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FOUNDATION INVESTIGATION AND DESIGN REPORT
HIGHWAY 407/BROCK ROAD INTERCHANGE CONNECTION
STRUCTURE M-4 (SITE 3A)

REALIGEND BROCK ROAD OVER BROUGHAM CREEK
Contract No: E2-2012

PART 1: FACTUAL INFORMATION

1 INTRODUCTION

This report presents the factual findings obtained from a foundation investigation conducted at the
proposed location of a new bridge that will carry the new realigned Brock Road over Brougham
Creek, in The City of Pickering, Ontario. The new bridge is part of the Highway 407 east
extension and is to be completed as part of the Highway 407/Brock Road Interchange Connection

project.

The purpose of this investigation was to explore the subsurface conditions at the site and, based on
the data obtained, to provide a borehole location plan, records of borehole sheets, stratigraphic
profile and sections, laboratory test results and written descriptions of the subsurface conditions. A
model of the subsurface conditions was developed from the data obtained during the course of the

investigation.

Thurber carried out the investigation as a sub-consultant to MMM Group Limited, under the
Highway 407 ETR Contract Number E2-2012 (Design).

2  SITE DESCRIPTION

The bridge site is located approximately 100 m west of Sideline 16 and approximately 485 m south
of the existing Highway 407-Sideline 16 intersection. The community of Brougham is located
approximately 1 km northwest of the proposed bridge site.

At the location of the proposed bridge, Brougham Creek flows from west to east. The creek flows
in a valley that is approximately 10 m deep at the proposed bridge location. Lands surrounding the
bridge site consist primarily of agricultural fields and undeveloped areas.

The site is situated in the physiographic region known as the South Slope, which lies between the
Oak Ridges Moraine and the Iroquois Plain and typically is characterized by overburden deposits
consisting of sand and silt, underlying or overlying glacial till sheets. Lacustrine clay deposited by
Lake Iroquois, is often encountered between or overlying the till sheets. ‘Surficial Geology of
Southern Ontario’ published by The Ontario Geological Survey shows that the bridge site is
located in an area covered by sandy silt to silty sand till.
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3  SITE INVESTIGATION AND FIELD TESTING

The site investigation and field testing for this structure were carried out from September 10 to 17
and December 11 and 12, 2012, and consisted of drilling and sampling a total of nine boreholes
(identified as SM4-01 to SM4-09). Two boreholes were drilled at each of the North and South
Abutments and one borehole at each approach behind abutment. One borehole was drilled at the
North Pier and two boreholes were drilled at the South Pier. The boreholes were extended to
depths ranging from 6.4 to 24.5 m below the existing ground surface. One borehole (identified as
F2) was drilled and sampled for south approach embankment on January 9, 2013. The Record of
Borehole sheets are included in Appendix A.

The approximate borehole locations are shown on the attached Borehole Locations and Soil Strata
Drawing included in Appendix G. Borehole F2 was located approximately 130 m south of the
south abutment and was not shown on the drawing.

The borehole locations were marked in the field and utility clearances were obtained prior to
drilling. Double row silt fencing with straw bales was installed at each drilling location to prevent
sediment laden water from entering Brougham Creek and the adjacent habitat. An access route
was cleared down the south slope of the creek valley, along the proposed centreline of the
structure, to provide access to the boreholes located within the creek valley.

Drilling was carried out using various track-mounted drill rigs and a combination of solid stem
augers/hollow stem augers and wash boring methods were used to advance the boreholes.
Overburden samples were obtained at selected intervals using a split spoon sampler in conjunction
with the Standard Penetration Test (SPT).

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.

Groundwater conditions were observed in the open boreholes upon completion of the drilling
operations. A standpipe piezometer, consisting of 19 to 25 mm diameter PVC pipe with a 1.5 m
long slotted screen, was installed near each of the two abutments and south pier. A monitoring
well, consisting of a 50 mm diameter PVC pipe with a 3.0 m long slotted screen, was installed near
the north pier. The completion details of the piezometers/monitoring well and boreholes are
summarized in Table 3.1. Boreholes were backfilled in general accordance with O. Reg. 903.

Table 3.1 — Borehole Completion and Piezometer Installation Details

Borehole Dell:tl;ﬂ?,l:‘e?::ifl:lzm) Borehole Backfilling Details
SM4-01 None installed Backfilled with bentonite holeplug to 1.4 m then cuttings to
surface.
Piezometer with 1.5 m slotted screen installed with sand
SM4-02 21.3/150.9 filter to 16.3 m, bentonite to from 16.3 to 0.6 m, then
cuttings to surface.
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Piezometer Tip . .
Borehole Depth/ Elevation (m) Borehole Backfilling Details
SM4-03 None installed Backfilled with bentonite holeplug to 1.5 m then cuttings to
surface.
Piezometer with 1.5 m slotted screen installed with sand
SM4-04 2441 147.0 filter to 19.7 m, bentonite to 0.5 m, then cuttings to surface.
SM4-05 None installed Backfilled with bentonite holeplug to 1.9 m then cuttings to
surface.
SM4-06 None installed Backfilled with bentonite holeplug to 1.2 m then cuttings to
surface.
SM4-07 None installed Backfilled with bentonite holeplug to surface.
Piezometer with 3.0 m slotted screen installed with sand
SM4-08 9.1/153.5 filter to 5.5 m and bentonite holeplug from 5.5 m to
surface.
Monitoring well with 3.0 m slotted screen installed with
SM4-09 9.1/152.4 sand filter to 5.3 m and bentonite holeplug from 5.3 m to
surface.
) None installed ?;cé:?!led with bentonite holeplug to 1.3 m then cutting to

The standpipe piezometers will be decommissioned in accordance with O. Reg. 903 after a period
of groundwater level monitoring.

4 LABORATORY TESTING

The recovered soil samples were subjected to Visual Identification (VI) and to natural moisture
content determination. Selected samples were subjected to gradation analysis (sieve and
hydrometer) and Atterberg Limits testing, where appropriate. The results of this testing program
are summarized on the Record of Borehole sheets included in Appendix A and are presented on the
figures included in Appendix B.

Selected samples were also subjected to analytical lab testing consisting of pH test and soluble
Sulphate content determination. The test results are included 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 at the proposed bridge site are presented on the “Borehole Locations
and Soil Strata” drawings included in Appendix G. An overall description of the stratigraphy
encountered at the proposed bridge site is given in the following paragraphs. However, the factual
data presented in the Record of Borehole Sheets governs any interpretation of the site conditions.

In general, a surficial organic layer was encountered at all borehole locations. At the proposed
north abutment, a layer of clayey silt was found beneath the organic layer. The clayey silt was
underlain by the silty sand to sand and silt till to a significant depth. At the proposed south
abutment, the sand and silt till was encountered immediately beneath the organic layer. Within the
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creek valley, granular soils ranging from sandy silt to gravelly sand were encountered below the
organic layer at the proposed pier locations.

5.1 Organics

A layer of organics was encountered at surface in all boreholes drilled at this site. The
thickness of the organic layer ranged from 100 to 200 mm.

The thickness of the organic layer may vary between and beyond the borehole locations.

5.2 Clayey Silt

A layer of brown clayey silt, containing trace to some sand and trace gravel, was
encountered below the organic layer in Boreholes SM4-01 to SM4-03. The upper portion
of the clayey silt layer was topsoil stained and contained some rootlets.

The clayey silt layer was 1.2 m thick in all three boreholes, with the lower boundary of the
clayey silt encountered at a depth of 1.4 m below the surface (Elevation 170.7 to 171.0).

SPT N-Values recorded in the clayey silt layer ranged from 28 blows for 0.3 m penetration
to 50 blows for 0.15 m penetration, indicating a very stiff to hard consistency. Moisture

contents ranged from 10 to 32%.

5.3 Silty Sand to Sand and Silt Till

Silty sand to sand and silt till was encountered directly below the organic layer in
Boreholes SM4-04 to SM4-06 and below the clayey silt layer in Boreholes SM4-01 to
SM4-03. The silty sand to sand and silt till was typically brown to grey and contained
trace to some gravel and trace to some clay.

The silty sand to sand and silt till deposit was fully penetrated in Boreholes SM4-02,
SM4-03, and SM4-04. The till was interbedded with sand layers in Borehole SM4-02. The
thickness of the till deposit encountered in these three boreholes ranged from 10 to 17.5 m.
Boreholes SM4-01, SM4-05, SM4-06 and F2 were terminated within the till deposit at
depths of 6.4 to 14.0 m (Elevation 165.8 to 158.5).

SPT tests performed in this layer gave N-Values ranging from 26 to above 100, indicating
a compact to very dense relative density. Moisture contents of the till varied typically from
8 to 20%.

Twelve samples of the silty sand to sand and silt till underwent laboratory grain size
analysis testing, the results of which are summarized below. These results are also
presented on the Record of Borehole sheets included in Appendix A. The grain size
distribution curves for these samples are plotted on Figures B1 and B2 in Appendix B.
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Soil Particles Percentage (%)
Gravel 0to 13
Sand 29 to 57
Silt 21 to 56
Clay 7 to 26
54 Sand

Sand layers with trace gravel and trace to some silt and clay were encountered in SM4-02.
The sand layers were found interbedded with the till deposit at 2.0, 4.3, 11.4, 17.5 and
20.9m below the ground surface.

SPT tests performed in the sand gave N-Values ranging from 63 to above 100, indicating a
very dense relative density. Moisture contents of the sand vary typically from 10 to 15%.

A grain size analysis performed on the sand sample indicated 84% of sand and 16% of silt
and clay combined as shown on Figure B3 in Appendix B.

5.5 Gravelly Sand to Sand

A layer of gravelly sand to sand with some gravel was encountered below the surficial
organic layer in SM4-08 and SM4-09. The thickness of this layer ranges from 1.2 to 1.8 m
with the top of layer encountered at Elevation 161.4 to 162.4.

SPT tests performed in the sand gave N-Values ranging from 17 to 39, indicating a
compact to dense relative density. Natural moisture contents in the deposit vary from 10 to
19%.

A grain size analysis performed on the soil indicated 37% of gravel, 49% of sand and 14%
of silt and clay combined as shown on Figure B6 in Appendix B.

5.6 Silty Sand to Sandy Silt

A layer of silty sand to sandy silt was encountered below the silty sand till in SM4-03,
directly beneath the organic layer in SM4-07, and below the gravelly sand to sand layer in
SM4-08 and SM4-09. Elevations of the top of layer range from 160.2 to 161.6. The silty
sand to sandy silt layer was only penetrated in SM4-08 and SM4-09 with the layer
thickness ranging from 5.7 to 6.2 m.

SPT tests performed in the deposit gave N-Values ranging typically from 22 to above 100,
indicating a compact to very dense relative density. Natural moisture contents in the
deposit vary from 17 to 21%.

Four gradation analyses were completed on the samples collected in this layer. The results
are summarized on the Record of Borehole sheets in Appendix A and the grain size
distribution curve for this sample is included in Figures B4 and BS of Appendix B. The
results of the laboratory tests are summarized as follows:
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Soil Particles Percentage (%)
Gravel 0
Sand 13 to 53
Silt 35t0 78
Clay 9to 12

5.7 Silt

A silt layer with trace to some clay was encountered within the till in SM4-02, below the
till in SM4-04 and below the silty sand and sandy silt layer in SM4-08 and SM4-09. The
thickness of the layer ranged from 1.7 to 4.6 m with the underside at Elevation ranging
from 149.1 to 155.7.

SPT tests performed in the silt layer gave N-Values greater than 100 blows, indicating a
very dense relative density. The moisture contents within the silt layer ranged between 16
and 20%.

The results of grain size analysis of the silt samples are summarized on the Record of
Borehole sheets in Appendix A and the grain size distribution curves for these samples are
included in Figure B4 of Appendix B. The results of the laboratory tests are summarized

as follows:
Soil Particles Percentage (%)
Gravel 0
Sand 6to 11
Silt 71 to 82
Clay 12 to 20
5.8 Lower Gravelly Sand to Sand

A layer of gravelly sand to sand with some gravel was encountered below the silt in SM4-
04 and SM4-09. The top of layer was encountered at Elevation 152.8 to 149.1. Both holes
were terminated in this layer.

SPT tests performed in the deposit gave N-Values greater than 100 blows, indicating a very
dense relative density. Natural moisture contents in the deposit vary from 8 to 9%.

A grain size analysis performed on the soil indicated 29% of gravel, 52% of sand and 19%
of silt and clay combined as shown on Figure B6 in Appendix B.

5.9 Groundwater Levels

Where practical, groundwater levels were observed in the open boreholes upon completion
of the drilling. Four standpipe piezometers/monitoring wells were installed at this site, as
shown in Table 3.1, to monitor groundwater levels. The measured groundwater levels are

summarized in Table 5.1.



Structure M-4 Realigned Brock Road over Brougham Creek

Highway 407/Brock Road Interchange Connection Page 7
Table 5.1 — Measured Groundwater Levels
Groundwater Level (m)
Borehole Date Comment
Depth (m) Elevation (m)
SM4-01 Sep. 11,2012 4.6 167.8 Open borehole
Sep. 12,2012 12.3 159.9
Oct. 16,2012 12.6 159.6
Oct. 26, 2012 12.3 159.9 .
SMA-02 | Nov. 27,2012 12.1 160.1 Plezometer
Dec. 19, 2012 12.1 160.1
Jan. 3,2012 12.1 160.1
SM4-03 Sep. 12,2012 3.8 168.3 Open borehole
Oct. 16,2012 11.6 159.8
Oct. 26,2012 11.5 159.9
SM4-04 Nov. 27,2012 114 160.0 Piezometer
Dec. 19, 2012 11.3 160.1
Jan. 3, 2012 11.3 160.1
SM4-05 Sep. 17,2012 10.0 162.5 Open borehole
SM4-06 Sep. 17,2012 DRY - Open borehole
SM4-07 Dec. 11, 2012 2.0 159.8 Open borehole
Dec. 18, 2012 1.9 160.7
Dec. 19, 2012 1.6 161.0 .
SM4-08 Jan. 2, 2012 1.1 161.5 Piezometer
Jan. 9, 2012 1.6 161.0
Dec. 18,2012 1.5 160.0
Dec. 19, 2012 1.1 160.4
SM4-09 Jan. 2, 2012 2.6 158.9 Well
Jan. 9, 2012 1.1 160.4
F2 Jan. 9, 2013 6.5 165.1 Open borehole

The above values are short-term readings and seasonal fluctuations of the groundwater

level are to be expected. In particular, the groundwater level may be at a higher elevation

after the spring snowmelt or after periods of heavy precipitation.
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6 MISCELLANEOUS

The borehole locations were selected by Thurber Engineering Ltd. and staked in the field using a
Trimble Pathfinder ProXRT differential GPS. The co-ordinates and ground surface elevations at
the boreholes were surveyed by MMM upon completion of drilling.

Thurber obtained utility clearances for the borehole locations prior to drilling.

DBW Dirilling of Ajax, Ontario supplied a track-mounted drill rig and conducted the drilling,
sampling and in-situ testing operations for the boreholes located on the table lands and Walker
Drilling of Barrie, Ontario supplied a track-mounted drill rig and conducted the drilling, sampling
and in-situ testing operations for the boreholes located within the creek valley. A D7 dozer was

used to assist the track-mounted rig up and down the valley slope.

The drilling and sampling operations in the field were supervised by Ms. Eckie Siu and Mr.
Stephane Loranger of Thurber.

Routine laboratory testing was carried out by Thurber Engineering Ltd.

Overall supervision of the field program was conducted by Ms. Lindsey Blaine, E.IT.
Interpretation of the data and preparation of the report were carried out by Mr. Keli Shi, P.Eng. and
Mr. Alastair Gorman, P.Eng. Dr. P.K. Chatterji, P.Eng., a Designated Principal Contact for MTO

Foundations projects, reviewed the report.

Thurber Engineering Ltd.

10 i. SHi
15741639

e

.\ Jan. 28,201

Keli Shi, P.Eng.
Geotechnical Engineer

Alastair Gorman, P.Eng. E

-~ ! r—. ————— - _E
Senior Foundations Engineer :

WTHNZE f( b
\ \‘.,__ﬂ_'__‘p/ %

:&'b e
S
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P. K. Chatterji, P.Eng.
Review Principal

THURBER
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FOUNDATION INVESTIGATION AND DESIGN REPORT
HIGHWAY 407/BROCK ROAD INTERCHANGE CONNECTION
STRUCTURE M-4 (SITE 3A)

REALIGEND BROCK ROAD OVER BROUGHAM CREEK
Contract No: E2-2012

PART 2: ENGINEERING DISCUSSION AND RECOMMENDATIONS

7 INTRODUCTION

This section of the report provides an interpretation of the factual data, presented earlier, and also
presents geotechnical recommendations for design of the realigned Brock Road overpass based on
the factual information as well as our understanding of the project. The plans and profiles and
General Arrangement drawing used for preparation of this report were provided by MMM Group.

The proposed overpass structure, on the General Arrangement (GA) drawing dated January 2013,
is shown to be a three-span structure with a total supported length of 98.1 m and width of 32.3 m to
carry six lanes of traffic. Each abutment is shown to be supported on a single row of HP 310x110
steel piles. The approach embankments will be approximately 10.5 to 8.2 m above the existing
ground surface at the north and south abutments, respectively. The undersides of the abutments are
shown at Elevation 177.20 and 174.20 m for the north and south abutment, respectively. The top
of pier footings are shown at Elevation 164.10 and 160.60 m for the north and south piers,

respectively.

8 STRUCTURE FOUNDATIONS

The general stratigraphy of the site was characterized by very dense till comprised predominantly
of sand and silt with some clay, trace gravel and occasional cobbles. The till was covered by a
surficial layer of organics at the proposed south abutment and by both surficial organics and very
stiff to hard clayey silt at the proposed north abutment. In the creek valley where the bridge piers
will be located, a deposit of dense to very dense sandy silt to silty sand was found in place of the

very dense till.

The groundwater level measured at the installed piezometers and monitoring well on November 27
and December 18, 2012 varied from Elevation 160.0 to 160.7. Higher groundwater levels were
recorded on completion of drilling in shallower boreholes at the abutments and approaches.

Consideration was given to the following foundation types:

=  Spread footings:
o founded on native soil
o founded on engineered fill
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= Augered caissons (drilled shafts)

= Driven steel H-piles
A comparison of the foundation alternatives, with their respective advantages and disadvantages,
are included in Appendix D.

8.1 Spread Footings Founded on Native Soil

The spread footings must be placed on the underlying dense to very dense sand and silt till
at the abutments and on the dense to very dense sand and silt at the piers. The design of
spread footings founded on undisturbed dense to very dense sand and silt till or sand and
silt must be in accordance with the elevations and factored geotechnical resistance at
Ultimate Limit States (ULS) and geotechnical resistance at Serviceability Limit States
(SLS) as provided in Table 8.1.

Table 8.1 — Founding Elevation and Bearing Resistances on Native Soil

Highest Base | Factored ULS SLS
Locations Elevation Resistance Resistance
(m) (kPa) (kPa)
North Abutment
(SM4-02 & 03) 170.7 600 400
North Pier
(SM4-09) 159.5 600 400
South Pier
(SM4-07 & 08) 159.5 600 400
South Abutment
(SM4-04 & 05) 169.3 600 400

The bearing resistances in Table 8.1 are for vertical, concentric loading. In the case of
eccentric or inclined loading, the bearing resistance must be adjusted as shown in the
CHBDC (2006) Clause 6.7.3 and Clause 6.7.4.

The geotechnical SLS resistance values given above are based on an estimated total
settlement not exceeding 25 mm. This settlement is expected to be substantially complete
by the end of construction. Differential settlement is not expected to exceed 20 mm across
the width of the structure.

Founding elevations presented in Table 8.1 are near or below the groundwater level
observed during the investigation at the piers. If temporary excavations required to
construct these footings extend below the water table, local groundwater control will be
required to construct the footing in the dry and to prevent disturbance of the footing base.
Excavation and dewatering are addressed elsewhere in this report. Scour protection will be
required for the footings.
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8.2 Spread Footings Founded on Engineered Fill

If higher founding elevations are required, spread footings could be constructed on
engineered fill pad consisting of OPSS Granular “A” fill material. This option would be
suitable for abutment footing elevations which are currently shown on the GA to be above
the existing ground surface elevation.

If an engineered fill pad is used, all organics or other deleterious materials must be stripped
from the footprint of the foundation to expose competent native subgrade material. The
engineered fill would be placed and compacted on native compact to very dense sand and
silt till and the highest permitted base elevation, at which engineered fill pads may be
founded, are provided in Table 8.2.

Table 8.2 — Founding Elevation and Bearing Resistances on Engineered Fill

Highest Base | Factored ULS SLS
Locations Elevation Resistance Resistance
(m) (kPa) (kPa)
North Abutment 1715
(SM4-02 & 03) '
750 350
South Abutment 170.7
(SM4-04 & 05) )

The geotechnical resistances shown in Table 8.2 are based on a minimum 2.0 m thick layer
of engineered granular fill. The resistance values shown are for concentric, vertical loads
only. For eccentric or inclined loading, the bearing resistance must be adjusted in
accordance with the CHBDC (2006) Clause 6.7.3 and Clause 6.7.4.

The geotechnical SLS resistances given above are based on an estimated total settlement
not exceeding 25 mm. This settlement is expected to be substantially complete by the end
of construction. Differential settlement is not expected to exceed 20 mm across the width
of the structure.

The Granular “A” must be compacted to 100% of Standard proctor maximum dry density
(SPMDD) at optimum moisture content of +2%. The geometry of the fill pad must
conform to the general requirements shown in Figure 1 in Appendix E.

8.3 Augered Caissons (Drilled Shafts)

Augered caissons, 1.2 m in diameter, founded in the sand and silt till with SPT N greater
than 100 blows, at or below elevation shown in Table 8.3, are considered as a feasible
foundation for the abutments. Founding caissons in the silty sand to sandy silt at the piers
is not recommended. The base of the caissons will be below the groundwater level at the
pier locations, which may result in some difficulties in dewatering, base cleaning and base
inspection. Construction of the caissons will require the use of a sealed liner extending
above the groundwater level and/or slurry methods to control groundwater and to support
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the sidewalls of the shaft. The presence of cobbles within the till will cause difficulty for
drilling operations.

Table 8.3 — Founding Elevation and Axial Resistance for Caissons

Highest Base | Factored ULS SLS
Locations Elevation Resistance Resistance

(m) (kN) (kN)
North Abutment 162.0

(SM4-02 & 03) 4000 3200
South Abutment 162.0

(SM4-04 & 05) )

8.4 Steel H-Pile Foundations

The soil conditions encountered at this site are considered to be suitable for the support of
foundations on steel piles (HP 310x110) driven to refusal within the very dense sand and
silt till at the abutments or the very dense silty sand to sandy silt at the piers. The
recommended pile tip elevations and the recommended design resistances are shown in
Table 8.4.

Table 8.4 — Recommended Axial Resistance for Steel H-Piles

Highest Pile | Factored ULS SLS
Locations Tip Elevation Resistance Resistance
(m) (kN) (kN)
North Abutment
(SM4-02 & 03) 164.0 1800 1600
North Pier
(SM4-09) 154.0 1600 1400
South Pier
(SM4-07 & 08) 154.0 1600 1400
South Abutment
(SM4-04 & 05) 164.0 1800 1600

The pile tips must be driven to the elevations shown, or to greater depth if this is necessary
to develop the geotechnical resistance. Pre-augering may be necessary to reach these
elevations, but pre-augering must not extend deeper than 3.0 m above the final tip
elevation.

The structural resistance of the pile must be checked by the structural designer and pile
installation should be carried out in accordance with OPSS 903.

The pile tip elevations have been chosen to satisfy all of the following requirements:

e Develop sufficient geotechnical resistance.
e Penetrate at least 5.0 m into native soil.
e Penetrate at least 3.0 m below the underside of the CSP.
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8.4.1 Pile Tips

Due to the possible presence of cobble and boulders, the tips of all driven piles must be
reinforced. This can be achieved by fitting the piles with steel H-pile driving shoes in
accordance with OPSD 3000.100.

8.4.2 Pile Driving

Pile driving must be controlled by the Hiley Formula and an ultimate pile resistance should
be specified by the designer in accordance with Clause 3.3.2 (b) Construction Stage of the
Structural Manual. The Hiley formula need not be used until the piles are within 2.0 m of
the bearing stratum. The appropriate pile driving note is “Piles to be driven in accordance
with Standard SS 103-11 using an ultimate resistance of “R” kN per pile. “R” must have a
minimum value of twice the design load at ULS, but must not exceed 3600 kN at the
abutments and 3200 kN at the piers.

As boreholes encountered SPT refusal within the sand and silt till and noted the presence
of cobbles, an NSSP should require the Contractor’s Quality Verification Engineer (QVE)
to terminate driving before the pile is damaged by overdriving. Suggested texts for
NSSP’s are included in Appendix F.

8.4.3 Downdrag

Downdrag on the piles is not considered to be an issue at this site, since the founding soils

are generally dense to very dense with low clay content.

8.4.4 Lateral Pile Resistance

The geotechnical lateral resistance of an H-pile embedded in till may be calculated using a
value for the coefficient of horizontal subgrade reaction (k) and ultimate lateral resistance

(pu) as follows:

ks = mnz/D (kN/m3)
Puit = 3yzK, (kPa)
where: z = depth of embedment of pile in metres
D =  pile width or diameter in metres
Ny = coefficient of horizontal subgrade reaction
= 12,000 kN/m’ (in dense to very dense till)
Y = 21 kN/m’ (very dense till above water table)
Tw = 11 kN/m’ (very dense till below water table)
K, =  passive earth pressure coefficient

= 3.7 (for dense to very dense till)
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The above equations and recommended parameters may be used to analyze the pile-soil
interaction. The lateral pressures obtained from the analysis must not exceed the ultimate

lateral resistance.

The spring constant, K, for analysis may be obtained by the expression, K= ks x L x D
(KN/m), where L is the length (m) of the pile segment or element used in the analysis and
remaining variables are as defined earlier. The ultimate lateral resistance, P,,, may be
obtained from the expression, Py, = py X L x D. This represents the ultimate load at which
the pile fails and will not support any additional load at greater displacements. It is
recommended, however, that the total lateral resistance of a single pile be limited to no
more than 120 kN at ULS and 50 kN at SLS.

The coefficient of horizontal subgrade reaction may have to be reduced due to pile
interaction, based on the centre-to-centre pile spacing. The reduction factors to be used for
a single pile in a closely spaced pile group are provided in Table 8.5 with intermediate
values obtained by linear interpolation. Alternatively, horizontal loads may be resisted by

means of battered piles.

Table 8.5 — Reduction Factors for Coefficient of Subgrade Reaction due to Pile Spacing

Condition CeP;lltl:e-Stl())?g:ngtre Reduction Factor
Pile alignment oriented 4D 1.0
perpendicular to direction of
loading 1D 0.5
8D 1.0
Pile alignment oriented 6D 0.7
parallel to direction of
loading 4D 0.4
3D 0.25

Note: D is the width or diameter of pile along the loading direction

8.5 Frost Cover

The depth of frost penetration at this site is 1.2 m. The base of all pile caps, caissons caps
or spread footings, must be provided with a minimum of 1.2 m of earth cover as protection

against frost action.

8.6 Proposed Foundation

From geotechnical perspective, and based on current information, the recommended
foundation for both abutments and piers consists of steel H-piles driven into the dense to

very dense sand and silt till or sandy silt to silty sand.
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9 BRIDGE APPROACHES AND EMBANKMENTS

Based on the boreholes drilled within the approach areas, the embankments will be constructed on
very stiff to hard clayey silt and compact to very dense sand and silt till. Embankments constructed
using SSM or granular fill with side slopes of 2H:1V or flatter will be stable on the base. For
embankment fill greater than 8 m in height, a 2 m wide, mid height berm should be provided.

Settlement in the underlying soil will be immediate and essentially complete when the embankment
reaches full height. Allowance should be made for self-consolidation within the embankment
equal to approximately 1% of the embankment height, which may take a few months to complete.
Accordingly, paving should be delayed for as long as possible after construction of the

embankment.

10 EXCAVATION AND GROUNDWATER CONTROL

All excavation must be carried out in accordance with the Occupational Health and Safety Act
(OHSA). The very stiff to hard clayey silt and underlying dense to very dense till at the abutments
are classified as Type 2 soil. It is recommended that the sandy silt soils at the pier locations be

treated as Type 3 soil.

Based on the GA provided by MMM, no excavation is anticipated at the abutments. However, if
excavation is required and there is insufficient space for sloped excavation, shoring by means of
soldier piles and lagging, or driven steel sheet piles could be considered.

All temporary shoring must be designed by a licensed Professional Engineer experienced in design
of shoring with consideration of adjacent surcharge loads and any sloping retained surfaces.
Roadway protection, if required, should be supplied in accordance with OPSS 539 and designed for
Performance Level 2.

Foundation construction at the piers will require excavation in non-cohesive soils below the
recorded groundwater level. In order to control sloughing and disturbance of the base of the
excavation, it is recommended that these excavations be carried out inside steel sheet pile

cofferdams.

In the case of spread footings, the groundwater level must be depressed by positive dewatering
techniques to a level at least 0.5 m below the required base of excavation prior to the excavation
being carried out. Furthermore, in the case of spread footings, the cofferdam must be designed to
be left in place permanently to provide scour protection and guard against undermining of the

foundation.
In the case of driven steel pile foundations, the following points must be observed:

1. Footings shall be constructed in the dry in accordance with OPSS 902.
2. Positive control measures will be required in view of the high groundwater level in the
cohesionless soil and proximity of the creek.
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3. Groundwater and surface water control measures shall be designed by the Contractor but
one possible method is a steel sheet pile cofferdam driven to sufficient depth to cut off
upward flow of groundwater.

4, If effective cutoff of the groundwater cannot be achieved, consideration could be given to
deepening the excavation inside the cofferdam and pouring a minimum 1m thick tremie
concrete plug after the piles have been driven.

Consideration must be given to the risk of flooding at the pier locations if the stream level rises

during construction.

In the case of pile caps at the pier locations, erosion protection must be provided to prevent
undermining of the pile cap. Possible options include designing the cofferdam to be left in place,
or riprap protection designed by a river hydrologist.

The design of any dewatering or groundwater control system, that may be required, is the
responsibility of the Contractor and the Contract Documents must alert the Contractor to this
responsibility and the need to engage a dewatering specialist. The Contractor should also be
prepared to pump from sumps to remove any remaining seepage water or surface water collecting
in an excavation. Placement of structural concrete must be done in the dry. Dewatering or
groundwater control must remain operational and effective until the foundation is installed and
backfilled. The excavation and backfilling for foundations must be carried out in accordance with
OPSS 902.

11 BACKFILL AND LATERAL EARTH PRESSURES

The backfill to the abutment walls must be Granular B Type II material meeting the requirements
of Special Provisions 110S13 “Amendment to OPSS 1010, April 2004”. The backfill must be in
accordance with OPSS 902 and placed to the extent shown in OPSD 3101.150.

Heavy compaction equipment should not be used adjacent to the abutment walls and wing walls.
Compaction should be carried out in accordance with OPSS 501.

Earth pressures acting on the abutment walls may be assumed to impose a triangular distribution
governed by the characteristics of the backfill. For a fully drained condition, the pressures should
be computed in accordance with the CHBDC but generally are given by the expression:

p =K (yh+q)
Where: p = horizontal pressure on the wall at depth h (kPa)
K = earth pressure coefficient (see table below)
Y = 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)
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Earth pressure coefficients for backfill behind abutments are dependent on the material used as
backfill. Recommended unfactored values are shown in Table 11.1. The at-rest coefficients should
be employed for conventional abutment walls. Active pressures may be used for walls when a

degree of movement is permissible.

The parameters presented in the table correspond to full mobilization of active and passive earth
pressures, and require certain relative movements between the wall and adjacent soil to produce
these conditions. The values to be used in design should be assessed from Figure C6.16 of the
Commentary to the CHBDC.

In accordance with Clause 6.9.3 of the CHBDC, a compaction surcharge should be added. The
magnitude should be 12 kPa at the top of fill and decreasing to 0 kPa at a depth of 2.0 m for
Granular B Type I or 1.7 m for Granular A or Granular B Type II.

Table 11.1 — Earth Pressure Coefficients

Earth Pressure Coefficient (K)
OPSS Granular A or OPSS Granular B Type |
OPSS Granular B Type I
Condition 6 =35°y =22.8 kN/m® ¢ =32°y=21.2 kN/m’
Horizontal Sloping Horizontal Sloping
Surface Behind | Surface Behind | Surface Behind | Surface Behind
Wall Wall (2H:1V) Wall Wall 2H:1V)
Active K, 0.27 0.40 031 0.48
(Unrestrained Wall)
Atrest Ko 0.43 . 0.47 -
(Restrained Wall)
Passive K, (Movement 37 ) 33 )
Towards Soil Mass)

The design of the abutments must incorporate measures such as subdrains to permit drainage of the
backfill and avoid the potential build-up of hydrostatic pressures behind the walls. Alternatively,
the abutment walls must be designed to withstand the potential build-up of hydrostatic pressures
behind the walls.

12 SEISMIC CONSIDERATIONS
The following seismic parameters should be used for design:
e Velocity Related Seismic Zone 1
e Zonal Velocity Ratio 0.05
e Acceleration Related Seismic Zone 1
e Zonal Acceleration Ratio 0.05

e Peak Horizontal Acceleration 0.08
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The soil profile type at this site has been classified as Type II. Therefore, according to Table 4.4 of
the CHBDC, a Site Coefficient “S” (ground motion amplification factor) of 1.2 should be used in
seismic design.

In accordance with Clause 4.6.4 of the CHBDC, retaining structures should be designed using

active (Kag) and passive (Kpg) earth pressure coefficients that incorporate the effects of earthquake
loading. The coefficients of horizontal earth pressure for seismic loading presented in Table 12.1

may be used:
Table 12.1 — Earth Pressure Coefficients for Earthquake Loading
Earth Pressure Coefficient (Kg) for Earthquake Loading
OPSS Granular A or OPSS Granular B Type 1
OPSS Granular B Type 11
Condition $=35°,6 =17° $=32°0 =16°
Horizontal Sloping Horizontal Sloping
Surface Behind | Surface Behind | Surface Behind | Surface Behind
Wall Wall (2H:1V) Wall Wall 2H:1V)
Active®, Kap 0.30 0.47 0.34 0.58
(Unrestrained Wall)
At rest**, K¢ 0.53 ) 0.58 _
(Restrained Wall) ) )
Passive*, Kpr (Movement 3.6 N 32 )
Towards Soil Mass) ) '

*  After Mononobe and Okabe, passive case assumes a horizontal surface in front of the wall.
**  After Woods

The potential for liquefaction of the foundations soils was assessed using the Seed and Idriss
(1971) method'. Using this method, it is estimated that under the existing conditions the

foundation soils are not prone to liquefaction.

The existing embankments are above the groundwater level and are not considered to be in danger
of undergoing liquefaction. Some toe failure may occur but it is expected to be of limited nature

and readily repairable.

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

e The lengths of the driven piles may vary from the predicted values due to the inherent
variable composition of the glacial and post-glacial deposits at this site. If the pile tip
elevations vary by more than 3 m from the predicted values, the design team should be
notified and permitted to review the possible implications.

e With respect to the CSPs to be installed below the existing ground surface, it must be noted
that some of the pre-augering will be carried out in cohesionless soils below the
groundwater level. These holes may be prone to collapse before the CSP can be installed.

! Seed, H.B. and Idriss, LM. 1971, “Simplified Procedure for Evaluating Soil Liquefaction Potential” Journal
of Soil Mechanics and Foundations Division, ASCE, Vol. 101, No. SM9, September, pp. 1249-1273.

THURSER



Structure M-4 Realigned Brock Road over Brougham Creek
Highway 407/Brock Road Interchange Connection Page 19

The contract documents must contain a note warning the contractor that it may be
necessary to use a temporary, oversize liner to maintain a stable pre-augered hole and
permit installation of the CSP.

e Excavation below the water level, if required, will involve lowering of the groundwater
level below the excavation base to maintain a reasonably dry excavation and stables side
slopes or the use of cofferdams and tremie concrete.

e The embankment side slopes should be inspected after construction for surficial
disturbance. Where necessary, erosion control measures must be implemented.

The successful performance of the overpass structure will depend largely upon good workmanship
and quality control during construction. Pile driving supervision, subgrade examination and field
density testing should be carried out by qualified geotechnical personnel during construction to
confirm that foundation recommendations are correctly implemented and material specifications

are met.
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14 CLOSURE

Engineering analysis and preparation of the report was carried out by Mr. Keli Shi, P.Eng. and Mr.
Alastair Gorman, P.Eng.

The report was reviewed by Dr. P.K. Chatterji, P.Eng., a Designated Principal Contact for MTO

Foundations Projects.

Thurber Engineering Ltd.

Keli Shi, P.Eng.
Geotechnical Engineer

Alastair Gorman, P.Eng.
Senior Foundations Engineer

P. K. Chatterji, P.Eng.
Review Principal
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Appendix A

Record of Borehole Sheets



SYMBOLS, ABBREVIATIONS AND TERMS USED ON RECORDS OF B

TEXTURAL CLASSIFICATION OF SOILS

CLASSIFICATION

PARTICLE SIZE

OREHOLES

VISUAL IDENTIFICATION

Boulders Greater than 200mm same
Cobbles 75 t0 200mm same
Gravel 4.7510 75mm 5 to 75mm
Sand 0.075 to 4.75mm Not visible particles to Smm
Sin 0.002 10 0.075mm Non-plastic particles, not visible 10
the naked eye
Clay Less than 0.002mm Plzstic particles, not visible 10
the naked eye
2. COARSE GRAIN SOIL DESCRIPTION (50% greater than 0.075mm)
TERMINOLOGY PROPORTION
Trace or Occasional Less than 10%
Some 10 t0 20%
Adjective {e.g. silty or sandy) 2010 35%
And (e.g. sand and gravel} 3510 50%
3. TERMS DESCRIBING CONSISTENCY (COHESIVE SOILS ONLY1
DESCRIFTIVE TERM UNDRAINED SHEAR APPROXIMATE SPTY W
STRENGTH (kPa) VALUE
Very Soft 12 or less Less thar 2
Soft 1210 25 2t04
Firm 25t0 50 4108
Stiff 50to 100 8to 15
Very Stiff 100 to 200 151030
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 4010
Compact 10 to 30
Dense 30t 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

PM Sampler Advanced by Manual Pressure

FOR PH Sampler Advanced by Hydraulic Pressure
RC Rock Core SC Soil Core

SAMPLE TYPE WH Sampler Advanced by Self Static Weight

Undisturbed Shear Strength

Sensitivity =
Remoulded Shear Strength
s Water Level
Coen Shear Strength Determination by Pocket Penetrometer

4] 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 penctration 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 3.76 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
MAIJOR DIVISIONS SYMBOL TYPICAL DESCRIPTION
T -‘ GW Well-graded gravels or gravel-sand mixtures, little or
GRAVEL no fines,
AND TGP Poorly-graded gravels or gravel-sand mixtures, little
GRAVELLY or no fines.
COARSE SCUS 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. Jl
SANDY SF Poorly-graded sands or gravelly sands, little or no
SOILS fines.
M 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 Wy <50% CI Inorganic clays of medium plasticity, siity clays.
SOILS (30% < W < 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.
Wi > 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




EXPLANATION OF ROCK LOGGING TERMS

ROCK WEATHERING CLASSIFICATION

Fresh (FR)
Fresh Jointed (FJ)

No visible signs of weathering.

Weathering limited to the surface of major

SYMBOLS

discontinuities. CLAYSTONE
Slightly Weathered Penetrative weathering developed on open discontinuity
(SW) surfaces, but only slight weathering of rock material. SILTSTONE
Moderately Weathered Weathering extends throughout the rock mass, but the
MW) rock material is not friable. SANDSTONE
Highly Weathered Weathering extends throughout the rock mass and the
HW) rock is partly friable. - COAL
Completely Weathered Rock is wholly decomposed and in a friable condition,
(CW) but the rock texture and structure are preserved. A E Bedrock (general)
DISCONTINUITY SPACING STRENGTH CLASSIFICATION
Rock Approximate Uniaxial Field Estimation
Bedding Bedding Plane Spacing Strength Compressive Strength of Hardness*
(MPa) (psi)
Very thickly bedded Greater than 2m Extremely Greater than ~ Greater than  Specimen can only
Strong 250 36,000 be chipped with a
Thickly bedded 0.6 to 2m geological hammer
Medium bedded 0.2to 0.6m Very Strong ~ 100-250 15,000 to Requires many
36,000 blows of geological
Thinly bedded 60mm to 0.2m hammer to break
Very thinly bedded 20 to 60mm Strong 50-100 7,500 to Requires more than
15,000 one blow of
Laminated 6 to 20mm geological hammer
to break
Thinly Laminated Less than 6mm Medium 25.0t050.0 3,500 to Breaks under
Strong 7,500 single blow of
TERMS geological
hammer.
Total Core Recovery:  Core recovered as a percentage | Weak 5.0t025.0 750 to 3,500 Can be peeled by a
(TCR) of total core run length. pocket knife with
difficulty
Solid Core Recovery:  Percent Ratio of solid core of Very Weak  1.0t0 5.0 150 to 750 Can be peeled by a
(SCR) full cylindrical shape pocket knife,
recovered. Expressed with crumbles under
respect to the total length of firm blows of
core run. geological pick.
Rock Quality Total length of sound core Extremely 0.25t0 1.0 35to 150 Indented by
Designation: recovered in pieces 0.1m in Weak thumbnail
D length or larger as a percentage ck
(RQD) of total core run length. (Rock)
Uniaxial Compressive  Axial stress required to break
Strength (UCS) the specimen
Fracture Index: Frequency of natural fractures
(FD per 0.3m of core run.
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Ministry of
Transportation

Ontario THURBER
RECORD OF BOREHOLE No SM4-01 10F1 METRIC
WP# E2-2012 LOCATION N 4864 027.7 E 337 3050 ORIGINATED BY _SLL
HWY 407 BOREHOLE TYPE__Solid Stem Augers COMPILED BY __ AN
DATUM _Geodetic DATE 20120911 - 2012.09.11 CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x Y |RESISTANCE PLOT NATURAL = REMARKS
w < PLASTIC LQuid
E21 G LMIT MOISTURE v - A
5 7 § 5 7] 20 40 60 80 100 CONTENT Y
2 | & S12E| 2 b we w we| 58 | cransize
ELEV |4l w | 2]25| S [SHEARSTRENGTHkPa
DESCRIPTION |81 8| 2(52] & S DISTRIBUTION
DEPTH g|3 = >|38| < |© UNCONFINED + FIELD VANE Y (%)
=l = z|[Z°| @ |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
172.4 w 20 40 B0 80 100 20 40 60 kNim 3 |GR sA sI cL
0.0 ORGANICS with roois and rootlets: EE
0.2 (200mm) -;7'_
Clayey SILT, trace to some sand, q 172
trace gravel
Hard 1
Brown A1 1| ss | sor
Moist A
UTouU
b1
171.0 %
14 Silly SAND, trace gravel, frace clay, 0| 171
occasional cobbles 4
Dense to Very Dense ) 2 | 88 | 100/ o
Brown N 0275
Moist e
(TILL) o
J1a| ss |10 17¢ o 7 54 31 8
: 0275
0|
914 | ss | 100 o
gl 0275 169
O
4
N
é,_
4 168
9 AVA
Moist becoming wet b- 5 sS 24 °
By
i 167
[a]
| 4
P
of | 8| 88 | 100
165.8 iy 166
66 END OF BOREHOLE AT 6.6m
BOREHOLE OPEN AND WATER
LEVEL AT 4.6m ON COMPLETION
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO 1.4m,
THEN CUTTINGS TO SURFACE
20
+3.%x 3, Numbers refer to 15.¢5

Sensitivity 10

(%) STRAIN AT FAILURE
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Ministry of
Il
Transportation . .
Ontario THURBER
RECORD OF BOREHOLE No SM4-02 10F3 METRIC
WP# E2-2012 LOCATION N4864013.9 E 3372999 ORIGINATED BY _sLL
HWY 407 BOREHOLE TYPE_ Hollow Stem Augers/Tricone COMPILED BY __ AN
DATUM _Geodetic DATE 2012.09.10 - 2012.09.11 CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o Y |RESISTANCE PLOT = NATURAL - REMARKS
[CN) < PLASTIC | O STURE uewo|
= w|lz8| & 20 40 60 80 100 ™7 cowenr MT| S O &
S| . wl=2| z ! ! : ! ! wp w we| 58 | cramsizE
ELEV DESCRIPTION :1_- 2| g 2 S5 ,C__> SHEAR STRENGTH kPa 5 DISTRIBUTION
DEPTH HEIR: 5]138&| £ |o UNCONFINED  + FIELD VANE . v (%)
=z z|€C| T |® QucKTRIAXAL x LaBVANE [ WATER CONTENT (%)
1722 w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
0.0 ORGANICS with roots and rootiels: E;‘ 2
02 \[200mm) T 172
Clayey SILT, with rootlets, topsoil
stained H
Very Siiff
Dark Brown
Moist (] 1| ss | 28 °
1] 171
170.8 4’
14 SANDand SILT, some clay, trace 9|
gravel 114 °
Very Dense - 2 S8 63
1702 Brown (il |
20 Moist - 1o 0 84 16
(TILL) "o 170 (SI+CL)
SAND, some silt and clay '
Very Dense 3| 8s 63 o
169.4|  Brown a
28 Moist il t‘“"
SAND and SILT, some clay, trace . :c
gravel . 169
Very Dense Plla]| 8s | 64 o
Brown 1]
Moist aq°
(TILL) 1
¥
167.9 168
43 SAND, medium grained, some
gravel, trace silt
o
167.3 \éfzw?ense L] 5| ss | 100
29\ wet /4] 0275 o
4 14
SANDand SILT, trace to some clay, 1 167
trace gravel o
Very Dense 1
Brown a7
Moist i "
(TILL) 1.
G _ﬂ 5 —a LI
re i
Y . 0.050 166
Q.
114
P
4
114 165
j 7| ss | 100/ o 3 46 39 12
1 _£ Q275
P 164
Q.
144
P
Sand seam 9118 [ S5 | 1007 163 5
19 0125
'y
4
Continued Next Page 20
+3 X 3. Numbers refer to 15¢5

Sensitivity

10

(%) STRAIN AT FAILURE
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Sensitivity 10

(%) STRAIN AT FAILURE

Minisiry of
Transporialion . .
Ontario THURBER
RECORD OF BOREHOLE No SM4-02 20F3 METRIC
WP# E2-2012 LOCATION N 4864 013.9 E 337 299.9 ORIGINATED BY _SLL
HWY 407 BOREHOLE TYPE_ Hollow Stem Augers/Tricone COMPILED BY AN
DATUM _Geodetic DATE 2012.09.10- 2012.09.11 CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
5 ” 2 RESISTANCE PLOT{ - :&Tslfrﬁﬁ; S = REMARKS
. w|22| 9 20 40 60 80 100 |"™M o T 5O &
Slg| o | 4[zE Z ' - : ' ' wp w we| 52 | cramsize
ELEV DESCRIPTION & 0| o 2 25 2 SHEAR STRENGTH kPa S DISTRIBUTION
DEPTH CRIPTI S|3| F | 3[338| £ |o UNCONFINED  + FIELD VANE . y %)
== z2|ZC| § |® QUCKTRIAXAL x LABVANE | WATER CONTENT (%)
Continued From Previous Page u 20 40 €0 80 100 20 40 60 kN/m3 |GR SA SI CL
SAND and SILT, irace 1o some clay, :
trace gravel 114 162
Very Dense -
Grey {0
Moisl 4 5 °
(TILL) g’ $8 3 49 41 7
114
1 161
160.8 |
11.4 SAND, some silt, trace gravel
Very Dense
Grey
Wet
A 4
10| ss 160 o
159
158.8 i
134 Sandy SILT, some clay, trace gravel g
Very Dense i
Grey k 11 | 88 q
Moist R
(TILY |
4] 158
114
157.6 i
146 SILT, some clay, trace to some sand
Very Dense
Grey
Moist 157
12 | 8S o 0 6 8 12
156
165.7
16.5 Sandy SILT, some clay, trace gravel 9
Very Dense 1.4 it
Grey {113 88 | 1007 |- -, )
Moist £ 0150/
(TILL) A S
q4- 155
1547 14
17.5 SAND, trace to some silt
Very Dense
Grey
Wet
H 154
14| ss | 100/ |- o
& 153
152.6 e
19.6 Sandy SILT, trace gravel 9 <&
Very Dense 415 | ss | 100/ |-~ o
Continued Next Page 20
+3, %3 Numbers refer to 15¢5




1/24/13

ONTMT4S 1130A.GPJ

Ministry of -
Transporiation . .

Ontario THURBER
RECORD OF BOREHOLE No SM4-02 30F3 METRIC
WP# E2-2012 LOCATION N48640139 E 3372999 ORIGINATED BY _SLL
HWY 407 BOREHOLE TYPE_ Hollow Stem Augers/Tricone COMPILED BY __ AN
DATUM _Geodetic DATE 2012.09.10-2012.09.11 CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o W |RESISTANCE pLOT{ NATURAL oo - REMARKS
Lol 3 ]
5 o |28 » 20 40 60 80 100 v CONTENT =0 &
S| gl=2| = e wp w we| 5% [ cramnsize
E ala| B Jl2a O |SHEAR STRENGTH kPa
LEV DESCRIPTION S| & |22z = = DISTRIBUTION
DEPTH g3 fat > 8 S < O UNCONFINED + FIELD VANE Y (%)
=z Z[€©| @ |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
Continued From Previous Page - 20 40 80 BO 100 20 40 €0 kNim 3 |GR SA 8I CL
Sandy SILT, trace gravel | U2 - H
Very Dense 114 oHT 182
Grey e &
Moist
(TILL)
151.3
209 SAND, irace silt and gravel
Very Dense 2 B =
Grey . oH 18
Wet : 16 | S8 | 100/ [
150.6
216]  END OF BOREHOLE AT 216m R
Piezomeler installation consists of
25mm diameter Schedule 40 PVC
pipe with a 1.62m slotled screen.
WATER LEVEL READINGS:
DATE DEPTH (m) ELEV.
Bep. 12/12 123 169.9
Ocl. 16/12 126 1586
Oct. 26/12 123 159.9
Nov. 27112 121 160.1
Dec. 19112 121 160.1
Jan. 03/13 12.1 160.1
20
+3 x3. Numbers refer to 1595

Sensitivity (%) STRAIN AT FAILURE



1/24/113

ONTMT4S 1130A.GPJ

Ministry of
Transporiation

Ontario THURBER
RECORD OF BOREHOLE No SM4-03 10F 2 METRIC
WP# E2-2012 LOCATION N 48640171 E 3373231 ORIGINATED BY SLL
HWY 407 BOREHOLE TYPE_ Solid Stem Augers COMPILED BY AN
DATUM _Geodetic DATE 2012.09.12 - 2012.09.12 CHECKED BY LRB
DYNAMIC CONE PENETRATION
w
SOIL PROFILE SAMPLES | ¢ o | 3 [ResiSTANCEPLOT — reme | NATURAL = | REMARKS
> [S] LIMIT MOISTURE wmr| E 5 &
= w | < cz) 7] 20 40 60 80 100 CONTENT z O
21 s g8 z \ ! ! ! L wp w wo | 54 | GrAINSIZE
ELEV - W 2 23 g SHEAR STRENGTH kPa R S DISTRIBUTION
DEPTH DESCRIPTION S12[ 2| $|23| & |o UNCONFINED  + FIELD VANE %
“ Lle 2 WATER CONTENT (%) | Y (%)
ez Z|[Z©| @ |® QUICKTRIAXIAL X LABVANE
1724 w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
0.0 ORGANICS with roots and rootlets: :::':z' 172
02 (175mm)
Clayey SILT, some sand, lrace
P! ¥l
Brown
Moist
o
J 1] 85 | 33 171
170.7 ‘'l 1
14 Silty SAND, trace to some clay, trace |
gravel 4
Compacl to Very Dense - 2 88 40 o
Brown 0
Moisl N 170
(TILL) o
4
. 3 88 | 100/ o 6 53 32 9
9 0275
ol
4 169
4 S8S | 100/ o
QOccasional cobbles ¥
WoTTrd
of
4 AVA
1 168
9
4
5 SS 71 )
Moist becoming wet S
= 167
li
of
1 4
.-:F 166
s 6 | SS | 100 o 6 47 33 14
St
Grey ;
q
o 165
|
.{I
tl 7| ss | 100 o
c,.
2 U150
4 164
.4
0
4
_ 163
o | 8 | ss | 100/ o
U325
o
Continued Next Page 20
+3 % 3. Numbers refer to 155
' : 10 (%) STRAIN AT FAILURE

Sensitivity




1/24/13

ONTMT4S 1130A.GPJ

Sensitivity 10

(%) STRAIN AT FAILURE

Ministry of
Transportation
Ontario THURBER
RECORD OF BOREHOLE No SM4-03 20F2 METRIC
WP# E2-2012 LOCATION N 4864 017.1 E 337 323.1 ORIGINATED BY _SLL
HWY 407 BOREHOLE TYPE__Solid Stem Augers COMPILED BY AN
DATUM _Geodetic DATE 2012.09.12 - 2012.09.12 CHECKED BY___LRB
DYNAMIC CONE PENETRATION
w
SOIL PROFILE SAMPLES x = RESISTANCE me—{ e NATURAL - REMARKS
=2 [&} LM MOISTURE wr| ES &
= w | < % @D 20 40 60 80 100 CONTENT z O
: 9| wlzg| z T wp w we| 52 | cramsizE
o lm| # 2125| © |SHEAR STRENGTH kPa
834 DESCRIPTION =l = 3 < |2z = P DISTRIBUTION
DEPTH <3 [ 5138 | < |© UNCONFINED  + FIELD VANE ! Y (%)
= & z|€C| 4 |e QUCKTRIAXIAL x LABVANE | WATER CONTENT (%)
Continued From Previous Page ¥ w 20 40 60 B0 100 20 40 60 kNm3 [GR sA sI cL
o 162
4
,-.r?
of 19| ss | 100 g
; U150
4 161
©
160.4 .
1.7 Silty SAND, trace clay
Very Dense
Grey
Wet 180
158.8 10 | 8S | 100/ o
123 END OF BOREHOLE AT 12.3m 0.150
BOREHOLE OPEN TO 5.4m AND
WATER LEVEL AT 3.8m ON
COMPLETION OF DRILLING
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO 1.5m,
THEN CUTTINGS TO SURFACE.
3 3. Numbers refert 2
+3 x3. Numbers refer to 1545




1/24/13

ONTMT4S 1130A GPJ

Ministry of
Transportation

Ontario THURBER
RECORD OF BOREHOLE No SM4-04 10F3 METRIC
WP# E2-2012 LOCATION N 48639233 E 337 341.8 ORIGINATED BY _SLL
HWY 407 BOREHOLE TYPE__Hollow Stem Augers/Tricone COMPILED BY __ AN
DATUM _Geodelic DATE 2012.09.12 - 2012.09.14 CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o W IRESISTANCE PLOT NATURAL - REMARKS
w < PLASTIC LQuip
E 2 3] umiT MOISTURE wr]| E 5 &
5| A E 5| & 20 40 €0 80 100 CONTENT z °
w = r4 GRAIN SIZE
ELEV g 8| w | 3]|25| & [SHEARSTRENGTHkPa i 2 | T %
DESCRIPTION A (52| & L DISTRIBUTION
DEPTH é = ﬁ > 8 o ; O UNCONFINED + FIELD VANE Y (%)
sz Z[£©| @ |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
171.4 w 20 40 60 80 100 20 40 60 kNim3 |GR sA sI L
00 ORGANICS sandy, with rootlels: =]
0.2 (200mm) ';'_
Silty SAND 1o SAND and SILT, {race : :d 171
to some gravel, trace 1o some clay, .
occasional cobbles A
Compact to Very Dense g
Brown 114 | ss | a0 o 13 57 21 9
Moist 14
(TILL) N
4 170
o]
‘14 2 S8 26 ]
4
L | 169
4 3 S8 81 o
o
q 4 88 | 100/ o
Grey 0275 168
o
14
ol 187
4
5 SS | 100/ o 4 47 36 13
0275
o
c 19:
o|
6 88 | 100 o
| 165
D_
4
0
4 164
g
: 7 8S | 100/ o
o} O-2d5
1
¢ 163
{2}
14
)
. ] 8 | 88 [ 100/ o
of 0125 162
4
.
Continued Next Page 20
+3 %3, Numbers refer to 15¢_5

Sensitivity 10

(%) STRAIN AT FAILURE




1124113

ONTMT4S 1130A.GPJ

Ministry of
Transportation

Ontario THURBER
RECORD OF BOREHOLE No SM4-04 20F 3 METRIC
WP# E2-2012 LOCATION N48539233 E 3373418 ORIGINATED BY SLL
HWY 407 BOREHOLE TYPE_ Hollow Stem Augers/Tricone COMPILED BY __ AN
DATUM _Geodetic DATE 201209.12 - 2012.09.14 CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
x 4 |RESISTANCEPLOT — e NATORAL o ~ | REmaRks
[t w S LM MOISTURE LIMIT — I
5] 2 |58]| @ 20 40 60 80 100 CONTENT 128 &
w = =z GRAIN SIZE
ELEV z|(4@| w| 2|25| & [SHEARSTRENGTHkPa "P b bt S
- DESCRIPTION 12| 8| 2132]| & L DISTRIBUTION
DEPTH s|3 [ 5|28 | £ |o UNCONFINED  + FIELD VANE . Y (%)
el = z[g°| @ [o auckTRAXAL x Lapvane | WATER CONTENT (%)
Continued From Previous Page u 20 4 €0 80 100 20 40 60 kNim 3 |GR SA SI CL
(2]
4
¢ 161
Medium grained o -] S5 °
Wet 4
y v
A 160
RY:
.!.
o
10 | sS o 0 40 56 4
“1 8
<l 159
N
0
K
]
: 158
o|
411 ss o
(2]
4 157
0
4
d112] ss °
K 156
ol
‘14
-9
2 155
N
With silt seams f113] ss .
Wet :
0|
4
154/
153.7
177 SILT, some clay, trace sand
Very Dense
Grey
Moist
a
14 | 8S 153 0 8 72 20
152
With sand layers 15 | SS 9
Continued Next Page 20
+3. Numbers refer 1o 15¢,5

Sensitivity 10

(%) STRAIN AT FAILURE




Ministry of
Transportation

1/24/13

ONTMT4S 1130A.GPJ

Ontario THURBER
RECORD OF BOREHOLE No SM4-04 30F 3 METRIC
WP# E2-2012 LOCATION N 48639233 E 3373418 ORIGINATED BY SLL
HWY 407 BOREHOLE TYPE_ Hollow Stem Augers/Tricone COMPILED BY __ AN
DATUM _Geodetic DATE 2012.09.12 - 2012.09.14 LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE x Y |RESISTANCE PLOT = plasmc NATURAL = REMARKS
- @ 5 LM MOISTURE I &
= < % ®» 20 40 60 80 100 CONTENT zZ 9
2l&] w E| 2 ; ' : . . wp w 54 | craNsizE
ELEV. DESCRIPTION & m| & 25 8 SHEAR STRENGTH kPa — &5 DISTRIBUTION
DEPTH HEIR: 35| < |o UNCONFINED  + FIELDVANE . %)
= €C| @ |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
Continued From Previous Page - 20, ‘40 €D 80 100 20 40 GR SA 8I CL
SILT, some clay, lrace sand
Very Dense
Grgy 151
Moist
16 150 @
149.1
22.3 Gravelly SAND, some silt and clay . =
Very Dense . 5
Grey N
Wet 2
117 o 29 52 19
3 (SI+CL)
% 48
Some cobbles from 23410244 m &
146.9 SR 147
245 END OF BOREHOLE al 24.5 m

Piezometer installation consists of
25mm diameter Schedule 40 PVC
pipe with a 1.52m slotted screen.

WATER LEVEL READINGS:
DATE DEPTH (m) ELEV.

oo} 16112 116 159.8
Oct 26112 115 159.9
Nov. 27112  11.4 160.0
Dec. 1912  11.3 160.1
Jan 03113 113 160.1

Numbers refer to 1535

Sensitivity 10 (%) STRAIN AT FAILURE




1124113

ONTMT4S 1130A.GPJ

Ministry of
Transportation

Ontario THURBER
RECORD OF BOREHOLE No SM4-05 10F2 METRIC
WP# E2-2012 LOCATION N 48639151 E 337 3141 ORIGINATED BY _SLL
HWY 407 BOREHOLE TYPE__Solid Stem Augers COMPILED BY AN
DATUM _Geodelic DATE 2012.09.17 - 2012.09.17 CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o Y [RESISTANCE PLOT — e o ool o | remarcs
=2 ((.) MOISTURE ~ I
= n|lz8| @ 20 40 60 B0 100 ["™MT  conmwr M7 F O &
Olg | | 4|ZE| 2 Ty wp w wo| 58 | cramsize
ELEV DESCRIPTION & ©| o 2 25 g SHEAR STRENGTH kPa - DISTRIBUTION
DEPTH <|3| £ | 3|38 £ |0 UNCONFINED  + FIELD VANE . y (%)
2 z|€C| T |® QUCKTRIAXIAL x LABVANE | WATER CONTENT (%)
1725 [ 20 40 60 80 100 20 40 60 wim? |er sa s cL
00| ORGANICS sandy, with roots and ==
02 rootiets: (200mm) "("'
SAND and SILT, some clay lo ! _'.c
clayey, trace gravel 8 172
Very Dense M
Brown 111 1| ss | 100 o
Moist g oo
(TILL) 114 0175
o
4112 | ss | 100 1 °
11 0175
14
i
9]
1143 | ss | 70 170 S 3 39 39 19
"
114 4| ss | 101 o
Al 0275
B 169
144
v
B 168
1.4
11l 5 | ss | 100/ )
P 0.250]
4
14
1 167
a.
Grey 1] 6| ss [ 100 °
1K 0125
q 166
114
1o
4
11 165
ol 17 | ss [ 1007 °
i 0.125
q,
144
i
| 164
9 E:
1.14
%
11] 8 | ss | 100/ o
g 0.200
114 163
b g
Continued Next Page 20
+3 %3, Numbers refer to 15¢5

Sensitivity 10

(%) STRAIN AT FAILURE




1/24/13

ONTMT4S 1130A GPJ

Ministry of
Transportation

Ontario THURBER
RECORD OF BOREHOLE No SM4-05 20F 2 METRIC
WP# E2-2012 LOCATION N 48639151 E 337 314.1 ORIGINATED BY SLL
HWY 407 BOREHOLE TYPE__ Solid Stem Augers COMPILED BY AN
DATUM _Geodetic DATE 2012.09.17 - 2012.08.17 CHECKED BY LRB
SOIL PROFILE SAMPLES [ o | w [RESISTARGE PLOT i TION
w ?1:‘ pLasmc  VATURAL LiQuID = REMARKS
E 2 Q LMIT MOISTURE wr]l E S &
5 wn|<8| @ 20 40 60 80 100 CONTENT zZ0
2| & LIZE| 2 Fee : wp w we| 54 | cransize
ELEV a|lm| ¥ 2125| @ |SHEAR STRENGTH kPa
S DESCRIPTION cl2| 5| 2(132] & U DISTRIBUTION
DEPTH é 5 t > 8 ) ; O UNCONFINED + FIELD VANE . v (%)
ElZ z|EZ°| @ |® QUCKTRIAXIAL x LABVANE WATER CONTENT (%)
Continued From Previous Page “ 20 40 8O 8O 100 20 40 60 kN/m3 |GR SA 81 CL
SAND and SILT, some clay to L]
clayey, Irace gravel 114
Very Dense |
Brown 0 162
Moisl &
TILL, g’
¢ ) ’ 14 9 88 | 100/ o
Ik 0275
I
9 161
14
i
y
114 10| 8S | 100/ o 0 28 45 26
b\ U125 160
114
i
4] 159
Moist becoming wet 144
1585 11| s | 100/ o
140|  END OF BOREHOLE AT 14.0m 0100
BOREHOLE OPEN TO 10.4m AND
WATER LEVEL AT 10.0m ON
COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO 1.9m,
THEN CUTTINGS TO SURFACE.
+3 3. Numbers refer to Y

Sensitivity

‘“1%5 (%) STRAIN AT FAILURE




1124113

ONTMT4S 1130A.GPJ

Ministry of |
inis
Transp%rtalion . l

Ontario THURBER
RECORD OF BOREHOLE No SM4-06 10F1 METRIC
WP# E2-2012 LOCATION N 48639026 E 3373288 ORIGINATED BY _SLL
HWY 407 BOREHOLE TYPE__Solid Stem Augers COMPILED BY __ AN
DATUM _Geodetic DATE 2012.09.17 - 2012.09.17 CHECKEDBY___LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x U:(,J RESISTANCE PLOT peme | MAURAL e REMARKS
2 MOISTURE = X
e wl2Z| 3 20 40 60 80 100 ["™MT  comenr T 5O &
=i v1zE| z X - : . L we w we| 5% [ cransize
D &3 w = 25 g SHEAR STRENGTH kPa P — DISTRIBUTION
DEPTH DESCRIPTION S13| 7| $[38| 5 |o uNconrNED  + FIELD vANE ] y %)
el = z|ZC| T |® QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
1724 o 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
00|  ORGANICS sandy, wilh roots: = 175
0.2 (175mm) 4
SAND and SILT, some clay, frace 1.9
gravel ’
Compact lo Very Dense ﬂ
Brown
) ua
Moist 111 1] ss | 28 o 3 46 33 18
(TILL) 11 171
o
all 2 | ss | 100 °
L: 0.200
I 170
94] 3 | ss | 100/ o
149 U125
W
H
111 a4 | ss | 100 169 = 3 34 45 18
14 0.225
o
4.
144
& 168
¢
114
111 5| ss | 100 o
'g 0.250
41 167
11d
o
g
G 11
rey 1. 166
[o]
1657 || & | ss | 100
U125
6.4 END OF BOREHOLE AT 6.4m.
BOREHOLE OPEN AND DRY ON
COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO 1.2m,
THEN CUTTINGS TO SURFACE
3 3 f 2
+3 %3 Numbers refer lo 15¢5

Sensitivity 1o (%) STRAIN AT FAILURE




112413

ONTMT4S 1130A.GPJ

Ministry of
inis
Transgmalion . l

Ontario THURBER
RECORD OF BOREHOLE No SM4-07 10F2 METRIC
WP# E2-2012 LOCATION N48639545 E 3373321 ORIGINATED BY _ES
HWY 407 BOREHOLE TYPE_ Solid Stem Augers COMPILEDBY _ AN
DATUM _Geodetic DATE 2012.12.11-2012.12.11 CHECKED BY___ LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o W |RESISTANCE PLOT NATURAL — REMARKS
ol = { pLasTIC g0 ome taue| b
= w|23| 8 20 40 60 80 100 ["MT  cowewr M| Z O &
2 & - | wp w wi| 5 | oramsize
ELEV ol & 2 23 g SHEAR STRENGTH kPa P = 5 DISTRIBUTION
DEPTH DESCRIPTION S|3| £ | S[33| £ |o UNCONFINED  + FIELD VANE . y %)
£z z[Z2°]| @ |e QuckTRIAXIAL x LABVANE | WATER CONTENT (%)
1618 m 20 40 B0 80 100 20 40 60 kN/m3 |GR SA SI CL
00 ORGANICS sandy, trace roots :;—_,",__,H
02 (200mm) 1 sS 9 °
Sandy SILT, some clay, trace
organics, occasional cobbles
Loose |
Brown 1, 161
Moist ' 2 sS 8 4
160.2
16 Silty SAND (o Sandy SILT, trace to
some clay, lrace gravel 3|88 | 22 v 160 0 53 35 12
Compact Y
Brown
Moist
4| 8S | 63 o
159
Wet 115 | ss | 102 g
Occasional oxide staining K 0275
158
116 | ss | 5o 9
[ U125 157
156
7| 8s | 115 ql
Grey
155
8 | 88 | 104 154 9 0 27 62 11
N 250
163
1525 19 [ ss | 100 o
93 END OF BOREHOLE AT 9.3m. 0.125
BOREHOLE OPEN TO 4.9m AND
WATER LEVEL AT 2.0m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH

Continued Next Page 20
+3 3. Numbers refer to 15_$5
" Sensitivity 1o (%) STRAIN AT FAILURE




112413

ONTMT4S 1130A GPJ

Ministry of
Trans;%nalion . l
Ontario THURBER
RECORD OF BOREHOLE No SM4-07 20F 2 METRIC
WP# E2-2012 LOCATION N 48639545 E 337 3321 ORIGINATED BY ES
HWY 407 BOREHOLE TYPE__ Solid Stem Augers COMPILED BY __ AN
DATUM _Geodstic DATE 2012.12.11 - 2012.12.11 CHECKED BY __LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E ol 3 RESISTANCE PLOT — pasto WA oy | REMARKS
= wn 28| 8 20 40 60 8 100 [|"™M  commw M 58 8
9| wl==| z L L ! ! L wp w we| 3¢ | GRANSIZE
ELEV a|d|w| 3|e5| & [SHEARSTRENGTHkPa
DESCRIPTION El2 & |28 E —o—— DISTRIBUTION
DEPTH <|3| F S [2338| < |o UNCONFINED  + FIELD VANE y %)
£lZ z|[Z©| § |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 20 40 60 kNlm3 GR SA SI CL

Continued From Previous Page

BENTONITE HOLEPLUG TO
SURFACE

+3 %3 Numt_)t_-zr_s refer to
Sensitivity

20
‘5‘1%5 (%) STRAIN AT FAILURE




1124113

ONTMT4S 1130A.GPJ

Sensitivity

Ministry of
Transportation
Ontario . l
THURBER
RECORD OF BOREHOLE No SM4-08 10F 2 METRIC
WP# E2-2012 LOCATION N48539478 E 337 3127 ORIGINATED BY _ES
HWY 407 BOREHOLE TYPE_ Hollow Stem Augers COMPILED BY AN
DATUM _Geodetic DATE 2012.12.11 - 2012.12.12 CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES © 4 |RESISTANCE PLOT{ NATURAL - REMARKS
= %) 6 PLASTIC MOISTURE LiQuID = T
5| o ol 5| & 20 40 60 B8O 100 WMT content UM z8 &
= z GRAIN SIZE
ELEV a 4| w| 3|e5| & [SHEAR STRENGTH kPa P = ok g
DESCRIPTION cl2 & 2132 & e DISTRIBUTION
DEPTH é s ﬁ > 8 o § O UNCONFINED + FIELD VANE y (%)
= z|g©| © |® QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
162.6 w 20 40 60 80 100 20 40 60 kNim3 |GR sA sI CL
00[  ORGANICS sandy, trace roots — b
0.2 Compact 5
Dark Brown 1 88 v ]
Moist
i 162
SAND, some gravel, trace sill
Compact
Brown 2| ss | 30 o
Moist
Occasional cobbles
= 161
3 S8 17 ]
160.6
2.0 Silty SAND to Sandy SILT, trace clay
Very Dense
Brown
Moist 4 8§ 92/ D
0275 160
Occasional cobbles 51 88 101 0 38 53 9
0250
159
158
6 88 104 p
157
Grey
7| ss | 113 |- o
(\_')‘)L'. '_ -. i
156
155
8| ss | s0 | o
0.100]. -
154.4 :
82 SILT, some clay, trace to some sand
Very Dense
Grey 154
Moist
153.3 9 8s 50/ o 0 11 71 18
9.3 END OF BOREHOLE AT 9.3m. 0.050
Piezomeler installation consists of
18mm diameter Schedule 40 PVC
pipe wilh a 3.0m slotted screen
Continued Next Page 20
+3 x3. Numbers refer {0 15¢5
' ’ 10 (%) STRAIN AT FAILURE




1124113

ONTMT4S 1130A.GPJ

Ministry of
Transporiation

Ontario

Sensitivity

THURBER
RECORD OF BOREHOLE No SM4-08 20F 2 METRIC
WP# E2-2012 LOCATION N4863947.8 E 337 312.7 ORIGINATED BY _ES
HWY 407 BOREHOLE TYPE_ Hollow Stem Augers COMPILED BY __ AN
DATUM _Geodelic DATE 20121211 - 2012.12.12 CHECKED BY___LRB
SOIL PROFILE SAMPLES | o w o |BENAMIC GONE FENETRATION
w = pLasTic  NATURAL Liouin = REMARKS
= % 5} LT MOISTURE wrl B E A
5 w|$8| 2 20 40 60 80 100 CONTENT z © GRAIN SIZE
g =z
ELEV g|8| v | 3|25| & |SHEARSTRENGTHkPa s 5 | 7 ¥
DESCRIPTION clE| 8| 2182 & e DISTRIBUTION
DEPTH =|3 r S|338| £ |© UNCONFINED  + FIELD VANE y (%)
ks z|[g°| @ |e QuickTRIAXIAL x LaBVANE | WATER CONTENT (%)
Continued From Previous Page w 20 40 60 80 100 20 40 €0 kNim 3 [GR sA sI cL
WATER LEVEL READINGS:
DATE DEPTH(m) ELEV
Per 18112 19 1607
Dec 1912 16 161.0
Jan 0213 11 1615
Jan 0913 16 161.0
+3 x3. Numbers refer to 1535
X %> (%) STRAIN AT FAILURE




1/24/13

ONTMT4S 1130A.GPJ

Sensitivity 10

(%) STRAIN AT FAILURE

Ministry of
Transportation
Ontario THURBER
RECORD OF BOREHOLE No SM4-09 10F 2 METRIC
WP# E2-2012 LOCATION N 4863986.1 E 337 331.2 ORIGINATED BY _ES
HWY 407 BOREHOLE TYPE__ Hollow Stem Augers COMPILED BY __ AN
DATUM _Geodetic DATE 20121212 -2012.12.12 CHECKED BY LRB
DYNAMIC CONE PENETRATION
IL PROF w
SOIL PROFILE SAMPLES x < [RESISTANCEPLOT — pasmc | NATURAL [ REMARKS
=2 [8] LIMIT MOISTURE wr| ES
= w | < g D 20 40 60 80 100 CONTENT z O &
21z | wl=8| z ! . L L L wp w wi| 2 ¢ | GRANSIZE
ELEV DESCRIPTION & m| & 3 g a 8 SHEAR STRENGTH kPa o A DISTRIBUTION
DEPTH S|3| F| 3|28 £ [0 UNCONFINED  + FIELD VANE y %)
== z|EC| @ |® QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
1615 T 20 40 &0 80 100 20 40 60 kN/m3 |GR sA sl CL
00 ORGANICS frace roots O
01 Compact 1] 8s | 23 o
Dark Brown
Moist 161
Gravelly SAND, some sill,
occasional cobbles
Compact to Dense P sS 39 ! a 37 49 14
160.2 Brown
3 Moist to Wel (SI+CL)
Silty SAND to Sandy SILT, trace clay 160
Dense to Very Dense
Brown 3| ss | 44 q
Moist
4| ss | 8 159 g
X 5 | 88 | 100/ 0 13 78 9
Siit seam
Occasional cobble veelo
158
157
6 | SS 74 o
156
Grey 2
7 | ss 1 b
3- 155
"
154.5 -
7.0 SILT, trace sand, trace clay =)
Very Dense
Brown/Grey
Moist . 154
8 | ss [ 1000 [ o
0.175
1528 153
87 SAND, some gravel, some silt
Very Dense
Grey - -
1522)  Wet 9 | ss |10 |- o
9.3 END OF BOREHOLE AT 9.3m 0175
Well installation consists of 50mm
diameter Schedule 40 PVC pipe with
a 3.0m slotted screen
Continued Nex! Page 20
+3 %3, Numbers refer to 15¢5



1124113

ONTMT4S 1130A.GPJ

Ministry of
Transportation

Ontario THURBER
RECORD OF BOREHOLE No SM4-09 20F2 METRIC
WP# E2-2012 LOCATION N4863986.1 E 337 331.2 ORIGINATED BY _ES
HWY 407 BOREHOLE TYPE_ Hollow Stem Augers COMPILED BY __ AN
DATUM _Geodelic DATE 20121212 - 2012.12.12 CHECKED BY LRB
SOIL PROFILE SAMPLES |, | w [BYNAMIC QO SENETRATION
w z pLasmc [ NATURAL LiQuiD = REMARKS
el S LMt MOISTURE wr| E S
5 o|lgd]| o 20 40 60 80 100 conent " z0 &
Q| w =2 2 T wp w wo | S | oramsize
ELEV il 2125| 2 |SHEAR STRENGTH kPa
LI DESCRIPTION 12 & 2|22 e ——— DISTRIBUTION
DEPTH N E ~ 5|3 8| < |O UNCONFINED  + FIELD VANE . v (%)
£z Z[&C| @ |® QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
Continued From Previous Page « 20 40 60 80 100 20 40 60 kNim 3 |GR SA sI cL
WATER LEVEL READINGS:
DATE DEPTH(m) ELEV
Per 1812 15 160.0
Dec 19/12 1.1 160.4
Jan 02113 286 158.9
Jan 09113 11 160.4
20
+3 x3 Numbers refer to 15_¢,5

Sensitivity 10 (%) STRAIN AT FAILURE




Ministry of
. Transporlation . l

1/28/13

ONTMT4S 1130A.GPJ

Ontario THURBER
RECORD OF BOREHOLE No BH-F2 10F1 METRIC
WPi# E2-2012 LOCATION N48637927 E 3373245 ORIGINATED BY _SLL
HWY 407 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY __ MA
DATUM _Geodetic DATE 2013.01.09 - 2013.01.09 CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x w  |RESISTANCE pLOT{ NATURAL - REMARKS
Bol 2 rte mostme  touel o £ |
= w | < % 1) 20 40 60 80 100 CONTENT zZ 9
9zl L | 4lZ2E] 2 : L : . . wp w wi| 5% | cransizE
ol m 3128 © |SHEAR STRENGTH kPa
ELEV DESCRIPTION s S < |2z = A DISTRIBUTION
DEPTH <[5] £ | 5[38| < [© UNCONFINED  + FIELD VANE \ Y (%)
2 z|&C| © |e QUICKTRIAXIAL x LABVANE | WATER CONTENT (%)
1716 w 20 40 60 80 100 20 40 60 kN/m3 |GR sA SI CL
00] __ ORGANICS:(150mm) =
0.
2 SAND and SILT, some clay to clayey, |—c .
trace gravel 1.4
Compact {o Very Dense ol 171
Brown T
Moist c |
(TiLL) 114 1| ss | 25 °
o
4. 170
114 2| ss | se o
v
4
114
111 3 S8 68 169 [=] 3 42 38 17
2
11d 4 | ss | sor o
4] 125
o
4 168|
114
i
1
Grey | 167
Al s | ss | 45 o
119
-a 100
= 190
14
Sampler wel By
1{e|ss| | g o
d Y
164.9| i 165
6.7 END OF BOREHOLE AT 6.7m.
BOREHOLE OPEN TO 6.6m AND
WATER LEVEL AT 6.5m UPON
COMPLETION,
BOREHOLE BACKFILLED WITH
BENTONITE TO 1.3m, THEN
CUTTINGS TO SURFACE.
+3 %3, Numbers refer {0 15_35
X gensitivity > (%) STRAIN AT FAILURE



Structure M-4 Realigned Brock Road over Brougham Creek
Highway 407/Brock Road Interchange Connection

Appendix B

Laboratory Test Results



GRAIN SIZE DISTRIBUTION - THURBER 1130A.GPJ 1/28/13

HWY 407 Brock Road Connection - Foundations

GRAIN SIZE DISTRIBUTION

FIGURE B1

PERCENT FINER THAN

SILTY SAND to SAND & SILT TILL

U.8.8. Sieve size, meshesfinch

Size of openings, inches

200 1?0 6|050 4|0 30 1|6 108 ﬁli II! ABr 3/|4" 1|' 117 3'41|/4" GI'
100 B 7 :
90
80
70 NIL /
60 V/‘é
50 .
/ ki
40 /./
30
20
10
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE | MEDIUM l COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL S1ZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® BH-F2 2.59 169.01
b 4 SM4-01 2.50 169.90
A SM4-02 7.85 164.35
* SM4-02 10.74 161.46
® SM4-03 2.50 169.60
o] SM4-03 6.32 165.78
R
January 2013 . l Prep'd | MFA .
E2-2012 THURBER Chkd. KS.. ..




GRAIN SIZE DISTRIBUTION - THURBER 1130A.GPJ 1/28/13

HWY 407 Brock Road Connection - Foundations

GRAIN SIZE DISTRIBUTION

FIGURE B2

PERCENT FINER THAN

SILTY SAND to SAND & SILT TILL

U.S.S. Sieve size, meshesfinch

Size of openings, inches

200 100 6050 40 30 16 108 4 3 3N a1t 3"414" 8"
100 i L 1 il Ll I ’I— 1 L L 1 Il
4 Jil /ﬁ m
a0 f LH LA
s rq
Pl vl
80 ¥4
L~
/¥
70 |-
e | //‘l X /U
60 '/ /]
/*/ Zalld
o ! y.d /
Pl /
40 7 / <
# /
30
* ¥
20 o
10 m/
./ m
0
0.0001 0.001 0.01 0.1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE | MEDIUM ‘ COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® SM4-04 1.07 170.33
x SM4-04 4.80 166.60
A SM4-05 2.59 169.91
* SM4-05 12.32 160.18
® SM4-06 1.07 171.06
L] SM4-06 3.16 168.96
[
.January 2013, . l Prep'd | _MFA
E2-2012 THURBER Chkd. . . KS. . .




GRAIN SIZE DISTRIBUTION - THURBER 1130A.GPJ 1/28/13

HWY 407 Brock Road Connection - Foundations

GRAIN SIZE DISTRIBUTION

FIGURE B3

PERCENT FINER THAN

SAND, Some Silt

U.S.S. Sieve size, meshesfinch

200 1?0 61050 4|0 3|0

16

Size of openings, inches

108 4 3 e ad 1t 11|f2‘
G [

3" 41/4"g"
(i

100 f—"ﬂ'.’_

30

80

70

m |

50 /

40 i /

) /

u
I

20
10
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE | MEDIUM | COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® SM4-02 2.06 170.14
[
_January 2013 . . l Prepd | MFA .
SE2-200 2o THURBER Chkd. | KS......




GRAIN SIZE DISTRIBUTION - THURBER 1130A.GPJ 1/28/13

HWY 407 Brock Road Connection - Foundations

GRAIN SIZE DISTRIBUTION

FIGURE B4

PERCENT FINER THAN

SILT

U.S.S. Sieve size, meshesfinch

Size of openings, inches

200 100 6050 40 30 16 108 4 3 A 3!]4' 1]' 11irz' .'.';'41II4" 6]'
100 1 L ;; . ' L L
g AW =
90
80
70
60 ith
50
40
30
20
D
A/ J 4\/*
10 ?4‘ o
0
0.0001 0.001 0.01 0.1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE !MEDIUM | COARSE FINE COARSE | ommLE
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
[ SM4-02 15.32 156.88
b 4 SM4-04 18.36 153.04
A SM4-08 9.24 153.36
* SM4-09 3.19 158.31
[
_January 2013 . - Prep'd  MFA
JE2:2002. . o THURBER Chkd. | KS. .. .




GRAIN SIZE DISTRIBUTION - THURBER 1130A.GPJ 1/28/13

HWY 407 Brock Road Connection - Foundations

GRAIN SIZE DISTRIBUTION

FIGURE B5

PERCENT FINER THAN

SILT & SAND

U.S.S. Sieve size, meshesfinch

Size of openings, inches

200 1?0 6050 40 30 1‘5 10? 4 .:i 3.'[[:\'”12‘ 3:4" 1|' s1}.’2’ 3|'41I|f4'ﬁ|'
100 ;F:
. / *
80 /
70 /
60 4
y
{ Wl
50
u /X
w4
)
20 L
10
0
0.0001 0.001 0.01 0.1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE | MEDIUM | COARSE FINE COARSE | pmi £
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® SM4-04 12.27 159.13
p 4 SM4-07 1.83 159.97
A SM4-07 7.85 153.95
%* SM4-08 3.25 159.35
R
.January 2013 . l Prepd | MFA .
JE2:2002. v THURBER Chkd. KS




GRAIN SIZE DISTRIBUTION - THURBER 1130A.GPJ 1/28/13

HWY 407 Brock Road Connection - Foundations

GRAIN SIZE DISTRIBUTION

FIGURE B6

PERCENT FINER THAN

GRAVELLY SAND

U.S.S. Sieve size, meshesfinch

Size of openings, inches

200 1?0 GPSD -iID 30 1‘8 10? 4 lll 3|'|E'|.?' a1 11Irr 3'41I.'4‘ EI'
100
90 /
i
80 /
70
/ /|
60 ‘f/
50 g §
r 1
11
/1
. A
N /o
10
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE | MEDIUM | COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
[ SM4-04 22.95 148.45
X SM4-09 1.07 160.43
|
January 2013 | . l Prep'd  MFA
E2-2012 THURBER Chkd. KS .. .




@ @ @ ‘F Laboratories

CLIENT NAME: THURBER ENGINEERING LTD
SUITE 103, 2010 WINSTON PARK DRIVE
OAKVILLE, ON L6H5R7
(905) 829-8666

ATTENTION TO: Lindsey Blaine
PROJECT NO: 19-5161-130A
AGAT WORK ORDER: 137677837

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO
CANADA L4Z 1Y2

TEL (905)712-5100

FAX (905)712-5122
http://www.agatiabs.com

SOIL ANALYSIS REVIEWED BY: Elizabeth Polakowska, MSc (Animal Sci), PhD (Agri Sci), Inorganic Lab

Supervisor
TRACE ORGANICS REVIEWED BY: Oksana Gushyla, Analyst
DATE REPORTED: Jan 11, 2013
PAGES (INCLUDING COVER): 6
VERSION*: 3

Should you require any information regarding this analysis please contact your client services representative at (905) 712-5100

*NOTES

VERSION 3:
Revised Report - pH added to analysis (January 17th 2013)
Reporting only Sulphate and pH (January 18th 2013)

All samples will be disposed of within 30 days following analysis. Please contact the lab if you require additional sample storage time.

A QAT Laboratories (V3) Page 1 of 6
Member of: Association of Professional Engineers, Geologists and Geophysicists AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory
of Alberta (APEGGA) Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the
Westemn Enviro-Agricultural Laboratory Association (WEALA) scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian
Environmental Services Association of Alberta (ESAA) Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations

are location and parameter specific. A complete listing of parameters for each location is available
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in

the scope of accreditation.
Resuits relate only to the items tested and to all the items tested
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5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO
CANADA L4Z 1Y2

TEL (905)712-5100

FAX (905)712-5122
http:/MWww.agatiabs.com

@ @ @ ‘ﬁ\ Laboratories

Quality Assurance

AGAT WORK ORDER: 137677837
ATTENTION TO: Lindsey Blaine

CLIENT NAME: THURBER ENGINEERING LTD
PROJECT NO: 19-5161-130A

Soil Analysis

RPT Date: Jan 11, 2013 DUPLICATE REFERENCE MATERIAL{ METHOD BLANK SPIKE MATRIX SPIKE
Method Acceptable Acqep}able Accep_table
PARAMETER Batch Salr:ple Dup#1 | Dup#2 | RPD Blank M%a:hl:;ed Limits Recovery| __Limits Recovery| __Limits
Lower| Upper Lower | Upper Lower| Upper
Sulphate (Soil)
Sulphate (2:1) 1 4058631 3.0 27 10.5% <2.0 95% 70% 130% 97% 70% 130% 96% 70% 130%
Sulphate (Soil)
Sulphate (2:1) 1 4058650 23.3 24.0 3.0% <20 70% 130% 70% 130% 70% 130%
0. Reg. 153(511) - ORPs (Soil) pH
pH, 2:1 CaCl2 Extraction 1 4058631 7.90 7.93 0.4% NA 100% 90% 110% NA NA

Shobedh Fototonsta
Certified By: /

ES Q@ T QUALITY ASSURANCE REPORT (V3) Page 4 of 6

AGAT Laboratories (s accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc, (CALA) and/or Standards Councll of Canada (SCC) for specific tests
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc, (CALA) for specific drinking waler
tests. Accreditations are |ocation and parameter specific. A complete listing of parameters for each location Is available from www.cala.ca and/or www.scc.ca. The tests in this report may
not necessarily be included in the scope of accreditation.

Results relate only to the items tested and to all the items tested



5835 COOPERS AVENUE

MISSISSAUGA, ONTARIO
@ @ @ ﬁ CANADA L4Z 1Y2
: TEL (905)712-5100

Laboratories iR eis it

http://iwww.agatiabs.com
Quality Assurance
CLIENT NAME: THURBER ENGINEERING LTD AGAT WORK ORDER: 137677837
PROJECT NO: 19-5161-130A ATTENTION TO: Lindsey Blaine
Trace Organics Analysis
RPT Date: Jan 11, 2013 DUPLICATE REFERENCE MATERIAL} METHOD BLANK SPIKE MATRIX SPIKE
Method Acgep_table Acgep_table Acqegtable
PARAMETER Batch Salrgple Dup #1 | Dup #2 RPD Ll M%Zs':';ed S Recovery Limits Recovery Limits
Lowerl Upper Lower| Upper Lower| Upper

0. Reg. 153(511) - PAHs (Soil)

Naphthalene 1 4058640 <0.05 <005 0.0% <0.05 98% 50% 140% 96%  50% 140% 97% 50% 140%
Acenaphthylene 1 4058640 <0.05 <005 00% <005 104% 50% 140% 97% 50% 140% 93% 50% 140%
Acenaphthene 1 4058640 <0.05 <005 0.0% <0.05 99% 50% 140% 96%  50% 140% 91% 50% 140%
Fluorene 1 4058640 <0.05 <0.05 0.0% <005 102% 50% 140% 99% 50% 140% 92% 50% 140%
Phenanthrene 1 4058640 <0.05 <0.05 0.0% <0.05 94% 50% 140% 94% 50% 140% 93%  50% 140%
Anthracene 1 4058640 <0.05 <0.05 0.0% <0.05 96% 50% 140% 92% 50% 140% 93%  50% 140%
Fluoranthene 1 4058640 <0.05 <0.05 0.0% <0.05 87% 50% 140% 93% 50% 140% 98%  50% 140%
Pyrene 1 4058640 <0.05 <0.05 00% <0.05 90% 50% 140% 97%  50% 140% 92%  50% 140%
Benz(a)anthracene 1 4058640 <0.05 <0.05 00% <0.05 85% 50% 140% 84%  50% 140% 81%  50% 140%
Chrysene 1 4058640 <0.05 <005 0.0% <0.05 91% 50% 140% 98%  50% 140% B83%  50% 140%
Benzo(b)fluoranthene 1 4058640 <0.05 <0.05 00% <0.05 104% 50% 140% 85% 50% 140% 84% 50% 140%
Benzo(k)fluoranthene 1 4058640 <0.05 <005 0.0% <005 109% 50% 140% 99% 50% 140% 83% 50% 140%
Benzo(a)pyrene 1 4058640 <0.05 <0.05 0.0% <0.05 106% 50% 140% 82% 50% 140% 91% 50% 140%
Indeno(1,2,3-cd)pyrene 1 4058640 <0.05 <005 0.0% <0.05 93% 50% 140% 81% 50% 140% 80% 50% 140%
Dibenz(a,h)anthracene 1 4058640 <0.05 <0.05 00% <0.05 90% 50% 140% 79%  50% 140% 78% 50% 140%
Benzo(g,h.i)perylene 1 4058640 <0.05 <005 00% <0.05 93% 50% 140% 86% 50% 140% 91% 50% 140%
2-and 1-methyl Naphthalene 1 4058640 <0.05 <0.05 0.0% <005 105% 50% 140% 98% 50% 140% 95% 50% 140%

/ v
g
Certified By:

@ G@T QUALITY ASSURANCE REPORT (V3) Page 5 of 6

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific lests
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) far specific drinking water
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is avallable from www cala.ca andfor www scc.ca. The tests in this report may
not necessarily be included in the scope of accreditation

Results relate only to the items tested and to all the ifems tested




@ @ @ lF Laboratories

Method Summary

AGAT WORK ORDER: 13T677837

CLIENT NAME: THURBER ENGINEERING LTD

PROJECT NO: 19-5161-130A

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO
CANADA L4Z 1Y2

TEL (905)712-5100

FAX (905)712-5122
http:/iwww.agatlabs.com

ATTENTION TO: Lindsey Blaine

PARAMETER AGAT S.O.P | LITERATURE REFERENCE ANALYTICAL TECHNIQUE
Soil Analysis
pH, 2:1 CaCI2 Extraction INOR-93-6031 MSA part 3 & SM 4500-H+ B pH METER
Sulphate (2:1) INOR-93-6004 McKeague 4.12 & SM 4110 B ION CHROMATOGRAPH
Trace Organics Analysis
Naphthalene ORG-91-5106 EPA SW846 3541 & 8270 GC/MS
Acenaphthylene ORG-91-5106 EPA SW846 3541 & 8270 GC/MS
Acenaphthene ORG-91-5106 EPA SW846 3541 & 8270 GC/MS
Fluorene ORG-91-5106 EPA SW846 3541 & 8270 GC/MS
Phenanthrene ORG-91-5106 EPA SW846 3541 & 8270 GC/MS
Anthracene ORG-91-5106 EPA SW846 3541 & 8270 GC/MS
Fluoranthene ORG-91-5106 EPA SW846 3541 & 8270 GC/MS
Pyrene ORG-91-5106 EPA SW846 3541 & 8270 GC/MS
Benz(a)anthracene ORG-91-5106 EPA SW846 3541 & 8270 GC/MS
Chrysene ORG-91-5106 EPA SW846 3541 & 8270 GC/MS
Benzo(b)fluoranthene ORG-91-5106 EPA SW846 3541 & 8270 GC/MS
Benzo(k)fluoranthene ORG-91-5106 EPA SW846 3541 & 8270 GC/MS
Benzo(a)pyrene ORG-91-5106 EPA SW846 3541 & 8270 GC/MS
Indeno(1,2,3-cd)pyrene ORG-91-5106 EPA SW846 3541 & 8270 GC/MS
Dibenz(a,h)anthracene ORG-91-5106 EPA SW846 3541 & 8270 GC/MS
Benzo(g,h,i)perylene ORG-91-5106 EPA SWB846 3541 & 8270 GC/MS
2-and 1-methyl Naphthalene ORG-91-5106 EPA SW846 3541 & 8270 GC/MS
Moisture Content Org 5506 EPA SW-846 3540 & 8270 BALANCE
Chrysene-d12 ORG-91-5106 EPA SW846 3541 & 8270 GC/MS

QA @T METHOD SUMMARY (V3)

Results relate only to the items tested and to all the items tested

Page 6 of 6




Structure M-4 Realigned Brock Road over Brougham Creek
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Appendix C

Selected Site Photographs
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Looking east at proposed South Pier
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Looking northeast towards proposed North Pier
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Looking north from top of south slope

Looking south from top of north slope
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Appendix D

Foundation Comparison
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Appendix E

Figure 1 - Abutment on Compacted Fill
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Appendix F

List of SPs and OPSS, and Suggested Text for NSSP
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1. List of Special Provisions and OPSS Documents Referenced in this Report

e Special Provision 110813

e OPSS 501
e OPSS 539
e OPSS 902
e (OPSS 903
e OPSS 1010

e OPSD 3000.100

e OPSD 3101.150

2. Suggested text for a NSSP on Pile Installation

The presence of cobbles and boulders in the dense glacial till may potentially have an impact
on the installation of piles at the site. Some possible impacts that must be taken into
consideration include, but are not necessarily limited to:

The cobbles and boulders may impede the driving of the piles resulting in more
arduous driving in the very dense soils

Some piles may meet refusal on boulders that are large enough not to be dislodged or
broken by the pile driving

As a result of the presence of boulders, piles may meet refusal at varying depths

Pile driving must be controlled according to the criteria specified for the site
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Appendix G

Borehole Locations and Soil Strata Drawings



H:\Dratting\18\5161\130\ted1130A—M4~BoreholePlan&FProfile.dwg

DRAWING NAME:

January 28, 2013

MODIFIED:

December 17, 2012

CREATED:

g £ 350 =8 § ki = - =" CONTRACT No. E2-2012
7 - - HWY 407/BROCK ROAD
N 7 i INTERCHANGE
5 STRUCTURE M—4 (SITE 3A
| | \ dlg, & - METRIC REALIONED ‘BROCK ROAD) | SHEET
N, ABUT, BRGS ¢ s. PIER : S. ABUT. BRGS : DIMENSIONS ARE IN METRES gXEERLGIg.E%J}?sHAA."‘mcSROELEKSTRAm

+376

SM4—07=—===1l1
g AN, Y r—
T ] O ——
== T —

AND/OR MILLIMETRES
UNLESS OTHERWISE SHOWN

407 1R

| L[ ) 1l smatos T H- — e ] | .
1B /7 TR - St THURBER ENGINEERING LTD.
§ R A 7 S . — SM4-05—1 e ST
S 4 / B
- S B0 ] TR
i . S
r.- | e —
| !
L J.'F - \ A
© | e —_= Lo f— T mam
:9] ||II . s e
) PLAN | =
0 16 32m
SCALE 1:800
¢ N. ABUT. BRGS. T N. PIER T S. PIER S. ABUT. BRGS.
SM4-02, ,SM4-03 i SM4-04,, ,SM4-05
SM4—O1‘ ” sm—oi SM4—07” SM4-08 ﬁ _‘SM4—06
I | |
FINISHED GRADE ‘ | KEYPLAN
" ) : : jes Lol LEGEND
161638
I ‘ 1004162 —— > 3 Borehole
‘$’ Borehole and Cone
1 I ! + = N Blows /0.3m (Std Pen Test, 475J/blow)
0RGAN|CS\ | I 1 CONE Blows /0.3m (60" Cone, 475J/blow)
PH Pressure, Hydraulic
175 ORIGINAL GROUND 175 - Woter 1200
\ (EAST SIDE) ORIGINAL GROUND Heod Artedian Wat
N N ~ eqa esian ater
CLAYEY SILT i (WEST SIDE) 3G - T Piezometer
TRACE T RAGE CRAVEL el ?//9 | il H SAND & SILT TILL 90% | Rock Quality Designation (RQD)
Hard /1 SAND ORGAN|C‘S’1 : il o T00TH SOME CLAY, TRACE GRAVEL A/R Auger Refusal
| SOME GRAVEL, TRACE SILT ‘4fr. ) ¥ i b/ | P 4 [ Compact to Very Dense NO | ELEVATION |  NORTHING EASTING
(e Compact 419113 F a1 : 165 SM4-D1 172.4 4 B64 027.7 337 305.0
il T SME-0Z 172.2 4 B64 0139 | 337 299.9
SILTY SAND/SAND & SILT TILL : 27 14| SM&=03 1721 4 564 017.1 337 323,
TRACE GRAVEL, TRACE CLAY, OCC. COBBLES | Lit/ap) | 4 Sia—D4 1714 4 B63 923.3 337 341.8
Very Dense /" ’ SM4--05 1725 4 BB 915.) 337 3140
o - SM4-06 1721 4 B53 9026 337 3788
SILT o SM&—07 616 4 BG3 9545 337 3321
SOME CLAY, TRACE TO SOME SAND SMA-08 162.5 4 BE3 9478 337 312.7
Very Dense i SME-09 61,5 4 855 9Bb.1 337 331.2
155 TF = 155
SAND SILT
SOME SILT, TRACE TO SO\h/AE G%AVI-;L SOME CLAY, TRACE SAND
ery Dense 3
L SANDY SILT Very Dense
SILTY SAND to SANDY SILT TRACE TO SOME CLAY SAND -NOTES-
TRACE CLAY Very Dense 1) The boundaries between soil strata h b
Dense to Very Dense GRAVELLY SAND — ggmg gﬁ‘-}-v% J&YGRAVELLY' established ;nly ot Boreholtl-: locationsoveBetszgn
Boreholes the boundaries are assumed from

SOME_SILT

'A\\\ MMM GROUP

Vary Dense

145

Compact to Very Dense

PROFILE ALONG ¢ BROCK RD.

illustration.
16 0 16 32m H 1:800
r T
. DESIGN KS |CHK KS [CODE [LOAD DATE _JAN. 2013
8 0 8 16 Vv 1:400 ORAWN AN _[CHK AEG !sm: A | STRUCT _M—4 [owe 1

geological evidence.

2)This drawing is for subsurface information only.
Surface details and features are for conceptual




January 28, 2013

H:\Drafting\ 18\5161\130\ted1130A-M4—BorsholePlan&Profile.dwg
MODIFIED:

December 17, 2012

DRAWING NAME:
CREATED:

. BROCK ROAD

SM4—O_.3‘ ‘.S_M4—02
185 ———185
ORGANICS —\
175 175
CLAYEY SILT
SOME SAND, TRACE GRAVEL
Hard SAND & SILT TILL
SOME CLAY, TRACE GRAVEL
Very Dense
165 165
SILTY SAND Lt SAND
TRACE CLAY SOME SILT, TRACE GRAVEL

Very Dense SILT

SOME CLAY, TRACE TO SOME SAND
155—Hk.19ﬂ'._[lﬂ

ﬁ Very Dense
= 155

e e e Mt e

SECTION A—A

3
i)

REVISIONS w (an

CONTRACT No. E2-2012

HWY 407/BROCK ROAD
INTERCHANGE

. BROCK ROAD

METRIC

DIMENSIONS ARE IN METRES
AND /OR MILLIMETRES
UNLESS OTHERWISE SHOWN

STRUCTURE M—4 (SITE 3A

REALIGNED BROCK ROAD) SHEET
OVER BROUGHAM CREEK

BOREHOLE LOCATIONS AND SOIL STRATA

407 1R

IA\\\ MMM GROUP

THURBER ENGINEERING LTD.

ORGANICS —

165

GRAVELLY SAND

SOME SILT, OCC. COBBLES
Compact to Dense

P 155
L SILT
T SANDY SILT TILL TRACE SAND, TRACE CLAY
; #LI-— SOME CLAY, TRACE GRAVEL Very Dense
Very Dense
——145 145
16 0 16 32m H 1:800
L | L ——___i
I U ¥ 1
8 0 16 V 1:400

SECTION B-B

185
175
165 LEGEND
SAND ¢ Borehole
SOME GRAVEL, TRACE SILT
Compact 'Q Borehole and Cone
N Blows /0.3m (Std Pen Test, 475J/blow)
SILTY SAND TO SANDY SILT CONE Blows /0.3m (60" Cone, 475J/blow)
TRACE CLAY PH Pressure, Hydraulic
Very Dansa.[ss
v Water Level
Head Artesion Water
T Piezometer
90% Rock Quality Designation (RQD)
A/R Auger Refusal
NO ELEVATION NORTHING EASTING
——145 SM4-01 172.4 4 B64 027.7 337 305.0
SM4-02 172.2 4 BG4 139 337 2889
5M4-03 1721 4 864 0171 337 3230
SM4-04 171.4 4 BB3 3233 337 3.8
SM4-05 1725 4 863 915.1 337 3140
SM4-06 172 4 BB3 U026 337 37288
SMe—07 161.8 4 B63 9545 337 332
SM4-08 162.5 4 B63 947.8 337 3127
SM4-09 161.5 4 B53 DBG.Y 337 331.2

1) The boundaries between soil strata have been

2)This drawing is for subsurface information only.

-NOTES-

established only at Borehole locations. Between
Boreholes the boundaries are assumed from
geological evidence.

Surface details ond features are for conceptual
llustration.

|Dtsmu KS [CHK KS [CODE LOAD DATE JAN. 2013
DRAWN AN |CHK AEG |SITE 3A | STRUCT WM-4 [DWG 2




Jonuary 28, 2013

H:\Drafting\ 18\5161\130\ted1 130A~M4—BoreholePlan&Profile.dwg
MODIFIED:

December 17, 2012

DRAWING NAME:
CREATED:

[
i

NO DATE REVISIONS w | on

CONTRACT No. E2-2012

i HWY 407/BROCK ROAD
INTERCHANGE

STRUCTURE M—4 (SITE 3A ]
METRIC REALIGNED BROCK ROAD) SHEET
OVER BROUGHAM CREEK

DIMENSIONS ARE IN METRES
AND/OR MILLIMETRES BOREHOLE LOCATIONS AND SOIL STRATA

UNLESS OTHERWISE SHOWN I f—
07 ciin

Exgress To7 Routr

'A\\\ MMM GROUP

§ BROCK ROAD
fr BROCK ROAD . l
THURBER ENGINEERING LTD.
SM4—04 SM4-05
SM4~07 SM4-08 ? *
185—— — 185 185 185
175 175 175 175
ORGANICS —\ "
N T T T | TT
TP TR R .
THERIT T T Lok __sAND & sit TiLL |
i |14 U o [{41[T° SOME CLAY TO CLAYEY, TRACE GRAVEL
i e Sl | b v D
SRR AR s KEYPLAN
165 ORGANICS — i65 165 d ,LI-“..—WS LEGEND
A 3 B Q | Rl
\ SAND 'k TR PR KP4 mait 48 2 2 Borehole
' v SOME GRAVEL, TRACE SILT i AT ::"‘r: . 4 | Borehole and Cone
Compact SR T e N Blows /0.3m (Std Pen Test, 475J/blow)
SILTY SAND TO SANDY SILT i TR |l gt 1L CONE | Blows /0.3m (60" Cone. 475y
TRACE TO SOME CLAY, TRACE GRAVEL L F ows /0.3m ( one, /blow)
Compact to Very Dense 1 PH Pressure, Hydraulic
155 | - 155 155 —— —155 v Water Level
| ! ﬂ R SILTY Head Artesian Water
SOME CLAY, TRACE TO SOME SAND SILT T Plezometer
Very Dense
v §°MEDC'-AY- TRACE SAND 90% Rock Quality Designation (RQD)
ery Dense
GRAVELLY SAND : A/R Auger Refusal
SOME SIL$ & CLAY .5 e NO ELEVATION NORTHING EASTING
ery Dense Sva-o1 172.4 4 864 0277 | 337 305.0
45— 145 145 —=145 SM3—0z2 1722 4 B64 0139 | 337 299.9
SM4-03 172.1 4 B64 017.1 | 337 3231
SMA-D4 171.4 4 B63 923.5 | 337 3418
SECTION C—-C SECTION D-— D SM4-05 172.5 4 B65 915.1 | 337 3141
SM4—06 1721 4 863 9026 | 337 3288
SMA-07 161.8 4 B63 9545 | 337 332.1
D SWE—08 162.6 4 863 947.8 | 337 3127
16 0 16 32m H 1:800 SM4-04 1615 4 863 986.1 | 337 331.2
L | L 1 |
f X { ) =
8 0 8 16 V 1:400
-NOTES-

LI

|E}£'“.1639 | 1) The boundaries between soil strata have been
A .r_;_——_.—-=——=.-=-.—_=-—)1 ! established only ot Borehole locations. Between
\ 4 4 Boreholes the boundaries are assumed from
% O M'z‘g:wd O 4 eological evidence.
N ‘p ol 9 9
Op .‘QS‘ 4 2)This drawing is for subsurface information only.
: /"'VCE OF 0?\ ’ Surface details and features are for conceptual
p Sy s 2 illustration.

DESIGN KS [CHK KS_ [CODE [LoRD [DATE —JaN, 2013
DRAWN AN |CHK AEG |STE 3A | STRUCT M—4 |DWG 3




