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FOUNDATION INVESTIGATION AND DESIGN REPORT
LYON CREEK CULVERT REPLACEMENT
HIGHWAY 602, DISTRICT OF RAINY RIVER, ONTARIO
AGREEMENT 6019-E-0009, WORK ORDER 35
G.W.P. 6030-22-00, SITE NO. 45X-0151/CO

GEOCRES No.: 52C-65
PART 1: FACTUAL INFORMATION

1. INTRODUCTION

This report presents the factual data obtained from a foundation investigation carried out by
Thurber Engineering Ltd. (Thurber) for the design of the proposed Lyon Creek Culvert
Replacement. Lyon Creek Culvert is located on Highway 602, near Emo, in the District of Rainy
River, Ontario. The site is approximately 1 km south of the Highway 11 and Highway 602 Junction.

The purpose of this investigation was to explore the subsurface conditions at the culvert location
and, based on the data obtained, to provide a borehole location plan, stratigraphic profile, records
of boreholes, laboratory test results and a written description of the subsurface conditions.

Thurber carried out the investigation as a sub-consultant to Hatch, under the Ministry of
Transportation Ontario (MTO) Retainer Agreement Number 6019-E-0009 Assignment #35, with
additional work carried out under Agreement Number 6021-E-0005 Assignment #16. The original
GWP number during preliminary design was 6120-17-00, which was updated during the detailed
design phase to 6030-22-00.

It is a condition of this report that Thurber’s performance of its professional services is subject to
the attached Statement of Limitations and Conditions.

2. SITE DESCRIPTION

The site is located on Highway 602, between Jessie Street and Howse Road, near Emo, Ontario.
The existing culvert allows the Lyon Creek to flow in a south-west direction under Highway 602
towards the Rainy River outlet. Highway 602 runs in a northwest to southeast direction at the site.
For the purposes of this report and consistency with the General Arrangement drawings, Highway
602 is considered to run in an east-west direction, with the culvert inlet side (northeast end)
considered to be north for construction.

Client: HATCH Date: October 17, 2023
File No.: 33309 Page: 1of 35
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The available General Arrangement (GA) drawings provided by Hatch indicate that the existing
structure is a cast-in-place concrete, open footing culvert. The drawings indicate that the existing
culvert opening has a span of 6.1 m, height of 2.4 m, and the length is 16.34 m. There are
concrete wingwalls at each corner of the culvert. The estimated culvert invert is at approximate
Elev. 325.7 m at the inlet (North) and 325.6 m at the outlet (South). The existing road grade at
the culvert location is Elev. 331.6 m, which varies from approximately 331.3 m to the west and
332.5 m to the east of the culvert, where the roadway surface is located within a cut area and is
lower than the surrounding topography to the north and south. The general topography in the area
slopes down towards the Lyon Creek valley, which curves to the west beyond the culvert inlet.
The existing highway embankment side slopes above and near the culvert are inclined at
approximately 2H:1V. Previous structural assessments of the culvert have noted the presence of
erosion of the embankment slopes above the culvert. The local creek water level was reportedly
measured at Elev. 327.1 m in July 2018. Flooding of Lyon Creek was observed throughout Spring
and early Summer 2022 (see Photo 6 in Appendix C).

The lands surrounding the site are forested areas immediately along the creek, with agricultural
zones in the surrounding area. A railway corridor running roughly parallel to Highway 602 exists
approximately 75 m south of the site. Photographs in Appendix C show the general nature of the
site and the existing culvert.

Based on published geological information, the culvert lies within an area of glaciolacustrine
deposits of silt and clay with minor sand ranging to silty clay to silt till. Based on the OGS Map
MRD126-REV1 titled “Bedrock Geology of Ontario”, dated 2011, the bedrock at site is identified
as metasedimentary rock with iron formations to the east of the site.

3. INVESTIGATION PROCEDURES

The site investigation and field-testing program for this project was carried out in three phases,
from April 30 to May 2, 2022, from August 22 to 26, 2022, and from July 26 to 28, 2023. The
investigation consisted of drilling and sampling seven (7) boreholes (22-06 to 22-10 and 23-01 to
23-02). Boreholes 22-06 and 22-07 were drilled off road near the culvert inlet and outlet
respectively to depths of 5.6 and 12.6 m (Elev. 321.5 and 315.2 m) respectively. Boreholes
22-08 to 22-10 were drilled through the paved portion of Highway 602 each to a depth of 16.3 m
(Elev. 316.0 to 314.9 m). Flooding at the inlet and outlet of the site delayed the completion of
Boreholes 22-06 and 22-07, which were drilled after the flood waters receded in August 2022. In
order to obtain deeper subsurface information for the preferred foundation design, Thurber
returned in July 2023 to advance Boreholes 23-01 and 23-02, which were drilled through the
paved portion of Highway 602 each to a depth of 25.5 m (Elev. 306.5 to 305.9 m).

Client: HATCH Date: October 17, 2023
File No.: 33309 Page: 2 0of 35
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The Record of Borehole sheets are included in Appendix A. The approximate borehole locations
are shown on the attached Borehole Locations and Soil Strata Drawings in Appendix D.

Utility clearances were obtained prior to the start of drilling. The ground surface elevations for the
boreholes were estimated from field measurements relative to existing site features and the
topographic drawings provided to Thurber by Hatch. The coordinate system MTM NAD 83, Zone
16 was used for the boreholes.

Boreholes 22-08 to 22-10 and 23-01 to 23-02 were advanced using rubber-tired CME 750 and
D90 drill rigs, using solid stem augers and NW casing / Tricone with wash boring techniques.
Borehole 22-06 was advanced using a tripod with continuous split spoon and wash boring
techniques. A Dynamic Cone Penetration Test (DCPT) was conducted adjacent to Borehole
22-06. A half-weight hammer was used for driving the casing, split spoon samples and the DCPT
at Borehole 22-06. The ‘N’ values presented on the record of borehole sheet for Borehole 22-06
have been adjusted to account for the half-weight hammer. Borehole 22-07 was advanced using
a Simco track-mounted, limited access drill rig, using solid stem augers. Soil samples were
obtained in all boreholes at selected intervals using a split spoon sampler in conjunction with
Standard Penetration Testing (SPT). Field vane shear testing, typically using an MTO “N” sized
shear vane was carried out in the cohesive soils. Thin-walled tube samples (Shelby Tubes) were
also collected at selected depths in the cohesive soil for consolidation testing. In Boreholes
23-01 and 23-02, only limited sampling and vane shear testing was conducted in the upper 15 m
depth, since sufficient subsurface information was available for the upper 15 m in Boreholes
22-06 to 22-10.

The drilling and sampling operations were supervised on a full-time basis by a member of
Thurber’s technical staff. The supervisor logged the boreholes and processed the recovered soil
samples for transport to Thurber’s laboratory for further examination and testing.

A monitoring well was installed in Borehole 22-07. The well consisted of 50 mm Schedule 40 PVC
pipe with a 3.05 m long slotted screen, enclosed in a column of filter sand to permit groundwater
level monitoring. Well installation details, groundwater level observations and water level readings
are shown on the Record of Borehole sheets.

One sample of surface water was taken from Lyon creek, north of the culvert inlet, and one sample
of groundwater was taken from the monitoring well installed in Borehole 22-07. Water samples
were submitted to a specialist analytical laboratory under chain of custody procedures for testing
for a suite of water quality parameters. Upon collection of the water sampling on August 28, 2022,
the well was decommissioned in general accordance with MECP O.Reg. 903.

Client: HATCH Date: October 17, 2023
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Details of the drilling program, including drilling depths, monitoring well installation and completion
details are summarized in Table 3.1 below.

Table 3.1: Borehole Completion Details

sGralele Monitoring
E0rEelE Depth / Base el Completion Details
Number Elevation (m) Depth /
Elevation (m)

Borehole caved from 5.6 to 1.4 m. Borehole

22-06 5.6/321.5 N/A backfilled to surface with bentonite.
Piezometer installed at 12 m with 3.05 m
slotted screen length. Filter sand installed
from 9.7 to 12.6, bentonite holeplug backfilled

22-07 12.6/315.2 12.0/315.8 | from 9.7 m to surface.
Monitoring well removed August 28, 2022,
borehole backfilled with bentonite to surface.

16.3/315.1 Borehole backfilled with bentonite holeplug

22-08 ' ' N/A from 16.3 m to 1.2 m, Concrete from 1.2 m to
0.2 m, and asphalt 0.2 m to surface.
Borehole backfilled with bentonite holeplug

22-09 16.3/314.9 N/A from 16.3 m to 1.2 m, Concrete from 1.2 m to
0.2 m, and asphalt 0.2 m to surface.
Borehole backfilled with bentonite holeplug

22-10 16.3/316.0 N/A from 16.3 mto 1.2 m, Concrete from 1.2 m to
0.2 m, and asphalt 0.2 m to surface.
Borehole backfilled with bentonite holeplug

23-01 25.5/306.5 N/A from 25.5 m to 0.1 m, and asphalt 0.1 m to
surface.
Borehole backfilled with bentonite holeplug

23-02 25.5/305.9 N/A from 25.5 m to 0.1 m, and asphalt 0.1 m to
surface.

Client: HATCH Date: October 17, 2023

File No.: 33309
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4. LABORATORY TESTING

All recovered soil samples were subjected to visual identification and natural moisture content
determination. Approximately 25% of the collected samples were subjected to grain size
distribution analyses (sieve and hydrometer). One-dimensional consolidation tests were also
conducted on two samples of the native silty clay. The results of this testing program are
summarized on the Record of Borehole sheets in Appendix A and are shown on the figures
included in Appendix B.

In order to assess the potential for sulphate attack on concrete foundations, as well as the
potential for corrosion associated with the structure, two (2) soil samples and one sample of
surface water from Lyon Creek were collected during the investigation and submitted to SGS, a
CALA accredited analytical laboratory in Lakefield, Ontario, for analytical testing of corrosivity
parameters. To assess the quality of the groundwater for disposal purposes, a groundwater
sample from the well installed in Borehole 22-07 and a surface water sample from the creek were
collected. The results of the analytical testing are summarized in this report and presented in
Appendix B.

5. DESCRIPTION OF SUBSURFACE CONDITIONS

Reference is made to the Record of Borehole sheets included in Appendix A. Details of the
encountered soil stratigraphy are presented on the Record of Borehole sheets and on the
Borehole Locations and Soil Strata drawings in Appendix D. A general description of the
stratigraphy, based on the conditions encountered in the boreholes, is given in the following
paragraphs. However, the factual data presented in the Record of Borehole sheets governs any
interpretation of the site conditions. It must be recognized that soil conditions may vary between
and beyond the borehole locations.

In general, the subsurface stratigraphy below the asphalt typically consists of granular fill overlying
silty clay fill, which is underlain by native silty clay with some sand and trace gravel. More detailed
descriptions of individual strata are presented below.

5.1 Asphalt

Boreholes 22-08, 22-09, 22-10, 23-01 and 23-02 were drilled through the paved portion of
Highway 602. The asphalt thickness ranged from 25 to 75 mm at the borehole locations.

5.2 Granular Fill

Granular embankment fill was encountered immediately below the pavement in Boreholes 22-08,
22-09, and 22-10. The fill was brown, and consisted of sand with some gravel, some silt and trace

Client: HATCH Date: October 17, 2023
File No.: 33309 Page: 50f 35
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clay. The granular fill was encountered from the bottom of asphalt at 0.8 m depth and extended
to depths ranging from 0.7 m to 2.2 m (Elev. 330.5 to 330.0 m) across the road boreholes. The
thickness of the granular fill ranged from 0.6 to 2.1 m. Granular fill was also encountered in
Boreholes 23-01 and 23-02, which were advanced through the granular fill to the underlaying silty
clay fill without sampling.

SPT ‘N’ values in the granular fill ranged from 17 to 51 blows per 0.3 m of penetration, indicating
a compact to very dense relative density, typically compact. The measured moisture content for
the granular fill was generally 3 to 6% within the first 0.7 m depth. At depths greater than 0.7 m,
the moisture content ranged from 10 to 33%.

The results of grain size analyses conducted on three selected samples of the sand fill are
provided on the Record of Borehole sheets in Appendix A and plotted in Figure B1 of Appendix
B. The results are summarized in Table 5.1 below.

Table 5.1: Granular Fill Grain Size Analysis

Soil Particle Percentage (%)
Gravel 15to 21
Sand 59 to 65

Silt and Clay 18 to 22

5.3 Silty Clay Fill

Silty clay fill was encountered below the granular fill in Boreholes 22-08, 22-09 and 22-10 at
depths of 0.7 to 2.2 m (Elev. 330.5 to 330.0 m). Silty clay fill was also encountered in Boreholes
23-01 and 23-02. The silty clay fill extended to depths from 5.2 to 5.6 m (Elev. 326.8 to 325.6 m)
in the boreholes. The silty clay fill contained some sand to sandy, trace gravel, trace rootlets and
occasional wood fragments. The fill was brown to grey in colour. The thickness of the silty clay fill
ranged from 3.4 to 4.9 m.

SPT ‘N’ values in the silty clay fill ranged from 3 to 26 blows per 0.3 m of penetration, indicating
a firm to very stiff consistency. Measured moisture contents ranged from 21 to 37%.

The results of grain size analyses conducted on four selected samples of the silty clay fill are
provided on the Record of Borehole sheets in Appendix A and plotted in Figure B2 of Appendix
B. The results are summarized in Table 5.2 below.

Client: HATCH Date: October 17, 2023
File No.: 33309 Page: 6 of 35
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Table 5.2: Silty Clay Fill Grain Size Analysis

Soil Particle Percentage (%)
Gravel Oto1l
Sand 12 to 28
Silt 36 to 40
Clay 31 to 50

The results of Atterberg Limits Tests conducted on selected samples of the silty clay fill are
provided on the Record of Borehole sheets in Appendix A and plotted in Figure B6 of Appendix
B. The results are summarized below in Table 5.3 below. The results indicate that the samples
tested consist of intermediate to high plasticity silty clay, with group symbols of Cl to CH.

Table 5.3: Silty Clay Fill Atterberg Limits Test Results

Parameter Result
Liquid Limit 48 to 60
Plastic Limit 19to 21
Plasticity Index 28 t0 39

54 Topsoil

A 25 mm thick layer of topsoil was observed at the ground surface in Boreholes 22-06 and 22-07.
The topsoil thickness may vary in other areas of the site.

55 Silty Clay

Native silty clay was encountered below the fill at depths from 5.2 to 5.6 m in Boreholes 22-08,
22-09, 22-10, 23-01 and 23-02 (Elev. 326.8 to 325.6 m) and below the 25 mm thick topsoil layer
in Boreholes 22-06 and 22-07. All boreholes were terminated within the silty clay at depths ranging
from 5.6 to 25.5 m (Elev. 321.5 to 305.9 m).

The silty clay was generally grey and contained some sand and trace gravel. Occasional organics
and wood fragments were observed in the upper part of the silty clay in Boreholes 22-06 and
22-07, extending to depths of 1.2 to 2.1 m (Elev. 325.9 to 325.7 m). SPT ‘N’ values in the silty
clay ranged from 4 to 61 (typically 4 to 9) blows per 0.3 m penetration, and field vane shear tests
measured undrained shear strengths ranging from 57 to 220 kPa (typically 57 to 114 kPa). The
SPT ‘N’ values and undrained shear strength values indicate that the clay has a firm to very stiff
consistency (typically stiff to very stiff).

Client: HATCH Date: October 17, 2023
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Borehole 22-07 contained a 0.5 m thick sand layer within the silty clay, extending from 2.1 m to
2.6 m depth (Elev. 325.7 to 325.2 m). One grain size analysis indicated the layer was composed
of 12% gravel, 62% sand, 14% silt, and 12% clay sized particles. The results of the grain size
analysis on the sand layer on the Record of Borehole sheets in Appendix A and plotted in Figure

B5 of Appendix B. A moisture content of 25% was measured for the sand.

Recorded moisture contents in the silty clay ranged from 25 to 45%. The results of grain size
analyses conducted on selected samples of the silty clay deposit are provided on the Record of
Borehole sheets in Appendix A and plotted in Figure B3 and B4 of Appendix B. The results are
summarized in Table 5.4.

Table 5.4: Silty Clay Grain Size Analysis

Soil Particle Percentage (%)
Gravel Oto1l
Sand 13to 35
Silt 30 to 36
Clay 33 to 56

The results of Atterberg Limits tests conducted on the silty clay are provided on the Record of
Borehole sheets in Appendix A and plotted in Figure B7 and B8 of Appendix B. The results are
summarized below in Table 5.5 below. The results indicate that the samples tested consist of
intermediate to high plasticity silty clay, with group symbols of Cl to CH.

Table 5.5: Silty Clay Atterberg Limits Test Results

Parameter Result
Liquid Limit 40 to 68
Plastic Limit 19to 31
Plasticity Index 18 to 40

One-dimensional consolidation tests were performed on two samples of the silty clay (thin-walled
tube samples), which were collected from Boreholes 22-07 and 22-08. The results of the testing
are presented in Appendix B and are summarized in the following table.

Sample pe’ Po’ Cv Cvr
Borehole e C C OCR
Depth (m) ° ¢ " | (kPa) | (kPa) (m2?/year) | (m2/year)
22-07 3.8to4.4 | 0.852 | 0.302 | 0.032 285 77 3.7 0.6-1.0 1.1-41
22-08 7.6t08.2 | 0.841 | 0.284 | 0.049 245 153 1.6 0.3-05 0.6 -5.3
Client: HATCH Date: October 17, 2023
File No.: 33309 Page: 8 of 35
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5.6 Groundwater Conditions

Groundwater conditions were observed during drilling operations and groundwater levels were
measured in the open boreholes upon completion of drilling, and in the monitoring well installed
in Borehole 22-07. The measured groundwater levels taken are summarized in Table 5.6 below.
The monitoring well was decommissioned on August 28, 2022 following water sampling and slug
testing.

Table 5.6: Groundwater Measurements

Water Level (m)
Borehole Date - Remark
Depth | Elevation
2906 August 26, 2022 Opgn borehole dry after
caving to 1.4 m.
August 24, 2022 7.3 320.5
22-07 August 25, 2022 (8:00 AM) 5.0 322.8 In monitoring well.
August 25, 2022 (12:46 PM) 4.8 323.0
22-08 May 2, 2022 5.2 326.2 Open borehole.
22-09 May 1, 2022 5.6 325.6 Open borehole.
22-10 April 30, 2022 5.6 326.7 Open borehole.

Due to the short duration of the field investigation, it is anticipated that sufficient time was not
available for infiltration of groundwater into the open boreholes and monitoring well, given the
presence of relatively low permeability silty clay subsurface soils. Therefore, the water level
measurements recorded may not represent the stabilized groundwater level.

The groundwater level is likely to reflect the local creek water level. The surface water level of
Lyon Creek was reportedly measured at Elev. 327.1 m in July 2018.

It should also be noted that groundwater levels are short term observations and seasonal
fluctuations of the groundwater level are to be expected. In particular, the groundwater level may
be at a higher elevation after periods of significant and/or prolonged precipitation and spring snow
melts.

6. CORROSIVITY AND SULPHATE TEST RESULTS

Samples of silty clay fill and native silty clay from Boreholes 22-07 and 22-08 and a sample of
surface water taken from Lyon Creek were submitted for analytical testing of corrosivity

Client: HATCH Date: October 17, 2023
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parameters and sulphate. The laboratory certificates of analysis for the current investigation are
presented in Appendix B. The results of the analytical tests are summarized below in Table 6.1.

Table 6.1: Analytical Test Results

Test Results
Parameter (USnoi;[; (\yvgi[fr) 2(28’2Z§’86§$ 22-08 SS3 (5°-7)) Lyoré\(llvreek
Silty Clay Silty Clay Fill Surface Water
PEteeant;;I mv mv 230 263 207
Sulphide % N/A 0.17 <0.04 ---
pH - - 8.25 8.85 7.77
Chloride Ho/g mg/L 48 230 3.1
Sulphate Ho/g mg/L 430 42 3.5
Conductivity | uS/cm uS/cm 561 317 100
Resistivity | ohm-cm | ohm-cm 1780 3150 10,000*

* Calculated by Thurber based on conductivity result
7. WATER QUALITY

For assessment of the general groundwater quality in the project area, a sample of the
groundwater from the monitoring well at Borehole 22-07, and a surface water sample from the
creek were collected on August 28, 2022. The water samples were analyzed for selected
inorganic parameters included in the Ontario Provincial Water Quality Objectives (PWQO), as
well as Total Suspended Solids. Filtered sub-samples were also tested for dissolved metal
parameters for comparison purposes. The analytical test results are presented in Appendix B.

The analytical results of the water testing were compared to limits for the PWQO for surface water
discharge. The concentrations of all parameters tested that did not meet the criteria established
in the PWQO are listed below in Table 7.1. All parameters shown in Table 7.1 are from the
unfiltered sample, representing total concentrations. No dissolved parameter concentrations
(filtered sub-samples) exceeded the PWQO criteria. The Total Suspended Solids concentration
for surface water was 12 mg/L and was 1,850 mg/L for the unfiltered water taken from the
monitoring well at 22-07 (no assigned PWQO criteria).

Client: HATCH Date: October 17, 2023
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Table 7.1 — Water Parameters Exceeding PWQO Criteria
Sample ID Parameter Criteria Parameter Result
Limit (mg/L) (mg/L)
Total Arsenic Interim PWQO 0.005
PWQoQ 0.100 0.0084
Total Cobalt Interim PWQO 0.0009 0.0141
Total Cadmium Interim PWQO 0.0005t 0.000593
PWQO 0.0001
Total Copper Interim PWQO 0.0052 0.0234
PWQO
Total Iron PWQO 0.3 17.2
22-07 Total Nickel PWQO 0.025 0.0308
(Groundwater) Total Phosphorus | Interim PWQO 0.01° 0.599
Total Silver PWQO 0.0001 0.00015
Total Uranium Interim PWQO 0.005 0.00864
Total Vanadium Interim PWQO 0.006 0.0448
. Interim PWQO 0.02 0.075
Total Zinc PWQOQ 003
Lyon Creek Total Iron PWQO 0.3 0.465
(Surface Water) Total Phosphorous | Interim PWQO 0.013 0.108

L Cadmium interim PWQO follows a scale based on measured hardness as CaCOs. The interim PWQO of 0.0001 mg/L
is set for water with less than 100 mg/L hardness as CaCOs, the interim PWQO OF 0.0005 mg/L is set for water with
greater than 100 mg/L hardness as CaCOs. All water samples taken have measured hardness as CaCOz greater than
100 mg/L. See Appendix B for testing results.

2 Total Phosphorous Interim PWQO follows site specific guidelines. The interim PWQO of 0.01 mg/L is set as a high
level of protection against aesthetic deterioration, the interim PWQO of 0.02 mg/L to avoid nuisance concentrations of
algae in lakes, and the interim PWQO of 0.03 mg/L to avoid excessive plant growth in rivers and streams

3 Copper interim PWQO follows a scale based on measured hardness as CaCOs. The interim PWQO of 0.0001 mg/L
is set for water with less than 20 mg/L hardness as CaCOg, the interim PWQO OF 0.0005 mg/L is set for water with
greater than 20 mg/L hardness as CaCOs. All water samples taken have measured hardness as CaCOs greater than
20 mg/L. See Appendix B for testing results.

8. SINGLE WELL RESPONSE TEST RESULTS
8.1 Test Procedure

A Single Well Response Test (SWRT), or “slug” test, was carried out in the 50-mm diameter well
installed in Borehole 22-07. The well was screened across silty clay. The test was completed
using the following method:

Client: HATCH Date: October 17, 2023
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¢ In advance of conducting the slug test, the monitoring well was developed and purged to
remove excess sediment that may have entered the well during installation, to increase
the representativeness of the natural groundwater in the well and to improve the
transmissivity of the sand pack and well screen.

e A datalogger was inserted into the well following development to monitor the recovery of
the water level in the well. The datalogger was set to record water levels every 15 seconds,
based on the anticipated rate of recovery of the well.

¢ Manual and electronic measurements were recorded until the water level in the well
recovered sufficiently.

¢ Manual measurements were compared to electronic measurements for quality control of
the data.

8.2 Hydraulic Conductivity

The slug test analyzed using the Hvorslev method. The plot of the slug test result is included in
Appendix B. The hydraulic conductivity value calculated from the in-situ slug test is summarized
in Table 8.1 below.

Table 8.1: Single Well Response Test Results

Monitoring Well | Hydraulic Conductivity (m/s) Screened Formation

22-07 9.0x 10° Silty Clay

9. MISCELLANEOUS

Thurber obtained utility clearances for the borehole locations prior to drilling. Borehole locations
were selected and established in the field by Thurber Engineering Ltd.

RPM Drilling of Thunder Bay, Ontario supplied rubber-tired CME 750 and D-90 drill rigs, a Simco
Limited Access drill rig, and tripod portable drilling equipment. RPM Drilling conducted the drilling,
sampling and in-situ testing operations for the boreholes. Traffic control services were provided
by ML Judson Trucking Ltd. of Emo, Ontario.
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Geotechnical laboratory testing was carried out in Thurber's geotechnical laboratory. Analytical
testing was carried out by SGS.

The field investigation was supervised on a full-time basis by Mr. Gregory Stanhope and
Mr. Matthew MacAskill of Thurber. The overall supervision of the field program was conducted by
Ms. Rachel Bourassa, E.Il.T., Ms. Alysha Kobylinski, P.Eng., and Mr. Mark Farrant, P.Eng. of
Thurber.

Interpretation of the field data and preparation of this report was carried out by Ms. Rachel
Bourassa, E.I.T. and Mr. Mark Farrant, P.Eng. The report was reviewed by Dr. P.K. Chatteriji,
P.Eng., a Designated Principal Contact for MTO Foundations Projects.

THURBER ENGINEERING LTD.

Gkl B s

Rachel Bourassa, E.I.T. Mark Farrant, M.Eng., P.Eng.
Geotechnical Engineering Intern Associate, Senior Geotechnical Engineer

Dr. P.K. Chatterji, Ph.D., P.Eng.
Designated MTO Principal Contact
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FOUNDATION INVESTIGATION AND DESIGN REPORT
LYON CREEK CULVERT REPLACEMENT
HIGHWAY 602, DISTRICT OF RAINY RIVER, ONTARIO
AGREEMENT 6019-E-0009, WORK ORDER 35
G.W.P. 6030-22-00, SITE NO. 45X-0151/CO

GEOCRES No.: 52C-65

PART 2: ENGINEERING DISCUSSION AND RECOMMENDATIONS
10. GENERAL

This report provides an interpretation of the factual data from Part 1 of the report and presents
geotechnical recommendations for the proposed replacement of the existing Lyon Creek culvert
crossing Highway 602. The discussion and recommendations presented in this report are based
on the information provided by Hatch and on the factual data obtained during the course of the
investigation.

This foundation investigation and design report with the interpretation and recommendations are
intended for the use of the Ministry of Transportation, and shall not be used or relied upon for any
other purposes or by any other parties including the construction or design-build contractor. The
construction or design-build contractor must make their own interpretation based on the factual
data in Part 1 of the report. Where comments are made on construction, they are provided only
in order to highlight those aspects which could affect the design of the project. Contractors must
make their own interpretation of the factual information provided as it may affect equipment
selection, proposed construction methods and scheduling.

The General Arrangement drawings provided by Hatch indicate that the existing structure is a
cast-in-place concrete, open footing culvert with a span of 6.1 m, height of 2.4 m, and a length of
16.34 m. There are concrete wingwalls at each corner of the culvert. The estimated culvert invert
is at approximate Elev. 325.7 m at the inlet (North) and 325.6 m at the outlet (South). The existing
road grade at the culvert location is Elev. 331.6 m, which varies from approximately 331.3 m to
the west and 332.5 m to the east of the culvert, where the roadway surface is located within a cut
area and is lower than the surrounding topography to the north and south. The local creek water
level was reportedly measured at Elev. 327.1 m in July 2018. Flooding of Lyon Creek was
observed throughout Spring and early Summer 2022.
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The general topography in the area slopes down towards the Lyon Creek valley, which curves to
the west beyond the culvert inlet. The existing highway embankment side slopes above and near
the culvert are inclined at approximately 2H:1V. Previous structural assessments of the culvert
have noted the presence of erosion of the embankment slopes above the culvert.

This report refers to the following applicable codes:

¢ Canadian Highway Bridge Design Code (CHBDC), 2019
¢ National Building Code of Canada (NBCC), 2015

11. CULVERT DESIGN
11.1 Culvert Alternatives

This section presents discussions on various options for rehabilitation or replacement of the
existing culvert. Foundation recommendations for the preferred culvert types are provided.

Several culvert options being considered for this site are listed below:

o Replacement with corrugated steel pipe (CSP), structural plate corrugated steel pipe
(SPCSP) or twin pipes

o Replacement with concrete box (closed) culvert composed of pre-cast segments

o Replacement with a sheet pile culvert composed of sheet pile walls or sheet pile
combination walls with a pre-cast concrete panel cap

A comparison of the culvert types and foundation alternatives based on their respective
advantages and disadvantages is included in Appendix E.

An additional option for rehabilitation of the existing box culvert with new concrete box culvert
extensions was also considered. Through initial analysis and discussions with Hatch, several
concerns were identified with this option including insufficient flow capacity for the existing culvert,
bearing capacity, and the potential for differential settlement between the existing culvert and the
extensions that would be too large to accommodate in the design. Based on these considerations,
this option was ultimately determined to not be a feasible alternative and was not developed
further.

Preliminary draft General Arrangement (GA) drawings were provided by Hatch for each of the
culvert options listed above, which are attached in Appendix H. Each of these options includes
lengthening of the culvert, increasing the vertical profile with an embankment grade raise of up to
approximately 1.2 m above the culvert, and widening of the embankment with additional fill at
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each end. Recommendations for the design and installation of these culvert options are presented
below.

11.2 Summary of Subsurface Conditions

In general, the subsurface stratigraphy below the asphalt typically consists of granular fill overlying
silty clay fill, which is underlain by native silty clay with some sand and trace gravel.

The unstabilized groundwater level in the open boreholes and monitoring well ranged from
approximate Elevation 323.0 to 326.7 m. The local creek water level was reportedly measured at
Elev. 327.1 min July 2018.

11.3 Foundation Design for Culverts

The invert level of the existing culvert (bottom of culvert) is at approximate Elevation 325.7 m at
the inlet (north) and 325.6 m at the outlet (south).

Foundation design aspects for the replacement culvert include subgrade conditions and
preparation, geotechnical capacities, settlement of foundation soils, lateral earth pressures,
groundwater control, cofferdams, temporary stream diversion pipes, temporary roadway
protection system design and restoration of the roadway embankment.

11.3.1  CSP or Structural Plate CSP (SPSCP) Culvert

Replacement of the culvert with a single or multiple CSPs or SPCSPs along the same alignment
has been considered for this site. The subgrade soils will be subjected to additional loading due
to the embankment grade raise and widening associated with the longer replacement culvert. The
GA drawing provided by Hatch shows a design including twin 3.05 m diameter, 38.3 m long
SPCSPs, with an invert level (bottom of pipe) at approximate Elev. 325 m (see Appendix H).

If this alternative is selected, the pipes should be placed on a minimum 300 mm thick layer of
bedding material conforming to OPSS.PROV 1010 Granular A or Granular B Type Il requirements
as per OPSD 802.010. The bedding material should be placed on the prepared subgrade as
soon as practical, following its inspection and approval. The underside of the bedding layer should
be placed at or below Elev. 324.7 m on the stiff to very stiff native silty clay. Any buried topsoil,
excessively soft soil, large cobbles and boulders, and any soft, very loose organic or other
deleterious material encountered during subgrade preparation should be sub-excavated and
replaced with compacted granular material to provide a uniformly competent subgrade condition.
The subgrade preparation, placement and compaction of bedding should be carried out in the
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dry. Adequate preparation of the subgrade will be essential for good performance of the culvert.
Construction equipment should not be allowed to travel on the bedding or the prepared subgrade,
which should be protected from disturbance during construction. A separation layer consisting of
a non-woven geotextile should be placed between the subgrade soils and the bedding material.
The geotextile should meet the specifications for the OPSS Class Il (OPSS 1860) and have a
fabric opening size (FOS) not greater than 212 um.

The major disadvantage of this option is that it will require a large temporary excavation of
approximately 60 m long and up to 8 m deep to install the culvert (see draft GA drawing in
Appendix H).

11.3.2 Concrete Box Culvert

Replacement of the culvert with a new concrete box culvert on the same alignment has also been
considered for this site. The subgrade soils will be subjected to additional loading due to the
embankment grade raise and widening associated with the longer replacement culvert. The GA
drawing provided by Hatch shows a design with a 38.2 m long precast concrete box culvert with
an opening size of 6.0 m wide by 3.0 m high, with an invert level at approximate Elev. 325.1 m
and the base of the box culvert at approximate Elev. 324.7 m (see Appendix H).

In order to provide a uniform foundation subgrade and provide sufficient geotechnical resistance,
a minimum 1 m thick layer of bedding material conforming to OPSS.PROV 1010 Granular A or
Granular B Type Il requirements should be provided under the base of the box culvert. The
bedding material should be placed on the prepared subgrade as soon as practicable following its
inspection and approval. The underside of the bedding layer should be placed on the stiff to very
stiff native silty clay at or below Elev. 323.7 m. Any buried topsoil, excessively soft soil, large
cobbles and boulders, and any soft, very loose organic or other deleterious material encountered
during subgrade preparation should be sub-excavated and replaced with compacted granular
material to provide a uniformly competent subgrade condition. The subgrade preparation and
placement and compaction of the bedding material should be carried out in the dry. Adequate
preparation of the subgrade will be essential for performance of the culvert. A separation layer
consisting of a non-woven geotextile should be placed between the subgrade soils and the
bedding material. The geotextile should meet the specifications for the OPSS Class I, and have
a fabric opening size (FOS) not greater than 212 um. The subgrade surface prepared to support
the box units should have a 75 mm minimum thick top levelling course consisting of uncompacted
Granular A as per OPSS 422. Construction equipment should not be allowed to travel on the
bedding or the prepared subgrade, which should be protected from disturbance during
construction.

Client: HATCH Date: October 17, 2023
File No.: 33309 Page: 17 of 35



[
AR
THURBER

The following geotechnical resistances are recommended for the design of an approximately 6 to
7 m wide box culvert founded on a 1 m thick granular pad with the underside at or below Elevation
323.7 m on the native stiff to very stiff silty clay:

Geotechnical Resistance Approx. 6to 7m
Wide Culvert
Factored Geotechnical Resistance at ULS 235 kPa
Geotechnical Resistance at SLS 185 kPa
(for up to 25 mm settlement)

A consequence factor of 1.0 was utilized in this design adopting the typical consequence level.
The geotechnical resistance factor of 0.5 for bearing and 0.8 for settlement, both adopted for
typical degree of understanding, were used to obtain the above values, as per Canadian Highway
Bridge Design Code (CHBDC) 2019, Section 6.9.

The factored ultimate resistance and settlement are dependent on the culvert size, configuration
and applied loads; the geotechnical resistances should, therefore, be reviewed if the culvert
width or founding/invert elevation differs significantly from that given above.

The above geotechnical resistances are for vertical, concentric loads. Where eccentric or inclined
loads are applied, the resistance values used in design must be reduced in accordance with
CHBDC 2019, Clause 6.10.5.3.

Resistance to sliding should be calculated assuming ultimate coefficients of friction of 0.45
between the concrete and the underlying Granular A or B Type Il bedding material, and 0.35
between the bedding material and the native sandy, silty clay.

The culvert should be designed to resist external loadings including frost forces, lateral earth
pressures, hydrostatic pressure, weight of embankment fill, traffic loadings and surcharge due to
construction equipment.

The major disadvantage of this option is that it will require a large temporary excavation of
approximately 60 m long and up to 9 m deep to install the culvert (see draft GA drawing in
Appendix H).

11.3.3 Pre-cast Concrete Panels Supported on Sheet Pile Abutments
A culvert consisting of two parallel sheet pile walls capped with pre-cast concrete panels is

considered feasible at this site. The sheet piles will provide containment and resistance to lateral
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earth pressures from the embankment fill. This option will reduce the extent of temporary
excavation that will be required to install the culvert. Both standard sheet piles walls and sheet
pile combination walls are considered. Sheet pile combination walls consist of a combination of
conventional sheet piles and H-piles to form the walls, which allow for higher lateral and axial
capacities to be achieved over conventional sheet piles alone. Combination walls are expected
to provide additional rigidity for lateral loading. Draft GA drawings for both sheet pile wall types
are included in Appendix H.

The draft GA drawings for both sheet pile wall options show the base of the excavation (underside
of the streambed material) at approximate Elevation 325.3 m and the cut-off for the top of the
sheet piles (the underside of the concrete panels) at Elevation 329.1 m.

For standard sheet pile walls, the draft GA drawing shows the sheet pile tip Elevations at
305.8 m for AZ 50-700N sections. The length of the sheet pile culvert (along the creek) is
approximately 23.8 m. Sheet piles wing walls of approximately 9.8 m long are also shown at each
guadrant to retain the embankment fill near the culvert.

For sheet pile combination walls, the draft GA drawing shows the sheet pile tip Elevations at
309.3 m. The length of the sheet pile culvert is approximately 25.1 m along the creek, and the
wing walls are approximately 10.6 m long.

11.3.3.1 Axial Resistance of Sheet Piles

Driven steel sheet piles will develop resistance to vertical loads through frictional resistance along
the sides of the sheet piles within the firm to very stiff silty clay fill and the stiff to very stiff native
silty clay. For sheet pile combination walls, the larger surface area of the H-piles will provide
additional frictional resistance.

Based on discussions with Hatch, we understand that the axial design loads will be 840 kN/m for
ULS and 640 kN/m for SLS. For standard sheet pile walls, AZ 50-700N sections are proposed,
and for sheet pile combination walls, HZ 880M C - 12 / AZ 25-800 sections are proposed. Based
on this information, the following table provides the recommended geotechnical axial resistances
for driven sheet pile walls and sheet pile combination walls, for the application sections and pile
lengths below the base of excavation:
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Factored ULS SLS
Sheet Pile Approx. Approx. Capacit Capacit
Sheet Pile Wall Tip Total | Embedded pacity pactty
. . . . (per m of (per m of
Type and Section Elevation Sheet Pile | Sheet Pile
(m) Length (m) | Length (m) wall) wall)
g g (kN/m) (kN/m)
Standard Sheet Pile Wall
. 305.8 23.3 19.5 840 640
Section AZ 50-700
Combination Wall Section
. 19. 1 4 4
HZ 880M C -12 / AZ 25-800 309.3 98 6 840 640

The SLS values are based on a vertical pile settlement of 25 mm at the base of the embankment
fill. Elastic compression of the sheet pile will be in addition to this settlement.

A consequence factor of 1.0 was utilized in this design adopting the typical consequence level.
The geotechnical resistance factor of 0.5 for bearing and 0.8 for settlement, both adopted for
typical degree of understanding, were used to obtain the above values, as per Canadian Highway
Bridge Design Code (CHBDC) 2019, Section 6.9.

11.3.3.2 Pile Installation
Pile installation should be in accordance with OPSS.PROV 903.

Sheet piles should be driven to the specified elevation noted above for the selected sheet pile
length. The appropriate pile driving note is “Sheet piles to be driven to Elevation XXX m” (to be
completed by designer).

Tip protection should not be used for sheet piles at this site as the load bearing sheet piles will
derive vertical resistance mostly from shatft friction.

Design of the sheet pile foundations must consider environmental conditions such as road salts
or fluctuating water levels that may cause long term corrosion and reduce the service life of the
structure.

The sheet piles will be driven partially through the silty clay embankment fill prior to excavation
and removal of the existing culvert. It should be recognized that fill materials including
embankment fills are heterogeneous in nature and may contain obstructions such as wood,
boulders or rock fill. Occasional wood fragments were encountered in the fill in Boreholes 22-08
and 22-09. If such obstructions are encountered at the proposed locations of the sheet pile walls,
they will have to be removed to facilitate sheet pile installation. Suggested text for an NSSP is
included in Appendix F.
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11.3.3.3 Lateral Resistance of Sheet Piles

The depth of penetration of the sheet piles will be governed not only by the axial load demand,
but also by the lateral load demand imposed by the soils retained behind and above the sheet
piles as well as the surface live loads. The sheet pile design must satisfy the lateral stability
requirement and allowable deflection limit.

The GA drawings show the top of the sheet piles at Elevation 329.1 m. The sheet piles will retain
approximately 4 m high excavations sloped at 2H:1V behind the sheet piles. The 2H:1V slopes
will be excavated mainly within the existing embankment fill. The maximum depth of excavation
in front of the sheet piles will reach approximately 4 m, with the base of excavation at approximate
Elevation 325.3 m. The lateral load induced by the 2H:1V slope on the sheet piles may be
modelled as a surcharge. Geotechnical parameters for design of the sheet piles are provided
below:

The lateral earth pressure from the silty clay can be computed as follows:
d Pa=Ka*y' *z+q (kPa)

Where: Ka = 0.4, y' = 19 kN/m?® above groundwater and 9 kN/m? below groundwater, z is depth
from the top of sheet pile, g is surcharge from the 2H:1V cut slope and any live loads behind the
crest of slope.

The coefficient of horizontal subgrade reaction (ks) and the ultimate lateral resistance (pur) below
the base of the excavation may be computed as follows:

. s=33*S, (kN/m? per metre wall)
Pu=2*Su+7*D (kPa)

Where, S, = 50 kPa at the base of excavation (elevation 325.3 m) and increasing at 2 kPa/m with
depth, Y’ = 9 kN/m? below the base of excavation, D is depth (m) below the base of excavation.

The spring constant (Ks) and ultimate lateral resistance (Pur) can be obtained by the following
equations:

o Ks=ks*L (KN/m per metre wall)
o Put = pur * L (kN per metre wall)

Where, L is length (m) of the sheet pile segment along the depth of embedment.
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The design groundwater table and hydrostatic pressure should be Elevation 327 m behind the
sheet pile and the base of excavation in front of the sheet pile.

To maintain the computed passive resistance, protection must be provided in front of the sheet
piles to prevent material loss due to creek erosion.

11.3.4 Frost Cover

The depth of frost penetration at this site is approximately 2.3 m based on OPSD 3090.100. The
base of any concrete footings if employed should be provided with a minimum of 2.3 m of earth
cover as protection against frost action. The frost cover requirement does not apply to the pipe
and box culvert options.

Frost treatment / tapers should be in accordance with OPSD 803.031 for a pipe culvert
replacement or 803.010 for a box culvert replacement. As the pipe, concrete box, and sheet pile
culvert options all require open cut excavation and replacement of the silty clay fill with new
granular material below the frost penetration depth, frost treatment will be required for each
option. Frost tapers will be required to transition between the new backfill and where the base of
the pavement granular fill, including any grade raise granular fill, will be above the frost penetration
depth.

11.3.5 Subgrade Preparation
Performance of the replacement culvert will depend on the preparation of the subgrade.

Any buried topsoil, excessively soft soil, large cobbles and boulders, and any soft, very loose
organic or other deleterious material encountered during subgrade preparation should be sub-
excavated and replaced with compacted granular material to provide a uniformly competent
subgrade condition.

In the event that sub-excavation is required, the width of sub-excavation should be defined by a
line extending from 0.3 m beyond the outside edge of the proposed culvert, outward and
downward at 1H:1V. The sub-excavated area should then be backfilled with granular material
meeting OPSS.PROV 1010 Granular A or Granular B Type Il requirements and be compacted as
per OPSS.PROV 501. The subgrade preparation and placement and compaction of the bedding
material must be carried out in the dry.
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Construction equipment should not be allowed to travel on the prepared subgrade, which must
be protected from disturbance during construction. Suggested wording for an Operational
Constraint on Subgrade Preparation is included in Appendix F.

11.3.6 Settlement Due to Grade Raise and Embankment Widening

The replacement culvert options are proposed to be constructed approximately on the same
alignment and with a similar or larger opening size as the existing culvert. However, as the
replacement culvert will be longer than the existing culvert, and a grade raise of up to
approximately 1.2 m is proposed, the placement of additional fill will be required for the grade
raise and to widen the embankment slopes. For the pipe and concrete box culvert options, the
anticipated widened embankment will add approximately 5 m of new fill at the inlet and outlet of
the culvert, where there is no existing fill beyond the existing culvert wing walls. For the sheet
pile culvert option, the additional fill above the existing embankment fill height ranges from
approximately 1.2 to 2.4 m along the concrete panel culvert cap. Approximately 2 to 2.5 m of new
fill will be added above the existing embankment slopes behind the proposed sheet pile wing walls
just east and west of the new sheet pile culvert. For each culvert option, the fill height decreases
to the east and west of the culvert, to transition to the existing embankment footprint.

The placement of additional fill will induce settlement of the native silty clay. This is shown on the
settlement profile (Figure SP1) included in Appendix G, which depicts the anticipated settlement
along the pipe and box culvert options. The profile shows approximately 25 mm of settlement at
the centreline of the highway embankment under the highest part of the grade raise, and
approximately 70 to 80 mm of settlement beyond the ends of the existing embankment where no
fill currently exists above the native soils (i.e. beyond the existing culvert wing walls).

For the sheet pile culvert option, the load applied by the additional fill above the concrete culvert
cap will be accommodated by the sheet pile walls. Accordingly, within the culvert footprint, the
anticipated foundation settlement due to the grade raise and widening is approximately 25 mm.
Just beyond the culvert footprint, the foundation settlement under the grade raise and widening
is anticipated to be approximately 25 mm at the centreline of the highway embankment, and up
to approximately 65 mm on the embankment slopes under the 2 to 2.5 m of new fill, resulting in
approximately 40 mm of differential settlement.

For each culvert option, the extent of settlement under the new fill will be greatest near the culvert
location where the grade raise and widening fill is highest. The magnitude of settlement will
decrease along the highway alignment beyond the culvert, as the height of the grade raise and
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embankment widening decreases (i.e. less fill placed on the existing embankment and
embankment toe locations).

50% of the estimated settlement is anticipated to occur over 2 to 3 months after completion of the
fill placement, and the remainder is estimated to occur within 2 to 3 years after construction.

The selected replacement culvert option must be designed to tolerate the estimated settlement
induced by the placement of the grade raise and widening fill. This is particularly important for the
sheet pile culvert option to minimize the potential of the sheet pile structure being dragged down
and laterally displaced by the new fill.

Options for mitigation of the settlement include:

1. The widened portion of the embankment could be preloaded for 2 to 3 months to reduce
the extent of differential settlement induced by the new fill for the selected culvert option.
The 2 to 3 month preloading period would add additional time to the overall construction
schedule.

2. Forthe sheet pile culvert option, the sheet piles could be driven to deeper depth. However,
since a deeper competent stratum was not encountered in the boreholes, driving to deeper
depths is not practical at this site.

3. Design the sheet pile culvert structure to accommodate the estimated foundation
settlement and differential settlement.

Deferring paving of the highway until the following spring, after the culvert replacement is
completed, should also be considered. This would provide additional time for settlement to occur
and allow for the final highway grading to compensate for any bumps that may have formed
behind the sheet piles.

11.3.7 Recommended Approach for Culvert Replacement

From a foundation engineering perspective, replacement with twin SPCSP pipes or a concrete
box culvert are feasible options, however require large temporary excavations to install the
culverts, and require the design to accommodate more differential settlement due to the grade
raise and embankment widening than the sheet pile culvert option. The sheet pile culvert option
reduces the amount of settlement due to the grade raise and widening and reduces the extent of
the temporary excavation required. Therefore, the sheet pile culvert option (either standard sheet
pile walls or combination walls) is recommended from a foundation engineering perspective.
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12. EXCAVATION AND GROUNDWATER CONTROL

All excavations should be carried out in accordance with the Occupational Health and Safety Act
(OHSA). For the purposes of the OHSA, the granular and silty clay fills at this site are classified
as a Type 3 soil above the water table. Below the water table (i.e., if the groundwater flow is not
controlled), the fill soils would be classified as Type 4 soils. The native silty clay is classified as
Type 3 soil, however the stability analyses for temporary excavations (see Section 20) indicate
that 1H:1V temporary excavations are not recommended.

Excavation and backfilling for culvert construction should be carried out in accordance with
OPSS.PROV 902. Excavations for culvert replacement will be carried out through the existing fill
and into the native silty clay.

Installation of the culvert should be carried out in the dry. It is anticipated that excavation for the
pipe or box culvert replacement will be carried out below the creek water level, and diversion of
the surface water flow will be required. For the sheet pile culvert option, it is anticipated that creek
flow will be contained within the existing culvert until the sheet pile walls are installed. Surface
runoff and groundwater seepage from the embankment fill should also be anticipated and will
accumulate in the excavations if not controlled. Depending on the selected culvert option. a
combination of cofferdam enclosures and stream diversion along with pumping from properly
filtered sumps within an enclosure will be required to maintain dry excavations during the course
of staged construction.

The design of any dewatering systems is the responsibility of the Contractor. The Contract
Documents must alert the Contractor to this responsibility and to design the system in accordance
with SP FOUNOO0O03 and OPSS.PROV 517. A preconstruction survey is not required at this site,
thus Designer Fill-In ** in SP FOUNOOO3 should be “N/A”.

The groundwater level will fluctuate and the minimum groundwater elevation at the time of the
proposed work should be taken as the creek water level or the design storm return period defined
by the contract documents for the temporary dewatering system.

13. STREAM DIVERSION PIPE

A temporary stream diversion pipe may be required to divert creek water flow during construction
of the replacement culvert or extensions. As shown on the draft GA drawings, it is anticipated that
the invert level of the diversion pipe, where required, will be at or below Elevation 325.7 m, which
corresponds to native silty clay.
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The temporary diversion pipe should be placed on a minimum 300 mm thick layer of bedding
material conforming to OPSS.PROV 1010 Granular A or Granular B Type Il requirements as per
OPSD 802.010. The bedding material should be placed on the prepared subgrade as soon as
practical, following its inspection and approval. The subgrade preparation should be carried out
in the dry. The prepared subgrade should be protected from disturbance during construction.

The stream diversion pipe could be installed within the temporary open cut excavations, or within
a shored excavation using a trench box.

14. DEWATERING ASSESSMENT

Groundwater taking for construction dewatering is governed by the Ontario Water Resources Act
(OWRA), Environmental Protection Act (EPA) and the Water Taking and Transfer Regulation
387/04, a regulation under the OWRA.

If the water taking rate will be greater than 50,000 L/day and less than 400,000 L/day then
registration on the Environmental Activity and Sector Registry (EASR) will be required. If the water
taking rate will be greater than 400,000 L/day, then a Category 3 Permit To Take Water (PTTW)
will be required. On July 1, 2021, changes to EASR registrations came into effect, and storm
water values no longer contribute to EASR maximum water taking rates. They are still, however,
applicable to maximum water taking rates for PTTWSs. A preliminary assessment of the need for
water taking permitting is provided herein; however, additional analysis will be required to confirm
this.

Three culvert replacement options were considering for the preliminary dewatering assessment
at this site (twin SPCSP pipes, box culvert, and sheet pile culvert). The pipe and culvert options
also included a temporary diversion pipe adjacent to the culvert to redirect the creek flow around
the work area during construction. Based on the draft GA drawings, the dimensions and
conditions that were assumed for the preliminary dewatering assessment are provided in Table
14.1 below. For full dewatering to the base of the temporary excavations, the geologic unit that
will need to be dewatered is silty clay.

Table 14.1: Assumed Excavation Dimensions and Ground Conditions

Lowest
Assumgd Assumed AEslE Geologic Unit(s)
Structure Excavation . Groundwater
Footprint (m) Elevation of Elevation (m) to Dewater
P Excavation (m)
One Half of Twin
SPCSP 30x 25 324 329.0 Silty Clay
Replacement
Client: HATCH Date: October 17, 2023
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Assumed HoTEEE Assumed . .
. Assumed Geologic Unit(s)
Structure Excavation . Groundwater
: Elevation of . to Dewater
Footprint (m) : Elevation (m)
Excavation (m)
Culvert including
diversion pipe
One Half Precast
Box Replacement .
Culvert including 30x25 324 329.0 Silty Clay
diversion pipe
One Half Sheet Pile
Culvert (no 15x 10 325 329.0 Silty Clay
diversion pipe)

For the purpose of estimating water taking flow rates, it was assumed that surface water flow
would be directed around the excavation such that surface water will not enter the excavation at
a significant rate.

The water taking will be temporary in nature for the purpose of construction dewatering for
installation of the culvert. The hydraulic conductivity of the silty clay was assumed based on the
results of the in-situ slug test described in Section 8, which was within the range of estimates
based on grain-size using the Puckett correlation. Dewatering rates were estimated using the
Dupuit analytical solution. The radius of influence was calculated using the Sichardt equation. It
is assumed the water level will be lowered to about 1 m below the proposed excavation base in
order to facilitate a dry, stable work area.

It is noted that a stabilized water level was not recorded during the investigation. Therefore, a
maximum ground water level elevation of 329.0 m was selected as a conservative (relatively high)
water level.

It is assumed that one half of each culvert option would be constructed at a time to allow for a live
lane of traffic to remain open.

The preliminary peak water taking rates for the three options were estimated to range from
approximately 15,000 to 40,000 L/day, including a safety factor and a 50-mm rainfall allowance.
The majority of the peak water taking rate is due to the rainfall allowance. The anticipated rate of
groundwater flow through the silty clay is very small. The preliminary radius of influence was
estimated to be less than 10 m from the edge of the excavation.

Considering the estimated peak water taking rate is less than 50,000 L/day, neither a PTTW nor
an EASR registration will be required.
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Some perched water may exist in the shallow sand seam encountered at Borehole 22-07 or within
the fill that may need to be temporary managed. It is anticipated that the sand seam or fill will not
be a source of continuous groundwater flow into the excavation; however, dewatering flow rates
may be temporarily higher than the budgeted dewatering rate initially. If higher flow rates are
initially encountered, the contractor must not dewater more than 50,000 L/day in order to remain
below the minimum water taking rate for EASR registration.

15. WATER QUALITY

For assessment of the general groundwater quality at the site, a sample of the groundwater from
the monitoring well at Borehole 22-07, and a surface water sample from the creek were collected
on. As noted in Section 7, the water samples were tested and the results were compared to the
Ontario Provincial Water Quality Objectives (PWQO). Filtered sub-samples of the groundwater
and surface water were also tested for dissolved metal parameters for comparison purposes. The
water sample test results are summarized in Table 7.1, and the full analytical test results are
presented in Appendix B.

The test results indicate that eleven metals parameters tested from the groundwater sample and
two of the metals parameters tested from the surface water sample exceeded the PWQO criteria
for total (unfiltered) concentrations. However, testing of filtered samples to remove the high Total
Suspended Solids, indicated considerably reduced metals concentrations, with no dissolved
metals concentrations exceeding the PWQO criteria. If dewatering is used at this site, it is likely
that treatment of the discharge water through the use of filtering, settling tanks or other methods
may be required to reduce the amount of suspended solids and the metals concentrations prior
to discharge into local surface water bodies such as creeks.

16. CULVERT BACKFILL AND LATERAL EARTH PRESSURES

Backfill to the culvert should consist of free-draining, non-frost susceptible granular materials such
as Granular A or B Type Il conforming to the requirements of OPSS.PROV 1010. Reference
should be made to the backfill arrangements stipulated in OPSD 802.010 or 803.010, as
appropriate. Backfilling for the culvert should be in accordance with OPSS.PROV 401 for a CSP
and OPSS.PROV 902 for a box culvert. All fills should be placed in regular lifts and be compacted
in accordance with OPSS.PROV 501. The backfill should be placed and compacted in
simultaneous lifts on both sides of the culvert, and the top of backfill elevation should not differ
more than 500 mm on both sides of the culvert at all times. Heavy compaction equipment should
not be used adjacent to the walls and on the roof of the culvert. Compaction equipment to be used
adjacent to the culvert should be restricted in accordance with OPSS.PROV 501.
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Lateral earth pressures acting on the culvert walls may be assumed to be a triangular distribution.
For a fully drained backfill, the pressures should be computed in accordance with the CHBDC
2019, but are generally given by the expression:

Pn = Ky h+a)
where Pn = horizontal pressure on the wall at depth h (kPa)
K = earth pressure coefficient (see table below)
Y = bulk unit weight of retained soil (see table below)
h = depth below top of fill where pressure is computed (m)
q = value of any surcharge (kPa)

Earth pressure coefficients for backfill to the culvert walls are dependent on the material used as
backfill. Recommended unfactored values are shown in Table 16.1 below.

Table 16.1 — Lateral Earth Pressure Coefficients (K)

OPSS Granular A or OPSS Granular B
Granular B Type Il Type | (modified) or Type llI
Loading Condition ¢ = 35° vy = 22.8 KN/m? ¢ = 32° vy =21.2 kN/m?®
Horizontal Sloping Backfill Horizontal Sloping Backfill
Backfill (2H:1V) Backfill (2H:1V)
Active
(Unrestrained Wall) 0.27 0.40 0.31 0.48
At-rest
(Restrained Wall) 0.43 0.62 0.47 0.70
Passive 3.7 - 3.2 -

Note: Submerged unit weight should be used below the groundwater level/high creek level.

For rigid structures such as concrete box culverts, at-rest horizontal earth pressures should be
used for design. Active earth pressures should be used for any unrestrained wall.

The use of a material with a high friction angle and low active pressure coefficient (e.g. Granular
A, Granular B Type l) is preferred as it results in lower earth pressures acting on the culvert.

In accordance with Clause 6.12.3 of the CHBDC 2019, a compaction surcharge should be added.
The magnitude of the surcharge should be 12 kPa at the top of fill and decrease to 0 kPa at a
depth of 1.7 m for Granular B Type I, or at a depth of 2.0 m for Granular A or B Type II.

17. SEISMIC CONSIDERATIONS

In accordance with the CHBDC 2019, the selection of the seismic site classification is based on
the soil conditions encountered in the upper 30 m of the stratigraphy. Based on the presence of
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generally stiff silty clay native soil, the site is classified as Seismic Site Class D in accordance
with Table 4.1, Clause 4.4.3.2 of the CHBDC. The peak ground acceleration, PGA, for a 2% in

50-year probability of exceedance at this site is 0.038 g as per the National Building Code of
Canada (NBCC).

In accordance with Section 6.14.7 of the CHBDC 2019, the culvert walls should be designed using
active (Kag) and passive (Kpe) earth pressure coefficients that incorporate the effects of
earthquake loading. The coefficients of horizontal earth pressure for seismic loading presented in
Table 17.1 may be used:

Table 17.1 — Earth Pressure Coefficients for Earthquake Loading

Earth Pressure Coefficient (K)
Existing Granular Fill or OPSS .
o OPSS Granular A or o Silty Clay
Condition Granular B Type Ii Granular (I;%r'l_}ypzln(lmodmed) (Fill or Native)

¢ = 35°, v = 22.8 kN/m?® L orhyp ,

¢ =32°, y=21.2 kN/m
Active (Kag)! 0.29 0.33 0.41
Passive (Kpg)? 3.6 3.2 2.5
At Rest (Kog)® 0.49 0.53 0.63

Note 1: Mononobe and Okabe, 1929, World Engineering Congress 9: 179-187

Note 2: Passive case assumes a horizontal surface in front of the wall.
Note 3: Wood, J. H. 1973, earthquake induced soil pressures on structures, PhD Thesis, California Institute
of Technology, Pasadena, CA.

In view of the low potential for seismic activity in the area, liquefaction is not considered to be a
concern at this site.

18. COFFERDAMS

Construction of cofferdams will be required for stream diversion and constructing the culvert
replacement in the dry. Options for cofferdams include interlocking sheet piles or sandbags. Sheet
pile cofferdams are anticipated to be feasible at this site as they can be driven into the native silty
clay. The recommendations provided in Section 19 below for Temporary Protection Systems are
also applicable to sheet pile cofferdams.

19. TEMPORARY PROTECTION SYSTEM

A temporary roadway protection system, if utilized, should be implemented in accordance with
OPSS.PROV 539 and designed for Performance Level 2. Options for roadway protection are a
soldier pile and lagging system or interlocking sheet piles. Sheet piles are anticipated to be
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feasible at this site as they can be driven into the native silty clay. The soil parameters in Table
19.1 may apply for the design of the temporary roadway protection system with horizontal backfill.

Table 19.1 — Soil Parameters for Temporary Protection System Design

Soil Parameter

Existing Granular

Silty Clay

Fill (Fill or Native)
T 20 kN/m3 19 kN/m?
(total unit weight)
L 10 kN/m? 9 kN/m?
(submerged unit weight)
Ka 0.31 0.40
Ko 3.3 25

Full hydrostatic pressure should be considered assuming a water level at least equal to the design
creek water level.

The temporary protection system may be removed or partially removed upon completion of the
work. Care must be taken when removing the TPS as to not incur damage to the subgrade of the
newly installed culvert.

The design of the temporary protection system is the responsibility of the Contractor. The actual
pressure distribution acting on the protection/shoring system is a function of the construction
sequence and the relative flexibility of the wall, and these factors have to be considered when
designing the shoring system. All protection systems should be designed by a Professional
Engineer experienced in such designs, who will determine an appropriate support system.

The configuration of this culvert site presents challenges for design of an appropriate roadway
protection system for staging the culvert replacement options, due to the length and height of the
shoring system required. The Contractor and shoring designer must be alerted to these concerns
in order to design an appropriate protection system. Additional measures such as the use of
tiebacks and deadmen may be required to provide additional lateral support of the free-standing
portion of the protection system.

20. SLOPE STABILITY
201 Permanent Slopes

Slope stability analyses were conducted to assess the widened Highway 602 embankment side
slopes under the proposed grade raise. The stability assessments assume the embankment fill
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will consist of Granular B Type Il, constructed at a 2H:1V slope. If property or existing utility
constraints require steeper slopes to be constructed, the stability assessments also considered
utilizing rock fill to allow a steeper 1.5H:1V slope to be constructed. The results of the slope
stability analyses are included in Appendix G.

Figures G1 and G2 show that a Granular B Type Il embankment with 2H:1V side slopes would
be stable for the short-term (undrained) and long-term (drained) conditions, with a Factor of Safety
against slope failure of 1.5. Figures G3 and G4 show that 1.5H:1V slopes for a rock fill
embankment would also be stable, with a Factor of Safety of 1.5 for both the short-term and long-
term conditions.

20.2 Temporary Excavation Slopes

Based on the draft GA drawings attached in Appendix H, the temporary excavations required to
install the new culvert are up to approximately 60 m long and 9 m deep. The excavations will be
largely carried out in silty clay, with a groundwater Elevation at approximately 327 m. Due to the
height of the temporary excavations that will need to be accommodated, slope stability analysis
was carried out.

Figure G5 shows that temporary excavation slopes of 3H:1V below the groundwater table and
1H:1V above the groundwater table have a Factor of Safety against slope failure of 1.0, and
therefore are not acceptable. In order to achieve a minimum Factor of Safety of 1.3 for stability
of the temporary excavation slopes, above the groundwater level the slopes should be inclined at
no steeper than 2.5H:1V. Figures G6 and G7 show Factors of Safety of 1.3 and 1.5 for temporary
2.5H:1V and 3H:1V slopes above the groundwater level respectively. Due to the height of the
temporary excavations, it is recommended that 3H:1V slopes or other temporary excavation
support measures be utilized, such as excavating within sheet pile enclosures. If sheet pile
enclosures are utilized, the Contractor must design the sheet piles to be deep enough to retain
the existing soil behind the sheet piles. The sheet pile culvert option may be beneficial as it acts
a sheet pile enclosure and allows for shallower temporary excavations and less soil to be
supported during construction compared to the pipe or box culvert options. In this regard,
temporary excavation slopes of 2H:1V above the groundwater level and supported by sheet pile
foundation walls designed as per Section 11.3.3.3 above (as shown on the GA drawing in
Appendix H) are considered to be acceptable.

Suggested wording for an NSSP on Temporary Excavation Slopes is included in Appendix F.
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21. EMBANKMENT RESTORATION

Embankment restoration after completion of the culvert replacement should be carried out in
accordance with OPSS.PROV 206. The embankment reconstruction material should consist of
imported Granular B Type Il or Rock Fill material. The restored embankment beyond the culvert
should be reinstated at the existing slope inclination, but no steeper than 2H:1V if constructed
with granular fill or 1.5H:1V if constructed with rock fill. Soils generated from the culvert excavation
should not be used for reinstatement of the embankment.

In general, surface vegetation, peat, topsoil, organic deposits, disturbed material or otherwise
loose/soft soils should be stripped from the areas around the culvert inlets and outlets, and within
the embankment footprints. Inspection and approval of the foundation surfaces by qualified
geotechnical personnel should be conducted.

22. SCOUR AND EROSION PROTECTION

Erosion protection should be provided at the culvert inlet and outlet. Design of the erosion
protection measures should consider hydrologic and hydraulic factors and should be carried out
by specialists experienced in this field in accordance with OPSD 810.010, OPSS 511 and
OPSS.PROV 1004.

Typically, rock protection should be provided over all surfaces with which creek water is likely to
be in contact. A vegetation cover should be established on all other exposed earth surfaces to
protect against surficial erosion in general accordance with OPSS.PROV 804.

A concrete cut-off wall (for box culvert option only) and a clay seal (only at the inlet) should be
used to minimize the potential for erosion or piping around the culvert. The clay seal should extend
to approximately 0.3 m above the high-water level and laterally for the width of the granular
material, and have a minimum thickness of 0.5 m. The material requirements should be in
accordance with OPSS.PROV 1205. A geosynthetic clay liner may be used in place of a
compacted clay seal.

Selection of streambed material should be in accordance with OPSS 1005.
23. CORROSION AND SULPHATE ATTACK POTENTIAL

The results of the corrosivity and sulphate content analytical tests conducted on the soil and
surface water samples indicate the following conditions at the locations tested:
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e The potential for corrosion on metal or concrete foundations from the surrounding surface
water is considered to be mild, due to the low chloride and sulphate concentrations in the
samples tested.

e The potential for corrosion on metal and concrete from the surrounding silty clay fill and native
silty clay is considered to be moderate to severe, due to the low resistivity of the samples
tested. The effect of road deicing salt should be considering while selecting the class of
concrete.

e The potential for sulphate attack on concrete from the surrounding soil or surface water is
considered to be negligible due to the low sulphate concentration in the samples tested.

e Appropriate protection measures are recommended for metal or concrete structural elements.
The effect of road deicing salt should be considered while selecting the corrosion protection
measures.

24.  CONSTRUCTION CONCERNS
Potential construction concerns include, but are not necessarily limited to:

e Temporary excavations up to approximately 9 m deep will be required to install the
replacement culvert and will require temporary excavation slopes of 3H:1V.

e A suitable roadway protection system must be designed that is capable of supporting the
live highway lane for construction staging.

o Full dewatering to below the base of the culvert excavation will be required to maintain dry
excavations for construction.

e The water level in the creek may fluctuate and be at a higher elevation at the time of
construction than indicated in the report.

25. CLOSURE

Preparation of the design report was carried out by Mr. Mark Farrant, P.Eng. Engineering analysis
was carried out by Mr. Mark Farrant, P.Eng., Mr. Michael Eastman, P.Eng., Mr. Mohamed
Hosney, P.Eng., and Mr. Keli Shi, P.Eng. The report was reviewed by Dr. P.K. Chatterji, P.Eng.,
a Designated Principal Contact for MTO Foundations Projects.
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STATEMENT OF LIMITATIONS AND CONDITIONS

1. STANDARD OF CARE

This Report has been prepared in accordance with generally accepted engineering or environmental consulting practices in the applicable jurisdiction.
No other warranty, expressed or implied, is intended or made.

2. COMPLETE REPORT

All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are a part of the Report, which is of a
summary nature and is not intended to stand alone without reference to the instructions given to Thurber by the Client, communications between
Thurber and the Client, and any other reports, proposals or documents prepared by Thurber for the Client relative to the specific site described herein,
all of which together constitute the Report.

IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS EXPRESSED HEREIN, REFERENCE MUST BE
MADE TO THE WHOLE OF THE REPORT. THURBER IS NOT RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE REPORT WITHOUT REFERENCE
TOTHEWHOLE REPORT.

3. BASIS OF REPORT

The Report has been prepared for the specific site, development, design objectives and purposes that were described to Thurber by the Client. The
applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the Report, subject to the limitations provided
herein, are only valid to the extent that the Report expressly addresses proposed development, design objectives and purposes, and then only to the
extent that there has been no material alteration to or variation from any of the said descriptions provided to Thurber, unless Thurber is specifically
requested by the Client to review and revise the Report in light of such alteration or variation.

4. USE OF THE REPORT

The information and opinions expressed in the Report, or any document forming part of the Report, are for the sole benefit of the Client. NO OTHER
PARTY MAY USE OR RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT THURBER'S WRITTEN CONSENT AND SUCH
USE SHALL BE ON SUCH TERMS AND CONDITIONS AS THURBER MAY EXPRESSLY APPROVE. Ownership in and copyright for the contents
of the Report belong to Thurber. Any use which a third party makes of the Report, is the sole responsibility of such third party. Thurber accepts no
responsibility whatsoever for damages suffered by any third party resulting from use of the Report without Thurber's express written permission.

5. INTERPRETATION OF THE REPORT

a) Nature and Exactness of Soil and Contaminant Description: Classification and identification of soils, rocks, geological units, contaminant materials
and quantities have been based on investigations performed in accordance with the standards set out in Paragraph 1. Classification and
identification of these factors are judgmental in nature. Comprehensive sampling and testing programs implemented with the appropriate
equipment by experienced personnel may fail to locate some conditions. All investigations utilizing the standards of Paragraph 1 will involve an
inherent risk that some conditions will not be detected and all documents or records summarizing such investigations will be based on
assumptions of what exists between the actual points sampled. Actual conditions may vary significantly between the points investigated and the
Client and all other persons making use of such documents or records with our express written consent should be aware of this risk and the
Report is delivered subject to the express condition that such risk is accepted by the Client and such other persons. Some conditions are subject
to change over time and those making use of the Report should be aware of this possibility and understand that the Report only presents the
conditions at the sampled points at the time of sampling. If special concerns exist, or the Client has special considerations or requirements, the
Client should disclose them so that additional or special investigations may be undertaken which would not otherwise be within the scope of
investigations made for the purposes of the Report.

b)  Reliance on Provided Information: The evaluation and conclusions contained in the Report have been prepared on the basis of conditions in
evidence at the time of site inspections and on the basis of information provided to Thurber. Thurber has relied in good faith upon representations,
information and instructions provided by the Client and others concerning the site. Accordingly, Thurber does not accept responsibility for any
deficiency, misstatement or inaccuracy contained in the Report as a result of misstatements, omissions, misrepresentations, or fraudulent acts
of the Client or other persons providing information relied on by Thurber. Thurber is entitled to rely on such representations, information and
instructions and is not required to carry out investigations to determine the truth or accuracy of such representations, information and instructions.

c) Design Services: The Report may form part of design and construction documents for information purposes even though it may have been issued
prior to final design being completed. Thurber should be retained to review final design, project plans and related documents prior to construction
to confirm that they are consistent with the intent of the Report. Any differences that may exist between the Report's recommendations and the
final design detailed in the contract documents should be reported to Thurber immediately so that Thurber can address potential conflicts.

d) Construction Services: During construction Thurber should be retained to provide field reviews. Field reviews consist of performing sufficient and
timely observations of encountered conditions in order to confirm and document that the site conditions do not materially differ from those
interpreted conditions considered in the preparation of the report. Adequate field reviews are necessary for Thurber to provide letters of assurance,
in accordance with the requirements of many regulatory authorities.

6. RELEASE OF POLLUTANTS OR HAZARDOUS SUBSTANCES

Geotechnical engineering and environmental consulting projects often have the potential to encounter pollutants or hazardous substances and the
potential to cause the escape, release or dispersal of those substances. Thurber shall have no liability to the Client under any circumstances, for the
escape, release or dispersal of pollutants or hazardous substances, unless such pollutants or hazardous substances have been specifically and
accurately identified to Thurber by the Client prior to the commencement of Thurber’s professional services.

7. INDEPENDENT JUDGEMENTS OF CLIENT

The information, interpretations and conclusions in the Report are based on Thurber's interpretation of conditions revealed through limited investigation
conducted within a defined scope of services. Thurber does not accept responsibility for independent conclusions, interpretations, interpolations and/or
decisions of the Client, or others who may come into possession of the Report, or any part thereof, which may be based on information contained in
the Report. This restriction of liability includes but is not limited to decisions made to develop, purchase or sell land.
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Appendix A

Record of Borehole Sheets



SYMBOLS, ABBREVIATIONS AND TERMS USED ON RECORDS OF BOREHOLES

1. TEXTURAL CLASSIFICATION OF SOILS
CLASSIFICATION PARTICLE SIZE VISUAL IDENTIFICATION
Boulders Greater than 200mm same
Cobbles 75 to 200mm same
Gravel 4.75 to 75mm 510 75mm
Sand 0.075 to 4.75mm Not visible particles to 5mm
Silt 0.002 to 0.075mm Non-plastic particles, not visible to
the naked eye
Clay Less than 0.002mm Plastic particles, not visible to
the naked eye
2. COARSE GRAIN SOIL DESCRIPTION (50% greater than 0.075mm)
TERMINOLOGY PROPORTION
Trace or Occasional Less than 10%
Some 10 to 20%
Adjective (e.g. silty or sandy) 20 to 35%
And (e.g. sand and gravel) 35 to 50%
3. TERMS DESCRIBING CONSISTENCY (COHESIVE SOILS ONLY)
DESCRIPTIVE TERM UNDRAINED SHEAR APPROXIMATE SPT® N
STRENGTH (kPa) VALUE
Very Soft 12 or less Less than 2
Soft 12 to 25 2to4
Firm 25t0 50 4108
Stiff 50 to 100 8to 15
Very Stiff 100 to 200 15 to 30
Hard Greater than 200 Greater than 30
NOTE: Hierarchy of Soil Strength Prediction 1) Laboratory Triaxial Testing
2) Field Insitu Vane Testing
3) Laboratory Vane Testing
4) SPT value
5) Pocket Penetrometer
4. TERMS DESCRIBING DENSITY (COHESIONLESS SOILS ONLY)
DESCRIPTIVE TERM SPT “N” VALUE
Very Loose Less than 4
Loose 410 10
Compact 10 to 30
Dense 30 to 50
Very Dense Greater than 50
5. LEGEND FOR RECORDS OF BOREHOLES
SYMBOLS AND SS  Split Spoon Sample WS Wash Sample AS Auger (Grab) Sample
ABBREVIATIONS TW Thin Wall Shelby Tube Sample TP Thin Wall Piston Sample
FOR PH Sampler Advanced by Hydraulic Pressure  PM Sampler Advanced by Manual Pressure
SAMPLE TYPE WH Sampler Advanced by Self Static Weight RC Rock Core SC Soil Core
Undisturbed Shear Strength
Sensitivity =
Remoulded Shear Strength
¥ Water Level
Cpen Shear Strength Determination by Pocket Penetrometer
1) SPT ‘N’ Value Standard Penetration Test ‘N’ Value — refers to the number of blows from a 63.5kg hammer free falling a
height of 0.76m to advance a standard 50 mm outside diameter split spoon sampler for 0.3 m depth into undisturbed ground.
2) DCPT Dynamic Cone Penetration Test — Continuous penetration of a 50 mm outside diameter, 60° conical

steel point attached to “A” size rods driven by a 63.5 kg hammer free falling a height of 0.76 m. The resistance to cone
penetration is the number of hammer blows required for each 0.3 m advance of the conical point into undisturbed ground.



UNIFIED SOILS CLASSIFICATION

GROUP
MAJOR DIVISIONS SYMBOL TYPICAL DESCRIPTION
GW Well-graded gravels or gravel-sand mixtures, little or
GRAVEL no fines.
AND GP Poorly-graded gravels or gravel-sand mixtures, little
GRAVELLY or no fines.
COARSE SOILS GM Silty gravels, gravel-sand-silt mixtures.
GRAINED GC Clayey gravels, gravel-sand-clay mixtures.
SOILS SW Well-graded sands or gravelly sands, little or no
SAND AND fines.
SANDY SP Poorly-graded sands or gravelly sands, little or no
SOILS fines.
SM Silty sands, sand-silt mixtures.
SC Clayey sands, sand-clay mixtures.
ML Inorganic silts and very fine sands, rock flour, silty or
clayey fine sands or clayey silts with slight plasticity.
CL Inorganic clays of low to medium plasticity, gravelly
SILTS AND clays, sandy clays, silty clays, lean clays.
FINE CLAYS (WL <30%).
GRAINED Wi <50% CI Inorganic clays of medium plasticity, silty clays.
SOILS (30% < WL <50%).
OL Organic silts and organic silty-clays of low plasticity.
MH Inorganic silts, micaceous or diatomaceous fine
SILTS AND sandy or silty soils, elastic silts.
CLAYS CH Inorganic clays of high plasticity, fat clays.
WL >50% OH Organic clays of medium to high plasticity, organic
silts.
HIGHLY Pt Peat and other highly organic soils.
ORGANIC
SOILS
CLAY SHALE
SANDSTONE
SILTSTONE
CLAYSTONE

COAL
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DATUM _Geodetic DATE 2022.08.25 - 2022.08.26 LATITUDE _ 48.625292 LONGITUDE -93.823363 CHECKED BY____RB
DYNAMIC CONE PENETRATION
E %) 6 PLASTIC MOISTURE LiQuID = T
= o |23| 8 20 40 60 80 100 [T convenwr M| SO &
Sle w |2l z T e e wp w we| 3 Z | GRrANSIZE
ELEV lg| ¢ | 2 [28| 2 [SHEARSTRENGTHKPa ° DISTRIBUTION
DEPTH DESCRIPTION 5 S| 5|38 < | O UNCONFINED  + FIELD VANE Y %)
=z z [£©]| @ |e QUICKTRIAXIAL x LABVANE | WATER CONTENT (%)
327.1 GROUND SURFACE w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
B8] \TOPSOIL: (25mm) e 327
Silty CLAY, trace sand, trace organics 1 SS 4 o
Firm to Stiff
Black to Brown
Wet
2| ss| 9 q
325.9 326
12 Silty CLAY, some sand, trace gravel
Very Stiff 3 ss 17
Grey
Wet \
(CI-CH) \
325
\\ A
>>+
4 | ss | 37 /> | 0 19 36 45
324 4
2
>>-
323
5| ss | 61 1 17 35 47
322
321.5
5.6 END OF BOREHOLE AT 5.6m.
BOREHOLE CAVED TO 1.4m AND
DRY AT 1.4m.
BOREHOLE BACKFILLED WITH
BENTONITE TO SURFACE.
3 3. Numbers ref 2
+3 x3. umbers refer to 15¢_5




ONTMT4S2 2020LIBRARY(MTO) - COPY.GLB MTO-33309.GPJ 11/16/22

Mo o T

Ontario

THURBER
RECORD OF BOREHOLE No 22-07 10F 2 METRIC
GWP# 6120-17-00 LOCATION Lyon Creek Culvert; MTM NAD 83-16: N 5 387 733.4 E 244 079.6 ORIGINATED BY _GS
DIST RainyRiver HWY 602 BOREHOLE TYPE__ Solid Stem Augers COMPILED BY __ MC
DATUM _Geodetic DATE 2022.08.22 - 2022.08.23 LATITUDE 48.625173 LONGITUDE -93.823757  CHECKED BY RB
DYNAMIC CONE PENETRATION
E ) 6 PLASTIC 1 CTURE LIQuUID - T
= o |23| 8 20 40 60 80 100 [T conenwr M| SO &
Sle w2l z T e e wp w wo| 3 Z | GRANSIZE
ELEV & m| B 3 S5 g SHEAR STRENGTH kPa [ DISTRIBUTION
DEPTH DESCRIPTION 5 IR EE: < | O UNCONFINED  + FIELD VANE Y %)
=z z [£©]| @ |e QUICKTRIAXIAL x LABVANE | WATER CONTENT (%)
327.8 GROUND SURFACE w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
8.8 \.ToPSOIL: (25mm) 1
Silty CLAY, sandy, occasional 1, 1 SS 5 o
organics, occasional wood fragments /
Firm to Stiff
Brown to Grey
Moist 327
(cL-cn 2| ss| s I 0 35 32 33
1, 326 .
325.7 ' i
21 SAND, some gravel, some silt, some
clay
3252  Loose ° 12 62 14 12
26 Grey 14 3 | SS 8
Tl \wet 325 S
Silty CLAY, some sand, trace gravel
Stiff to Very Stiff
Grey
Moist 3
(%)) i
324
1 ™ | 1 16 35 48
= 323
4.8
.‘.
4 SS 7 o
322
+
321
5 SS 9
320
+
2 ™
319
+
318
Continued Next Page 20
+ 3’ x 3. Numbers refer to 15_¢_5

Sensitivity 1o (%) STRAIN AT FAILURE



ONTMT4S2 2020LIBRARY(MTO) - COPY.GLB MTO-33309.GPJ 11/16/22

Ministry of
v Transportation

Ontario

Sensitivity 10

(%) STRAIN AT FAILURE

THURBER
RECORD OF BOREHOLE No 22-07 20F2 METRIC
GWP#__ 6120-17-00 LOCATION Lyon Creek Culvert; MTM NAD 83-16: N 5 387 733.4 E 244 079.6 ORIGINATED BY _GS
DIST RainyRiver HWY 602 BOREHOLE TYPE__ Solid Stem Augers COMPILED BY __ MC
DATUM _Geodetic DATE 2022.08.22 - 2022.08.23 LATITUDE 48.625173 LONGITUDE -93.823757  CHECKED BY RB
DYNAMIC CONE PENETRATION
E %) 6 PLASTIC MOISTURE LiQuID = T
= o |23| 8 20 40 60 80 100 [T conenwr M| SO &
Sle w2l z T e e wp w wo| 3 Z | GRANSIZE
ELEV & m| B 2 25 g SHEAR STRENGTH kPa — e DISTRIBUTION
DEPTH DESCRIPTION 5 IR EE: < | O UNCONFINED  + FIELD VANE Y %)
=z z [£©]| @ |e QUICKTRIAXIAL x LABVANE | WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 60 kN/m3 [GR SA sI cL
Silty CLAY, some sand, trace gravel
Very Stiff 6| ss| 8 | 1 20 34 45
Grey
Moist
(%]
317
+
7 SS 14 316 o
315.2 )
t
126 END OF BOREHOLE AT 12.6m.
Piezometer installation consists of
50mm diameter Schedule 40 PVC pipe
with a 3.05m slotted screen.
WATER LEVEL READINGS
DATE DEPTH(m) ELEV.(m)
2022.08.24 7.3 320.5
2022.08.25 5.0 322.8
2022.08.25 4.8 323.0
Water level at 4.8m taken on August
25, 2022, was unstabilized.
3 3. Numbers ref Py
+3 x3. umbers refer to 15¢_5




ONTMT4S2 2020LIBRARY(MTO) - COPY.GLB MTO-33309.GPJ 11/16/22

Ministry of
v Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 22-08 10F 2 METRIC
GWP#__ 6120-17-00 LOCATION Lyon Creek Culvert; MTM NAD 83-16: N 5 387 739.6 E 244 088.0 ORIGINATED BY MM
DIST RainyRiver HWY 602 BOREHOLE TYPE __ Solid Stem Augers/Wash Boring COMPILED BY __ AA
DATUM _Geodetic DATE 2022.02.05 - 2022.02.05 LATITUDE 48.625230 LONGITUDE -93.823644 CHECKED BY RB
DYNAMIC CONE PENETRATION
W, P4 & PLASTIC LiQuID ':E
> [$} LIMIT MOISTURE wmr| E &
= o |<8| @ 20 40 60 80 100 CONTENT >0
Sle w2l z T e e wp w wo| 3 Z | GRANSIZE
ELEV o |lmn| ¥ 1258 O |SHEAR STRENGTH kPa
DESCRIPTION > & < zZz E _O— DISTRIBUTION
DEPTH S|5| F| 5|38 £ |o UNCONFINED  + FIELD VANE Y %)
=z z [£©]| @ |e QUICKTRIAXIAL x LABVANE | WATER CONTENT (%)
3314 GROUND SURFACE w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
S\ ASPHALT: (75mm)
SAND, some gravel, some silt, trace 1 ss 23 331 -
clay
Compact
Brown
Dry to Moist
(FILL) 2| ss | 17 o 15 63 22
(SI+CL)
330.0 330
14 Silty CLAY, some sand, trace gravel
Very Stiff to Stiff
Brown to Grey 3 SS 26 o
Moist to Wet
(FILL-CH)
329
4 SS 12 | 1 12 37 50
328.4
3.0 Silty CLAY, some sand to sandy,
trace gravel, occasional wood
fragments 5 SS 7 328 o
Firm
Grey
Wet
(FILL)
327
6 SS 4 o
AV
326
325.8
56 Silty CLAY, some sand, trace gravel
Stiff
Grey
Wet
(CH) |
7 SS 4 325 + 0 17 36 47
iO
324
1 ST I i 1 16 34 49
323
1.6
8| ss| 5 322 5
Continued Next Page 20
+3 % 3. Numbers refer to 15$_5

Sensitivity 10

(%) STRAIN AT FAILURE




ONTMT4S2 2020LIBRARY(MTO) - COPY.GLB MTO-33309.GPJ 11/16/22

Ministry of
v Transportation

Ontario

Sensitivity 10

(%) STRAIN AT FAILURE

THURBER
RECORD OF BOREHOLE No 22-08 20F 2 METRIC
GWP# 6120-17-00 LOCATION Lyon Creek Culvert; MTM NAD 83-16: N 5 387 739.6 E 244 088.0 ORIGINATED BY MM
DIST RainyRiver HWY 602 BOREHOLE TYPE __ Solid Stem Augers/Wash Boring COMPILED BY __ AA
DATUM _Geodetic DATE 2022.02.05 - 2022.02.05 LATITUDE 48.625230 LONGITUDE -93.823644 CHECKED BY RB
DYNAMIC CONE PENETRATION
[t %) 6 PLASTIC MOISTURE LiQuID = T
= o |23| 8 20 40 60 80 100 [T conenwr M| SO &
2lel o | 83| 2 e wp w w | 5 | cransize
ELEV CESCRIPTION a8 g | 3 [25] & [SHEARSTRENGTHKPa o DISTRIBUTION
DEPTH S[3| 7| 5338 £ [o unconrineD  + FiELD vANE Y %)
=z z [£©]| @ |e QUICKTRIAXIAL x LABVANE | WATER CONTENT (%)
Continued From Previous Page - 20 40 60 80 100 20 40 60 kN/m3 [GR sA sI cL
Silty CLAY, some sand, trace gravel 41 4
Stiff
Grey 321
Wet
(CH)
9 SS 6 o
320
15
319
10 | SS 5 [}
318
2 ST
317
l.5
316
1 SS 6 o
315.1 .6
16.3 END OF BOREHOLE AT 16.3m.
BOREHOLE OPEN TO 16.3m AND
WATER LEVEL AT 5.2m IN OPEN
HOLE.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO 1.2m,
CONCRETE TO 0.2m, AND ASPHALT
TO SURFACE.
3 3. Numbers ref Py
+3 x3. umbers refer to 15¢_5




ONTMT4S2 2020LIBRARY(MTO) - COPY.GLB MTO-33309.GPJ 11/16/22

Ministry of
v Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 22-09 10F 2 METRIC
GWP# 6120-17-00 LOCATION Lyon Creek Culvert; MTM NAD 83-16: N 5 387 747.3 E 244 081.4 ORIGINATED BY MM
DIST RainyRiver HWY 602 BOREHOLE TYPE __ Solid Stem Augers/Wash Boring COMPILED BY __ AA
DATUM _Geodetic DATE 2022.01.05-2022.01.05 LATITUDE 48.625299 LONGITUDE -93.823735 CHECKED BY RB
DYNAMIC CONE PENETRATION
E %) 6 PLASTIC MOISTURE LiQuID = T
= o |23| 8 20 40 60 80 100 [T conenwr M| SO &
Sle w2l z T e e wp w wo| 3 Z | GRANSIZE
ELEV & m| B 3 S35 g SHEAR STRENGTH kPa [ N DISTRIBUTION
DEPTH DESCRIPTION 5 IR EE: < | O UNCONFINED  + FIELD VANE Y %)
=z z [£©]| @ |e QUICKTRIAXIAL x LABVANE | WATER CONTENT (%)
331.2 GROUND SURFACE w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
00
OB\ ASPHALT: (75mm) w51
SAND, some gravel, some silt, trace
clay 1 SS 51 ° 17 65 18
330.5 Very Dense (S+CL)
07 Brown
’ \Dry to Moist /
(FILL) 2| ss| 1 o
Silty CLAY, some sand, trace gravel 330
Stiff
Grey
Moist
(FILL) 3| ss| 14 o
329
4 SS 9 o
328.2
3.0 Silty CLAY, sandy, trace gravel,
occasional wood fragments 328
Firm to Stiff 5 SS 4 i 1 28 40 31
Grey
Wet
(FILL-CI)
327
6 SS 3 o
326
325.6 v
56 Silty CLAY, some sand, trace gravel
Stiff
Grey
Wet 325
(CH)
7 SS 5 o
_{5
324
8 SS 5 o
323
1
322
9 SS 6 o
Continued Next Page 20
+3 % 3. Numbers refer to 15$_5

Sensitivity 10

(%) STRAIN AT FAILURE




ONTMT4S2 2020LIBRARY(MTO) - COPY.GLB MTO-33309.GPJ 11/16/22

Ministry of
v Transportation

Ontario

Sensitivity

10

THURBER
RECORD OF BOREHOLE No 22-09 20F2 METRIC
GWP#__ 6120-17-00 LOCATION _Lyon Creek Culvert; MTM NAD 83-16: N 5 387 747.3 E 244 081.4 ORIGINATED BY MM
DIST RainyRiver HWY 602 BOREHOLE TYPE __ Solid Stem Augers/Wash Boring COMPILED BY __ AA
DATUM _Geodetic DATE 2022.01.05-2022.01.05 LATITUDE _ 48.625299 LONGITUDE -93.823735  CHECKED BY____RB
DYNAMIC CONE PENETRATION
E %) 6 PLASTIC MOISTURE LiQuID = T
= o |23| 8 20 40 60 80 100 [T conenwr M| SO &
Sle w2l z T e e wp w wo| 3 Z | GRANSIZE
ELEV & @ o 2 % a g SHEAR STRENGTH kPa — e DISTRIBUTION
DEPTH DESCRIPTION 5 IR EE: < | O UNCONFINED  + FIELD VANE Y %)
=z z [£©]| @ |e QUICKTRIAXIAL x LABVANE | WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
Silty CLAY, some sand, trace gravel 1.
Stiff 321 +
Grey
Wet
(CH)
1| sT
320
15
319
10| ss| 6 o
318 17
M| ss | 7 0 15 34 51
317
16
316
12| ss | 6 o
314.9 315 17
t
16.3 END OF BOREHOLE AT 16.3m.
BOREHOLE OPEN TO 16.3m AND
WATER LEVEL AT 5.6m IN OPEN
HOLE.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO 1.2m,
CONCRETE TO 0.2m, AND ASPHALT
TO SURFACE.
3 3. Numbers ref 2
+3 x3. umbers refer to 15¢_5

(%) STRAIN AT FAILURE




ONTMT4S2 2020LIBRARY(MTO) - COPY.GLB MTO-33309.GPJ 11/16/22

Ministry of
v Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 22-10 10F 2 METRIC
GWP# 6120-17-00 LOCATION Lyon Creek Culvert; MTM NAD 83-16: N 5 387 730.6 E 244 103.6 ORIGINATED BY MM
DIST RainyRiver HWY 602 BOREHOLE TYPE __ Solid Stem Augers/Wash Boring COMPILED BY __ AA
DATUM _Geodetic DATE 2022.04.30 - 2022.01.05 LATITUDE 48.625151 LONGITUDE -93.823430 CHECKED BY RB
DYNAMIC CONE PENETRATION
E %) 6 PLASTIC MOISTURE LiQuID = T
= o |23| 8 20 40 60 80 100 [T conenwr M| SO &
Sle w2l z T e e wp w wo| 3 Z | GRANSIZE
ELEV & m| B 3 S35 g SHEAR STRENGTH kPa [ N DISTRIBUTION
DEPTH DESCRIPTION 5 IR EE: < | O UNCONFINED  + FIELD VANE Y %)
=z z [£©]| @ |e QUICKTRIAXIAL x LABVANE | WATER CONTENT (%)
332.3 GROUND SURFACE w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
S\ ASPHALT: (75mm)
SAND, some gravel, some silt, trace 1 ss 25 332 3
clay
Compact
Brown to Grey
Moist
(FILL) 2| ss| 22 o
331
3 SS 25 o 21 59 20
(SI+CL)
330.1
22 Silty CLAY, some sand, trace gravel 330
Firm to Stiff
Grey 4 SS 5 o
Wet
(FILL-CH)
1| sT 329
328
5 SS 7 | 0 17 36 47
327
326.7 AV Ny
56 Silty CLAY, some sand, trace gravel
Stiff
Grey
Wet
(CH) 326
6 SS 6 o
1.3
305
7 SS 7 o
324
15
323
8 SS 7 0 16 37 47
Continued Next Page 20
+3 % 3. Numbers refer to 15$_5

Sensitivity

(%) STRAIN AT FAILURE




ONTMT4S2 2020LIBRARY(MTO) - COPY.GLB MTO-33309.GPJ 11/16/22

Ministry of
v Transportation

Ontario

Sensitivity 10

(%) STRAIN AT FAILURE

THURBER
RECORD OF BOREHOLE No 22-10 20F 2 METRIC
GWP#__ 6120-17-00 LOCATION _Lyon Creek Culvert; MTM NAD 83-16: N 5 387 730.6 E 244 103.6 ORIGINATED BY MM
DIST RainyRiver HWY 602 BOREHOLE TYPE __ Solid Stem Augers/Wash Boring COMPILED BY __ AA
DATUM _Geodetic DATE 2022.04.30 - 2022.01.05 LATITUDE __ 48.625151 LONGITUDE _ -93.823430 CHECKED BY___RB
DYNAMIC CONE PENETRATION
E %) 6 PLASTIC MOISTURE LiQuID = T
= o |23| 8 20 40 60 80 100 [T conenwr M| SO &
Sle w2l z T e e wp w wo| 3 Z | GRANSIZE
ELEV & @ o 2 % a 8 SHEAR STRENGTH kPa — e DISTRIBUTION
DEPTH DESCRIPTION 5 IR EE: < | O UNCONFINED  + FIELD VANE Y %)
=z z [£©]| @ |e QUICKTRIAXIAL x LABVANE | WATER CONTENT (%)
Continued From Previous Page -« 20 40 60 80 100 20 40 €0 k\/m3 |GR SA sI CL
Silty CLAY, some sand, trace gravel l h
Stiff 392
Grey
Wet
(CH)
9| ss | 7 o
321
+
320
10| ss| 5 o
5
319 -
1| ss| 5 o
318
i
317
12| ss | & o
316.0 | 1.3
34 -
16.3 END OF BOREHOLE AT 16.3m.
BOREHOLE OPEN TO 16.3m AND
WATER LEVEL AT 5.6m IN OPEN
HOLE.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO 1.2m,
CONCRETE TO 0.2m, AND ASPHALT
TO SURFACE.
3 3. Numbers ref 2
+3 x3. umbers refer to 15¢_5




ONTMT4S2 2020LIBRARY(MTO) - COPY.GLB MTO-33309.GPJ 9/1/23

Ministry of
v Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 23-01 10F 3 METRIC
GWP#__ 6120-17-00 LOCATION _Lyon Creek Culvert N 5387 734.6 E 244 099.9 ORIGINATED BY MM
DIST RainyRiver HWY 602 BOREHOLE TYPE __ Solid Stem Auger/ HW Wash Boring COMPILED BY __ Jw
DATUM _Geodetic DATE 2023.07.26 - 2023.07.27 LATITUDE _ 48.625186 LONGITUDE -93.823482 CHECKED BY___ MEF
DYNAMIC CONE PENETRATION
E %) 6 PLASTIC MOISTURE LiQuID = T
= o |23| 8 20 40 60 80 100 [T conenwr M| SO &
Sle w2l z T e e wp w w | 3T | GrRANSIZE
ELEV lg| ¢ | 2 [28| 2 [SHEARSTRENGTHKPa o 2 | pisTRIBUTION
DEPTH DESCRIPTION 5 IR EE: < | O UNCONFINED  + FIELD VANE Y %)
=z z [£©]| @ |e QUICKTRIAXIAL x LABVANE | WATER CONTENT (%)
332.0 GROUND SURFACE w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
8.8 ASPHALT:(25mm)
No sampling through fill above 4.6m
331
330
329
328
327.4
4.6 Silty CLAY, some sand
Stiff
o
Croy 1|ss| 9 327
326.8 Moist
52 (FILL)
Silty CLAY, some sand
Stiff to Very Stiff
Grey
Wet
326
325
324
323
2| ss| 7 ol
322
Continued Next Page 20
+ 3 % 3. Numbers refer to 15$_5

Sensitivity 10

(%) STRAIN AT FAILURE




ONTMT4S2 2020LIBRARY(MTO) - COPY.GLB MTO-33309.GPJ 9/1/23

Ministry of
v Transportation

Ontario

Sensitivity

10

(%) STRAIN AT FAILURE

THURBER
RECORD OF BOREHOLE No 23-01 20F 3 METRIC
GWP# 6120-17-00 LOCATION Lyon Creek Culvert N 5387 734.6 E 244 099.9 ORIGINATED BY MM
DIST RainyRiver HWY 602 BOREHOLE TYPE __ Solid Stem Auger/ HW Wash Boring COMPILED BY __ Jw
DATUM _Geodetic DATE 2023.07.26 - 2023.07.27 LATITUDE 48.625186 LONGITUDE -93.823482 CHECKED BY MEF
DYNAMIC CONE PENETRATION
E %) 6 PLASTIC MOISTURE LiQuID = T
= o |23| 8 20 40 60 80 100 [T conenwr M| SO &
Sle w2l z T e e wp w w | 3T | GrRANSIZE
ELEV a8 g | 3 [25] & [SHEARSTRENGTHKPa A = | pisTRIBUTION
DEPTH DESCRIPTION 5 IR EE: < | O UNCONFINED  + FIELD VANE Y %)
=z z [£©]| @ |e QUICKTRIAXIAL x LABVANE | WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 60 kN/m3 [GR SA sI cL
Silty CLAY, some sand
Stiff to Very Stiff
Grey
Wet
(CH)
321
320
319
3|ss| 5 318
317
4 SS 4 [
316
1.8
315
5 SS 5
l.g
314
6 SS 5 I i 0 16 32 52
313
‘LB
312
Continued Next Page 20
+3 % 3. Numbers refer to 15$_5




ONTMT4S2 2020LIBRARY(MTO) - COPY.GLB MTO-33309.GPJ 9/1/23

Ministry of
v Transportation

Ontario

Sensitivity 10

(%) STRAIN AT FAILURE

THURBER
RECORD OF BOREHOLE No 23-01 30F3 METRIC
GWP#__ 6120-17-00 LOCATION _Lyon Creek Culvert N 5387 734.6 E 244 099.9 ORIGINATED BY MM
DIST RainyRiver HWY 602 BOREHOLE TYPE __ Solid Stem Auger/ HW Wash Boring COMPILED BY __ Jw
DATUM _Geodetic DATE 2023.07.26 - 2023.07.27 LATITUDE _ 48.625186 LONGITUDE -93.823482 CHECKED BY___ MEF
DYNAMIC CONE PENETRATION
E %) 6 PLASTIC MOISTURE LiQuID = T
= o |23| 8 20 40 60 80 100 [T conenwr M| SO &
Sle w2l z T e e wp w w | 3T | GrRANSIZE
ELEV lg| ¢ | 2 [28| 2 [SHEARSTRENGTHKPa A 2 | pisTRIBUTION
DEPTH DESCRIPTION 5 IR EE: < | O UNCONFINED  + FIELD VANE Y %)
=z z [£©]| @ |e QUICKTRIAXIAL x LABVANE | WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
Silty CLAY, some sand 7 SS 5
Stiff to Very Stiff
Grey
Wet
(CH)
17
311
8| ss| 6 q
310
16
309
9| ss | 7 q
1p
308
10fss | 7 b
307
306.5 16
t
25.5 END OF BOREHOLE AT 25.5m.
BACKFILLED WITH BENTONITE
HOLEPLUG TO 0.1m, ASPHALT
PATCH TO SURFACE.
20
+ 3 % 3. Numbers refer to 15$_5




ONTMT4S2 2020LIBRARY(MTO) - COPY.GLB MTO-33309.GPJ 9/1/23

Ministry of
v Transportation

Ontario

THURBER

GWP#___ 6120-17-00

DIST RainyRiver HWY 602

RECORD OF BOREHOLE No 23-02

LOCATION

Lyon Creek Culvert N 5387 741.5 E 244 085.7

10F3

METRIC

ORIGINATED BY _MMm

BOREHOLE TYPE __ Solid Stem Auger/ HW Wash Boring

COMPILED BY __Jw

DATUM _Geodetic DATE 2023.07.27 - 2023.07.28 LATITUDE 48.625247 LONGITUDE -93.823675  CHECKED BY MEF
DYNAMIC CONE PENETRATION
[t %) 6 PLASTIC MOISTURE LiQuID = T
= o |23| 8 20 40 60 80 100 [T conenwr M| SO &
2lel o | 83| 2 e wp w w | 5 | cransize
ELEV DESCRIPTION & o| & 2 25 8 SHEAR STRENGTH kPa o DISTRIBUTION
DEPTH g % I > 8 % < O UNCONFINED + FIELD VANE Y (%)
=z z [£©]| @ |e QUICKTRIAXIAL x LABVANE | WATER CONTENT (%)
331.3 GROUND SURFACE w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
8.8 ASPHALT:(25mm)
No sampling through fill above 4.6m 331
330
329
28
327
326.7
4.6 Silty CLAY, some sand, trace rootlets
Firm 1]1ss| 7 o
Brown
Wet
(FILL) 326
325.7
56 Silty CLAY, some sand, trace gravel
Stiff to Very Stiff
Grey
Wet
325
324
323
322
2 SS 7 o
Continued Next Page 20
+3 % 3. Numbers refer to 15$_5

Sensitivity 1o (%) STRAIN AT FAILURE




ONTMT4S2 2020LIBRARY(MTO) - COPY.GLB MTO-33309.GPJ 9/1/23

Ministry of
v Transportation

Ontario

Sensitivity 10

(%) STRAIN AT FAILURE

THURBER
RECORD OF BOREHOLE No 23-02 20F 3 METRIC
GWP# 6120-17-00 LOCATION Lyon Creek Culvert N 5387 741.5 E 244 085.7 ORIGINATED BY MM
DIST RainyRiver HWY 602 BOREHOLE TYPE __ Solid Stem Auger/ HW Wash Boring COMPILED BY __ Jw
DATUM _Geodetic DATE 2023.07.27 - 2023.07.28 LATITUDE 48.625247 LONGITUDE -93.823675  CHECKED BY MEF
DYNAMIC CONE PENETRATION
E %) 6 PLASTIC MOISTURE LiQuID = T
= o |23| 8 20 40 60 80 100 [T conenwr M| SO &
Sle w2l z T e e wp w w | 3T | GrRANSIZE
ELEV & m| B 3 S35 g SHEAR STRENGTH kPa o = DISTRIBUTION
DEPTH DESCRIPTION 5 IR EE: < | O UNCONFINED  + FIELD VANE Y %)
=z z [£©]| @ |e QUICKTRIAXIAL x LABVANE | WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 60 kN/m3 [GR SA sI cL
Silty CLAY, some sand, trace gravel
Stiff to Very Stiff 301
Grey
Wet
320
319
318
317
316
3 SS 5 o
B
315 l
4 SS 5 D
314
l.7
313
5 SS 8 o
312 “'I_R
Continued Next Page 20
+3 % 3. Numbers refer to 15$_5




ONTMT4S2 2020LIBRARY(MTO) - COPY.GLB MTO-33309.GPJ 9/1/23

Ministry of
v Transportation

Ontario

Sensitivity 10

(%) STRAIN AT FAILURE

THURBER
RECORD OF BOREHOLE No 23-02 30F3 METRIC
GWP#__ 6120-17-00 LOCATION _Lyon Creek Culvert N 5 387 741.5 E 244 085.7 ORIGINATED BY MM
DIST RainyRiver HWY 602 BOREHOLE TYPE __ Solid Stem Auger/ HW Wash Boring COMPILED BY __ Jw
DATUM _Geodetic DATE 2023.07.27 - 2023.07.28 LATITUDE __ 48.625247 LONGITUDE _ -93.823675 CHECKED BY___ MEF
DYNAMIC CONE PENETRATION
E %) 6 PLASTIC MOISTURE LiQuID = T
= o |23| 8 20 40 60 80 100 [T conenwr M| SO &
Sle w2l z T e e wp w wo| 3 Z | GRANSIZE
ELEV & @ o 2 % a 8 SHEAR STRENGTH kPa — e DISTRIBUTION
DEPTH DESCRIPTION 5 IR EE: < | O UNCONFINED  + FIELD VANE Y %)
=z z [£©]| @ |e QUICKTRIAXIAL x LABVANE | WATER CONTENT (%)
Continued From Previous Page -« 20 40 60 80 100 20 40 €0 k\/m3 |GR SA sI CL
Silty CLAY, some sand, trace gravel 6 SS 7 D
Stiff to Very Stiff 311
Grey
Wet
(CH)
i
310
7] ss| 5 q
309 2t
8| ss| 7 I | 1 13 30 56
308
20
307,
9| ss| 8
305.9 306 1.
-
25.5 END OF BOREHOLE AT 25.5m.
BACKFILLED WITH BENTONITE
HOLEPLUG TO 0.1m, ASPHALT
PATCH TO SURFACE.
3 3. Numbers ref 2
+3 x3. umbers refer to 15¢_5




THURBER

Appendix B

Laboratory and Well Test Results



ONTARIO MOT GRAIN SIZE 3 MTO-33309.GPJ ONTARIO MOT.GDT 11/16/22

78 12 M

Ontario

SAND GRAVEL
CLAY & SILT - : -
Fine Medium Coarse Fine Coarse
GRAIN SIZE IN MICROMETERS
1 2 3 4 5 10 20 30 40 50 75um 150um 300um 600um 1.18mm 2.36mm 9.5mm 19.0mm 37.5mm  63.0mm
| | |
| | | | |||| 53um 106um 250pm 425um 850pm 2.00mm 4.75mm 13.2mm 26.5mm 53.0mm 75.0mm
100 0
% P
0] / 10
85
g ’
80 20
75
70 / 30
65 / A
60 40
3 <
2 50 A / 50'3‘_-I
= =
é LEGEND &
x 45 g
g BH SAMPLE DEPTH | SYMBOL I
40 ( 60
/‘ 22-08 1.07 )
35
22-09 0.42 X
30 A 70
/K
// 22-10 1.83 A
* =3
20 ;/j 80
15
10 0
5
0 100
1 2 3 4 5 10 20 30 40 270 200 140 100 60 50 40 30 20 16 10 8 4 Sl Vo 3 1 Aly 22l
MINISTRY SIEVE DESIGNATION ( Imperial )
Ministry of GRAIN SIZE DISTRIBUTION FIG No B1
Transportation
SAND FILL GWP# 6120-17-00

Lyon Creek Culvert




78 12 M

SAND GRAVEL
CLAY & SILT ; - -
Fine | Medium | Coarse Fine Coarse
GRAIN SIZE IN MICROMETERS
1 2 3 4 5 10 20 30 40 50 75um 150um 300um 600um 1.18mm 2.36mm 9.5mm 19.0mm 37.5mm  63.0mm
| | |
| | | | |||| 53um 106um 250pm 425um 850pm 2.00mm 4.75mm .2mm 26.5mm 53.0mm 75.0mm
) /T/ %;j—_
2 / 10
85 ==
L7 {
80 ;X )1 20
s /‘
70 / 30
o
. & |
60 % 40
[a]
0 oK i g
2 55 7.( =
< o
- /f = x| 50?_‘
z z
é 45 e LEGEND §
& A BH SAMPLE DEPTH | SYMBOL I
40 /m, 60
/m/ 22-08 2.59 o
35
X 22-09 3.35 X
30 70
g 22-10 4.88 A
25
20 80
15
10 90
5
0 100
1 2 3 4 5 10 20 30 40 270 200 140 100 60 50 40 30 20 16 10 8 4 Sl Vo 3 1 Aly 22l

MINISTRY SIEVE DESIGNATION ( Imperial )

ONTARIO MOT GRAIN SIZE 3 MTO-33309.GPJ ONTARIO MOT.GDT 11/16/22

Q) Forein GRAIN SIZE DISTRIBUTION FIG No B2
Silty CLAY FILL GWP# 6120-17-00

Ontario

Lyon Creek Culvert




ONTARIO MOT GRAIN SIZE 3 MTO-33309.GPJ ONTARIO MOT.GDT 11/16/22

78 12 M

SAND GRAVEL
CLAY & SILT - : -
Fine Medium Coarse Fine Coarse
GRAIN SIZE IN MICROMETERS
1 2 3 4 5 10 20 30 40 50 75um 150um 300um 600um 1.18mm 2.36mm 9.5mm 19.0mm 375mm  63.0mm
| | |
| | | | |||| 53um 106um 250pm 425um 850pm 2.00mm 475mm 3.2mm 26.5mm 53.0mm 75.0mm
100 0
95
90 10
85 -
80 == 20
| /_/@/
75
A
70 /A//m = 30
| 2V
A {
65 o
% //x
60 40
E z
50 i /A/ 50 ¥
E =
zZ
pree = ET—
g A BH SAMPLE DEPTH | SYMBOL E
40 |- L Y o 60
P 22-06 2.59 °
35 V'
LA 22-06 4.88 b
30 —r/ 70
22-07 1.07 A
25
22-07 4.11 *
20 80
22-07 10.21 ®
15
22-08 6.40 Lo ]
10 9
22-08 7.92 O
5
22-09 14.02 A
0 100
1 2 3 4 5 10 20 30 40 270 200 140 100 60 50 40 30 20 16 10 8 4 Sl Vo 3 1 Aly 22l
MINISTRY SIEVE DESIGNATION ( Imperial )
GRAIN SIZE DISTRIBUTION FIG No B3

Ministry of
@ Transportation

Ontario

Silty CLAY

GWP# 6120-17-00

Lyon Creek Culvert




ONTARIO MOT GRAIN SIZE 3 MTO-33309.GPJ ONTARIO MOT.GDT 8/31/23

78 12 M

SAND GRAVEL
CLAY & SILT ; - -
Fine | Medium | Coarse Fine | Coarse
GRAIN SIZE IN MICROMETERS
1 2 3 4 5 10 20 30 40 50 75um 150um 300um 600um 1.18mm 2.36mm 9.5mm 19.0mm 37.5mm  63.0mm
| | |
| | | | |||| 53um 106um 250pm 425um 850pm 2.00mm 4.75mm 13.2mm 26.5mm 53.0mm 75.0mm
100 && 0
95 — —
20 / 10
& ﬂ:__
7y
80 20
/‘//K Patr 1
75 ="
rdl- =
70 30
x|
65 /./
60 ﬂ 4 40
[a]
2 ;? Piml g
» 55 E
2] =
E w
L 50 g 50
g o LEGEND z
x 45 8
& 4 BH SAMPLE DEPTH | SYMBOL I
40 60
22-10 9.45 ([ J
35
23-01 18.59 X
30 70
23-02 23.16 A
25
20 80
15
10 90
5
0 100
1 2 3 4 5 10 20 30 40 270 200 140 100 60 50 40 30 20 16 10 8 4 Sl Vo 3 1 Aly 22l
MINISTRY SIEVE DESIGNATION ( Imperial )
GRAIN SIZE DISTRIBUTION FIG No B4

Ministry of
Transportation

Ontario

Silty CLAY

GWP# 6120-17-00

Lyon Creek Culvert




ONTARIO MOT GRAIN SIZE 3 MTO-33309.GPJ ONTARIO MOT.GDT 11/16/22

78 12 M

SAND GRAVEL
CLAY & SILT ; - -
Fine Medium Coarse Fine Coarse
GRAIN SIZE IN MICROMETERS
1 2 3 4 5 10 20 30 40 50 75um 150um 300um 600um 1.18mm 2.36mm 9.5mm 19.0mm 37.5mm  63.0mm
| | |
| | | | |||| 53um 106um 250pm 425um 850pm 2.00mm 4.75mm 3.2mm 26.5mm 53.0mm 75.0mm
100 0
95
0] /‘/ 10
85
80 20
. Ll
70 30
. A
60 40
[a]
2 g
» 55 E
2] =
< w
o 4
L 50 50 ¥
& LEGEND &
g a5 g
& /( BH SAMPLE DEPTH | SYMBOL I
40 60
22-07 2.44 o
) ¢
30 70
25 2 *—
P
20 =1 80
| @
15 /._J
o+ ¥
@]
10 —@=F— 90
5
0 100
1 2 3 4 5 10 20 30 40 270 200 140 100 60 50 40 30 20 16 10 8 4 Sl Vo 3 1 Aly 22l
MINISTRY SIEVE DESIGNATION ( Imperial )
GRAIN SIZE DISTRIBUTION FIG No B5

Ministry of
@ Transportation

Ontario

SAND

GWP# 6120-17-00

Lyon Creek Culvert




ONTARIO MOT PLASTICITY CHART 2 MTO-33309.GPJ ONTARIO MOT.GDT 11/16/22

Oct 75, FF-S-21

60
50 pd
CH
40 /
A
Cl .
;\o ‘\Qe
% v:\/
Z
E 30 -
= X
(7]
5 L
B} ° LEGEND
/ BH SAMPLE DEPTH| SYMBOL
20
22-08 2.59 [ )
22-09 3.35 X
22-10 4.88 A
MH OH
10 /
S N
________ —7 MI Ol
ML 7 ML oL
0 0 10 20 30 40 50 60 70 80 90 100!
LIQUID LIMIT %
PLASTICITY CHART FIG No B6

Ministry of
@ Transportation

Ontario

Silty CLAY FILL

GWP# 6120-17-00

Lyon Creek Culvert




ONTARIO MOT PLASTICITY CHART 2 MTO-33309.GPJ ONTARIO MOT.GDT 11/16/22

Oct 75, FF-S-21

60
50 yd
CH
) A /
o o /
Cl
° (<)
9 by D\
3 P
z
i 30 - 7
3 ®
'_
<
CL
& LEGEND
/ BH SAMPLE DEPTH| SYMBOL
20
A 22-06 2.59 )
22-06 4.88 X
22-07 1.07 A
MH OH
22-07 411 *
10
/ 22-07 10.21 ®
““““ AN W 2208 6.38 o
———————— g Mi ol 22-08 7.92 le)
7
, ML <7 M oL 22-09 14.02 A
0 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT %
PLASTICITY CHART FIG No B7

Ministry of
@ Transportation

Ontario

Silty CLAY

GWP# 6120-17-00

Lyon Creek Culvert




ONTARIO MOT PLASTICITY CHART 2 MTO-33309.GPJ ONTARIO MOT.GDT 8/31/23

Oct 75, FF-S-21

60
50 pd
CH
40 /
o A /
° cl
N m ‘Qe
n A\
e B
Z
i Ve
o
%
3 L
B} © LEGEND
/ BH SAMPLE DEPTH| SYMBOL
20
22-10 9.45 ®
23-01 18.59 X
23-02 23.16 A
MH OH
10 /
S N
———————— —> M ol
ML 7 ML oL
0 0 10 20 30 40 50 60 70 80 90 100!
LIQUID LIMIT %
PLASTICITY CHART FIG No B8

Ministry of
Transportation

Ontario

Silty CLAY

GWP# 6120-17-00

Lyon Creek Culvert




THURBER ENGINEERING LTD.

Consolidation Test Report

CLIENT:  MTO

PROJECT: Cameron and Lyon Creek Culvert Investigations

FILE NUMBER:

REPORT DATE:

33309

October 12, 2022

TEST DATES: September 21, 2022 - October 04, 2022
SAMPLE: BH 22-07 ST1 12.5'-14.5'

Silty clay, some sand, some gravel, brown, moist.
PROCEDURE:

Properties of Soils, ASTM D 2435-11, method B.

Start of Test

Sample Height (mm) 25.40
Wet Dens. (ka/m®) 1920.7
Dry Dens. (kg/m®) 1460.6
Moisture Cont. (%) 315

Void Ratio 0.852
Saturation (%) 100.0

Note: A Specific Gravity (Gs) of 2.705 was obtained for the void ratio and saturation calculations.

Void Ratio vs. Pressure

0.90

End of Test

23.32
2002.9
1590.9

25.9

0.700

100.0

Test carried out in accordance with Standard Test Method for One-Dimensional Consolidation

0.85 O

—
0.80 kﬁ

0.75

0.70 Q
v\

Void Ratio
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0.60 ™

0.55

0.50

0.45

1 10 100
Pressure (kPa)

TEST DONE BY: BT
REVIEWED BY: WM

1000

10000
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THURBER ENGINEERING LTD.

Consolidation Test Report
Cameron and Lyon Creek Culvert Investigations

BH 22-07 ST1 12.5'-14.5'

33309

TRIMMING: The Specimen was manually trimmed to the size of consolidation ring, then mounted in a fixed ring
consolidometer. The average moisture content of the trimmings was 31.4%.

LOADING: A seating load of 12.45 kPa was applied and the consolidometer was flooded with distilled water.
Sample was monitored to ensure no swelling effect occurred before the start of the test. Subsequent
loads were applied after 100% primary consolidation was reached at each load increment.

CALCULATIONS: Coefficients of Consolidation were calculated by the square root time method.

Pressure Corr. H.  Avg. H. Dgo too c, Void m, k
(kPa)  (mm)  (mm)  (mm)  (min)  (cm¥s) Ratio  (m¥kN)  (cm/s)
0.0 25.400 0.852
12.5 25.404 25.402 0.852
25.7 25.395 25.400 -0.046 2.40 9.49E-03 0.852 2.67E-05 2.49E-08
49.9 25.296 25.346 -0.091 25.20 9.01E-04 0.844 1.61E-04 1.42E-08
96.6 25.101 25.199 -0.174 52.85 4.24E-04 0.830 1.65E-04 6.87E-09
193.2 24.706 24.904 -0.340 64.00 3.42E-04 0.801 1.63E-04 5.47E-09
96.6 24.816 24.761 0.809
193.2 24.685 24.751 -0.108 16.81 1.29E-03 0.800 5.46E-05 6.90E-09
385.7 24.069 24.377 -0.474 68.06 3.08E-04 0.755 1.30E-04 3.92E-09
770.6 22.972 23.521 -0.855 76.56 2.55E-04 0.675 1.18E-04 2.96E-09
1540.7 21.712 22.342 -0.987 80.82 2.18E-04 0.583 7.12E-05 1.52E-09
3081.4 20.481 21.097 -0.990 84.64 1.86E-04 0.493 3.68E-05 6.71E-10
770.6 20.932 20.707 0.526
193.2 21.712 21.322 0.583
49.9 22.567 22.140 0.645
12.5 23.319 22.943 0.700
Coefficient of Consoildation vs. Pressure
. 1.00E-01
E’, 1.00E-02
s \\
g Q,
o 1.00E-03
g J\\O\J\\
o Q)
5 —0
‘E 1.00E-04
k]
S
5
8 1.00E-05

Note: C, and k calculated using tgy values (square root of time method)

TEST DONE BY: BT
REVIEWED BY: WM
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R,
THURBER ENGINEERING LTD.

Consolidation Test Report

Cameron and Lyon Creek Culvert Investigations
33309 BH 22-07 ST1 12.5'-14.5'

Hydraulic Conductivity vs. Pressure
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THURBER ENGINEERING LTD.

Consolidation Test Report

CLIENT:  MTO

PROJECT: Cameron and Lyon Creek Culvert Investigations

FILE NUMBER:

REPORT DATE:

33309

October 12, 2022

TEST DATES: September 22, 2022 - October 06, 2022
SAMPLE: BH 22-08 ST1 25'-27'

Silty clay, some sand, some gravel, brown, moist
PROCEDURE:

Properties of Soils, ASTM D 2435-11, method B.

Start of Test

Sample Height (mm) 25.40
Wet Dens. (kg/m®) 1923.1
Dry Dens. (kg/m°) 1466.1
Moisture Cont. (%) 31.2

Void Ratio 0.841
Saturation (%) 100.0

Note: A Specific Gravity (Gs) of 2.699 was obtained for the void ratio and saturation calculations.

Void Ratio vs. Pressure

End of Test

23.52
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1583.5

26.1

0.705

100.0

Test carried out in accordance with Standard Test Method for One-Dimensional Consolidation
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THURBER ENGINEERING LTD.

Consolidation Test Report
Cameron and Lyon Creek Culvert Investigations

BH 22-08 ST1 25'-27"

33309

TRIMMING: The Specimen was manually trimmed to the size of consolidation ring, then mounted in a fixed ring
consolidometer. The average moisture content of the trimmings was 30.6%.

LOADING: A seating load of 10 kPa was applied and the consolidometer was flooded with distilled water.
Sample was monitored to ensure no swelling effect occurred before the start of the test. Subsequent
loads were applied after 100% primary consolidation was reached at each load increment.

CALCULATIONS: Coefficients of Consolidation were calculated by the square root time method.

Pressure Corr. H.  Avg. H. Dgo too c, Void m, k

(kPa)  (mm)  (mm)  (mm)  (min)  (cm¥s) Ratio  (m¥kN)  (cm/s)

0.0 25.400 0.841

10.0 25.423 25.412 0.843

25.0 25.488 25.455 -0.081 0.83 2.76E-02 0.847

50.0 25.410 25.449 -0.097 13.69 1.67E-03 0.842 1.22E-04 1.99E-08
100.0 25.136 25.273 -0.255 75.69 2.98E-04 0.822 2.16E-04 6.32E-09
200.0 24.630 24.883 -0.478 111.30 1.97E-04 0.785 2.01E-04 3.88E-09
100.0 24.794 24,712 0.797

200.0 24.589 24.691 -0.168 51.12 4.21E-04 0.782 8.27E-05 3.42E-09
400.0 23.738 24.163 -0.731 144.00 1.43E-04 0.721 1.73E-04 2.43E-09
800.0 22.583 23.160 -1.026 156.50 1.21E-04 0.637 1.22E-04 1.44E-09
1600.0 21.359 21.971 -1.058 125.44 1.36E-04 0.548 6.78E-05 9.04E-10
2800.0 20.455 20.907 -0.883 142.80 1.08E-04 0.483 3.52E-05 3.74E-10
800.0 20.867 20.661 0.512

200.0 21.707 21.287 0.573

50.0 22.577 22.142 0.636

10.0 23.517 23.047 0.705

1.00E-01

1.00E-02

1.00E-03

1.00E-04

Coefficient of Consolidation (cm?#/'sec)

1.00E-05

Note: C, and k calculated using tgy values (square root of time method)

TEST DONE BY: BT
REVIEWED BY: WM
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THURBER ENGINEERING LTD.

Consolidation Test Report

Cameron and Lyon Creek Culvert Investigations

33309

BH 22-08 ST1 25'-27"
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Hydraulic Conductivity vs. Pressure
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Slug Test Analysis Report

Project: Lyon Creek Culvert Replacement

Number: 33309

THURBER ENGINEERING LTD. Client: MTO
Location: District of Rainey River | Slug Test: 22-07 Test Well: 22-07
Test Conducted by: GS Test Date: 2022-08-25
Analysis Performed by: JR | 22-07 SWRT Analysis Analysis Date: 2022-10-27
Aquifer Thickness:
|Checked by: PC
Time [s]
0 32000 64000 96000 128000 160000
1E0i | | | |
o
£ 1E-1+
< ]
1E-2

Calculation using Hvorslev

Observation Well Hydraulic Conductivity

[m/s]

22-07 9.0 x 107
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FINAL REPORT CA40191-0CT22 R1

First Page
CLIENT DETAILS LABORATORY DETAILS
Client Thurber Engineering Ltd. Project Specialist Jill Campbell, B.Sc.,GISAS R
Laboratory SGS Canada Inc.
Address 103, 2010 Winston Park Drive Address 185 Concession St., Lakefield ON, KOL 2HO
Oakville, ON
L6H 5R7. Canada
Contact Rachel Bourassa Telephone 2165
Telephone 905-829-8666 x 263 Facsimile 705-652-6365
Facsimile Email jill.campbell@sgs.com
Email rbourassa@thurber.ca SGS Reference CA40191-0CT22
Project 33309, C.ameron and Lyon Creek Culvert Received 10/26/2022
Order Number Approved 11/04/2022
Samples Soil (1) Report Number CA40191-0CT22 R1
Date Reported 11/08/2022
COMMENTS
Temperature of Sample upon Receipt: 9 degrees C
Cooling Agent Present: Yes
Custody Seal Present: Yes
Chain of Custody Number: No.1
Corrosivity Index is based on the American Water Works Corrosivity Scale according to AWWA C-105. An index greater than 10 indicates the soil matrix may be
corrosive to cast iron alloys.
_ %
SIGNATORIES
s
Jill Campbell, B.Sc.,GISAS
-
SGS Canada Inc. |185 Concession St., Lakefield ON, KOL 2HO t 2165 f 705-652-6365 WWW.Sgs.com

Member of the SGS Group (SGS SA)


http://www.sgs.com
http://www.sgs.com
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FINAL REPORT

Client:
Project:
Project Manager:

Samplers:

CA40191-0CT22 R1

Thurber Engineering Ltd.
33309, C.ameron and Lyon Creek Culvert

Rachel Bourassa

Rachel Bourassa

MATRIX: SOIL Sample Number 5
Sample Name 22-07 SS3B
(8'6"-9'6")
Sample Matrix Soil
Sample Date 23/10/2022
Parameter Units RL Result
Corrosivity Index
Corrosivity Index none 1 12
Soil Redox Potential mV no 230
Sulphide (Na2CO3) % 0.04 0.17
pH pH Units 0.05 8.25
Resistivity (calculated) ohms.cm -9999 1780
General Chemistry
‘ Conductivity uS/cm 2 561
Metals and Inorganics
‘ Moisture Content % 0.1 23.7
‘ Sulphate ua/g 0.4 430
Other (ORP)
‘ Chloride ug/g 0.4 48

4/8



FINAL REPORT

CA40191-OCT22 R1

QC SUMMARY
Anions by IC
Method: EPA300/MA300-lons1.3 | Internal ref.: ME-CA-IENVIIC-LAK-AN-001
Parameter QC batch Units RL Method Duplicate LCS/Spike Blank Matrix Spike / Ref.
Reference Blank - .
Recovery Limits Spike imi
RPD AC Spike ry p Recovery Limits
(%) Recovery (%)
(%) Recovery %)
(%) Low High Low High
Chloride DIO0587-0OCT22 ug/g 0.4 <0.4 1 35 98 80 120 92 75 125
Sulphate DIO0587-0OCT22 ua/g 0.4 <0.4 3 35 99 80 120 107 75 125
Carbon/Sulphur
Method: ASTM E1915-07A | Internal ref.: ME-CA-TENVIARD-LAK-AN-020
Parameter QC batch Units RL Method Duplicate LCS/Spike Blank Matrix Spike / Ref.
Reference Blank . .
Recovery Limits Spike imi
RPD AC Spike ry p Recovery Limits
(%) Recovery (%)
(%) Recovery %)
(%) Low High Low High
Sulphide (Na2CO3) ECS0088-0CT22 % 0.04 <0.04 ND 20 117 80 120
Conductivity
Method: SM 2510 | Internal ref.: ME-CA-IENVIEWL-LAK-AN-006
Parameter QC batch Units RL Method Duplicate LCS/Spike Blank Matrix Spike / Ref.
Reference Blank . .
Recovery Limits Spike imi
RPD AC Spike ry P! Recovery Limits
(%) Recovery (%)
(%) Recovery %)
(%) Low High Low High
Conductivity EWL0670-OCT22 uS/cm 2 <2 0 20 99 90 110 NA ‘
20221108 5/8



FINAL REPORT

CA40191-OCT22 R1

QC SUMMARY

pH

Method: SM 4500 | Internal ref.: ME-CA-IENVIEWL-LAK-AN-001

-
Parameter QC batch Units RL Method Duplicate LCS/Spike Blank Matrix Spike / Ref.
Reference Blank - .
Recovery Limits Spike imi
RPD AC Spike ry p Recovery Limits
(%) Recovery (%)
(%) Recovery %)
(%) Low High Low High

pH EWL0670-OCT22 pH Units 0.05 NA 0 100 NA

Method Blank: a blank matrix that is carried through the entire analytical procedure. Used to assess laboratory contamination.

Duplicate: Paired analysis of a separate portion of the same sample that is carried through the entire analytical procedure. Used to evaluate measurement precision.

LCS/Spike Blank: Laboratory control sample or spike blank refer to a blank matrix to which a known amount of analyte has been added. Used to evaluate analyte recovery and laboratory accuracy without sample matrix effects.

Matrix Spike: A sample to which a known amount of the analyte of interest has been added. Used to evaluate laboratory accuracy with sample matrix effects.

Reference Material: a material or substance matrix matched to the samples that contains a known amount of the analyte of interest. A reference material may be used in place of a matrix spike.

RL: Reporting limit
RPD: Relative percent difference

AC: Acceptance criteria

Multielement Scan Qualifier: as the number of analytes in a scan increases, so does the chance of a limit exceedance by random chance as opposed to a real method problem. Thus, in multielement scans, for the LCS and matrix spike, up to 10% of the

analytes may exceed the quoted limits by up to 10% absolute and the spike is considered acceptable.

Duplicate Qualifier: for duplicates as the measured result approaches the RL, the uncertainty associated with the value increases dramatically, thus duplicate acceptance limits apply only where the average of the two duplicates is greater than five times the RL.

Matrix Spike Qualifier: for matrix spikes, as the concentration of the native analyte increases, the uncertainty of the matrix spike recovery increases. Thus, the matrix spike acceptance limits apply only when the concentration of the matrix spike is greater than or

equal to the concentration of the native analyte.

20221108
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LEGEND

FOOTNOTES

NSS Insufficient sample for analysis.
RL Reporting Limit.
t Reporting limit raised.
} Reporting limit lowered.
NA The sample was not analysed for this analyte
ND Non Detect

Results relate only to the sample tested.

Data reported represent the sample as submitted to SGS. Solid samples expressed on a dry weight basis.

"Temperature Upon Receipt" is representative of the whole shipment and may not reflect the temperature of individual samples.

Analysis conducted on samples submitted pursuant to or as part of Reg. 153/04, are in accordance to the "Protocol for Analytical Methods Used in the Assessment of Properties

under Part XV.1 of the Environmental Protection Act and Excess Soil Quality" published by the Ministry and dated March 9, 2004 as amended.

SGS provides criteria information (such as regulatory or guideline limits and summary of limit exceedances) as a service. Every attempt is made to ensure the criteria information
in this report is accurate and current, however, it is not guaranteed. Comparison to the most current criteria is the responsibility of the client and SGS assumes no responsibility for

the accuracy of the criteria levels indicated.

SGS Canada Inc. statement of conformity decision rule does not consider uncertainty when analytical results are compared to a specified standard or regulation.

This document is issued, on the Client's behalf, by the Company under its General Conditions of Service available on request and accessible at
http://www.sgs.com/terms_and_conditions.htm.

The Client's attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined therein. Any other holder of this document is advised that information
contained hereon reflects the Company's findings at the time of its intervention only and within the limits of Client's instructions, if any. The Company's sole responsibility is to its
Client and this document does not exonerate parties to a transaction from exercising all their rights and obligations under the transaction documents. Reproduction of this analytical

report in full or in part is prohibited.

This report supersedes all previous versions.

-- End of Analytical Report --
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First Page
CLIENT DETAILS LABORATORY DETAILS
Client Thurber Engineering Ltd. Project Specialist Jill Campbell, B.Sc.,GISAS R
Laboratory SGS Canada Inc.
Address 103, 2010 Winston Park Drive Address 185 Concession St., Lakefield ON, KOL 2HO
Oakville, ON
L6H 5R7. Canada
Contact Rachel Bourassa Telephone 2165
Telephone 905-829-8666 x 263 Facsimile 705-652-6365
Facsimile Email jill.campbell@sgs.com
Email rbourassa@thurber.ca SGS Reference CA40152-JUN22
Project 33309, C.ameron and Lyon Creek Culvert Received 06/09/2022
Order Number Approved 06/26/2022
Samples Soil (1) Report Number CA40152-JUN22 R1
Date Reported 11/08/2022
COMMENTS
Temperature of Sample upon Receipt: 8 degrees C
Cooling Agent Present: Yes
Custody Seal Present: Yes
Chain of Custody Number:1
Corrosivity Index is based on the American Water Works Corrosivity Scale according to AWWA C-105. An index greater than 10 indicates the soil matrix may be
corrosive to cast iron alloys.
_ %
SIGNATORIES
s
Jill Campbell, B.Sc.,GISAS
-
SGS Canada Inc. |185 Concession St., Lakefield ON, KOL 2HO t 2165 f 705-652-6365 WWW.Sgs.com

Member of the SGS Group (SGS SA)
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http://www.sgs.com
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FINAL REPORT

Client:
Project:
Project Manager:

Samplers:

CA40152-JUN22 R1

Thurber Engineering Ltd.
33309, C.ameron and Lyon Creek Culvert

Rachel Bourassa

Rachel Bourassa

MATRIX: SOIL Sample Number 6
Sample Name 22-08 SS3 (5'-7')
Sample Matrix Soil
Sample Date 02/05/2022
Parameter Units RL Result
Corrosivity Index
Corrosivity Index none 1 4
Soil Redox Potential mV no 263
Sulphide (Na2CO3) % 0.04 <0.04
pH pH Units 0.05 8.85
Resistivity (calculated) ohms.cm -9999 3150
General Chemistry
‘ Conductivity uS/cm 2 317
Metals and Inorganics
‘ Moisture Content % 0.1 18.7
‘ Sulphate ug/g 0.4 42
Other (ORP)
‘ Chloride ug/g 0.4 230
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CA40152-JUN22 R1

QC SUMMARY
Anions by IC
Method: EPA300/MA300-lons1.3 | Internal ref.: ME-CA-IENVIIC-LAK-AN-001
Parameter QC batch Units RL Method Duplicate LCS/Spike Blank Matrix Spike / Ref.
Reference Blank - .
Recovery Limits Spike imi
RPD AC Spike ry p Recovery Limits
(%) Recovery (%)
(%) Recovery %)
(%) Low High Low High
Chloride DI0O0242-JUN22 ug/g 0.4 <0.4 3 35 97 80 120 99 75 125
Sulphate DI00242-JUN22 ua/g 0.4 <0.4 5 35 96 80 120 96 75 125
Carbon/Sulphur
Method: ASTM E1915-07A | Internal ref.: ME-CA-TENVIARD-LAK-AN-020
Parameter QC batch Units RL Method Duplicate LCS/Spike Blank Matrix Spike / Ref.
Reference Blank . .
Recovery Limits Spike imi
RPD AC Spike ry p Recovery Limits
(%) Recovery (%)
(%) Recovery %)
(%) Low High Low High
Sulphide (Na2CO3) ECS0029-JUN22 % 0.04 <0.04
Conductivity
Method: SM 2510 | Internal ref.: ME-CA-IENVIEWL-LAK-AN-006
Parameter QC batch Units RL Method Duplicate LCS/Spike Blank Matrix Spike / Ref.
Reference Blank . .
Recovery Limits Spike imi
RPD AC Spike ry P! Recovery Limits
(%) Recovery (%)
(%) Recovery %)
(%) Low High Low High
Conductivity EWL0245-JUN22 uS/cm 2 2 0 20 101 90 110 NA ‘
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CA40152-JUN22 R1

QC SUMMARY

pH

Method: SM 4500 | Internal ref.: ME-CA-IENVIEWL-LAK-AN-001

-
Parameter QC batch Units RL Method Duplicate LCS/Spike Blank Matrix Spike / Ref.
Reference Blank - .
Recovery Limits Spike imi
RPD AC Spike ry p Recovery Limits
(%) Recovery (%)
(%) Recovery %)
(%) Low High Low High

pH EWL0245-JUN22 pH Units 0.05 NA 0 99 NA

Method Blank: a blank matrix that is carried through the entire analytical procedure. Used to assess laboratory contamination.

Duplicate: Paired analysis of a separate portion of the same sample that is carried through the entire analytical procedure. Used to evaluate measurement precision.

LCS/Spike Blank: Laboratory control sample or spike blank refer to a blank matrix to which a known amount of analyte has been added. Used to evaluate analyte recovery and laboratory accuracy without sample matrix effects.

Matrix Spike: A sample to which a known amount of the analyte of interest has been added. Used to evaluate laboratory accuracy with sample matrix effects.

Reference Material: a material or substance matrix matched to the samples that contains a known amount of the analyte of interest. A reference material may be used in place of a matrix spike.

RL: Reporting limit
RPD: Relative percent difference

AC: Acceptance criteria

Multielement Scan Qualifier: as the number of analytes in a scan increases, so does the chance of a limit exceedance by random chance as opposed to a real method problem. Thus, in multielement scans, for the LCS and matrix spike, up to 10% of the

analytes may exceed the quoted limits by up to 10% absolute and the spike is considered acceptable.

Duplicate Qualifier: for duplicates as the measured result approaches the RL, the uncertainty associated with the value increases dramatically, thus duplicate acceptance limits apply only where the average of the two duplicates is greater than five times the RL.

Matrix Spike Qualifier: for matrix spikes, as 