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FOUNDATION INVESTIGATION AND DESIGN REPORT
HIGHWAY 407/BROCK ROAD INTERCHANGE CONNECTION
STRUCTURE M-2 (SITE 3)

HIGHWAY 407 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 Structure M-2 which consists of 4 bridges crossing Brougham Creek, in The
City of Pickering, Ontario. The four bridges are for the following components of the new
Highway 407 — Brock Road Interchange: eastbound lanes (EBL), westbound lanes (WBL), NW ramp
(on ramp), and W-N/S ramp (off ramp). The new bridges are planned as part of the Highway 407 east
extension and are 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 boreholes, 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 Structure M-2 site is located approximately 300 m east of the existing Brock Road and extends
from the existing Highway 407 to 60 m north of the highway at Brougham Creek. The community of
Brougham is located approximately 500 m northwest of the proposed bridge site.

At the location of the proposed bridges, Brougham Creek flows from north to south. The creek flows
in a valley that is approximately 4 to 5 m below the existing highway grade. At the site of Structure
M-2, this valley is well defined by the slope to the east and poorly defined to the west, where low
lying areas extend away from the creek. Due to the presence of beaver dams and extensive beaver
activity, the low lying area adjacent to the creek in the vicinity of the proposed bridges was flooded.
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Lands surrounding the bridge site consist primarily of agricultural fields and undeveloped areas
within the Highway 407 right-of-way.

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 overlying glacial 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.

3  SITE INVESTIGATION AND FIELD TESTING

The site investigation and field testing for this structure were carried out from December 5
to 18,2012 and consisted of drilling and sampling a total of thirteen boreholes (identified as SM2-02,
SM2-03, SM2-06 to SM2-09, and SM2-11 to SM2-17). Due to the flooded nature of the northern
portion of the site, some boreholes (Boreholes SM2-02, SM2-03, and SM2-06 to SM2-08) were
drilled at locations set back some 15 to 35 m from the proposed abutments. Four proposed boreholes
(SM2-01, SM2-04, SM2-05, and SM2-10) could not be drilled due to the site conditions and access
limitations created by the flooding caused by the beaver dams and beaver activity. The approximate
locations of the boreholes that were drilled at this site are shown on the Borehole Locations and Soil
Strata Drawings included in Appendix G. The boreholes were advanced to depths ranging from 9.2 to
16.9 m below the existing ground surface (Elevations 178.3 to 170.7 m). The Record of Borehole
sheets are included in Appendix A.

Previous investigations, one by Peto MacCallum Limited in 1998 (Boreholes 401 to 418) and one by
Golder Associates Limited in 2008 (Boreholes WM1-1 and WM2-1), were carried out in the vicinity
of this site. The logs for the boreholes from these investigations are included in Appendix C. The
locations of these boreholes are also shown on the drawings included in Appendix G. It should be
noted that the borehole coordinates provided in the Peto report were converted in order to plot the
boreholes on the current drawings.

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 that was within the
protected zone identified by MNR to prevent sediment laden water from entering Brougham Creek.

For the boreholes located off of the highway, drilling was carried out using a track mounted drill rig
while a truck-mounted rig was used to drill the boreholes located on the existing highway. Hollow
stem augers were typically used to advance the boreholes. Soil samples were obtained at selected
intervals using a split spoon sampler in conjunction with the Standard Penetration Test (SPT).
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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.

Where practical, groundwater conditions were observed in the open boreholes upon completion of the
drilling operations. Five standpipe piezometers, one nested piezometer, and one vibrating wire
piezometer (VWP) were installed at this site for long term monitoring of ground water levels. The
standpipe piezometers generally consist of a 19 or 25 mm diameter PVC pipe with a 1.5 or 3.0 m long
slotted screen encased with filter sand. The completion details of the piezometers and boreholes
conducted in general accordance with O.Reg. 903 are summarized below in Table 3-1.

Table 3-1 Borehole Completion and Piezometer Installation Details

Piezometer
Borehole Tip Depth/ Borehole Backfilling Details
Elevation (m)

SM2-02 7.6/178.4

Piezometer with 1.5 m slotted screen installed with sand filter to
5.8 m and bentonite from 5.8 m to surface.

Borehole caved to 5.2 m. Vibrating wire piezometer installed at
5.2 m. Borehole backfilled with grout to surface.

Piezometer with 3.0 m slotted screen installed with sand filter to
7.0 m and bentonite from 7.0 m to surface.

SM2-03 5.2/180.0

SM2-06 11.0/176.2

SM2-07 | None installed | Borehole backfilled with bentonite holeplug and cuttings to surface.

Piezometer with 3.0 m slotted screen installed with sand filter to

SM2-08 10.7/176.1 6.4 m and bentonite from 6.4 m to surface.

SM2-09 | None installed | Borehole backfilled with bentonite holeplug to surface.

Deep piezometer installed at 8.2 m with 1.5 m slotted screen with
3.1/180.9 sand filter to 4.9 m and then bentonite from 4.9 to 3.4 m. Shallow
82/175.8 piezometer installed at 3.1 m with 1.5 m slotted screen with sand
filter to 1.5 m and bentonite from 1.5 m to surface.

SM2-12 | None installed | Borehole backfilled with bentonite holeplug to surface.

Borehole backfilled with bentonite holeplug to 1.9 m, cuttings from
1.9 to 0.1 m and asphalt patch to surface.

Borehole backfilled with bentonite holeplug to 0.6 m, cuttings from
0.6 to 0.1 m and asphalt patch to surface.

Borehole backfilled with bentonite holeplug to 0.5 m, cuttings from
0.5 to 0.1 m and concrete to surface.

Piezometer with 1.5 m slotted screen installed with sand filter to
SM2-16 12.2/176.5 9.0 m, bentonite from 9.0 to 1.8 m, sand from 1.8 to 0.3 m, and
concrete from 0.3 m to surface.

Piezometer with 1.5 m slotted screen installed with sand filter to
5.9 m, bentonite to 1.3 m, sand to 0.15 m, and asphalt to surface.

SM2-11

SM2-13 None installed

SM2-14 None installed

SM2-15 None installed

SM2-17 9.1/178.6
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4 LABORATORY TESTING

The recovered soil samples were subjected to Visual Identification (VI) and to natural moisture
content determination. Selected samples were also 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. Four selected samples were also subjected to analytical pH and
sulphate testing, the results of which are presented in Appendix B.

5 DESCRIPTION OF SUBSURFACE CONDITIONS

Reference is made to the Record of Borchole sheets included in Appendix A. Details of the
encountered soil stratigraphy near the proposed bridges are presented on the “Borehole Locations and
Soil Strata” drawings included in Appendix G. An overall description of the stratigraphy encountered
at this 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.

5.1 Topsoil / Organic Soil

A layer of topsoil or organic soil was encountered at surface in the eight boreholes that were
drilled off of the existing highway (Boreholes SM2-02, SM2-03, SM2-06 to SM2-09,
SM2-11, and SM2-12).

A thin layer of topsoil was encountered in the boreholes on the west side of the creek
(SM2-02, SM2-03, SM2-09, and SM2-11). The topsoil generally contained silty sand and
this layer was 175 to 200 mm thick.

In the boreholes drilled on the east side of the creek (Boreholes SM2-06 to SM2-08 and
SM2-12), a layer or organic soil, 0.6 to 0.8 m thick, was encountered at the surface. This
organic soil generally contained clayey silt to silty clay. SPT N-values of 2 blows for 0.3 m
penetration were recorded in this layer, indicating a soft consistency.

Moisture contents of samples of the topsoil and organic soil ranged from 18 to 32%.

5.2 Asphalt and Concrete

A layer of asphalt was encountered at the surface in the five boreholes that were drilled on
the existing Highway 407 (Boreholes SM2-13 to SM2-17).

The thickness of the asphalt ranged from 100 to 175 mm.

A layer of concrete, 300 mm thick was encountered below the asphalt in Borehole SM2-15

only.
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53 Fill

A layer of sand fill was encountered below the asphalt (and concrete in Borehole SM2-15)
in the boreholes drilled on the existing Highway 407 (Boreholes SM2-13 to SM2-17).  The
sand fill was brown in colour and contained trace silt to silty and trace to some gravel.

The thickness of the sand fill ranged from 1.6 to 2.9 m, with the lower boundary of the sand
fill encountered at a depth of 1.8 to 3.0 m (Elevation 185.7 to 184.5 m).

SPT N-values recorded in the sand fill ranged from 10 to 49 blows for 0.3 m penetration,
indicating a compact to very dense relative density. Measured moisture contents ranged
from 1 to 11%

Three samples of the sand fill underwent laboratory grain size analysis testing. The results
of these tests are summarized below and are presented on the corresponding Record of
Borehole sheets included in Appendix A. The grain size distribution curves for these
samples are plotted on Figure B1 in Appendix B.

Soil Particles Percentage (%)
Gravel 4to 13
Sand 57 to 67
Silt 20to0 21
Clay 7t09

In Borehole SM2-16 only, a 2.9 m thick layer of clayey silt and sand fill was encountered
below the sand fill. The lower boundary of the clayey silt and sand fill was encountered at a
depth of 5.9 m (Elevations 182.7 m). The clayey silt and sand fill was brown in colour and
contained trace gravel.

SPT N-values of 5 and 11 were recorded in the clayey silt and sand fill, indicating a firm to
stiff consistency. Moisture contents of 9 and 10% were measured on samples of the clayey
silt and sand fill.

One sample of the clayey silt and sand fill was selected for laboratory grain size analysis
testing, the results of which are summarized below. The grain size distribution curve for this
sample is plotted on Figure B2 in Appendix B.
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Soil Particles Percentage (%)
Gravel 4
Sand 46
Silt 34
Clay 16

5.4 Silt to Silty Sand

A layer of silt to silty sand was encountered locally in Boreholes SM2-09, SM2-11 and
SM2-16. In Boreholes SM2-09 and SM2-11, a layer of silty sand was encountered below
the topsoil and in Borehole SM2-16 a layer of silt was encountered below the fill. The silt to
silty sand was brown to grey in colour and contained some clay to clayey, trace gravel, and
rootlets.

The thickness of the silt to silty sand ranged from 1.3 to 2.1 m, with the lower boundary of
this layer encountered at depths of 1.5 to 7.3 m (Elevation 183.4 to 181.3 m).

SPT N-values recorded in this layer ranged from 3 to 12 blows for 0.3 m penetration,
indicating a very loose to compact relative density. Moisture contents ranged from 11 to
32%.

5.5 Clayey Silt and Sand to Silty Sand Till

Clayey silt and sand to silty sand till was the dominant soil type encountered in the
boreholes drilled at this site. The till was typically brown to grey with increasing depth and
contained trace clay to clayey, trace to some gravel with occasional gravelly zones, and
occasional inferred cobbles and/or boulders.

In the boreholes drilled near the west abutment of the on ramp and WBL bridges (Boreholes
SM2-02, SM2-03, SM2-09, and SM2-11), an upper and lower layer of till were encountered,
except in Borehole SM2-11 where the upper layer was not encountered. The upper layer of
till was encountered below the topsoil in Boreholes SM2-02 and SM2-03 and below a layer
of localized silty sand in Borehole SM2-09. The lower till was encountered below a layer of
sand to gravelly sand.

The upper till layer was 1.3 to 2.5 m thick, with the lower boundary encountered at depths of
1.5 to 3.0 m (Elevation 184.4 to 181.9 m). The lower till layer was fully penetrated in
Borehole SM2-09 and SM2-11 only. The thickness of the lower till in these boreholes was
4.2 and 4.3 m, with the lower boundary encountered at depths of 8.8 and 7.3 m, respectively
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(Elevation 176.1and 176.7 m). Boreholes SM2-02 and SM2-03 were terminated at depths of
9.3 and 9.2 m, respectively (Elevation 176.6 and 176.0 m), within the lower till.

In all other boreholes, a single till deposit was encountered, typically below a surficial
organic layer (Boreholes SM2-06 to SM2-08 and SM2-12) or below the sand fill (Boreholes
SM2-13 to SM2-17). Where fully penetrated (Boreholes SM2-06, SM2-08, SM2-12, and
SM2-14 to SM2-16), the thickness of the till ranged from 4.9 to 11.2 m with the lower
boundary of the till encountered at depths of 10.2 to 12.2 m (Elevation 177.4 to 174.7 m).

Where not fully penetrated (Boreholes SM2-07, SM2-13, and SM2-17), the boreholes were
terminated at depths of 9.4 to 12.5 m (Elevation 178.3 to 174.5 m).

SPT N-values recorded in the till ranged from 3 blows for 0.3 m penetration to greater than
100 blows for less than 0.3 m penetration, indicating a variable relative density ranging from
very loose to very dense. In general, SPT N-values increased with depth and were typically
greater than 30 (dense) below approximately 3 m depth. Measured moisture contents
ranged from 4 to 32%, typically less than 20%.

Nineteen samples of the till underwent laboratory grain size analysis testing, the results of
which are summarized below. These results are also presented on the corresponding Record
of Borehole sheets included in Appendix A. The grain size distribution curves for these
samples are plotted on Figures B3 to B6, Appendix B.

Soil Particles Percentage (%)
Gravel 1to 18
Sand 33 to 52
Silt 27t0 42
Clay 6 to 25
Silt and Clay 30

Two samples exhibited sufficient plasticity for Atterberg Limits testing.

Index Property Percentage (%)
Liquid Limit 16 to 26
Plastic Limit 9to 14

Plasticity Index 7to 12
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The results of the Atterberg Limits testing indicate that the till has occasional low plastic
zones with a group symbol of CL-ML to CL as plotted on Figure B10 of Appendix B.

Glacial tills inherently contain cobbles and boulders.

5.6 Upper Sand to Sand and Gravel

A layer of sand to sand and gravel was encountered between the upper and lower till
deposits in the boreholes drilled near the west abutment of the on ramp and WBL bridges
(Boreholes SM2-02, SM2-03, SM2-09, and SM2-11). The sand to sand and gravel was
typically grey in colour and contained trace to some silt.

The thickness of this layer ranged from 0.7 to 4.6 m, with the lower boundary of the sand to
sand and gravel layer encountered at a depth of 3.0 to 6.1 m (Elevation 181.0 to 179.1 m).
In general, the thickness of this layer was observed to decrease from the north end of the site
to the south end of the site.

SPT N-values recorded in this layer ranged from 17 to 105 blows for 0.3 m penetration,
indicating a compact to very dense relative density. Typically, SPT N-values were 30 or
greater (dense to very dense). Measured moisture contents ranged from 7 to 14 %.

Two samples of the sand and gravel were selected for laboratory grain size analysis testing.
The results of these tests are summarized below and are presented on the corresponding
Record of Borehole sheets included in Appendix A. The grain size distribution curves for
these samples are plotted on Figure B7 in Appendix B.

Soil Particles Percentage (%)
Gravel 34 to 62
Sand 30 to 59
Silt and Clay 7t08

Localized layers of sand were also encountered within the till in Boreholes SM2-07 and
SM2-012, located near the east abutment of the on ramp and WBL structures. The sand was
brown and grey in colour and contained some silt and trace gravel.

These sand layers were 1.4 and 0.9 m thick, respectively, with the lower boundary of the sand
layer encountered at depths of 7.5 and 8.5 m (Elevations 179.6 and 177.5 m).

THURBER
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SPT N-values of 57 and 103 blows for 0.3 m penetration were recorded in these sand layers,
indicating a very dense relative density. Moisture contents of 7 and 14% were measured in
samples of the sand.

5.7 Lower Sand to Sand and Gravel

A lower deposit of sand to sand and gravel was encountered below the till in Boreholes
SM2-06, SM2-08, SM2-09, SM2-11, SM2-12, SM2-14, SM2-15, and SM2-16. The sand to
sand and gravel was grey in colour and contained trace silt to silty and occasional cobbles
and boulders which were inferred during drilling. In Borehole SM2-06, a localized layer of
very dense sandy silt (1.5 m thick) was encountered between the till and lower sand layer.

The sand to sand and gravel layer was generally encountered near the completion depth of
the borehole and was therefore not fully penetrated in any of the boreholes. The boreholes
typically only penetrated 0.3 to 1.9 m through this layer, except for in Boreholes SM2-11
and SM2-14 where 3.6 and 6.7 m of sand was penetrated before the boreholes was
terminated at depths of 10.9 and 16.9 m, respectively (Elevation 173.1 and 170.7 m).

SPT N-values recorded in this layer ranged from 64 blows for 0.3 m penetration to 100
blows for less than 0.3 m penetration, indicating a very dense relative density. Measured
moisture contents ranged from 6 to 18 %.

Five samples of the lower sand to sand and gravel (as well as a sample of the sandy silt from
Borehole SM2-06) were selected for laboratory grain size analysis testing. The results of
these tests are summarized below and are presented on the corresponding Record of
Borehole sheets included in Appendix A. The grain size distribution curves for these
samples are plotted on Figures B8 and B9 of Appendix B.

Soil Particles Sandy SIFI‘: gto BSsilty Sand Sand Fs‘ailglf] BG9ravel
Gravel 3t013 30 to 41
Sand 27 to 68 45 to 55
Silt and Clay 19 9to022
Silt 26 to 59 -
Clay 3toll -
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5.8 Groundwater Levels

Groundwater levels were observed in the open boreholes upon completion of the drilling.
Standpipe piezometers were installed in selected boreholes to monitor groundwater levels.
The measured groundwater levels are summarized in Table 5-1.

Table 5-1 Measured Groundwater Levels

Groundwater Level (m)
Borehole Date Comment
Depth (m) Elevation (m)
Dec. 17,2012 0.3 185.6 Open borehole
Dec. 18, 2012 0.4 185.5 Piezometer
SM2-02 Dec. 19, 2012 0.3* 186.2 Piezometer
Jan. 2, 2013 0.2* (frozen) 186.1 Piezometer
Dec. 18, 2012 0.1 185.1
SM2-03 Jan. 3, 2012 0.05% 185.25 Vibrating Wire
Jan. 9, 2012 0.0 185.2
Dec. 7, 2012 6.1 181.1 Open borehole
Dec. 18, 2012 43 182.9 Piezometer
SM2-06 Dec. 19, 2012 3.8 183.4 Piezometer
Jan. 2, 2013 39 183.3 Piezometer
SM2-07 Dec. 10, 2012 7.6 179.4 Open borehole
Dec. 10, 2012 9.1 177.7 Open borehole
Dec. 18,2012 44 182.4 Piezometer
SM2-08 Dec. 19, 2012 3.9 182.9 Piezometer
Jan. 2, 2013 39 182.9 Piezometer
SM2-11 Dec. 18, 2012 1.4 182.6 Piezometer
(Sh “_ w) Dec. 19,2012 0.8 183.2 Piezometer
ato Jan. 2, 2013 0.8 183.2 Piezometer
SM2-11 Dec. 18, 2012 1.5 182.5 Piezometer
(Deep) Dec. 19, 2012 0.8 183.2 Piezometer
°p Jan. 2, 2013 1.0 183.0 Piezometer
SM2-12 Dec. 11, 2012 7.6 178.4 Open borehole
SM2-13 Dec. 5, 2012 8.5 178.2 Open borehole
Dec. 18, 2012 53 183.4 .
SM2-16 Jan. 2, 2013 5.0 183.7 Piezometer
Dec. 18,2012 6.1 181.6 .
SM2-17 Jan. 2, 2013 45 183.2 Piezometer

* Artesian condition. Water level is above ground surface.
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The above values are short-term readings and seasonal fluctuations of the groundwater level
are to be expected. In particular, the groundwater level is expected to be higher during high
creek water level, after the spring snowmelt or after periods of heavy precipitation.

6 MISCELLANEOUS

The borehole locations were selected by Thurber Engineering Ltd. and staked in the field using the
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 and Walker Drilling Ltd. of Utopia, Ontario supplied the drill rigs for
this site and conducted the drilling, sampling and in-situ testing operations.

The drilling and sampling operations in the field were supervised by Mr. Alistair Hall, Mr. Stephane
Loranger, Mr. George Azzopardi, and Ms. Katrina Young 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.LT. Interpretation
of the data and preparation of the report were carried out by Ms. Lindsey Blaine, E.LT 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.

£ Blouns
Lindsey Blaine, E.IT. Jon .'25’ 13

Project Manager

Alastair Gorman, P.Eng.
Senior Geotechnical Engineer

P. K. Chatterji, P.Eng.
Review Principal
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FOUNDATION INVESTIGATION AND DESIGN REPORT

HIGHWAY 407/BROCK ROAD INTERCHANGE CONNECTION

STRUCTURE M-2

HWY 407 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 in the foregoing

section, and also presents geotechnical recommendations for design of the Highway 407 crossing

of Brougham Creek based on the factual information as well as our understanding of the project.

The plans and profiles and GA drawings used for preparation of this report were provided by
MMM Group Limited.

Based on the GA drawings, there will be four individual structures which will carry: the N-W
Ramp, WBL, EBL and the W-N/S Ramp and the approximate structure ultimate widths are: 9.3 m,
29.0 m, 26.1 m and 12.1 m, respectively. Each of the structures will be single-span, CPCI

construction. Armour stone retaining walls will be constructed on the east and west sides of the
creek to the north and the south of the W-N/S Ramp structure. The existing structure carrying

Highway 407 over Brougham Creek will be removed.

The approach fill heights will be as shown in Table 7.1.

Table 7.1 — Fill Heights

NWRamp | e 551 Tk is
WBL Fact Ta55 T 55
EBL Fact 1590 18701 >
W-N/S Ramp E:;it igg; }gzgi Z;

[

THURBER
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8 STRUCTURE FOUNDATIONS

In general terms, the site was found to be underlain by a veneer of organic soil in the undeveloped
areas, embankment fill at the existing highway and then by loose to compact sands and followed by
dense to very dense silty sand till and sand. The piezometric level at the site was measured at
values ranging from 0.2 m above ground to 4.5 m below ground, corresponding to Elevation 186.2
to 183.2, respectively.

Consideration was given to the following foundation types:

= Spread footings:

o bearing on native soil

o bearing on compacted Granular A pad
*  Augered caissons (drilled shafts)
s Driven steel H-piles

A comparison of the foundation alternatives, with advantages and disadvantages of each, are
included in Appendix D.

8.1 Spread Footings Bearing on Native Soil

Spread footings may be founded on undisturbed, dense or very dense native soil. The
existing fill encountered on site, in particular the existing highway embankment, is not
suitable for founding spread footings..

The design of spread footings 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 for Spread Footings

Factored

. Founding SLS
Lications Elevation I.JLS Resistance Comments
(m) Resistance (kPa)
(kPa)

N-W Ramp West Abutment Excavation 3.4m below
(SM2-02, SM2-03) 183.0 500 350 GWL, not recommended.
Excavation 3.0m below
N-W Ramp East Abutment 184.0 500 350 existing ground and into

(SM2-06, SM2-07) GWL, not recommended.

Excavation 4.8m below
180.4 500 350 ground surface and GWL,
not recommended.
Excavation 3.9m below
WBL East Abutment ground surface, not

(SM2-07) 181.0 500 350 recommended.

WBL West Abutment
(SM2-03, SM2-09)
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R Factored
Locations Foundfng ULS S.LS
Elevation . Resistance Comments
(m) Resistance (kPa)
(kPa)

Excavation 4.0m below
original ground surface,
(s]ilsz- W e;ﬁ;‘;;mj‘&) 181.0 500 350 | plus existing highway fill,
’ ’ 2.2m below GWL, not
recommended.
Excavation 2.0 to 3.0m
EBL East Abutment below existing ground
(SM2-12, SM2-13) 184.0 450 300 surface and into GWL,
not recommended.
Excavation
approximately 2.0m
below original ground
W-N/S I;;’g‘flvgejggb“tmem 181.0 600 400 surface plus Sm existing
’ embankment and below
the GWL, not
recommended.
Excavation
approximately 1.0 to
1.5m below original
183.5 450 300 ground surface plus 3m
existing embankment and
below the GWL, not
recommended.

W-N/S Ramp East Abutment
(SM2-15, SM2-17, 415)

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. 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

Resistance to sliding between the cast-in-place footing concrete and the very dense,
undisturbed sand and silt subgrade can be evaluated using an ultimate coefficient of

friction of 0.5 at the interface.

8.2 Spread Footings Bearing on Engineered Fill

Founding spread footings on Granular A engineered fill can be considered at this site.
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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. At this
site, it is recommended that the engineered fill pad be at least 2.0 m thick and conform to
the geometry illustrated in Figure 1 at the end of the text. The footings may then be

designed on the basis of the following bearing resistances:

ULS¢ =750 kPa
SLS =350 kPa

The engineered fill must bear on native compact to very dense sand and silt till and the
highest permitted base elevations, at which engineered fill pads may be founded, are giving

in Table 8-2.

Table 8-2. Founding Elevation and Bearing Resistances of Engineered Fill Pads

Base
Elevation for Comments
Locations Engineered '
Fill (m)
N-W Ramp West Abutment 183.5 Excavation 2.8m below GWL, not
(SM2-02, SM2-03) ) recommended.
N-W Ramp East Abutment 185.0 Excavation 2.0m below existing ground
(SM2-06, SM2-07) ’ and into GWL, not recommended.
WBL West Abutment 182.5 Excavation 2.5m below ground surface and
(SM2-03, SM2-09) ) below GWL, not recommended.
WBL East Abutment 1845 Excavation 2.5m below ground surface,
(SM2-07) ) not recommended.
EBL West Abutment . Excavation 2.5rp pelovy original ground
(SM2-11, SM2-14, 406) .5 surface, plus existing highway fill, 1.7m
below GWL, not recommended.
EBL East Abutment 184.0 EXCr?)\llxa:cli():uffgcteoaig?nzyel((})glixﬁgtn :
(SM2-12, SM2-13) : & ’
recommended.
Excavation approximately 1.5 below
W-N/S Ramp West Abutment 1815 original ground surface plus 6m existing
SM2-16, 406) ’ embankment and below the GWL, not
recommended.
Excavation approximately 1.0m below
W-N/S Ramp East Abutment 184.0 original ground surface plus 3.0m existing

(SM2-15, SM2-17, 415)

embankment and below the GWL, not
recommended.

The geotechnical resistances shown in Table 8-2 are based on a minimum 2.0 m thick layer
of engineered granular fill. Additionally, the resistance values shown are for concentric,

vertical loads only. 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.

THURBER
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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.

The Granular A fill must be placed in 150 mm thick lifts and be compacted to 100% of
Standard Proctor maximum dry density (SPMDD) at optimum moisture +2%.

8.3 Caissons

The use of caissons is not recommended in the soil and groundwater conditions

encountered at this site.

8.4 Steel H-pile Foundations

The soil stratigraphy encountered at this site is considered to be suitable for the support of
foundations on driven steel piles. Steel HP 310x110 piles driven to refusal in the very
dense silty sand till may be designed for geotechnical resistances of:

ULS¢= 1,600 kN
SLS = 1,400 kN

Table 8-4 presents the anticipated tip elevations at which the piles will achieve the design
resistance and these are the elevations that should be used for estimating. In order to
develop these resistances, the piles must achieve certain penetration below the pile cap or
into very dense soil. Where applicable, Table 8-4 also shows the elevation below which
the piles must be driven. These elevations must be shown on the foundation drawings and
the contract documents must contain instructions that pre-augering must be used where
necessary in order to achieve the minimum penetration and to conform to the requirements

of integral abutment design.

Table 8-3. Recommended Tip Elevations and Axial Resistances for Steel H-piles

Anticipated Highest
. -1 Recommended
Locations Pile Tip Pile Ti Comments
Elevation P
Elevation
N-W Ramp West Pre-augering may be
Abutment (SM2-02, 177.0 177.0 )
SM2-03) required.
N-W Ramp East o
Abutment (SM2-06, 176.0 177.0 Pre-auger only if piles
SM2-07) cannot reach El. 177.0
WBL West Abutment 177.0 177.0 Pre-auger only if piles
(SM2-03, SM2-09) ’ ' cannot reach El. 177.0
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Anticipated Highest
. o e Recommended
Locations Pile Tip gy Comments
Elevation Pile Tip
v Elevation
WBL East Abutment
(SM2-07) 176.0 177.0 -
EBL West Abutment
(SM2-11, SM2-14, 406) 175.0 176.0 )
EBL East Abutment Pre-augering may be
(SM2-12, SM2-13) 176.0 176.0 required.
W-N/S Ramp West : .
Abutment 177.0 177.0 Pre-augering i be
SM2-16, 406) require
W-N/S Ramp East
Abutment 177.0 177.0 -
(SM2-15, SM2-17, 415)

Where pre-augering is carried out, it must not extend deeper than 2.5 m above the
anticipated tip elevation. A note to this effect must be added to the foundation drawing.

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

8.4.1 Pile Tips

Due to the probable presence of cobbles and/or boulders, the tips of all piles must be
reinforced. This can be achieved by fitting the piles with steel H-piles 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 factored design load at ULS but must not exceed 3,200 kN.

As boreholes encountered SPT refusal within the silty sand to sand and silt till and noted
the presence of cobbles and/or boulders, an NSSP should require the QVE to terminate
driving before the pile is damaged by overdriving. Suggested texts for NSSPs are included
in Appendix E.

Pile driving at this site could induce vibration that could result in adverse effects on the
adjacent Highway 407 bridge. However, it is understood that this bridge will be removed
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but monitoring must be carried out to confirm its continuing serviceability while it is still
carrying traffic.

8.4.3 Downdrag
Downdrag on the piles is not considered to be an issue at this site, since the till and the
sands and silts are in a very dense state with low clay content.

8.44  Abutment Type

The subsurface conditions at this site are considered suitable for integral, semi-integral or
conventional abutment design. The use of H-piles at the abutments allows for the design
of an integral abutment structure as shown on the GA drawing.

For an integral abutment design, the piles must be placed in CSPs as described in the
requirements for an MTO integral abutment design.

It must be noted that installation of the CSPs will involve augering into cohesionless soils

below the groundwater level.

8.4.5 Pile Lateral Resistance

The geotechnical lateral resistance of an H-pile embedded in the silty sand to sand and silt
till may be calculated using a value for the coefficient of horizontal subgrade reaction (k;)
and ultimate lateral resistance (p,) as follows:

ke = nyz/D (KN/m?)
Pult = 3yzK, (kPa)
Where z = depth of embedment of pile in metres
D = pile width in metres
ny = coefficient of horizontal subgrade reaction
= 10,000 kN/m’ (in dense to very dense soils)
Y = 21 kN/m’ (total unit weight)

Yw = 11 kN/m® (submerged unit weight below water table)
K, =  passive earth pressure coefficient

= 3.7 (for dense to very dense soils)

The above equations and recommended parameters may be used to analyse the interaction
between a pile and the surrounding soil. The lateral pressures obtained from the analysis must
not exceed the ultimate lateral resistance.

The spring constant, ks, for analysis may be obtained by the expression, ks =k; x L x D
(kN/m), where L is the length (m) of the pile segment or element used in the analysis and
the remaining variables are as defined earlier. The ultimate lateral resistance, p,;, may be
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obtained from the expression, py; = pur 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 assumed in one pile be limited to
no more than 120 kN at ULSrand 50 kN at SLS.

The modulus of 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 pile group oriented
perpendicular and/or parallel to the direction of loading 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 8-4 Reduction Factor for Coefficient of Lateral Subgrade Reaction

Condition Pile spacing, Reduction factor
Centre to centre*

Pile group oriented perpendicular 4D 1.0
to direction of loading 1D 0.5
8D 1.0
Pile group oriented parallel to 6D 0.7
direction of loading 4D 0.4

3D 0.25

Note: D is the pile width

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 Recommended Foundation

From a geotechnical perspective and based on current information, the recommended
abutment foundation consists of steel H-piles driven into the very dense sand or silty sand

till for supporting the integral abutments.

9 BRIDGE APPROACHES AND EMBANKMENTS

Placement of new fill in the creek valley will be required to construct the bridge approaches and
embankments. The GAs for the EBL and W-N/S Ramp structures indicate that armour stone
retaining walls will be used to steepen the slopes adjacent to these structures and to provide erosion

protection.

Based on the information obtained from the boreholes, there is 200 to 800 mm of topsoil or
organics overlying the valley floor and these soils must be stripped prior to construction of the

embankments.
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The groundwater levels in the boreholes were close to or slightly above the ground surface in some
boreholes. Two small springs were reported in the area of the north flank of the west approach fill.
In view of the potential groundwater seepage into the base of the embankment fill, it is
recommended that a drainage blanket be constructed on the stripped surface and below the
remainder of the fill. The drainage blanket must consist of a minimum 1.0 m thickness of

Granular “O”.

The embankment above the drainage blanket may be constructed using either Granular or SSM fill.
Since the backfill to the abutments will be Granular “B” Type II, it is acceptable to use this
material for the entire approach fill above the drainage blanket, if that simplifies construction and is
cost-effective. These embankments will be stable if constructed with side slopes no steeper than
2H:1V. Based on the non-cohesive composition of the soils below the approaches, settlement
under the embankments will be immediate in nature and will be essentially completed at the end of

embankment construction.
The completed embankment slopes must be protected from erosion in accordance with OPSS 804.

Where armour stone walls are required, it is recommended that these be specified in the same
manner as other RSS walls, as an approved block wall system in the DSM. The design of the wall
must be completed by the supplier.

10 EXCAVATION AND GROUNDWATER CONTROL

All excavations must be carried out in accordance with the Occupational Health and Safety Act
(OHSA). For the purposes of the OHSA, the existing fill and surficial native soils can be classified
as Type 3 soils. The underlying “100-blow” sandy silt, silty sand to sand and silt till may be
classified as Type 2 soils. After removal of surface vegetation on the valley slopes, excavation of
topsoil, organics, fill and surficial disturbed native soils will likely be required to reach competent

native soils prior to placing new fill.

Based on the integral abutments shown on the GA drawing, excavation below the groundwater
level is not likely to exceed approximately 1.0 to 2.0 m. It should be possible to achieve effective
dewatering by pumping from sumps in the excavations, though this may be dependent on the time
of year and level of water in the stream. The contract documents should alert the contractor to the
risk associated with fluctuations in the stream level and require him to make his own assessment of
the requirements for dewatering, cofferdams, etc., taking account of his intended construction
methods, schedule and the presence of sand and gravel zones near the ground surface.

With respect to the CSPs to be installed below the existing ground surface, it must be noted that
some of the preaugering will be carried out in cohesionless soils below the groundwater level.
These holes may be prone to collapse before the CSP can be installed and the contract documents
must contain a note warning the contractor that it may be necessary to use a temporary, over-size
liner in order to install the CSP.
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The design of a dewatering system, if required, is the responsibility of the Contractor and the
Contract Documents must alert him 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 concrete must be done in
the dry. Dewatering must remain operational and effective until the foundation is installed and
backfilled.

Furthermore, the excavation and backfilling for foundations must be carried out in accordance with
OPSS 902.

11 BACKFILL TO ABUTMENTS

The recommended backfill to the abutment walls is 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.

Compaction equipment to be used adjacent to retaining structures must be restricted in accordance
with OPSS 501.

The design of the abutment must incorporate a subdrain as shown in OPSD 3101.150.

12 EARTH PRESSURE

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

p = K@h+q (KNm)
where Ph = horizontal pressure on the wall at depth h (kPa)
K = earth pressure coefficient (see table below)
¥ = 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)

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 the 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.

Earth pressure coefficients for backfill to the embankment wall are dependent on the material used

as backfill. Typical values are shown in Table 12-1.



Structure M-2: Highway 407 over Brougham Creek
Highway 407/Brock Road Interchange Connection

Page 22

The factors in Table 12-1 are “ultimate” values and require certain movements for the respective
conditions to be mobilized. The values to be used in design can be estimated from Figure C6.16 in
the Commentary to the CHBDC.

Table 12-1. Earth Pressure Coefficients

Earth Pressure Coefficient (K)
OPSS Granular A or Existing Sand Fill or
OPSS Granular B Type 11 OPSS Granular B Type I
Condition 6 =35°%y =22.8 kN/m’ 6 =32°y=21.2 kN/m*
Horizontal Sloping Surface Horizontal Sloping Surface
Surface Behind Behind Wall Surface Behind Behind Wall
Wall (2H:1V) Wall (ZH:1V)
Active 0.27 0.40 0.31 0.48
Passive 3.7 - 33 -
At Rest 0.43 - 0.47 -

13 SEISMIC CONSIDERATIONS

13.1

Seismic Design Parameters

The following seismic parameters should be used for design:

e Velocity Related Seismic Zone
e Zonal Velocity Ratio
e Acceleration Related Seismic Zone

e Zonal Acceleration Ratio

e Peak Horizontal Acceleration

0
0.05
1
0.05
0.08

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.

13.2

Dynamic Earth Pressures

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 13-1 may be used:
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Table 13-1. Earth Pressure Coefficients for Earthquake Loading

Earth Pressure Coefficient (K)
OPSS Granular A or Existing Sand Fill or
OPSS Granular B Type I1 OPSS Granular B Type I
e ¢ =35°7y =22.8 kN/m’ ¢ =32° =212 kN/m’
Condition Horizontal Sloping Horizontal Sloping
Surface Surface Surface Surface
Behind Wall Behind Wall Behind Wall Behind Wall
(ZH:1V) (ZH:1V)
Active (Kpp)* 0.3 0.47 0.34 0.58
Passive (Kpg) 3.6 - 3.2 -
At Rest (Kgg)** 0.53 - 0.58 -

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

13.3 Liquefaction Potential

The potential for liquefaction of the foundation 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 approach 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.

14 ROADWAY PROTECTION

Roadway protection may be required to support the existing Highway 407 embankment adjacent to
the excavations. The roadway protection must be implemented in accordance with OPSS 539 and

designed for Performance Level 2.

Conventional steel soldier piles and timber lagging walls is one option to provide temporary
support to the soils during excavation. Timber lagging boards should be installed as soon as the

soil face is exposed and properly prepared.

The following parameters apply for design of the temporary shoring system.

y = 20 kN/m®  (bulk soil unit weight)
Yw = 10 kN/m’ (submerged soil unit weight under groundwater
table)
K. = 0.33 (active pressure coefficient for road embankment
fill)
= 0.27 (active pressure coefficient for dense to very dense

native soils)
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K, = 3.0 (Passive pressure coefficient for road embankment
fill)
= 3.7 (Passive pressure coefficient for dense to very dense

native soils)

hy = 186.2 m (elevation for hydrostatic pressure behind the
temporary shoring)

The design of roadway protection should be the responsibility of the Contractor. The actual
pressure distribution acting on the shoring system is a function of the construction sequence and the
relative flexibility of the wall and these factors must be considered when designing the shoring
system. All shoring systems should be designed by a Professional Engineer experienced in such

designs, who will determine an appropriate support system.

1S CONSTRUCTION CONCERNS
Potential construction concerns include, but are not necessarily limited to:

¢ High Pile Driving Resistance. In some locations, it may be necessary to employ pre-
augering in order to drive the pile tips to the sufficient depth, i.e. below the highest

permitted elevation. Preaugering must not extend deeper than 2.5 m above the anticipated

pile tip elevation.

e Dewatering and Surface Water Control. If abutment construction is carried out at drier
times of the year, it may be possible to effect sufficient dewatering by pumping from
sumps. However, at wetter times of year, more elaborate dewatering may be required and
cofferdams (e.g. sandbags) may be required to control surface inflow from the creek.

The successful performance of the overpass will depend largely depend upon good workmanship
and quality control during construction. Pile driving supervision, subgrade inspection and field
density testing should be carried out by qualified personnel during construction to confirm that
foundation recommendations are correctly implemented and material specifications met. Vibration
monitoring during pile driving should be carried out by specialists in this field. The adjacent

bridge must be monitored during pile driving.
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16 CLOSURE

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

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

THURBER ENGINEERING LTD.

Alastair Gorman, P.Eng.
Senior Foundation Engineer

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



Structure M-2: Highway 407 over Brougham Creek
Highway 407/Brock Road Interchange Connection

Appendix A

Record of Borehole Sheets
(Current Investigation)
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SYMBOLS, ABBREVIATIONS AND TERMS USED ON RECORDS OF BOREHOLES

TEXTURAL CLASSIFICATION OF SOILS

PARTICLE SIZE

CLASSIFICATION
Greater than 200mm

Boulders

Cobbles 75 10 200mm
Gravel 4.7510 75Smm

Sand 0.075 to 4.75mm
Silt 0.002 10 0.075mm
Clay Less than G.002mm

COARSE GRAIN SOIL DESCRIPTION (50% greater than 0.673mm)

TERMINOLOGY

Trace or Occzsional

Some

Adjective {e.g. silty or sandyj
And {¢.g. sand and gravel)

TERMS DESCRIRING CONSISTENCY (COHES]VE SOILS ONL.Y]

VISUAL IDENTIFICATION

same

same

510 75mm

Not visible particies to Smm
Non-plastic particles, not visible 10
the naked eye

Plastic particles, not visible to

the naked eye

PROPORTION
Less than 10%
10 10 20%

20 10 35%

35 10 50%

APPROXTMATE SPTU N

DESCRIPTIVE TERM UNDRAINED SHEAR
STRENGTH (kiPz)j VALUE
Very Sofi 12 or less Less than 2
Soft 121025 2t04
Firm 25 to0 50 4108
Stiff 50 to 100 gto IS
Very Stiff 100 to 200 1510 30
Hard Greater than 200 Greater than 30
NOTE: Hierarchy of Soil Strength Prediction 1) Laboratory Triaxial Testing
2) Field Insitu Vane Testing
3) Laboratory Vane Testing
4) SPT value
5) Pocket Penetrometer
TERMS DESCRIBING DENSITY (COHESIONLESS SQILS ONLY)
DESCRIPTIVE TERM SPT “N” VALUE
Very Loose Less than 4
Loose 4010
Compact 10 to 30
Dense 30ts 50
Very Dense Greater than 50

LEGEND FOR RECORDS OF BOREHOLES

WS Wash Sample AS Auger (Grab) Sample

SYMBOLS AND §S Split Spoon Sample
ABBREVIATIONS TW Thin Wall Shelby Tube Sample TP Thin Wall Piston Sample
FOR PH Sampler Advanced by Hydraulic Pressure PM Samipler Advanced by Manual Pressure
SAMPLE TYPE WH Sampler Advanced by Self Static Weight RC Rock Core SC Soil Core
Undisturbed Shear Strength
Sensitivity =
Remoulded Shear Strength
- Water Leve!
Coen Shear Strength Determination by Pocket Penctrometer
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.
DCPT Dynamic Cone Penetration Test — Continuous penctration of a 50 mm outside diameter, 60° conical

height of 0.76 m. The resistance to cone

steel point attached to “A” size rods driven by a 63.5 kg hammer free falling a
f the conical point into undisturbed ground.

penetration is the number of hammer blows required for each 0.3 m advance 0



UNIFIED SOjL.S CLASSIFICATION

GROUP
MAIJOR DIVISIONS SYMBOL TYPICAL DESCRIPTION
[ i GW ] Well-graded gravels or gravel-sand mixtures, little or
GRAVEL no fines.
AND GP Poorly-graded gravels or gravel-sand mixtures, little l|
GRAVELLY i or no fines.
COARSE SOILS T aM Siity gravels, gravel-send-sili mixtures.
GRAINED GC Clayey gravels, gravel-sand-clzy mixtures.
SOILE SW | Well-graded sands or gravelly sands, littie o7 10
| SAND AND fines.
SANDY SF Poorly-graded sands or gravelly sands, little or no
SOILS fines.
SM Silty sands, sand-siit mixtores.
sC Ciayey 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 W <50% Cl Inorganic clays of medium plasticity, silty 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 SYMBOLS
Fresh (FR) No visible signs of weathering.
Fresh Jointed (FJ) Weathering limited to the surface of major v
discontinuities. _ z 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. 2 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 0.2 t0 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 3,500to Breaks under
Strong 7,500 single blow of
TERMS geological
hammer.
Total Core Recovery: Core recovered as a percentage | Weak 5.01025.0 75010 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 35¢0 150 Indented by
Designation: recovered in pieces 0.1m in Weak thumbnail
D length or larger as a percentage k
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.




114113

ONTMT4S 1130A.GPJ

Minisiry of
Transportation . l
Ontario THURBER
RECORD OF BOREHOLE No SM2-02 10F 2 METRIC
WPi# E2-2012 LOCATION N 4864 073.3 E 336 764.2 o ORIGINATED BY GA
HWY 407 o BOREHOLE TYPE _ Hollow Stem Augers — COMPILED BY AN
DATUM _Geodetic DATE 2012.12.17 - 2012,12.17 CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x W IRESISTANCE PLOT NATURAL - REMARKS
| .LE w L~ PLASTC MOISTURE uQuio - T
= w| <8 3 20 40 60 80 100 i CONTENT = o &
Ol L | Y|ZE]| =z 1 wp w wo| 58 | craNsizE
ELEV DESCRIPTION 'n_- o & 2 23 .C:> SHEAR STRENGTH kPa e DISTRIBUTION
DEPTH (3 ¢ S|[33| < |© UNCONFINED  + FIELD VANE )
& ) & WATER CONTENT (%) | 7 )
=z z2|E©| L [® QUICKTRIAXIAL X LABVANE
185.9 \ & 20 40 60 80 100 20 40 60 kNm3 |GR sA Sl CL
00| TOPSOIL: (175mm) B |
| |
02 Silty SAND, soms clay o clayey, o |
{race gravel |
Loose o Compact
Brown | |
Wet |
L) 185 - i ; - _
184.4| T ——— =
15 SAND and GRAVEL, trace silt
Dense to Very Dense °
Brown
Wet 164
Cc
Grey |
183 —
| |
| o | 62 30 8
| | (SI+CL)
182
I
R |
181 Bl —|
17981 . S S 180
6.1 Silty SAND, trace clay, trace to some |
gravel °
Very Dense 13 45 35 7
Grey
Wet
TILL
( ) 179 —
|
48 SS 55/
0150 178 = el
o |
A
4
o 177 — '|
1766 19 [ ss | 109 | ]
93/ END OF BOREHOLE AT 9.3m. | 0.150 o !
WATER LEVEL AT 0.3m UPON | |
COMPLETION.
Piezometer installation consists of
Continued Next Page 20
43, 3. Numbers refer to 1535

Sensitivity 10

(%) STRAIN AT FAILURE




114113

ONTMT4S 1130A.GPJ

Ministry of
Transporiation
Ontario THURBER
RECORD OF BOREHOLE No SM2-02 20F 2 METRIC
WP#  E22012 LOCATION N 4864 073.3 E 3367642 - ) ORIGINATED BY GA
HWY 407 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY AN
DATUM _Geodelic DATE | 2012.12.17 - 20121217  CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o w |RESISTANGE PLOT — | [ —
T — S— e E W s PLASTIC MOISTURE LiQuiD . T
= o |SE| @ 20 40 60 80 100 LM CONTENT wrl S 0 &
Sl gl=2| z - L wp w w| 58 | crawsize
ELEV. 8| @ | 3|25| S [SHEARSTRENGTHKPa P v " BISTRIBUTION
DEPTH DESCRIPTION 12| F | 5|38| S |0 UNCONFINED  + FIELDVANE y )
el = Z|[g©C| © |® QUCKTRIAXAL X LABVANE WATER CONTENT (%)
Continued From Previous Page | u.| 20 4E 60 80 100 20__ 40 60 kNim3 |GR sA sI cL
wilh a 1.52m slotted screen . ;
WATER LEVEL READINGS:
DATE DEPTH(m)  ELEV. (m)
Dec. 1812 0.4 185.6
Dec 19112 03* 186.3
Jan. 0213 02° 186.4
* Above ground surface
(Artesian Condition)
|
|
| |
|
| | |
|
| I |
1 {
‘ i
| |
| |
|
|
| 1
|
i
|
i |
|
1
3 3. Numbers refer to 2
X7 Sensitivity ‘535 (%) STRAIN AT FAILURE




1125113

ONTMT4S 1130A.GPJ

Ministry of
Transportalion . l
Ontario THURBER
RECORD OF BOREHOLE No SM2-03 10F 2 METRIC
WP# E2-2012 LOCATION N 48640791 E 3367874 ORIGINATED BY KMY B
HWY 407 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY AN
DATUM _Geodelic DATE 2012.12.14 - 2012.12.14 B CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o 5 RESISTANCE PLOT NATURAL - REMARKS
E w < PLASTIC MOISTURE LQuip - T
E n|28| 8 20 40 60 80 100 [™T  comewr M| 5O &
ol 5 =E| z ' X ' Sm— wp w w | 24 [ GrANSIZE
O |lm g 128 O |SHEAR STRENGTH kPa &
ELEV DESCRIPTION -l & | =2 = —e— DISTRIBUTION
DEPTH = = >3 3 < [o UNCONFINED + FIELD VANE ” %)
== Z|€©| © |® QUCKTRAXIAL X LABVANE WATER CONTENT (%)
185.2 \ & 20 40 60 80 100 20 40 80 kNm3 |GR sA SI CL
0.0 TOPSOIL, silty sand with rootlets: 1| as i )
02| . (175mm) | | 186
Silty SAND, some clay, trace to some :
gravel |
Loose o Compact |
Grey )
Moist 1
1)/8s | 7
(TILL) 7 H 4 47 34 15
184
K
o
ld 2| ss | 13 o
4
: 183 —
ol
| 4
[ t13 | ss | 33 |
1824 Gravelly 1" ] |
27 Wel - e
Gravelly SAND, trace to some silt ‘i
Dense | 182
Grey Liela | ss | 3 o 34 59 7
et [leo | (SHCL)
181
el |
e
L
ol s | ss | 38 o
e
. . 180
179.1 2
6.1 Silty SAND, trace clay, trace gravel '!1'£ B | 55 | 50f 179
Very Dense -4 0.100 5
Grey 1-1
Damp to Wet g
(TILL) -
l of
L% [ 178 i
e !
17| ss | 124/ |
0.150 o |
|
. |
.. 177 1
(]
| 4 |
| £ 1
N
: |
o |
1759 8 | 85 | 1007 176
92 END OF BOREHOLE AT g.2m. 0.100
VIBRATING WIRE PIEZOMETER ©
INSTALLED AT 5.2m.
|
Continued Next Page 20
+3 x 3. Numbers refer to 15$5
" Sensilivity o (%) STRAIN AT FAILURE



1124113

ONTMT4S 1130A.GPJ

Ministry of
Transportation

Ontario

Sensitivity 10

(%) STRAIN AT FAILURE

THURBER
RECORD OF BOREHOLE No SM2-03 20F2 METRIC
WP#  E22012 LOCATION N 48640791 E 336787.4 ORIGINATED BY KMY
HWY 407 BOREHOLE TYPE _ Hollow Stem Augers COMPILEDBY _ AN
DATUM Geodetic DATE 20121214 - 2012.12.14 CHECKEDBY  LRB
RATION
SOIL PROFILE SAMPLES | w  [BC RONE PENETRATIO . REMARKS
— - [T x PLASTIC e vauo | [
| = w|22| 8 20 40 60 80 100 UM onent  MT) 5O &
9z w2l 2 S " wp w we| 58 | cransize
ELEV Elo & J|[23]| 2 |SHEARSTRENGTH kPa A DISTRIBUTION
DEPTH DESCRIPTION 13| # | 5[33]| £ |o UNCONFINED  + FIELD VANE y %)
ez 2|29 & |e QUICKTRIAXIAL x LaBvANE | WATER CONTENT (%)
_Continued From Previous Page = 2 4 &) 8 100 20 4 8  |km3 |GR SA s CL
WATER LEVEL READINGS:
DATE  DEPTH(m) ELEV. (m)
Dec 1812 0.1 185.1
Jan. 0343 0.05* 185.25
Jan 09/13  0.05* 185.25
* Above Ground Surface |
(Artesian Condition)
1
| |
| |
|
|
|
|
|
|
I |
|
|
|
|
|
|
‘ .
1
|
1 |
20
+ 3. x 3: Numbers refer to 15¢5




114113

ONTMT4S 1130A.GPJ

Ministry of
Transportation . .
Ontario THURBER
RECORD OF BOREHOLE No SM2-06 1 0F 2 METRIC
WP# E2-2012 LOCATION N4864131.0 E 3368293 ORIGINATED BY AH
HWY 407 BOREHOLE TYPE ~__ COMPILEDBY _ AN
DATUM _Geodelic - DATE 2012.12.07 - 2012.12.07 - - CHECKED BY LRB
OYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x W |RESISTANCE PLOT NATURAL - REMARKS
[ z & pusic L me tauo| b
= | w|22| 8 20 40 60 80 100 UMT cowten  MMT| S O &
Sle | 9[z2] = e wp w we| 58 | cransize
ELEV DESCR & o 8 2 2a g SHEAR STRENGTH kPa ¥ oy DISTRIBUTION
DEPTH SCRIPTION 23| F | 5|33| = |o unconrneD  + FiELDVANE y (%)
sl = Z|[Z©| @ |e® QUICKTRIAXIAL x LABVANE [ WATER CONTENT (%)
187.2 w 20 40 80 80 100 20 40 &0 kNim 3 [GR sA sI CL
0.0 ORGANICS, silty clay, trace sand,
{race roots 187 L
Sofl
186.6 Dark Brown
06| - Moaist o [
Clayey SILT and SAND, irace gravel,
trace roots
stiff . | 4 33 38 25
185.9 Light Brown 186
1.4] " Moist
WTILL) B
Silty SAND, some clay, trace gravel &
Compact to Dense
Grey/Brown
Moist
(TILL) 185 -
(]
184 )
183]—— ==
o 2 45 35 18
182
181
o]
Some gravel to gravelly
1
180 —
i ! |
{8 | ss ' o
Very Dense & |
i B e— ! -
, o -
g H- [
o H
9| ss | 127 |- ] '8 - )
. 4 ] |
lo .
i I = |

Continued Next Page

w

Xs:

Numbers refer lo
Sensitivity

20
‘5*1%5 (%) STRAIN AT FAILURE



1413

ONTMT4S 1130A.GPJ

Ministry of
Transportalion . l

Ontario THURBER
RECORD OF BOREHOLE No SM2-06 20F2 METRIC
WP# _ E2-2012 : LOCATION N4864131.0 E 3368283 - ORIGINATED BY AH
HWY 407 BOREHOLE TYPE N - COMPILED BY AN ol
DATUM _Geodetic DATE _ 2012.12.07 - 2012.12.07 e B CHECKEDBY _ LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | y [RESSTANCE PLOT v | o | rewars
| Eel § r MOISTURE el e x
= wl|g5| & 20 40 60 80 100 v CONTENT ez o &
= I I EE z : ' : b wp w we| 58 | cramsize
ELEV DESCRIPTION =18 g | 3[25| & [sHEAR STRENGTH kP P X Y itoiet
DEPTH é =) K > 8 g <>( O UNCONFINED + FIELD VANE Y (%)
£l= z|ZO| @ [e QUICKTRIAXIAL x LABVANE | WATER CONTENT (%)
Continued From Previous Page Joe | _ u 20 40 60 80 100 20 40 60 kNim 3 |GR SA SI CL|
]Sl [ |
{ 1 '
176.9 19 gl 177 ' .
104 Sandy SILT, trace lo some clay, trace
gravel |
Very Dense |1
Grey 10 10 | S8 103/ 3 | | c |
= TT50 ] | 3 27 589 11
| [
176 -
1
175.4 |
1.9 SAND, coarse grained, some sill, e
{race gravel K e
174.9|  Very Dense - 11 | 88 | 102/ 175 C ] i
12.3] '\ Grey 0,150
Wet -
END OF BOREHOLE AT 12.3m.
WATER LEVEL AT 6.1m UPON
COMPLETION.

Piezometer inslallation consists of
19mm diameter Schedule 40 PVC pipe
with a 3.0m slotted screen

WATER LEVEL READINGS: |
DATE DEPTH (m) ELEV. (m)

Dec. 18/12 4.3 182.9
Dec. 19/12 3.8 1834
Jan, 02/13 39 183.3

20
3 3. Numbers refer to
X7 Sensitivity 1595 () STRAIN AT FAILURE




1413

ONTMT4S 1130A.GPJ

Minisiry of
Transportation
Ontario . l
THURBER
RECORD OF BOREHOLE No SM2-07 10F 2 METRIC
WP# E2-2012 LOCATION N4864116.2 E 3368431 ORIGINATED BY _AH
HWY 07 BOREHOLE TYPE _ ] B - COMPILED BY _ AN
DATUM _Geodetic o DATE 2012,12.10 - 2012.12.10 - CHECKED BY LRB
SOIL PROFILE SAMPLES | o w [OY G GONE S CTRATION .
— & oo x PLSTIC e Tl [ REMARKS
£ w|2g| 8 20 40 60 80 100 ™" comw M| SO &
Slegl L | Y128 2z o eimmir s we w wo| 52 | oransize
ELEV DESCRIPTION & @ o 2 g =] f_f SHEAR STRENGTH kPa ' s 5 DISTRIBUTION
DEPTH ! |3 ¢ 5|38| £ |© UNCONFINED  + FIELD VANE v %)
El= zZ|[Z©C| © |e QUICKTRIAXIAL x LABVANE WATER CONTENT (%)
187.0 w 20 40 60 80 100 20 40 60 kim 3 |GR sA s CL
00| ORGANICS, silly clay, race sand == | 187 —
Soft “H 1| ss | 2 ' o
Brown e
Moist e ; |
186.3| ] [
08 Clayey SILT and SAND, trace gravel | |
Soft {o Hard 42| ss 3 186 i i
Brown |
Moist to Damp .5
(TILL) 1] : |
e
114
1] a | ss | 12 © § 34 38 23
o
1% 185}
/8 4| 88 | 21 c
ol = |
7 = == 184 :
|
o] s | ss | % ' °
ﬁl " |
pEt |
W1 [
| 183 i
|
] 1
i [
f |4 .:
- |
_9 6| ss | 38 | o
I%4) J 182
W i
) :
A
Il 1
B2
11
180.9 B i 181 i
6.1 SAND, coarse grained, some sill, ' I |
trace gravel i 7 SS 103 | o
Very Dense . |
Brown i
| Damp o
. 180 | - S
| 1 - |
7.5 Silty SAND, some gravel, trace clay o] i \VA
Very Dense 9 I A
Grey - |
Voiet Hals | ss | s2 ° ) 15 49 27 9
(TILL) i 179
of
a |
14 178 i
|
_ 9 | ss | 124 [ "
3 iR |
|
Continued Next Page 20
+3 %3, Numbers refer to 15¢5
X7 Sensilivity % (%) STRAIN AT FAILURE




11413

ONTMT4S 1130A.GPJ

Ministry of
Transporiation . .

Ontario THURBER
RECORD OF BOREHOLE No SM2-07 20F2 METRIC
WPH#  E22012 LOCATION  N48641162 E 3368431 ORIGINATED BY _AH
HWY 407 _ BOREHOLETYPE ) COMPILED BY AN )
DATUM _Geodelic __ DATE 2012.12.10 - 2012.12.10 - CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o W |RESISTANCE PLOT NATURAL - REMARKS
] | l’.I_J w e PLASTIC MOISTURE LiaQuio = T
| = - w|<E| @ 20 40 6 80 100 T ot M SO &
Slel L | LZE| 2 L1 we w we| 58 | cransize
ELEV DESCRIPTION | & o o 2 2a g SHEAR STRENGTH kPa 5 A DISTRIBUTION
DEPTH = = 5|38| S |O UNCONFINED -+ FIELD VANE v %)
2 z|gC| & [e QUICKTRIAXIAL x LABVANE WATER CONTENT (%)
Conlinued From Previous Page | ) w 20 40 &0 &0 190 20 4_0 60 kNim3 |GR sA S_I C_L
e 177 T
A [
| |
o l10| ss | 73 | c
| UToU 176 | ~
! ]
[t
let
175} -
Gravelly Ie | |
il. | G
| 1745 4 11_ ss | o8
125|  END OF BOREHOLE AT 12.6m. o0
| WATER LEVEL AT 7.6m UPON |
COMPLETION, |
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG AND
CUTTINGS TO SURFACE
| ]
]
| | |
|
| | 1
1
| [
5 |
|
|
| |
|
+3 3. Numbers refer to 1535
Sensitivity 5> (%) STRAIN AT FAILURE




114113

ONTMT4S 1130A.GPJ

Ministry of
Transportation . -

Onlario THURBER
RECORD OF BOREHOLE No SM2-08 10F 2 METRIC
WP# E2-2012 ~ LOCATION N 4864 101.5 E 336 851.6 ORIGINATED BY AH
HWY 407 BOREHOLE TYPE ) o COMPILED BY AN
DATUM _Geodetic DATE 20121210 - 2012.12.10 CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o W |RESISTANCE PLOT NATURAL
W P4 PLASTIC LiQuip ']‘: REMARKS
- ':: -4 5] LIMIT MOISTURE wr| E 1G] &
7] o @D 20 40 60 80 100 CONTENT =z 9O
olgl o Y[ZE| z el = =& wp w w | 58 | cransizE
ELEV SCRIPTIO ele| o Z[85| 2 [SHEARSTRENGTHkPa : 1 DISTRIBUTION
DEPTH| DE ION S[3| £ | 5[38| £ |o UNCONFINED  + FIELD VANE v )
el = z|£©| @ |e quickTRIAXIAL x LABVANE [ WATER CONTENT (%)
g o 20 40 €0 8 100 20 40 80 knwm3 |GR SA sI CL
0.0 ORGANICS, clayey silt, trace sand, z |
some roots o |
Soft
Brown |
186.0 Moist
08 Clayey SILT and SAND, irace gravel 186|—
Stiff to Hard 5
Light Brown | |
Moist |
(TILL) |
185 ; — 1 —e—r
o | 2 38 38 22
184 T —
o]
w183
182 5
181}—
A o]
44
M
Y 180 -
1798 !
7.0 Silty SAND, trace to some clay, trace lle
to some grave! .
Very Dense .
Grey ; |
Moist 1E |
(TILL) of 179
3 8 8S 64 8} 11 48 30 11
L = =
o
Ny
178
i- |
o i
do|ss | |
-1 o
§ |
| 177
o !
Continued Next Page

3 3. Numbers refer to 2
T Sensitivity 15 () STRAIN AT FAILURE



114113

ONTMT4S 1130A.GPJ

O Ministry of
Transportation
Ontario THURBER
RECORD OF BOREHOLE No SM2-08 20F2 METRIC
WP# E2-2012 LOCATION N 4 864 101.5 E 336 851.6 ORIGINATED BY AH
HWY 407 BOREHOLE TYPE COMPILED BY AN
DATUM _Geodetic DATE 2012.12.10-2012.12.10 ~ CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o W |RESISTANCE PLOT —
W ey < PLASTIC LauID ']‘: REMARKS
= £zl @ umm HMOISTURE wr | E 5 &
w &) @D 20 40 60 80 100 CONTENT z 9
Slel L | 4[ZE]| 2 ; : s : : wp w we | 5& | cransize
ELEV SCRIPTIO Ele| e Z|25| 2 [SHEARSTRENGTH kPa B 2 \ DISTRIBUTION
DEPTH DESCRIPTION S|3| £ | 5|33 £ |o UNCONFINED  + FIELD VANE y %)
== z|£°| @ |e quekTRIAXIAL x LaBVANE | WATER CONTENT (%)
Continued From Previous Page : “ 20 40 60 80 100 20 40 60 kwm3 [GR sA s CL
ol 25 :
L1~ 14
2 :
o/ [10| ss | 186/ v 178
Uou '}-)_
i bl |
Y
: {
= |
i 175
1747
120 SAND, some silt, trace to some
gravel 18
Very Dense 11| SS | 183 o 13 68 19
1741 Grey o
126 {SFCL)
. END OF BOREHOLE AT 12.6m.
WATER LEVEL AT 8.1m UPON
COMPLETION.
Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
wilh a 3.0m slotted screen
WATER LEVEL READINGS:
DATE DEPTH(m)  ELEV. (m)
Dec, 18/12 44 1824
Dec. 19/12 3.9 182.9
Jan, 02/13 39 182.9
°
[
|
20
3 3. Numbers refer to
X ‘535 (%) STRAIN AT FAILURE

Sensitivity



114113

ONTMT4S 1130A.GPJ

Minisiry of
Transporiation

Ontario THURBER
RECORD OF BOREHOLE No SM2-09 10F 2 METRIC
WP#  E2-2012 LOCATION N4864076.5 E 336 8037 - ORIGINATED BY _KMY
HWY 407 BOREHOLE TYPE _ Hollow Siem Augers __ COMPILED BY AN
DATUM _Geodetic DATE 2012 12.13 - 2012.12.13 CHECKEDBY _ iRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o w o[RS CE PLoT . REMARKS
- Heo| _ pustc o e tauo| b
£ w|23] & 20 40 60 80 100 | comwm M| SO &
Slgl o | 4[2E| 2 Pt oy AL RN w we | 52 | cramsize
ELEV DESCRIPTION = 2| ¢ Z[2g]| g [SHEAR STRENGTH kPa L i DISTRIBUTION
DEPTH é s t > 8 g § O UNCONFINED + FIELD VANE v (%)
== Z|[Z©C| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
184.9 i 20 40 60 80 100 20 40 €0 wm3 ler sa s oL
0.0 TOPSOIL, silty sand with rootlets: ~ 1| Gs | ° [
02| N (175mm) e
Silty SAND, some clay, wilh rootlets, I+ | |
{race grave! [
Compact #
Light Brown b 184 = ;=
Moaist to Wei N | ss 12 ¢
183.3 -{ | |
1.6 Silty SAND, trace gravel, trace to ©
some clay
<] c
Loose lo Compact - 2 ss 183 = 5 46 36 13
Grey R
Moist -
(TILL) of [T
3 8S 27 [
[
Wet 1 |
181.8 B . 162 .
3.0 SAND, trace sill, trace gravel ] |
Compact 4| ss | 17 . o
Grey |
Wet '
181
| 180.3
46 Silty SAND, some gravel, trace clay o |5 | S5 | 80/ | i .
Very Dense 4 0.125 o |
Grey [ 180 T T
Moist .4 | !
(TILL) i [
e |
L | | |
) |
_ﬂ | | |
179}——+ : :
o | |
[16 | ss | s
) 02501 | a
L I |
a |
N 178 [
i I& I
0
7 S5 56/ |
07150 177 o
| 1
o |
176.0
88 Silty SAND, trace to some gravel 176
Very Dense
Grey
Wel
8 | 8§ | 82 a 10 61 26 3
1751 [
98|  END OF BOREHOLE AT 9.8m, [ ||
Continued Next Page 20
4+ 3 3. Numbers refer to 1505
: 10 (%) STRAIN AT FAILURE

Sensitivity




11413

ONTMT4S 1130A.GPJ

Ministry of
Transportation

Ontario THURBER
RECORD OF BOREHOLE No SM2-09 20F 2 METRIC
WP#  E22012 LOCATION N 4864 078.5 E 3368037 ORIGINATED BY _KMY
HWY 407 BOREHOLE TYPE _ Hollow Stem Augers » COMPILED BY AN
DATUM _Geodetic DATE 2012.12.13 - 2012.12.13 _ CHECKEDBY __ LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | ¢ w |RESISTANGE PLOT . | remares
| - E 172 e PLASTIC MOISTURE LiQuUID . T
. = w|2%| & 20 40 60 80 100 UMT o UM SO &
2| & 5 EE 3 I Y 2 . . Y wp w w | =¥ GRAIN SIZE
ELEV DESCRIPTION & g a 212 % 2 SHEAR STRENGTH kPa | DISTRIBUTION
DEPTH |3 ¢ S|33| £ [o UNCONFINED  + FIELD VANE Y (%)
£z Z|EC| © |® QUCKTRIAXAL x LABVANE WATER CONTENT (%)
Continued From Previous Page w 20 40 60 80 100 20 40 €0 kN/m3 |GR SA SI CL
BOREHOLE BACKFILLED WITH |
BENTONITE HOLEPLUG TO . |
SURFACE. | !
| |
|
. .
| 1
i|
[ |
|
|
|
|
1
3 3. Numbers refer to »
X ‘5‘;%5 (%) STRAIN AT FAILURE _

Sensitivity




1413

ONTMT4S 1130A.GPJ

Ministry of
Transportation

Ontario THURBER
RECORD OF BOREHOLE No SM2-11 10F 2 METRIC
WP# E2-2012 LOCATION N 4864 059.6 E 336 820.7 ORIGINATED BY _KMY
HWY 407 = BOREHOLETYPE COMPILED BY AN
DATUM Geodelic DATE 2012.12.12 - 2012.12.12 - CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES = ; RESISTANCE PLOT pasme | MATURAL e REMARKS
(2] MOISTURE - I
5 o g 3| @ 20 40 60 80 100 Har CONTENT Tz o &
| Slel . YL12E| Z lcacamstrence S wp w w | 2% [ crANsizE
ELEV DESCRIPTION 'E o | aq 2|1838| B SHEAR STRENGTH kPa AT DISTRIBUTION
DEPTH =2 2| r 5|38 | < |© UNCONFINED  + FIELD VANE v %)
2 | Z|[E°| © [e QUICKTRIAXIAL x LABVANE WATER CONTENT (%)
184.0 | W 20 40 60 8O 100 20 40 680 kNnim3 [GR SA sI CL
s S _— .l _ \ - 4 . A
0-0_ TOPSOIL, silty sand with rootiets: == 1 GS 184 |
0.2/ (200mm) i
Silly SAND, with roollets, some clay o
to clayey [
Very Loose T
Brown/Grey
’ {+F A 4
Moist [fH11]ss| 3 183 - — <
My | |
X 1 |
12 ]ss| 4 H [ <
Trace gravel [-[
f 182 —~
1817 3
23 SAND and GRAVEL, some silt < o
Compact $. |3 ss 30 c
Grey Vo
figs:
Wet ige:
181.0 ©
] 181 - -
3.0 Sitty SAND, some gravel, trace clay, o | | [
occasional cobbles 4 | 88 | 100 | ° |
Very Dense .
Greyish Brown .4 |
Wet |
(TILL) o
180 =
&
5 S8 55 | o 18 52 30
179 1 (S+CL)
8 |
1 4 | |
|
4
0 |
JF, S I — 178
6 S8 61 o |
o
|
177 -1
176.7 |
7.3 Gravelly SAND, some silt to silty
Very Dense
Grey S8 | 50/ o
Wet to Saturated 0.100
176 4 S
|
|
175 1 - e —
155 : 5107 | o
0.075 [t
30 48 22
(SI+CL)

Continued Next Page

Numbers refer to
Sensitivity

20
‘5*1%5 (%) STRAIN AT FAILURE




114113

ONTMT4S 1130A.GPJ

Ministry of
Transporiation . l

Ontario THURBER
RECORD OF BOREHOLE No SM2-11 20F 2 METRIC
WP# _ E2-2012 ) LOCATION  N4884059.6 E 3368207 S ORIGINATED BY KMY
HWY 407 — BOREHOLE TYPE ~_ COMPILED BY AN
DATUM Geodelic DATE 2012.12.12 - 20121212 - CHECKED BY LRB
SOIL PROFILE SAMPLES | o Y DI O EoN= OTTON o e | o | Remarks
o MOISTURE = I
= ' w|22| 8 20 40 60 80 100 wit e T SO &
Sle| L 9|28] =z e wp w wo| 58 [ cransize
ELEV DESCRIPTION Blao| & | Z|2g| 8 [SHEARSTRENGTH kPa —_— DISTRIBUTION
DEPTH 2 2| = >3 3 £ | © UNCONFINED + FIELD VANE Y (%)
| £z z|[g°| © |e quckTRAXAL x LABVANE | WATER CONTENT (%)
Continued From Previous Page ) . w 20 40 60 80 100 _2:0 40 €0 _kN/m 3 |eR sA s cL
Gravelly SAND, some silt to silty .Lr; 174 ) '1
Very Dense slig ;_t} [
Grey Sl }% |
Wet to Saturated Bs l; . |
173.1 o R o | ss | sof | | ° i
10.8|  END OF BOREHOLE AT 10.9m. 0.075 |
Well installation consists of two 18mm |
diameter Schedule 40 PVC pipe witha | | |
1.52m slotled screen |
|
DEEP WELL: [ |
WATER LEVEL READINGS:
DATE DEPTH (m)  ELEV, (m)
Dec 18M2 1.5 182.5 !
Dec 19M2 08 183.2 | - .
Jan 0213 1.0 183.0 ; g
SHALLOW WELL:
WATER LEVEL READINGS: |
DATE DEPTH(m)  ELEV. (m) '
Dec. 1812 14 182.6
Dec 19112 08 183.2
Jan 0213 08 183.2
]
|
| |
|
|
1
1
b 20
+3 % 3. Numbers refer to 1545

Sensitivity 10 (%) STRAIN AT FAILURE




11413

ONTMT4S 1130A.GPJ

Minisiry of
Transporiation
Ontario THURBER
RECORD OF BOREHOLE No SM2-12 10F 2 METRIC
WP# E2-2012 - LOCATION ~ N48640854 E 336 8558 ORIGINATED BY AH
HWY 407 BOREHOLETYPE N COMPILED BY AN
DATUM Geodelic DATE 121111124 - 2012.12.11 . CHECKED BY ___LRB
SOIL PROFILE SAMPLES | o w [SYNAMIC CONE FENETRATION —
w PLASTIC LiouID = REMARKS
I - 2 6 MOISTURE = I
5 o |8 @ 20 40 60 80 100 [  comewm M| 3O &
2l& WISE| z ooy w we| S8 | cransize
E @ ¥ 2|12 5| © |SHEAR STRENGTH kPa i
ELEV. DESCRIPTION E|2] & | 2|2 = ' o | DISTRIBUTION
DEPTH é = ﬁ > 8 <23 < O UNCONFINED + FIELD VANE Y (%)
=l = z|e©o E @ QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
1860/ © ] 20 40 60 80 100 20 40 60 wim® |er sa s cL
00/ GRGANIC, clayey sill, trace sand, ~ 186 5 | :
rools 1
P q
Very Soft o 1] &8 2
1854 Brown i
06 SILT and SAND, some clay to clayey, 9.
trace gravel 114
Loose to Compacl 4
2| ss | 1 a5 -
Light Brown o 185 | 1 35 42 22
Moist |
(TILL) g’ |
4] |
lef] 3| ss| 12 c
g, 184}—— —
{7 | |
1] 4 | ss | 26 c
4|
1)4
Vi ¥ 163
| o :
1] 5| ss | 35 | o
14 l
.a‘ |
1- 182 !
g. |
114 |
? |
P 6 88 25 | o 7 43 33 17
Grey !
1.9 181
12
ie
414
14
o
. 180
a4l 7| ss | 89 o
Dense 1] |
&)
LR
it
1 179
v
178.4 - i | \v4 .
78| SAND, some silt [
Very Dense 8 ss 57 5
Grey |
Wet [ 178 i -
775 '
8.5 Silty SAND, some clay, some gravel |2
Very Dense 4 |
Grey | |
1
Waet 1771 |I = —
(TILL) l |
[ o | ss | 148 o |
& 0.150 ‘ |
T ‘ |
Continued Next Page 20
43 3. Numbers refer to 15¢5
' Sensitivity 10 (%) STRAIN AT FAILURE



11413

ONTMT4S 1130A.GPJ

Sensitivity

Ministry of
Transportation . .
Ontario THURBER
RECORD OF BOREHOLE No SM2-12 20F 2 METRIC
WP# E2-2012 LOCATION N 48640854 E 336 8558 ORIGINATED BY AH
HWY 407 BOREHOLE TYPE COMPILEDBY __ AN
DATUM _Geodetic DATE 1211112/ - 2012.12.11 - — CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES [ W |RESISTANCE PLOT TURAL _ REMARKS
| — LI'_J 1) < PLASTIC MOISTURE LQuID - T
5 [ » § F & 20 40 60 80 100 e CONTENT Rl - &
Sl u E|l z oo we w we | 2% | GRaNsizE
ELEV DESCRIPTION Ele| ¢ 2 25 g SHEAR STRENGTH kPa A S DISTRIBUTION
DEPTH < A= >5(23 < | © UNCONFINED + FIELD VANE y %)
El= Z[€©| @ |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
| Continued From Previous Page s v 20 40 80 & 100 20 40 60 kNim3 |GR sa s cL
176 I -
175.4
10.7|  SAND and GRAVEL, some silt 10| ss | 108 o
Very Dense < o150 41 45 14
Grey > ©: 175
Wet < (SI+CL)
g ¢ |
° :
S .
o [
o
©
Y |
S ° 174
¢ _
@ 11| ss | 134 c
173.4 °
126 END OF BOREHOLE AT 12.6m.
WATER LEVEL AT 7.6m UPON
COMPLETION
| ]
[ [
|
|
| |
|
l
3 3. Numbers refer to 2
TULXT '5‘35 (%) STRAIN AT FAILURE




Ministry of -
Transportation . .

114113

ONTMT4S 1130A.GPJ

Ontario THURBER
RECORD OF BOREHOLE No SM2-13 10F2 METRIC
WPH# E2-2012 LOCATION N 48640758 E 336 858.8 ORIGINATED BY SLL
HWY _ 407 . _ BOREHOLE TYPE _ Hollow Stem Augers COMPILEDBY AN
DATUM Geodetic DATE 2012.12.05 - 2012.12.05 CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o W |RESISTANCE PLOT & NATURAL - REMARKS
— W 2:) PLASTIC o URE uauo | b
= w|x8| & 20 40 60 80 100 LMT conrent  MT| S O &
Sleg| o, Y|ZE| z AU wp w we| S | cramsize
ELEV DESCRIPTION & I a | 2 % B g SHEAR STRENGTH kPa e e DISTRIBUTION
DEPTH 2|3| F | 5|38| < |© UNCONFINED  + FIELD VANE y %)
el = Z|EC| © |@ QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
186.7 w 20 40 60 80 100 2.0 40 60 KN/m 3 GR SA SI CL
00| ASPHALT: (175mm) ] ‘ ; f
0'2j Silty SAND, trace lo some gravel 1 GS | - |
| Dense 3 -
| Brown 2 GS o
Moist = 186 i !
(FILL) § |
3 | 88 39 c | 13 87 21 ¢
N, .{ -
%’
184.9 ) c
: —— 5 4 | ss | a4 185
1.8 SILT and SAND, some clay 1o clayey,  ||4 | °
{race gravel g
Dense
Brown 46
Moist I [
(TILL) 4’ 5 8s 39 | c 4 46 34 16
i 184 i -
W !
' !
24l 6 | 88 | 37 | o
1: i [
b 183 ; : ! :
of l I 1
g = ;
114 1 '
I |
9 182
1147 | ss | 4 o
Grey 4
la
q.
114
g 181
¢ .
114 8 8S | 100/ o |
b 0250 | |
1) 180 : ——
114
" I
% . |
11 179 !
9 9 58 100 | o 5 47 37 11
6
I v
2 '
{1 178 .
9 [ -
. I
Moist to Wet .
177.3 - i 10 | SS 100/ - o
9.4/ END OF BOREHOLE AT 9.4m. 0100
| BOREHOLE OPEN AND WATER
LEVEL AT 8.5m UPON
COMPLETION,
Continued Next Page 20
+3 x 3, Numbers refer to 15$5
"7 Sensitivity @5 (%) STRAIN AT FAILURE



114113

ONTMT4S 1130A.GPJ

Ministry of
Transportation . l
Ontario THURBER
RECORD OF BOREHOLE No SM2-13 20F2 METRIC
WP# E2-2012 LOCATION N 4 864 075.8 E 336 B58.8 ORIGINATED BY _SLL
HWY 407 ~ BOREHOLE TYPE _ Holiow Stem Augers COMPILED BY _ AN
DATUM Geodetic DATE 2012.12.05 - 2012.12.05 CHECKED BY LRB
DYNAMIC CONE PENETRATION
. SOIL PROFILE SAMPLES % ; RESISTANCE PLOT & psme | NATURAL Loun — REMARKS
| E2 O M MOISTURE wr| ES &
= | w|<L5| @ 20 40 60 80 100 Y CONTENT Z 9
Slgl u | 2IZEl 2 e L wp w we| 58 | cramsize
ELEV DESCRIPTION & 2| g 3 S35 e SHEAR STRENGTH kPa \ W DISTRIBUTION
DEPTH § s h > 8 (Z:, ; O UNCONFINED + FIELD VANE Y (%)
|z Z|E©| © |® QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
Continued From Previous Page e 20 40 60 80 100 2:0 40 6 | kum3 |GR SA 81 CL|
BOREHOLE BACKFILLED WITH l |
BENTONITE HOLEPLUG TO 1.8m, |
CUTTINGS TO 0.4m THEN ASPHALT | |
TO SURFACE I
i |
1 |
| | |
| | |
Z | I | .
i ' i
| | ‘ I
{ |
{
| ! |
| | [
|
| | |
|
| |
[
|
|
| |
| |
|
| |
| |
| |
|
|
|
3 Numbers refer to 2
X7 ansitivity ‘5$5 (%) STRAIN AT FAILURE



114113

ONTMT4S 1130A.GPJ

Ministry of
Transportation
Ontario THURBER
RECORD OF BOREHOLE No SM2-14 10F 2 METRIC
WP# _E2-2012 LOCATION N 48640416 E 336 814.7 ORIGINATED BY SLL
HWY 407 BOREHOLE TYPE _ Hollow Stem Augers/NW Casing COMPILED BY AN
DATUM _Geodetic DATE 2012.05.12 - 2012.06.12 CHECKED BY  LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o W |RESISTANCE PLOT — N
- ; |.I'_J n =4 { PLASTIC (e Re vouo -t
el w|28| 20 40 6 80 100 [T comer T SO &
215 ul=g| z v ' : ' wp w w | 58 | cransize
ol m w J|l26 O |SHEAR STRENGTH kPa
ELEV DESCRIPTION |2 & 2|z8| & —— DISTRIBUTION
DEPTH é S| t > 8 o § O UNCONFINED + FIELD VANE v (%)
A Z|EC| 4 |e QUOKTRIAXIAL x LABVANE | WATER CONTENT (%)
1876 w 20 40 60 80 100 20 40 60 w3 |erR sa s oL
00| ASPHALT: (175mm) [
02 SAND, trace gravel, trace sill 4 [ |
Dense . | |
Brown \ 187 - -
Moist K5 S |
(FILL) 55 o |
88 45
C
Silty, some clay - =
' 186|— —
S5 48 o
1854
22 Silty SAND, some clay, trace gravel o}
Compact I]-14
Brown 3 S8 22 185 fol
Moist .
(TILL) e [
o |
% |
9 !
|4 4 S8 16 | o 7 46 31 16
. S 184 T —
o |
- |
4 |
+ | |
1833 'Y [
43| Clayey SILT and SAND, trace gravel Py .
Stiff 1 |
rdl |
Brown I8 183 .
Moist A .
(TILL) f 5| ss | 9 .
- |
114 |
@
1 182———
181.7 -
59 Silty SAND, some gravel, trace clay lo
Very Dense 1 |
Grey : o
Moist g]6 8s 55
|
ILL] i
mkh o 181 ‘
'
5 | |
| |
180}~
Moist to Wet 7 SS | 100/ o 13 48 31 8
0.200
2]
4
A 179
o
4
g ‘
sl |8 88 | 74 [ o
By 178} :
y ‘
Continued Mext Page 20
+3 3. Numbers refer to 155
X7 Sensitivity > (%) STRAIN AT FAILURE




Ministry of
Transportation . l

114113

ONTMT4S 1130A.GPJ

Ontario THURBER
RECORD OF BOREHOLE No SM2-14 20F2 METRIC
WP#  E2-2012 LOCATION N 4864 041.6 E 336 814.7 ORIGINATED BY _SLL
HWY 407 ~ BOREHOLE TYPE _ Hollow Stem Augers/NW Casing COMPILED BY AN
DATUM _Geodetic DATE _ 2012.0512-2012.06.12 CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o U_,-' RESISTANCE PLOT NATURAL REMARKS
- — - —{ W ¢ = s o vauo | =
= w|22| 8 20 40 60 80 100 |7 commer M| 5O &
- gl o | Y128l 2 e o W w we| 58 [ cransize
ELEV ?_— o a 2 25 2 SHEAR STRENGTH kPa & i DISTRIBUTION
DEPTH DESCRIPTION S|3| £ | 5[28| S |o UNCONFINED  + FIELD VANE y %)
£l = | 2|€C| © |® QUCKTRIAXAL x LABVANE | WATER CONTENT (%)
Continued From Previous Page = 2 4 & & 0 N e kwm3 |GR SA SI CL
_177.4 N
102 SAND, some silt, some gravel,
| occasional cobbles | =
Very Dense R | 177 —
Grey .l ¢ | ss | 100 | ¢
Wet i 0.200
. | |
| Auger refusal due to probable boulders W 176 | B |
al 11.4m. Borehole move 1.5m west £ |
Some silt to sitty, trace gravel
Saturated |10 ss 64 c
175F—
[ 174 f —~
Lo ] ss [ 100/ | o
e 0.125 |
173
[
No sample recovery 12 | 88 | 100/ . |
0.150 | |
172 L.
3 71— — i
1707 [ "ss [ 100/ -
16.9 END OF BOREHOLE AT 16.9m. 0.125 |
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO 0.6m,
CUTTINGS TO 0.1m THEN ASPHALT
TO SURFACE
i
]
| |
3 3. Numbers refer to 2
XTI Sensitivity ‘5‘;%5 (%) STRAIN AT FAILURE



114113

ONTMT4S 1130A.GPJ

Sensitivity 10

(%) STRAIN AT FAILURE

Ministry of
Transporiation
Ontario THURBER
RECORD OF BOREHOLE No SM2-15 1 OF 2 METRIC

WP#  E2-2012 LOCATION N 48640602 E 336 859.8 ORIGINATED BY SLL

HWY 407 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY AN

DATUM _Geodelic DATE 20121211 -2012.12.11 CHECKED BY LRB

DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES > W |RESISTANCE PLOT NATURAL - REMARKS
= E P (<_) PLASTIC MOISTURE uQuip - T
= o |28 & 20 40 60 80 100 L CONTENT Rl IR &
AN L1zl z ' — ' : wp w w | 22 | GRrANSIZE
&(mn| # J|l25| © |SHEAR STRENGTH kPa ;
ELEy DESCRIPTION |1 & x| £ 2 = } =4 DISTRIBUTION
DEPTH s 2| 512 S < | © UNCONFINED + FIELD VANE v %)
£z Z|ZC| © |e® QUCKTRIAXIAL X LABVANE WATER CONTENT (%)

187.5 | w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
| oLl - | | i M L
—3—111:. ~._ASPHALT: (100mm) 3

L a |
167.1 CONCRETE 4 _ |
0.4 SAND, some sill, some gravel 1] es | 187 ——
Compact ; |
Brown <
Maist 4 xA |
(FILL) /(ﬁ 2| ss | 24 . ¢
‘/ 186 : —
i
3 S8 16 c | 10 €3 20 7
: ) |
K 4| ss | 10 185 c I
|
184.5 I
3.0 | Sandy SILT, some clay, trace gravel | i
| Compact 1 14 |
Brown o 5 S$s 10 o |
. L
Moist :O 184l— |
(TiLL) ] |
i
183.5 4 |
4.0 Silty SAND, some clay, trace gravel o
Very Dense .
Brown i
Moist . 183
(TILL) 18| ss | 100 o
o 1 0.075
Auger refusal on probable boulder. 9
Moved to 2.4m east 4
o 182
O |
q7 88 54 o 5 44 32 19
181
Grey |
ot
[ |
| |
| |
| 180 | —
aiE—
14 |
8 Ss 65 [¢]
ot |
i 179 ! | -
N
0
4 |
9 | ss | 100/ o [
g
. 0150 178 li= ! )
o |
1 :
Continued Next Page 20
+ 3‘ x 3. Numbers refer to 15¢5




114113

ONTMT4S 1130A.GPJ

Ministry of
Transpontation

Ontario THURBER
RECORD OF BOREHOLE No SM2-15 20F 2 METRIC
WP# E2-2012 LOCATION N 4864 0602 E 3368508 s = ORIGINATED BY SLL
HWY 407 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY __ AN
DATUM Geodeic DATE 20121211 - 2012.12.11 CHECKED BY ___LRB
SOIL PROFILE SAMPLES | o (B N O EIRATION — REMARK
- — r - W ¢, < PLSTC e uaup | e S
. w|22| 3 20 40 60 80 100 |"™MT  comewr T S 8 &
S| | g1=2| z D wp w we| S | cramsize
ELEV aln ¥ 312&| © |SHEARSTRENGTH kPa -
e DESCRIPTION =ls ¢ z |2 = ——— 1 DISTRIBUTION
DEPTH |3 F 3|338| < |o UNCONFINED  + FIELD VANE Y %)
= Z|EC| © |e QUICKTRIAXIAL x LABVANE WATER CONTENT (%)
Continued From Previous Page “ 20 40 60 80 100 20 4 6 kim3 |GR sA SI CL
Silty SAND, some clay, trace gravel o
Very Dense fi
Brown 5
Moist .0 177 -
) 2 el ss | 100 [ c [
b 0.125
9 |
. |
" |
175.8 - : 176 -
17 SAND and GRAVEL, trace silt °,
Very Dense s . I
Grey -e |
Wel < 9 |
1750 . o [11] ss | 10w | c % 8 9
125  END OF BOREHOLE AT 12.5m. 0128 ! SiCt)
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO 0.5m, '
CUTTINGS TO 0.1m THEN |
CONCRETE TO SURFACE. |
|
|
|
[
|
1
1
|
|
|
3 3, Numbers refer to 2
* : ‘5(1%5 (%) STRAIN AT FAILURE

Sensitivity



1/4113

ONTMT4S 1130A.GPJ

Ministry of
Transporiation
Ontario THURBER
RECORD OF BOREHOLE No SM2-16 10F 2 METRIC
WP#  E2-2012 LOCATION N 4864 021.7 E 3368204 ORIGINATED BY _SLL
HWY 407 BOREHOLE TYPE _ Hollow Siem Augers COMPILED BY AN
DATUM _Geodetic DATE _2012.1210-2012.12.10 CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o W |RESISTANCE PLOT NATURAL - REMARKS
— 4 w < PLASTIC LiQuID
| E 2 (&3 (s MOISTURE wr| ES
, = n|23| 3 20 40 60 80 100 CONTENT 0 &
Sl wlz2R] z [ e e wp w wo| 58 | cransize
ELEV Bl & | 2|2g| 2 |SHEARSTRENGTHkPa —_—————— DISTRIBUTION
DEPTH| DESCRIPTION s|3| ¢ S|338| £ |o UNCONFINED  + FIELD VANE Y )
=z z[E©C| @ |e QUICKTRIAXIAL x LABVANE WATER CONTENT (%)
1657 _ o 20 40 B0 80 100 20 40 60 kNnim 3 |GR SA SsI CcL
00| ASPHALT: (130mm) [ v N
0.1 "" "
SAND, some sill, some gravel Gs = 5
Dense to Compact S O | I
Brown |
Moist ] 188f—— ~T = T
(FILL) |
ss | 49 . | < |
i1 187 s
Ss e
| SS c
186 -
185.7|
3.0 Clayey SILT and SAND, trace grave! )
Stiff to Firm (D
Brown 9 R S8 o 4 46 34 16
Moist >
(FILL) 185
- |
|
|
|
184
6 S8 o
! ]
% g 183 I
1827| ra— <
5.9 SILT, some sand, some clay, trace l
gravel, trace rootlets, topsoil stained
Compact
Dark Brown 7 ss e
Moist
— 182
|
| 181.3| ] |
73 SILT and SAND, trace to some L |
gravel, trace clay 1
Very Dense , 181 = | —
Grey | 8 SS )
Moist 7
(TILL) 9’ |
o
180|— Sl | —
144
g |
i 9 S8 o 12 40 42 6
9 ¥
.04 179 —]
Bzl
Conlinued Next Page 20
+3 3. Numbers refer lo 155
. 10 (%) STRAIN AT FAILURE

Sensitivity



1/4113

ONTMT4S 1130A.GPJ

Sensitivity 10

(%) STRAIN AT FAILURE

Ministry of
Transportation . .
Ontario THURBER
RECORD OF BOREHOLE No SM2-16 20F2 METRIC
WP# E2-2012 LOCATION N 4 864 021.7 E 336 820.4 ORIGINATED BY SLL
HWY 407 BOREHOLE TYPE Hollow Siem Augers __ COMPILED BY AN
DATUM _Geodetic i — DATE 20121210 - 2012.12.10 CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o W |RESISTANCE PLOT NATURAL - REMARKS
—— Ul 2 e psnc ke vauef B
= w|52| 8 20 40 60 80 100 ["™ o M| S5O 8
S|k g8 = e wp w we| 58 | cransize
ELEV DESCRIPT ela| g Z (25| 2 |SHEARSTRENGTH kPa Y , DISTRIBUTION
DEPTH SCRIPTION 53| 2| S[28| & [o unconened  + FiELD vane y %)
sl = 2|EC| @ |e quekTRIAXIAL x LABVANE | WATER CONTENT (%)
Continued From Previous Page w 20 40 60 80 100 20 40 60 kNim3 |GR sA s cL
T |
Cobbles and boulders from 10.2m to i | |
10.6m R | i |
1 |[Fa|ss 78— o
[
Cobbles and boulders from 11.1m to i |
11.5m g
g
i 177 i
Cabbles and boulders from 11.8m to | i
176.5 12.1m o |
12.2 .
SAND, some sill, trace to some 11 | SS |
1761 gravel, occasional cobbles and | ) N
12.5 '-,I boulders
|\ Very Dense
Grey |
Moist lo Wet 1 |
END OF BOREHOLE AT 12.5m |
Piezometer installation consists of |
25mm diameter Schedule 40 PVC pipe I
with a 1.52m slotted screen. |
WATER LEVEL READINGS:
DATE DEPTH(m)  ELEV. (m)
Dec. 18/12 53 183.4
Jan. 02/13 50 183.7
|
|
1
|
[
+3 . x 3. Numbers refer to 15$5




114113

ONTMT4S 1130A.GPJ

Ministry of
Transportation
S HA
THURBER
RECORD OF BOREHOLE No SM2-17 10F 2 METRIC
WP# E2-2012 LOCATION N 4 864 057.0 E 336 867 2 ORIGINATED BY SLL
HWY 407 BOREHOLE TYPE _ Hollow Stem Augers COMPILEDBY __ AN
DATUM _Geodetic DATE 2012.12.10 - 2012,12,10 CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLFS_ e w  |RESISTANCE PLOT sre | NATURAL - - REMARKS
| . E 2 S UM MOISTURE wr| ES &
[ 5 w|<E| @ 20 40 60 80 100 CONTENT zQ
' 2| & L= z ' 4 ' 5 . wp w w | 58 | GRansizE
ELEV oy W J|l25| @ |SHEAR STRENGTH kPa o= gy oy DISTRIBUTION
DESCRIPTION =z L5z E
DEPTH é = ﬁ > 8 o § © UNCONFINED + FIELD VANE Y (%)
| 21 = z[gC| @ |e QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
187.7 w 20 40 60 8O 100 20 40 60 kNim 3 |GR SA sI CL
| 00, ASPHALT: (150mm) I
%
92 SAND, some silt to silty,.trace to { p
some gravel e |
Compact e |
Brown 3?‘_\( 187 l
Moist K? T
(FILL) KA1 | ss | 2 . -
KX
K.
k<
S
% 2| ss | 30 18a T 4 67 21 8
!
ss | 19 ! ¢
184.9 ¢ 185 l
28 SILT and SAND, some clay to clayey, I3
trace gravel 14
Dense to Compact -
Brown o1 a | ss 35 o
Moist IEN |
(TILL) Q- !
17 184 1
a
Q. |
144 | A 4
. b i
| £ | 183 =t
1% 88| % o 3 46 34 17
1 9 o
18 |
‘.: 1 |
i 182 = T
114 |
1 : | .
1] e | ss | 100 |. ° '
g, o200 |
% 181 1
1 |
- |
Grey 1 180 .
1117 | ss | 66 o | :
'9 — e ——
|
179 —
b | |
il | '
1783 {14] 8 | S8 | & , © | ) ]
94|  END OF BOREHOLE AT 9.4m, Y i
Piezometer installation consists of |
25mm diameter Schedule 40 PVC pipe |
with a 1.52m slotted screen. | |
Continued Next Page 20
+3 % 3. Numbers refer to 15$5
" Sensitivity 5> (%) STRAIN AT FAILURE




114113

ONTMT4S 1130A.GPJ

Ministry of
Transportation . -

Ontario THURBER
RECORD OF BOREHOLE No SM2-17 20F 2 METRIC
WP# E2-2012 B LOCATION N4 864 057.0 E 336 867.2 ) ORIGINATED BY _SLL
HWY 407 BOREHOLE TYPE _ Hollow Stem Augers = COMPILED BY AN
DATUM _Geodetic DATE 2012.12.10-2012.12.10 CHECKED BY LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o 4 |RESISTANCE PLOT — e R o | Rrewarks
T [EN7} 6 MOISTURE wr| B S
= w| 28| @ 20 40 60 80 100 UMT O comenr " zZ0 &
Slg| o | 4[Z28] =z e I wp w we| 58 | cransize
ELEV DESCRIPTION slg| & 3J|2g| 2 [SHEARSTRENGTHKPa P " DISTRIBUTION
DEPTH 2|3 = >3 3 < | © UNCONFINED + FIELD VANE Y %)
= Z|EC| © |® QUICKTRIAXIAL x LABVANE WATER CONTENT (%)
. Conlinued From Previous Page - - 2.0 4.0 6.0 8I0 1?0 2 4|0 € = _k!\l_l_m_a__ gR_L\ St cL
WATER LEVEL READINGS: : |
DATE DEPTH (m)  ELEV. (m) [
Dec 18112 6.1 1816 |
Jan, 0213 45 183.2 | |
|
1 | |
| |
| |
1 |
1 ]
| [
[
[
| [
|
|
1
[ |
[
| 1
[- [
|
|
|
' |
|
| | |
| |
1
|
I 1
|
.
|
]
|
+3 %3, Numbers refer to 1535
! " Sensitivity p4 {%) STRAIN AT FAILURE




Structure M-2: Highway 407 over Brougham Creek
Highway 407/Brock Road Interchange Connection

Appendix B

Laboratory Test Results
(Current Investigation)



GRAIN SIZE DISTRIBUTION - THURBER 1130A.GPJ 1/4/13

Hwy 407 Brock Road Connection - Foundations

GRAIN SIZE DISTRIBUTION

FIGURE B1

PERCENT FINER THAN

SILTY SAND FILL

U.S S Sieve size, meshesfinch

200 100 E0S0 40 30 16
L L - L
T

Size of openings, inches

108 4 3 BT 3t 1
L 1 L

3"41/4% 6

100 T TP
y/
90 : 2
80
70 [ ; ! 1 / y H |
60 , . ! : |
. ¥
40 i
/
30 /
20 . === 22
‘ |
| |
10 F { ‘ .
: | | I |
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE 1 MEDIUM | COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® SM2-13 0.99 185.74
X SM2-15 1.83 185.66
A SM2-17 1.83 185.92
]
January 2013 . l Prep'd AN . .
E2:2012 THURBER Chkd. LRB




GRAIN SIZE DISTRIBUTION - THURBER 1130A.GPJ 1/4/13

Hwy 407 Brock Road Connection - Foundations

GRAIN SIZE DISTRIBUTION

FIGURE B2

PERCENT FINER THAN

CLAYEY SILT & SAND FILL

U.S.S. Sieve size, meshesfinch

Size of openings, inches

200 1?0 6050 40 30 1§ HJBI 4 :|3 3.'3'11?' 31|4" 1|. 112" 34 1.M- 6"
100 | I | | ps
| | | A T
90 T i | —
' y !
; | ./'/ i
70 _ JEN HEY
[l | | [
60 1 : i
| i
/ | [
50 - | |
' | |
40 1 T !/
30 - 8 , !
| |
20 + Lo
|
|
10 l 4 ‘ 1 - ]
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)
o SM2-16 3.35 185.30
R
January 2013 . l Prep'd AN
E2:2012 L THURBER Chkd. LRB .




GRAIN SIZE DISTRIBUTION - THURBER 1130A.GPJ 1/4/13

Hwy 407 Brock Road Connection - Foundations

FIGURE B3
GRAIN SIZE DISTRIBUTION
CLAYEY SILT & SAND to SILTY SAND TILL
U.S.S. Sieve size, meshesfinch Size of openings, inches
290 1?0 BIDGO 4|0 20 I|6 1Il:l§ ‘11 3 e a1t 11Irl 3"41|/4'6|‘
100 T ‘ ‘ TN P = T
90 | ! ' 7 : i
! d
[ [ 7;§ //*
& I 1 ’1 % T
. 7.
: W
I |
- 60 T T / ﬁ T |
L 50 — ® H I
= %1/ |
EJ) 40 | : ) l/ / / |
74
W i1V 'g / /ﬁ
30 % ; ; ! :
20 U/*/f | ‘ | I
w7 | | 1 |
R A
! L ! .
0%001 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)
o SM2-02 6.40 179.54
b 4 SM2-03 1.07 184.12
A SM2-06 1.07 186.18
* SM2-06 4.88 182.37
® SM2-07 1.83 185.20
Lo ] SM2-07 7.92 179.10
R
Date  January2013 . . l Prepd AN
wP#  E2-2012 .. THURBER Chkd. LRB ..




GRAIN SIZE DISTRIBUTION - THURBER 1130A.GPJ 1/4/13

Hwy 407 Brock Road Connection - Foundations

GRAIN SIZE DISTRIBUTION

FIGURE B4

PERCENT FINER THAN

CLAYEY SILT & SAND to SILTY SAND TILL

U.S.S. Sieve size, meshes/inch

Size of openings, inches

200 100 E&0SD 40 20 16 i0& 4 3 ¥gnm 1.- 112 11'4 1/4" 6"
100 T ' T y =TT
90 Eath L AREY L
| LA |
80 Jf{ |
70— —
60—
: I
50 | — 1 ,| |
40 ‘ o
30— 1
20 |— il
|
G i
‘ ‘ | |
0 | | |
0.0001 0.001 0.01 0.1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE | MEDIUM I COARSE FINE COARSE | onnie
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® SM2-08 2.59 184.19
X SM2-08 7.92 178.86
A SM2-09 1.83 183.03
* SM2-11 4.88 179.14
® SM2-12 1.07 184.98
e} SM2-12 488 181.17
I
.January 2013 . . Prep'd AN
E2-2012 . THURBER Chkd. LRB. ...




GRAIN SIZE DISTRIBUTION - THURBER 1130A.GPJ 1/4/13

Hwy 407 Brock Road Connection - Foundations

FIGURE B5
GRAIN SIZE DISTRIBUTION
CLAYEY SILT & SAND to SILTY SAND TILL
U.S 8. Sieve size, meshesfinch Size of openings, inches
200 100 6050 40 230 16 108 4 3 WEWr 1T 11 3'41/4"6_"
100 T ==t IEEEE f T
| |
90 = ' 257 =
. | “ /L_,;f : |
| | o || |
80 . T =7 o /'/ 1 T I |
70 | 1| /- LA N | |
Z /|
< 4 |
'n_c 60 i / i
w |
z
© 50 L
> |
[ |
8 40 { i
L |
o
30 — :
20 ! —
10 .
i |
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)
® SM2-13 2.59 184.14
b SM2-13 7.85 178.88
A SM2-14 3.35 184.22
* SM2-14 7.72 179.85
® SM2-15 6.40 181.09
] SM2-16 9.35 179.31
R
Date  January2013 . l Prepd AN
WP#  E2-2012 . THURBER Chkd.  LRB




GRAIN SIZE DISTRIBUTION - THURBER 1130A.GPJ 1/4/13

Hwy 407 Brock Road Connection - Foundations

GRAIN SIZE DISTRIBUTION

FIGURE B6

PERCENT FINER THAN

CLAYEY SILT & SAND to SILTY

U.S S. Sieve size, meshesfinch

SAND TILL

Size of openings, inches

200 1?0 6.0 50 4.0 3_0 1_6 1ol_i 4 :Ii 3!8'1!:7 3/|4" 11 1IIT 3"4 1|/4' 6"
100 T 1 T TT =
| | PR
o _ | /T/./
80 — - .__.:. 4 o . bdd ==
|
70 [— —
50 — !
40 1 -
ol ]
20 | .. ~d T 7 1 : -
10 ’ 1 1 ': T i '
L RN | |
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)

[ SM2-17 4.88 182.87
R
January 2013 . l Prep'd . A
JE2-2012 THURBER Chkd. LRB




GRAIN SIZE DISTRIBUTION - THURBER 1130A.GPJ 1/4/13

Hwy 407 Brock Road Connection - Foundations

GRAIN SIZE DISTRIBUTION

FIGURE B7

PERCENT FINER THAN

Upper SAND & GRAVEL

U.S.S. Sieve size, meshesfinch

Size of openings, inches

200 100 6050 40 30 16 10? 4 3 3/|8"1I|2" a1t 11Irz' 3"41Il4"6l'
100 | ‘ T ‘ r — . g
90 . ‘ i -
' | I |
| ‘ [
80—t ] 1 . — f l:
70 - — 1 Tt ‘
60—
50
40 j‘!\
30 L/ '
| [
20 Ll - -—t T | /’./ 1
I |
{ | | |
,// | |
10 . » I. i
| i |
0 |
0.0001 0.001 0.01 0.1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE I MEDIUM | COARSE FINE COARSE | opmi
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® SM2-02 3.35 182.59
X SM2-03 3.35 181.83
[
January 2013 . l Prep'd AN L
E2-2012 THURBER Chkd. LRB




GRAIN SIZE DISTRIBUTION - THURBER 1130A.GPJ 1/4/13

Hwy 407 Brock Road Connection - Foundations

GRAIN SIZE DISTRIBUTION

FIGURE B8

PERCENT FINER THAN

SANDY SILT to SILTY SAND

U.S.S. Sieve size, meshesfinch

Size of openings, inches

200 100 6050 40 30 16 108 4 3 3B s 1I" 112 3'41/4'6:
oo T TTTT g‘ '
| | | ’u'/./—-‘ i
90 i i ' - ! /.,-."' ! . I
80 |—+— §=] b I 1 4 5 ’/
| W'/
70— =
60 ! I I/
ALY
50 S :
A
40 | | // I [ f
30 . /3 /
20 i | ‘A /(f I ] |
.I y
,’i .‘ |
10 N e . ‘/ | :
; A—*:*JF sl
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE |MEDIUM‘ COARSE FINE COARSE | pm e
FINE GRAINED SAND GRAVEL SIzE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® SM2-06 10.97 176.27
x SM2-08 12.50 174.29
A SM2-09 9.45 175.41
]
.January 2013 . . l Prep'd . AN,
JE2-2012 THURBER Chkd. LRB




GRAIN SIZE DISTRIBUTION - THURBER 1130A.GPJ 1/4/13

Hwy 407 Brock Road Connection - Foundations

FIGURE B9
GRAIN SIZE DISTRIBUTION
Lower SAND & GRAVEL
U.S.S. Sieve size, meshesfinch Size of openings, inches
200 100 6050 40 30 16 108 4 3 3.'_8'12' 341" 12 3°41/4" 6
100 == i T ‘ TR | =
90 ! ! iL s bt it 1 ,I . | { } |
80 - - I 1 - = o
70 |
Z /|
£ - )/ 7 i
= 80 { — L/ |
v | - /
w !l 1
= 5 ' - al ,/ /!/
. < x
g / /|/| /
QO 40 ! /
& | ﬁ)rl |
o
30 L(/
20 T e - i | ,I/- ‘ s ——1
10 L & — L
L LU U IO T |
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)
® SM2-11 9.45 174.57
b ¢ SM2-12 10.97 175.07
A SM2-15 12.33 175.16
R
Date  January 2013 | . l Prepd AN .
WP#  E2-2012 THURBER Chkd. LRB




THURBALT 1130A.GPJ 1/4/13

Hwy 407 Brock Road Connection - Foundations

PLASTICITY INDEX

FIGURE B11
ATTERBERG LIMITS TEST RESULTS
CLAYEY SILT & SAND TILL
60
o N}
| |
40 ‘
\ m '
30 -
CcL
20 == //
x /
10 cL 1 !
CL-ML hd / MI-Ol MH-OH ‘
. ML | oL ‘
0 10 20 30 40 50 60 70 80
LIQUID LIMIT
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
[ SM2-03 1.07 184.12
X SM2-06 1.07 186.18
R
January 2013 Prepd . AN
E22012 #}R&t Chkd. LRB .
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5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

@ @ @ ﬁ ] CANADA L4Z 1Y2
TEL (905)712-
Laboratories FA (o0a 2212

http://iwww.agatlabs.com

Quality Assurance

CLIENT NAME: THURBER ENGINEERING LTD AGAT WORK ORDER: 13T677837
PROJECT NO: 19-5161-130A ATTENTION TO: Lindsey Blaine
Soil Analysis
RPT Date: Jan 11, 2013 DUPLICATE REFERENCE MATERIAL METHOD BLANK SPIKE MATRIX SPIKE
Method Acc_ep.table Acc.ep!table Acceptable
PARAMETER Batch Salr:ple Dup #1 | Dup #2 RPD Blank M‘\E’a:l:ged Limits Recoveryj Limits Recovery| Limits
Lower| Upper Lower| Upper Lower| Upper
Sulphate (Soil)
Sulphate (2:1) 1 4058631 3.0 2.7 10.5% <20 95% 70% 130% 97% 70% 130% 96% 70% 130%
Sulphate (Soil)
Sulphate (2:1) 1 4058650 233 240 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

Flieth Tolotonstea
Certified By: f

@AQ@T QUALITY ASSURANCE REPORT (V3) Page 4 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 tests
lisled on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water
tests. Accreditalions 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
nol necessarily be included in lhe scope of accreditation.

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




Structure M-2: Highway 407 over Brougham Creek
Highway 407/Brock Road Interchange Connection

Appendix C

Borehole Logs
(Previous Investigation by others)



PetoMacCallum Ltd

CONSULTING ENGINEERS

LOG OF BOREHOLE NO. 401 N 4 883 774
E 338 751
PROJECT  HIGHWAY 407 EAST, W.P. 282-86-01 OUR PROJECT 9BTFOB3D
LOCATION  Broughem Creek Structure BORING DATE November 20, 1998 ENGINEER M. R. Anderson
BORING METHOD Continuous Flight Solid Stem Augers TECHNICAN  C. Demarchi
SOIL PROFT MPLES ENGTH LiQuID_LmIr "
at == SIS * 5"5‘: smm ':v (‘:) 4 | pLasnc IJNIV_.._.W:
oEPTH DESCRIPTION 2 8 |& ] e ——— “:m o T | e
in RS & | ST |sranoaro rencrranow resre| Fo———a— gﬁgﬁgggxg
METRES ] ¢ |3 r §| BLOWS/0.3M WATER CONTENT %
0 GROUND ELEVATION ~ 186.89 g |2 Bz| 20 40 60 80 20 30
0.35]  TOPSOW : Dark brown sandy sil 7] 1] ss| 9
N\ S/
SANDY SILT : Denme, light brown, || || 1284
tr::e of grovel, occoslonal \
P cobble, wet Free water
l1es 2155 35 @ observed at
111 1.50m.
1. 2.50 :
SILTY SAND: Dense, grey, 411184
A wet
i 3| S5 |32 \ y
baosd jj83
with grovally layers B
. ' i[548 3
11182 (.5
F5.559 _ o ;
becoming very dense, troce of A B 181
el, occogionol cobble f
ofgsg] o e e ; 5[ S5 [108/fioonjm e
BOREHOLE TERMINATED AT 6.30m Upon completion
180 of augering, free
water at 1.70m.
75
9.0
105
12.0
(A%
8.0
16.5
NOTES:
CHECKED BY: 4P




PetoMacCallum Ltd,

CONSVLIINKSE

ENGINEERS

LOG OF BOREMHOLE NO. 402 N 4 863 783
E 336 785
PROJECT  HIGHWAY 407 EAST, W.P. 282-86~01 OUR PROJECT 98TFOB3D
LOCATION  Brougham Creek Structure BORING DATE November 19, 1998 ENGINEER M. R. Anderson
BORING METHOD Continuous flight Solid Stem Augers TECHNICIAN  C, Demarchi
SOIL PROFILE SAMPLES _| SHewR SIRENGIH ©, ipo) | LIOUID LAY . W GROUNDWATER
z £9 0 Ko 1 WATER CONTENT —w |  OBSERVATIONS
oePIH DESCRIPTION 9|8 § W Q'g OYNAMIC CONE PENETRATION x| W, W w, | AND REMARKS
n RN E: % § STANDARQ PENETRANION TEST®| F————0——" | o 0 o pitidution T
METRES g @3 l BLOWS/0.5M WATER CONTENT X
0 GROUND ELEVATION  186.22 Q= &2 | 20 4«0 6080 1020 30 6R_54 & ¢
0.35.]  YOPSOIL : Dork brown sondy silt _[oiobh 1 ss| 5 \ JP
SILTY SAND: Dense, light brown,
traca of gravel, moist 185 Free water observed
1.5 a4 R gt 1.20m,
184
2401 _ = =
becoming grey silty sond ond
qravel, molst to wet
* 183 TS5 44 ) [
F4059 ] 1182
b Ing very dense, silty f——
45 sond, goms gravel, wet
4| SS 102 29 39 24 8
181
5554 _
b Ing moist
49 Cjee s Ss | 11e é
179
75
1178
[8.607] 6| SS [100/B0mm* *No Recovery.
BOREHOLE TERMINATED UPON Probable bouider
.0 REFUSAL TO AUGER AND SPUIT 177
SPOON AT 8.60m, PROBABLE Upon completion
BOULDER. of ougering, free
water at 1.00m.
0.5
120
13.5
15.0
16.3
NOTES:
CHECKED BY: 4?4




I N AN TN BN BN 7 ) BN T EE EE O B B mE B B B Ee

PetoMacCallum Ltd,

CONSULTING ENGINEERS

LOG OF BOREHOLE NO. 403 N e ”
. E 338 789
PROJECT HIGHWAY 407 EAST, W.P. 282-86-01 OUR PROJECT 98TFOB3D
LOCATION Brougham Creek Slructure BORING DATE November 20, 1998 ENGINEER M. R. Anderson
BORING METHOD Continuous Flight Solid Stem Augers TECHNICIAN C. Demarchi
uQUID LIMT ,
SOIL PROFILE SAMPLES sﬂa: STRENSIN C, (‘:) & | piasnc umT w.| GROUNDWATER
al 8| 58 e WATER CONTENT —_ W OBSEEEAHONS
OFPTH DESCRIPTION 2B |9 w |93 |ommwnc cone peneTRATON x| Wp w W, AND REMARKS
e
"n l@ < §’ & N | STANDARD PENETRATION TEST® Crom Size Gistnbulion %
ueTRES §la |3 ) BLOWS/0.341 WATER CONTENT X
R GROUND ELEVATION — 186.26 d | = &= 20 40 60 80 0_20 X GR_SA Sl ¢
0.25 JOPSOHL : Dork brown sondy siit —fa—ad 1861 1] ss| 7 O
X i P
1.00 SANDY SWT: Compact, light brown,
Eree o ot v 125 /
1. b ing dense, : sional
3 bb ,"imen:“ety f:,’.’d ?:;:m ] 2| SS | 31 FLese \m:ldiert
observed aq
{184 1.70m.
- 0.35-
SAND AND GRAVEL : Compacl, My
30 %:,’::t:dml?dd gravel, troce of n__ .__ 1833155 | 27 \ é 46 47 5 2
vy
-4.05‘1
SILTY_SAND: Very dense, grey, 182 |
4.5 trace of gravel, moist 4| 55 | 56 \
.
181
o8 === 180 5] S5 | 77 D ®
(6.55
BOREHOLE TERMINATED AT 8.55m Upon completion
of augering, free
179 | water at 1.00m.
7.5
9.0
10.5
12.0
135
15.0
165
NOTES:
CHECKED BY: #7td-
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PetoMacCallum Ltd

CONSULTING

ENGINEERS

LOG OF BOREHOLE NO. 404

N 4 863 805
E 338 800

OUR PROJECT 98TFOB3D

PROJECT  HIGHWAY 407 EAST, W.P. 282-86-01
LOCATION  Brougham Creek Structure BORING DATE Novermber 20, 1998 ENGINEER M. R. Anderson
BORING METHOD Continuous Flight Solid Stem Augers TECHNICAN  C. Demarchi
LOUID LT w,
SOIL_PROFILE SHEAR STRENGTH Cu 0) & | asnc umr —__W,|  GROUNDWATER
ol &le WATER CONTENT W OBSERVATIONS
oePm DESCRIPTION SIE1S DYNAMIC CONE PENETRATION x| W w w, |  AND REMARKS
in g8 % |stavpupp PENETRATION TESTS | ————0———" | L buten
METRES ] ﬁ > WATER CONTENT X
0 GROUND ELEVATION  183.20 a2 20 40 1020 30 6R_SA_ sl
0.35_| JOPSOIL : Dark brown to black Bete A0 Y] (®e=—ta3%
\sandy silt
SILTY S'ANn: Dcnse.‘ qrey, 182 Frea water
1.8 trace of gravel, moist observed at 1.20m.
181
2504
b g very dense 4
30 180 5 75mm L 9 49 34 B
308 e
b ing wet, with some 1178
.5 gravel and cobbles
® 31 853 (16)
178
L v 177 150mm é)
BOREHOLE TERMINATED AT 6.25m Upon completion
of augering, free
176 water at 0.30m.
7.5
9.0
108
120
13.5
15,0
16.3
NOTES:

CHECKED BY: Pge |




PetoMacCallum Ltd,

CoONSULTINGE ENGINEERS

LOG OF BOREHOLE NO. 405 N4 e aor

PROJECT  HIGHWAY 407 EAST, W.P. 282-86-01 OUR PROJECT 98TFO83D

LOCATION  Brougham Creek Structure BORING DATE November 20, 1998 ENGINEER M. R. Anderson
BORING METHOD Continuous Flight Solid Stem Augers TECHNICIAN  C. Demaorchi
ENGTH UouID LuMIT L/
SOIL_PROFILE SAMPLES _| suewre smevam Cy ool o | O YL ot
9|3 & 54 pem— R "= | CROUNDUATER
OEPTH 33 | ormam x| W 1
il DESCRIPTION E‘ g g :9::' SE |sranoaro PENETRATION TESTS | ot " fﬁgfﬁmgﬁ?
WETRES Blal3 £ BLOWS/0.0M WATER CONTENT ¥
0 GROUND ELEVATION  183.04 Sld = &z 20 40 60 80 1020 30 \i‘l
[ 0.35 JOPSOIL - Dork brown sondy sil |- Bentonite Seal
SANDY SILT: Very danse, grey, H
trace of gravel, moist 182 R
& (1] 55| e0 )
181 AT Native Backfill
| 2.50 1
SLTY SAND; Very dense. arey,  ['f ] o0
Jo trace of gravel, oceasional BRE S 1= 19mm PVC
cobble, maist . 21 SS | 94/R75mm (l) i1 Pipe
1 1
1178 | - Bentonite Seal
+sftayo| i 37s5 | 50/[100mm Free water
becoming wet 1 l7s d‘) a :bssgged at
4. Filter Sond
L - 1477
$01'5.25 A1+ 55| 50/j150mm ®
BOREHOLE TERMINATED AT 6.25m Upon completion
of augering, free
176 water ot 3.65m.
75 DEPTH TO
DATE | WATER {(m)
Dec. 1 0.2%
$.0
10.5
120
135
15.0
16.5 B
NOTES:

CHECKED 8r: /7S




PetoMacCallum Ltd,

CONSVLTINGE ENGINEERS

LOG OF BOREMOLE NO. 406 sl
v E 338 813
PROJECT  HIGHWAY 407 EAST, W.P. 282-86-01 QUR PROJECT 9BTFO83D
LOCATION  Broughom Creek Structure BORING DATE November 23, 1998 ENGINEER M. R, Anderson
BORING METHOD Continuous Flight Solid Stem Augers TECHNICIAN ~ C. Demarchi
a uQUID UMT W,
SOl PROFILE SAMPLES _| SHEAR STRENGIN Cu 07%) o | eiasnc T — Wy
DESCRIPTION ald A4 . —— WATER CONTENT —W | GROUNOWATER
DePMH 28 I18| u S3 |omAliIc CONE PENETRATION x| Wo w ", OBSERVATIONS
i I g o E> STANDARD PENETRATION TEST®| p——————oi AND REMARKS
WETRES g |35 & BLOWS/0.3M WATER CONTENT X
0 CROUND ELEVATION  182.76 o= L5 20 40 60 80 1020 30
| 0.45] TOPSOL : Dork brown sandy sit  [Fo2 11 55 4 (5 61%
I chavaR
SANDY SILT: Compoct, grey. = e
] troce of clay and gravel, moist 2055 |1 ),/
R ™~ 9'
Pl as] becomine deme. grey 181 [ 3] 55 | 42 g
2,15 Teith (-r;c‘e-.u-f—g;vel ' ]
\_I _____ I~
becoming very denze, with 180 4| sS 1111
ional bles, damp | F tor
rea w
3 ' 5| S5 |79 T obsaw:d ot
I 3.20m.
asp®804 111178 [ 6 55 |134/£750m
g wet 1 L)
5.45 |
SETY SAND AND GRAVEL: Very || | 172
50 == denge grey silly sond ond gravel, ||* |
.&—-\ saturated Vet 7| ss [100/]150n|m é
Upon completion
BOREHOLE TERMINATED AT 6.25m 176 of wugering, free
water at 2.00m,
75
90
105
12a
5
150
165
NOTES:
CHECKED _BY: -0
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PetoMacCallum Ltd,

CONSULTING ENBINEERS

LOG OF BOREHOLE NO. 407 N 4 885 744
E 3368 787
PROJECT  HIGHWAY 407 EAST, W. P. 282-86-01 OUR PROJECT  98TF0B3D
LOCATION  Broughom Creek Structure BORING DATE November 20, 1998 ENGINEER M. R. Anderson
BORING METHOD Continuous Flight Solid Stem Augers TECHNICIAN  C. Demarchi
uauId LMIT ",
SOIL_PROFILE SAMPLES _| SHEAR STREWGI Cu O7%) | pragnc umir —— w,|  GROUNDWATER
ol 8| 58 TR - WATER CONTENT —_ W OBSERVATIONS
oEPTH DESCRIPTION SlE 8]y |8% DYNAMIC CONE PENETRATION x| W W W, AND REMARKS
A S| TS & § STANDARD PENETRATION TEST® | PO’ | |\ L o obution %
METRES w Q|3 ' BLOWS/0.5M WATER CONTENT X
0 GCROUND ELEVATION  186.53 Q| = L 20 40 60 8D 1020 30 GRS s a
| 0.37.] JOPSOIL : Dark brown sondy silt .'-‘.:":.-,:.- 186 1/ SS| 6 Organic Content=4.5%
SUTY SAND: Compact, brown, 71Tss 1 13 f)
11,35 moial, with loyers of dork F@ﬁ 8 83 29 10
15 \f-ny sord ; 185
_____ 5 3] SS |26
becoming wet f 4 Free woter
g observed ot
L2804 1.1l184 1.85m.
b ing very dense, grey, X
0 some grovel, occ. tabbles i
? 1 NS Y &
1183
. | sz
' i 5| Ss | 80 4 17 43 32 8
b
\
41181 N
60
| 6.40- 2 H . 6| SS |119 ®
BOREHOLE TERMINATED AT 6.40m
Upon completion
7.5 of dugering, free
water ot 1.40m.
8.0
10.3
120
1.5
150
165
NOTES:
CHECKED BY: 72799
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PetoMacCallum Ltd,

CONSULIING ENGINEERS

PROJECT HIGHWAY 407 EAST, W.P. 282-86-01
LOCATION  Brougham Creek Structure
BORING METHOD Continuous Flight Solid Stem Augers

LOG OF BOREHOLE NO. 408 N4 oo mn

OUR PROJECT 98TFO83D

BORING DATE November 20, 1998 ENGINEER M. R. Anderson
TECHNICIAN C. Dermarchi

SOIL PROFILE SAMPLES SHEAR SIRENGTH Cy (%Po) , fﬂgﬁc UZZI ; ::L
- oesaren NAAM B bl B
o~ S »
in RIPTION é = Q 8 | S3 |Swoaro peneTRaTioN TESTS | i | fﬁg%gfggxg
METRES g g MRS g ! BLOWS/0.3M WATER CONTENT X
o GROUND ELEVATION 186,05 G |2 = 20 40 60 50 w20 o T
CLAYEY SAT: Fiem, brown, J 1 1] Ss| 7 | L> i h— Bentonite Seal
trace of sond, slightly plaslic, 4 r
AP.L., with organic inclusions Bd ]
- 1.00 - \(plwcd fiold) 185
X ] SILTY SAND: Dense, light brown, : A
trace of gravel, moist : 184 2] 55|40 ) 14 -
1 | | T Notive Backfill
2504
becoming very dens:& m Iqray. ! V]
with some gravel o ea 111183
* ; 3| ss| so0 ¥ H— 19mm EVC
i1 Pipe
182 r ’
had Y
“becoming grey, wet, troce of (st [ | f— Bentonite Seal
gravel 1 1l
T|4— Filter Sand
‘11180 (1] Free water
&0 : 4| s5 | 53 3 observed ot
555 g F ® 5.80m.
LE NATED AT 6.55m 179 Upon completion
of ougering, free
2.5 water ot 5.65m.
DEPTH TO
DATE | WATER (m)
5.0 Dec. 1 ‘ 3.20
105
120
13.5
15.0
16.5
NOTES:

CHECKED_BY: i




J.o

4.5

6.0

25

8.0

10.5

120

3.5

15.0

16.5

PetoMacCallum Ltd,

CONSULTING

ENGINEERS

PROJECT

HIGHWAY 407 EAST,
LOCATION  Brougham Creek Structure

LOG OF BOREHOLE NO. 409 N

W. P. 282-86-01

N 4 883 751
338 789

OUR PROJECT 98TF083D
BORING DATE November 19, 1998 cneoNEER M. R. Anderson

BORING METHOD Continuous Flight Solid Stem Augers TECHNICIAN  C. Demarchi
PROFI, P SHEAR STRENGTH C LIQUID LT W,
SOIL PROFILE SAMPLES v SIRENGIH Cy (ke & | euasmc wur w.| GROUNDWATER
o | 8 & ,,E,g .n: noN WATER CONTENT —— W OBSERVATIONS
Depm e i3 | DYNAMIC CONE PENETRA W, w W, ND REMAR
A DESCRIPTION i 2 Q § S8 |Stanaurp PererRATION TESTS | Hemom ot Gm':g 5MKS
ETRES §lwl|3 £ BLOWS /0.3 WATER CONTENT X ze ODistrdbution %
GROUND ELEVATION 186.02 N 82| 2 40 60 80 1020 30 -
| 0.36.]  TOPSOIL : Dork brown samay sit |-~ 188 | \
SANDY SHT : Compact, light brown, 185
maist to damp 4
2| SS |27
‘1 184
2504 . .
b g dense, trace of gravel ; 183
3|57 &\
baos] _ __ __ 1182 ™
becoming very danse, grey \
4| SS r20* O * Possibly driving
| 181 on cobble
= 180
B0 e e 5] ss |139 p 38 43 10
bacoming wet Free water observed
179 ot 6.40m.
178 6 | SS |100/] 40mm® * No Recovery
1127
7] SS [125 y
11178
'r : e
[10.85. /
rx 178
SANDY SHLTY CLAY : Hard, grey, /‘
trace of gravel, low plastic, i
WIPL 4 /14
5 174 A
/'/.
4
g B133.042 }—L} 131 39 29
4 § 4173
%
g%
/14
’V:/ 172
4 _( P
1
5 o
15.00 La_/;’ 171
continued on nect poge 5155 63 \ (l?j
NOTES:

CHECKED 8Y: AR




PetoMacCallum Ltd,

ENBGINEERS

LONSULTING

LOG OF BOREHOLE NO. 409(cont'd)

N 4 883 751
£ 338 788

OUR PROJECT 9BTFOB3D

PROJECT  HIGHWAY 407 EAST, W. P. 282-86-01
LOCATION Broughom Creek Structure BORING DATE Novernber 19, 1998 ENGINEER M. R. Anderson
BORING METHOD Continuous Flight Solid Stem Augers TECHNICIAN C. Demarchi
(2] \TRE| C, LoD LIMIT 7
SO PROFILE SAMPLES SHﬂ: i mﬂcmmu ('::) . i W: CROUNDWATER
. o % o S8 4 "ION WATER CONTENT — W OBSERVATIONS
™ W 33 |oviamic CONE PENETRA w
in OESCRIPTION § 5 Q § ‘§3 STANDARD PENETRATION ore| Ye— & 1 #e ',‘NZ Rﬁ:’:ﬁ(s
ETRES i3 E 3 LY BLOWS/0.3M wanew conrenr x| 60 e flon X
150 CROUND ELEVATION @< Bz| 20 40 60 &0 10 20 30 GRSt Sl__Q
- 7
SANDY._SLTY ClAY(continued) : Hord. /1]
grey, trace of gravel, low plastic, ’/-vd’ 9 /S5 |63 ?
w.T.P.L 11 / 170
» 6
W
105 /1
[17.00]] '.‘/,f 169 /
Secring very i V7
ecoming very sliff ?Kd
/ﬁ’ /
44"
180 . /of. 168
rgd
;;; 1o ss |25 !;
] 167 |
v / )
9.5 714
i i u
iR . 45’ 166
becoming hord, A.P.L. be K
1
210 thaf 165
A \
E ;’;’ 1] S5 |53 ®
[21.80] 24 cs Upon completion
BOREHOLE TERMINATED AT 21.80m of augering, free
water at 5.80m.
0.5 —
120
135
15.0
16.5

NOTES:

CHECKED BY: AriX_
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PetoMacCallum Ltd,

CONSULTING

ENGINFERSE

LOG OF BOREHOLE NO. 410 p

N 4 883 779
338 814

OUR PROJECT 98TFOB3D

PROJECT  HIGHWAY 407 EAST, W. P. 282-86—-01
LOCATION  Broughom Creek Structure BORING DATE November 23, 1998 ENGINEER M. R, Anderson
BORING METHOD Continuous Flight Solid Stem Augers TECHNICIAN  C. Demorchi
SOl PROFILE SAMPLES | SHEAR STRENGTH Gy (vPo) , | LIOUID LIMT —— W, GROUNDWATER
6 s mp ° | PUASTIC UMT—— | GOSERVATIONS
|8 |x il e WATER CONTENT—W | AND REMARKS
DEPTH DESCRIPTION Sl =8| w F DYNAMIC coumngrx Wp W W,
y [ | e
d % E = & g STANDARD FE] b Groin Size Distribution X
METRES 5 ) 51 BLOWS/0.3M WATER CONTENT T
0 GROUND ELEVATION  182.30 | o= wz 0 20 30 cR_SA S eL
| 0.35]  JOPSO : Dark brown sandy eit _[2Co~ 1821 1] SS{ 5 \ JF)
N Vg F
1 .00 SANDY_SHT: Loose, light brown, A”’ \
S wel o
. B . ‘l18t N
15 loyer of very denss, grey
1.80 grovelly sond with silt, molst . 2] 5555 Y Jz2 3¢ 25 ¢4
to wet I \
——— 180
becoming very dense, wet, ] \
30 k free water
1179 3] SS |14 O observed ot
. 3.00m.
4004 ]
wilh lonal dark gray slity 1178
is5 sand inclusions
4| SS [106/N50mm
177
6.016.207 176 | 5| S5 100/100M|m b
BOREHOLE TERMINATED AT 6.20m Upon completion
of augering, frae
water ot 1.50m.
7.5
0.0
0.5
12.0
135
150
185
NOTES:

CHECKED BY: 7
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PetoMacCallum Ltd,

CONSULTINGE ENGINEERS

LOG OF BOREHOLE NO. 411 N 4 883 768

PROJECT  HIGHWAY 407 EAST, W.P. 2B2-86-01 OUR PROJECT 98TFO83D

LOCATION  Brougham Creek Structure BORING DATE November 20, 1998 ENGINEER M. R. Anderson
BORING METHOD Continuous Flight Selid Stem Augers TECHNICIAN  C. Demarchi
™ LIQUID LiMIT W,
SO PROFILE SAMPLES SHD': SW:G ,;u (:::) alp ot w: GCROUNDWATER
ol &= 58 et : WATER CONTENT W OHSERVATIONS
oc;m DESCRIPTION é 5 o o Q; g;mgc%;ﬁ fﬁ%%ﬂ'i Wo 4 w, AND REMARKS
wETRES G| 3| = |§ BLOWS/0.3U WATER coNTENT x| 70" Size Distobution %
o GROUND ELEVATION  182.84 o< &= 20 40 60 80 10 20 30 GR_SA_si__a
0.35.]  TOPSOIL : Dark brown sandy eilt o=l 1] S5 7 Organic Content=7.9%
= “ 11182
SILTY SAND: Compact, brownish A4
grey, trace of gravel, moist ;
13 _ \b
1181] 2] SS | 24
2504 . Free water
B ing very danse, grey 11180 observed ot
o o 2.45m,
eei]e 3| ss |148/R75mm é
1179
. 450k oo -3
’ beeoming wet 1 {178 | 8] _SS_|155/p50mm ! 5 53 37 5
1177
%0 [6.207] : 5 | 55 |100/f06n{m P
BOREHOLE TERMINATED AT 6.20m
176
Upon completion
of augering, free
75 water ot 3.05m.
9.0
103
2.0
135
15.0
16.5
NOTES:

cHECkep gy A7
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30

45

60

75

9.0

10.5

120

13.5

15.0

16.5

PetoMacCallum Ltd,

CoONSULTING

ENG T

NEEFR S

LOG OF BOREHOLE NO. 412

N 4 883 785
E 338 820

OUR PROJECT 98TFOB3D

PROJECT  HIGHWAY 407 EAST, W, P, 282-86-01
LOCATION  Broughom Creek Structyre BORING DATE November 23, 1998 ENGINEER M. R. Anderson
BORING METHOD Continuous Flight Solid Stam Augers TECHNICIAW  C. Demarchi
SOIL PROFILE SAMPLES | SHEAR STRENGTM Cu (o) ﬂ’gﬁ“ﬂgﬂ ::;L GROUNDWATER
NN 50 L. N N WATER CONTENT — |  DBSERVATIONS
oEPTH DESCRIPTION Q| R || w |3 |ommmc cone poveranon x| w, w, | AND REMARKS
in 8|S g % g.i STANDARD PENETRATION TESTe Croin Sive Distribulion A
METRES o |3 L GLOWS/0.3M WATER CONTENT X e ron
GROUND ELEVATION  1B1.74 = B 20 40 60 80 1020 30 GRS st a
0.35 TOPSOIL : Dark brown sandy ailt et
~
181
: Dense, grey, —1
(5] e o groveh ot L= ) @
loyer of very dense sordy 3lit,
some gravel, occasional cebbles, 1801 21 S5 | 67
domp
Losod \
becoming silty sond, wat .ﬂ_ \
- Frae water
| 3| SS (122 observed ot
Ay78 | 3.20m.
4.60- :
#1177 [ 4| S5 |130
SHIY CLAY: Hord, grey, :/‘ & jl 4 7424
trace of sand ond grovel, low /./,r
plostic, AP.L. with loyers of /1,
cloysy silt, troce of gravel ’/‘ 176
= ] A
8.20 ] 5| ss [100/]125mm é’
DOREHOLE TERMINATED AT 6.20m 175 Upon c¢ompletion
AxAH of augering, free
water ot 1.60m.
NOTES:

CHECKED 8. 7774:
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PetoMacCallum Ltd,

CONSULTING ENGINEELRS

LOG OF BOREHOLE NO. 413 N 4 803 823

PROJECT  WIGHWAY 407 EAST, W, P. 282-86-01 OUR PROJECT  98TFDB3D

LOCATION  Brougham Creek Structure BORING DATE December 30, 1998 ENGINEER M. R. Anderson
BORING METHOD Continuous Flight Solid Stem Augers TECHNICIAN F. Portello
SOn._PROFILE SAMPLES | SHEAR STRENGTH Cy (Wo) , g%gm Lm ; Wl crounpwarer
Z | Eo St % | e conmar__w |  OBSERVATIONS
oEFT DESCRIPTION S | B | w | 23 [omamc conre renemranon «| w, W W, | AND REMARKS
n g0 & OF [s7anoaro penerraTion TESTe| Fm—o—" | L e T
METRES LT S 5 SLOWS/0.3u WATER CONTENT X I i Dpeliiutien
0 GROUND ELEVATION  182.04 Q| = 20 4060 A0 1020 30 R _SA_ Sy o
JOPSOIL : Dork brown sandy silt
81
1.20 & —] Free water
1.5 SAND : Dense, groy, fine to B observed ot
medium sond, some groval, 1] SS | 30 J 0.90m.
180 M 33 585 {(12)

.2.80.] - L . \\

SILTY _SAND : Very dense, grey, 179
Jo :m;rovel. wel; occasional 117151112 Q
-4.10] 1178 :
_____ . Upon completion
becoming fine gand, some silt of agugering, free
“ ; 355 |17 ® woter at 1.20m,
§§§ 177 tove at 4.25m.

BOREHOLE TERNINATED AT 5.03m

6.0

75

90

105

120

135

15.0

165

NOTES:

CHECKED BY: 7|




PetoMacCallumLtd,

CONSULTING

ENGINEERS

LOG OF BOREHOLE NO. 414

PROJECT  HIGHWAY 407 EAST, W. P. 282-86-~01
LOCATION  Brougham Creek Structure

N 4 883 818
€ 336 834

OUR FPROJECT 98TFOBID
BORING DATE December 30, 1998 ENGINEER M. R. Anderson

BORING METHOD Continuous Flight Solid Slem Augers TECHNICIAN F. Portella
SOIL PROFILE SAMPLES | swear smencmi €, (eo) :-ﬂ;’gc“m ; z: GCROUNDWATER
ol 2]« £t G- I O WATER CONTENT — W OBSERVATIONS
oePm DESCRIPTION 2| R |§| w |83 [onumc cone penerramon «| W, W w, | AND REMARKS
in Wl g q £ | STANDARD PENETRATION TEST® Groin iz i )
ueTRES Bla(3]*" £ BLOWS/0.IM WATER CONTENT x| CToin Size Distnbwtion X
d GROUND ELEVATION 181,96 gl= &= 20 4060 80 w20 30 GR__sA s ol
i 1] SS | 2
TJOPSOH. : Dark brown sondy slit 407
- . 31
1.08 —— 2] 55 | 13 @~
ol SATY SAND: Dense, grey, trace of 57%
. :;nr:;:l accasional cobbles, 180 35S | 49 [ Free woler
154 e ~ observed at
b ing very dense ~ 1.85m.
4] SS |107 16 47 28 7
30 179
S| 85 |8 *
bs00 78]
Iayer of medium Yo <oorse sond,
. trace of gravel ond silt, wet
’ 6| S5 |B7/225mm
177 ] Upon completion
of augering, free
5504 . woter ot 1.50m,
1176 cove at 3.00m.
016,207 7| S5_|90/{comfn @
BOREHOLE TERMINATED AT 8.20m
173
'_..
2.5
9.0
108
120
138
15.0
16.3
NOTES:

CHECKED BY: 2P




Jo

45

8.0

7.8

9.0

10.8

120

3.5

15.0

16.5

PetoMacCallum Ltd,

ENOBINELEERS

CONSULTING

LOG OF BOREHOLE NO. 415

N 4 883 829
E 338 845

OUR PROJECT

98TFOB3D

PROJECT  HIGHWAY 407 EAST, W. P. 282-86-01
LOCATION  Brougham Creek Structure BORING OATE December 30, 1998 ENGINEER M. R. Anderson
BORING METHOD Continuous Flight Solid Stem Augers TECHNICIAN F. Portelia
SIRENGTH C,y (kP LU LT 7
SOIL PROFILE SAMPLES Sl‘ﬂ: - ‘Mu (! n:) o | pasne vwr W: GROUNDWATER
ol &l 58 y : WATER CONTENT o W OBSERVATIONS
P DESCRIPTION 2| R |W| w |3 |omawe conr penerranan x| w, W W, | AND REMARKS
i gl =9 % 2 | STANGARD PENETRATION TEST® Grain Size Distrbuli
METRES 9|3 £ BLOWS/0.34 wareh conTENT & | Grin Sizk Oistrbution 3
GROUND ELEVATION ~ 185.15 A ¥2| 20 40 60 80 1020 30 RS 8 @
TOPSOIL : Dark brown eandy silt . 1 SS 6 487 n Bentonite Seal
0,70
SANDY SILT: Compnct, brown, trace|]
e of gravel, rnoist ! 184] 2] SS 113 q A
becoming denze 3| SS |34 (1117 34 44 15
183 “1} [+ Native Backfil
4| SS | 42 1 % 44— 19mm PVC
Pipe
182 21755 | 43
boos] 181
becoming grey Bentonite Seal
6] SS | 42 d — 10 41 41 18
1994 Filter Sond
+9.954
N becoring wel 79 Fres water
6.25 179 5SS | 55/[150mm ©® observed at
BOREHOLE TERMINATED AT 6.26m 5.95m,
128 DEPTH TO
DATE | WATER (m)
Dec 30 5.45
NOTES:

CHECKED BY: "2
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PetoMacCallum Ltd,

CONSULTING

ENGINEELERS

LOG OF BOREHOLE NO. 416 ’

N 4 883 704
336 848

OUR PROJECT 98TFOB3D

PROJECT  HIGHWAY 407 EAST, W. P. 282-86-01
LOCATION  Brougham Creek Structure BORING DATE December 30, 1998 ENGINEER M. R. Anderson
BORING METHOD Continuous Flight Solid Stemn Augers TECHNICIAN F. Portella
LIOUID UMIT W,
SOIL PROFILE SAMPLES | SHEAR STRENCTH Cy (K%0) o ane o w,‘, GROUNDWATER
= o SQ ® 100 139 A WATER CONTENT W OBSERVATIONS
oePm DESCRIPTION S| 8 (& o | <3 [oreuc cone pewemmanon «| W W w | AND REMARKS
n B39 g Ei‘ STANDARD PENETRATION TESTe| H—meo———" |
METRES Plw |3 S BLOWS/0.3M WATER CONTENT X e Cistndut
GROUND ELEVATION  181.95 “Mla = B 2 40 60 80 10__20 30 GR_SA_ s @
TOPSOW : Dark brown sandy sit | = 118513 L®
0,70 == e
SAND : Compact, brown, fine 181
3o 1o medium sand, some 21 8S |15 3B 45 (17)
\ grvel et /T - Free water observecl
SILYY SAND: Very dense, grey, ‘11180 23135168 at 1.20m.
1rgce of qrgvel, numercys g
bbles, meist
4] SS | 61
1179
5] SS | 504150mm
178 Upon completion of
augering, free water
-5 at 1.05m, cave
BOREHOLE TERMINATED UPON 177 ot 2.15m,
REFUSAL TO AUGER AND SPUT
SPOON AT 4.55m.
PROBABLE BOULDER.
NOTES:

CHECKED BY: At
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LOG OF BOREHOLE NO. 417 N 4 885 788
E 338 852
PROJECT  HIGHWAY 407 EAST, W. P. 282-86-01 OUR PROJECT 98TFOB3D
LOCATION  Brougharn Creek Structure BORING DATE December 29, 1998 ENGINEER M. R. Anderson
BORING METHOD Continuous Flight Solid Stem Augers TECHNICIAN F. Portella
SAMPLES | SHEAR STRENGTH Gy (wa) | LQUID LM ml  crounpwatER
W,
NEIr ] . T o —w"|  OBSERVATIONS
oeem DESCRIPTION Q| RG] w |3 [omume cone peneration x| w, w w, | AND REMARKS
n bls(S ¢ N# |sranourp PENETRATION TEST® | o] o soe Ditobton %
el g BLOWS,/0. 30 WATER CONTENT 3 | 6rein Size Distnibution
GROUND ELEVATION  181.89 NS 82| 20 40 6u_s0 1020 30 c S s
JOPSOIL : Dork brown sandy silt E é
0.75.. —=4181
SILTY SAND: Very dense, grey.
some gravel, molst; oecasiono! Free water observed
cobbles 180 1] SS | 69 \ ot 1.85m.
\ 21 46 27 6
179
2| SS |12
}--4.00-] 178
SAND : Very dense, grey, medium
to coarse sond, some grovel,
15,50 ;
SILY : Very danao, grey, trace of 1176
sand, dgy and gravel, moist; wilh || Upon completion of
6.30 % clayey silt lenses / 4] SS |117/4225mm [O) augering, free water|
at 1.20m, cave
BOREHOLE TERMINATED AT 6.30m. 175 ot 3.65m.
NOTES:

CHECKED BY: ot




B Tl N N BN N ' B IS BE BE D' R B an B B EE e

1.5

3o

4.5

6.0

75

9.0

10.5

120

3.5

15.0

16.5
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ENGINEERS

LOG OF BOREHOLE NO. 418 N 4 863 806
E 336 875
PROJECT  HIGHWAY 407 EAST, W. P. 282-86-0) OUR PROJECT 98TFQ83D
LOCATION  Brougham Creek Structure BORING DATE December 30, 1998 ENGINEER M. R. Anderson
BORING METHOD Continuous Flight Solid Stem Augers TECHNICIAN F. Portello
SOIL_PROFILE SAMPLES | SHEAR STRENGTH C, (wo) , | LIOUO UMIT "I crounpwarer
P PLASTIC LIMIT w,
2 |n ,,E’g A, I WATER CONTENT ——u W OBSERVATIONS
oePm DESCRIPTION S| 8 |&| w |5 |ome cone revermanon | o W | AND REWARKS
in < s = I
weTRes IR ERLD BLOWS/0.3u WATER CONTENT & | 6700 Size Distritution I
GROUND ELEVATION  185.67 ML &2 20 40 60 80 0 20 30 R S s o
SANDY SILT FILL: Brown sandy L - i CN
silt with topsoil inclusions 185
" 2| 55 |15 G
== N\ y
SANDY SHT: Dense, brown, trace ] 11841”30755 | 40 ~ D/
af grovel, domp to moist
183) 4] S5 138 — 16 39 34 1
5] ss |39 ' I?
182
182 ]
0 e e S PN /
bacoming vary dense
118116 sS | 60
5,55 __ - 180
becoming qgrey, wat Free water
7 b obgerved ot
6.55 =473 @ 5.80m.
: 179
BOREHOLE TERMINATED AT 6.55m = Upon completion
of augering, free
water at 5.50m.
NOTES:

CHECKED Y- #7
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PROJECT _ 07-1111-0053 RECORD OF BOREHOLE No WM1-1 1 oF 2 METRIC
W.0. _ 07-20015 LOCATION N 4864055.5 ;E 336810.0 ORIGINATED BY _GD
DIsT Central HWY _407 BOREHOLE TYPE _ 210 mm O.D. Hollow Slem Augers COMPILED BY jois]
DATUM _Geodelic DATE 25 January 25, 2008 CHECKED BY VOM4
TYRANIC CONE PENE TRATION
SOIL PROFILE SAMPLES o W |RESISTANCE p;_o-r& NATURAL REMARKS
ol % pastc DO Liouo '_E
5. o | FAR] 20 40 € 8 10 a1 content VM| 3 O GRN: o
ol 2 i / 7 :
ELEV IR SIERF §| 2 |sHEARSTRENGTHKPa A AN % | ormibumon
DEPTH DESCRIPTION 5 2 ¢l = 2Z| & |o unconanep -+ PELD VANE v %)
£(= 2 [§8] & |o ovoxmmen x RevOUDED WATER CONTENT (%)
185.4]  GROUND SURFACE w 20 40 e & 100 10 20 30 WM [eR sA S| CL
__ 0.0 Topsod (FILL) I | |
02 Sandy sh! to sity sand, some clay, 1] ss| 3 185 ! R SO LS (S M S S
some gravel, containing cobbles, | | |
roctets and wood fragmenls |
ILL)
Very loose 1o compacl 2 ss 13 ] | o
Maist —] 184} — _ s === i e e
3i1ss| ® o
1832 i | |
2.2 mmm&mm =1 183 -+ L [N N BB S (S
trace lo some yfnolr;anm 4188 | 2 | <} o 19 40 34 7
1€24 ¥ [ |
3.0 Browr | :
Iaist 1o wel |
SAND end GRAVEL Usce it 3 jab—t—4——— al | =
conlaining cobbles/iauiders ' |
Brown | |
161.3 Wet i
41 SAND and SILT, trace lo some '-'
dlay and gravel, contalning 81— -]—' e — =]
cobbles/boulders (TILL) 1 o 10 45 35 8
Very dense : |
Grey i
Molst to wet | !
180}——
! | !
|
% ';
178 T i
i |
eal ] 1 | .
7.0 SAND and GRAVEL, some sit, l
comalning cobbles/otdders ! |
&dmse 173r—_! I
Wet |
51 | o 45 43 11 1
177 \ = —
1T6——
2
5 1751— -
(=]
c_, |
s i
4 !
= .+ ¢ r & 4
5 174
@) 173y ) |
4 IR SAND and SILT, tacs to some
= gravel and cay, containing . A
g \}-obbhs M) < yetss o
ery dense ! | =
2 Groy . 1?3[7 1
& Wet ¢ | i
2 | !
[ =]
?_ 172.0 y72l— i BN VA ([ S, S ]
| 134 SAND, tracs 10 50mMa B \ | 1
' Very dense . i t 1
S| a4 S ss povg P o
B| 140 ““ERD OF BOREHOLE | | |
2 i | |
3 i
s ! i
Continued Nexl Page

3 ,,3. Numbers refer to %
+7, X7 (o} STRAIN AT FAILURE
Sensithity




§ Foundation Deslgn
GOl

RECORD OF BOREHOLE No WM1-1 2 oF 2 METRIC
ORIGINATEDBY GD

PROJECT _ 07-1111-0053

MIS-MTO 001 07-1111-0053.GPJ GAL-MISS.GDT 5/19110 DOISAC

W.0. 07-20015 LOCATION N 4B64055.5 ;E 336610.0
DIST __ cenusl _ HWY _a07 BOREHOLE TYPE _ 210 rm O.0. Haltow Stem Augers COMPILEDBY _ DD
DATUM _Geodstic DATE Jenuary 25, 2008 CHECKED BY vomJ
DYNANIC CONE PENE TRATION
SOIL PROFILE SAMPLES | o W [RESISTANCE PLOT pustc MR el g | REMARKS
T w MOISTURE
- o |52] 8 20 4 e &0 100 | commr | B© 3
Qle w |z g z == { e i L e w w | 2 g GRAIN SIZE
ELEV a @ w | 3 |o5| & [sHEARSTRENGTHKPa nSEp—— A DISTRIBUTION
= < |2 =
DEPTH DESCRIPTION 12| 7 | £ |33| & |o uwconrnen  + FIELDVANE . ¥ o
2= 2 [E0| 6 |e cuickTRida x ReMouLDED] WATER CONTENT (%)
— CONTINUED FROM PREVIOUS PAGE — o [m] 20 40 0 B 100 02w KN/m' |GR SA S| CL
NOTE i | | | |
1. Waler level messured in open | |
borehole upon completion of | |
driing &l & deplh of 2.9 m below | |
groumd surface (Elevation 182.5 ! 1
m). i ]

|
|
|
|
i
i
i
i

]
| F
|

3 3 Numbers refer 1o 3%
+7.X [o] T F
Sensith STRAIN AT FAILURE
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MIS-MTO 001 07-1111-0053.GPJ GAL-MISS.GDT 5/19/10 DD/SAC

o,

Founcalion Design

RECORD OF BOREHOLE No Wm2-1

1 0F 1 METRIC

Numbers refer o
Sansilivi

PROJECT 07-1111-0053
w.0. 07-20015 LOCATION N 4864046.6 ;E 336663.6 ORIGINATED BY _GD
DIST Central HWY 407 BOREHOLE TYPE _ 210 mm O.D, Hollow Slem Augers — COMPILED BY DD -
DATUM _Geodetic DATE January 24, 2008 CHECKED BY VOHJ
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o W |RESISTANCE Hm-& . NATURAL : REMARKS
PLASTIC (=0 ] =
EFgl § GasTE osture M A
[~ n |25]| @ 20 40 80 100 CONTENT z0
9 u 2Rl 2 T e e W v w | 52 | cransze
&g Wl = |28| & |sHEARSTRENGTHKPa
LBy DESCRIPTION e £ 12 [Z2S]|E =it DISTRIBUTION
DEPTH |21 £ | 2 |323| < |0 UNCONFINED + FIELD VANE
o |3 : 09 9 7 (%)
HE z |g° B |® QUICKTRIAXAL X REMOULDED| WATER CONTENT (%)
187.6]  GROUND SURFACE v i I o 0 2 3 ' |GR SA s cL
0.0 Topsod (FILL) i 1 !
0.3 Sandy s¥l to sity sand, trace clay, 1 |
trace to some gravel, inmg 187 = = RSN FESEES | = =253
rootels and organic matter (FILL) | |
Very loose 1o compad |
Brown 2 | i
Mois] H | ! |
186[—— | —t
3 f C °
1854 : ]
22 Eilty sand, same gravel, frace 10 i | |
some day, race organic matier 1 i -
and wood fragmenls, containing 4 185 ——— —--I | — r<t 1 23 38 28 11
dayey sill interlayers (FILL) ! [ |
Loose | !
Brown
Moist s l
11 X
163.5\ I
44 SAND and SILT, trace o same
clay and gravel, conlaining i |
esfboulders (TILL) 83— f—— ] 1 —
Compacl 1o very dense 1
Brown to grey 6
Moist
182 S —T
7 o 139 37 13
181 B S—
1804
12 Sifty SAND and GRAVEL,
containing siity sand layer and |
180 T
Very dense | o
Wal I
179
Qa 41 32 24 3
178 ==
|
|
|
176.8 77— i o =
108 END OF BOREHOLE [
NOTES: |
1. Watar level measured in i
at depth of 8.7m below |
ground suxface (Elevation 177.9 i |
m) upon completion of inslalation, |
Z. Waler level measurad in i \ 1
piezometer at depth of 5.0 m 1 P
below ground surface (Elevation
182.6 m) on February 28, 2008. | |
3. Water level measured in
piazometer at depth of 4.5 m
balow ground surface (Elevation
183.1 m) o Apel 4, 2003, |
i |
i |
|
|
+3,x3: 03%% STRAIN AT FAILURE



Structure M-2: Highway 407 over Brougham Creek
Highway 407/Brock Road Interchange Connection

Appendix D

Foundation Comparison
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Structure M-2: Highway 407 over Brougham Creek
Highway 407/Brock Road Interchange Connection

Appendix E
List of SPs and OPSS and Suggested Text for NSSP



Structure M-2: Highway 407 over Brougham Creek
Highway 407/Brock Road Interchange Connection

1. List of Special Provisions and OPSS Documents Referenced in this Report
e OPSS 903, November 2009
e OPSD 3000.100
e OPSS 804, November 2010
e QOPSS 902, November 2010
e OPSS 501 dated November 2010
e OPSD3101.150
e Special Provisions 110S13 “Amendment to OPSS 1010, April 2004”
e OPSS 539

2. Suggested text for a NSSP on Pile Installation

If a pile meets refusal at a depth less than the anticipated depth, the QVE must terminate
driving before the pile is damaged due to over-driving



Structure M-2: Highway 407 over Brougham Creek
Highway 407/Brock Road Interchange Connection

Appendix F
Selected Photographs



Structure M-2: Highway 407 over Brougham Creek
Highway 407/Brock Road Interchange Connection

[ =y ==

Photo 2: Looking northeast from the xisting Highway 407 towards
the area of the east abutments and approaches.



Structure M-2: Highway 407 over Brougham Creek
Highway 407/Brock Road Interchange Connection

Photo 3: Looking northwest from the existing Highway 407 towards
the area of the west abutments and approaches.

Photo 4: Brougham Creek flood plain near the proposed east abutment of the NW ramp,
looking south towards existing Highway 407.




Structure M-2: Highway 407 over Brougham Creek
Highway 407/Brock Road Interchange Connection

Appendix G

Borehole Locations and Soil Strata Drawings
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DRAWING NAME:

Jonuary 24, 2013

MODIFIED:

Jonuory 2, 2013

CREATED:

NO

REVISIONS

CONTRACT No. E2—-2012

HWY 407/BROCK ROAD
INTERCHANGE

METRIC

DIMENSIONS ARE IN METRES
AND/OR MILLIMETRES
UNLESS OTHERWISE SHOWN

A "’-'-a_,-
r/ lr
."/K
gl E S, / -
Y W ABUT BRGS L/ CE &BUI BRGS
/ LR 4. ; S SM2—06
SM2-02 * —# | -
= SM:)_—{}:si

/ ABUT BRGS /.
P o
& SM2—12—
______________________________________ . - 7
-------------------- remsieasmes sofe s e b s = AN
------------------------ i /. SM2-14 = = 2 B S
/ _‘_ ......... s NN s = s |' i &
SM2-15

££ E ABUTUBRGS

PLAN

20 o] 20 40m

SCALE 1:1000

/

STRUCTURE M—2 (SITE 3)
HIGHWAY 407 OVER

BROUGHAM CREEK
BOREHOLE LOCATIONS PLAN

SHEET

407 =1

IA\\\ MMM GROUP

THURBER ENGINEERING LTD.

KEYPLAN
LEGEND
" Borehole (Current Investigation)
'Q Borehole (Previous Investigation)
N Blows /0.3m (Std Pen Test, 475J/blow)
CONE Blows /0.3m (60" Cone, 475J/blow)
PH Pressure, Hydraulic
¥ Water Level
Head Artesian Water
T Piezometer

90% Rock Quality Designation (RQD)
A/R Auger Refusal

NO ELEVATION NORTHING EASTING
SM2-02 185.9 4 864 073.3 336 764.2
SM2-03 185.2 4 B64 079.1 336 787.4
SM2-08 187.2 4 864 131.0 336 B29.3
SM2-07 187.0 4 864 116.2 336 843.1
SM2-08 186.8 4 864 101.5 336 B851.6
SM2-09 184.9 4 B64 078.5 336 803.7
SM2-11 184.0 4 864 059.6 336 820.7
SM2-12 186.0 4 864 085.4 336 855.8
SM2-13 186.7 4 864 075.8 336 B58.8
SM2-14 187.6 4 B64 041.6 336 814.7
SMz-15 187.5 4 B64 060.2 336 859.8
SM2-18 188.7 4 864 021.7 336 B820.4
SM2-17 187.7 4 864 057.0 336 867.2

-NOTES-

1) The boundaries between soil strata have been
established only at Borehole locations. Between
Boreholes the boundaries are assumed from
geological evidence.

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

DESIGN LRB [CHK LRB [CODE

LOAD DATE  JAN 2013
DRAWN AN |CHK |STE_ 3 | STRUCT _M—2 [DWG 1
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DRAWING NAME:

CREATED:

January 24, 2013

MODIFIED:

January 2, 2013

175

NO.| DATE REVISIONS or |ox | 122 e
| CONTRACT No. E2-2012
HWY 407/BROCK ROAD
W. ABUT BRGS ¢ (‘F E. ABUT BRGS INTERCHANGE
- - SM2-06 STRUCTURE M—2 (SITE 3)
SM2 02‘ SM2-03 METRIC HIGHWAY 407 OVER SHEET
BROUGHAM CREEK
DIMENSIONS ARE IN METRES |BOREHOLE LOCATIONS AND SOIL STRATA
| FINISHED AND/OR MILLIMETRES
GRADE UNLESS OTHERWISE SHOWN ——
— L i 407 =R
190— 7 Cipreay Toll Roure
ORGANICS
SOIL s
TOESOIL— A SILTY CLAY, TRACE SAND AN\ mvm Group
AN 14« JRE
14120 RAL) '—‘\\
185 t i 1y T - T2 8 R
ey SILTY SAND TILL 4 [2] ]«
cdod ! SOME CLAY TO CLAYEY, v 4LS$R|;22:EGRAV%—LLN_ULLSA L AR
2l TRACE GRAVEL .
GRAVELLY SAND  .=.'J8) Loose to Cornpact 50({ | Stiff THURBER ENGINEERING LTD.
TRACE TO SOME SILT  :i<i{ [} P 4
Dense to Very Dense :‘:.:1[,., o 33§,
180——— b — — 180
TU"E’“ ee|l{_ SILTY SAND TILL
SILTY SAND TILL | Fissgd #1 1L SOME CLAY, TRACE GRAVEL
TRACE CLAY, TRACE TO ‘ H | et TEAS%EZ E&J | 127 Compact to Very Dense
SOME GRAVEL el [ TRACE GRAVEL NITIE(ITTT
Very Dense Very Dense o i
175 =1 = 175
\ SAND
SOME SILT, TRACE GRAVEL
Very Dense
20 0 20 40m  HOR 1:1000
| { —— ; ]
= T L} L3 1
5 0 5 10m VER 1:250
KEYPLAN
LEGEND
W. ABUT BRGS ¢ E. ABUT BRGS '¢' Borehole (Current Investigation)
'¢ Borehole (Previous Investigation)
SMZ_O:”‘ _‘SME_OQ _‘_SM2‘07 N Blows /0.3m (Std Pen Test, 475J/blow)
CONE Blows /0.3m (60" Cone, 475J/blow)
| | FINISHED PH Pressure, Hydraulic
GRADE gz Water Level
Head Artesian Water
190 y —190 T ‘
— Piezometer
ORGANICS 90% Rock Quality Designation (RQD)
SILTY CLAY, TRACE SAND A/R Auger Refusal
TOPSOIL ,—L,., Soft
ORIGINAL === NO ELEVATION NORTHING EASTING
N / GROUND 1,: k Sk2—02 185.9 4 864 0733 336 764.2
185 _ i 185 SM2-03 185.2 4 864 079.1 | 336 787.4
U4 ER: ld CLAYEY SILT & SAND TILL SWz-06 | 1872 4 864 131.0 | 335 8293
13]0]% |47 1111, TRACE GRAVEL SM2-07 187.0 4 864 116.2 | 336 B451
SAND TO GRAVELLY SAND  _tld3shd | w *{ Soft to Hard SM2-08 186.8 4 BG4 101.5 | 336 B5156
TRACE TO SOME SILT ..+ }36|" ","7%0 i SM2-0a 184.9 4 B64 0785 | 336 8037
Compact to Dense ! el s Jld SMZ—11 184.D 4 BB4 D59.B 336 B20.7
ot 351.u 0, 2 SM2—12 186.0 4 864 0B5.4 | 336 8558
180 = - ; 180
DOy Ona g , M, FTR__SAND SM2-13 | 186.7 4 864 0758 | 336 8588
i 11007 4 T J | i | SOME SILT, TRACE GRAVEL SM2—14 1B7.5 4 BE4 D41.6 336 B14.7
SILTY SAND TILL L b2a J"| H’ b ﬁf 1?“] Very Dense SM2-15 187.5 4 B64 D60.2 336 B53.8
TRACE CLAY, TRACE TO [ | ¥ £ BN ST SM2-16 188.7 4 864 D217 | 336 8204
SOME GRAVEL M oodl 4 | LL ST Ak =| e SM2—17 187.7 4 B54 0570 | 336 B67.2
v D Fel b - T 4 ]
ery Dense M1le2]F alLE oA . ‘—lf\ s -NOTES-

Very Dense

PROFILE ALONG ¢

SILTY SAND TILL

HWY 407 WBL

20 20 40m HOR 1:1000
i | ! — y
F 7 T 1 —
5 0 5 10m VER 1:250

SOME GRAVEL, TRACE CLAY
Very Dense

1) The boundaries between soil strata have been
established only at Borehole locations. Between
Boreholes the boundaries are assumed from
geological evidence.

2)This drawing is for subsurface information only.
Surface details and features are for conceptual
illustration.
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KEYPLAN
LEGEND
'¢' Borehole (Current Investigation)
'¢' Borehole (Previous Investigation)
N Blows /0.3m (Std Pen Test, 475J/blow)
CONE Blows /0.3m (60" Cone, 475J/blow)
PH Pressure, Hydroulic
)4 Water Level
Head Artesian Water
T Piezometer

90% Rock Quality Designation (RQD)
A/R Auger Refusal

NO ELEVATION NORTHING EASTING
SM2-02 185.9 4 864 073.3 336 764.2
SM2-03 185.2 4 B64 079.1 336 787.4
SM2-06 187.2 4 864 131.0 336 B29.3
SMz2-07 187.0 4 864 116.2 336 B431
SM2-D8& 186.8 4 864 101.5 336 B51.6
SM2-D39 184.9 4 864 078.5 336 BD3.7
SM2-11 184.0 4 864 059.6 336 B20D.7
SM2-12 186.0 4 B64 085.4 336 B55.8
SM2-13 186.7 4 864 075.8 336 B5B.A
SM2-14 187.86 4 B64 041.6 336 B14.7
SM2-15 187.5 4 864 060.2 335 B50.8
SM2-186 188.7 4 864 021.7 336 B820.4
SM2-17 187.7 4 864 057.0 336 B67.2

-NOTES-

1) The boundaries between soil strata have been

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

2)This drawing is for subsurface information only.

Surface details and features are for conceptual
illustration.

|CHK LRB [CODE LOAD [DATE _JAN 2013

[t
DRAWN AN |CHK ISITE 3 | STRUCT WM—2 |[OWG 3




