƴŜǎ ƛƴ ŀ ƭƛƴŜŀǊ ŀǊǊŀȅΦ  ¢ƘŜǊŜ 
Ƴŀȅ ōŜ ƻǘƘŜǊ ŀǊǊŀȅ ŘŜǎƛƎƴǎ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǎƛǘŜ ŀƴŘ ŀƛƳ ƻŦ ǘƘŜ ǎǳǊǾŜȅΦ 5ŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴ ƛƴǾƻƭǾŜǎ ƎŜƴŜǊŀǘƛƴƎ 
ŀƴ ŀŎƻǳǎǘƛŎ ǿŀǾŜ ǿƛǘƘ ŀ ǎƭŜŘƎŜƘŀƳƳŜǊ όŎƻƳƳƻƴƭȅ ǘƘŜǊŜ ŀǊŜ ǎŜǾŜǊŀƭ ƻǘƘŜǊ ǎƻǳǊŎŜǎ ǇƻǎǎƛōƭŜύ ŀƴŘ ŘƛƎƛǘŀƭƭȅ 
ǊŜŎƻǊŘƛƴƎ ǘƘŜ ǊƻƭƭƛƴƎ ǎǳǊŦŀŎŜ ǿŀǾŜǎ ŦǊƻƳ ǘƘŜ ƳƻƳŜƴǘ ƻŦ ǎƻǳǊŎŜ ƛƳǇŀŎǘ ŦƻǊ ŀ Ŧǳƭƭ ǎŜŎƻƴŘ ŀǎ ƛǘ ǇŀǎǎŜǎ ǘƘŜ ŜƴǘƛǊŜ 
ŀǊǊŀȅ ƻŦ ǎŜƴǎƻǊǎ όƎŜƻǇƘƻƴŜǎύΦ 

CƻǊ ǘƘƛǎ ǎǘǳŘȅΣ Řŀǘŀ ǿŀǎ ŎƻƭƭŜŎǘŜŘ ǿƛǘƘ !.9a ¢ŜǊǊŀƭƻŎ tǊƻ нϰ ǎŜƛǎƳƻƎǊŀǇƘ π нп ŎƘŀƴƴŜƭǎ ŀƴŘ пΦр IȊ ƎŜƻǇƘƻƴŜǎΦ 
CƛƎǳǊŜ п ǎƘƻǿǎ ōƻǘƘ ǇƛŜŎŜǎ ƻŦ ŜǉǳƛǇƳŜƴǘΦ ! ǎƭŜŘƎŜƘŀƳƳŜǊ ǿŀǎ ǳǎŜŘ ŀǎ ǘƘŜ ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ ǎƻǳǊŎŜ ǿƛǘƘ ǘǊŀŎŜǎ 
ōŜƛƴƎ ǊŜŎƻǊŘŜŘ ŀǘ т ƭƻŎŀǘƛƻƴǎΥ ƻƴŜ ǎƘƻǘ ŀǘ ŎŜƴǘǊŜΣ ǘǿƻ ǎƘƻǘǎ ŀǘ сƳ ŀƴŘ нлƳ ƻŦŦǎŜǘ ōŜȅƻƴŘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ƭƛƴŜ 
ŀƴŘ ǘǿƻ ǎƘƻǘǎ ōŜǘǿŜŜƴ ǘƘŜ ŦƛǊǎǘ ǘǿƻ ŀƴŘ ƭŀǎǘ ǘǿƻ ƎŜƻǇƘƻƴŜǎΦ 9ŀŎƘ ǎƘƻǘ ǊŜŎƻǊŘǎ t ŀƴŘ { ǿŀǾŜǎ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅΦ  
CƛƎǳǊŜ о ǎƘƻǿǎ ǘȅǇƛŎŀƭ ŦƛŜƭŘ ǎŜǘǳǇ ŦƻǊ оπƳŜǘŜǊ ǊŜŎŜƛǾŜǊ ƛƴǘŜǊǾŀƭΦ bƻǘŜ ǘƘŀǘ ǘƘŜ ǎƘƻǘ ƭƻŎŀǘƛƻƴǎ ŀǊŜ ŘƛŦŦŜǊŜƴǘ ƛƴ 
CƛƎǳǊŜ о ǘƘŀƴ ƛƴ ǘƘŜ ŜȄŜŎǳǘŜŘ ǎǳǊǾŜȅΦ Lǘ ƛǎ ŎƻƳƳƻƴ ǘƻ ŀŘƧǳǎǘ ǎƘƻǘ ƭƻŎŀǘƛƻƴǎ ŘŜǇŜƴŘƛƴƎ ƻƴ ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ǊƻŎƪ 
ŘŜǇǘƘΣ ŦƛŜƭŘ ŎƻƴŘƛǘƛƻƴǎ όƭƛƪŜ ƴƻƛǎŜύ ŀƴŘ ƛƴǘŜƴŘŜŘ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ǎǳǊǾŜȅΦ   

 
CƛƎǳǊŜ оΥ {ŜƛǎƳƛŎ оπƳŜǘŜǊ {ǇŀŎƛƴƎ CƛŜƭŘ {ŜǘǳǇΣ DŜƻǇƘƻƴŜǎ όƻǊŀƴƎŜύΣ {Ƙƻǘ [ƻŎŀǘƛƻƴǎ όǊŜŘύ 

¢ƘŜ ǇŀǎǎƛǾŜ ǎǳǊǾŜȅ όa!aύ ǳǎŜŘ ǘƘŜ ǎŀƳŜ ƎŜƻǇƘƻƴŜ ŀǊǊŀȅ ǎŜǘ ǳǇ ŀǎ ŦƻǊ ǘƘŜ a!{² ǎǳǊǾŜȅΦ ¦ƴƭƛƪŜ ǘƘŜ a!{² 
ǎǳǊǾŜȅΣ ǘƘŜ a!a ƳŜǘƘƻŘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀ άǇŀǎǎƛǾŜ ǎƻǳǊŎŜέ ƳŜǘƘƻŘΦ ¢ƘŜǊŜ ƛǎ ƴƻ ǘƛƳŜ ōǊŜŀƪΣ ŀƴŘ ǘƘŜ Ƴƻǘƛƻƴǎ 
ǊŜŎƻǊŘŜŘ ŀǊŜ ŦǊƻƳ ŀƳōƛŜƴǘ ŜƴŜǊƎȅ ƎŜƴŜǊŀǘŜŘ ōȅ ŎǳƭǘǳǊŀƭ ƴƻƛǎŜ ǎǳŎƘ ŀǎ ǘǊŀŦŦƛŎΣ ǿƛƴŘΣ ǿŀǾŜ ƳƻǘƛƻƴΣ ŜǘŎΦ 5ŀǘŀ 
ŎƻƭƭŜŎǘƛƻƴ ŦƻǊ ǘƘŜ ǇŀǎǎƛǾŜ ƳŜǘƘƻŘ ƛƴǾƻƭǾŜŘ ǊŜŎƻǊŘƛƴƎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мл ƳƛƴǳǘŜǎ ƻŦ ōŀŎƪƎǊƻǳƴŘ άƴƻƛǎŜέ ŦƻǊ ǘƘƛǎ 
ǎƻǳƴŘƛƴƎΦ 



              Project SGL # 25381 
 

 

7 
 

¢ƘŜ ǊŜŎƻǊŘǎ ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘŜ a!a ƳŜǘƘƻŘ Ŏƻƴǘŀƛƴ ƭƻǿŜǊ ŦǊŜǉǳŜƴŎȅ Řŀǘŀ ōŜŎŀǳǎŜ ǘƘŜȅ ǘȅǇƛŎŀƭƭȅ ƻǊƛƎƛƴŀǘŜ ŦǊƻƳ 
ƭƻƴƎ ŘƛǎǘŀƴŎŜǎΣ ǘƘǳǎ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ Řŀǘŀ ƳƻŘŜƭƭƛƴƎ ǘƻ ƎǊŜŀǘŜǊ ŘŜǇǘƘǎΦ ¢ȅǇƛŎŀƭƭȅΣ ǘƘŜ a!a ǊŜǎǳƭǘǎ ƘŜƭǇ ŎƭŀǊƛŦȅ ǘƘŜ 
a!{² ǊŜǎǳƭǘǎ ŦƻǊ ŘŜǇǘƘǎ ƎǊŜŀǘŜǊ ǘƘŀƴ нл ƳΤ ƘƻǿŜǾŜǊΣ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ ƴƻƛǎŜ ǇǊƻǇŀƎŀǘƛƻƴ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ ǎǇǊŜŀŘ 
ƻǊƛŜƴǘŀǘƛƻƴ Ŏŀƴ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ǊŜǎǳƭǘǎΦ tǊŜǎŜƴǘƭȅ ƻƴ ǎƛǘŜΣ ǘƘƛǎ ǿŀǎ ƴƻǘ ŀ ǇǊƛƳŀǊȅ ŦŀŎǘƻǊ ŀǎ ōŜŘǊƻŎƪ ǿŀǎ ǊŜƭŀǘƛǾŜƭȅ 
ǎƘŀƭƭƻǿ ŀƴŘ ƴƻƛǎŜ ǿŀǎ ƳƛƴƛƳŀƭΦ  

 

 

CƛƎǳǊŜ пΥ !.9a ¢ŜǊǊŀƭƻŎ tǊƻ н ς нп /ƘŀƴƴŜƭ {ŜƛǎƳƻƎǊŀǇƘ ǿƛǘƘ пΦрIȊ ƎŜƻǇƘƻƴŜǎΦ 
 

 

5!¢! twh/9{{LbD !b5 Lb¢9wtw9¢!¢Lhb 

DŜƻƴƛŎǎ 9aπом aYн 
 
¢ǿƻ ǇǊƻƎǊŀƳǎΣ {ǳǊŦŜǊ ŀƴŘ hŀǎƛǎ aƻƴǘŀƧ ŀǊŜ ǳǎŜŘ ǘƻ ŜȄŀƳƛƴŜ ŀƴŘ ǇǊŜǎŜƴǘ ŎƻƭƭŜŎǘŜŘ 9aπомπƳƪн ŘŀǘŀΦ  

¢ƻ ŜƴǎǳǊŜ ŀ ƳƛƴƛƳƛȊŀǘƛƻƴ ƻŦ Řŀǘŀ ŜǊǊƻǊǎΣ ǘƘŜ ƻǇŜǊŀǘƻǊ ƴƻǘŜǎ ŀƭƭ ǇƻǎǎƛōƭŜ ǎƻǳǊŎŜǎ ƻŦ Řŀǘŀ ŘƛǎǘƻǊǘƛƻƴ ŀƴŘ 
ŎƻƴǘŀƳƛƴŀǘƛƻƴ ƻƴ ǎƛǘŜΦ ¢ƘŜ 9aπом ǿƛƭƭ ǊŜŀŎǘ ǎǘǊƻƴƎƭȅ ǘƻ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǎǘŀƴŘƛƴƎ ǿŀǘŜǊ ōƻŘƛŜǎ ŀǎ ǘƘŜȅ ŀǊŜ 
ƘƛƎƘƭȅ ŎƻƴŘǳŎǘƛǾŜΣ ǎƻ ǘƘŜǎŜ ŀǊŜ ƴƻǘŜŘΦ aŜǘŀƭ ŎƻƴǘŀƳƛƴŀƴǘǎ ŀǊŜ ŀƭǎƻ ƘƛƎƘƭȅ ŎƻƴŘǳŎǘƛǾŜ ŀƴŘ ƳŀƎƴŜǘƛŎŀƭƭȅ 
ǎǳǎŎŜǇǘƛōƭŜΣ ǿƘƛŎƘ ǿƛƭƭ ŘƛǎǇƭŀȅ ƭƻŎŀƭƛȊŜŘ Řŀǘŀ ǎǇƛƪŜǎ ǿƘƛŎƘ ŀǊŜ ǳƴŘŜǎƛǊŜŘ ŀƴƻƳŀƭƛŜǎ ƛǊǊŜƭŜǾŀƴǘ ǘƻ ǘƘƛǎ ǎǳǊǾŜȅΩǎ 
ƻōƧŜŎǘƛǾŜΦ ¢ƘŜ ǉǳŀŘǊŀǘǳǊŜ όƻǳǘπƻŦπǇƘŀǎŜύ ŎƻƳǇƻƴŜƴǘ ƛǎ ǘƘŜ ƳŜŀǎǳǊŜ ƻŦ ŀǇǇŀǊŜƴǘ ŎƻƴŘǳŎǘƛǾƛǘȅΣ ǿƘƛŎƘ ŦƻǊ ƻǳǊ 
ƛƴǘŜƴǘƛƻƴ ƻŦ ƳŀǇǇƛƴƎ Ŏƭŀȅ ƻǾŜǊōǳǊŘŜƴ ǘƻ ōŜŘǊƻŎƪ ƛǎ ŀ ǇǊƛƳŀǊȅ ŦƻŎǳǎ ƻŦ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘΩǎ ǊŜŎƻǊŘƛƴƎ ŀōƛƭƛǘȅΦ ²ƘŜƴ 
ǇǊƻŎŜǎǎƛƴƎΣ ǾŜǊȅ ǎƘŀǊǇ ŀƴƻƳŀƭƛŜǎ ŀǊŜ ŘŜƭŜǘŜŘ ŀƴŘ ǿŀǘŜǊ ōƻŘƛŜǎ ƴƻǘŜŘΣ ȅƛŜƭŘƛƴƎ ŀ ŎƭŜŀǊŜǊ ŀƴŘ ƳƻǊŜ ŀŎŎǳǊŀǘŜ 
ƛƳŀƎŜΦ 9ȄǇƻǎŜŘ ōŜŘǊƻŎƪ ŀƴŘ ǎƘŀƭƭƻǿ όƭŜǎǎ ǘƘŀƴ ŀ ƳŜǘŜǊύ ƻǾŜǊōǳǊŘŜƴ ǿƛƭƭ ƎƛǾŜ ƭƻǿ ǘƻ ƴŜŀǊ ȊŜǊƻ ǾŀƭǳŜǎ ƻŦ ƛƴπ
ǇƘŀǎŜ ŀƴŘ ŎƻƴŘǳŎǘƛǾƛǘȅΦ DǊƻǳƴŘ ǘǊǳǘƘƛƴƎ ŦǊƻƳ ǘƘŜ ǎŜƛǎƳƛŎ ƳŜǘƘƻŘǎ ŀƴŘ ǘƘŜ ǘƘǊŜŜ ōƻǊŜƘƻƭŜǎ ƳŀŘŜ ƛǘ ǇƻǎǎƛōƭŜ ǘƻ 
ŎƻƴǾŜǊǘ ǘƘŜ ŎƻƴŘǳŎǘƛǾƛǘȅ ǾŀƭǳŜǎ ǘƻ ŀ ōŜŘǊƻŎƪ ŘŜǇǘƘΦ   

¢ƘŜ ŎƻƭƻǳǊ ŎƻƴǘƻǳǊ ƳŀǇǎ ŦƻǊ ŎƻƴŘǳŎǘƛǾƛǘȅ ŀƴŘ ƳŀƎƴŜǘƛŎ ǎǳǎŎŜǇǘƛōƛƭƛǘȅ ŀǊŜ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜǎ р ŀƴŘ с ǊŜǎǇŜŎǘƛǾŜƭȅΦ  
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{ŜƛǎƳƛŎ wŜŦǊŀŎǘƛƻƴΣ a!{² ŀƴŘ a!a      

{ŜƛǎƳƛŎ wŜŦǊŀŎǘƛƻƴ 

¢ƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǎŜƛǎƳƛŎ Řŀǘŀ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ ǘƘŜ {ŜƛǎLƳŀƎŜǊϰ ǎƻŦǘǿŀǊŜ ǎǳƛǘŜΣ ǇŀǊǘƛŎǳƭŀǊƭȅΣ 
ŜƳǇƭƻȅƛƴƎ ǘƘŜ tƛŎƪǿƛƴϰ ŀƴŘ tƭƻǘǊŜŦŀϰ ƳƻŘǳƭŜǎ ƛƴ ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ǘƘŜ ŦƻǊǿŀǊŘ ƳƻŘŜƭ ǘƻƳƻƎǊŀǇƘȅ ƳŜǘƘƻŘΦ 
5ŀǘŀ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǘƘŜ ŦƛŜƭŘΣ ŎƻƴǎƛǎǘƛƴƎ ƻŦ ǎŜƛǎƳƛŎ ǿŀǾŜǎΩ ŀǊǊƛǾŀƭ ǘƛƳŜǎ ǊŜŎƻǊŘŜŘ ōȅ ƎŜƻǇƘƻƴŜǎΣ ƛǎ ƛƴƛǘƛŀƭƭȅ 
ƛƳǇƻǊǘŜŘ ƛƴǘƻ ǘƘŜ tƛŎƪǿƛƴϰ ƳƻŘǳƭŜΦ Lƴ tƛŎƪǿƛƴϰΣ ǘƘŜ ŦƛǊǎǘ ŀǊǊƛǾŀƭ ǘƛƳŜǎ ƻŦ ǘƘŜ ǊŜŦǊŀŎǘŜŘ ǿŀǾŜǎ ŀǊŜ ƳŜǘƛŎǳƭƻǳǎƭȅ 
ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǘƛƳŜ όΨǘƛƳŜ ǇƛŎƪŜŘΩύΦ 

CƻƭƭƻǿƛƴƎ ǘƘŜ ΨǇƛŎƪƛƴƎΩ ǇǊƻŎŜǎǎΣ ǘƘŜ ǎŜƭŜŎǘŜŘ Řŀǘŀ ƛǎ ŜȄǇƻǊǘŜŘ ǘƻ ǘƘŜ tƭƻǘǊŜŦŀϰ ƳƻŘǳƭŜΦ !ƴ ƛƴƛǘƛŀƭ ǊŜŦǊŀŎǘƛƻƴ 
ƳƻŘŜƭ ƛǎ ƎŜƴŜǊŀǘŜŘΣ ǾƛǎǳŀƭƛȊƛƴƎ ǘƘŜ ǎǳōǎǳǊŦŀŎŜ ƭŀȅŜǊǎ ŀƴŘ ǘƘŜƛǊ ǊŜǎǇŜŎǘƛǾŜ ǎŜƛǎƳƛŎ ŎƻƳǇǊŜǎǎƛƻƴŀƭ ǾŜƭƻŎƛǘƛŜǎΦ ¢ƘŜ 
ƳƻŘŜƭ ǎŜǊǾŜǎ ŀǎ ŀ ǇǊŜƭƛƳƛƴŀǊȅ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴΣ ǇǊƻǾƛŘƛƴƎ ŀƴ ƛƴƛǘƛŀƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ǎǳōǎǳǊŦŀŎŜ ŎƻƴŘƛǘƛƻƴǎ 
ŀƴŘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΦ 

¢ƘŜ ŦƻǊǿŀǊŘ ƳƻŘŜƭ ǘƻƳƻƎǊŀǇƘȅ ƳŜǘƘƻŘ ƛǎ ǘƘŜƴ ŀǇǇƭƛŜŘ ǘƻ ǊŜŦƛƴŜ ǘƘƛǎ ƛƴƛǘƛŀƭ ƳƻŘŜƭΦ Lǘ ƛƴǾƻƭǾŜǎ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ 
ƻŦ ŀ ƘȅǇƻǘƘŜǘƛŎŀƭ ǎǳōǎǳǊŦŀŎŜ ƳƻŘŜƭΣ ǿƘŜǊŜƛƴ ǘƘŜ ǎŜƛǎƳƛŎ ǿŀǾŜǎΩ ǘǊŀǾŜƭ ǘƛƳŜǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀƴŘ ŎƻƳǇŀǊŜŘ 
ŀƎŀƛƴǎǘ ǘƘŜ ŀŎǘǳŀƭ ǇƛŎƪŜŘ ŀǊǊƛǾŀƭ ǘƛƳŜǎΦ !ƴ ƛǘŜǊŀǘƛǾŜ ŀǇǇǊƻŀŎƘ ƛǎ ŜƳǇƭƻȅŜŘ ǘƻ ŀŘƧǳǎǘ ǘƘŜ ƳƻŘŜƭϥǎ ǇŀǊŀƳŜǘŜǊǎΣ 
ŀƛƳƛƴƎ ǘƻ ƳƛƴƛƳƛȊŜ ǘƘŜ ŘƛǎŎǊŜǇŀƴŎƛŜǎ ōŜǘǿŜŜƴ ǘƘŜ ŎŀƭŎǳƭŀǘŜŘ ŀƴŘ ǇƛŎƪŜŘ ŀǊǊƛǾŀƭ ǘƛƳŜǎΦ 9ŀŎƘ ƛǘŜǊŀǘƛƻƴ ŜƴƘŀƴŎŜǎ 
ǘƘŜ ƳƻŘŜƭϥǎ ŀŎŎǳǊŀŎȅΣ ƻŦŦŜǊƛƴƎ ŀ ƳƻǊŜ ǇǊŜŎƛǎŜ ŘŜǇƛŎǘƛƻƴ ƻŦ ǘƘŜ ǎǳōǎǳǊŦŀŎŜΩǎ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ƭŀȅŜǊǎΦ ²ƘŜƴ 
ŎƻƳōƛƴŜŘ ǿƛǘƘ ǘƘŜ ǎƘŜŀǊπǿŀǾŜ ǾŜƭƻŎƛǘȅ ƛƴŦƻǊƳŀǘƛƻƴ ǎŜǾŜǊŀƭ ƳŀǘŜǊƛŀƭ ǇǊƻǇŜǊǘƛŜǎ Ŏŀƴ ōŜ ŎŀƭŎǳƭŀǘŜŘ ƛƴŎƭǳŘƛƴƎ 
tƻƛǎǎƻƴǎΩ ŀƴŘ ǾŀǊƛƻǳǎ ƳƻŘǳƭƛ ό¸ƻǳƴƎΩǎΣ .ǳƭƪΣ ŜǘŎΦύΦ wŜŀƭπǿƻǊƭŘ ƘŀǊŘ Řŀǘŀ ƴǳƳōŜǊǎ ŀǊŜ ŜȄŎŜƭƭŜƴǘ ŀǘ ƴŀǊǊƻǿƛƴƎ ǘƘŜ 
ǇŀǊŀƳŜǘŜǊǎΣ ǿƛǘƘ ōƻǊŜƘƻƭŜǎ όǘƘŀǘ ǊŜŀŎƘ ōŜŘǊƻŎƪύ ōŜƛƴƎ ǘƘŜ ōŜǎǘΦ  

a!{²κa!a 

¢ƘŜ a!{² Řŀǘŀ ǿŀǎ ǇǊƻŎŜǎǎŜŘ ŀƴŘ ƛƴǘŜǊǇǊŜǘŜŘ ǳǎƛƴƎ {ŜƛǎLƳŀƎŜǊϰ {ǳǊŦŀŎŜ ²ŀǾŜ !ƴŀƭȅǎƛǎ ǘƻ ƎŜƴŜǊŀǘŜ ŀ мπ5 
όŘŜǇǘƘύ ǎƘŜŀǊπǿŀǾŜ ǾŜƭƻŎƛǘȅ ό±ǎύ ǇǊƻŦƛƭŜΦ ¢ƘŜ ŀŎǘƛǾŜ όa!{²ύ ŀƴŘ ǇŀǎǎƛǾŜ όa!aύ Řŀǘŀ ǿŜǊŜ ǇƻǎǘπǇǊƻŎŜǎǎŜŘΣ ŀƴŘ 
ƛƴŘƛǾƛŘǳŀƭ ŘƛǎǇŜǊǎƛƻƴ ŎǳǊǾŜǎ ǿŜǊŜ ƎŜƴŜǊŀǘŜŘ ŀƴŘ ǎǘŀŎƪŜŘ ǘƻ ƎŜƴŜǊŀǘŜ ƻƴŜ ŀǾŜǊŀƎŜ ŘƛǎǇŜǊǎƛƻƴ м5 ǎƻǳƴŘƛƴƎ ǿƛǘƘ 
ǘƘŜ ƘƛƎƘŜǎǘ ǎƛƎƴŀƭπǘƻπƴƻƛǎŜ ό{κbύ ǊŀǘƛƻΦ ¢ǿƻ ǎŜǇŀǊŀǘŜ ŘƛǎǇŜǊǎƛƻƴ ƛƳŀƎŜǎ ǿŜǊŜ ƎŜƴŜǊŀǘŜŘΣ ƛΦŜΦΣ ŀŎǘƛǾŜΣ ŀƴŘ ǇŀǎǎƛǾŜ 
ǊŜŎƻǊŘǎΦ 

¢ƘŜ ǇŀǎǎƛǾŜ ƛƳŀƎŜ ǿŀǎ ǇǊŜǇŀǊŜŘ ōȅ ǎǘŀŎƪƛƴƎ ŀƭƭ ƛƴŘƛǾƛŘǳŀƭ ŘƛǎǇŜǊǎƛƻƴ ƛƳŀƎŜǎ ǇǊƻŎŜǎǎŜŘ ŦǊƻƳ ǘǿŜƴǘȅ όнлύ 
ǇŀǎǎƛǾŜ ŦƛŜƭŘ ǊŜŎƻǊŘǎΦ ¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ǎǳǊŦŀŎŜ ǿŀǾŜ ŜƴŜǊƎȅ ŀŎŎǳƳǳƭŀǘƛƻƴ ŀǘ ǊŜƭŀǘƛǾŜƭȅ ƭƻǿŜǊ ŦǊŜǉǳŜƴŎƛŜǎ όŜΦƎΦΣ Җ мл 
IȊύ ǿƘŜǊŜ ǘƘŜ ŀŎǘƛǾŜ ƛƳŀƎŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƭŀŎƪǎ ŀƴȅ ƳŜŀƴƛƴƎŦǳƭ ŜƴŜǊƎȅ ǘǊŜƴŘΦ 

CƛƴŀƭƭȅΣ ōƻǘƘ ŀŎǘƛǾŜ ŀƴŘ ǇŀǎǎƛǾŜ ŘƛǎǇŜǊǎƛƻƴ ƛƳŀƎŜǎ ǿŜǊŜ ŎƻƳōƛƴŜŘ ǘƻ ƎŜƴŜǊŀǘŜ ƻƴŜ ŎƻƳōƛƴŜŘ ŘƛǎǇŜǊǎƛƻƴ ŎǳǊǾŜ 
ǘƘŀǘ Ƙŀǎ ǘƘŜ ƘƛƎƘŜǎǘ ǊŜǎƻƭǳǘƛƻƴ ŀƴŘ ǘƘŜ ōǊƻŀŘŜǎǘ ōŀƴŘǿƛŘǘƘΦ Lƴ ǘƘŜ ƻǾŜǊŀƭƭ ŘƛǎǇŜǊǎƛƻƴ ǘǊŜƴŘΣ ŜȄǘǊŀŎǘƛƴƎ ǘƘŜ 
ŦǳƴŘŀƳŜƴǘŀƭπƳƻŘŜ ŘƛǎǇŜǊǎƛƻƴ ŎǳǊǾŜ όaлύΣ ǿƘƛŎƘ ǘƘŜƴ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ƳƻŘŀƭ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ aл ƛǎ ƳƻǊŜ 
ŎƻƴŦƛŘŜƴǘ ƛƴ ǘƘŜ ŎƻƳōƛƴŜŘ ƛƳŀƎŜΦ ¢Ƙƛǎ ŀƭǎƻ Ƙŀǎ ǘƘŜ Ŧƛƴŀƭ мπ5 ǾŜƭƻŎƛǘȅ ό±ǎύ ǇǊƻŦƛƭŜ ǿƘƛŎƘ ǿƛƭƭ ƘŀǾŜ ŀƴ ƛƴŎǊŜŀǎŜŘ 
ŎƻƴŦƛŘŜƴŎŜ ƭŜǾŜƭ ŀǘ ŘŜŜǇŜǊ ŘŜǇǘƘǎ όŜΦƎΦΣ җ нл Ƴύ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ƭƻǿŜǊ ŦǊŜǉǳŜƴŎƛŜǎ όŜΦƎΦΣ Җ мл IȊύ ǘƘǳǎ Ŏŀƴ ǘƘŜƴ 
ōŜ ŜȄǘǊŀŎǘŜŘ ŦƻǊ ǘƘŜ aл ŎǳǊǾŜΦ ¢ƘŜ aл ŎǳǊǾŜ ǿŀǎ ǘƘŜƴ ǳǎŜŘ ǘƻ ƎŜƴŜǊŀǘŜ ǘƘŜ Ŧƛƴŀƭ мπ5 ǎƘŜŀǊπǿŀǾŜ ǾŜƭƻŎƛǘȅ ό±ǎύ 
ǇǊƻŦƛƭŜ ǘƘǊƻǳƎƘ ǘƘŜ ǎǳōǎŜǉǳŜƴǘ ƛƴǾŜǊǎƛƻƴ ǇǊƻŎŜǎǎΦ ¢ƘŜ ǎƳƻƻǘƘƛƴƎ ƻŦ ǘƘŜ ŎǳǊǾŜ ƘŜƭǇŜŘ ǘƻ ƳƛƴƛƳƛȊŜ ǘƘŜ ƴƻƛǎŜ ƻŦ 
ǘƘŜ ŘŀǘŀΣ ǿƘƛŎƘ ŎƻǳƭŘ ǇǊƻŘǳŎŜ ŜȄǘǊŀ ƭŀȅŜǊǎ ƛƴ ǘƘŜ м5 ǊŜǎǳƭǘǎΦ   
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CƻǊ ǘƘƛǎ ǎƛǘŜ ǇŀǎǎƛǾŜΣ a!a ǊŜŎƻǊŘǎ ǿŜǊŜ ƴƻǘ ǾŜǊȅ ŎǊƛǘƛŎŀƭ ōŜŎŀǳǎŜ ǘƘŜ ǊƻŎƪ ǿŀǎ ŜƴǘƛǊŜƭȅ ǳƴŘŜǊ мл ƳŜǘŜǊǎ ŘŜǇǘƘΦ   
¢ƘŜ оπƳŜǘŜǊ ƎŜƻǇƘƻƴŜ ǎǇŀŎƛƴƎ ǿŀǎ ōŜǎǘ ǎǳƛǘŜŘ ŦƻǊ ōŜŘǊƻŎƪ ŘŜǇǘƘ ƎǊŜŀǘŜǊ ǘƘŀƴ с ƳŜǘŜǊǎΣ ƛƴ ŀŘŘƛǘƛƻƴ ǘƘŜ 
ǎǳǊŦŀŎŜ ǘƻǇƻƎǊŀǇƘȅ ǿŀǎ ŦƭŀǘΦ  ¢ƘŜ мπ5 Ǉƭƻǘ ƛǎ ƻǾŜǊƭŀƛƴ ƻƴ ŜŀŎƘ ǊŜŦǊŀŎǘƛƻƴ ƛƳŀƎŜΦ  Lƴ ŀǊŜŀǎ ǿƘŜǊŜ ōŜŘǊƻŎƪ ƛǎ 
ǿƛǘƘƛƴ с ƳŜǘŜǊǎ ƻŦ ŘŜǇǘƘΣ ǊŜŦǊŀŎǘƛƻƴ ƛǎ ǘƘŜ ǇǊŜŦŜǊǊŜŘ ǇǊƻŎŜǎǎƛƴƎ ƳŜǘƘƻŘǎ ǘƻ ŀŎŎƻƳǇŀƴȅ a!{²Σ ŀǎ ƛǘ ƛǎ ōŜǎǘ ŀǘ 
ŎŀǇǘǳǊƛƴƎ ǘƘŜ ōŜŘǊƻŎƪ ŘŜǇǘƘΣ ǘƘǳǎ ȅƛŜƭŘƛƴƎ ŀ ōŜǘǘŜǊ мπ5 ǾŜƭƻŎƛǘȅ ŎǳǊǾŜ ǘƻ ƳŜŀǎǳǊŜ ±ǎ ŦǊƻƳΦ  

/ƻƴǘƻǳǊǎ ŀƴŘ aŀǇǇƛƴƎ 
 
¢ƘŜ Ŧƛƴŀƭ ǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ Řŀǘŀ ƛǎ ŎƻƳǇƛƭŜŘ ƛƴ {ǳǊŦŜǊ ǘƻ ƻǾŜǊƭŀȅ ŀ ƳŀǇ ƻŦ ǘƘŜ ǎƛǘŜΦ ! о5 ǘƻƳƻƎǊŀǇƘȅ ŎƻƴǘƻǳǊ 
ŎƻƳōƛƴƛƴƎ 9aπомΣ wŜŦǊŀŎǘƛƻƴ ŀƴŘ a!{² Řŀǘŀ ƛǎ ōǊƻƪŜƴ Řƻǿƴ ƛƴ ǘƘŜ ŀǇǇŜƴŘƛȄ ŀƴŘ ŀǘǘŀŎƘŜŘ ŦƛƭŜǎ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘΦ   

 

w9{¦[¢{ 

{ŜƛǎƳƛŎ [ƛƴŜ [ƻŎŀǘƛƻƴǎ 
¢ƘŜ ŦƻƭƭƻǿƛƴƎ ¢ŀōƭŜ м ƛǎ ŀ ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ǇǊƻŦƛƭŜǎ ŎƻƭƭŜŎǘŜŘ ōȅ tǊƻŦƛƭŜ ІΣ {ǘŀǊǘ ŀƴŘ 9ƴŘ ¦¢a ŎƻƻǊŘƛƴŀǘŜǎ ±ǎол 
ŀƴŘ ǇǊƻŦƛƭŜ ƭŜƴƎǘƘΦ  !ƭƭ ǎŜƛǎƳƛŎ ƭƛƴŜ ŎƻƻǊŘƛƴŀǘŜǎ ǿŜǊŜ ŎƻƴǘŀƛƴŜŘ ǿƛǘƘƛƴ ¦¢a ½ƻƴŜ му¢Φ ¢ƘŜ ǇǊƻŦƛƭŜ ƭƻŎŀǘƛƻƴǎ ŀƴŘ 
ōƻǊŜƘƻƭŜǎ ŀǊŜ ǎƘƻǿƴ ƻǾŜǊƭŀƛƴ ƻƴ ŎƻƴŘǳŎǘƛǾƛǘȅ ŀƴŘ ƛƴπǇƘŀǎŜ Ǉƭƻǘǎ ƛƴ CƛƎǳǊŜǎ т ŀƴŘ у ǊŜǎǇŜŎǘƛǾŜƭȅΦ {ǳǊŦŀŎŜ 
ǘƻǇƻƎǊŀǇƘȅ ŎƘŀƴƎŜǎ ǿŜǊŜ ǾŜǊȅ ƎŜƴǘƭŜΣ ǿƛǘƘ ǘƘŜ ŜƴǘƛǊŜ ŀǊŜŀ ōŜƛƴƎ ǊŜƭŀǘƛǾŜƭȅ ŦƭŀǘΦ ¢ƘŜ ōŜƎƛƴƴƛƴƎ ŀƴŘ ŜƴŘ ǎǳǊŦŀŎŜ 
ŜƭŜǾŀǘƛƻƴ ƻŦ ǘƘŜ ǎŜƛǎƳƛŎ ƭƛƴŜǎ ƛǎ ǇǊƻǾƛŘŜŘ ƛƴ ¢ŀōƭŜ мΣ ǿƛǘƘ ƴƻ Ƙƛƭƭǎ ƻǊ ǎƛƎƴƛŦƛŎŀƴǘ ǳƴŘǳƭŀǘƛƻƴǎ ŀƭƻƴƎ ŀƴȅ ƭƛƴŜΦ ! 
ǇǊŜŎƛǎŜ ŜƭŜǾŀǘƛƻƴ ŀƴŘ ¦¢a ǘŀōƭŜ ƻŦ ŜŀŎƘ ƎŜƻǇƘƻƴŜ ƛǎ ǇǊƻǾƛŘŜŘ ƛƴ ǘƘŜ ŀǇǇŜƴŘƛȄ ƻŦ ǘƘƛǎ ǊŜǇƻǊǘΦ ! [L5!w ǎŎŀƴ ƻŦ 
ǘƘŜ ǇǊƻǇŜǊǘȅ ǇǊƻŘǳŎƛƴƎ ǎǳǊŦŀŎŜ ŜƭŜǾŀǘƛƻƴǎ ǿŀǎ ǇǊƻǾƛŘŜŘ ōȅ IŀǘŎƘΦ 
¢ƘŜ ƛƴŘƛǾƛŘǳŀƭ ǇǊƻŦƛƭŜǎ !ǇǇŜƴŘƛȄ ! ŜƳǇƭƻȅ ŀ ŎƻƴǎƛǎǘŜƴǘ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ ǘƻǇ ƻŦ ōŜŘǊƻŎƪ ŦƻǊ ǇǊŜƭƛƳƛƴŀǊȅ 
ǊŜǇƻǊǘƛƴƎ ǇǳǊǇƻǎŜǎΦ  ²ƛǘƘ ǎǳōǎŜǉǳŜƴǘ ǎǳǇǇƭŜƳŜƴǘŀǊȅ Řŀǘŀ ǘƘƛǎ Ƴŀȅ ŎƘŀƴƎŜΦ  ¢ƘŜ ǇǊƻŦƛƭŜǎ ƛƴŎƻǊǇƻǊŀǘŜΥ 

мΦ ¢ƻǇƻƎǊŀǇƘȅ ϧ ¢ƻƳƻƎǊŀǇƘȅ 
нΦ ! ǇǎŜǳŘƻ ǎŜŎǘƛƻƴ ƻŦ ŎƻƳǇǊŜǎǎƛƻƴŀƭ ǿŀǾŜ ǾŜƭƻŎƛǘƛŜǎ  
оΦ ! a!{² м5 ǎƻǳƴŘƛƴƎΦ 
пΦ .ƻǊŜƘƻƭŜǎ ǿƘŜǊŜ ŀǾŀƛƭŀōƭŜΦ 

 
¢ŀōƭŜ мΥ {ŜƛǎƳƛŎ [ƛƴŜǎ 

tǊƻŦƛƭŜ І {ǘŀǊǘ ¦¢a 9ƴŘ ¦¢a {ǘŀǊǘ ŀƴŘ 9ƴŘ 
9ƭŜǾŀǘƛƻƴ 

[ŜƴƎǘƘ όƳŜǘŜǊǎύ 

м пмултуΦлл Ƴ 9Σ 
рлнтрспΦлл Ƴ b 

пмумрсΦлл Ƴ 9Σ 
рлнтпптΦлл Ƴ b 

ффƳ 
ффƳ 

моу 

н пмупллΦлл Ƴ 9Σ 
рлнтстсΦлл Ƴ b 

пмумплΦлл Ƴ 9Σ 
рлнтрссΦлл Ƴ b 

ффƳ 
ффƳ 

нтс όǇƭǳǎ ŀ с 
ƳŜǘǊŜǎ ǊƛǾŜǊ ƎŀǇύ 

о пмуопоΦлл Ƴ 9Σ 
рлнттлрΦлл Ƴ b 

пмуоссΦлл Ƴ 9Σ 
рлнтпфсΦлл Ƴ b 

фуƳ 
мллƳ 

нлт 

п пмуолпΦлл Ƴ 9Σ 
рлнтполΦлл Ƴ b 

пмупроΦлл Ƴ 9Σ 
рлнтртпΦлл Ƴ b 

мллƳ 
мллƳ 

нлт 

р пмупрпΦлл Ƴ 9Σ 
рлнтрмлΦлл Ƴ b 

пмуолуΦлл Ƴ 9Σ 
рлнтоснΦлл Ƴ b 

млмƳ 
млмƳ 

нлт 
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с пмупмсΦлл Ƴ 9Σ 
рлнтпфсΦлл Ƴ b 

пмуотфΦлл Ƴ 9Σ 
рлнтррпΦлл Ƴ b 

мллƳ 
мллƳ 

сф 

т пмуорнΦлл Ƴ 9Σ 
рлнтпртΦлл Ƴ b 

пмуплрΦлл Ƴ 9Σ 
рлнтпмлΦлл Ƴ b 

мллƳ 
млмΦрƳ 

сф 

 

.ƻǊŜƘƻƭŜǎ 
tǊŜǾƛƻǳǎ ǘƻ ǘƘŜ ǎƛǘŜ ǾƛǎƛǘΣ ŜƛƎƘǘ ōƻǊŜƘƻƭŜǎ ǿŜǊŜ ŘǊƛƭƭŜŘ ŀƴŘ ǘƘŜƛǊ ƭƻƎǎ ǿŜǊŜ ǇǊƻǾƛŘŜŘ ǘƻ {ƛƳŎƻŜ ŦƻǊ ǊŜŦŜǊŜƴŎŜΦ 
¢ƘŜƛǊ ƭƻŎŀǘƛƻƴǎ ŀƴŘ ŘŜǇǘƘ ǘƻ ōŜŘǊƻŎƪ ƻǊ ŘŜǇǘƘ ŀǘ ǊŜŦǳǎŀƭ ŀǊŜ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ¢ŀōƭŜ нΦ wŜŦǳǎŀƭ ƛǎ ŀ ǘŜǊƳ ǘƘŀǘ ŘƻŜǎ 
ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ƳŜŀƴ ǘƘŀǘ ōŜŘǊƻŎƪ ƛǎ ŎƻƴŦƛǊƳŜŘΣ ƻƴƭȅ ǘƘŀǘ ŘǊƛƭƭƛƴƎ ŎƻǳƭŘƴΩǘ Ǉŀǎǎ ŀ ŎŜǊǘŀƛƴ Ǉƻƛƴǘ ŀǘ ŀ ǊŜŀǎƻƴŀōƭŜ 
ǊŀǘŜΣ ŦƻǊ ƛƴǎǘŀƴŎŜ ŀ ǇŀǊǘƛŎǳƭŀǊ ǎƛȊŜŘ ǊƻŎƪ ǿƘƛŎƘ άǊŜŦǳǎŜǎέ ǘƻ ōǊŜŀƪ Ƴŀȅ ōŜ ǎǳŦŦƛŎƛŜƴǘ ŦƻǊ ŘǊƛƭƭŜǊǎ ǘƻ ŎŜŀǎŜ ŀ 
ōƻǊŜƘƻƭŜΦ ¢ƘǊŜŜ ōƻǊŜƘƻƭŜǎ ŘƛŘ ŎƻƴŦƛǊƳ ōŜŘǊƻŎƪΣ ǿƘƛŎƘ ǿŀǎ ŀƭƭ ƎǊŀƴƛǘƛŎ ƎƴŜƛǎǎ ōŜŘǊƻŎƪΦ ! ŎƻƴŦƛǊƳŜŘ ōŜŘǊƻŎƪ 
ŘŜǇǘƘ Ǉƻƛƴǘ ƛǎ ŀƴ ŜȄŎŜƭƭŜƴǘ ǿŀȅ ǘƻ ōŜƴŎƘƳŀǊƪ ǊŜŦǊŀŎǘƛƻƴ ǇƛŎƪǎ ŀƴŘ ŀŘƧǳǎǘƛƴƎ 9aπом ǎŜǘǘƛƴƎǎ ŦƻǊ ŜȄŀŎǘƛƴƎ 
ƳŜŀǎǳǊŜƳŜƴǘΦ !ƭƭ ōƻǊŜƘƻƭŜǎ ŎƻƻǊŘƛƴŀǘŜǎ ǿŜǊŜ ŎƻƴǘŀƛƴŜŘ ǿƛǘƘƛƴ ¦¢a ȊƻƴŜ му¢Φ   

¢ŀōƭŜ нΥ .ƻǊŜƘƻƭŜ [ƻƎǎ 
bŀƳŜ ¦¢a [ƻŎŀǘƛƻƴ {ǳǊŦŀŎŜ 9ƭŜǾŀǘƛƻƴ .ŜŘǊƻŎƪ 5ŜǇǘƘ 

.ƻǊŜƘƻƭŜ C¸нпπм пмуотсΦлл Ƴ 9Σ 
рлнтпоуΦлл Ƴ b 

мллΦуфƳ сΦмпƳ 

.ƻǊŜƘƻƭŜ C¸нпπн пмунмоΦлл Ƴ 9Σ  
рлнтрроΦлл Ƴ b 

мллΦмфƳ wŜŦǳǎŀƭ ŀǘ мΦнƳ 

.ƻǊŜƘƻƭŜ C¸нпπо пмунрсΦлл Ƴ 9Σ 
рлнтслсΦлл Ƴ b 

ффΦлпƳ wŜŦǳǎŀƭ ŀǘ нΦурƳ 

.ƻǊŜƘƻƭŜ C¸нпπп пмунусΦлл Ƴ 9Σ 
рлнтротΦлл Ƴ b 

мллΦмлƳ wŜŦǳǎŀƭ ŀǘ мΦлрƳ 

.ƻǊŜƘƻƭŜ C¸нпπр пмуоууΦлл Ƴ 9Σ 
рлнтрфпΦлл Ƴ b 

ффΦннƳ тΦррƳ 

.ƻǊŜƘƻƭŜ C¸нпπс пмупнфΦлл Ƴ 9Σ 
рлнтрнрΦлл Ƴ b 

мллΦпоƳ wŜŦǳǎŀƭ ŀǘ оΦррƳ 

.ƻǊŜƘƻƭŜ C¸нпπт пмурлоΦлл Ƴ 9Σ 
рлнтпфнΦлл Ƴ b 

млоΦнлƳ пΦсрƳ 

.ƻǊŜƘƻƭŜ C¸нпπу пмупплΦлл Ƴ 9Σ 
рлнтпнфΦлл Ƴ b 

млнΦуфƳ wŜŦǳǎŀƭ ŀǘ лΦтрƳ 
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9aом vǳŀŘǊŀǘǳǊŜ aŀǇ 

 
CƛƎǳǊŜ рΥ 9aπом vǳŀŘǊŀǘǳǊŜ DǊƻǳƴŘ /ƻƴŘǳŎǘƛǾƛǘȅ aŀǇ  

EM31 In-Phase Map 

 
CƛƎǳǊŜ сΥ 9aπом LƴπtƘŀǎŜ aŀƎƴŜǘƛŎ {ǳǎŎŜǇǘƛōƛƭƛǘȅ aŀǇ 
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{ŜƛǎƳƛŎ [ƛƴŜ ŀƴŘ .ƻǊŜƘƻƭŜ aŀǇ 

 
CƛƎǳǊŜ тΥ 9aπом vǳŀŘǊŀǘǳǊŜ tƘŀǎŜ DǊƻǳƴŘ /ƻƴŘǳŎǘƛǾƛǘȅ aŀǇ ǿƛǘƘ {ŜƛǎƳƛŎ [ƛƴŜ ŀƴŘ .ƻǊŜƘƻƭŜ hǾŜǊƭŀȅ  

 

 
CƛƎǳǊŜ уΥ 9aπом LƴπtƘŀǎŜ aŀƎƴŜǘƛŎ {ǳǎŎŜǇǘƛōƛƭƛǘȅ aŀǇ ǿƛǘƘ {ŜƛǎƳƛŎ [ƛƴŜ ŀƴŘ .ƻǊŜƘƻƭŜ hǾŜǊƭŀȅ 
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a!{²κa!a 

¢ƘŜ wŀȅƭŜƛƎƘ ŘƛǎǇŜǊǎƛƻƴ ŎǳǊǾŜǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ŀŎǘƛǾŜ ŀƴŘ ǇŀǎǎƛǾŜ ŘŀǘŀǎŜǘǎ ǿŜǊŜ ƻŦ ŜȄŎŜƭƭŜƴǘ ǉǳŀƭƛǘȅΦ ¢ƘŜ 
ŎǳƭǘǳǊŀƭ ƴƻƛǎŜ ŎŀǳǎŜŘ ōȅ ŀƳōƛŜƴǘ ǿƛƴŘ ǿŀǎ ƳƛƴƛƳŀƭΣ ǘƘŜ ƴŜŀǊōȅ ǊƛǾŜǊ ǿŀǎ ǎƭƻǿ ƳƻǾƛƴƎ ŀƴŘ ƴƻ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ƻǊ 
ǘǊŀŦŦƛŎ ŎŀǳǎŜŘ ŀƴȅ ƛƴǘŜǊŦŜǊŜƴŎŜ Ǿƛŀ ƎǊƻǳƴŘ ƴƻƛǎŜΦ ¢ƘŜ ƛƴǾŜǊǘŜŘ ƳƻŘŜƭ όǎŜŜ CƛƎǳǊŜ ммύ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜ ōŜŘǊƻŎƪ 
ƛǎ ǎƘŀƭƭƻǿΣ ǘƘǳǎ ǿƛǘƘƛƴ ǊŜŀŘŀōƭŜ ŘŜǇǘƘΦ 

[ƛƴŜ о όǎŜŜ CƛƎǳǊŜ уύ ƛǎ ǘƘŜ ƭƛƴŜ ǊŜŦŜǊŜƴŎŜŘ ƛƴ ǘƘƛǎ a!{² ŎŀƭŎǳƭŀǘƛƻƴΣ ǿƘƛŎƘ ƛǎ ǘƘŜ ŘŜŜǇŜǎǘ ŀƴŘ ǘƘǳǎ ǘƘŜ 
άǿŜŀƪŜǎǘέ ƻŦ ǘƘŜ ǘƻǘŀƭ ŜȄŀƳƛƴŜŘ ŀǊŜŀΦ .ƻǊŜƘƻƭŜ C¸нпπр ƛǎ ƴŜŀǊōȅ όŀōƻǳǘ нл ƳŜǘŜǊǎ ŀǿŀȅύ ŦǊƻƳ ǘƘŜ ŎŜƴǘǊŜ ƻŦ 
ǘƘŜ a!{² ƭƛƴŜΦ ¢ƘŜ ōŜŘǊƻŎƪ ŘŜǇǘƘ ŦǊƻƳ ǘƘƛǎ ōƻǊŜƘƻƭŜ ǎƘƻǿǎ ƛǘ ǘƻ ōŜ тΦррƳΣ ǘƘŜ ŘŜŜǇŜǎǘ ǊŜŎƻǊŘŜŘ ƻŦ ŀƭƭ 
ōƻǊŜƘƻƭŜǎ ŘǊƛƭƭŜŘ ƻƴ ǎƛǘŜΦ 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ CƛƎǳǊŜ ф ƛǎ ǘƘŜ ŘƛǎǇŜǊǎƛƻƴ ŎǳǊǾŜ ŦǊƻƳ [ƛƴŜ оΦ CƛƎǳǊŜ мл ƛǎ ǘƘŜ ƳƻŘŜƭ ŦǊƻƳ ǘƘŜ a!{²κa!a 
ǎƻǳƴŘƛƴƎΦ     

 

 

CƛƎǳǊŜ фΥ /ƻƳōƛƴŜŘ !ŎǘƛǾŜ ϧ tŀǎǎƛǾŜ 5ƛǎǇŜǊǎƛƻƴ /ǳǊǾŜ ŦƻǊ ǘƘŜ a!{² ǘŜǎǘ 

{ƘŜŀǊ ǿŀǾŜ ǾŜƭƻŎƛǘƛŜǎ ŦƻǊ ǘƘŜ ŦƛǊǎǘ н ƳŜǘŜǊǎ ŀǊŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻŦ ǘȅǇƛŎŀƭ ǘƻǇǎƻƛƭΣ ƻŦǘŜƴ ǎŀǘǳǊŀǘŜŘ ǘƻ ǿƛǘƘƛƴ ŀ 
ƳŜǘŜǊ ƻŦ ǎǳǊŦŀŎŜΦ  ±ŜƭƻŎƛǘƛŜǎ ƛƴ ǘƘƛǎ ŀǊŜŀ ŀǊŜ ǘȅǇƛŎŀƭ ƻŦ ǘƻǇǎƻƛƭΣ ŀǘ ŀōƻǳǘ мрлπмслƳκǎΦ ¢ƘŜ ōŀǎƛǎ ƳŀǘŜǊƛŀƭ ŦƻǊ ǘƘŜ 
ǎƻƛƭ ƛǎ ǎƛƭǘȅ Ŏƭŀȅ ǿƛǘƘ ƭƻǿ ǇƭŀǎǘƛŎƛǘȅ ŀƴŘ ǎƻƳŜ ǘǊŀŎŜ ǎŀƴŘΦ ¢ƘŜ ǾŜƭƻŎƛǘȅ ƻŦ ǘƘƛǎ Ŏƭŀȅ ƭŀȅŜǊ ǎǘŜŀŘƛƭȅ ƛƴŎǊŜŀǎŜǎ ǿƛǘƘ 
ŘŜǇǘƘ ŀǎ ŎƻƳǇŀŎǘƛƻƴ ōǳƛƭŘǎ ŀǘƻǇ ƛǘǎŜƭŦΣ ǘƘŜǊŜ ƛǎ ŜǾƛŘŜƴŎŜ ƻŦ ŀ ǘƘƛƴ ǘƛƭƭ ƭŀȅŜǊ Ƨǳǎǘ ōŜŦƻǊŜ ōŜŘǊƻŎƪΣ ƧǳŘƎƛƴƎ ŦǊƻƳ 
ƻǘƘŜǊ ōƻǊŜƘƻƭŜǎ ƛƴ ǘƘŜ ŀǊŜŀΦ ±ŜƭƻŎƛǘȅ ƻŦ ǘƘŜ ƻǾŜǊōǳǊŘŜƴ ƭŀȅŜǊ ǊŜŀŎƘŜǎ ŀōƻǳǘ оллπонлƳκǎ ŀǎ ŀ ƳŀȄƛƳǳƳ ōŜŦƻǊŜ 
ǊŜŀŎƘƛƴƎ ǘƘŜ ƎǊŀƴƛǘƛŎ ōŜŘǊƻŎƪ ƭŀȅŜǊΦ CƻƭƭƻǿƛƴƎ ǘƘŜ ǊŜŦǊŀŎǘƛƻƴ ƳƻŘŜƭǎΣ ōŜŘǊƻŎƪ ƛǎ ǇǊŜŘƛŎǘŜŘ ǘƻ ōŜ ŀōƻǳǘ мм 
ƳŜǘǊŜǎ ŘŜŜǇ ƘŜǊŜΦ   
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Figure 10: Shear-Wave Model under Line 3 

 

§ƓƣŔŸŰШмΝаШÉũċĤрŸŰр]ƖċĬĲШ?ĲƚŔŊŰЯШΦΦЮΞůШůċƚũШШ

{ƻǳƴŘƛƴƎ 5ŜǇǘƘ ±ǎол όƳκǎύ {ŜƛǎƳƛŎ {ƛǘŜ /ƭŀǎǎ 

a!{²κa!a л ǘƻ ол ƳŜǘŜǊǎ пуп /ϝ 

ϝb./ нлнл ŎƻƳƳŜƴǘŀǊȅ άWέ ǊŜǉǳƛǊŜƳŜƴǘǎ 

¢Ƙƛǎ ǎƛǘŜ Ŏŀƴ ōŜ ŎƻƴŎƭǳŘŜŘ ŀǎ {ŜƛǎƳƛŎ {ƛǘŜ /ƭŀǎǎƛŦƛŎŀǘƛƻƴ / όά±ŜǊȅ 5ŜƴǎŜ {ƻƛƭ ŀƴŘ {ƻŦǘ wƻŎƪέύ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 
ǎŜƛǎƳƛŎ ǎƛǘŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ŎƻŘŜǎ ŀŘƻǇǘŜŘ ōȅ bŀǘƛƻƴŀƭ .ǳƛƭŘƛƴƎ /ƻŘŜǎ ƻŦ /ŀƴŀŘŀ нлнлΣ ǎŜŜ CƛƎǳǊŜ мм ŀƴŘ ǘƘŜ 
LƴǘŜǊƴŀǘƛƻƴŀƭ .ǳƛƭŘƛƴƎ /ƻŘŜ όL./ύΦ  

LŦ ǿŜ ŀǇǇƭȅ ǘƘŜ b./ нлнл ŎƻŘŜ ŀƴŘ h./ нлнпΣ ǘƘŜǊŜ ƛǎ ¢ŀōƭŜ пΦмΦуΦпΦ! 9ȄŎŜǇǘƛƻƴǎ ŦƻǊ {ƛǘŜ 5ŜǎƛƎƴŀǘƛƻƴ ¦ǎƛƴƎ 
±ǎол /ŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ƛƴ {ƛǘǳ aŜŀǎǳǊŜƳŜƴǘǎΦ ·Ǿ Ґ пуп ƳκǎΦ 

§ƓƣŔŸŰШмΞаШΡШůĲƣƖĲШĬŔŊШĬĲƓƣőЯШΦΠЮΞШůċƚũШ

{ƻǳƴŘƛƴƎ 5ŜǇǘƘ ±ǎол όƳκǎύ {ŜƛǎƳƛŎ {ƛǘŜ /ƭŀǎǎ 

a!{²κa!a р ǘƻ ор ƳŜǘŜǊǎ уру .ϝ 

ϝb./ нлнл ŎƻƳƳŜƴǘŀǊȅ άWέ ǊŜǉǳƛǊŜƳŜƴǘǎ 

!ƭǘƘƻǳƎƘ ǘƘŜ ±ǎол ǾŀƭǳŜ ŜȄŎŜŜŘǎ тсл Ƴκǎ ǿƘƛŎƘ ǿƻǳƭŘ ǉǳŀƭƛŦȅ ǘƘŜ ǎƛǘŜ ŀǎ ŀ {ŜƛǎƳƛŎ {ƛǘŜ /ƭŀǎǎƛŦƛŎŀǘƛƻƴ . 
όάwƻŎƪέύ ǎŜŜ CƛƎǳǊŜ мм ǘƘŜǊŜ ƛǎ ƻƴŜ ŎŀǾŜŀǘ ǘƘŀǘ ŘƛǎǉǳŀƭƛŦƛŜǎ ǘƘƛǎ ǎƛǘŜ Ŏƭŀǎǎ ǿƘƛŎƘ ƛǎ ǘƘŜ ŦŀŎǘ ǘƘŜǊŜ ƛǎ ƭƛƪŜƭȅ ƳƻǊŜ 
ǘƘŀƴ о ƳŜǘŜǊǎ ƻŦ ǊƻŎƪ ŀǘ ǘƘƛǎ ƭƻŎŀǘƛƻƴ όǎŜŜ b./ нлнл ŎƻƳƳŜƴǘŀǊȅ ΨWΩύΦ ¢ƘŜ ǳǎŜ ƻŦ ǎƛǘŜ Ŏƭŀǎǎ ά.έ ƛǎ ŎƻƴŘƛǘƛƻƴŀƭ ƻƴ 
ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ /ƻƳƳŜƴǘŀǊȅ άWέ ǎŜƴǘŜƴŎŜ мллΣ ǎǇŜŎƛŦƛŎŀƭƭȅΣ ά{ƛǘŜ /ƭŀǎǎŜǎ ! ŀƴŘ .Σ ŀǊŜ ƴƻǘ ǘƻ ōŜ ǳǎŜŘ ƛŦ 
ǘƘŜǊŜ ƛǎ ƳƻǊŜ ǘƘŀƴ о Ƴ ƻŦ ǎƻƛƭ ōŜǘǿŜŜƴ ǘƘŜ ǊƻŎƪ ǎǳǊŦŀŎŜ ŀƴŘ ǘƘŜ ōƻǘǘƻƳ ƻŦ ǘƘŜ ǎǇǊŜŀŘ ŦƻƻǘƛƴƎ ƻǊ Ƴŀǘ 
ŦƻǳƴŘŀǘƛƻƴΣ ŜǾŜƴ ƛŦ ǘƘŜ ŎƻƳǇǳǘŜŘ ŀǾŜǊŀƎŜ ǎƘŜŀǊ ǿŀǾŜ ǾŜƭƻŎƛǘȅ ƛǎ ƎǊŜŀǘŜǊ ǘƘŀƴ тслƳκǎέΦ ¢Ƙƛǎ ǊǳƭŜ Ŏŀƴ ōŜ 
ŘƛǎǊŜƎŀǊŘŜŘ ƛŦ ǘƘŜǊŜ ŀǊŜ ǇƛƭŜǎ ǘƻ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ǊƻŎƪΦ  
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LŦ ǘƘŜǊŜ ǿƛƭƭ ōŜ ƭŜǎǎ ǘƘŀƴ о Ƴ ƻŦ ǎƻƛƭ ōŜǘǿŜŜƴ ǘƘŜ ōŜŘǊƻŎƪ ŀƴŘ Ƴŀǘ ŦƻǳƴŘŀǘƛƻƴΣ ǎƛǘŜ Ŏƭŀǎǎ ά.έ ǿƛƭƭ ŀǇǇƭȅΦ 

§ƓƣŔŸŰШмΞаШΝΜШůĲƣƖĲШĬŔŊШĬĲƓƣőЯШÉũċĤрŸŰр7ĲĬƖŸĦťЯШΥΦШůċƚũШ

{ƻǳƴŘƛƴƎ 5ŜǇǘƘ ±ǎол όƳκǎύ {ŜƛǎƳƛŎ {ƛǘŜ /ƭŀǎǎ 

a!{²κa!a мм ǘƻ пм ƳŜǘŜǊǎ мулл !ϝ 

ϝb./ нлнл ŎƻƳƳŜƴǘŀǊȅ άWέ ǊŜǉǳƛǊŜƳŜƴǘǎ 

LŦ ǘƘŜ ŦƻǳƴŘŀǘƛƻƴ ǿƛƭƭ ōŜ ŘƛǊŜŎǘƭȅ ƻƴ ōŜŘǊƻŎƪΣ ǘƘƛǎ ǎƛǘŜ Ŏŀƴ ōŜ ŎƻƴŎƭǳŘŜŘ ŀǎ {ŜƛǎƳƛŎ {ƛǘŜ /ƭŀǎǎƛŦƛŎŀǘƛƻƴ ! όάIŀǊŘ 
wƻŎƪέύ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǎŜƛǎƳƛŎ ǎƛǘŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ŎƻŘŜǎ ŀŘƻǇǘŜŘ ōȅ bŀǘƛƻƴŀƭ .ǳƛƭŘƛƴƎ /ƻŘŜǎ ƻŦ /ŀƴŀŘŀ нлнлΣ 
ǎŜŜ CƛƎǳǊŜ ммΣ ŀƴŘ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ .ǳƛƭŘƛƴƎ /ƻŘŜ όL./ύΦ  

LŦ ǿŜ ŀǇǇƭȅ ǘƘŜ b./ нлнл ŎƻŘŜ ŀƴŘ h./ нлнпΣ ǘƘŜǊŜ ƛǎ ¢ŀōƭŜ пΦмΦуΦпΦ! 9ȄŎŜǇǘƛƻƴǎ ŦƻǊ {ƛǘŜ 5ŜǎƛƎƴŀǘƛƻƴ ¦ǎƛƴƎ 
±ǎол /ŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ƛƴ {ƛǘǳ aŜŀǎǳǊŜƳŜƴǘǎΦ ·Ǿ Ґ мулл ƳκǎΦ 

¢ƘŜ ǳǎŜ ƻŦ ǎƛǘŜ Ŏƭŀǎǎ ά!έ ƛǎ ŎƻƴŘƛǘƛƻƴŀƭ ƻƴ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ /ƻƳƳŜƴǘŀǊȅ άWέ ǎŜƴǘŜƴŎŜ мллΣ ǎǇŜŎƛŦƛŎŀƭƭȅΣ ά{ƛǘŜ 
/ƭŀǎǎŜǎ ! ŀƴŘ .Σ ŀǊŜ ƴƻǘ ǘƻ ōŜ ǳǎŜŘ ƛŦ ǘƘŜǊŜ ƛǎ ƳƻǊŜ ǘƘŀƴ о Ƴ ƻŦ ǎƻƛƭ ōŜǘǿŜŜƴ ǘƘŜ ǊƻŎƪ ǎǳǊŦŀŎŜ ŀƴŘ ǘƘŜ ōƻǘǘƻƳ ƻŦ 
ǘƘŜ ǎǇǊŜŀŘ ŦƻƻǘƛƴƎ ƻǊ Ƴŀǘ ŦƻǳƴŘŀǘƛƻƴΣ ŜǾŜƴ ƛŦ ǘƘŜ ŎƻƳǇǳǘŜŘ ŀǾŜǊŀƎŜ ǎƘŜŀǊ ǿŀǾŜ ǾŜƭƻŎƛǘȅ ƛǎ ƎǊŜŀǘŜǊ ǘƘŀƴ 
тслƳκǎέΦ ¢Ƙƛǎ ǊǳƭŜ Ŏŀƴ ōŜ ŘƛǎǊŜƎŀǊŘŜŘ ƛŦ ǘƘŜǊŜ ŀǊŜ ǇƛƭŜǎ ǘƻ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ǊƻŎƪΦ  

 

 
CƛƎǳǊŜ ммΥ {ǳƳƳŀǊȅ ƻŦ {ƛǘŜ /ƭŀǎǎ ōŀǎŜŘ ǳǇƻƴ {ƘŜŀǊπǿŀǾŜ ǾŜƭƻŎƛǘƛŜǎΦ 
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/ŀƭŎǳƭŀǘƛƻƴ ƻŦ 9ƭŀǎǘƛŎ aƻŘǳƭƛ 
¢ƘŜ ŜƭŀǎǘƛŎ ƳƻŘǳƭƛ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ǾŜƭƻŎƛǘƛŜǎ ƳŜŀǎǳǊŜŘ ŦǊƻƳ ǘƘŜ ǎŜƛǎƳƛŎ ǘŜǎǘ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ ŘŜƴǎƛǘȅ 
ŘŀǘŀΦ  {ƻƛƭ ŘŜƴǎƛǘȅ ǾŀƭǳŜǎ ǿŜǊŜ ōŀǎŜŘ ƻƴ ŀƴ ŀǎǎǳƳŜŘ ǾŀƭǳŜ ƻŦ мΦфр ƎκŎƳоΦ  .ŜŘǊƻŎƪ ŘŜƴǎƛǘƛŜǎ ǊŀƴƎŜ ŦǊƻƳ нΦм ǘƻ 
нΦс ƎκŎƳоΦ  !ƴ ŀǾŜǊŀƎŜ ŘŜƴǎƛǘȅ ƻŦ нΦп ǿŀǎ ǳǎŜŘ ŦƻǊ ǘƘŜ ƳƻŘǳƭƛ ŎŀƭŎǳƭŀǘƛƻƴǎΦ   

¢ƘŜ ŦƻƭƭƻǿƛƴƎ Ŝǉǳŀǘƛƻƴǎ ŀƭƭƻǿ ǘƘŜ ŎŀƭŎǳƭŀǘƛƻƴ ƻŦ ǘƘŜ ŜƭŀǎǘƛŎ ƳƻŘǳƭƛΥ  

tƻƛǎǎƻƴΩǎ wŀǘƛƻΥ „  

{ƘŜŀǊ aƻŘǳƭǳǎΥ Ὃ
мллл

 

¸ƻǳƴƎΩǎ aƻŘǳƭǳǎΥ Ὁ
мллл

 

.ǳƭƪ aƻŘǳƭǳǎΥ ὑ  

²ƘŜǊŜ ±ǎ Ґ ǎƘŜŀǊ ǿŀǾŜ ǾŜƭƻŎƛǘȅ όƳκǎύ 

             ±ǇҐ ŎƻƳǇǊŜǎǎƛƻƴŀƭ ǿŀǾŜ ǾŜƭƻŎƛǘȅ όƳκǎύ 

            rҐ ŘŜƴǎƛǘȅ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭ όƎκŎƳоύ 

wŜǎǳƭǘǎ ƻŦ ǘƘŜ ŜƭŀǎǘƛŎ ƳƻŘǳƭƛ ŎŀƭŎǳƭŀǘƛƻƴ ŀǊŜ ǎǳƳƳŀǊƛȊŜŘ ƛƴ ǘƘŜ ǘŀōƭŜ ōŜƭƻǿΦ 

 
Layer Depth 

Interval P-wave Velocity 
S-wave 
Velocity 

Density 
(assumed) 

Shear 
Modulus 

Poisson's 
Ratio 

Young's 
Modulus 

Bulk 
Modulus 

(m) (m/s) (m/s) (g/cm^3) (Mpa)   (Mpa) (Mpa) 

Dry 
Overburden 
- Silty Clay 

0m - 
1m 440 150 1.95 44 0.43 126 319 

Saturated 
Soils - Silty 
Clay 

1m - 
11m 1450 200 1.95 78 0.49 232 3996 

Granite 
11m - 
30m 6000 1800 2.40 7776 0.45 22559 76032 

 

¢ŀōƭŜ оΥ 9ƭŀǎǘƛŎ aƻŘǳƭƛ /ŀƭŎǳƭŀǘƛƻƴǎ ŦǊƻƳ a!{² 5ŀǘŀ 
 

Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ ǘƘŀǘ Řŀǘŀ ŀƴŀƭȅǎƛǎ ŀƴŘ ǎŜƛǎƳƛŎ ǎƛǘŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘ ƛǎ ōŀǎŜŘ ƻƴ 
ǎŜƛǎƳƛŎ ƳŜǘƘƻŘǎ ƻƴƭȅΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ a!{² ǎƻǳƴŘƛƴƎ Ŏŀƴ ōŜ ǎǳǇŜǊǎŜŘŜŘ ōȅ ƻǘƘŜǊ ƎŜƻǘŜŎƘƴƛŎŀƭ ƛƴŦƻǊƳŀǘƛƻƴ 
ǎǳŎƘ ŀǎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǎŜƴǎƛǘƛǾŜ ŀƴŘκƻǊ ƭƛǉǳŜŦƛŀōƭŜ ǎƻƛƭǎΣ ƳƻǊŜ ǘƘŀƴ о ƳŜǘŜǊǎ ƻŦ ǎƻŦǘ ŎƭŀȅǎΣ ƘƛƎƘ ƳƻƛǎǘǳǊŜ 
ŎƻƴǘŜƴǘΣ ŜǘŎΦ Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŎƻƴǎƛŘŜǊ ƻǘƘŜǊ ƎŜƻǘŜŎƘƴƛŎŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ǇǊƛƻǊ ǘƻ ŦǳǊǘƘŜǊ ƛƴǾŜǎǘƛƎŀǘƛƻƴǎ ƻƴ ǎƛǘŜΦ 
CƻǊ ƳƻǊŜ ŘŜǘŀƛƭǎ ŀōƻǳǘ ǎŜƛǎƳƛŎ ǎƛǘŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴΣ ǘƘŜ ǊŜŀŘŜǊ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ǎŜŎǘƛƻƴ пΦмΦуΦп ƻŦ ǘƘŜ bŀǘƛƻƴŀƭ 
.ǳƛƭŘƛƴƎ /ƻŘŜ ƻŦ /ŀƴŀŘŀΣ нлнл 9ŘƛǘƛƻƴΦ 
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Bedrock Results 
 

!ƭƭ ŘŀǘŀΣ 9aомΣ ǎŜƛǎƳƛŎ ŀƴŘ ōƻǊŜƘƻƭŜǎ ƘŀǾŜ ōŜŜƴ ŎƻƳōƛƴŜŘ ǘƻ ǇǊƻŘǳŎŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ CƛƎǳǊŜǎΥ 

CƛƎǳǊŜ мнΥ .ŜŘǊƻŎƪ 5ŜǇǘƘ tƭƻǘ 

CƛƎǳǊŜ моΥ {ǳǊŦŀŎŜ 9ƭŜǾŀǘƛƻƴ tƭƻǘ ŦǊƻƳ [L5!w όtǊƻǾƛŘŜŘ ōȅ IŀǘŎƘύ 

CƛƎǳǊŜ мпΥ .ŜŘǊƻŎƪ 9ƭŜǾŀǘƛƻƴ tƭƻǘ ŎǊŜŀǘŜŘ ōȅ ǎǳōǘǊŀŎǘƛƴƎ ǘƘŜ CƛƎǳǊŜ мм Řŀǘŀ ǎŜǘ ŦǊƻƳ ǘƘŜ CƛƎǳǊŜ мн Řŀǘŀ ǎŜǘΦ 

 
Figure 12: Bedrock Depth Plot 
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