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1. INTRODUCTION

This report presents the factual findings obtained from a foundation investigation conducted at
Turtle River Tributary Culvert, located in the District of Kenora, Ontario.

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, records of boreholes,
stratigraphic profile, laboratory test results and a written description of the subsurface conditions.
A model of the subsurface conditions was developed from the data obtained in the course of the
investigation.

Thurber carried out the investigation as a sub-consultant to Hatch, under the Ministry of
Transportation Ontario (MTO) Assignment Number 6019-E-0009-009.

For preparation of this report, reference has been made to the following previous report:

9 Structure Inspection Report, Turtle River Tributary Culvert, Site No. 45X-0256/CO0,
prepared by MTO, dated August 11, 2019. (Reference 1).

2. SITE DESCRIPTION

The Turtle River Tributary Culvert is located on Highway 622 approximately 42.2 km south of
Highway 17 in the District of Kenora, Ontario. The Turtle River Tributary Culvert is a 24 m long,
3.05 m diameter corrugated steel round pipe culvert built in 1985.

The existing culvert allows the creek to flow in a northeast to southwest direction under Highway
622. Highway 622 generally runs in a northwest-southeast direction at the culvert site. The
estimated culvert invert is at approximate Elevation 392.7 m at the inlet and 392.6 m at the outlet.
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The existing road grade centreline at the culvert location is at approximate Elevation of 396.5 m,
which indicates approximately 0.8 to 0.9 m of fill above the culvert.

Measurements collected in August 2017 indicate that the creek level was at Elevation 393.41 m
immediately upstream of the culvert inlet and 393.43 m downstream of the culvert outlet.

The Structure Inspection Report prepared by MTO on August 11, 2019 reported that there is a
large deformation at the top of the barrel in the middle of the length of the culvert likely caused
during installation. The structure is in overall fair condition.

The site topography adjacent to Highway 622 is generally flat and densely vegetated with trees
and shrubs. The existing Highway 622 embankment side slopes are partially vegetated, with rip
rap protection at the culvert barrel. The embankment slopes are inclined at approximately 2H:1V
or flatter. Occasional erosion gullies are visible in the embankment fill, but overall the side slopes
appear to be stable. Photographs in Appendix C show the general nature of the site and the
existing culvert.

Based on Northern Ontario Engineering Geology Terrain Study (NOEGTS) mapping, the Turtle
River Tributary Culvert site lies in an outwash plain and valley train. The primary material is sand
to sandy soils with secondary gravel to gravelly material. Based on the OGS Map MRD126 titled
iBedrock Geol ogy of Ointiiusave ¢omtact,bedbek is efdhe Redakchean to
Mesoarchean age, and generally consists of the foliated tonalite suite, consisting of tonalite to
granodiorite, foliated to massive.

3. INVESTIGATION PROCEDURES

The site investigation and field testing for this project was carried out between August 18, 2020
to October 1, 2020. A total of four sampled boreholes, identified as TRT-01 to TRT-04, were
advanced through the pavement of Highway 622 or on the banks of the Turtle River Tributary,
adjacent to the inlet and outlet of the culvert. The approximate borehole locations are shown on
the attached Borehole Locations and Soil Strata Drawing in Appendix D.

Boreholes TRT-02 and TRT-03 were advanced through the pavement of Highway 622 in the SB
and NB lane, respectively. Boreholes TRT-04 and TRT-01 were advanced adjacent to the culvert
at the inlet (on the south bank) and outlet (on the north bank) of Turtle River Tributary,
respectively. Boreholes TRT-01 to TRT-04 were terminated at depths ranging from 12.2 m to
15.8 m (Elevation 382.5 m to 378.9 m).
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The Record of Borehole sheets are included in Appendix A, and the approximate locations of the
boreholes are shown on the Borehole Locations and Soil Strata Drawing included in Appendix D.

Utility clearances were obtained prior to the start of drilling. The ground surface elevations for the
boreholes were estimated from the cross sections and topographic drawings provided to Thurber
by the MTO. The coordinate system MTM NAD 83, Zone 16 was used to identify the borehole
locations.

Standpipe piezometers were installed in Boreholes TRT-01 and TRT-04 and consisted of a
19 mm Schedule 40 PVC pipe with a 3.0 m long slotted screen, enclosed in a column of filter
sand to permit groundwater level monitoring. Piezometer installation details, groundwater level
observations and water level readings are shown on the Record of Borehole sheets. Upon
completion of the investigation on October 4, 2020, the piezometers were decommissioned as
per O.Reg. 903.

Details of the drilling program, including drilling depths, piezometer installation and completion
details are summarized in Table 3.1 below.

Table 3.1 17 Borehole Completion Details

Borehole Depth/ Piezometer Tip

Borehole | gase Elevation (m) | Depth / Elevation (m)

Completion Details

Piezometer with 3.0 m slotted
screen installed with native
sand cave-in material to
surface.

TRT-01 12.2/382.5 7.71387.0

Borehole backfilled with
bentonite holeplug to 0.3 m,
sand from 0.3 m to 0.1 m and
cold patch asphalt to surface.

TRT-02 15.8/380.6 None installed

Borehole backfilled with
bentonite holeplug to 0.3 m,
sand from 0.3 mto 0.1 m and
cold patch asphalt to surface.

TRT-03 15.8/380.4 None installed

Piezometer with 3.0 m slotted
screen installed with sand
TRT-04 15.8/378.9 4.6 /390.1 filter from 4.6 m to 0.9 m,
then bentonite holeplug to
ground surface.
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Boreholes TRT-02 to TRT-04 were advanced using a truck-mounted CME750 drill rig. Solid stem
augers were used to advance the boreholes in the upper 1.5 to 3.0 m, and wash boring techniques
were used below these depths. Borehole TRT-01 was advanced using a portable Hilti drill and
tripod equipment using wash boring techniques. In all boreholes, soil samples were obtained at
selected intervals with a 50 mm outside diameter split spoon sampler driven in conjunction with
the Standard Penetration Test (SPT).

A member of Thurberdés technical staff supfel+ vi sed

time basis. The supervisor logged the boreholes and processed the recovered soil samples for

transport to Thurberés | aboratory for further

4. LABORATORY TESTING

All recovered soil samples were subjected to visual identification and natural moisture content
determination. The results of this testing are shown on the Record of Borehole sheets included in
Appendix A. Selected samples were subjected to grain size distribution analyses (sieve and
hydrometer). 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, samples of the fill and native soils from
Boreholes TRT-03 and TRT-04 respectively were collected. A surface water sample from the
tributary on the upstream side of the culvert was also collected. The soil and water samples were
submitted to Bureau Veritas Laboratories, a CALA accredited analytical laboratory in
Mississauga, Ontario, for analytical testing of corrosivity parameters and sulphate content. The
results of the analytical testing are summarized in Section 6 and are 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 these sheets and on the Borehole Locations and
Soil Strata drawing in Appendix D. An overall description of the stratigraphy 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 summary, the subsurface stratigraphy below the asphalt typically consists sandy gravel to
gravelly sand embankment fill/rockfill, an upper sand and silt to silty sand layer, sand, a lower silty
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sand to sandy silt layer, and silt. More detailed descriptions of individual strata are presented
below.

51 Asphalt

Asphalt of 50 mm thickness was encountered at the ground surface in Boreholes TRT-02 and
TRT-03, which were drilled through the existing pavement on Highway 622.

5.2 Gravelly Sand to Sandy Gravel Embankment Fill / Rockfill

Gravelly sand to sandy gravel embankment fill was encountered at ground surface in Borehole
TRT-01 and immediately below the asphalt in Boreholes TRT-02 and TRT-03. The gravelly sand
to sandy gravel fill was brown in colour and contained trace to some silt. A hydrocarbon odour
was noted in the fill near the ground surface in Borehole TRT-02 and trace rootlets and organics
were observed in the fill in Borehole TRT-01.

Frequent cobbles and boulders observed below 0.8 m depth in Boreholes TRT-01 and TRT-03,
indicates possible rockfill. Coring techniques were required to advance through cobbles in
Borehole TRT-02 from a depth of approximately 1.5 m to 2.3 m (Elevation 394.9 m to 394.1 m)
and through a 457 mm boulder from approximately 2.3 m to 2.7 m (Elevation 394.1 to 393.7 m).

The thickness of the embankment fill ranged from 0.9 m to 4.1 m, with an underside depth ranging
from 0.9 m to 4.1 m (Elevation 393.8 m to 392.1 m).

SPT N-Values in the embankment fill ranged from 15 blows to greater than 100 blows, indicating
a compact to very dense relative density; however, the higher blowcounts may represent the
presence of cobbles or a boulder with the fill rather than the relative density of the soil matrix.

Recorded moisture contents generally ranged from 2 percent to 7 percent. One moisture content
of 47 percent was recorded in Borehole TRT-01 at an approximate depth of 0.8 m (Elevation
393.9 m), indicating the possible presence of organics within the fill. The results of three grain
size analyses conducted on selected samples of gravelly sand to sandy gravel fill are provided
on the Record of Borehole sheets in Appendix A and plotted on Figure B1 of Appendix B. The
results are summarized as follows:
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Soil Particle Percentage (%)
Gravel 2510 51
Sand 43 to 60
Silt
Clay 6 to 15

53 Peat

A peat layer was encountered below the sand and gravel fill in Borehole TRT-01. The peat was
black in colour with a thickness of approximately 0.3 m and an underside depth of 1.2 m (Elevation
393.5 m).

The SPT N-Value in the peat layer was 19 blows.
The recorded moisture content of the peat was 58 percent.
54 Upper Sand and Silt to Silty Sand

An upper native deposit of sand and silt to silty sand was encountered below the embankment fill
in Boreholes TRT-02 to TRT-04. The upper sand and silt to silty sand was generally brown to grey
in colour and contained trace gravel and trace clay. Occasional wood fragments were observed
within this layer in Borehole TRT-02. Black staining was observed in the silty sand in Borehole
TRT-04, with peat, organics, wood pieces and rootlets within the dark brown deposit. A 50 mm
thick silt lens was also observed within the silty sand in Borehole TRT-04 at a depth of
approximately 1.8 m (Elevation 392.1 m).

The thickness of the upper sand and silt to silty sand layer ranged from approximately 1.5 m to
7.6 m, with an underside depth ranging from 2.2 m to 11.7 m (Elevation 392.5 m to 384.5 m).

SPT N-Values in the sand and silt to silty sand ranged from 4 to 29 blows, indicating a loose to
compact relative density.

Recorded moisture contents ranged from 20 percent to 35 percent. The results of grain size
analyses conducted on two samples of the upper silty sand deposit are provided on the Record
of Borehole sheets in Appendix A and plotted on Figure B2 of Appendix B. The results are
summarized as follows:
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Soil Particle Percentage (%)
Gravel 2t05
Sand 721077
Silt 20 to 22
Clay 1

55 Sand

A native sand deposit was encountered below the peat in Borehole TRT-01 and below the upper
sand and silt to silty sand layer in Boreholes TRT-02 to TRT-04. The sand was brown to grey in
colour and contained trace to some silt and trace clay. Occasional cobbles were encountered in
the sand in Boreholes TRT-01 and TRT-04.

Interbedded layers of peat and organics were observed within the sand in Borehole TRT-01 from
a depth of approximately 1.8 m to 2.4 m (Elevation 392.9 m to 392.3 m). A 75 mm silt seam was
also observed in the sand layer in Borehole TRT-01 at a depth of 4.4 m (Elevation 390.3 m).

The thickness of the sand deposit ranged from approximately 3.1 m to 9.5 m, with an underside
depth ranging from 5.6 m to 15.8 m (Elevation 389.1 m to 380.4 m).

SPT N-Values in the sand layer ranged from 1 to 18 blows, indicating a very loose to compact
relative density.

Recorded moisture contents ranged from 15 percent to 30 percent. The results of grain size
analyses conducted on four samples of the sand deposit are provided on the Record of Borehole
sheets in Appendix A and plotted on Figure B3 of Appendix B. The results are summarized as
follows:

Soil Particle Percentage (%)
Gravel Oto3
Sand 86 to 97
Silt 3toll
Clay Otol
5.6 Lower Silty Sand to Sandy Silt

A lower deposit of silty sand to sandy silt was encountered below the sand layer in all four
boreholes at this site. The silty sand to sandy silt was brown to grey in colour and contained trace
clay, with silt lenses observed within the deposit in Borehole TRT-02.

Client: Hatch Date: April 12, 2021
File No.: 29251 Page: 7 of 11
E file: 29251 Turtle_River_Trib_FIR_FINAL



Boreholes TRT-01, TRT-2 and TRT-03 were terminated in the silty sand to sandy silt layer at
depths of approximately 9.8 m, 15.8 m and 15.8 m (Elevation 384.9 m, 380.6 m, 380.4 m),
respectively. The thickness of the silt and sand layer in Borehole TRT-04 was approximately
3.1 m with an underside depth of 14.8 m (Elevation 379.9 m).

Below the depth of sampling in Borehole TRT-01, a dynamic cone penetration test (DCPT) was
driven from a depth of approximately 9.8 m to 12.2 m (Elevation 384.9 m to 382.5 m). The DCPT
was terminated upon encountering practical refusal to advancement. The DCPT refusal may
represent the bedrock surface or a cobble or boulder within the overburden.

SPT N-Values in the silty sand to sandy silt deposit ranged from 11 to 60 blows, indicating a
compact to very dense relative density.

Recorded moisture contents ranged from 17 percent to 25 percent. The results of grain size
analyses conducted on four samples of the silty sand to sandy silt deposit are provided on the
Record of Borehole sheets in Appendix A and plotted on Figure B4 of Appendix B. The results
are summarized as follows:

Soil Particle Percentage (%)
Gravel 0
Sand 30 to 54
Silt 45 to 68
Clay 1to3

5.7 Silt

A deposit of silt was encountered below the silt and sand deposit in Borehole TRT-04. The silt
was grey in colour and contained some sand and trace clay. Borehole TRT-04 was terminated in
the silt layer at a depth of approximately 15.8 m (Elevation 378.9 m).

The SPT N-Value in the silt layer was 15 blows, indicating a compact relative density.

The recorded moisture content was 17 percent. The results of grain size analyses conducted on
one sample of the sand deposit are provided on the Record of Borehole sheets in Appendix A
and plotted on Figure B5 of Appendix B. The results are summarized as follows:
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Soil Particle Percentage (%)
Gravel 0
Sand 11
Silt 88
Clay 1
5.8 Groundwater Conditions

Piezometers were installed in Boreholes TRT-01 and TRT-04 to monitor groundwater levels after
completion of drilling. The measured groundwater levels are summarized in the table below.

Borehole Date Depth Elevation
(m) (m)

October 1, 2020 1.3 393.4
October 2, 2020 1.3 393.4

TRT-01 October 3, 2020 1.3 393.4
October 4, 2020 1.3 3934
August 19, 2020 1.0 393.7

TRT-04 August 20, 2020 1.0 393.7
August 21, 2020 0.9 393.8

The groundwater level should be assumed to reflect the local creek water level. The surface water
level of the Turtle River Tributary was measured at Elevation 393.4 on August 29, 2017, as shown
on the drawing in Appendix D.

It should also be noted that the groundwater level at the time of construction may be different 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 soil from Boreholes TRT-03 and TRT-04 were submitted for analytical testing of
corrosivity parameters and sulphate. The results of the analytical tests are shown in Table 6.1
and 6.2. The laboratory certificates of analysis are presented in Appendix B.
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Table 6.1 7 Soil Analytical Test Results

Test Results Test Results
Parameter Units (Soil) | TRT-03(SS3at1.5m) | TRT-04 (SS3at 1.5m)
(Gravelly Sand Fill) (Silty Sand)
Redox Potential mvV 228 309
Sulphide mg/kg <0.5 <0.5
pH pH Units 7.57 4.83
Chloride ua/g 79 <20
Sulphate Ha/g <20 <20
Conductivity uS/cm 182 28
(Saeliﬁg‘t’gé’) ohms.cm 5500 36000

Table 6.2 7 Water Analytical Test Results

Test Results
Parameter Units (Soil) Turtle River Tributary
(Surface Water Sample)
Redox Potential mV 272
Sulphide mg/L <0.020
pH pH Units 6.76
Chloride pg/L 3.4
Sulphate pg/L <1.0
Conductivity uS/cm 34
Resistivity (calculated) ohms.cm 30000

7. MISCELLANEOUS

Borehole locations were selected and established in the field by Thurber Engineering Ltd. The
northing and easting coordinates and ground surface elevations were estimated based on field
measurements relative to the topographic plans provided by MTO. Thurber obtained utility
clearances for the borehole locations prior to drilling.

RPM Drilling of Thunder Bay, Ontario supplied a truck-mounted CME750 drill rig and Ohlmann
Geotechnical Services (OGS) Inc. of Almonte, Ontario supplied a portable Hilti drill, and
conducted the drilling, sampling and in-situ testing operations for the boreholes.
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The field investigation was supervised on a full-time basis by Mr. Greg Stanhope and Ms. Rachel
Bourassa of Thurber. Overall supervision of the field program was provided by Mr. Mark Farrant,
P.Eng of Thurber and interpretation of the data was carried out by Ms. Judy Mei, E.I.T. The report
was prepared by Ms. Judy Mei, E.I.T, and reviewed by Mr. Stephen Dunlop, P.Eng. and Dr. P.K.
Chatterji , P.Eng., a Designated Principal Contact for MTO Foundations Projects.

THURBER ENGINEERING LTD.

Judy Mei, M.A.Sc., E.I.T. Stephen Dunlop, M.A.Sc., P.Eng.
Geotechnical Engineering Intern Associate, Senior Geotechnical Engineer
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Dr. P.K. Chatterji, P.Eng., Ph.D.
Designated MTO Principal Contact
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Figure 1: Looking east towards culvert outlet (October 2020)




