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FOUNDATION INVESTIGATION REPORT
For
G.W.P. 3042-22-00
CNR Overhead

Highway 4 widening from Clinton Line to New Talbotville Bypass and New
Talbotville Bypass from Highway 4 to Highway 3 at Ron McNeil Line
West Region, Township of Southwold, County of Elgin, Ontario

1.0 INTRODUCTION

Stantec has been retained by the Ministry of Transportation Ontario (MTO) to provide preliminary and
detailed design services for the Highway 4 widening from Clinton Line to the new Talbotville Bypass and
for the new Talbotville Bypass from Highway 4 to Highway 3 at Ron McNeil Line (GWP 3042-22-00), and
for the Highway 3 widening from Ron McNeil Line to Centennial Avenue (GWP 3041-22-00).

As part of the GWP 3042-22-00 new Talbotville Bypass from Highway 4 to Highway 3 at Ron McNeil Line,
the following new structures are proposed:

e CNR Talbotville Overhead - Two (2) Single Span Bridges with about 300 m long approach
embankment on both sides of bridges,

¢ Ron McNeil Line Interchange Overpass - Two Span Bridge with approach embankments, and

¢ Lindsay Creek Culvert (formerly Dodd’s Creek Culvert).

As part of the GWP 3041-22-00 Highway 3 Twinning from Ron McNeil Line to Centennial Avenue, the
following new structures, including two existing culverts replacement, are proposed:

e Wellington Road Interchange Underpass — New Two Span Bridge with approach embankments

o Kettle Creek WBL Bridge — New Three Span Bridge

e 05X-0266/C0 Underhill Drain Culvert — New Culvert Construction Under the proposed Highway
Twinning

e 05X-0268/C0 — Existing CSP Culvert replacement & New Culvert Construction Under the proposed
Highway Twinning

¢ Noise Walls (Station between 13+100 and 11+100, south side of the existing Highway 3 & between
Station12+400 and 13+600 on both sides of Highway 3)

e Deep Cuts (between Stations 13+650 and 15+050, north of the existing Highway 3)

Eighteen (18) Overhead Signs and three (3) Storm Water Management Ponds (SWMPs) were also
planned at the early stage of the project. As per the preliminary design, three (3) Storm Water
Management Ponds were eliminated, and four (4) structural culverts were added at the Ron McNeil Line
interchange area.
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This Foundation Investigation Report has been prepared specifically and solely for the proposed CNR
overhead structure. Other project foundations engineering components are reported under separate
cover.

The terms of reference for the foundation investigation work scope were provided in the MTO’s RFP
(Request for Proposal) and addenda. The MTO Guideline for Foundation Engineering Services V.3.0 is
also considered for the borehole termination depth based on the clarifications provided during the bid
phase.

2.0 SITE DESCRIPTION AND GEOLOGY

2.1 SITELOCATION

Talbotville bypass is planned to cross CNR tracks at approximately Station 12+020, about 700 m west of
the proposed Ron McNeil underpass in the Township of Southwold, Elgin County, Ontario. The site
location is shown on the Key Plan inset to Drawing Nos. 1 to 4 included in Appendix A.

2.2 GENERAL SITE DESCRIPTION

At the proposed location of CNR Overhead, the proposed Highway 3 Talbotville Bypass is planned to be
a divided freeway, with two lanes (with paved shoulders) in each direction, divided by a grass median.
The orientation of Talbotville Bypass is approximately northwest-southeast and the orientation of the CNR
track is approximately north-south. For the purposes of this report, the orientation of Talbotville Bypass
and the CNR track are taken as east-west and north-south, respectively.

At the project site, CN ROW is approximately 25 m wide and contains one track.

The area immediately adjacent to the proposed overhead structure and within most of embankment areas
consists of heavily wooded area. There are agricultural fields further north and south of the wood area.
The ground surface at the site generally slopes towards south and west.
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Photo 1. CNR Overhead North Embankment Site (looking North)

2.3 PROPOSED STRUCTURE AND EMBNAKMENTS

Based on the General Arrangement (GA) drawing, a wide single-span, rigid-frame structure (a 27 m long
span and 145 m width) will carry both the EB and WB lanes of the proposed Highway 3 Talbotville
Bypass over the CNR ROW. The proposed width of the Highway 3 median is about 22.5 m. The GA
drawing indicates that the overhead structure will be constructed at 61.3° skew angle to the CNR track
alignment.

Based on the plan, + 300 m long bridge approach embankments are proposed on either side of the
overhead structure. Both the EB and WB lane will be constructed on a single embankment with a top
width of approximately 50 m. The centreline profile of EB and WB lanes at the proposed overhead
location are planned to be at approximately elevation 251 m, approximately 10 m higher than the
surrounding lands. Concrete retaining walls are also proposed the end of embankments.

The GA drawing is included in Appendix A for reference.
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2.4 GEOLOGICAL INFORMATION

The site is located within the physiographic region of Mount Elgin Ridges, as delineated in the
Physiography of Southern Ontario (Chapman and Putnam, 1983). According to the Ontario Department of
Mines Preliminary Geological Maps 238 (Pleistocene Geology of The St. Thomas Area, West Half) and
P.606 (Pleistocene Geology of The St. Thomas Area, East Half), the site subsurface conditions are
generally characterized by lacustrine deposits of silt, silty sand and clay, Port Stanley silty clay to clayey
silt till and modern alluvium deposits of gravel, sand, and silt along watercourses. As per the Ontario
Geological Survey Map 2441 (Geological Highway Map Southern Ontario), the bedrock within the project
area is described as grey limestone of the Dundee Formation. Based on the Ontario Department of Mines
Preliminary Geological Map P. 482 (St. Thomas Sheet), the bedrock depths at the proposed CNR
overhead site is estimated to be about 85 m below the original ground surface (0.g.).

2.5 EXISTING UTILITIES

A review of available information indicated that there are no existing utilities in the immediate area of the
proposed overhead structure and embankments (within the wood lot). There is a gas main and watermain
running along Wonderland Road to the east and a gas main crossing the farm field northwest of the
proposed overhead structure and embankments.

3.0 REVIEW OF PREVIOUS INVESTIGATIONS

A review of MTO GEOCRES database identified the following report at the CNR overhead site:

GEOCRES Reference No. 40114-070

A foundation investigation report dated September 17, 1971, was available for the proposed crossing at
CNR spur overhead and St. Thomas Expressway.

The report was referenced as follows:

Foundation Investigation Report

For Proposed Crossing at

CNR Spur Overheads and St. Thomas Expressway
Twps. Of Southwold; County of Elgin

W.0. 71-11068 - W.P. 89-69-05 & 06

The investigation included a total of eight (8) sampled boreholes (BH No. 1 to 8), advanced to depths
ranging from approximately 10.4 m to 30.2 m below grade (corresponding to approximately elevations
229.8 m to 210.1 m) and eight (8) dynamic cone penetration tests carried out adjacent to each borehole
advanced in July 1971.
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The boreholes encountered a deep stratum of stiff to hard clayey silt with some sand and trace gravel
immediately below the topsoil. Except the top 2 m, the stratum had a moisture content that was at or
below the Plastic Limit. The undrained shear strength of the stratum generally decreased with depth,
being in excess of 240 kPa at approximate elevation 237.8 m and about 190 kPa at approximate
elevation 213.4 m. The deposit appeared to be highly over-consolidated.

Groundwater levels were observed at elevations ranging from approximately 231 m to 218.1 m.

Following shifts in the alignment of the St. Thomas Expressway at the CNR overhead, five (5) additional
borings (BH No.11 to 15) were advanced to a depth of approximately 5 m below grade at this site, which
reported similar subsoil conditions as those indicated above.

For reference, copies of the Borehole Location Plan, stratigraphical profile, borehole records and
laboratory test results are included in Appendix B.

4.0 INVESTIGATION PROCEDURES

4.1  FIELD INVESTIGATION

The geotechnical investigation for the detailed design of the proposed CNR overhead and embankments
originally consisted of a total of 12 boreholes, designated as CNR-EMBO01 to CNR-EMB12 for the
proposed 600 m long embankments and four (4) boreholes, designated as CNR-OH1 to CNR-OH4 for the
overhead structure abutments. As per discussions with the MTO, Boreholes CNR-EMB02, CNR-EMB08
and CNR-EMB10 were subsequently converted to seismic Cone Penetration Tests (sCPTs). The
locations of the boreholes and sCPTs are shown on the Borehole Location Plan, Drawing Nos. 1 to 4 in
Appendix A.

MTO cleared an alignment within the wooded area for the foundation investigation (along the bypass
centreline). Prior to carrying out the investigation, Stantec contacted the public utility authorities, private
locate and MTO to clear the borehole locations of private, public as well as and MTO-owned utilities.

The field drilling program was carried out from March 4, 2024, through to July 11, 2024. The approach
embankment and overhead structure boreholes were advanced to depths of approximately 15.9 m and
44.8 m below grade, respectively. All boreholes were advanced using hollow-stem continuous-flight
augers. Wash boring technique was used below a depth of 3 m in CNR-OH1 to CNR-OH4. Drilling was
carried out with CME55 and D50 track-mounted rigs equipped for soil sampling.

The subsurface stratigraphy encountered in each borehole was recorded in the field by an experienced
Stantec field technician. Standard Penetration Tests (SPT) were carried out in the drilled holes and split
spoon samples were collected at regular intervals (0.75 m interval for the shallow depth / critical zone,

1.5 minterval to 20 m below grade and 3 m interval to the termination depths of the boreholes to meet the
typical MTO subsurface investigation sampling requirements) in accordance with ASTM D1586. Al
recovered SPT and Shelby tube samples were returned to our Markham and Ottawa laboratories for
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detailed classification and testing. The undrained shear strength of cohesive soils was determined using
an in-situ shear vane (MTO B-vane) in accordance with ASTM D2573 wherever applicable. A pocket
penetrometer was also used to estimate the shear strength/consistency of clayey soil samples at the site.
Shelby tube (thin-walled steel tube) samples were also obtained in several boreholes were lower N-
values were obtained from the SPTs.

Three (3) CPT tests, designated as SCPT-CNREMB02, SCPT-CNREMBO08 and SCPT-CNREMB10 were
conducted by ConeTec at the site on May 9 and 10, 2024. The CPTs were advanced to depths of
approximately 15.6 m, 20.1 m and 20.0 m below grade, respectively, where refusal to penetration of the
cone was encountered. The CPTs included seismic measurements and pore dissipation tests. The
ConeTec report dated May 24, 2024, is included in Appendix C.

Groundwater was observed in open boreholes during drilling. Following completion of drilling, a 50 mm
diameter groundwater monitoring well, screened over a depth of 4.6 m to 7.6 m below ground surface,
was installed in Borehole CNR-OH1. The borehole annulus surrounding the slotted pipe section was
backfilled with sand. The remaining annulus was backfilled with bentonite up to the ground surface. A
groundwater level measurement in the monitoring well was taken out on August 29, 2024.

After completion of drilling, the remaining boreholes were backfilled with a mix of bentonite and drill
cuttings.

Multi-Channel Analysis of Surface Wave (MASW) measurements were carried out on both sides of CNR
ROW to determine the seismic site class; the surveys consisted of a single a 69 m long array of
geophones spaced at 3 m, at each site. The MASW report is included in Appendix F.

4.2 LOCATION AND ELEVATION SURVEY

The borehole locations and respective ground surface elevations were surveyed by Stantec Geomatics
personnel using a Trimble R12i GPS with an elevation and spatial accuracy of £ 0.02 m vertically and

1 0.01 m horizontally to meet the survey accuracy requirements (vertical accuracy of 0.1 m and horizontal
accuracy of 0.5 m) of the Guideline for MTO Foundation Engineering Services V2.

Table 4.1 below summarizes the borehole survey information and includes the drilling depth, end of
borehole elevation and number of samples recovered for each borehole.

Table 4.1: Borehole and CPT Information Summary

MTM Zone 11 Coordinates Ground End of End of borehole Number
Test Hole Northing Easting eTg\:failicoen b(()jree;t(r)]Ie elevation (m) sgInSpolials
(m) (m)
CNR-EMB1 4742387.6 408194.1 2414 15.9 2255 14
SCPT-CNREMB-02 4742437.0 408134.9 241.0 15.6 2254 -
CNR-EMB3 4742473.2 408075.1 241.8 15.9 2259 15
CNR-EMB4 4742503.0 408026.1 2414 15.9 2256 15
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MTM Zone 11 Coordinates Ground End of End of borehole Number
Test Hole Northing Easting eTg\:;?iCoen bc(;r:;tzle elevation (m) sg]rcnspcigs
(m) (m)
CNR-EMB5 4742528.0 407978.3 240.8 15.9 224.9 15
CNR-EMB6 47425591 407913.2 239.9 15.9 224.0 15
CNR-EMB7 47422911 408305.7 2401 15.9 2243 14
SCPT-CNREMB-08 4742299.9 408360.7 240.0 201 219.9 -
CNR-EMB9 4742180.0 408425.8 239.7 15.9 223.9 14
SCPT-CNREMB-10 4742135.9 408477.0 239.0 20.0 219.0 -
CNR-EMB11 4742091.9 408523.1 239.2 15.9 223.4 15
CNR-EMB12 47420481 408572.4 2391 15.9 223.2 15
CNR-OH1 4742326.5 408283.1 240.2 44.8 195.4 26
CNR-OH2 4742271.9 408298.2 2404 44.8 195.6 25
CNR-OH3 4742374.5 408227.3 240.7 44.8 195.9 26
CNR-OH4 4742319.5 408248.9 240.5 44.8 195.7 26

4.3 LABORATORY TESTING

All samples were taken to Stantec’s Markham and Ottawa laboratories where they were subjected to a
detailed visual and tactile examination by a Geotechnical Engineer.

The geotechnical laboratory testing program for the boreholes samples is summarized in the following
table.

Table 4.2: Geotechnical Laboratory Testing Program

Laboratory Test Type Number of Tests
Moisture Content 238
Gradation Analysis 54
Atterberg Limits 57
Consolidation (Oedometer) 4
Unconsolidated Undrained Triaxial Compression Test (UU)
Chemical Analysis 4

Four (4) soil samples from the boreholes advanced for the CNR overhead structure abutments were
forwarded to AGAT Laboratories. The samples were tested for pH, soluble sulphate content, chloride
content, and resistivity.

Samples remaining after testing will be placed in storage for a period of one year after issuance of the
final report. After the storage period, the samples will be discarded unless we are directed otherwise by
MTO.
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5.0 SUBSURFACE CONDITIONS

5.1 OVERVIEW

The detailed soil and groundwater conditions encountered in the boreholes and the results of the in-situ
and laboratory testing are shown on the Borehole Records included in Appendix C. An explanation of the
symbols and terms used to describe the Borehole Records is also provided in Appendix C. The results of
the geotechnical laboratory testing are presented on Figures D1 to D6 included in Appendix D. It is noted
that clay size particles include all particles smaller than 0.002 mm.

A borehole location plan and a stratigraphic section and profile of the soils encountered in the boreholes
along the bridge alignment and embankments are provided on Drawing Nos.1 and 2 in Appendix A.

The stratigraphic boundaries on the borehole records and the strata plot are inferred from non-continuous
sampling and therefore represent transitions between soil types rather than exact boundaries between
geological units. The subsurface conditions will vary between and beyond the borehole locations.

In general, the subsurface stratigraphy encountered in the boreholes generally consisted of:

e Topsoil; underlain by,

e Fill comprising silty clayey sand in CNR-EMBO03; underlain by,

o  Stiff to hard clayey silt till; underlain interbedded with,

o Sitiff to hard clayey siltin CNR-EMB1, CNR-EMB6, CNR-EMB9, CNR-EMB11 and CNR-EMB12.

Detailed descriptions of the subsurface conditions are provided below.

5.2 OVERBURDEN
5.2.1 Topsoll

Topsoil was encountered at all boreholes. The thickness of the topsoil varied from approximately 100 mm
to 300 mm.

Laboratory tests conducted on samples from the topsoil yielded moisture contents of approximately 25%
and 50%.

5.2.2 Fill

A layer of fill material comprising brown silty clayey sand was encountered below the topsoil in borehole
CNR-EMBO03. Samples obtained from the fill layer contained trace gravel.

The fill layer was approximately 1.3 m thick and extended to a depth of approximately 1.5 m below grade
corresponding to approximately elevation 240.3 m.
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N-values of 2 and 10 blows per 0.3 m were obtained from the SPTs advanced in the fill layer, indicating a
very loose to compact condition.

Laboratory tests conducted on the samples of the fill yielded natural moisture contents of approximately
22% and 15%.

Gradation analyses were carried out on a sample of the fill soils. The test results are illustrated on the
borehole record in Appendix C and on the gradation curve on Figure No. D1 in Appendix D. The tests
yielded the following results:

Gravel: 6%

Sand: 46%
Silt: 30%
Clay: 18%

Atterberg Limits tests were conducted on the sample referenced above. The tests yielded a Liquid Limit of
approximately 18%, a Plastic Limit of approximately 11%, and a corresponding Plasticity Index of
approximately 7%. The test results are illustrated on the borehole record in Appendix C and on the
gradation curve on Figure No. D2 in Appendix D.

Based on the results of the laboratory tests, the sample tested can be classified as silty clayey sand with
a group symbol of SC-SM based on the Unified Soil Classification System (USCS).

5.2.3 Clayey Silt Till

An extensive deposit of brown to grey clayey silt till was encountered below the topsoil and/or fill
materials in all boreholes. The deposit typically contained various but minor amounts of sand and gravel.
Samples obtained from the top portion of the till deposit were noted to have a slightly higher moisture
content and plasticity in some boreholes. Localized seams/layers of soils with higher silt content and
lower plasticity (described in the proceeding section) were noted within this deposit. Presence of cobbles
and/or boulders was inferred at depth in the till deposit in borehole CNR-OH2 due to difficulties in drilling.
Presence of cobbles and/or boulders should be anticipated in the till soils at other locations and depths.

All boreholes except CNR-EMB1, CNR-EMB6 and CNR-EMB9 were terminated in this deposit after
penetrating 14.8 m to 44.8 m into the layer.

The N-values obtained from the SPTs advanced in the top 1 metre of the clayey silt till deposit ranged
from 2 to 8 blows per 0.3 m penetration, indicating a soft to stiff consistency. Below this surficial zone, N-
values ranging from 10 to 65 were obtained from the SPTs. N-values of greater than 30, indicating a hard
consistency, were obtained below a depth of approximately 27 m below grade (approximately elevation
214 m) in boreholes CNR-OH2 and CNR-OH3 and below a depth of approximately 32 m below grade
(approximately elevation 208 m) in boreholes CNR-OH1 and CNR-OH4.

An in-situ shear vane test (MTO B-vane) attempted at a depth of approximately 1.4 m below grade in
borehole CNR-EMBO07 encountered refusal, indicating an undrained shear strength greater than 200 kPa.
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An in-situ shear vane test (MTO B-vane) was conducted at a depth of approximately 19.2 m below grade,
corresponding to approximate elevation 221 m in borehole CNR-OH1, which indicated undisturbed and
remoulded undrained shear strengths of 160 kPa and 80 kPa, respectively corresponding to a sensitivity
of 2.

Pocket penetrometer tests were also used to estimate the clayey silt till strength/consistency at the site.
UCS, estimated by using the pocket penetrometer on recovered split-tube soil samples, were from

0.5 kgf/cm? to greater than 4.5 kgf/cm? and suggested an undrained shear strength of 50 kPa to greater
than 220 kPa. Based on the results of these tests, the clayey silt till can be described as stiff to hard.

An Unconsolidated Undrained (UU) Triaxial test was conducted on a select Shelby tube sample retrieved
at a depth of approximately 4.9 m below grade, corresponding to approximate elevation 235.8 min
borehole CNR-OH3. The test indicated a Compressive Strength of approximately 190 kPa corresponding
to an undrained shear strength of approximately 95 kPa. The details of the test are included in the test
sheets in Appendix D.

Laboratory tests conducted on samples of the clayey silt till deposit yielded natural moisture contents
ranging from approximately 11% to 28%, averaging 16%. Higher moisture contents were obtained from
the surficial samples of the clayey silt till deposit.

Gradation analyses were carried out on fifty samples of the clayey silt till soils. The test results are
illustrated on the borehole records in Appendix C and on the gradation curve on Figure No. D3 in
Appendix D. The tests yielded the following results:

Gravel: 010 17%
Sand: 0 to 19%
Silt: 32 t0 68%
Clay: 29 10 48%

Atterberg Limits tests were conducted on the samples referenced above. The tests yielded Liquid Limits
ranging from approximately 23% to 37%, Plastic Limits ranging from approximately 11% to 19%, and
corresponding Plasticity Indices ranging from approximately 9% to 21%. The test results are illustrated on
the borehole records in Appendix C and on the gradation curve on Figure No. D4 in Appendix D.

Based on the results of the laboratory tests, the samples tested can be classified as clayey silt with a
group symbol of CL and silty clay with a group symbol of Cl based on the Unified Soil Classification
System (USCS).

One-dimensional oedometer consolidation tests were carried out on portions of selected Shelby tube
samples. The results are provided below in Table 5.1 and the details of the tests, including the data plots,
are provided on the laboratory test sheets in Appendix D.
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Table 5.1: One-Dimensional Oedometer Consolidation Test Results
- Estimated Pre- Recompression ici
. Initial S Over Coefficient of
Borehole/ | Elevation I\r}g:gl Unit consstcilégztmn Ctl)rr]r?erxegsrign Consolidation Consolidation
Sample (m) Ratio Weight po ' Ir?dex Ratio C,
(kKN/m?3) (kP2) Co OCR (cm?s)
CNR- 3
EMB1/ ST1 235.7 0.51 21.19 500 0.11/0.013 6.1 4.3e
CNR- 236.0 0.55 20.78 500 0.141/0.015 10 2.5e3
EMB7/ ST1 ’ ) . : : :
CNR- 3
EMBO9/ ST2 233.3 0.41 21.99 650 0.11/0.01 8.3 4.6e
CNR-
EMB11/ 2241 0.51 20.98 500 0.125/0.012 3.0 4.2
ST2

5.2.4 Clayey Silt

Localized layers of clayey silt with higher silt content and lower plasticity than the clayey silt till described
in the preceding section were noted interbedded in the clayey silt till described in the preceding section in
boreholes CNR-EMBO01, CNR-EMB06, CNR-EMB09, CNR-EMB11 and CNR-EMB12.

The clayey silt layer was approximately 1.6 m and 1.5 m thick and extended from depths of approximately
11.7 m and 10.2 m below grade, corresponding to approximately elevations 227.5 m and 223.2 m to
depths of approximately 13.3 m and 11.7 m below grade, corresponding to approximate elevation

225.9 m and 221.7 m, respectively in boreholes CNR-EMB11 and CNR-EMB12. Boreholes CNR-EMB1,
CNR-EMBO06 and CNR-EMBO09 were terminated in the clayey silt layer after penetrating 1.1 m, 0.2 m and
1.1 into the layer, respectively.

N-values obtained from the SPTs advanced in the clayey silt layer ranged from 17 to 51, indicating very
stiff to hard consistency.

Two (2) pocket penetrometer tests were also conducted on samples obtained from this layer to estimate
the clayey silt strength/consistency at the site. UCS, estimated by using the pocket penetrometer on
recovered split-tube soil samples, were 2 kgf/cm? and greater than 4.5 kgf/cm? and suggested an
undrained shear strength of 100 kPa and greater than 220 kPa. Based on the results of these tests, the
clayey silt till can be described as very stiff to hard.

Laboratory tests conducted on samples of the clayey silt deposit yielded natural moisture contents
ranging from approximately 9% to 19%, averaging 15%.
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Gradation analyses were carried out on three (3) samples of the clayey silt soils. The test results are
illustrated on the borehole records in Appendix C and on the gradation curve on Figure No. D5 in
Appendix D. The tests yielded the following results:

Gravel: 0to 1%
Sand: 0to 2%
Silt: 65 to 80%
Clay: 30 to 32%

Atterberg Limits tests were conducted on the samples referenced above. The tests yielded Liquid Limits
ranging of approximately 19%, 20% and 23%, Plastic Limits of approximately 14%, 15% and 14%, and
corresponding Plasticity Indices of approximately 5%, 5% and 9%. The test results are illustrated on the
borehole records in Appendix C and on the gradation curve on Figure No. D6 in Appendix D.

Based on the results of the laboratory tests, the samples tested can be classified as clayey silt with a
group symbol of CL-ML and CL based on the Unified Soil Classification System (USCS).

5.2.5 Bedrock

No bedrock was encountered in any boreholes within the investigation depths.

5.2.6 Groundwater

A monitoring well was installed in Borehole CNR-OH1 to observe the long-term groundwater levels. In
other boreholes, groundwater level observations were made during drilling operations, and in the open
boreholes upon completion of drilling. Soil colour change from brown to grey was noted at approximate
depths of 2.3 m to 3.8 m below grade, corresponding to approximately elevations 238.1 m to 236.1 m.
Cave-in depths were also recorded. The groundwater level recorded in CNR-OH1 and inferred in the
other boreholes are summarized in Table 5.1 below.

Table 5.2: Measured and Inferred Groundwater Levels

Borehole No Date Groundwater Level (m) Remark
Depth Elevation

CNR-EMB1 Upon Completion Dry Borehole Open
CNR-EMB3 Upon Completion Dry Borehole Open
CNR-EMB4 Upon Completion Dry Borehole Open
CNR-EMB5 Upon Completion Dry Borehole Open
CNR-EMB6 Upon Completion Dry Borehole Open
CNR-EMB7 Upon Completion Dry Borehole Open
CNR-EMB9 Upon Completion Dry Borehole Open
CNR-EMB11 Upon Completion 13.6 225.6 Cave-inat14.5 m
CNR-EMB12 Upon Completion Dry Cave-inat 14.6 m
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Date Groundwater Level (m)
Borehole No - Remark
Depth Elevation
CNR-OH1 Well installed on Borehole was dry
June 6, 2024 05 239.7 upon start of mud
Measured on ' ) drilling
August 29, 2024 (from 3 m bgs)
CNR-OH2 Borehole was dry upon the start of mud drilling (from 3 m bgs). Further groundwater
monitoring was not possible due to the introduction of water during drilling.
CNR-OH3 Borehole was dry upon the start of mud drilling (from 3.6 m bgs). Further groundwater
monitoring was not possible due to the introduction of water during drilling .
CNR-OH4 Borehole was dry upon start of mud drilling (from 3.6 m bgs) Further groundwater monitoring
was not possible due to the introduction of water during drilling.

The fact that the boreholes were observed to be dry at the time of drilling reflects the low permeability of
the soils at this site rather than the depth to the water table.

Groundwater levels at the site will be subject to fluctuations due to seasonal changes, snowmelt and
precipitation events. The water levels should be expected to be higher during the spring season and
during and following periods of heavy precipitation or snow melt.

5.3 CHEMICAL TESTING

Four (4) representative samples from the soils at the site were tested for pH, water-soluble sulphate and
chloride concentrations, and resistivity. The analysis results are provided in the following table.

Table 5.3: Results of Chemical Analysis

Depth Chloride Sulphate Resistivity
Borehole No Sample No. pH
(m) (Hg/g) (Hg/g) (Ohm-cm)
CNR-OH1 SS8 5.6 8.48 6 194 3040
CNR-OH2 SS5 3.4 8.30 15 206 3370
CNR-OH3 SS4 26 8.35 16 185 2920
CNR-OH4 SS9 6.4 8.68 10 277 2430
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6.0 MISCELLANEOUS

The field work was carried out under the supervision of Mr. Muhammed Cuned and Mr. Harpreet Singh,
under the direction of Mr. Gwangha Roh, P. Eng., Ph.D.

The wood lot was cleared for the foundations investigation by the Ministry of Transportation Ontario
(MTO).

Both public and private utility locates were arranged by Stantec staff prior to initiation of drilling.

The drilling equipment was supplied and operated by London Soil Ltd. based in London, Ontario and
DBW Dirilling Ltd. based in North York, Ontario.

The CPT tests and MASW measurements were carried out by ConeTec based in Richmond Hill, Ontario.
The borehole locations and elevations were surveyed by Stantec’s Geomatics division based in London.

Geotechnical laboratory testing was carried out at Stantec’s laboratories in Markham and Ottawa,
Ontario.

This report was prepared by Roshan Rashed, M.Sc., P.Eng., and reviewed by Gwangha Roh, P. Eng.,
Ph.D., and Raymond Haché, M.Sc., P.Eng., Designated Principal MTO Foundation Contact.
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7.0 CLOSURE

A subsurface investigation is a limited sampling of a site. The subsurface conditions given herein are
based on information gathered at the specific borehole locations. Should any conditions at the site be
encountered which differ from those at the borehole locations, we request that we be notified immediately
in order to assess the additional information.

Respectfully Submitted,
STANTEC CONSULTING LTD.

100530243

o, \_2025/04102 / o
s

(
f"VCE OF O“‘ﬁ

Roshan Rashed, M.Sc., P.Eng.
Geotechnical Engineer

= G. H. AOH
S 2 100148471
'2025/04/02
Gwangha Roh, Ph.D., P.Eng. M
OF

Senior Geotechnical Engineer

Mq Lie J.G.A.R. HACHE
17713504

Raymond Haché, M.Sc., P.Eng. 2025/04/02
Designated Principal MTO Foundation Contact
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A.1 DRAWING NOS. 1 TO 4 - BOREHOLE LOCATION PLAN AND SOIL
STRATA PLOTS

A.2 GENERAL ARRANGEMENT DRAWING
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FORM c;m-—m'xza (REV. 1969} OFFICE REPORT 4

SOH EXPLORATION

DEPARTMENT OF HIGHWAYS- ONTARIO
MATERIALS & TESTING OFFICE
0B TI~11068
WP 8G=59-05 & 06

DATUM
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LOCATION _ Co=0Ord's 558,163 ¥,
BORING DATE  July 27, 1971
BOREHOLE TYPE Continuous Flight Auger
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FORM Oi}—-«?‘m 126 {REV 1949) OFFICE R&PO&QN SO EXPLORATION .

DEPARTMENT OF HIGHWAYS- ONTARIO

MATERIALS & TESTING OFFICE RECORD OF BOREHOLE No. 6 FOUNDATION SECTION
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QFFICE ?EPQRWN SO EXPLORATION

DEPARTMENT OF HIGHWAYS- QNTARID
MATERIALS & TESTING OFFICE
JOB _71~11068
WP 89-69~05 & 06
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FORM c::»:;:»-mw.m (REV. 1969 OFFEICE %mm“ SO EXPLORATION .

DEPARTMENT OF HIGHWAYS- ONTARIO
MATERIALS & TESTING OFFICE

RECORD OF BOREHOLE No.8 FOUNDATION SECTION

V. - . ' 5 e
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CFFICE REPORT .SOIL EXPLORATION

MiNI

DESIGN SERVICES BRANCH

JOB___71-11068

W.p._ B89.69-05/06

LOCATION

w OF TRANSPORTATION AND COMMUNIC‘ONSMGNTAR!O

RECORD OF BOREHOLE N2 11

Co-ords, 558,021 N3 339,073 E.

BORING DATE

DATUM Geodetic

Yov. 7, 1973

BOREHOLE TYPE Cont. Flight Auger

FOUNDATIONS OFFICE

ORIGINATED 8y _LJH
COMPILED BY LJE .
A

CHECKED BY -7~

| : AMP DYNAMIC PENETRATION RESISTANCE JLIQUID LIMIT womeWy
SOIL_PROFILE SAM LES._ W |BLOWS/ §QOT e [ PLASTIC LIMIT e | 2
5] « gl = 20 L0 00 °Q 100 JWATER CONTENT—w | 2 &
ELEV o b w oy »  JSHEAR STRENGTH P.S.F Wp w wy @ w § REMARKS
SEpTH DESCRIPTION 12| > [ 8] = |ouvconmne  + D vaNE e
21" g @ | e QuicK TRIAXIAL X (AB VANE | WATER CONTENT %{ ¥
787.5 Ground Level n =R p.C EIGR SA S1.CL.
s
0.0] clayey silt, some /
sand, trace of grave!/ 1 {55 1 20
/ > 185 119
Very Stiff / 780 ,\;
/ e,
Hard ,// 3 185 | 26 T
770
==
771.0 AL 158 35

16,5] BEnd of Boreshole

770

20
1545 % STRAIN AT FAILURE
10



wu ik

*E M!NIS& OF TRANSPORTATION AND COMMUN!C‘ONS*ONTARIO
et DESIGN SERVICES BRANCH

FOUNDATIONS OFFICE

RECORD OF BOREHOLE N2 12

. WP, 89-69-05,/06 BORING DATE  Nov. 8, 1973 COMPILED BY_ B7%
DATUM __ Ceodetic BOREHOLE TYPE Cont. Flight Auger CHECKED BY'\;.},.&_;;?’_/_.‘-
SOIL PROFILE - AMP DYNAMIC PENETRATION RESISTANCE {LIQUID LIMIT cmcy
Oit_PRO > LES.__ W IBLOWS/ FOOT PLASTIC LIMIT e | 2
6] « 81 ¢ N e WATER CONTENT—W | = &
ELEV = wwo v FSHEAR STRENGTH P.S.F wp w Wy ®© ui | REMARKS
SEPTE DESCRIPTION Sl 2] > | 2] 5 |o unconened  « RO vaNE a
2" g W |e quick TRIAXIAL  x LA8 vANE | WATER CONTENT %f ¥
768.2 | Ground Level m = P.C FIGR.SAS1.CL
0.0 4
Clayey silt, some sanfl
yey silt, ? s
traces of gravel. ENIEEGN
mZ 780
v 5 H
ery Stiff to Hard ? 55
Hole Dry
70.7 // L lss (18 -
16.5| End of Borehole 770

QFFICE RE?QRi. SOl EXPLORATION

20
15 %—5 Y STRAIN AT FAILURE -
1



MIN!S‘ OF TRANSPORTATION AND COMMUNIC“ONS*ONTARIO

DESIGN SERVICES BRANCH FOUNDATIONS COFFICE

RECORD OF BOREHOLE N€ 13

s ¥

'

OFFICE REPQR!‘. SOIL EXPLORATION

Jop__11-11068 LOCATION Co-ords. 558,208 N; 339,L05 E. ORIGINATED By L7H
WP, B89.69-05/06 BORING DATE _ Hov. 7, 1973 COMPILED BY LJH
DATUM __ Geodetic BOREMOLE TYPE Cont, Flipht Auger CHECKED BY Juis
SQIL PROFILE - SAMPLES DYNAMIC PENETRATION RESISTANCE JLIQUID LIMIT Wy
i w IsLows/ FOOT PLASTIC LIMIT cWp i Fon
o « °8 . |WATER CONTENT_w | 23
ELEV g Bpw ] o JSHEAR STRENGTH P.3F, Wp w hd? o i | REMARKS
. | e |
5EPTH DESCRIPTION 512 = | 2] » |o unconmneo + FIELD VANE o
el 21" 1 Z] @ lequick TRiaxial  x 1AB vaNE | WATER CONTENT %[ ¥
789.0] Ground Level © =) » P.C FIGR SA SI CL.
0.0 Crayey silt, some. 7
sand, traces of / L.jss 111
gravel. / ? 155 110
? 780 |
Stiff to Hard / 3 188 | 20 76.5
772.5 // L 185 138
185 End of Borehole
. 770
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QFFICE REPORT .SOIE EXPLORATION

MINIS OF TRANSPORTATION AND COMMUNIC

DESIGN SERVICES BRANCH

JOB

71-11068

WP, B89-£9-08/06

LOCATION

Co-ords, 558,263 W; 339,337 E.

‘NS-—- ONTARIO
FOUNDATIONS OFFICE

RECORD OF BOREHOLE N2 14

ORIGINATED By LJH

BORING DATE

Nov.

8, 1973

compiLep sy _LJE

paTUM__ Geodetic BOREHOLE Typg Cont. Flight Auger CHECKED BY 1220
’ DYNAMIC PENETRATION RESISTANCE {LIQUID LIMIT u——wWL
SOIL PROFILE SAMPLES,_ w  JaLows/ Fo0T PLASTIC LIMIT —Wp ]
ol o 81 & s et WATER CONTENTW | = &
ELEV Zlw|w | €| » [SHEAR STRENGTH P.SF. We w Wi | @& | REMARKS
BEFTH DESCRIPTION HPE 1 > | €] = o UNCONRINED + FIELD VANE .
E . 121 = | 2] = |equck tRiaxat x Las vane | WATER CONTENT %] Y
789 .4 fround Level v = P.CFIGR SA S1.CL.
0.0 Ciayey silt, some //
T 18519
sand, traces of
gravel. % 2 188 | 23
/ 780
Very Stiff to Hard / 3 S5 | 30
/ Hole Dry
172.9 / L |83 | 52
16,5| End of Borehole
770

20
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OFFICE REP.OR?‘ SOIL EXPLORATION

MINI

DESIGN SERVICES BRANCH

8{ OF TRANSPORTATION AND COMMUNI(‘ONS“ONTAR!O

FOUNDATIONS OFFICE

RECORD OF BOREHOLE N2 15
JOB__ 71-11068 LOCATION Cowords, 558,286 Ny 339,L00 E. ORIGINATED BY by
W.P._ B9w.69.05/06 BORING DATE November 7, 1973 COMPILED BY_ LJH. |
DATUM___ Teodetic BOREHOLE TYPE Cont. Flight Auger CHECKED BY L7 ..
SOIL PROFILE - SAMPLES DYNAMIC PENETRATION RESISTANGE JLIQUID LIMIT ——eeWy
- w IBLows/ FOOT . PLASTIC UMIT e | =
51 o 8] g 30 kO 60 60 100 JWATER CONTENT.W | = v
ELEV Efw | w &} » [SHEAR STRENGTH P.S.F. Wy W w, 25| REMARKS
5%”}"5??3 DESCRIPTION w1zl >0 = JO UNCONRINED + FIELD VANE o
1217 |21 & |eouick TRiaxiAL  x 1aB vane | WATER CONTENT %]
789.3 | Ground Level @ 0 p.C.EIGR.SASI.CL
0.0 Clayey silt, some // \
I
sand, traces of
gravel. / 2158 Lo \
/ 3 1885 1oL -g .
™\
5 L1388 .27
Very Stiff to Hard ;}’ M
772.8 / BT ESTon Hole Dry
16.5| End of Borehole
770

20
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FOUNDATION INVESTIGATION REPORT — CNR OVERHEAD — HIGHWAY 4 WIDENING FROM
CLINTON LINE TO NEW TALBOTVILLE BYPASS AND NEW TALBOTVILLE BYPASS FROM
HIGHWAY 4 TO HIGHWAY 3 AT RON MCNEIL LINE

April 2025

C.1 SYMBOLS AND TERMS USED ON BOREHOLE RECORDS
C.2 BOREHOLE RECORDS
C.3 CPT SOUNDING RECORDS

CA1



SYMBOLS AND TERMS USED ON BOREHOLE AND TEST PIT RECORDS
SOIL DESCRIPTION

Terminology describing common soil genesis:

- vegetation, roots and moss with organic matter and topsoil typically forming a

Roofmat mafttress at the ground surface
Topsoail - mixture of soil and humus capable of supporting vegetative growth
Peat - mixture of visible and invisible fragments of decayed organic matter
Till - unstratified glacial deposit which may range from clay to boulders
Fill - material below the surface identified as placed by humans (excluding buried services)

Terminology describing soil structure:

Desiccated | - having visible signs of weathering by oxidization of clay minerals, shrinkage cracks, etc.
Fissured - having cracks, and hence a blocky structure
Varved - composed of regular alternating layers of silt and clay
Stratified - composed of alternating successions of different soil types, e.g. silt and sand
Layer - >75mm in thickness
Seam - 2mmto 75 mm in thickness
Parting - <2mmin thickness

Terminology describing soil types:

The classification of soil types are made on the basis of grain size and plasticity in accordance with the Unified
Soil Classification System (USCS) (ASTM D 2487 or D 2488) which excludes particles larger than 75 mm. For
particles larger than 75 mm, and for defining percent clay fraction in hydrometer results, definitions proposed by
Canadian Foundation Engineering Manual, 4th Edition are used. The USCS provides a group symbol (e.g. SM)
and group name (e.g. silty sand) for identification.

Terminology describing cobbles, boulders, and non-matrix materials (organic matter or debris):
Terminology describing materials outside the USCS, (e.g. particles larger than 75 mm, visible organic matter, and
construction debiris) is based upon the proportion of these materials present:

Trace, or occasional

Less than 10%

Some

10-20%

Frequent

>20%

Terminology describing compactness of cohesionless soils:
The standard terminology to describe cohesionless soils includes compactness (formerly "relative density"), as
determined by the Standard Penefration Test (SPT) N-Value - also known as N-Index. The SPT N-Value is described
further on page 3. A relationship between compactness condition and N-Value is shown in the following fable.

Compactness Condition SPT N-Value
Very Loose <4
Loose 4-10
Compact 10-30
Dense 30-50
Very Dense >50

Terminology describing consistency of cohesive soils:
The standard terminology to describe cohesive soils includes the consistency, which is based on undrained shear
strength as measured by in situ vane tests, penetrometer tests, or unconfined compression tests. Consistency
may be crudely estimated from SPT N-Value based on the correlation shown in the following fable (Terzaghi and
Peck, 1967). The correlation to SPT N-Value is used with caution as it is only very approximate.

Consistency Undrained Shear Strength Approximate
kips/sq.ft. kPa SPT N-Value
Very Soft <0.25 <12.5 <2
Soft 0.25-0.5 12.5-25 2-4
Firm 0.5-1.0 25-50 4-8
Stiff 1.0-2.0 50 - 100 8-15
Very Stiff 2.0-4.0 100 - 200 15-30
Hard >4.0 >200 >30
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ROCK DESCRIPTION

Except where specified below, terminology for describing rock is as defined by the International Society for Rock
Mechanics (ISRM) 2007 publication “The Complete ISRM Suggested Methods for Rock Characterization, Testing

and Monitoring: 1974-2006"

Terminology describing rock quality:

RQD Rock Mass Quality Alternate (Colloquial) Rock Mass Quality
0-25 Very Poor Quality Very Severely Fractured Crushed
25-50 Poor Quality Severely Fractured Shattered or Very Blocky
50-75 Fair Quality Fractured Blocky
75-90 Good Quality Moderately Jointed Sound
90-100 Excellent Quality Intact Very Sound

RQD (Rock Quality Designation) denotes the percentage of intact and sound rock retrieved from a borehole of
any orientation. All pieces of intact and sound rock core equal to or greater than 100 mm (4 in.) long are
summed and divided by the total length of the core run. RQD is determined in accordance with ASTM D6032.

SCR (Solid Core Recovery) denotes the percentage of solid core (cylindrical) retrieved from a borehole of any
orientation. All pieces of solid (cylindrical) core are summed and divided by the total length of the core run (It
excludes all portions of core pieces that are not fully cylindrical as well as crushed or rubble zones).

Fracture Index (Fl) is defined as the number of naturally occurring fractures within a given length of core. The
Fracture Index is reported as a simple count of natural occurring fractures.

Terminology describing rock with respect to discontinvity and bedding spacing:

Spacing (mm) Discontinvities Bedding
>6000 Extremely Wide -
2000-6000 Very Wide Very Thick
600-2000 Wide Thick
200-600 Moderate Medium
60-200 Close Thin
20-60 Very Close Very Thin
<20 Extremely Close Laminated
<6 - Thinly Laminated

Terminology describing rock strength:

Strength Classification Grade Unconfined Compressive Strength (MPa)
Extremely Weak RO <]
Very Weak R1 1-5
Weak R2 5-25
Medium Strong R3 25-50
Strong R4 50-100
Very Strong RS 100 - 250
Extremely Strong R6 >250

Terminology describing rock weathering:

Term Symbol Description
No visible signs of rock weathering. Slight discoloration along major
Fresh Wi . L
discontinuities
Sliahtl W2 Discoloration indicates weathering of rock on discontinuity surfaces.
gntly All the rock material may be discolored.
Moderately W3 Less than half the rock is decomposed and/or disintegrated into soil.
Highly W4 More than half the rock is decomposed and/or disintegrated into sail.
Completely W5 All The' rqck material is decgmposed on'd/or disintegrated into soil.
The original mass structure is still largely intact.
Residual Soil Wé All the rock converted to soil. Structure and falbric destroyed.
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STRATA PLOT

Strata plots symbolize the soil or bedrock description. They are combinations of the following basic symbols. The
dimensions within the strata symbols are not indicative of the particle size, layer thickness, etfc.

» Ul 072 8 -

Boulders Sand Silt Clay Organics  Asphalt  Concrete Fill

Igneous Meta- Sedi-
Cobbles Bedrock morphic mentary
Gravel Bedrock  Bedrock
SAMPLE TYPE
ss Split spoon sample (obtained by
performing the Standard Penefration Test) WATER LEVEL MEASUREMENT
ST Shelby tube or thin wall tube ) )
P Direct-Push sample (small diameter tube ! meosurefl n sfono:lplpe,
sampler hydraulically advanced) piezometer, orwe
PS Piston sample
BS Bulk sample
HQ, NQ. BQ, efc. Rock core sornplgs obtained yvﬁh T'he use z inferred
of standard size diamond coring bits.

RECOVERY

For soil samples, the recovery is recorded as the length of the soil sample recovered. For rock core, recovery is
defined as the total cumulative length of all core recovered in the core barrel divided by the length drilled and
is recorded as a percentage on a per run basis.

N-VALUE

Numbers in this column are the field results of the Standard Penetration Test: the number of blows of a 140 pound
(63.5 kg) hammer falling 30 inches (760 mm), required to drive a 2 inch (50.8 mm) O.D. split spoon sampler one
foot (300 mm) into the soil. In accordance with ASTM D1586, the N-Value equals the sum of the number of blows
(N) required to drive the sampler over the interval of 6 to 18 in. (150 to 450 mm). However, when a 24 in. (610
mm) sampler is used, the number of blows (N) required to drive the sampler over the interval of 12 to 24 in. (300
to 610 mm) may be reported if this value is lower. For split spoon samples where insufficient penetration was
achieved and N-Values cannot be presented, the number of blows are reported over sampler penetration in
millimetres (e.g. 50/75). Some design methods make use of N-values corrected for various factors such as
overburden pressure, energy ratio, borehole diameter, etc. No corrections have been applied to the N-values
presented on the log.

DYNAMIC CONE PENETRATION TEST (DCPT)

Dynamic cone penetration tests are performed using a standard 60 degree apex cone connected fo ‘A’ size
drill rods with the same standard fall height and weight as the Standard Penetration Test. The DCPT value is the
number of blows of the hammer required to drive the cone one foot (300 mm) into the soil. The DCPT is used as a
probe to assess soil variability.

OTHER TESTS
N Sieve analysis T Single packer permeability test;
H Hydrometer analysis test interval from depth shown to
k Laboratory permeability bottom of borehole
y Unit weight T -
Gs Specific gravity of soil particles Double packer permeability fes;

CD | Consolidated drained triaxial fest interval as indicated

cu Consolidated undrained triaxial with pore o
pressure measurements Folling head permeobiliTy test
UU | Unconsolidated undrained triaxial using casing
DS Direct Shear
C | Consolidation Faling head permeability test
Qu Unconfined compression using well point or piezometer
Point Load Index (lp on Borehole Record equals
lo I5(50) in which the index is corrected to a

reference diameter of 50 mm)

SYMBOLS AND TERMS USED ON BOREHOLE AND TEST PIT RECORDS - JULY 2014 Page 3 of 3




ONTARIO MTO 165001308 _MTO_CNR-BYPASS_20240926.GPJ ONTARIO MTO.GDT 9/26/24

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No CNR-EMB1 1 OF 1 METRIC
W.P. 3041-22-00 LOCATION CNR Overhead, Southwold, Ontario  N: 4742387.6 E: 408194.1 ORIGINATED BY _HS
DIST West HWY Hwy3 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY KL
DATUM _Geodetic DATE _2024.05.16 - 2024.05.16  LATITUDE __ 42.81425905 | ONGITUDE __-81.23566536 CHECKED BY RR
SOIL PROFILE SAMPLES | o wo | RENAMIC CONE PENETRATION
i z — pLASTIC NATURAL ) 1oyip = REMARKS
22| g umir - MOISTURE . “riyir| £ 5 &
5 0w |<8 @» 20 40 60 80 100 CONTENT z 9
2| & ulzg| z ! . . — We w w | 5% | cransize
ELEV o8| w |3 |[25]| © [SHEARSTRENGTHkPa
DESCRIPTION 2] & < |Z2Z| E ——0— DISTRIBUTION
DEPTH é =) ﬁ > 8 o) ; O UNCONFINED + FIELD VANE 'Y (%)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
2414 w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
249.9 300 mm TOPSOIL [ A °
- = 1 SS 2 241
0.3 CLAYEY SILT (CL), trace to some 4 °
sand, trace gravel (TILL) o1
Stiff to very stiff (SS1 very soft) %
m’l‘g{" togrey 141 2| ss | 16 ¢ 2 13 48 37
¢ 240
171,
73
o, 3 SS 23 o
b
A 239
vl 4 SS 28 [¢]
° .
4
@ .
pyz 5| ss | 25 238 °
Grey below 3.8 m 4] . / A
| 6 | ss | 19 0 12 41 47
LA 237 PP =3.5TSF
171
| 7| ss | 14 o PP =3.5 TSF
yn/
y 236 Ci lidati
onsoligation
. [ 1] TW B— Test
V2 D
g 235 -
©, 8 SS 14 ¥ } 2 9 42 47
l, Hl PP =3.5TSF
° .
b
@ .
f 234
{ .
- o
., 9 SS 25 PP =4.0TSF
% 233
171
1
Tl 10] ss | 19 232 °© PP =4.5 TSF
171,
s
V2 D
v 231
W .
y
A
~, 11 SS 19 o PP =45TSF
4 230
# A
g A
- 229
44112 | ss | 18 © PP =25TSF
171
171 228
K
) — 4 14 48 34
<] 1 24
o) 7 3| ss PP =3.0 TSF
L 227
226.6 b
14.8 CLAYEY SILT (CL-ML), trace sand
Very stiff
Grey 226
Moist 14| ss | 24 q
225.5
15.9 END OF BOREHOLE
Borehole open and dry on completion
of drilling.
+3, % 3. Numbersreferto 3% grpaN AT FAILURE

Sensitivity



ONTARIO MTO 165001308 _MTO_CNR-BYPASS_20240926.GPJ ONTARIO MTO.GDT 9/26/24

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No CNR-EMB3 1 OF 1 METRIC
W.P. 3041-22-00 LOCATION CNR Overhead, Southwold, Ontario ~ N: 4742473.2 E: 408075.1 ORIGINATED BY HS
DIST West HWY Hwy3 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY KL
DATUM _Geodetic DATE 2024.03.04 - 2024.03.04 LATITUDE __ 4281505 LONGITUDE -81.23712  CHECKED BY RR
SOIL PROFILE SAMPLES | o o [BYNAMIC CONE PENETRATION
= NATURAL = REMARKS
E 1%} < PLASTIC MOISTURE LIQUID = I
= o |22 9 20 40 60 8 100 [|UMT  content  LMT| S O &
Sy w2l z e W w w [ 5% | cransize
ELEV o8| w |3 |[25]| © [SHEARSTRENGTHkPa
DESCRIPTION 2] & = |z22]| E ———— DISTRIBUTION
DEPTH g|3 P > 38| < [o unconFneD + FIELD VANE Y %)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
241.8 w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
2408 180 mm TOPSOIL =
0.2 SILTY, CLAYEY SAND (FILL), trace 1] Ss 2 ° PP =1.0 TSF
gravel o
Very loose to compact
Brown 241
Moist 2| ss | 10 el 6 46 30 18
240.3
15 CLAYEY SILT (CL), trace to some 240
sand, trace gravel (TILL) 3 SS 31 < -
Stiff to hard ¢ PP=05TsF
Brown to grey [+
Moist 7
A 4| ss | 22 39 E PP =4.5TSF
2 .
5SS | 14 4 12 42 42
o b PP = 3.0 TSF
Grey below 3.8 m 4| 238
f 6| ss | 13 © PP =35 TSF
14|
! 237
Tss |2 9 PP=35TSF
1 b4
. 9
8 Ss 23 236 PP =3.5TSF
171
M4l 9| ss | 16 o) PP =35 TSF
1, 235
73
2 .
L
W .
A 10| ss | 26 234 ° PP =45TSF
4
@ .
4] . 233
1 b4
(o]
/ 11| ss | 21 PP =45 TSF
’ 232
171
7’ A
1 [ 12| SS 18 21
E 1 13 48 38
l 4 PP =45TSF
A
L
A, 230
4
2 .
4
s /113 | ss | 19 ° PP =45TSF
4. 229
1 H
9 228
[¢]
/] 14| ss | 22 PP =45 TSF
7’ A
k 227
7,
73
% ss °
1| 15 21 =
2259 ¥ pop PP = 3.75 TSF
15.9 END OF BOREHOLE
Borehole open and dry on completion
of drilling.
0y
43 3. Numbersreferto 3% grpaN AT FAILURE

Sensitivity



ONTARIO MTO 165001308 _MTO_CNR-BYPASS_20240926.GPJ ONTARIO MTO.GDT 9/26/24

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No CNR-EMB4 1 OF 1 METRIC
W.P. 3041-22-00 LOCATION _ CNR Overhead, Southwold, Ontario  N: 4742503.0 E: 408026.1 ORIGINATED BY _Hs
DIST West HWY Hwy3 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY KL
DATUM _Geodetic DATE _2024.03.04 - 2024.03.04 |ATITUDE 42.81533 LONGITUDE -81.23771 CHECKED BY RR
SOIL PROFILE SAMPLES | o W |RERTANSE PLoT IRATION
NATURAL = REMARKS
el = — PLASTIC LiQuUID
Ez| 9 umt  MOISTURE “ruir| £ 5 &
= 0w |<8 @» 20 40 60 80 100 CONTENT z 9
2% ulzg| z ! . . — We w w | 5% | cransize
ELEV o8| w |3 |[25]| © [SHEARSTRENGTHkPa
DESCRIPTION 2] & < |Z2Z| E ——0— DISTRIBUTION
DEPTH g|S| F > |38 | < |o UNCONFINED + FIELD VANE Y %)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
2414 w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
2499 280 mm TOPSOIL s
0.3 CLAYEY SILT (CL), trace to some A 1| ss 7 241 °
sand, trace gravel (TILL) 1 PP =3.5TSF
Stiff to very stiff (SS1 firm) %
Brown to grey
Moist A1l 2SS | " o PP = 4.0 TSF
51 240
A1 3 | ss | 25 oh— 1 12 44 44
L
W .
, 239
A 4| sS | 24 o
b
Grey below 3.0 m o) !
{'- 5| ss | 16 238 o PP =3.5 TSF
g A
¢ 6| ss | 15 ° PP =40 TSF
_ 237
171
(| 7| SS | 16 ° PP =4.0TSF
7’\/
A ¢ 236 S
1e|ss|® PP =4.5TSF
V2 D
L
b1 9| ss | 18 o—} 1 12 46 42
l, 235 PP =4.5 TSF
° .
b
@ .
4 7 234
110 ss | 28 ° PP >4.5TSF
9 233
171
7’\/
Q
k| 11| SS | 22 232 PP > 4.5 TSF
171,
s
V2 D
AEs 231
y
A
gl 2] sS | % ° PP > 4.5 TSF
A
A 230
{ .
g A
2 229
4y 13| ss | 16 ° PP =45TSF
171
1
1 228
) o
| 124 2 2 15 46 37
A, ss ° PP > 4.5 TSF
d 227
2 .
y
A
47 226
15| SS | 29 o
225.6 % PP > 4.5 TSF
15.9 END OF BOREHOLE
Borehole open and dry on completion
of drilling.
+ 3’ X 3. Numbers refer to 03% STRAIN AT FAILURE

Sensitivity



ONTARIO MTO 165001308 _MTO_CNR-BYPASS_20240926.GPJ ONTARIO MTO.GDT 9/26/24

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No CNR-EMB5 1 OF 1 METRIC
W.P. 3041-22-00 LOCATION CNR Overhead, Southwold, Ontario  N: 4742528.0 E: 407978.3 ORIGINATED BY HS
DIST West HWY Hwy3 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY KL
DATUM _Geodetic DATE _2024.03.05-2024.03.05 LATITUDE __ 42.81556 LONGITUDE 8123829  CHECKED BY RR
SOIL PROFILE SAMPLES | o W |RERTANSE PLoT IRATION
NATURAL . REMARKS
bl g - PLAsTIC pliiiRe  Liaup|
= o |22 9 20 40 60 8 100 [|UMT  content  LMT| S O &
2% ulzg| z ! . . — We w w | 5% | cransize
o W o 25 O |SHEAR STRENGTH kPa
ELEV DESCRIPTION 2 & < | Z = —— DISTRIBUTION
DEPTH |3 P > (3 3 < [0 UNCONFINED + FIELD VANE Y %)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
240.8 w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
2488 150 mm TOPSOIL F=
- CLAYEY SILT (CL), trace to some 11 Ss 5 o -
sand, trace gravel (TILL) 171 PP =3.0 TSF
Stiff to hard (SS1 firm) 240
Bro_wn to grey 121 A 2 ss 1
Moist 0 9 PP=45TSF
1,
., 239
S ° PP = 4.5 TSF
W .
0] 4| ss | 22 oh— 0 12 42 46
238 PP > 4.5 TSF
A
4] 5| ss | 14 o
! PP > 4.5 TSF
4]
Grey below 3.8 m : 237
p 6| ss | 15 © PP =35 TSF
/] 236
A% I el B ° PP > 4.5 TSF
1) s | ss | 15 +HH 2 12 44 42
o)’ 235 PP >4.5TSF
A
11 9| ss 17 o
/ PP > 4.5 TSF
. 234
@ .
{ .
g 233
A110| ss | 16 ° PP > 4.5 TSF
Lo
dq 232
7’ A
L1 ss | ° PP > 4.5 TSF
231
V2 D
W .
o 230
. 12| 8s | 20 ° PP =4.5TSF
{ .
229
1 H
‘1] 13| ss | 36 o o3 1 65 T4§F 35
>4.
1 228
7’ A
'l 227
11 14| ss | 28 ° PP >4.5TSF
W .
A 226
A
15| ss | 23 o
2249 4] ook PP > 4.5 TSF
15.9 END OF BOREHOLE
Borehole open and dry on completion
of drilling.
+ 3’ X 3. Numbers refer to o 3% STRAIN AT FAILURE

Sensitivity



ONTARIO MTO 165001308 _MTO_CNR-BYPASS_20240926.GPJ ONTARIO MTO.GDT 9/26/24

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No CNR-EMB6 1 OF 1 METRIC
W.P. 3041-22-00 LOCATION CNR Overhead, Southwold, Ontario  N: 4742559.1 E: 407913.2 ORIGINATED BY HS
DIST West HWY Hwy3 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY KL
DATUM _Geodetic DATE _2024.03.06 - 2024.03.06 LATITUDE __ 42.81585 LONGITUDE __-81.23908  CHECKED BY RR
SOIL PROFILE SAMPLES | . o [BYNAMIC CONE PENETRATION
= NATURAL - REMARKS
E %) Z):) PLASTIC MOISTURE LIQUID = I
= o <3| @ 20 40 60 80 100 [UMT  Gonrent LMIT[ S © &
Sy w2l z e W w w [ 5% | cransize
ELEV g|8| w | 2 |25| & |SHEARSTRENGTHkPa
DESCRIPTION (2| & | 2|22 E ———— DISTRIBUTION
DEPTH |3 Fl>1(38 < | © UNCONFINED + FIELD VANE Y %)
s = z £C| I |® QUCKTRIAXAL X LABVANE WATER CONTENT (%)
239.9 o 20 40 60 80 100 20 40 60 wim® |GrR sA s cL
230.0 200 mm TOPSOIL = D
0.2 CLAYEY SILT (CL), trace to some | 1| SS 8 o
sand, trace gravel (TILL) 11 PP >4.5TSF
Stiff to very stiff A 239
Brown to grey 11 |
. 2| ss | 17 o 1 11 43 44
Moist ‘ — PP > 4.5 TSF
1,
K
211 3| ss | 20 238 o PP >4.5TSF
L
W .
4
J] 4| ss | 22 © PP > 4.5 TSF
7 237
Grey below 3.0 m o) /
] oSS | " ° PP > 4.5 TSF
4 236
| 6 | ss | 16 o PP >4.5TSF
14
4] 7| ss | 15 o
4 235 PP >45TSF
7’\/
K
Py 8| ss | 15 ° PP >4.5TSF
/ 234
¥ 9| ss | 16 o
. PP > 4.5 TSF
4
o) 233
y
@ .
f¥;
| 10| ss | 18 232 5 15 45 36
4 PP >45 TSF
14
f 231
,«,‘ 11| ss | 23 ° PP > 4.5 TSF
V| 230
7
2 D
L
W .
229
; .r 12| ss | 24 © PP > 45 TSF
y
@ .
4. 228
%
(| 18] SS | 2 ° PP =4.5TSF
14
f 227
171
171
§ 226
a4 ]SS | 22 ° PP =4.0TSF
7
2 .
L
o) 225
4
° 1 11 49 39
224.3 15| ss | 26 #r PP > 4.5TSF
228.1 CLAYEY SILT (CL-ML), frace sand o :
15.9 Very stiff
Grey
Moist to wet
END OF BOREHOLE
Borehole open and dry on completion
of drilling.
0y
43 3. Numbersreferto 3% grpaN AT FAILURE

Sensitivity



ONTARIO MTO 165001308 _MTO_CNR-BYPASS_20240926.GPJ ONTARIO MTO.GDT 9/26/24

Ministry of i .
@ Transportation Foundation Design
Ontario
RECORD OF BOREHOLE No CNR-EMB7 1 OF 1 METRIC
W.P. 3041-22-00 LOCATION _ CNR Overhead, Southwold, Ontario  N:4742291.1 _E: 408305.7 ORIGINATED BY _Hs
DIST West HWY Hwy3 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY KL
DATUM _Geodetic DATE _2024.05.15-2024.05.15 |ATITUDE 42.81338129 | ONGITUDE -81.23433375 CHECKED BY RR
SOIL PROFILE SAMPLES | o W |RERTANSE PLoT IRATION REMARKS
el = — pLasTic NATURAL | quip E
Ez| 9 umt  MOISTURE “ruir| £ 5 &
= 0w |<8 @» 20 40 60 80 100 CONTENT z 9
2% ulzg| z ! . . — We w w | 5% | cransize
ELEV o8| w |3 |[25]| © [SHEARSTRENGTHkPa
DESCRIPTION 2] & (23| & ——0— DISTRIBUTION
DEPTH 2|3 P > |38| £ |© UNCONFINED + FIELD VANE Y %)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
2401 w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
239:9 300 mm TOPSOIL :,:, 240
0.3 CLAYEY SILT (CL), trace to some 4 1 ss 4 o °
sand, trace gravel (TILL) o1
Stiff to hard (SS1 soft) 2
Brown to grey -
Moist 71 1 2| ss 8 239 . PP =25TSF
191 ¥ |—VANE -+ (B-Vane Refusal)
A7) 3| ss | 16 H— 2 13 46 39
P 238
W .
/ " 4| ss | 16 o) PP =3.0 TSF
b
4] 237
Ay 5| ss | 14 ol PP =3.0 TSF
Grey below 3.8 m 4] . /
o
1| W 236 Consolidation
9 Test
171
,| 6 | SS 17 +— 0 10 45 44
235 PP =3.5 TSF
7’ A
K
P (o)
7l . 7| SS|8 PP =3.5TSF
4K 234
0 8| ss | 18 ° PP =4.0 TSF
Aar y
/ " 233
# A
- o
4. 9| ss | 20 232 PP =4.5 TSF
%
171
f - 231
" 2 11 50 37
k| 10| SS | 19 L PP =4.0 TSF
171,
s
A, 230
L
W .
y
Akl 11| ss 19 o _
qAr 229 PP =4.5TSF
# A
¥ 228
4 y112| ss | 33 °© PP =45TSF
171
‘ 227
1
K
171,
41 13| ss | 23 296 ° PP=40TSF
L
2 .
y
Y f 225
A¥| 14| ss | 25 o PP = 4.0 TSF
224.3 4
15.9 END OF BOREHOLE
Borehole open and dry on completion
of drilling.
+3, % 3. Numbersreferto 3% grpaN AT FAILURE

Sensitivity



ONTARIO MTO 165001308 _MTO_CNR-BYPASS_20240926.GPJ ONTARIO MTO.GDT 9/26/24

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No CNR-EMB9 1 OF 1 METRIC
W.P. 3041-22-00 LOCATION _ CNR Overhead, Southwold, Ontario  N: 4742180.1 E: 408425.8 ORIGINATED BY _HS
DIST West HWY Hwy3 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY KL
DATUM _Geodetic DATE _2024.05.14 - 2024.05.15 LATITUDE __ 42.81236663 | ONGITUDE -81.23288586 CHECKED BY RR
SOIL PROFILE SAMPLES | o wo | RENAMIC CONE PENETRATION
i z — pLASTIC NATURAL ) 1oyip = REMARKS
22| g umir - MOISTURE . “riyir| £ 5 &
= 0w |<8 @» 20 40 60 80 100 CONTENT z 9
2% ulzg| z ! . . — We w w | 5% | cransize
ELEV |49 ¥ |2 ]|25| & [SHEARSTRENGTHkPa
DESCRIPTION 2] & (23| & —_—— DISTRIBUTION
DEPTH g|3 P > |38| £ |© UNCONFINED + FIELD VANE Y %)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
239.7 w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
'nﬂ, 150 mm TOPSOIL =
- CLAYEY SILT (CL), trace to some 11 Ss 3 o
sand, trace gravel (TILL) 7]
Stiff to very stiff (SS1 soft) 239
Brown to grey 11
Moist 2| Ss | 16 4 1 13 46 40
4P
A4 1| ™w 238
A
L] 3| ss | 23 937 o PP =45TSF
A
Grey below 3.0 m ;
¥l /14| ss | 19 dH— 0 12 43 44
PP =45 TSF
4, 236
AT 5| ss | 18 © PP =40 TSF
g 6| ss | 17 235
o =
11 PP =45TSF
L 7 | ss | 14 )
A 234 PP =45TSF
A -
. 4+ Consolidation
2 ™w Test
A 233
[ f] 8| ss | 34 © PP =45TSF
{ .
232
4] 9| ss | 19 a1 2 17 47 34
PP =35 TSF
L
171 231
7’\/
10| ss | 22 o
4,
230
V2 D
W .
- 229
11| sS | 26 o
@ .
14|
: 228
1 H
1] 12| ss | 18 o
g 227
1
V|- 226
41113 | ss | 20 o
2 .
224.9 225
14.8 CLAYEY SILT (CL), trace sand, trace
gravel
Very stiff
Grey 14| ss | 17 ledl 1 2 65 32
2239 Moist to wet 224 PP =20TSF
15.9 END OF BOREHOLE
Borehole open and dry on completion
of drilling.
+3, % 3. Numbersreferto 3% grpaN AT FAILURE

Sensitivity




ONTARIO MTO 165001308 _MTO_CNR-BYPASS_20240926.GPJ ONTARIO MTO.GDT 9/26/24

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No CNR-EMB11 1 OF 1 METRIC
W.P. 3041-22-00 LOCATION CNR Overhead, Southwold, Ontario  N:4742091.9 E: 408523.1 ORIGINATED BY _HS
DIST West HWY Hwy3 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY KL
DATUM _Geodetic DATE _2024.05.14 - 2024.05.14 |LATITUDE __42.811559 LONGITUDE __ -81.231714  CHECKED BY RR
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o W |RESISTANCE PLOT NATURAL REMARKS
bl g - PLAsTIC pliiiRe  Liaup|
= o |22 9 20 40 60 8 100 [|UMT  content  LMT| S O &
2% ulzg| z ! . . — We w w | 5% | cransize
L |lm| # 2 |25 © |SHEAR STRENGTH kPa
ELEV DESCRIPTION 2 & = |z2| E —— DISTRIBUTION
DEPTH § =) ﬁ > 8 o) <>( O UNCONFINED + FIELD VANE 'Y (%)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
239.2 w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
230.0 200 mm TOPSOIL o 5
02 CLAYEY SILT (CL), trace to some | 1| SS 3 39 o
sand, trace gravel (TILL) 171
Very stiff (SS1 soft) A
Bro_wn to grey 11 |
Moist 2| SS 1 238 oh— P% = 1135 T4§1F 4
Al .
"3
Axl 3| ss | 27 o B
g PP =4.5TSF
. 237
4
o141 4| ss | 22 ° PP =4.5TSF
>
Grey below 3.0 m e 236
715 |SS| 20 ° PP =45 TSF
gy .
‘] 6 | ss | 19 o4 3 14 48 35
Lo 235 PP =45 TSF
171
a | 7| ss | 20 ° PP =4.0TSF
A
3 234
9k o
k| 8| SS | 21 PP =4.0 TSF
#
47 ss | 22 233 °
| ° PP =4.5TSF
° .
7
4
A 232
{ .
14|, 110 | ss | 24 o Pg_ys T4§F 36
P 231
171
4 1 230 5
11| ss | 28 _
9 PP =4.5TSF
7
V2 D
4 229
W .
y
A
l» 12 | SS 26 o PP =45TSF
° 228
227.5 |
11.7 CLAYEY SILT (CL-ML)
Hard
Grey 227
Wet 13| ss | 49 H 0 0 80 20
226.0 226
13.3 CLAYEY SILT (CL), trace to some A
sand, trace gravel (TILL) 171 Z
Very stiff 7
Grey o
Moist 1 SS | 19 295 PP =25TSF
171,
K
$
1, T ™ b Consolidation
. 224 Test
7] 15| sS | 25 ° _
2234 7 PP =25TSF
15.9 END OF BOREHOLE
Groundwater and cave-in measured
at 13.6 m and 14.5 m below grade on
completion of drilling, respectively.
0y
+3, % 3. Numbersreferto 3% grpaN AT FAILURE

Sensitivity



ONTARIO MTO 165001308 _MTO_CNR-BYPASS_20240926.GPJ ONTARIO MTO.GDT 9/26/24

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No CNR-EMB12 1 OF 1 METRIC
W.P. 3041-22-00 LOCATION CNR Overhead, Southwold, Ontario  N: 4742048.1 E: 408572.4 ORIGINATED BY _HS
DIST West HWY Hwy3 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY KL
DATUM _Geodetic DATE _2024.05.13-2024.0513 |LATITUDE __42.811159 LONGITUDE __ -81.231118  CHECKED BY RR
SOIL PROFILE SAMPLES | o wo | RENAMIC CONE PENETRATION
= NATURAL - REMARKS
) < PLASTIC y~isTure  LQUID| | &
= o || 9 20 40 60 80 100 [UMT  Gonrent LMIT[ S © &
Sy w2l z e W w w [ 5% | cransize
ELEV o B o i O |SHEAR STRENGTH kPa
DESCRIPTION S| & < |23 = —_—— DISTRIBUTION
DEPTH § =) [ > 8 o) <>( O UNCONFINED + FIELD VANE 'Y (%)
s = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
239.1 w 20 40 60 80 100 20 40 60 kN/m* |GR SA SI CL
—23§9] 100 mm TOPSOIL F 239
' CLAYEY SILT (CL), trace to some ‘| 1| SS 5 o
sand, trace gravel (TILL) 4
Very stiff (SS1 soft) i
Brown to grey 1?11
Moist ¢| 2| SS 23 238 o
171,
73
o
” 3 13 45 39
[| 3| ss | 22 S PP =45TSF
B 237
4
Syl 4| ss | 20 o
. PP =4.5TSF
A
Grey below 3.0 m g 1, 236
T 5 SS 24 o PP =45TSF
1 H
r] 6| ss | 20 235 PP = 3.5 TSF
171
"l 7| ss 18 o 6 14 46 34
qK 234 Ui PP=45TSF
171,
“|l 8 SS 18 o
- PP =4.5TSF
A " 233
qr] oSS | 2 ° PP =4.5TSF
P
A
: 232
{ .
AT
¢ o
A 10 88 28 231 PP =45TSF
141
171
171 230
y o
51 1M1 Ss 29 PP =45TSF
73
V2 D
228.9 , 229
10.2 CLAYEY SILT (CL-ML), trace sand
Hard
Grey
Wet
12| SS 51
228 | 0 2 78 20
2274
11.7 CLAYEY SILT (CL), trace to some A
sand (TILL)
Very stiff to hard ¢ % 227
Grey
Moist A1) SS | 17 ° PP =3.0TSF
171,
” 226
L
4
Ar] 14| ss | 15 295 9 PP =25TSF
P
% 1 ™
4 224
1 b4
7| 15| SS 30 o
223.2 2
15.9 END OF BOREHOLE
Borehole dry and cave-in measured
at 14.6 m below grade on completion
of drilling.
0y
+ 3’ X 3: Numbers refer to 03/0 STRAIN AT FAILURE

Sensitivity



ONTARIO MTO 165001308 _MTO_CNR-BYPASS_20240926.GPJ ONTARIO MTO.GDT 10/11/24

Ministry of
Transportation

Ontario

Foundation Design

W.P. 3041-22-00

RECORD OF BOREHOLE No CNR-OH1

LOCATION CNR Overhead, Southwold, Ontario

N:4742326.5 E:408283.1

1 OF 3

METRIC

ORIGINATED BY _MC

DIST West HWY Hwy3 BOREHOLE TYPE _ Hollow Stem Augers/ Wash Boring COMPILED BY KL
DATUM _Geodetic DATE _2024.06.03 - 2024.06.06 LATITUDE LONGITUDE -81.23460378 CHECKED BY RR
SOIL PROFILE SAMPLES | o W |RERTANSE PLoT IRATION
NATURAL - REMARKS
E %) Z() PLASTIC MOISTURE LIQUID = I
5 0w |S2| 8 20 80 100 [“MT  ‘content UMT| Z O &
= i L2l 2 \ W " w | 5% | cransize
ELEV |49 ¥ |2 ]|25| & [SHEARSTRENGTHkPa
DESCRIPTION (2| & | 2|22 E ——0——i DISTRIBUTION
DEPTH |3 £l >(38 < | © UNCONFINED + FIELD VANE Y %)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
240.2 u 20 80 100 20 60 kN/m* |GR SA SI CL
2403 150 mm TOPSOIL = 240
- CLAYEY SILT (CL), some sand, trace -l 1| SS 4 o
gravel (TILL) 171
Stiff to hard (SS1 soft) ‘
Brown to grey 171
Moist '/‘ 2 SS 16 239
1,
K
A4 3| ss | 29 +— 1 12 42 45
L
7 238
Grey below 2.3 m 4
91 4| ss | 17 )
44 Wash Boring
5 237 below 3.0m
6|41 5| ss | 14 © PP=2.0TSF
1 H
)l 6| ss | 18 1 12 43 44
g B 236 e PP =25 TSF
] =
fl7 | W oo
171 4 o °
4 °—.°l 235
A 6 | ss | 25 [-Ee
s = © PP =4.0TSF
L °o °
# e 234
Ll 9| ss | 30 [-Hf. ° PP=35TSF
P o
1, o e] 233
. D=
A1 10| ss | 27 o 5 12 45 38
. I PP =45 TSF
¢ 232
171
1. 231
o 11| 8s | 24 © PP =40 TSF
s
A 230
y
12| SS 28 o
> PP =4.0TSF
o 229
{ .
07
AT 228
(| 18] SS | 30 ° PP =2.5TSF
171
71 227
K
4P
s
11 14| ss | 31 o =
g 226 PP =35 TSF
y
ALt 225
v o
4715 | ss | 30 PP =30 TSF
A
: 224
14
2232

Continued Next Page

+ 3’ X 3. NumtlJlerls refer to
Sensitivity

0,
@] 3% STRAIN AT FAILURE



ONTARIO MTO 165001308 _MTO_CNR-BYPASS_20240926.GPJ ONTARIO MTO.GDT 10/11/24

Ministry of
Transportation

Ontario

Foundation Design

RECORD OF BOREHOLE No CNR-OH1

2 OF 3 METRIC

W.P. 3041-22-00 LOCATION _ CNR Overhead, Southwold, Ontario  N: 4742326.5 E: 408283.1 ORIGINATED BY _ MC
DIST West HWY Hwy3 BOREHOLE TYPE _ Hollow Stem Augers/ Wash Boring COMPILED BY KL
DATUM _Geodetic DATE _2024.06.03-2024.06.06 | ATITUDE __ 4281370323  LONGITUDE -81.23460378 CHECKED BY RR
SOIL PROFILE SAMPLES | o W |RERTANSE PLoT IRATION
NATURAL - REMARKS
b, | = — PLASTIC LiQuUID
Ez| 9 umt  MOISTURE “ruir| £ 5 &
= 0w |<8 @» 20 40 60 80 100 CONTENT z 9
Sy w2l z e W w w [ 5% | cransize
ELEV e8| w |3 |25| & [SHEARSTRENGTH kPa
DESCRIPTION 1Sl & | 2|28 E ———— DISTRIBUTION
DEPTH 2|3 F | >|38| £ |o unconFineD + FIELD VANE Y %)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
17.0 CLAYEY SILT (CL), some sand, trace | 6] SS 16 © -
to some gravel (TILL) A 223 PP=20TsF
Stiff to hard %
Grey
Moist 11
4P 222
K
P ( 17| ss | 10 ° PP =1.0 TSF
o, >>
x| |VANE 221 Su= 160 kPa
(B-vane)
P
Pl 18| ss | 22 1 13 41 45
(4] 220 o1 PP=15TSF
07
7
4 219
171
,\/
Al 218
£
't
~’ 19 | SS 17 217 PP =1.0TSF
4
gy 216
07
“ 215
171
,\/
K
A 20| SS | 25 214 PP =15TSF
s
't
2 213
y
4
1, 212
,{.
07
41 f 21| ss | 24 211 PP=15TSF
171
171
4 210
1,
s
Ars 209
y
4
L 22| ss | a7 208 14 10 38 37
I oh— PP = 1.5 TSF
07
(4 207
206.2 g
Continued Next Page Numb f o
43 3. Numbersreferto 3% grpaN AT FAILURE

Sensitivity



ONTARIO MTO 165001308 _MTO_CNR-BYPASS_20240926.GPJ ONTARIO MTO.GDT 10/11/24

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No CNR-OH1 3 OF 3 METRIC
W.P. 3041-22-00 LOCATION CNR Overhead, Southwold, Ontario  N: 4742326.5 E: 408283.1 ORIGINATED BY _ MC
DIST West HWY Hwy3 BOREHOLE TYPE _ Hollow Stem Augers/ Wash Boring COMPILED BY KL
DATUM _Geodetic DATE _2024.06.03 - 2024.06.06 |ATITUDE __ 42.81370323 | ONGITUDE __-81.23460378 CHECKED BY RR
SOIL PROFILE SAMPLES | o w R CRNE FENETRATION
- NATURAL = REMARKS
E %) Z() PLASTIC MOISTURE LIQUID = I
= o |22 9 20 40 60 8 100 [|UMT  content  LMT| S O &
2% ulzg| z ! . . — We w w | 5% | cransize
ELEV o B o | 2a O |SHEAR STRENGTH kPa
DESCRIPTION S| & |2z = —_—— DISTRIBUTION
DEPTH § =) [ > 8 o) ; O UNCONFINED + FIELD VANE 'Y (%)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
34.0 CLAYEY SILT (CL), some sand, trace 4 2
gravel (TILL) g 06
Hard 7
Grey
Moist 71
191, 205
1 23| ss | 33 ° PP = 1.25 TSF
’ V¥
Iy 204
P
) 203
#y f
14
A 202
A4 24| ss | 41 © PP =15TSF
,\/
51 201
K
’ V¥
200
4
P
b 199
‘¥l 25| SS 38 1 13 45 41
> B PP =1.0TSF
1 H
‘ 198
171
,\/
¢ 197
121,
K
’ V¥
2 196
"] 26 | SS 39 q -
195.4 Y% PP=15TSF
44.8 END OF BOREHOLE
Borehole dry upon start of mud
drilling at approximately 3 m below
grade.
Monitoring well installed in borehole,
screened from approximately 4.6 m
to 7.6 m below grade.
Groundwater level recorded in
monitoring well at approximately 0.5
m below grade on August 29, 2024.
0y
+3,x3; Numbersreferto 3% grpa AT FAILURE

Sensitivity



ONTARIO MTO 165001308 _MTO_CNR-BYPASS_20240926.GPJ ONTARIO MTO.GDT 10/11/24

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No CNR-OH2 1 OF 3 METRIC
W.P. 3041-22-00 LOCATION _ CNR Overhead, Southwold, Ontario  N: 4742271.9 E: 408298.2 ORIGINATED BY _ MC
DIST West HWY Hwy3 BOREHOLE TYPE _ Hollow Stem Augers/ Wash Boring COMPILED BY KL
DATUM _Geodetic DATE _2024.05.28 - 2024.06.03 |LATITUDE __ 42.81321029 | ONGITUDE -81.23442911 CHECKED BY RR
SOIL PROFILE SAMPLES | o W |RERTANSE PLoT IRATION REMARKS
el = — pLasTic NATURAL | quip E
Ez| 9 umt  MOISTURE “ruir| £ 5 &
= 0w |<8 @» 20 40 60 80 100 CONTENT z 9
Sy w2l z e W w w [ 5% | cransize
e W 3 25 O |SHEAR STRENGTH kPa
ELEV DESCRIPTION S| & = |z2| E —— DISTRIBUTION
DEPTH <[3| F|>|38]| < |© UNCONFINED + FIELD VANE Y %)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
2404 w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
2489 300 mm TOPSOIL T
0.3 CLAYEY SILT (CL), some sand, trace 2 1| ss 7 240 =
gravel (TILL) 1
Stiff to hard (SS1 firm) B
hBArqwntogrey A4 2| ss | 10 +— 2 14 44 M4
oist P
5l 239
73
dxl 2| S5 | "B ° PP =4.5TSF
L
. 238
4
dr1 4SS | B ° PP = 4.5 TSF
A Wash Boring
Grey below 3.0 m %) - below 3.0m
(] 5| ss | 24 Je-t—| 112 43 43
4] 237 PP = 4.5 TSF
oy
q 236
171
ef 6|58 | ° PP =30TSF
7’\/
k 235
1,
73
V2 D
L
A4 7| S| B 234 PP =45TSF
7 4
>
@ .
f 233
{ .
A% 8| ss| 33 ¢ 3 14 47 37
y PP =45 TSF
¥ 232
171
'} 231
k| 9| ss | 27 © PP =45TSF
1,
7
V2 D
471 230
4
A
1 10| ss | 41 o PP =4.5TSF
v 229
{ .
07
- 228
A ¥ 11| ss | 33 PP =45TSF
171
1?1 227
K
1,
4] 12| ss | 43 © PP =45 TSF
L 226
W .
4
° .
49 13| ss | 62 225
AR 6 ° PP =4.5 TSF
{ .
07
4 224
Lo
223.4 d
Continued Next Page Numb f o
+3, % 3. Numbersreferto 3% grpaN AT FAILURE

Sensitivity



ONTARIO MTO 165001308 _MTO_CNR-BYPASS_20240926.GPJ ONTARIO MTO.GDT 10/11/24

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No CNR-OH2 2 OF 3 METRIC
W.P. 3041-22-00 LOCATION _ CNR Overhead, Southwold, Ontario  N: 4742271.9 E: 408298.2 ORIGINATED BY _ MC
DIST West HWY Hwy3 BOREHOLE TYPE _ Hollow Stem Augers/ Wash Boring COMPILED BY KL
DATUM _Geodetic DATE _2024.05.28-2024.0603 |ATITUDE _ 4281321029  LONGITUDE -81.23442911 CHECKED BY RR
SOIL PROFILE SAMPLES | o W |RERTANSE PLoT IRATION REMARKS
el = — pLasTic NATURAL | quip E
Ez| 9 umt  MOISTURE “ruir| £ 5 &
= 0w |<8 @» 20 40 60 80 100 CONTENT z 9
S I A I = ! : ! ! ! We w w [ 5% | cransize
ELEV DESCRIPTION Sle| €] 2 [2g] 2 [SHEARSTRENGTHKPa —_————— DISTRIBUTION
DEPTH < RN EREE < [0 UNCONFINED  + FIELD VANE Y %)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
17.0 CLAYEY SILT (CL), some sand, trace (| T4 SS | % ° PP =225TSF
to some gravel (TILL) A 223 i
Very stiff to hard .
Grey
Moist 11
1,
7 222
P [ 15| sS | 26 ° PP =2.0 TSF
W .
4
oK 221
4
@ .
Pl 16| ss | 21 5| 11142 47
oJF 220 K PP =15TSF
07
7
g 219
7’\/
1,
[ 218
2 D
L
Ax| 17| ss | 22 q
PP =15TSF
47 217
4
@ .
4 216
1.
¢
- 215
171
7’\/
K
A 18| SS | 35 214 9 PP =15TSF
s
2 D
L
W .
f 213
2 .
4
@ .
4 £ 212
07
4] f 19| ss | 42 211 9 PP =1.5TSF
171
7’\/
K
21
(5l 0
s
2 D
L
7k 209
y
2 .
4
@ .
| 20| ss | 54
# 208
07
| 207
206.4 g
Continued Next Page Numb f o
43 3. Numbersreferto 3% grpaN AT FAILURE

Sensitivity



ONTARIO MTO 165001308 _MTO_CNR-BYPASS_20240926.GPJ ONTARIO MTO.GDT 10/11/24

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No CNR-OH2 3 OF 3 METRIC
W.P. 3041-22-00 LOCATION CNR Overhead, Southwold, Ontario  N: 4742271.9 E: 408298.2 ORIGINATED BY _ MC
DIST West HWY Hwy3 BOREHOLE TYPE _ Hollow Stem Augers/ Wash Boring COMPILED BY KL
DATUM _Geodetic DATE _2024.05.28 - 2024.06.03 |LATITUDE __ 42.81321029 | ONGITUDE __-81.23442911 CHECKED BY RR
SOIL PROFILE SAMPLES | o w R CRNE FENETRATION
- NATURAL = REMARKS
E %) Z() PLASTIC MOISTURE LIQUID = I
= o |22 9 20 40 60 8 100 [|UMT  content  LMT| S O &
2% ulzg| z ! . . — We w w | 5% | cransize
ELEV o B o i O |SHEAR STRENGTH kPa
DESCRIPTION S| & |2z = —_—— DISTRIBUTION
DEPTH § =) ﬁ > 8 o) ; O UNCONFINED + FIELD VANE 'Y (%)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
34.0 CLAYEY SILT (CL), some sand, trace 4
gravel (TILL)
Very stiff to hard ¢ 7 206
Grey
Moist 71
7', 21| ss | 43 205 lo—} 3 13 46 38
/A PP =15TSF
L
W .
4
oK 204
P
@ .
gy
A 203
4]
14
A 4122 | ss | 56 202 PP =0.5TSF
7’\/
1
f 201
2 D
L
Inferred cobbles/boulder based on .
drilling difficulties between 39.9 m L, 200
and 40.8 m ) 1
P
@ .
gy
Yl2s| ss | 65 199
1 H
14
- 198
171
A pl124| ss | 29
1 197
K
2 D
L
Frequent seams/layers of SILTY ZE 196
CLAY to CLAYEY SILT A1) 25| ss | 34 Hed 0 2 49 48
195.6 PP =15TSF
44.8 END OF BOREHOLE
Borehole dry upon start of mud
drilling at approximately 3 m below
grade.
0y
+3,x3; Numbersreferto 3% grpa AT FAILURE

Sensitivity



ONTARIO MTO 165001308 _MTO_CNR-BYPASS_20240926.GPJ ONTARIO MTO.GDT 10/11/24

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No CNR-OH3 1 OF 3 METRIC
W.P. 3041-22-00 LOCATION _ CNR Overhead, Southwold, Ontario  N: 4742374.5 E: 408227.3 ORIGINATED BY __HS/MC
DIST West HWY Hwy3 BOREHOLE TYPE _ Hollow Stem Augers/ Wash Boring COMPILED BY KL
DATUM _Geodetic DATE _2024.05.21-2024.06.11 LATITUDE __ 42.81414325 | ONGITUDE -81.2352769 CHECKED BY RR
SOIL PROFILE SAMPLES | o W |RERTANSE PLoT IRATION REMARKS
el = — pLasTic NATURAL | quip E
= S MOISTURE [ 3
= o |25 @ 20 40 60 80 100 |UMT  content UMIT) S O
Sy w2l z e W w w [ 5% | cransize
ELEV o8| w |3 |[25]| © [SHEARSTRENGTHkPa
DESCRIPTION 2] & (23| & —_—— DISTRIBUTION
DEPTH 2|3 P > |38| £ |© UNCONFINED + FIELD VANE Y %)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
2407 w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
w\,g 150 mm TOPSOIL =
: SILTY CLAY (Cl), trace to some ] 1| SS | 4 o
sand, trace gravel (TILL) 47
Firm to stiff (SS1 soft) %5 240
Brown "//.3/
Moist % 2 | SS 9 o
77
%.
239
3| ss 7 Ho— 1 17 43 39
238.5
22 CLAYEY SILT (CL), some sand, trace 4
gravel (TILL)
Stiff to hard g , 4882 238 4 )
Brown to grey Wash Boring
Moist 7"’4 below 3.0m
411 5| ss | 20 9
11 237
Grey below 3.8 m ” L
J1{ 6| ss| 13 9 PP =15TSF
4
O
e 236
bl 1| TW
| 1 UU Test
{'.
Ll 7 SS 21 o
4 235 PP =3.0 TSF
] 8| ss | 20 le—1 2 13 46 39
4 PP =25 TSF
9 234
7’\/
v
4,
l¢ 233
A¥] 9| ss | 26 o
P
W .
4
o) 232
4
@ .
4 p] 10| ss | 24 © PP =35TSF
£ 231 ’
1.
L
|1 230
(| 11| ss | 27 ° PP =3.0 TSF
7’\/
v
4,
f 229
2 D
P
A
x 12| ss | 27 o
PP =45 TSF
/ " 228
4
@ .
4 227
4|41 13| ss | 32 - 2 12 48 39
/ PP =3.0 TSF
L
- 226
171
7’\/
v
Al 14| ss | 26 295 ° PP =3.5TSF
73
2 D
P
W .
l, 224
223.7 %
Continued Next Page Numb f o
+3, % 3. Numbersreferto 3% grpaN AT FAILURE

Sensitivity



ONTARIO MTO 165001308 _MTO_CNR-BYPASS_20240926.GPJ ONTARIO MTO.GDT 10/11/24

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No CNR-OH3 2 OF 3 METRIC
W.P. 3041-22-00 LOCATION _ CNR Overhead, Southwold, Ontario  N: 4742374.5 E: 408227.3 ORIGINATED BY _ HS/MC
DIST West HWY Hwy3 BOREHOLE TYPE _ Hollow Stem Augers/ Wash Boring COMPILED BY KL
DATUM _Geodetic DATE _2024.05.21-2024.06.11 | ATITUDE _ 4281414325 | ONGITUDE __-81.2352769 CHECKED BY RR
SOIL PROFILE SAMPLES | o W |RERTANSE PLoT IRATION
NATURAL - REMARKS
el = — PLASTIC LiQuUID
Ez| 9 umt  MOISTURE “ruir| £ 5 &
= 0w |<8 @» 20 40 60 80 100 CONTENT z 9
el L |8 |2E| 2 ! . . — We w w | 5% | cransize
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HWY 3 St Thomas CPT

Introduction

The enclosed report presents the results of the site investigation program conducted by ConeTec
Investigations Ltd. for Stantec Consulting Ltd. at HWY 3, St. Thomas, ON. The program consisted of 1 cone
penetration test (CPTu) and 5 seismic cone penetration tests (SCPTu). Please note that this report, which
also includes all accompanying data, are subject to the 3™ Party Disclaimer and Client Disclaimer that

follow in the ‘Limitations’ section of this report.

Project Information

Project

Client Stantec Consulting Ltd.
Project HWY 3 St Thomas CPT
ConeTec project number 24-05-27609

An aerial overview from Google Earth including the test locations is presented below.

Rig Description

Deployment System

Test Type

CPT track rig (TC23)

30 ton rig cylinder

CPTu, SCPTu
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Coordinates

Test Type

Collection Method

EPSG Number

CPTu, SCPTu

Consumer grade GPS

26917

Cone Penetrometers Used for this Project

Cone Cross Sleeve Tip Sleeve Pore Pressure
Cone Description Number Sectional Area Capacity Capacity Capacity
Area (cm?) (cm?) (bar) (bar) (bar)
729:T1500F15U35 729 15 225 1500 15 35

Cone 729 was used for all CPTu soundings.

Cone Penetration Test (CPTu)

Depth reference

Depths are referenced to the existing ground surface at the time of each
test.

Tip and sleeve data offset

0.1 meter
This has been accounted for in the CPT data files.

Additional plots

e Advanced plots with Ic, Su, phi and N1(60)Ic
e Seismic shear wave velocity plots
e Soil Behaviour Type (SBT) scatter plots

Calculated Geotechnical Parameter Tables

Additional information

The Normalized Soil Behaviour Type Chart based on Qi (SBT Qi) (Robertson,
2009) was used to classify the soil for this project. A detailed set of calculated
CPTu parameters have been generated and are provided in Excel format files in
the release folder. The CPTu parameter calculations are based on values of
corrected tip resistance (q:) sleeve friction (fs) and pore pressure (us).

Effective stresses are calculated based on unit weights that have been assigned
to the individual soil behaviour type zones and hydrostatic conditions were
assumed.

Soils were classified as either drained or undrained based on the Qtn Normalized
Soil Behaviour Type Chart (Robertson, 2009). Calculations for both drained and
undrained parameters were included for materials that classified as silt mixtures
(zone 4).
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Limitations

3rd Party Disclaimer

This report titled “HWY 3 St Thomas CPT”, referred to as the (“Report”), was prepared by ConeTec
for Stantec Consulting Ltd. The Report is confidential and may not be distributed to or relied upon
by any third parties without the express written consent of ConeTec. Any third parties gaining
access to the Report do not acquire any rights as a result of such access. Any use which a third
party makes of the Report, or any reliance on or decisions made based on it, are the responsibility
of such third parties. ConeTec accepts no responsibility for loss, damage and/or expense, if any,
suffered by any third parties as a result of decisions made, or actions taken or not taken, which
are in any way based on, or related to, the Report or any portion(s) thereof.

Client Disclaimer

ConeTec was retained by Stantec Consulting Ltd. to collect and provide the raw data (“Data”)
which is included in this report titled “HWY 3 St Thomas CPT”, which is referred to as the
(“Report”). ConeTec has collected and reported the Data in accordance with current industry
standards. No other warranty, express or implied, with respect to the Data is made by ConeTec.
In order to properly understand the Data included in the Report, reference must be made to the
documents accompanying and other sources referenced in the Report in their entirety. Any
analysis, interpretation, judgment, calculations and/or geotechnical parameters (collectively
“Interpretations”) included in the Report, including those based on the Data, are outside the
scope of ConeTec’s retainer and are included in the Report as a courtesy only. Other than the
Data, the contents of the Report (including any Interpretations) should not be relied upon in any
fashion without independent verification and ConeTec is in no way responsible for any loss,
damage or expense resulting from the use of, and/or reliance on, such material by any party.
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Cone penetration tests (CPTu) are conducted using an integrated electronic piezocone penetrometer and
data acquisition system manufactured by Adara Systems Ltd., a subsidiary of ConeTec.

ConeTec’s piezocone penetrometers are compression type designs in which the tip and friction sleeve
load cells are independent and have separate load capacities. The piezocones use strain gauged load cells
for tip and sleeve friction and a strain gauged diaphragm type transducer for recording pore pressure.
The piezocones also have a platinum resistive temperature device (RTD) for monitoring the temperature
of the sensors, an accelerometer type dual axis inclinometer and two geophone sensors for recording
seismic signals. All signals are amplified and measured with minimum sixteen-bit resolution down hole
within the cone body, and the signals are sent to the surface using a high bandwidth, error corrected
digital interface through a shielded cable.

ConeTec penetrometers are manufactured with various tip, friction and pore pressure capacities in both
10 cm? and 15 cm? tip base area configurations in order to maximize signal resolution for various soil
conditions. The specific piezocone used for each test is described in the CPT summary table presented in
the first appendix. The 15 cm? penetrometers do not require friction reducers as they have a diameter
larger than the deployment rods. The 10 cm? piezocones use a friction reducer consisting of a rod adapter
extension behind the main cone body with an enlarged cross sectional area (typically 44 millimeters
diameter over a length of 32 millimeters with tapered leading and trailing edges) located at a distance of
585 millimeters above the cone tip.

The penetrometers are designed with equal end area friction sleeves, a net end area ratio of 0.8 and cone
tips with a 60 degree apex angle.

All ConeTec piezocones can record pore pressure at various locations. Unless otherwise noted, the pore
pressure filter is located directly behind the cone tip in the “u,” position (ASTM Type 2). The filter is six
millimeters thick, made of porous plastic (polyethylene) having an average pore size of 125 microns (90-
160 microns). The function of the filter is to allow rapid movements of extremely small volumes of water
needed to activate the pressure transducer while preventing soil ingress or blockage.

The piezocone penetrometers are manufactured with dimensions, tolerances and sensor characteristics
that are in general accordance with the current ASTM D5778 standard. ConeTec’s calibration criteria also
meets or exceeds those of the current ASTM D5778 standard. An illustration of the piezocone
penetrometer is presented in Figure CPTu.



CONE PENETRATION TEST - eSeries

Figure CPTu. Piezocone Penetrometer (15 cm?)

The ConeTec data acquisition systems consist of a Windows based computer and a signal interface box
and power supply. The signal interface combines depth increment signals, seismic trigger signals and the
downhole digital data. This combined data is then sent to the Windows based computer for collection
and presentation. The data is recorded at fixed depth increments using a depth wheel attached to the
push cylinders or by using a spring loaded rubber depth wheel that is held against the cone rods. The
typical recording interval is 2.5 centimeters; custom recording intervals are possible.

The system displays the CPTu data in real time and records the following parameters to a storage media
during penetration:

e Depth

e Uncorrected tip resistance (qc)

e Sleeve friction (f;)

e Dynamic pore pressure (u)

e Additional sensors such as resistivity, passive gamma, ultra violet induced fluorescence, if
applicable
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All testing is performed in accordance to ConeTec’s CPTu operating procedures which are in general
accordance with the current ASTM D5778 standard.

Prior to the start of a CPTu sounding a suitable cone is selected, the cone and data acquisition system are
powered on, the pore pressure system is saturated with silicone oil and the baseline readings are recorded
with the cone hanging freely in a vertical position.

The CPTu is conducted at a steady rate of two centimeters per second, within acceptable tolerances.
Typically one meter length rods with an outer diameter of 38.1 millimeters are added to advance the cone
to the sounding termination depth. After cone retraction final baselines are recorded.

Additional information pertaining to ConeTec’s cone penetration testing procedures:

e Each filter is saturated in silicone oil under vacuum pressure prior to use

e Baseline readings are compared to previous readings

e Soundings are terminated at the client’s target depth or at a depth where an obstruction is
encountered, excessive rod flex occurs, excessive inclination occurs, equipment damage is likely
to take place, or a dangerous working environment arises

e Differences between initial and final baselines are calculated to ensure zero load offsets have not
occurred and to ensure compliance with ASTM standards

The interpretation of piezocone data for this report is based on the corrected tip resistance (qt), sleeve
friction (f;) and pore water pressure (u). The interpretation of soil type is based on the correlations
developed by Robertson et al. (1986) and Robertson (1990, 2009). It should be noted that it is not always
possible to accurately identify a soil behaviour type based on these parameters. In these situations,
experience, judgment and an assessment of other parameters may be used to infer soil behaviour type.

The recorded tip resistance (q.) is the total force acting on the piezocone tip divided by its base area. The
tip resistance is corrected for pore pressure effects and termed corrected tip resistance (q:) according to
the following expression presented in Robertson et al. (1986):

Gt=0c+(1-a) ® uz

where: q:is the corrected tip resistance
gc is the recorded tip resistance
u; is the recorded dynamic pore pressure behind the tip (u; position)
a is the Net Area Ratio for the piezocone (0.8 for ConeTec probes)

The sleeve friction (f;) is the frictional force on the sleeve divided by its surface area. As all ConeTec
piezocones have equal end area friction sleeves, pore pressure corrections to the sleeve data are not
required.

The dynamic pore pressure (u) is a measure of the pore pressures generated during cone penetration. To
record equilibrium pore pressure, the penetration must be stopped to allow the dynamic pore pressures
to stabilize. The rate at which this occurs is predominantly a function of the permeability of the soil and
the diameter of the cone.
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The friction ratio (Rf) is a calculated parameter. It is defined as the ratio of sleeve friction to the tip
resistance expressed as a percentage. Generally, saturated cohesive soils have low tip resistance, high
friction ratios and generate large excess pore water pressures. Cohesionless soils have higher tip
resistances, lower friction ratios and do not generate significant excess pore water pressure.

A summary of the CPTu soundings along with test details and individual plots are provided in the
appendices. A set of files with calculated geotechnical parameters were generated for each sounding
based on published correlations and are provided in Excel format in the data release folder. Information
regarding the methods used is also included in the data release folder.

For additional information on CPTu interpretations and calculated geotechnical parameters, refer to
Robertson et al. (1986), Lunne et al. (1997), Robertson (2009), Mayne (2013, 2014), Mayne and Peuchen
(2012) and Mayne et al. (2023).
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SEISMIC CONE PENETRATION TEST - eSeries

Shear wave velocity (Vs) testing is performed in conjunction with the piezocone penetration test (SCPTu)
in order to collect interval velocities. For some projects seismic compression wave velocity (Vp) testing is
also performed.

ConeTec’s 15 cm? piezocone penetrometers are manufactured with one horizontally active geophone (28
hertz) and one vertically active geophone (28 hertz). Both geophones are rigidly mounted in the body of
the cone penetrometer, 0.2 meters behind the cone tip. The vertically mounted geophone is more
sensitive to compression waves; however, it is often affected by the compression wave travelling through
the cone rods.

Shear waves are typically generated by using an impact hammer horizontally striking a beam that is held
in place by a normal load. In some instances, an auger source or an imbedded impulsive source may be
used for both shear waves and compression waves. The hammer and beam act as a contact trigger that
initiates the recording of the seismic wave traces. For impulsive devices an accelerometer trigger may be
used. The traces are recorded in the memory of the cone using a fast analog to digital converter. The
seismic trace is then transmitted digitally uphole to a Windows based computer through a signal interface
box for recording and analysis. An illustration of the shear wave testing configuration is presented in
Figure SCPTu-1.

Figure SCPTu-1. lllustration of the SCPTu system

All testing is performed in accordance to ConeTec’s SCPTu operating procedures which are in general
accordance with the current ASTM D5778 and ASTM D7400 standards.

Prior to the start of a SCPTu sounding, the procedures described in the Cone Penetration Test section are
followed. In addition, the active axis of the geophone is aligned parallel to the beam (or source) and the
horizontal offset between the cone and the source is measured and recorded.
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Prior to recording seismic waves at each test depth, cone penetration is stopped and the rods are
decoupled from the rig to avoid transmission of rig energy down the rods. Typically, five wave traces for
each orientation are recorded for quality control and uncertainty analysis purposes. After reviewing wave
traces for consistency the cone is pushed to the next test depth (typically one meter intervals or as
requested by the client). Figure SCPTu-2 presents an illustration of a SCPTu test.

For additional information on seismic cone penetration testing refer to Robertson et al. (1986).

Figure SCPTu-2. lllustration of a seismic cone penetration test

For the determination of interval travel times the wave traces from all depths are displayed in analysis
software. The results of the interval picks are supplied in the relevant appendix of this report. Standard
practice for ConeTec is to record five wave traces for each source direction at each test depth. Outlier
impacts are identified in the field and the impacts are repeated. For the final wave trace profile, the traces
are stacked in the time domain to display a single average trace.

Determination of the shear wave interval velocities are performed by visually picking a common feature
(e.g. the first characteristic peak, trough, or crossover) on all of the trace depths and taking the difference
in ray path divided by the time difference between features at subsequent depths. The same process is
used for compression waves, however the first break is most commonly used for selecting an arrival time.
For velocity calculation, the ray path is defined as the straight-line distance from the seismic source to the
geophone, accounting for beam offset, source depth and geophone offset from the cone tip.

In some cases, usually for shear wave velocity testing, more than one characteristic marker may be used.
If there is an overlap between different sets of characteristic markers, then the average time value for
those sets of interval times is applied to the determination of velocity.

Ideally, all depths are used for the determination of the velocity profile. However, an interval may be
skipped if there is some ambiguity or quality concern with a particular depth, resulting in a larger interval.



SEISMIC CONE PENETRATION TEST - eSeries

Tabular results and SCPTu plots are presented in the relevant appendix.

The average shear wave velocity to a depth of thirty meters (Vs30) has been calculated and provided for all
applicable soundings using an equation presented in Crow et al. (2012).

total thickness of all layers (30m)

207 Y.(layer traveltimes)

The layer travel times refers to the travel times propagating in the vertical direction, not the measured
travel times from an offset source.
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PORE PRESSURE DISSIPATION TEST

The cone penetration test is halted at specific depths to carry out pore pressure dissipation (PPD) tests,
shown in Figure PPD-1. For each dissipation test the cone and rods are decoupled from the rig and the
data acquisition system measures and records the variation of the pore pressure (u) with time (t).

Figure PPD-1. Pore pressure dissipation test setup

Pore pressure dissipation data can be interpreted to provide estimates of ground water conditions,
permeability, consolidation characteristics and soil behaviour.

The typical shapes of dissipation curves shown in Figure PPD-2 are very useful in assessing soil type,
drainage, in situ pore pressure and soil properties. A flat curve that stabilizes quickly is typical of a freely
draining sand. Undrained soils such as clays will typically show positive excess pore pressure and have
long dissipation times. Dilative soils will often exhibit dynamic pore pressures below equilibrium that then
rise over time. Overconsolidated fine-grained soils will often exhibit an initial dilatory response where
there is an initial rise in pore pressure before reaching a peak and dissipating.

Figure PPD-2. Pore pressure dissipation curve examples

In order to interpret the equilibrium pore pressure (ueq) and the apparent phreatic surface, the pore
pressure should be monitored until such time as there is no variation in pore pressure with time as shown
for each curve in Figure PPD-2.



PORE PRESSURE DISSIPATION TEST

In fine grained deposits the point at which 100% of the excess pore pressure has dissipated is known as
tioo. In some cases this can take an excessive amount of time and it may be impractical to take the
dissipation to tigo. A theoretical analysis of pore pressure dissipations by Teh and Houlsby, 1991 showed
that a single curve relating degree of dissipation versus theoretical time factor (T*) may be used to
calculate the coefficient of consolidation (ch) at various degrees of dissipation resulting in the expression
for ¢y, shown below.

_'|'*.aZ.\/|_r
——

Ch
Where:
T* is the dimensionless time factor (Table Time Factor)
a is the radius of the cone
Ir is the rigidity index
t is the time at the degree of consolidation

Table Time Factor. T* versus degree of dissipation (Teh and Houlsby, 1991)
Degree of
Dissipation (%)

20 30 40 50 60 70 80

T* (u2) 0.038 | 0.078 | 0.142 | 0.245 | 0.439 | 0.804 | 1.60

The coefficient of consolidation is typically analyzed using the time (tso) corresponding to a degree of
dissipation of 50% (uso). In order to determine tso, dissipation tests must be taken to a pressure less than
Uso. The uso value is half way between the initial maximum pore pressure and the equilibrium pore
pressure value, known as uig. To estimate usg, both the initial maximum pore pressure and uigo must be
known or estimated. Other degrees of dissipations may be considered, particularly for extremely long
dissipations.

At any specific degree of dissipation the equilibrium pore pressure (u at tigs) must be estimated at the
depth of interest. The equilibrium value may be determined from one or more sources such as measuring
the value directly (ui0o), estimating it from other dissipations in the same profile, estimating the phreatic
surface and assuming hydrostatic conditions, from nearby soundings, from client provided information,
from site observations and/or past experience, or from other site instrumentation.

For calculations of ¢, (Teh and Houlsby, 1991), tso values are estimated from the corresponding pore
pressure dissipation curve and a rigidity index (I;) is assumed. For curves having an initial dilatory response
in which an initial rise in pore pressure occurs before reaching a peak, the relative time from the peak
value is used in determining tso. In cases where the time to peak is excessive, tsovalues are not calculated.

A summary of the pore pressure dissipation tests and dissipation plots are presented in the relevant
appendix.
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APPENDICES

The appendices listed below are included in the report:

e Cone Penetration Test Summary and Standard Cone Penetration Test Plots
e Advanced Cone Penetration Test Plots

e Seismic Cone Penetration Test Plots

e Seismic Cone Penetration Test Shear Wave (Vs) Tabular Results

e Seismic Cone Penetration Test Shear Wave (Vs) Traces

e Soil Behaviour Type (SBT) Scatter Plots

e Pore Pressure Dissipation Summary and Pore Pressure Dissipation Plots

e Description of Methods for Calculated CPT Geotechnical Parameters



Cone Penetration Test Summary and Standard Cone Penetration Test Plots
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Sounding ID File Name Date Cone ) 1 Depth Northing Easting Notation
(em?) Surface (m) (m)
(m) Number
(m)
CPT24-RMNAPPO1 | 24-05-27609_CP-RM-01 2024-05-10 729:T1500F15U35 15 2.2 15.025 4739733 481289
SCPT24-RMNAPPO1 | 24-05-27609_SP-RM-01 2024-05-10 729:T1500F15U35 15 2.2 15.075 4739737 481294
SCPT24-CNREMBO02 | 24-05-27609_SP-CN-02 2024-05-09 729:T1500F15U35 15 2.0 15.575 4740267 480674
SCPT24-WAPPO02 24-05-27609_SP-WA-02 2024-05-10 729:T1500F15U35 15 1.8 15.000 4738905 482817 3
SCPT24-CNREMBO08 | 24-05-27609_SP-CN-08 2024-05-09 729:T1500F15U35 15 15 20.100 4740056 480896
SCPT24-CNREMB10 | 24-05-27609_SP-CN-10 2024-05-10 729:T1500F15U35 15 2.0 20.000 4739960 481010

1. The assumed phreatic surface was based on the dynamic pore pressure response, unless otherwise noted. Hydrostatic conditions were assumed for the calculated parameters.

2. Coordinates were collected with a consumer grade GPS device with datum WGS84/UTM Zone 17 North.

3. The assumed phreatic surface was based on a pore pressure dissipation test.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.




Depth (meters)

Job No: 24-05-27609
Date: 2024-05-10 06:58
Site: HWY 3, St.Thomas, ON

Sounding: SCPT24-CNREMB10
Cone: 729:T1500F15U35 Area=15cm?
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Max Depth: 20.000 m/ 65.62 ft File: 24-05-27609_SP-CN-10.COR SBT: Robertson, 2009 and 2010
Depthlinc: 0.025m/0.082 ft UnitWt: SBTQtn (PKR2009) Coords: UTM17NN:4739960mE: 481010m
Avg Int: Every Point SuNkt/Ndu: 15.0/ 6.0 SheetNo: 1 of 1
Overplotitem: O Ueq O AssumedUeq <] Dissipation, Ueqachieved < Dissipation, Ueqnotachieved <] Dissipation, Ueqassumed Hydrostatic Line

The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.



Seismic Cone Penetration Test Plots



Depth (meters)

Stantec

Job No: 24-05-27609
Date: 2024-05-10 10:24
Site: HWY 3, St.Thomas, ON

Sounding: SCPT24-RMNAPP0O1
Cone: 729:T1500F15U35 Area=15cm?
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Max Depth: 15.075 m/ 49.46 ft
Depthlinc: 0.025m/0.082 ft

Avg Int: Every Point

Overplotitem: O Ueq O AssumedUeq

File: 24-05-27609_SP-RM-01.COR
UnitWt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: UTM17NN:4739737mE:481294m

SheetNo: 1 of 1

<] Dissipation, Ueqachieved < Dissipation, Ueqnotachieved

<] Dissipation, Ueqassumed Hydrostatic Line

The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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Job No: 24-05-27609 Sounding: SCPT24-CNREMBO02
Stantec Date: 2024-05-09 12:06 Cone: 729:T1500F15U35 Area=15 cm?
Site: HWY 3, St.Thomas, ON
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Overplotitem: O Ueq O AssumedUeq <] Dissipation, Ueqachieved < Dissipation, Ueqnotachieved <] Dissipation, Ueqassumed Hydrostatic Line

The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.



Depth (meters)

Stantec

Job No: 24-05-27609
Date: 2024-05-10 14:49
Site: HWY 3, St.Thomas, ON

Sounding: SCPT24-WAPP02
Cone: 729:T1500F15U35 Area=15cm?
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Avg Int: Every Point
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File: 24-05-27609_SP-WA-02.COR
UnitWt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: UTM17NN:4738905mE:482817m

SheetNo: 1 of 1

<] Dissipation, Ueqachieved < Dissipation, Ueqnotachieved

<] Dissipation, Ueqassumed Hydrostatic Line

The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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Job No: 24-05-27609

Date: 2024-05-09 16:43

Site: HWY 3, St.Thomas, ON

Sounding: SCPT24-CNREMBO08
Cone: 729:T1500F15U35 Area=15cm?
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Hydrostatic Line
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Job No: 24-05-27609

Stantec Date: 2024-05-10 06:58

Site: HWY 3, St.Thomas, ON

Sounding: SCPT24-CNREMB10
Cone: 729:T1500F15U35 Area=15cm?
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Max Depth: 20.000 m/ 65.62 ft File: 24-05-27609_SP-CN-10.COR SBT: Robertson, 2009 and 2010

Depthlinc: 0.025m/0.082 ft UnitWt: SBTQtn (PKR2009) Coords: UTM17NN:4739960mE: 481010m

Avg Int: Every Point SheetNo: 1 of 1

Overplotitem: O Ueq O AssumedUeq <] Dissipation, Ueqachieved < Dissipation, Ueqnotachieved

<] Dissipation, Ueqassumed

The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Hydrostatic Line



Seismic Cone Penetration Test Shear Wave (Vs) Tabular Results



Job No:
Client:
Project:
Sounding ID:
Date:

Seismic Source:
Seismic Offset (m):
Source Depth (m):

Geophone Offset (m):

24-05-27609

Stantec

HWY 3 St Thomas CPT
SCPT24-RMNAPPO1
2024-05-10

Beam
3.20
0.00
0.20

SCPTu SHEAR WAVE VELOCITY TEST RESULTS - Vs

Tip Geophone Ray Ray Path Travel Time Interval
Depth Depth Path Difference Interval Velocity
(m) (m) (m) (m) (ms) (m/s)

3.03 2.83 4.27

4.03 3.83 4.99 0.72 2.19 328
5.03 4.83 5.79 0.80 2.45 328
6.02 5.82 6.64 0.85 2.61 325
7.02 6.82 7.53 0.89 2.73 326
8.02 7.82 8.45 0.92 2.78 329
9.05 8.85 9.41 0.96 2.82 341
10.08 9.88 10.39 0.97 2.67 365
11.08 10.88 11.34 0.96 2.47 387
12.08 11.88 12.30 0.96 2.49 387
13.08 12.88 13.27 0.97 2.64 367
14.08 13.88 14.24 0.97 2.83 343
15.08 14.88 15.22 0.98 3.03 322

Sheet 1 of 1




Job No:
Client:
Project:
Sounding ID:
Date:

Seismic Source:
Seismic Offset (m):
Source Depth (m):

Geophone Offset (m):

24-05-27609

Stantec

HWY 3 St Thomas CPT
SCPT24-CNREMBO02
2024-05-09

Beam
3.20
0.00
0.20

SCPTu SHEAR WAVE VELOCITY TEST RESULTS - Vs

Tip Geophone Ray Ray Path Travel Time Interval
Depth Depth Path Difference Interval Velocity
(m) (m) (m) (m) (ms) (m/s)

2.82 2.62 4.14

3.82 3.62 4.83 0.70 2.63 265
4.85 4.65 5.65 0.81 2.92 279
5.82 5.62 6.47 0.82 2.79 295
6.82 6.62 7.35 0.89 2.80 316
7.85 7.65 8.29 0.94 2.87 327
8.85 8.65 9.22 0.93 2.84 327
9.85 9.65 10.17 0.94 2.87 329
10.85 10.65 11.12 0.95 2.87 332
11.85 11.65 12.08 0.96 2.87 335
12.85 12.65 13.05 0.97 2.87 337
13.85 13.65 14.02 0.97 2.81 346
14.85 14.65 15.00 0.98 2.56 380
15.58 15.38 15.71 0.71 1.83 390

Sheet 1 of 1




Job No:
Client:
Project:
Sounding ID:
Date:

Seismic Source:
Seismic Offset (m):
Source Depth (m):

Geophone Offset (m):

24-05-27609

Stantec

HWY 3 St Thomas CPT
SCPT24-WAPPO02
2024-05-10

Beam
3.20
0.00
0.20

SCPTu SHEAR WAVE VELOCITY TEST RESULTS - Vs

Tip Geophone Ray Ray Path Travel Time Interval
Depth Depth Path Difference Interval Velocity
(m) (m) (m) (m) (ms) (m/s)

2.82 2.62 4.14

3.82 3.62 4.83 0.70 1.79 390
4.82 4.62 5.62 0.79 2.05 384
5.82 5.62 6.47 0.85 2.14 396
6.85 6.65 7.38 0.91 2.32 393
7.85 7.65 8.29 0.91 2.32 393
8.83 8.63 9.20 0.91 2.30 396
9.80 9.60 10.12 0.92 2.46 373
10.80 10.60 11.07 0.95 2.82 338
11.80 11.60 12.03 0.96 3.20 300
12.80 12.60 13.00 0.97 3.58 270
13.80 13.60 13.97 0.97 3.57 272
14.80 14.60 14.95 0.98 3.58 273
15.00 14.80 15.14 0.20 0.75 260

Sheet 1 of 1




Job No:
Client:
Project:
Sounding ID:
Date:

Seismic Source:
Seismic Offset (m):
Source Depth (m):

Geophone Offset (m):

24-05-27609

Stantec

HWY 3 St Thomas CPT
SCPT24-CNREMBO08
2024-05-09

Beam
3.20
0.00
0.20

SCPTu SHEAR WAVE VELOCITY TEST RESULTS - Vs

Tip Geophone Ray Ray Path Travel Time Interval
Depth Depth Path Difference Interval Velocity
(m) (m) (m) (m) (ms) (m/s)

3.05 2.85 4.29

4.08 3.88 5.03 0.74 2.26 330
5.08 4.88 5.84 0.81 2.35 343
6.08 5.88 6.69 0.86 2.45 351
7.08 6.88 7.59 0.89 2.55 351
8.08 7.88 8.51 0.92 2.56 358
9.08 8.88 9.44 0.93 2.57 363
10.08 9.88 10.39 0.95 2.56 370
11.08 10.88 11.34 0.96 2.46 388
12.10 11.90 12.32 0.98 2.56 384
13.08 12.88 13.27 0.95 2.56 371
14.10 13.90 14.26 0.99 2.84 349
15.10 14.90 15.24 0.98 2.93 333
16.10 15.90 16.22 0.98 3.03 323
17.10 16.90 17.20 0.98 3.07 319
18.10 17.90 18.18 0.98 3.15 313
19.10 18.90 19.17 0.99 3.23 305
20.10 19.90 20.16 0.99 3.32 297

Sheet 1 of 1




Job No:
Client:
Project:
Sounding ID:
Date:

Seismic Source:
Seismic Offset (m):
Source Depth (m):

Geophone Offset (m):

24-05-27609

Stantec

HWY 3 St Thomas CPT
SCPT24-CNREMB10
2024-05-10

Beam
3.20
0.00
0.20

SCPTu SHEAR WAVE VELOCITY TEST RESULTS - Vs

Tip Geophone Ray Ray Path Travel Time Interval
Depth Depth Path Difference Interval Velocity
(m) (m) (m) (m) (ms) (m/s)

3.00 2.80 4.25

4.00 3.80 4.97 0.72 2.61 275
5.00 4.80 5.77 0.80 3.07 261
6.00 5.80 6.62 0.86 3.29 260
7.00 6.80 7.52 0.89 3.48 256
8.00 7.80 8.43 0.92 3.55 258
9.00 8.80 9.36 0.93 3.61 258
10.00 9.80 10.31 0.95 3.53 268
11.00 10.80 11.26 0.96 3.41 280
12.00 11.80 12.23 0.96 3.20 301
13.00 12.80 13.19 0.97 2.92 332
14.00 13.80 14.17 0.97 2.71 359
15.00 14.80 15.14 0.98 2.70 362
16.00 15.80 16.12 0.98 2.71 362
17.00 16.80 17.10 0.98 2.71 363
18.00 17.80 18.09 0.98 2.71 363
19.00 18.80 19.07 0.99 2.71 364
20.00 19.80 20.06 0.99 2.95 335

Sheet 1 of 1




Seismic Cone Penetration Test Shear Wave (Vs) Traces



— Job No: 24-05-27609
CONETEC Analysis: S Wave - Geo X
— ysis:

Client: Stantec

Project: HWY 3 St Thomas CPT
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— Job No: 24-05-27609
CONETEC Analysis: S Wave - Geo X
— ysis:

Client: Stantec

Project: HWY 3 St Thomas CPT

Sounding: SCPT24-CNREMBO02

Filter: None
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— Job No: 24-05-27609
CONETEC Analysis: S Wave - Geo X
— ysis:

Client: Stantec

Project: HWY 3 St Thomas CPT

Sounding: SCPT24-WAPP02
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— Job No: 24-05-27609
CONETEC Analysis: S Wave - Geo X
— ysis:

Client: Stantec

Project: HWY 3 St Thomas CPT

Sounding: SCPT24-CNREMBO08

Filter: None

Date: 2024-05-09
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— Job No: 24-05-27609
CONETEC Analysis: S Wave - Geo X
— ysis:

Client: Stantec

Project: HWY 3 St Thomas CPT

Sounding: SCPT24-CNREMB10

Filter: None

Date: 2024-05-10
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Soil Behaviour Type (SBT) Scatter Plots



Stantec

Job No: 24-05-27609
Date: 2024-05-10 12:15
Site: HWY 3, St.Thomas, ON

Sounding: CPT24-RMNAPPO1
Cone: 729:T1500F15U35 Area=15cm?

Depth Ranges
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Stantec

Job No: 24-05-27609
Date: 2024-05-10 10:24
Site: HWY 3, St.Thomas, ON

Sounding: SCPT24-RMNAPPO1
Cone: 729:T1500F15U35 Area=15cm?

Depth Ranges

(O >0.0t01.5m
O >15t03.0m
@ >30t045m
O >45t06.0m
@ >6.0t07.5m
O >75t09.0m
@ >9.0t0105m
© >105t012.0m
@ >12.0t013.5m
O >135t015.0m
O >15.0m
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Stantec

Job No: 24-05-27609
Date: 2024-05-09 12:06
Site: HWY 3, St.Thomas, ON

Sounding: SCPT24-CNREMBO02
Cone: 729:T1500F15U35 Area=15cm?

Depth Ranges

(O >0.0t01.5m
O >15t03.0m
@ >30t045m
O >45t06.0m
@ >6.0t07.5m
O >75t09.0m
@ >9.0t0105m
© >105t012.0m
@ >12.0t013.5m
O >135t015.0m
O >15.0m
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Stantec

Job No: 24-05-27609
Date: 2024-05-10 14:49
Site: HWY 3, St.Thomas, ON

Sounding: SCPT24-WAPP02
Cone: 729:T1500F15U35 Area=15cm?
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Stantec

Job No: 24-05-27609
Date: 2024-05-09 16:43
Site: HWY 3, St.Thomas, ON

Sounding: SCPT24-CNREMBO08
Cone: 729:T1500F15U35 Area=15cm?

Depth Ranges

(O >0.0t01.5m
O >15t03.0m
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Job No: 24-05-27609

Stantec Date: 2024-05-10 06:58

Site: HWY 3, St.Thomas, ON

Sounding: SCPT24-CNREMB10
Cone: 729:T1500F15U35 Area=15cm?

Depth Ranges

(O >0.0t01.5m
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Pore Pressure Dissipation Summary and Pore Pressure Dissipation Plots



. Job No: 24-05-27609
CONETEC Client: Stantec Consulting Ltd.
| Project: HWY 3 St Thomas CPT
Start Date: 2024-05-09
End Date: 2024-05-10
CPTu PORE PRESSURE DISSIPATION SUMMARY
Observed Estimated Assumed
) Test S S ) Percent Assumed Refer to
. . Cone Area Duration Uinitial Unnax Unin Uinal Equilibrium Pore | Equilibrium Pore Phreatic o tso L Ch .
Sounding ID File Name N Depth Dissipation Rigidity Index 2 . Notation
(cm?) (s) (m) (m) (m) (m) Pressure Ugq Pressure Ugq Surface (s) (ecm*/min),
(m) (%) (1) Number
(m) (m) (m)
CPT24-RMNAPPO1 | 24-05-27609_CP-RM-01 15 670 3.050 0.9 9.2 -2.2 9.2
CPT24-RMNAPPO1 | 24-05-27609_CP-RM-01 15 3090 7.625 0.4 44.6 0.4 26.4
SCPT24-RMNAPPO1 | 24-05-27609_SP-RM-01 15 790 3.050 1.4 1.4 -8.7 -7.3
SCPT24-RMNAPPO1 | 24-05-27609_SP-RM-01 15 1150 9.050 1.4 2.4 0.9 2.4
SCPT24-CNREMBO02 | 24-05-27609_SP-CN-02 15 3330 3.050 11 38.2 1.0 19.4 1.1 2.0 51 2923 100 0.2 3
SCPT24-CNREMBO02 | 24-05-27609_SP-CN-02 15 1090 7.625 13.8 42.9 13.8 38.9
SCPT24-CNREMBO02 | 24-05-27609_SP-CN-02 15 2940 10.675 8.2 61.5 7.9 34.0 8.7 2.0 52 2423 100 0.3 3
SCPT24-WAPP02 24-05-27609_SP-WA-02 15 2010 3.050 315 99.6 315 49.9 1.2 1.8 51 1786 100 0.4 3
SCPT24-WAPPO2 24-05-27609_SP-WA-02 15 1100 7.625 131 131 11 5.8 5.8 1.8 100
SCPT24-CNREMBO8 | 24-05-27609_SP-CN-08 15 3090 3.050 11.8 51.9 8.7 26.5 1.6 1.5 50 2773 100 0.3 3
SCPT24-CNREMBO8 | 24-05-27609_SP-CN-08 15 1550 7.625 9.2 67.2 6.7 54.3
SCPT24-CNREMBO8 | 24-05-27609_SP-CN-08 15 2370 10.675 47.5 96.8 46.6 53.4
SCPT24-CNREMBO8 | 24-05-27609_SP-CN-08 15 470 20.100 40.1 70.1 40.1 66.8
SCPT24-CNREMB10 | 24-05-27609_SP-CN-10 15 3030 3.050 -0.6 17.5 -0.6 9.2 1.1 2.0 50 2880 100 0.2 3
SCPT24-CNREMB10 | 24-05-27609_SP-CN-10 15 740 7.625 -0.6 30.1 -0.6 30.0
SCPT24-CNREMB10 | 24-05-27609_SP-CN-10 15 3450 10.675 10.0 44.0 10.0 32.8

1. Time for 50 percent dissipation was based on U s, Umin, and the applied Ug,. Note the time is relative to where U,,,, occurred.
2. Teh and Houlsby, 1991.

3. The estimated equilibrium pore pressure was based on a hydrostatic assumption from the assumed phreatic surface.
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Job No: 24-05-27609 Sounding: CPT24-RMNAPPO1
Stantec Date: 2024-05-10 12:15 Cone: 729:T1500F15U35 Area=15cm?2
Site: HWY 3, St.Thomas, ON
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Job No: 24-05-27609 Sounding: CPT24-RMNAPPO1
Stantec Date: 2024-05-10 12:15 Cone: 729:T1500F15U35 Area=15cm?
Site: HWY 3, St.Thomas, ON
60
45—
g
o |
S
7
o
Qo |
[e)
o
154
0 i i i
0 1000 2000 3000 4000
Time (S)
Filename: 24-05-27609 CP-RM-01.PPF2 u Min: 0.4 m
Trace Summary: Depth: 7.625 m/ 25.016 ft u Max: 44.6 m

Duration: 3090.0 s u Final: 26.4 m



Job No: 24-05-27609 Sounding: SCPT24-RMNAPPO1
Stantec Date: 2024-05-10 10:24 Cone: 729:T1500F15U35 Area=15cm?
Site: HWY 3, St.Thomas, ON
10

5 —
E |
o
= i
)
g o-
o |
.
o —
o

-5

7 T V
-10 | | |
0 200 400 600 800
Time (S)
Filename: 24-05-27609 SP-RM-01.PPF2 u Min: -8.7m
Trace Summary:  Depth: 3.050 m/10.006 ft u Max: 1.4 m

Duration: 790.0 s u Final: -7.3 m



Job No: 24-05-27609 Sounding: SCPT24-RMNAPPO1
Stantec Date: 2024-05-10 10:24 Cone: 729:T1500F15U35 Area=15cm?2
Site: HWY 3, St.Thomas, ON
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Job No: 24-05-27609 Sounding: SCPT24-CNREMB02
Stantec Date: 2024-05-09 12:06 Cone: 729:T1500F15U35 Area=15cm?
Site: HWY 3, St.Thomas, ON
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Job No: 24-05-27609 Sounding: SCPT24-CNREMB02
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Job No: 24-05-27609 Sounding: SCPT24-CNREMB02
Stantec Date: 2024-05-09 12:06 Cone: 729:T1500F15U35 Area=15cm?
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Job No: 24-05-27609 Sounding: SCPT24-WAPP02
Stantec Date: 2024-05-10 14:49 Cone: 729:T1500F15U35 Area=15cm?
Site: HWY 3, St.Thomas, ON
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Job No: 24-05-27609 Sounding: SCPT24-WAPP02
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Job No: 24-05-27609 Sounding: SCPT24-CNREMBO08
Stantec Date: 2024-05-09 16:43 Cone: 729:T1500F15U35 Area=15cm?
Site: HWY 3, St.Thomas, ON

60

45—

E
=
S
@
ol
o -
o
o

15

0 | | |
0 1000 2000 3000 4000
Time (S)
Filename: 24-05-27609_SP-CN-08.PPF2 u Min: 8.7 m WT: 15m/49ft T(50): 2772.8 s
Trace Summary: Depth: 3.050 m/10.006 ft u Max: 51.9m Ueqg: 1.6 m Ir: 100

Duration: 3090.0 s u Final: 26.5 m U(50): 26.72m Ch: 0.3 cm2/min



Job No: 24-05-27609 Sounding: SCPT24-CNREMBO08
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Job No: 24-05-27609 Sounding: SCPT24-CNREMBO08
Stantec Date: 2024-05-09 16:43 Cone: 729:T1500F15U35 Area=15cm?
Site: HWY 3, St.Thomas, ON
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Job No: 24-05-27609 Sounding: SCPT24-CNREMB10
Stantec Date: 2024-05-10 06:58 Cone: 729:T1500F15U35 Area=15cm?
Site: HWY 3, St.Thomas, ON
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Description of Methods for Calculated CPT Geotechnical Parameters



CALCULATED CPT GEOTECHNICAL PARAMETERS

A Detailed Description of the Methods Used in
ConeTec’s CPT Geotechnical Parameter
Calculation and Plotting Software

Revision SZW-Rev 18

Revised February 10, 2023
Prepared by Jim Greig, M.A.Sc, P.Eng (BC, AB, ON)

Limitations

The geotechnical parameter output was prepared specifically for the site and project named in the accompanying
report subject to objectives, site conditions and criteria provided to ConeTec by the client. The output may not
be relied upon by any other party or for any other site without the express written permission of ConeTec Group
(ConeTec) or any of its affiliates. For this project, ConeTec has provided site investigation services, prepared
factual data reporting and produced geotechnical parameter calculations consistent with current best practices.
No other warranty, expressed or implied, is made.

To understand the calculations that have been performed and to be able to reproduce the calculated parameters
the user is directed to the basic descriptions for the methods in this document and the detailed descriptions and
their associated limitations and appropriateness in the technical references cited for each parameter.
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ConeTec’s Calculated CPT Geotechnical Parameters as of February 10, 2023.

ConeTec’s CPT parameter calculation and plotting routine provides a tabular output of geotechnical parameters
based on current published CPT correlations and is subject to change to reflect the current state of practice.
Due to drainage conditions and the basic assumptions and limitations of the correlations, not all geotechnical
parameters provided are considered applicable for all soil types. The results are presented only as a guide for
geotechnical use and should be carefully examined for consideration in any geotechnical design. Reference to
current literature is strongly recommended. ConeTec does not warranty the correctness or the applicability of any
of the geotechnical parameters calculated by the program and does not assume liability for any use of the results in
any design or review. For verification purposes we recommend that representative hand calculations be done for
any parameter that is critical for design purposes. The end user of the parameter output should also be fully aware
of the techniques and the limitations of any method used by the program. The purpose of this document is to inform
the user as to which methods were used and to direct the end user to the appropriate technical papers and/or
publications for further reference.

The geotechnical parameter output was prepared specifically for the site and project named in the accompanying
report subject to objectives, site conditions and criteria provided to ConeTec by the client. The output may not be
relied upon by any other party or for any other site without the express written permission of ConeTec Group
(ConeTec) or any of its affiliates.

The CPT calculations are based on values of tip resistance, sleeve friction and pore pressures considered at each data
point or averaged over a user specified layer thickness (e.g., 0.20 m). Note that g is the tip resistance corrected for
pore pressure effects and qcis the recorded tip resistance. The corrected tip resistance (corrected using u2 pore
pressure values) is used for all calculations. Since all ConeTec cones have equal end area friction sleeves pore
pressure corrections to sleeve friction, fs, are not performed.

Corrected tip resistance: q,=q.+(1-a) - u, (consistent units are required)

where: g, is the corrected tip resistance
g, is the recorded tip resistance
u, is the recorded dynamic pore pressure from behind the tip (u, position)

a is the Net Area Ratio for the cone (typically 0.80 for ConeTec cones)

The total stress calculations are based on soil unit weight values that have been assigned to the Soil Behavior Type
(SBT) zones, from a user defined unit weight profile, by using a single uniform value throughout the profile, through
unit weight estimation techniques described in various technical papers or from a combination of these methods.
The parameter output files indicate the method(s) used.

Effective vertical overburden stresses are calculated using the total stress and equilibrium pore pressure (ueq Or Uo)
values derived from an assumed hydrostatic distribution of pore pressures below the water table or from a user
defined equilibrium pore pressure profile (typically obtained from CPT dissipation tests) or a combination of the two.
For over water projects the stress effects of the column of water above the mudline are taken into account as is the
appropriate unit weight of water. How this is done depends on where the instruments are zeroed (i.e. on deck or at
the mudline). The parameter output files indicate the method(s) used.

A majority of parameter calculations are derived from or driven by results based on material types as determined
by the various soil behavior type charts depicted in Figures 1 through 6. The parameter output files indicate the
method(s) used.

The Soil Behavior Type classification chart shown in Figure 1 is the classic non-normalized SBT Chart developed at
the University of British Columbia and reported in Robertson, Campanella, Gillespie and Greig (1986). Figure 2 shows
the original normalized (linear method) SBTn chart developed by Robertson (1990). The Bq classification charts
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shown in Figures 3a and 3b incorporate pore pressures into the SBT classification and are based on the methods
described in Robertson (1990). Many of these charts have been summarized in Lunne, Robertson and Powell (1997).
The Jefferies and Davies SBT chart shown in Figure 3c is based on the techniques discussed in Jefferies and Davies
(1993) which introduced the concept of the Soil Behavior Type Index parameter, Ic. Take note that the Ic parameter
developed by Robertson and Fear (1995) and Robertson and Wride (1998) is similar in concept but uses a slightly
different calculation method than that defined by Jefferies and Davies (1993) as the latter incorporates pore pressure
in their technique through the use of the Bq parameter. The normalized Qtn SBT chart shown in Figure 4 is based
on the work by Robertson (2009) utilizing a variable stress ratio exponent, n, for normalization based on a slightly
modified redefinition and iterative approach for Ic. The boundary curves drawn on the chart are based on the work
described in Robertson (2010).

Figure 5 shows a revised 1986 SBT Chart presented to CPT'10 by Robertson (2010b). Itis known as the Updated non-
normalized Soil Behavior Chart (also referred to as the Rev SBT Chart (PKR2010) in our output files). This chart was
produced to be more in line with all post-1986 Robertson charts having the same 9 soil type zones, a logio axis for
friction ratio, Rr in this case, and a unitless tip resistance axis.

Figure 6 shows a revised behavior based chart by Robertson (2016) depicting contractive-dilative zones. Asthe zones
represent material behavior rather than soil gradation ConeTec has chosen a set of zone colors that are less likely to
be confused with material type colors from previous SBT charts. These colors differ from those used by Dr.
Robertson. A green palette was selected for the dilative (desirable) side of the chart and a red palette for the
contractive side of the chart.

1000
Zone qt/N  Soil Behavior Type
1 B 2 sensitive fine grained

ko 2 m 1 organic material
= 3 W 1 clay
. 4 m 15 silty clay to clay
8 100 5 m 2 clayey silt o silty clay
~ 6 m 25 sandy silt to clayey silt
g’ 7 ®H 3 silty sand to sandy silt
= 8 4 sand to silty sand
o] 9 m 5 sand
g 10 6 gravelly sand to sand
S 11 1 very stiff fine grained *
c 10 12 m 2 sand to clayey sand *
o
O * overconsolidated or cemented

Rf = (%) -100%

Friction Ratio (%), Rf

Figure 1. Non-normalized Soil Behavior Type Classification Chart (SBT)



Calculated CPT

Geotechnical Parameters — Revision SZW-Rev 18 Page3 |19

Normalized Cone Resistance

dt -Ovo
Ovo

1000

Zone Normalized Soil Behavior Type

sensitive fine grained
organic material
clay to silty clay
clayey silt to silty clay
silty sand to sandy silt
clean sands to silty sands
gravelly sand to sand
very stiff sand to clayey sand
very stiff fine grained

100

©CONODOAWN =
L P A

-
o

1
0.1 1 1C

Normalized Friction Ratio f—s x 100%
Jt - Ovo

Figure 2. Normalized Soil Behavior Type Classification Chart (SBTn)

100

Non-normalized Bq Chart

gt (MPa)

02 00 02 04 06 08 10 12 14
By

Figure 3a. Alternate Soil Behavior Type Chart (SBT Bq): gt - Bg
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Normalized Bq Chart
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= 1004 -----+
o
e
o
M
T
£
o
E
“ 10049

1.0 +———————

06 04 02 00 02 04 06 08 10 1.2 14

By

Figure 3b. Alternate Soil Behavior Type Charts (SBT Bqgn): Q:-Bq

Jefferies and Davies SET Chart (1993)
1000 .

1.0
Fr (%)

Figure 3c. Alternate Soil Behavior Type Charts: Q(1-Bq) - Fr
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Zone Normalized Soil Behavior Type

sensitive fine grained
organic material
clay to silty clay
clayey silt to silty clay
silty sand to sandy silt
clean sands to silty sands
gravelly sand to sand
very stiff sand to clayey sand
very stiff fine grained

©COENDTDWN =
L PO IC R O I I

Figure 4. Normalized Soil Behavior Type Chart using Qin (SBT Qtn)

Non-normalized SBT Chart (PKR 2010}

Legend

M Sensitive, Fine Grained

M Organic Soils

M Clays

M silt Mixtures

7 Sand Mixtures

I Sands

. Gravelly Sand to Sand
Siiff Sand to Clayey Sand

W very Stiff Fine Grained

0.10 1.0 10.0

RT (%)

Figure 5. Non-normalized Soil Behavior Type Chart (2010)



Calculated CPT Geotechnical Parameters — Revision SZW-Rev 18 Page 6 | 19

Figure 6. Modified SBTn Behavior Based Chart

Details regarding the geotechnical parameter calculations are provided in Tables 1a and 1b. The appropriate
references cited are listed in Table 2. Non-liquefaction specific parameters are detailed in Table 1a and liquefaction
specific parameters are detailed in Table 1b.

Where methods are based on charts or techniques that are too complex to describe in this summary, we recommend
that the user refer to the cited material. Specific limitations for each method are described in the cited material.

Where the results of a calculation/correlation are deemed ‘invalid’ the value will be represented by the text strings
“-9999”, “-9999.0”, the value 0.0 (Zero) or an empty cell. Invalid results will occur because of (and not limited to)
one or a combination of:

1. Invalid or undefined CPT data (e.g., drilled out section or data gap).

2.  Where the calculation method is inappropriate, for example, drained parameters in a material behaving in
an undrained manner (and vice versa).

3.  Where input values are beyond the range of the referenced charts or specified limitations of the
correlation method.

4. Where pre-requisite or intermediate parameter calculations are invalid.

The parameters selected for output from the program are often specific to a particular project. As such, not all of
the calculated parameters listed in Tables 1and 1a may be included in the output files delivered with this report.

The output files are typically provided in Microsoft Excel XLS, XLSX or CSV format. The ConeTec software has several
options for output depending on the number or types of calculated parameters desired or those specifically
contracted for by the client. Each output file is named using the original file base name (from the .COR file) followed
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by a three or four character indicator of the output set selected (e.g. BSC, TBL, NLI, NL2, IFl, IFI2, IFI3) and possibly
followed by an operator selected suffix identifying the characteristics of the particular calculation run.

Table 1a. CPT Parameter Calculation Methods — Non liquefaction Parameters
Reference Notes: CK* - Common Knowledge, U* - Unpublished

Calculated _ .
Parameter Description Equation Ref
Mid Layer Depth
*
Depth (where calculations are done at each point then Mid Layer [Depth (Layer Top) + Depth (Layer Bottom)]/ 2.0 K
Depth = Recorded Depth)
Elevation of Mid Layer is based on the sounding collar elevation Elevation = Collar Elevation — Depth CK*
supplied by the client or through a site survey
Elevation
In Sweden a variation of elevation is used where the elevation InverseElevation = Collar Elevation + Depth N/A
increases with depth. We refer to this as inverse elevation.
Avgac = 1 Z": q
Avg qc Averaged recorded tip value (qc) ng " CK*
n=1 when calculations are done at each point
Averaged corrected tip (g:) where: 1a
@=q.+(1—a) u, AngtZqul
i=1
Avg gt Averaged g is not calculated using the average gc and averaged n=1 when calculations are done at each point !
u values. Averaged q: is based on the average of the qg: values
calculated at each data point.
- n
Averaged sleeve friction (fs) Avgfs:iz s
Avg fs n CK*
No pore pressure corrections are applied to fs. n=1 when calculations are done at each point
Averaged friction ratio (R¢) where friction ratio is defined as: AvgRf =100% - Avgfs
Avgqt *
Avg Rf R = 100% - 25 qq N CK
qac not an average of individual Rsvalues
1 n
) Avgu==3>"1,
Avgu Averaged dynamic pore pressure (u) n=z CK*
n=1 when calculations are done at each point
1 L
Avg Res Averaged Resistivity (this data is not always available sinceitisa | AvgRes = HZ ReSIStIVItyi cK*
€ specialized test requiring an additional module) = ) )
n=1 when calculations are done at each point
Averaged UVIF.uItra-v.loIethln.duced fI.uo.rescence (thI.S Idata is AvgUVIF :EZUVI =5
Avg UVIF not always available since it is a specialized test requiring an n4 ! CK*
additional module) n=1 when calculations are done at each point
l n
AvgTemp = —
Avg Temp Averaged Temperature (this data is not always available) grEme = ;Temperatu Te, CK*
n=1 when calculations are done at each point
l n
Ave Gamma Averaged Gamma Counts (this data is not always available since AvgGamma = ;ZGamma cK*
& it is a specialized test requiring an additional module) = )
n=1 when calculations are done at each point
Soil Behavior Type as defined by Robertson et al 1986 .
B 1 1
SBT (often referred to as Robertson and Campanella, 1986) See Figure »3
Normalized Soil Behavior Type as defined by Robertson 1990 .
SBTn See Figure 2 2,5

(linear normalization using Qt, now referred to as Qt1)
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Calculated

Description
Parameter P

Equation

Ref

Non-normalized Soil Behavior type based on non-normalized tip

SBT-B
4 resistance and the By parameter

See Figure 3a

1,2,5

Normalized Soil Behavior type based on normalized tip

SBT-Bgn
q resistance (Q:, now called Qu) and the Bq parameter

See Figure 3b

2,5

SBT-JandD Soil Behavior Type as defined by Jeffries and Davies

See Figure 3c

Soil Behavior Type as defined by Robertson (2009) using a
SBT Qtn variable stress ratio exponent for normalization based on

lc (PKR 2009)

See Figure 4

15

This is a revised version of the simple 1986 non-normalized SBT
Modified Non- chart (presented at CPT ’10). The revised version has been
normalized SBT reduced from 12 zones to 9 zones to be similar to the

Chart normalized Robertson charts. Other updates include a
dimensionless tip resistance normalized to atmospheric
SBT (PKR2010) pressure, qi/Pa, on the vertical axis and a log scale for non-
normalized friction ratio, R¢, along the horizontal axis.

See Figure 5

33

Modified SBTn chart as defined by Robertson (2016) indicating
Modified SBTn zones of contractive/dilative behavior. Note that ConeTec
(contractive displays the chart with colors different from Robertson.
/dilative) ConeTec’s colors were chosen to avoid confusion with soil type
descriptions.

See Figure 6

30

Unit Weight of soil determined from one of the following user
selectable options:

1) uniform value

2) value assigned to each SBT zone

3) value assigned to each SBTn zone

4) value assigned to SBTn zone as determined from Robertson
and Wride (1998) based on gcin

5) values assigned to SBT Qtn zones

6) values based on Robertson updated non-normalized Soil
Behavior Type Chart (2010b)

6) Mayne f; (sleeve friction) method

7) Robertson and Cabal 2010 method

8) user supplied unit weight profile

Unit Wt.

The last option may co-exist with any of the other options.

See references

3,5, 15,
21, 24,
29,33




Calculated CPT Geotechnical Parameters — Revision SZW-Rev 18

Page9 | 19

Calculated
Parameter

Description

Equation

Ref

TStress

Ov

Total vertical overburden stress at Mid Layer Depth

A layer is defined as the averaging interval specified by the user
where depths are reported at their respective mid-layer depth.

For data calculated at each point layers are defined using the
recorded depth as the mid-point of the layer. Thus, a layer
starts half-way between the previous depth and the current
depth unless this is the first point in which case the layer start is
at zero depth. The layer bottom is half-way from the current
depth to the next depth unless it is the last data point.

Defining layers affects how stresses are calculated since the unit
weight attributed to a data point is used throughout the entire
layer. This means that to calculate the stresses the total stress
at the top and bottom of a layer are required. The stress at mid
layer is determined by adding the incremental stress from the
layer top to the mid-layer depth. The stress at the layer bottom
becomes the stress at the top of the subsequent layer. Stresses
are NOT calculated from mid-point to mid-point.

For over-water work the total stress due to the column of water
above the mud line is taken into account where appropriate.

TStress = N
2rh

where yis layer unit weight
hiis layer thickness

CcK*

EStress

Ov

Effective vertical overburden stress at mid-layer depth.

OV’ = Ov - Ueq

CK*

Equil u
Ueq OF Ug

Equilibrium pore pressures are determined from one of the
following user selectable options:

1) hydrostatic below the water table
2) user supplied profile
3) combination of those above

When a user supplied profile is used/provided a linear
interpolation is performed between equilibrium pore pressures
defined at specific depths. If the profile values start below the
water table then a linear transition from zero pressure at the
water table to the first defined pointed is used.

Equilibrium pore pressures may come from dissipation tests,
adjacent piezometers or other sources. Occasionally, an extra
equilibrium point (“assumed value”) will be provided in the
profile that does not come from a recorded value to smooth out
any abrupt changes or to deal with material interfaces. These
“assumed” values will be indicated on our plots and in tabular
summaries.

For the hydrostatic option:

eq = Vw '(D_le)
where Ueq is equilibrium pore pressure
yw is the unit weight of water
D is the current depth
Dwt is the depth to the water table

CK*

Ko

Coefficient of earth pressure at rest, Ko.

Ko = (1 —sin®’) OCR sn®

17

Cn

Overburden stress correction factor
used for (N1)soand older CPT parameters.

Co = (Po/Ov)**

where 0.0 < C, < 2.0 (user adjustable, typically
ranging from 1.7 to 2.0)
Pq is atmospheric pressure (100 kPa)

4,12




Calculated CPT Geotechnical Parameters — Revision SZW-Rev 18 Page 10 | 19
Calculated i .
Parameter Description Equation Ref
Cq=1.8/1[0.8 +(0V/Pa)]
where 0.0 < C;<2.0 (user adjustable)
Pq is atmospheric pressure (100 kPa)
Cq Overburden stress normalizing factor. i . 3,12
Robertson and Wride define Cg to be the same as
Cp. The Olson definition above is used in the
program.
SPT N value at 60% energy calculated from qi/N ratios assigned
Neo to each SBT zone. This method has abrupt N value changes at See Figure 1 5
zone boundaries.
(N1)so SPT Neo value corrected for overburden pressure. (Nz)éo = Cn + Neo 4
Pa)/ Neo=8.5 (1 —1/4.6 3,5
Neal SPT Neo values based on the Ic parameter, as defined by EZE;P ;; NZZ -10 (f_lzsg_ézgn?c) 15 31
6ol Robertson and Wride 1998 (3), or by Robertson 2009 (15). ; . ’
Pa being atmospheric pressure
SPT Neo value corrected for overburden pressure (using Neo Ic). 1) (NiJsolc= Co » (Neol) 4
(N1)s0lc User has 3 options 2) gean/ (N1)eole = 8.5 (1 —1c/4.6) 5
P ’ 3) (Qun)/ (N1)eolc = 10 (1:1268-028171c) 15,31
Su Undrained shear strength based on qt Su= qt—oy 15
or Sy (Nkt) Su factor Nkt is user selectable. N !
S Undrained shear strength based on pore pressure u,—u
or Sy (Ngu) ) & porep Su=—-2 1,5
Su factor Nau is user selectable. N
or Sy (Nau) A
Relative Density determined from one of the following user
selectable options:
b 1) Ticino Sand See reference (methods 1 through 4) 5
r 2) Hokksund Sand Jamiolkowski et al (2003) reference 14
3) Schmertmann (1978)
4) Jamiolkowski (1985) - All Sands
5) Jamiolkowski et al (2003) (various compressibilities, Ko)
Friction Angle determined from one of the following user
selectable options (methods 1 through 4 are for sands and
method 5 is for silts and clays):
PHI 1) Campanella and Robertson . >
¢ 2) Durgunoglu and Mitchel See appropriate reference 5
3) Janbu 5
4) Kulhawy and Mayne 1
5) NTH method (clays and silts) 23
_Au
qt
DeIAta U/a Differential pore pressure ratio 39
dlljj((:‘ (older parameter used before B4 was established) where: AU =U — Ueq
t

and u =dynamic pore pressure
Ueq = equilibrium pore pressure
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Sl Description Equation Ref
Parameter
Au
Bg=
qt —Ov
Bq Pore pressure parameter where: Au=u-u, 1,25
and u =dynamic pore pressure
Ueq = equilibrium pore pressure
Net gt Net tlp resistance . qt - o, 36
or gtNet (used in many subsequent correlations)
Effective tip resistance
ge or gE or g (using the dynamic pore pressure uz and not equilibrium pore qr — Uy 36
pressure)
X X . . gt —u,
geNorm Normalized effective tip resistance - 36
O-V
Normalized q: for Soil Behavior Type classification as defined by
Q: Robertson (1990) using a linear stress normalization. Note this qt-o, 25
or Norm: Qt is different from Q. This parameter was renamed to Qu in Qt=—— iSl
or Qu Robertson, 2009. Without normalization limits this parameter o
calculates to very high unrealistic values at low stresses.
Fr Normalized Friction Ratio for Soil Behavior Type classification as Fr =100% - fs 25
or Norm: Fr defined by Robertson (1990) qt—o !
Q-(1-Bq)
Q(1-8q) Q(l—l%) gr.oupmg as suggested by.Jefferles and D.awes for their Q-(1-Bq)+1 6,7,
classification chart and the establishment of their Ic parameter.
Q(1-Bq) + 1 Later papers added the +1 term to the equation 34
pap : where Bq is defined as above and Q is the same as
the normalized tip resistance, Q:;, defined above
- 7)0.5
et Normalized tip resistance, qc1, using a fixed stress ratio Ge1 = Ge-(Pa/CV) . 27
exponent, n (this method has stress units) where: Pa = atmospheric pressure
- . ./)0-5
qc1 (0.5) Normalized tip resistance, qc1, using a fixed stress ratio 91 (0.5)= (9/Pa) - (Pa/ GV') . 5
exponent, n (this method is unit-less) where: Pa = atmospheric pressure
Normalized tip resistance, qc1, based on Cn
P (Cn)=Cq * 5,12
Gt (Cn) (this method has stress units) Gei(Cn) g
Normalized tip resistance, qc1, based on Cq
) Oy, e1(Cq)=Cq * B 5,12
det (o) (this method has stress units) 91(Cq)= Ca ™ g: (some papers use qc)
normalized tip resistance, gcin, using a variable stress ratio Getn = (¢ / Pa)(Po/ OF)
Qcin exponent, n (where n=0.0, 0.70, or 1.0) where: P, =atm. Pressure and n varies as 3

(this method is unit-less)

described below
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Calculated

Parameter Description Equation Ref
le = [(3.47 = log10Q)? + (logao Fr + 1.22)? ]°*
Where: Q= qt-oy Pa !
P. \o.
n
or Q= _|at|Pa
Soil Behavior Type Index as defined by Robertson and Wride = Oen = P, 0';
| (1997, 1998) for estimating grain size characteristics and
or providing smooth gradational changes across the SBTn chart. depending on the iteration in determining I. 345
Ic (RW1998) . . )
Ic(R\{VlS?98) is different from that of Jefferies and Davies (7) And Fr is in percent
and is different from Ic(PKR2009). P, = atmospheric pressure
n has the following distinct values:
0.5,0.75and 1.0
and is determined in an iterative manner based on
the resulting I. in each iteration
Note that NCEER replaced 0.75 with 0.70 10
Soil Behavior Type Index, Ic (PKR 2009) is based on a variable
I, (PKR 2009) stress ratio exponent n, which itself is based on I (PKR 2009). I (PKR 2009) = 15
¢ An iterative calculation is required to determine Ic (PKR 2009) [(3.47 = l0g10Qn)® + (1.22 + logaoF+)]°*
and its corresponding n (PKR 2009).
Stress ratio exponent n, based on I (PKR 2009).
n (PKR 2009) An iterative calculation is required to determine n (PKR 2009) n (PKR 2009) = 0.381 (Ic) + 0.05 (0/'/Ps) — 0.15 15
and its corresponding Ic (PKR 2009).
Normalized tip resistance using a variable stress ratio exponent o = [(qt - 6v)/Pa](Po/ )"
Qtn (PKR 2009) | based on Ic (PKR 2009) and n (PKR 2009). An iterative where P, = atmospheric pressure (100 kPa) 15
calculation is required to determine Qi (PKR 2009). n = stress ratio exponent described above
FC=1.75(Ic>%) - 3.7
X FC=100 for I. > 3.5
0,
FC Apparent fines content (%) FC=0 forl.<1.26 3
FC=5%if1.64<l.<2.6 AND F<0.5
le<1.31 Zone=7
This parameter is the Soil Behavior Type zone based on the I 1.31<lc<2.05 Zone=6
Ic Zone arameter (valid for zones 2 through 7 on SBTn or SBT Qtn 2.05<l:<2.60 Zone=5 3
‘ Eharts) & 2.60<1:<2.95 Zone =4
2.95<1.<3.60 Zone=3
lc >3.60 Zone=2
The contractive / dilative boundary on Robertson’s Modified CD =70 = (Qwn—11) (1 +0.06F,)Y
D SBTn (contractive/dilative) Chart shown in Figure 6 above. The 30

boundary is marked as CD = 70 on the chart in the relevant
paper. Similar to the Qin,cs = 70 line in Figure 4.

lower bound of CD = 60:
CD =60 = (Qwn—9.5) ( 1 +0.06F)"7
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Calculated . .
Parameter Description Equation Ref
Hyberbolic fit defining the boundary between SBT soil types
proposed by Schneider as a better fit than the I circles. Is = 32
ls represents the boundary for most sand like soils. s =22 ls =100 (Qin + 10) / (70 + Qun Fr) 30
represents the upper boundary for most clay like soils. The
region between =22 and 1g=32 is the “transitional soil” zone.
The state parameter index, U, is defined as the difference
between the current void ratio, e, and the critical void ratio, ec.
Positive Y - contractive soil
State Param Negative Y - dilative soil
or State L .
This is based on the work by Been and Jefferies (1985) and See reference 6,8
Parameter . .
or b Plewes, Davies and Jefferies (1992)
This method uses mean normal stresses based on a uniform
value of Ko or a calculated Ko using methods described
elsewhere in this document
Yield stress is calculated using the following methods All stresses in kPa
, ’ - 19
1) General method 1) 0p’= 0.33:(q:— 0v)™ (Oatm/100)*™
Yield Stress where _1 0.28
’ m=l1--——
O 1+(1,/2.65)%
2) 1t order approximation using q:Net (clays) 2) 0’ =0.33-(gi— o) 20
3) 1%t order approximation using Auz (clays) 3) 0,’=0.54- (Auz)  Auz=uz—uo 20
4) 1%t order approximation using ge (clays) 4) 0, =0.60 - (Ge—u2) 20
5) Based on Vs 5) o, = (Vs/4.59)*47 18
Over Consolidation Ratio based on
OCR
1) Schmertmann (1978) method involving a plot 1) requires a user defined value for NC Su/P¢’ ratio 9
OCR(J$1978) plot of Su/cv’ /( Su/o.')nec and OCR
YSR(Mayne2014) | 2) based on Yield stresses described above 2 through 5) based on yield stresses ;?)
YSR (qtNet) 3) approximate version based on gtNet 20
YSR (deltaU) 4) approximate version based on Au 20
YSR (qe) 5) approximate version based on effective tip, ge 18
YSR (Vs) 6) approximate version based on shear wave velocity, Vsandc,’ | 6) YSR (Vs) = 0,'(Vs) / o/ 32
OCR (PKR2015) 7) based on Qt 7) OCR =0.25-(Qt)*?*
Intermediate parameter for calculating Young’s Modulus, E, in
sands. Itis the Y axis of the reference chart.
Es/qt Based on Figure 5.59 in the reference 5,37

Note that Figured 5.59 from reference 5, Lunne, Robertson and
Powell, (LRP) has an error. The X axis values are too high by a
factor of 10. The plot is based on Baldi's (not Bellotti as cited in
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Calculated
Parameter

Description

Equation

Ref

LRP) original Figure 3 where the X axis is:
e (both in kPa) with a range of 200 to 3000.

I

Figure 5.59 from LRP shows a dimensionless form of the
equation, qc1, displaying the same range of values.

Figure 5.59's X axis uses q¢; = (q_) (&)OAS

Pg/) \a},

The two expressions are not the same: they differ by a factor

of ‘/’j. With P, taken to be 100 kPa the factor is 1/10.

a

Substituting typical values of 200 bar (20000 kPa) for gc and 225
kPa for o," one gets: 20000 / 15 = 1333.33 for Bellotti’s axis and
(200/1)(100/225)°5 = 200 * (10/15) = 133.3 for LRP’s axis (noting
that Pa = 1 bar) showing a factor of 10 difference.

Esor Es
Young's
Modulus E

Young’'s Modulus based on the work done in Italy. There are
three types of sands considered in this technique. The user
selects the appropriate type for the site from:

a) OC Sands
b) Aged NC Sands
c) Recent NC Sands

Each sand type has a family of curves that depend on mean
normal stress. The program calculates mean normal stress and
linearly interpolates between the two extremes provided in the
Es/q: chart. E is evaluated for an axial strain of 0.1%.

Mean normal

where
o

and on= Ko *

ov’= vertical effective stress

stress is evaluated from:

1
o =300+ 01 +01)

= horizontal effective stress

o/ with Ko assumed to be 0.5

Delta U/TStress

_AU where: Ay —y_y
2 «

Differential pore pressure ratio with respect to total stress = 39
Au /oy o
Delta U/EStress,
P Value, Differential pore pressure ratio with respect to effective stress.
Excess Pore Key parameter (P, Normalized Pore Pressure Parameter, Excess _Au where: Ay =y —Ug,
. R . - . = 25, 25a
Pressure Ratio Pore Pressure Ratio) in the Winckler et. al. static liquefaction o,
method.
Au/o/
Su/EStress Undrained shear strength ratio with respect to vertical effective =Su (Nk) / o’
overburden stress using the Su (N«) method 9,23
Su/o/
Recorded shear wave velocities (not estimated).
Vs or Vs The shear wave velocities are typically collected over 1 m depth recorded data
) ) ; 27
intervals. Each data point over the relevant depth range is
assigned the same V; value.
Recorded compression wave (or P wave) velocities (not
Vp or Vp estimated). The P wave velocities are typically collected over 1 recorded data 27

m depth intervals. Each data point over the relevant depth
range is assigned the same V, value.
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Calculated i .
Parameter Description Equation Ref
The average shear wave velocity of the near surface materials to _ total thickness of all layers to 30 m
a depth of 30 m (100 ft). It is based on the sum of all travel s30 — 5 ( layer thickness )
Vs30 times through all layers in the top 30m (100 ft). layer shear wave velocity 38
Vs100 )
V100 is the same calculation as Vszo except down to a depth of Voo = total thickness of all layers to 30 m
100 feet. 30 % (layer travel times)
Gmax Gmax determined from SCPT shear wave velocities (not Gmox = pV&?
estimated values). Note that seismic data (Vs) is collected over where p is the mass density of the soil determined
set depth intervals (typically 1 meter). Each data point over the | from the estimated unit weights at each test depth .
test segment is assigned the same Vs value. Since soil density
changes with depth, slightly different Gmax values may be
calculated over the test depth interval.
Net tip resistance ratio with respect to the small strain modulus =(qt- ov)/ Gmax
Gmax determined from SCPT shear wave velocities (not
aeNet/Gmax estimated VE|1|UES) wave velocities where Grax = pVs* 1528
and p is the mass density of the soil determined 30
from the estimated unit weights at each test depth
qult A site specific and client specific parameter for estimating the Quit = CraneWalkFactor - S, U
limiting stress for “crane walk” accessibility
Where: CraneWalkFactor is client provided
Estimated Go Estimated value for small strain shear modulus o = 0.0188[10(055c* 168)](q; - Gy) 15
Estimated Ezs Estimated value for Young’s Modulus, E, at a 25% working load Ezs = Qe (qtNet) 15
where Oe= 0.015[10(0-55/c +1,68)]
For1.0<1.£3.27:
ksar Estimated soil permeability derived from Soil Behavior Type k = 100:952-3049)  jn m/s
(SBT) Chart I values. 35
For3.27<1c<4.0:
k= 10(—4.52—1.37Ic) in m/s
Constrained Modulus based on
1) Robertson, M 1) Robertson 32
M or D’ M = awm (gt - ov)
Constrained . .
Modulus Ic > 2.2 (fine grained)
av=Qt when Qt< 14
omv=14 when Qt > 14
Ic < 2.2 (coarse grained)
om=0.0188 [10(0:551c + 1.68))
D’ =op (gt - o) 23

2) Mayne, D’

where ap=5
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Table 1b. CPT Parameter Calculation Methods — Liquefaction Parameters

Calculated L .
Parameter Description Equation Ref
Kspror Ks Equivalent clean sand factor for (N1)60 Kspr =1 +((0.75/30) « (FC—5)) 10
Kepr Kept = 1.0 for I <1.64
. ) Kept = f{Ic) for I > 1.64 (see reference)
or Equivalent clean sand correction for gen i 4 3,10
c=—0. 4 +5. 3 —21.6312+33.75 .- 17.
K. (RW1998) K 0.403 1 +5.581 1°—21.631° +33.751.— 17.88
Kc.=1.0forl.<1.64
K¢ (PKR 2010) | Clean sand equivalent factor to be applied to Qtn Kec=—0.403 I* + 5.581 I — 21.631% + 33.75 I. — 17.88 16
forl.>1.64
1) (Nz)socslc = ot + 8((N1)solc) 10
2) (Ni)socslc = Kser * ((N1)solc) 10
3) (q:lncs)/ (Nl)GO:s/c =8.5 (1 - /:/46) 5
cs cl d ivalent SPT (N1)solc. User has 3 options.
(Na1)socslc ean sand equivalen (N1)e0 ser has 3 options FC < 5% «=0, 610
FC 235% a=50, 6=1.2
5% <FC<35% a=exp[1.76 —(190/FC?)]
8 =[0.99 + (FC*>/1000)]
Qctnes Clean sand equivalent gcin Qeines = Gein « Kept 3
Qun s (PKR Clean sand equivalent for Qi described above
t;'éslo - Qi being the normalized tip resistance based on a variable Qincs = Qun - Ke (PKR 2016) 16
) stress exponent as defined by Robertson (2009)
Sullig) =0.03+0.0143
Su(Liq)/ESv 2ul ) (9e1)
or Liquefied shear strength ratio as defined by Olson and Stark o 13
Su(l-iq)/ovl
Note: 0" and s’ are synonymous
SU(LE:/ESV SulLi
Su(Lia)/ov Liquefied shear strength ratio as defined by Robertson (2010) o/ 16
(PuKR 2018) Based on a function involving Qin,cs
Su (Liq) Liquefied shear strength derived from the liquefied shear S (L' ) _ Su (LiCI) 16
(PKR 2010) strength ratio and effective overburden stress ulblq) = 0Oy o)
’ = -4 4.79
Cont/Dilat Tip | Contractive / Dilative qc; Boundary based on (N1)so (O-v_)bou"dary 9-58x10 [(Nl.)sa . 13
gc1is calculated from specified g:(MPa)/N ratio
Qeines< 50:
CRR7.5 = 0.833 [gc1ncs/1000] + 0.05
CRR Cyclic Resistance Ratio (for Magnitude 7.5) 50 < Geanes< 160- 10
CRR75= 93 [qclncs/1000]3 +0.08
Kg or Kg Small strain Stiffness Ratio Factor, Kg [Gmax/atl/[Ge1n ™) 26

m = empirical exponent, typically 0.75
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Calculated i .

Parameter Description Equation Ref
Ko* = (G 0.75

Kg* Revised Kg factor extended to fine grained soils (Robertson). e = (G /,q")(Qm) . . 30

where qn is the net tip resistance = qt -oy

SP Distance State Parameter Distance, Winckler static liquefaction method Pel.'pendlcular distance on Qun chart from plotted 25
point to state parameter W =-0.05 curve

URS NP Fr N.ormallzed fl"lCtIf)n ratio point on W = -0.05 curve used in SP 25

distance calculation
URS NP Qe Normalized tip resistance (Qin) point on W =-0.05 curve used in 25

SP Distance calculation
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Unified Soil Classification System
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Unified Soil Classification System
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2910 12TH STREET NE
CALGARY, ALBERTA
CANADA T2E 7P7

TEL (403)735-2005
FAX (403)735-2771
http://www.agatlabs.com

CLIENT NAME: STANTEC CONSULTING LTD
300-675 Cochrane Drive
MARKHAM, ON L3R0BS8
(905) 444-7777

ATTENTION TO: Bahram Siavash
PROJECT: 165001308.551.102
AGAT WORK ORDER: 24T167277
ROCK ANALYSIS REVIEWED BY: Jewel Shibu, Lab Supervisor
SOIL ANALYSIS REVIEWED BY: Sukhwinder Randhawa, Inorganic Team Lead
DATE REPORTED: Jul 05, 2024

PAGES (INCLUDING COVER): 7

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (403) 735-2005

*Notes

Disclaimer:

All work conducted herein has been done using accepted standard protocols, and generally accepted practices and methods. AGAT test methods may
incorporate modifications from the specified reference methods to improve performance.

All samples will be disposed of within 30 days after receipt unless a Long Term Storage Agreement is signed and returned. Some specialty analysis may
be exempt, please contact your Client Project Manager for details.

AGAT’s liability in connection with any delay, performance or non-performance of these services is only to the Client and does not extend to any other
third party. Unless expressly agreed otherwise in writing, AGAT's liability is limited to the actual cost of the specific analysis or analyses included in the
services.

This Certificate shall not be reproduced except in full, without the written approval of the laboratory.

The test results reported herewith relate only to the samples as received by the laboratory.

Application of guidelines is provided “as is” without warranty of any kind, either expressed or implied, including, but not limited to, warranties of
merchantability, fitness for a particular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the guidelines
contained in this document.

All reportable information is available on request from AGAT Laboratories, in accordance with ISO/IEC 17025:2017, ISO/IEC 17025:2005 (Quebec), DR-
12-PALA and/or NELAP Standards.

This document is signed by an authorized signatory who meets the requirements of the MELCCFP, CALA, CCN and NELAP.

For environmental samples in the Province of Quebec: The analysis is performed on and results apply to samples as received. A temperature above 6°C
upon receipt, as indicated in the Sample Reception Notification (SRN), could indicate the integrity of the samples has been compromised if the delay
between sampling and submission to the laboratory could not be minimized.

Member of:

Laboratories (V1) Page 1 of 7
Association of Professional Engineers and Geoscientists of Alberta AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory
(APEGA) Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the
Western Enviro-Agricultural Laboratory Association (WEALA) scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian
Environmental Services Association of Alberta (ESAA) Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations

are location and parameter specific. A complete listing of parameters for each location is available
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in
the scope of accreditation. Measurement Uncertainty is not taken into consideration when stating
conformity with a specified requirement.



Certificate of Analysis

AGAT WORK ORDER: 24T167277
PROJECT: 165001308.551.102

CLIENT NAME: STANTEC CONSULTING LTD ATTENTION TO: Bahram Siavash

SAMPLING SITE: SAMPLED BY:

2910 12TH STREET NE
CALGARY, ALBERTA
CANADA T2E 7P7

TEL (403)735-2005
FAX (403)735-2771
http://www.agatlabs.com

(284-137) Sulfide (CGY)

DATE RECEIVED: 2024-06-27

DATE REPORTED:

2024-07-05

SAMPLE DESCRIPTION: WR-UP3-SS7 RMN-UP3-SS8 CNR-OH1-SS8 CNR-OH2-SS5 CNR-OH3-SS4

SAMPLE TYPE: Soil Soil Soil Soil Soil
DATE SAMPLED:  2024-06-26 2024-06-26 2024-06-26 2024-06-26 2024-06-26
Parameter Unit G/S RDL 5964762 5964839 5964840 5964841 5964842
Sulfide % 0.01 0.08 0.14 0.16 <0.01 <0.01
Comments: RDL - Reported Detection Limit; G/ S - Guideline / Standard

Analysis performed at AGAT Calgary (unless marked by *)

Certified By:

CERTIFICATE OF ANALYSIS (V1)
Results relate only to the items tested. Results apply to samples as received.

Page 2 of 7




CLIENT NAME: STANTEC CONSULTING LTD
SAMPLING SITE:

Certificate of Analysis

AGAT WORK ORDER: 24T167277
PROJECT: 165001308.551.102

ATTENTION TO: Bahram Siavash

SAMPLED BY:

2910 12TH STREET NE
CALGARY, ALBERTA
CANADA T2E 7P7

TEL (403)735-2005
FAX (403)735-2771
http://www.agatlabs.com

Corrosivity Package

DATE RECEIVED: 2024-06-27 DATE REPORTED: 2024-07-05
SAMPLE DESCRIPTION: WR-UP3-SS7 RMN-UP3-SS8 CNR-OH1-SS8 CNR-OH2-SS5 CNR-OH3-SS4
SAMPLE TYPE: Soil Soil Soil Soil Soil
DATE SAMPLED:  2024-06-26 2024-06-26 2024-06-26 2024-06-26 2024-06-26
Parameter Unit G/S RDL 5964762 5964839 5964840 5964841 5964842
Chloride (2:1) Ha/g 2 127 7 6 15 16
Sulphate (2:1) Ha/g 2 154 174 194 206 185
pH (2:1) pH Units NA 8.33 8.38 8.48 8.30 8.35
Electrical Conductivity (2:1) mS/cm 0.005 0.516 0.281 0.329 0.297 0.342
Resistivity (2:1) (Calculated) ohm.cm 1 1940 3560 3040 3370 2920
Redox Potential 1 mV NA 127 340 305 139 198
Redox Potential 2 mV NA 120 339 278 137 199
Redox Potential 3 mV NA 102 318 288 131 199

Comments: RDL - Reported Detection Limit;

G/ S - Guideline / Standard

5964762-5964842 EC, pH, Chloride and Sulphate were determined on the extract obtained from the 2:1 leaching procedure (2 parts DI water: 1 part soil). Resistivity is a calculated parameter.
Redox potential measured on as received sample. Due to the potential for rapid change in sample equilibrium chemistry with exposure to oxidative/reduction conditions laboratory results may differ from

field measured results.

Redox potential measurement in soil is quite variable and non reproducible due in part, to the general heterogeneity of a given soil. It is also related to the introduction of increased oxygen into the sample
after extraction. The interpretation of soil redox potential should be considered in terms of its general range rather than as an absolute measurement.

Analysis performed at AGAT Toronto (unless marked by *)

Certified By:

CERTIFICATE OF ANALYSIS (V1)

Results relate only to the items tested. Results apply to samples as received.

Page 3 of 7




Quality Assurance

2910 12TH STREET NE
CALGARY, ALBERTA
CANADA T2E 7P7

TEL (403)735-2005
FAX (403)735-2771
http://www.agatlabs.com

CLIENT NAME: STANTEC CONSULTING LTD AGAT WORK ORDER: 247167277
PROJECT: 165001308.551.102 ATTENTION TO: Bahram Siavash
SAMPLING SITE: SAMPLED BY:

Rock Analysis

RPT Date: Jul 05, 2024 DUPLICATE REFERENCE MATERIAL| METHOD BLANK SPIKE MATRIX SPIKE
Method Acceptable Acceptable Acceptable
PARAMETER Batch Saln(rjlple Dup #1 | Dup #2 RPD Blank M(\e/aaslﬂéed Limits Recovery| Limits Recovery Limits
Lower | Upper Lower | Upper Lower | Upper
(284-137) Sulfide (CGY)
Total Sulfur 5964762 5964762 0.10 0.09 11.4% <0.01 108% 80% 120%
Sulfate 5950778 5950778 0.04 0.04 0.6% <0.01 87% 80% 120%

Comments: RPDs are calculated using raw analytical data and not the rounded duplicate values reported.
Duplicate/ Replicate NA: Results are less than 10X the RDL and RPD will not be calculated

(284-137) Sulfide (CGY)
Sulfate 5064762 5964762  0.02 0.02 2% <001 80% 120%

Comments: RPDs are calculated using raw analytical data and not the rounded duplicate values reported.
Duplicate/ Replicate NA: Results are less than 10X the RDL and RPD will not be calculated

Certified By:

QUALITY ASSURANCE REPORT (V1)

Page 4 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.

Results relate only to the items tested. Results apply to samples as received.




2910 12TH STREET NE
CALGARY, ALBERTA
CANADA T2E 7P7

TEL (403)735-2005
FAX (403)735-2771
http://www.agatlabs.com

Quality Assurance

CLIENT NAME: STANTEC CONSULTING LTD AGAT WORK ORDER: 24T167277
PROJECT: 165001308.551.102 ATTENTION TO: Bahram Siavash
SAMPLING SITE: SAMPLED BY:
Soil Analysis
RPT Date: Jul 05, 2024 DUPLICATE REFERENCE MATERIAL| METHOD BLANK SPIKE MATRIX SPIKE
Method Acc(epltable Acc‘ep‘table Acclep‘table
PARAMETER Batch Saln(rjlple Dup #1 | Dup#2 | RPD Blank M(\e/aaslﬂéed Limits Recovery Limits Recovery| __ Limits
Lower | Upper Lower | Upper Lower | Upper
Corrosivity Package
Chloride (2:1) 5961472 21 21 0.0% <2 101% 70% 130% 96% 80% 120% 95% 70% 130%
Sulphate (2:1) 5961472 77 77 0.0% <2 101% 70% 130% 96% 80% 120% 92% 70% 130%
pH (2:1) 5962742 7.86 7.56 3.9% NA 97% 80% 120%
Electrical Conductivity (2:1) 5962742 1.67 1.69 12% <0.005 103% 80% 120%
Redox Potential 1 5964762 NA 100% 90% 110%

Comments: NA signifies Not Applicable.
pH duplicates QA acceptance criteria was met relative as stated in Table 5-15 of Analytical Protocol document.

Corrosivity Package
pH (2:1) 5964762 5964762  8.33 8.00 4.0% NA 98% 80% 120%
Electrical Conductivity (2:1) 5964762 5964762 0.516 0.509 1.4% <0.005 102% 80% 120%

Comments: NA signifies Not Applicable.
pH duplicates QA acceptance criteria was met relative as stated in Table 5-15 of Analytical Protocol document.

Certified By:

QUALITY ASSURANCE REPORT (V1) Page 5 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.

Results relate only to the items tested. Results apply to samples as received.




2910 12TH STREET NE
CALGARY, ALBERTA
CANADA T2E 7P7

TEL (403)735-2005
FAX (403)735-2771
http://www.agatlabs.com

Method Summary

CLIENT NAME: STANTEC CONSULTING LTD AGAT WORK ORDER: 24T167277
PROJECT: 165001308.551.102 ATTENTION TO: Bahram Siavash
SAMPLING SITE: SAMPLED BY:
PARAMETER AGAT S.O.P LITERATURE REFERENCE ANALYTICAL TECHNIQUE
Soil Analysis
Chloride (2:1) INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH
Sulphate (2:1) INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH
pH (2:1) INOR 93-6031 modified from EPA 9045D and PH METER

MCKEAGUE 3.11
modified from MSA PART 3, CH 14

Electrical Conductivity (2:1) INOR-93-6075 and SM 2510 B PC TITRATE

Resistivity (2:1) (Calculated) INOR-93-6036 Mokeague 4.12, SM 2510 B.SSA#S - caLcuLaTioN

Redox Potential 1 INOR-93-6066 G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Redox Potential 2 INOR-93-6066 ASTM G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Redox Potential 3 INOR-93-6066 ASTM G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE
METHOD SUMMARY (V1) Page 6 of 7

Results relate only to the items tested. Results apply to samples as received.




Chain of Custody Record

Client Information:
Stantec Consulting Ltd.

Company:
Contact: Bahram Siavash

300W-675 Cochran Drive West Tower
Address:

Markham, ON L3R 0B8

905-479-9345 . 905-474-9889
Phone: Fax:
Project: 165001308.551.102 PO:

AGAT Quotation #:

Please note, if quotation number is not provided,
client will be billed full price for analysis.

Invoice To: Same: Yes
Company:

Contact:

Legend Matrix

[Laboratories

No

GW Ground Water O Oil 1. Name:
SW Surface Water P Paint Email: Kirby Lal
. irl es
SD Sediment s Soil Name:
Email: kirby.lales@stantec.com
N . Date Time Sample
Sample Identification Sampled Matrix
RMN-UP3 - SS8 26-6-2024
CNR-OH1 - SS8 26-6-2024
CNR-OH2 - SS85 26-6-2024
CNR - OH3 - S84 26-6-2024

Document ID: DIV-78-1511.006

# of
Containers

5835 Coopers Avenue
Mississauga, Ontario
L4Z 1Y2

www.agatlabs.com - webearth.agatlabs.com
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Laboratory Use Only

Arrival Temperature: - 20 200
AGAT WO #:
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2910 12TH STREET NE
CALGARY, ALBERTA
CANADA T2E 7P7

TEL (403)735-2005
FAX (403)735-2771
http://www.agatlabs.com

CLIENT NAME: STANTEC CONSULTING LTD
300-675 Cochrane Drive
MARKHAM, ON L3R0BS8
(905) 444-7777

ATTENTION TO: Bahram Siavash
PROJECT: 165001308.551.102
AGAT WORK ORDER: 24T187247
ROCK ANALYSIS REVIEWED BY: Jewel Shibu, Lab Supervisor
SOIL ANALYSIS REVIEWED BY: Sukhwinder Randhawa, Inorganic Team Lead
DATE REPORTED: Aug 28, 2024

PAGES (INCLUDING COVER): 7

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (403) 735-2005

*Notes

Disclaimer:

All work conducted herein has been done using accepted standard protocols, and generally accepted practices and methods. AGAT test methods may
incorporate modifications from the specified reference methods to improve performance.

All samples will be disposed of within 30 days after receipt unless a Long Term Storage Agreement is signed and returned. Some specialty analysis may
be exempt, please contact your Client Project Manager for details.

AGAT’s liability in connection with any delay, performance or non-performance of these services is only to the Client and does not extend to any other
third party. Unless expressly agreed otherwise in writing, AGAT's liability is limited to the actual cost of the specific analysis or analyses included in the
services.

This Certificate shall not be reproduced except in full, without the written approval of the laboratory.

The test results reported herewith relate only to the samples as received by the laboratory.

Application of guidelines is provided “as is” without warranty of any kind, either expressed or implied, including, but not limited to, warranties of
merchantability, fitness for a particular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the guidelines
contained in this document.

All reportable information is available on request from AGAT Laboratories, in accordance with ISO/IEC 17025:2017, ISO/IEC 17025:2005 (Quebec), DR-
12-PALA and/or NELAP Standards.

This document is signed by an authorized signatory who meets the requirements of the MELCCFP, CALA, CCN and NELAP.

For environmental samples in the Province of Quebec: The analysis is performed on and results apply to samples as received. A temperature above 6°C
upon receipt, as indicated in the Sample Reception Notification (SRN), could indicate the integrity of the samples has been compromised if the delay
between sampling and submission to the laboratory could not be minimized.

Member of:

Laboratories (V1) Page 1 of 7
Association of Professional Engineers and Geoscientists of Alberta AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory
(APEGA) Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the
Western Enviro-Agricultural Laboratory Association (WEALA) scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian
Environmental Services Association of Alberta (ESAA) Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations

are location and parameter specific. A complete listing of parameters for each location is available
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in
the scope of accreditation. Measurement Uncertainty is not taken into consideration when stating
conformity with a specified requirement.



‘e . 2910 12TH STREET NE
Certificate of Analysis CALGARY. ALBERTA
CANADA T2E 7P7
AGAT WORK ORDER: 24T187247 TEL (403)735-2005
PROJECT: 165001308.551.102 D o
CLIENT NAME: STANTEC CONSULTING LTD ATTENTION TO: Bahram Siavash
SAMPLING SITE: SAMPLED BY:
(284-137) Sulfide (CGY)
DATE RECEIVED: 2024-08-20 DATE REPORTED: 2024-08-28
RMN-UP1 -
SAMPLE DESCRIPTION: CNR-OH4 - SS9 RMN-UP2 - SS7 SS10
SAMPLE TYPE: Soil Soil Soil
DATE SAMPLED:  2024-08-20 2024-08-20 2024-08-20
Parameter Unit G/S RDL 6087931 6087963 6087966
Sulfide % 0.01 0.09 0.14 0.13
Comments: RDL - Reported Detection Limit; G/ S - Guideline / Standard

6087931-6087966 Sulfide is a calculated parameter and is non-accredited. The parameters that are components of the calculation are accredited.
Analysis performed at AGAT Calgary (unless marked by *)

Certified By:

CERTIFICATE OF ANALYSIS (V1) Page 2 of 7
Results relate only to the items tested. Results apply to samples as received.




CLIENT NAME: STANTEC CONSULTING LTD
SAMPLING SITE:

Certificate of Analysis

AGAT WORK ORDER: 247187247

PROJECT: 165001308.551.102
ATTENTION TO: Bahram Siavash
SAMPLED BY:

2910 12TH STREET NE
CALGARY, ALBERTA
CANADA T2E 7P7

TEL (403)735-2005
FAX (403)735-2771
http://www.agatlabs.com

Corrosivity Package

DATE RECEIVED: 2024-08-20

DATE REPORTED: 2024-08-28

RMN-UP1 -
SAMPLE DESCRIPTION: CNR-OH4 - SS9 RMN-UP2 - SS7 SS10
SAMPLE TYPE: Soil Soil Soil
DATE SAMPLED:  2024-08-20 2024-08-20 2024-08-20
Parameter Unit G/S RDL 6087931 6087963 6087966
Chloride (2:1) ua/g 2 10 5 6
Sulphate (2:1) ua/g 2 277 318 272
pH (2:1) pH Units NA 8.68 8.46 8.79
Electrical Conductivity (2:1) mS/cm 0.005 0.412 0.397 0.366
Resistivity (2:1) (Calculated) ohm.cm 1 2430 2520 2730
Redox Potential 1 mV NA 201 199 196
Redox Potential 2 mV NA 186 205 216
Redox Potential 3 mV NA 195 221 229

Comments: RDL - Reported Detection Limit; G/ S - Guideline / Standard

6087931-6087966 EC, pH, Chloride and Sulphate were determined on the extract obtained from the 2:1 leaching procedure (2 parts DI water: 1 part soil). Resistivity is a calculated parameter.

Redox potential measured on as received sample. Due to the potential for rapid change in sample equilibrium chemistry with exposure to oxidative/reduction conditions laboratory results may differ from

field measured results.

Redox potential measurement in soil is quite variable and non reproducible due in part, to the general heterogeneity of a given soil. It is also related to the introduction of increased oxygen into the sample
after extraction. The interpretation of soil redox potential should be considered in terms of its general range rather than as an absolute measurement.

Analysis performed at AGAT Toronto (unless marked by *)

Certified By:

CERTIFICATE OF ANALYSIS (V1)

Results relate only to the items tested. Results apply to samples as received.

Page 3 of 7




Quality Assurance

2910 12TH STREET NE
CALGARY, ALBERTA
CANADA T2E 7P7

TEL (403)735-2005
FAX (403)735-2771
http://www.agatlabs.com

CLIENT NAME: STANTEC CONSULTING LTD AGAT WORK ORDER: 247187247
PROJECT: 165001308.551.102 ATTENTION TO: Bahram Siavash
SAMPLING SITE: SAMPLED BY:

Rock Analysis

RPT Date: Aug 28, 2024 DUPLICATE REFERENCE MATERIAL| METHOD BLANK SPIKE MATRIX SPIKE
Method Acceptable Acceptable Acceptable
PARAMETER Batch Saln(rjlple Dup #1 | Dup #2 RPD Blank M(\e/aaslﬂéed Limits Recovery| Limits Recovery Limits
Lower | Upper Lower | Upper Lower | Upper
(284-137) Sulfide (CGY)
Total Sulfur 6087931 6087931 0.11 0.13 16.8% <0.01 105% 80% 120%
Sulfate 6074983 6074983 <0.01 <0.01 NA <0.01 99% 80% 120%

Comments: RPDs are calculated using raw analytical data and not the rounded duplicate values reported.
Duplicate/ Replicate NA: Results are less than 10X the RDL and RPD will not be calculated

(284-137) Sulfide (CGY)
Sulfate 6087931 6087931  0.02 002 02% <001 80% 120%

Comments: RPDs are calculated using raw analytical data and not the rounded duplicate values reported.
Duplicate/ Replicate NA: Results are less than 10X the RDL and RPD will not be calculated

Certified By:

QUALITY ASSURANCE REPORT (V1)

Page 4 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.

Results relate only to the items tested. Results apply to samples as received.




2910 12TH STREET NE
CALGARY, ALBERTA
CANADA T2E 7P7

TEL (403)735-2005
FAX (403)735-2771
http://www.agatlabs.com

Quality Assurance

CLIENT NAME: STANTEC CONSULTING LTD AGAT WORK ORDER: 24T187247
PROJECT: 165001308.551.102 ATTENTION TO: Bahram Siavash
SAMPLING SITE: SAMPLED BY:
Soil Analysis
RPT Date: Aug 28, 2024 DUPLICATE REFERENCE MATERIAL| METHOD BLANK SPIKE MATRIX SPIKE
Method Acc(epltable Acc‘ep‘table Acclep‘table
PARAMETER Batch Saln(rjlple Dup #1 | Dup#2 | RPD Blank M(\e/aaslﬂéed Limits Recovery Limits Recovery Limits
Lower | Upper Lower | Upper Lower | Upper

Corrosivity Package

Chloride (2:1) 6089108 40 40 0.0% <2 94% 70% 130% 98%  80% 120% 95%  70% 130%
Sulphate (2:1) 6089108 171 172 0.6% <2 98% 70% 130% 101% 80% 120% 100% 70% 130%
pH (2:1) 6089108 8.52 8.34 2.1% NA 96% 80% 120%
Electrical Conductivity (2:1) 6089108 0.353 0.364 3.1% <0.005 102% 80% 120%
Redox Potential 1 6087931 NA 100% 90% 110%

Comments: NA signifies Not Applicable.
pH duplicates QA acceptance criteria was met relative as stated in Table 5-15 of Analytical Protocol document.

Certified By:

QUALITY ASSURANCE REPORT (V1) Page 5 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.

Results relate only to the items tested. Results apply to samples as received.




2910 12TH STREET NE
CALGARY, ALBERTA
CANADA T2E 7P7

TEL (403)735-2005
FAX (403)735-2771
http://www.agatlabs.com

Method Summary

CLIENT NAME: STANTEC CONSULTING LTD AGAT WORK ORDER: 247187247
PROJECT: 165001308.551.102 ATTENTION TO: Bahram Siavash
SAMPLING SITE: SAMPLED BY:
PARAMETER AGAT S.O.P LITERATURE REFERENCE ANALYTICAL TECHNIQUE
Soil Analysis
Chloride (2:1) INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH
Sulphate (2:1) INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH
pH (2:1) INOR 93-6031 modified from EPA 9045D and PH METER

MCKEAGUE 3.11
modified from MSA PART 3, CH 14

Electrical Conductivity (2:1) INOR-93-6075 and SM 2510 B PC TITRATE

Resistivity (2:1) (Calculated) INOR-93-6036 Mokeague 4.12, SM 2510 B.SSA#S - caLcuLaTioN

Redox Potential 1 INOR-93-6066 G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Redox Potential 2 INOR-93-6066 ASTM G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Redox Potential 3 INOR-93-6066 ASTM G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE
METHOD SUMMARY (V1) Page 6 of 7

Results relate only to the items tested. Results apply to samples as received.
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UNCONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST

(ASTM D2850)

Tables 1-4

MTO Hwy 3 Talbotville Bypass
SPECIMEN IDENTIFICATION

Borehole/Sample No.: BH CNR OH3, ST1 Sample Type: Intact
Sample Depth (ft): 13-15 Soil Classification: CL
Liquid Limit: 31.0% Specific Gravity: 2.761
Plastic limit: 16.8%

Soil Description & Classification: Lean clay of low plasticity, stiff, brown, moist, CL

INITIAL SPECIMEN DIMENSIONS AND PROPERTIES

Test No 1 2
Specimen Height, (mm) 152 152
Specimen Diameter, (mm) 70 70
Natural Water Content (Cuttings), (%) 19.2 16.9
Void Ratio 0.57 0.52
Degree of Saturation, (%) 93.1 89.9
Dry Unit Weight (kN/m?®) 17.26 17.75
SHEARING/FAILURE
Max. Deviator Stress, (04-03), (kPa) 179.7 189.6
Axial Strain At Maximum (04-03), (%) 12.23 11.79
Compressive Strength, Max, (kN) 0.8 0.8
Max Total Principal Stress Ratio,( 04/03) 2.8 1.9
Deviator Stress At ( 04,03) Max, (kPa) 179.7 189.6
Total Major Principal Stress At Failure, o4, (kPa) 278.3 389.5
Total Minor Principal Stress At Failure, o3, (kPa) 98.6 200.0
Average Rate of Strain, (%/min) 1.00 1.00
Test Notes:
Specimen Saturation Method N/A N/A
Failure Criterion Max. 04-03 Max. 04-03
Membrane Thickness Correction Applied, Y/N Y Y

Project No.: 165001308.451.200
Date:  August 19, 2024

Prepared By : DB
Checked By : RG

Page 1 of 4




UNCONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST Figures 1-2
(ASTM D2850) g
MTO Hwy 3 Talbotville Bypass
BH CNR OH3, ST1
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Project No.: 165001308.451.200 Prepared By : DB
Date: August 19, 2024 Checked By : RG
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PHOTOGRAPHS OF EXTRUDED/SLICED SPECIMENS

PHOTOS 1-2

MTO Hwy 3 Talbotville Bypass
Lean clay of low plasticity, stiff, brown, moist, CL

BH CNR OH3, ST1

Project No.: 165001308.451.200

Date :

August 19, 2024

Prepared by : DB
Checked by : RG

Page 3 of 4




PHOTOGRAPHS OF FAILED SPECIMENS

PHOTOS 3-4

Project No. :

Date :

MTO Hwy 3 Talbotville Bypass
Lean clay of low plasticity, stiff, brown, moist, CL

165001308.451.200
August 19, 2024

BH CNR OH3, ST1

100 kPa Shearing

200 kPa Shearing

Prepared by : DB
Checked by : RG

Page 4 of 4




CONSOLIDATION TEST SUMMARY

SAMPLE IDENTIFICATION

Borehole No. : BH CNR EMB1 Sample No. : ST1
Sample Depth (ft) : 17.5-19.5
TEST CONDITIONS
Test Type : ASTM D2435/D2435M Date Started : 19-Aug-24
Load Duration (hr) : Method B Date Completed : 21-Aug-24
SAMPLE DIMENSIONS AND PROPERTIES _ INITIAL
Sample Height (mm) : 20.50 Unit Weight (kN/m3) : 21.19
Sample Diameter (mm) : 50.00 Dry Unit Weight (kN/m3) : 17.95
Area (sz) : 19.63 Specific Gravity : (Assumed) 2.761
Volume (cm3) : 40.25 Solid Height (mm) : 13.59
Water Content (%) : 18.08 Volume of Solids (cm3) : 26.68
Wet Mass (g) : 86.98 Volume of Voids (cm3) : 13.57
Dry Mass (g) : 73.66 Degree of Saturation (%) : 98.14
TEST COMPUTATIONS
Corrected Axial Void Ratio too C, m, k
Axial Stress Height (H) Deformation (AH)  Strain (g,) e (sec) (cm?s)  (m%kN) (m/s)
(kPa) (mm) (mm) (%)
0 20.5000 0.509
10 20.4213 0.0787 0.51 0.501 129.14 6.85E-03 5.06E-04 3.40E-09
20 20.3335 0.1665 0.87 0.496 1117.35 7.86E-04 3.68E-04 2.84E-10
40 20.2334 0.2666 1.49 0.486 585.65 1.49E-03 3.07E-04 4.47E-10
80 20.0674 0.4326 2.36 0.473 603.68 1.42E-03 2.17E-04 3.02E-10
160 19.8192 0.6808 3.51 0.456 807.31 1.04E-03 1.45E-04 1.47E-10
320 19.5457 0.9543 4.88 0435 613.86 1.33E-03 8.55E-05 1.12E-10
160 4.68 0.438
80 4.38 0.443
160 19.5716 0.9284 4.56 0.440 229.99 3.53E-03 2.24E-05 7.78E-11
320 19.4896 1.0104 5.03 0.433 287.02 2.81E-03 2.94E-05 8.11E-11
480 19.3550 1.1450 5.73 0.422 563.37 1.42E-03 4.41E-05 6.13E-11
640 19.2231 1.2769 6.36 0.413 652.87 1.21E-03 3.95E-05 4.67E-11
1280 18.8632 1.6368 8.22 0.385 445.05 1.72E-03 2.90E-05 4.89E-11
2560 18.4444 2.0556 10.30 0.353 389.94 1.88E-03 1.62E-05 3.00E-11
4800 18.0496 2.4504 12.32 0.323 29157 2.41E-03 9.01E-06 2.13E-11
2560 12.12 0.326
640 11.15 0.341
160 9.60 0.364
40 8.15 0.386
10 6.74 0.407
SAMPLE DIMENSIONS AND PROPERTIES _ FINAL
Sample Height (mm) : 19.12 Unit Weight (kN/m®) : 22.19
Sample Diameter (mm ) : 50.00 Dry Unit Weight (kN/m3) : 19.24
Area (cm?) : 19.63 Specific Gravity (Assumed) : 2.761
Volume (cm®) : 37.54 Solid Height (mm) : 13.59
Water Content (%) : 15.30 Volume of Solids (cm®) : 26.68
Wet Mass (g) : 84.93 Volume of Voids (cm®) : 10.86
Dry Mass (9) : 73.66

165001308.451.102
24-Aug-24

Project No. :
Date :

Prepared By :
Checked By :

DB
RG

Page 1 of 4




CONSOLIDATION TEST FIGURE 1

MTO Hwy 3 Talbotville Bypass
BH CNR EMBL, ST1

Void Ratio vs Pressure
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Soil Type : Overconsolidated Lean clay of low plasticity, very stiff, brown, moist, CL
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w = 18.1% Wp = 17.3% op' = kPa
Y= 21.2 kN/m® Pl=  16.4%
Gs = 2.761
Project No. : 165001308.451.102 Prepared By: DB
Date : 24-Aug-24 Checked By : RG
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CONSOLIDATION TEST FIGURES 2,3 & 4

MTO Hwy 3 Talbotville Bypass
BH CNR EMB1, ST1

Cv vs Pressure
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Project No. : 165001308.451.102 Prepared By: DB
Date : 24-Aug-24 Checked By: RG
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MTO Hwy 3 Talbotville Bypass PHOTOS 1 & 2

MTO Hwy 3 Talbotville Bypass
Overconsolidated Lean clay of low plasticity, very stiff, brown, moist, CL

BH CNR EMB1, ST1

BH CNR EMB1, ST1

Project No.: 165001308.451.102 Prepared by : DB
Date : 24-Aug-2024 Checked by : RG
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CONSOLIDATION TEST SUMMARY

SAMPLE IDENTIFICATION

Borehole No. : BH CNR EMB7 Sample No. : ST1
Sample Depth (ft) : 12.5-14.5
TEST CONDITIONS
Test Type : ASTM D2435/D2435M Date Started : 13-Aug-24
Load Duration (hr) : Method B Date Completed : 15-Aug-24
SAMPLE DIMENSIONS AND PROPERTIES _ INITIAL
Sample Height (mm) : 20.50 Unit Weight (kN/m®) : 20.78
Sample Diameter (mm) : 50.00 Dry Unit Weight (kN/m3) : 17.43
Area (cm?) : 19.63 Specific Gravity : (Assumed) 2.757
Volume (cm3) : 40.25 Solid Height (mm) : 13.21
Water Content (%) : 19.24 Volume of Solids (cm®) : 25.94
Wet Mass (g) : 85.29 Volume of Voids (cm3) : 14.31
Dry Mass (g) : 71.53 Degree of Saturation (%) : 96.18
TEST COMPUTATIONS
Corrected Axial  Void Ratio  ty C, my k
Axial Stress  Height (H) Deformation (AH)  Strain (,) e (sec)  (cm?s)  (m*/kN) (m/s)
(kPa) (mm) (mm) (%)
0 20.5000 0.0000 0.00 0.551
10 20.2257 0.2743 1.51 0.528 94.84 9.16E-03 1.51E-03  1.35E-08
20 20.1224 0.3776 2.02 0.520 19249 4.47E-03 5.19E-04 2.27E-09
40 19.9786 0.5214 2.82 0.508 233.92 3.63E-03 3.97E-04 1.41E-09
80 19.7848 0.7152 3.84 0.492 258.97 3.22E-03 2.56E-04 8.08E-10
160 19.5429 0.9571 5.17 0.471 213.09 3.82E-03 1.66E-04 6.21E-10
320 19.2069 1.2931 6.78 0.446 341.23 2.31E-03 1.01E-04 2.28E-10
160 6.58 0.449
80 6.23 0.455
160 19.1877 1.3123 6.44 0.452 314.04 2.49E-03 2.70E-05 6.58E-11
320 19.0989 1.4011 6.97 0.443 300.85 2.58E-03 3.33E-05 8.42E-11
480 18.9467 1.5533 7.81 0.430 508.69 1.50E-03 5.20E-05 7.68E-11
640 18.7787 1.7213 8.55 0.419 805.35 9.33E-04 4.67E-05 4.28E-11
1280 18.3603 2.1397 10.85 0.383 45848 1.58E-03 3.59E-05 5.57E-11
2560 17.8597 2.6403 13.44 0.343 347.12 1.98E-03 2.03E-05 3.94E-11
4800 17.3326 3.1674 16.05 0.302 338.94 1.92E-03 1.16E-05 2.19E-11
2560 15.74 0.307
640 14.46 0.327
160 12.81 0.353
40 10.92 0.382
10 9.53 0.404
SAMPLE DIMENSIONS AND PROPERTIES _ FINAL
Sample Height (mm) : 18.55 Unit Weight (kN/m3) : 22.34
Sample Diameter (mm ) : 50.00 Dry Unit Weight (kN/m3) : 19.26
Area (sz) : 19.63 Specific Gravity (Assumed) : 2.757
Volume (cm®) : 36.42 Solid Height (mm) : 13.21
Water Content (%) : 15.95 Volume of Solids (cm3) : 25.94
Wet Mass (g) : 82.94 Volume of Voids (cm?®) : 10.47
Dry Mass (9) : 71.53
Project No. : 165001308.451.102 Prepared By : DB
Date : 16-Aug-24 Checked By : RG

Page 1 of 4




CONSOLIDATION TEST FIGURE 1
MTO Hwy 3 Talbotville Bypass
BH CNR EMB7, ST1
Void Ratio vs Pressure
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NB: Not enough sample available for Atterberg Limits Testing
Soil Type : Overconsolidated silty clay , hard, brown, moist
€, = 0.551 we= N/A Oy = kPa
w = 19.2% wp = N/A op = kPa
Y= 20.8 kN/m® Pl= N/A
Gs = 2.757
Project No. : 165001308.451.102 Prepared By: DB
Date : 16-Aug-24 Checked By : RG
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CONSOLIDATION TEST FIGURES 2,3 & 4

MTO Hwy 3 Talbotville Bypass
BH CNR EMB7, ST1

Cv vs Pressure
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Date : 16-Aug-24 Checked By: RG
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MTO Hwy 3 Talbotville Bypass PHOTOS 1 & 2

MTO Hwy 3 Talbotville Bypass
Overconsolidated silty clay , hard, brown, moist

BH CNR EMB7, ST1

BH CNR EMB7, ST1

Project No.: 165001308.451.102 Prepared by : DB
Date : 16-Aug-2024 Checked by : RG
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CONSOLIDATION TEST SUMMARY

SAMPLE IDENTIFICATION

Borehole No. : BH CNR EMB9 Sample No. : ST2
Sample Depth (ft) : 20-22
TEST CONDITIONS
Test Type : ASTM D2435/D2435M Date Started : 19-Aug-24
Load Duration (hr) : Method B Date Completed : 21-Aug-24
SAMPLE DIMENSIONS AND PROPERTIES _ INITIAL
Sample Height (mm) : 20.50 Unit Weight (kN/m®) : 21.99
Sample Diameter (mm) : 50.00 Dry Unit Weight (kN/m3) : 19.24
Area (cm?) : 19.63 Specific Gravity : (Assumed) 2.764
Volume (cm3) : 40.25 Solid Height (mm) : 14.55
Water Content (%) : 14.32 Volume of Solids (cm®) : 28.57
Wet Mass (g) : 90.27 Volume of Voids (cm3) : 11.68
Dry Mass (g) : 78.96 Degree of Saturation (%) : 96.80
TEST COMPUTATIONS
Corrected Axial  Void Ratio  ty C, my k
Axial Stress  Height (H) Deformation (AH)  Strain (g,) e (sec)  (cm?s)  (m*/kN) (m/s)
(kPa) (mm) (mm) (%)
0 20.5000 0.409
10 20.3219 0.1781 0.94 0.396 122.98 7.13E-03 9.44E-04 6.61E-09
20 20.2445 0.2555 1.37 0.390 211.15 4.12E-03 4.24E-04 1.72E-09
40 20.1241 0.3759 2.00 0.381 279.16  3.08E-03 3.18E-04 9.62E-10
80 19.9689 0.5311 2.79 0.370 311.81 2.72E-03 1.97E-04 5.27E-10
160 19.7773 0.7227 3.73 0.356 368.09 2.26E-03 1.17E-04 2.59E-10
320 19.5546 0.9454 4.80 0.341 353.68 2.31E-03 6.73E-05 1.52E-10
160 0.0000 0.0000 4.64 0.344 0.00 0.00E+00 1.04E-05 0.00E+00
80 0.0000 0.0000 4.37 0.347 0.00 0.00E+00 3.40E-05 0.00E+00
160 19.5767 0.9233 4.53 0.345 196.60 4.14E-03 2.04E-05 8.26E-11
320 19.5086 0.9914 4.93 0.340 162.42 4.98E-03 2.52E-05 1.23E-10
480 19.4042 1.0958 5.50 0.332 278.89 2.87E-03 3.52E-05 9.91E-11
640 19.3047 1.1953 5.99 0.325 281.65 2.81E-03 3.09E-05 8.52E-11
1280 19.0038 1.4962 7.56 0.303 220.48 3.50E-03 2.45E-05 8.41E-11
2560 18.6238 1.8762 9.48 0.275 181.68 4.10E-03 1.50E-05 6.04E-11
4800 18.2038 2.2962 11.64 0.245 127.16  5.61E-03 9.64E-06 5.30E-11
2560 11.38 0.249
640 10.22 0.265
160 8.68 0.287
40 7.21 0.307
10 6.05 0.324

Sample Height (mm) :

Sample Diameter (mm ) :

Area (cm?) :

Volume (cm®)
Water Conten
Wet Mass (g)
Dry Mass (g) :

Project No. :
Date :

( (%) :

SAMPLE DIMENSIONS AND PROPERTIES _ FINAL

19.26
50.00
19.63
37.82
12.68
88.97
78.96

165001308.451.102

24-Aug-24

Unit Weight (kN/m®) : 23.07
Dry Unit Weight (kN/m®) : 20.48
Specific Gravity (Assumed) : 2.764
Solid Height (mm) : 14.55
Volume of Solids (cm3) : 28.57
Volume of Voids (cm®) : 9.25

Prepared By :
Checked By :

DB
RG
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CONSOLIDATION TEST FIGURE 1

MTO Hwy 3 Talbotville Bypass
BH CNR EMB9, ST2

Void Ratio vs Pressure
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Soil Type : Overconsolidated Lean clay till of low plasticity, very stiff, brown, moist, CL
€, = 0.409 w = 28.4% oy = kPa
w = 14.3% Wp = 15.6% op' = kPa
Y= 22.0 kN/m® Pl=  12.8%
Gs = 2.764
Project No. : 165001308.451.102 Prepared By: DB
Date : 24-Aug-24 Checked By : RG
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CONSOLIDATION TEST

FIGURES 2,3 & 4

Coefficient of Consolidation
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Date :

MTO Hwy 3 Talbotville Bypass

BH CNR EMB9, ST2

Cv vs Pressure
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165001308.451.102 Prepared By: DB
24-Aug-24 Checked By: RG
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MTO Hwy 3 Talbotville Bypass PHOTOS 1 & 2

MTO Hwy 3 Talbotville Bypass
Overconsolidated Lean clay till of low plasticity, very stiff, brown, moist, CL

BH CNR EMB9, ST2

BH CNR EMB9, ST2

Project No.: 165001308.451.102 Prepared by : DB
Date : 24-Aug-2024 Checked by : RG
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CONSOLIDATION TEST SUMMARY

SAMPLE IDENTIFICATION

Borehole No. : BH CNR EMB11 Sample No. : ST1
Sample Depth (ft) : 48-50
TEST CONDITIONS
Test Type : ASTM D2435/D2435M Date Started : 9-Aug-24
Load Duration (hr) : Method B Date Completed : 11-Aug-24
SAMPLE DIMENSIONS AND PROPERTIES _ INITIAL
Sample Height (mm) : 20.50 Unit Weight (kN/m®) : 20.98
Sample Diameter (mm) : 50.00 Dry Unit Weight (kN/m3) : 17.91
Area (cm?) : 19.63 Specific Gravity : 2,757
Volume (cm®) : 40.25 Solid Height (mm) : 13.58
Water Content (%) : 17.12 Volume of Solids (cm®) : 26.67
Wet Mass (g) : 86.11 Volume of Voids (cm®) : 13.58
Dry Mass (g) : 73.52 Degree of Saturation (%) : 92.68
TEST COMPUTATIONS
Corrected Axial  Void Ratio  tgg Cy m, k
Axial Stress  Height (H) Deformation (AH) Strain (g,) e (sec)  (cmZs)  (m%kN) (m/s)
(kPa) (mm) (mm) (%)
0 20.5000 0.0000 0.00 0.509
10 20.1934 0.3066 1.72 0.483 95.62 9.07E-03 1.72E-03  1.53E-08
20 20.0857 0.4143 2.18 0.476 304.66 2.81E-03 4.64E-04 1.28E-09
40 19.9713 0.5287 2.82 0.467 195.22 4.34E-03 3.17E-04 1.35E-09
80 19.8170 0.6830 3.61 0.455 188.88 4.42E-03 1.99E-04 8.62E-10
160 19.6054 0.8946 4.60 0.440 287.64 2.85E-03 1.23E-04 3.44E-10
320 19.3592 1.1408 5.84 0.421 266.12 3.01E-03 7.73E-05 2.28E-10
160 5.66 0.424
80 5.37 0.428
160 19.3683 1.1317 5.55 0.426 184.13 4.32E-03 2.16E-05 9.18E-11
320 19.2941 1.2059 5.97 0.419 189.33 4.18E-03 2.68E-05 1.10E-10
480 19.1928 1.3072 6.64 0.409 149.89 5.23E-03 4.17E-05 2.14E-10
640 19.0478 1.4522 7.28 0.399 312.30 2.47E-03 4.02E-05 9.74E-11
1280 18.6872 1.8128 9.27 0.370 201.36  3.72E-03 3.10E-05 1.13E-10
2560 18.2258 2.2742 11.58 0.335 17557 4.08E-03 1.81E-05 7.24E-11
4800 17.7164 2.7836 13.98 0.298 191.37 3.54E-03 1.07E-05 3.71E-11
2560 13.74 0.302
640 12.65 0.319
160 11.15 0.341
40 9.55 0.365
10 7.99 0.389
SAMPLE DIMENSIONS AND PROPERTIES _ FINAL
Sample Height (mm) : 18.86 Unit Weight (kN/m3) : 22.27
Sample Diameter (mm ) : 50.00 Dry Unit Weight (kN/m3) : 19.47
Area (sz) : 19.63 Specific Gravity : 2.757
Volume (cm3) : 37.03 Solid Height (mm) : 13.58
Water Content (%) : 14.42 Volume of Solids (cm3) : 26.67
Wet Mass (g) : 84.12 Volume of Voids (cm3) : 10.37
Dry Mass (g) : 73.52
Project No. : 165001308.451.102 Prepared By : DB
Date : 16-Aug-24 Checked By : RG
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CONSOLIDATION TEST FIGURE 1
MTO Hwy 3 Talbotville Bypass
BH CNR EMB11, ST1
Void Ratio vs Pressure
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Soil Type : Overconsolidated Lean clay of low plasticity , hard, brown, moist, -CL
€, = 0.509 w = 28.9% Ovo kPa
w = 17.1% Wp = 16.2% op kPa
Y= 21.0 kN/m® Pl=  127%
Gs = 2.757
Project No. : 165001308.451.102 Prepared By :
Date : 16-Aug-24 Checked By :
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CONSOLIDATION TEST FIGURES 2,3 & 4

MTO Hwy 3 Talbotville Bypass
BH CNR EMB11, ST1

Cv vs Pressure
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MTO Hwy 3 Talbotville Bypass

PHOTOS 1& 2

Project No. :

Date :

MTO Hwy 3 Talbotville Bypass

Overconsolidated Lean clay of low plasticity , hard, brown, moist, -CL

BH CNR EMB11, ST1

BH CNR EMB11, ST1

165001308.451.102
16-Aug-2024
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Checked by : RG
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