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FOUNDATION INVESTIGATION AND DESIGN REPORT
HIGHWAY 404 EXTENSION
FROM GREEN LANE TO QUEENSVILLE SIDEROAD
CULVERTS AT

Sta 30+300 Sta 30+430.5
Sta 32+903 Sta 10+075 QSR

QSR E/W — S Ramp N-E/W QSR

REGION OF YORK
G.W.P. 2109-05-00,

GEOCRES Number: 31D-493

PART 1: FACTUAL INFORMATION

1 INTRODUCTION

This report presents the factual findings obtained from a foundation investigation carried out by
Thurber Engineering Ltd. (Thurber) for the detail design of a total of six culverts to be installed at the
proposed Highway 404 extension from Green Lane to Woodbine Avenue/Ravenshoe Road in the
Town of East Gwillimbury, in the Regional Municipality of York. Four proposed culverts will be
installed south of the Queensville Sideroad and two culverts south of Doane Road.

The purpose of the investigation was to explore the subsurface conditions at the various sites and,
based on the data obtained, provide borehole location plans, borehole logs, stratigraphic profiles,
cross-sections, laboratory test results and written descriptions of the subsurface conditions

Thurber carried out the investigation as a sub-consultant to Philips Engineering/Hatch Mott
MacDonald Joint Venture under the Ministry of Transportation Ontario (MTO) Agreement Number
2007-E-0027.

2 SITE AND PROJECT DESCRIPTIONS

2.1 Four proposed culverts at Queensville Sideroad and Highway 404 interchange
(Culverts 1 to 4)

The sites are located south of the Queensville Sideroad, approximately 750 m west of the
existing intersection of Queensville Sideroad and Woodbine Avenue (York Regional Road
8), in the Town of East Gwillimbury, in the Regional Municipality of York.

The natural ground surface at the site has a relatively gently rolling/undulating topography.
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An existing CSP culvert carries a tributary of the Maskinonge River under Queensville
Sideroad, near Station 10+080. The tributary flows north to south.

The lands surrounding the site are generally undeveloped and/or agricultural. Vegetation
consists mainly of tall grass, shrubs and a few mature trees. There are farmsteads to the north
and south of Queensville Sideroad.

The proposed culverts will be placed at specific locations along the proposed Highway 404
and Queensville Sideroad interchange to carry a small tributary of the Makinonge River
under the proposed Highway 404 extension alignment, existing Queensville Sideroad and

new ramps. The designations and approximate locations of the proposed culverts are as
follows:

1 Queensville Sideroad East/West to Highway 404 South Ramp
(E/W- S Ramp) (Site Number 37-1573/C)

) Highway 404 North to Queensville Sideroad East/West Ramp
(N-E/W Ramp) (Site Number 37-1574/C)

3 Highway 404 approximate Station 32+903 (Site Number 37-1575/C)

4 Queensville side Road, approximate Station 10+075
(Site Number 37-1576/C)

Photographs of the site included in Appendix C show the general nature of the surrounding
land:

1. A view looking at the north end of existing CSP culvert (north of Queensville
Sideroad).

2. View of the site looking south of Queensville Sideroad

2.2 Two proposed culverts south of Doane Road
(Culverts 5 and 6)

The site is located approximately 450 m to 600 m south of Doane Road and approximately
450 m west of Woodbine Avenue (York Regional Road 8), in the Town of East Gwillimbury,
in the Regional Municipality of York.

The site is currently a wooded area with mature trees, shrubs and long grass. Mount Albert
creek is located within the site flowing southerly. A pond located northeast of the culverts
has flooded the site of Culvert 6 with a water depth greater than 1.0 m. The pond is
approximately 250 m long and 25 m wide.

THURBER
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The designations and approximate locations of the proposed culverts are as follows:

Location

5 Proposed Highway 404 extension alignment, Station 30+300
Approx. 600 m south of Doane Road (Site Number 37-1571/C)
Proposed Highway 404 extension alignment, Station 30+450 to 30+412
6 Approx. 450 m south of Doane Road (proposed Highway 404 extension
and Mount Albert creek crossing) (Site Number 37-1572/C)

The proposed culverts will carry Mount Albert creek under the proposed Highway 404
extension alignment.

Photographs of the site included in Appendix G show the general nature of the surrounding
land:

1 and 2. Views looking at site location of proposed Culvert 5.
3 and 4. Views looking at site location of proposed Culvert 6.

The six culverts are located within the physiographic region known as The Peterborough
Drumlin Field, characterized by drumlinized till. The till is typically sandy with shallow
coverings of silt and fine sand.

3 SITE INVESTIGATION AND FIELD TESTING

The site investigation and field testing at the locations of the proposed four culverts south of the
Queensville Sideroad were carried out from February 25 to March 17, 2008. A total of 17 sampled
boreholes were drilled for the proposed culverts.

Boreholes for the proposed Culvert 5, located south of Doane Road were drilled on August 26 and 27,
2009. A total of five sampled boreholes were drilled at this location.

Boreholes for the proposed Culvert 6, located south of Doane Road were drilled on February 17 and
18, 2010. A total of five sampled boreholes were drilled at this location.

A summary of the borehole locations, designations, termination depths and termination elevations
drilled for each culvert is provided in Table 3.1. The coordinates and elevations of the boreholes are

given on the drawings and on the individual Record of Borehole Sheets. Record of Borehole Sheets
are included in Appendices A and E.
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Table 3.1 — Borehole Designations

[ Borehote | Appendin
ion | Termination |
1(m) | Elevation |
. .. e
10+340 West of E/W-S Ramp 244.1
10+340 On E/W-S Ramp 2442
10+340 East of E/W-S Ramp 245.6
10+120 South of N-E/W Ramp 2449
10+115 South of N-E/W Ramp 243.6
10+108 On N-E/W Ramp 244.0
10+092 North of N-E/W Ramp 241.2
QSR3-1 | 32+88¢ | Westof pmggzed Highway 14.3 241.0
QSR3-2 | 32+804 | Westof pngffd Highway 12.8 242.7
3 QSR3-3 | 324900 Proposed Highway 404 14.3 241.5
QSR3-4 | 32+908 Proposed Highway 404 14.3 2413
East of proposed
QSR3-5 | 324915 Highway 404 11.1 2439
QSR4-1 | 10+095 North of Queensville 12.8 240.9
Sideroad
North of Queensville
QSR4-2 | 10+090 Sideroad 11.3 243.6
4 QSR4-3 | 10+080 On Queensville Sideroad 11.3 2459
South of Queensville
QSR4-4 | 10+078 Sideroad 11.3 2442
South of Queensville
QSR4-5 | 10+075 Sideroad 10.7 244.7
08-1 | 30+300 | Omproposed Hwy404 113 245.9
alignment
08-2 304300 | West side of proposed Hwy 11.3 245.9
5 08-3 304302 404 alignment 11.3 246.2
08-4 30+300 | East side proposed Hwy 404 11.3 251.5
08-5 30+298 alignment 11.1 249.7
08-10 | 30+435 |  Onproposed Hwy404 8.2 2492
alignment
08-11 30+441 East side of proposed Hwy 9.1 247.9
6 08-12 | 30+456 404 alignment 8.5 249.8
08-13 30+424 | West side of proposed Hwy 9.1 247.8
08-14 304412 404 alignment 9.1 247.9
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The approximate locations of all the boreholes drilled for culverts south of Queensville Sideroad and
Doane Road are shown on the Borehole Location Drawings in Appendices D and H, respectively.

Prior to commencement of drilling, utility clearances were obtained for all borehole locations.

Hollow and solid stem augering, and continuous split spoon sampling techniques were used to
advance the boreholes in the overburden. Samples were obtained at selected intervals using a 50 mm
diameter split spoon sampler in conjunction with Standard Penetration Testing (SPT).

A member of Thurber’s engineering staff supervised the drilling and sampling operations on a full
time basis. The supervisor logged the boreholes, visually examined the recovered samples, and
transported them to Thurber’s laboratory for further examination and testing,

Groundwater conditions in the open boreholes were observed throughout the drilling operations. A
total of eleven standpipe piezometers consisting of 19 mm PVC pipes with screens were installed in
selected boreholes to permit monitoring of groundwater levels. Details of the piezometer installations
and other borehole completion details are shown in Table 3.2.

Table 3.2 — Borehole Completion Details

le | Depth/ Elevation | ompletion Details =~
None installed Borehole backfilled with holeplug to surface.
I QSR1-2 11.9/245.1 Sand from 11.9 m to 10.1 m, holeplug from 10.1 m
) ' to surface.
QSR1-3 None installed Borehole backfilled with holeplug to surface.
Sand from 11.3 m to 9.4 m, holeplug from 9.4 m to
QSR2-1 11.3/244.9 1.5 m, cuttings from 1.5 m to surface.
2 QSR2-2 None installed Borehole backfilled with holeplug to surface.
Sand from 11.9 m to 10.1 m, holeplug from 10.1 m
QSR2-3 11.9/244.9 1o surface.
QSR2-4 None installed Borehole backfilled with holeplug to surface.
QSR3-1 13.5/241.9 Sand from 13.5 m to 11.7 m, holeplug to surface.
QSR3-2 None installed Holeplug to surface.
3 QSR3-3 14.3/241.5 Sand from 14.3 m to 12.5 m, holeplug to surface.
QSR3-4 None installed Holeplug to 0.6 m then auger cutting to surface.
Sand from 11.1 m to 9.0 m, bentonite grout from
QSR3-5 11.17243.9 9.0 m to 0.6 m, and then cuttings to surface.
QSR4-1 None installed Borehole backfilled with holeplug to surface.
Sand from 11.3 m to 9.4 m, bentonite grout from
4 QSR4-2 11.3/243.6 9.4 m to 0.6 then cuttings to surface.
QSR4-3 None installed Holeplug to 0.2 m then asphalt/cold patch to surface.
Sand from 10.7 m to 8.5 m, bentonite grout from
QSR4-4 10.7/244.7 8.5 m to surface.
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QSR4-5 None installed Holeplug to 1.2 m then auger cuttings to surface.
08-1 None installed Borehole backfilled with holeplug to surface.
08-2 10.7/246.4 Sand from 10.7 m to 8.8 m, holeplug from 8.8 m to
surface.
5 08-3 None installed Borehole backfilled with holeplug to surface.
08-4 11.3/251.5 Sand from 11.3 m to 9.4 m, holeplug from 9.4 m to
surface.
08-5 None installed Borehole backfilled with holeplug to surface.
08-10 None installed Borehole backfilled with holeplug to surface.
08-11 None installed Borehole backfilled with holeplug to surface.
6 08-12 8.5/249.8 Sand from 8.5 m to 5.5 m, holeplug from 5.5 m to
surface.
08-13 None installed Borehole backfilled with holeplug to surface.
08-14 None installed Borehole backfilled with holeplug to surface.

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 grain size distribution analyses (sieve
and hydrometer) and Atterberg Limits testing where appropriate. The results of this testing program
for boreholes drilled south of the Queensville Sideroad and Doane Road are shown on the Record of

Borehole sheets in Appendices A and E and on the figures contained in Appendices B and F,
respectively.

S DESCRIPTION OF SUBSURFACE CONDITIONS

Reference is made to the Record of Borehole sheets in Appendices A and E for details of the
encountered soil stratigraphy in boreholes drilled south of Queensville Sideroad and Doane Road,
respectively. Stratigraphic profiles are presented on the Borehole Locations and Soil Strata Drawings
in Appendices D and H, for illustrative purposes. Overall descriptions of the stratigraphy are given in
the following paragraphs. However, the factual data presented in the Record of Borehole Sheets
governs any interpretation of the site conditions. It must be recognized that soil conditions may vary
between and beyond borehole locations.

5.1 Four proposed culverts at Queensville Sideroad and Highway 404 interchange

(Culverts 1to 4 - Boreholes QSR1-1 to QSR1-3, QSR2-1 to QSR2-4, QSR3-1 to
QSR3-5 and QSR4-1 to QSR4-5)

The soil stratigraphy encountered at the borehole locations typically consists of topsoil or fill
underlain by native clayey silt, silty clay and occasional silty sand layers overlying an
extensive deposit of sand and silt till.

THURBER
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5.1.1 Topsoil

Topsoil was identified at ground surface in Boreholes QSR2-1 to QSR2-4 and QSR3-1 to
QSR3-5 drilled at the proposed locations of Culverts 2 and 3. The topsoil thickness ranged
from 300 mm to 500 mm. The topsoil thickness may vary between and beyond the borehole
locations and the data is not intended for the purpose of estimating quantities.

5.1.2 Pavement Structure

Pavement structure consisting of approximately 150 mm of asphalt overlying granular
(gravelly sand fill) road base was encountered in Borehole QSR4-3 drilled on Queensville
Sideroad. The thickness of granular fill was 0.9 m and the underside lay at elevation

256.1 m. The gravelly sand fill is in a dense state with SPT ‘N’ values of 46 blows per 0.3 m
of penetration.

5.1.3 Fill

Fill was encountered surficially in Boreholes QSR4-1 to QSR4-5, drilled in close proximity
to Queensville Sideroad. Fill was presumably placed to construct the existing embankment
for Queensville Sideroad.

Fill consists of layers of dark brown to brown silty clay and sandy silt containing trace gravel
to gravelly and occasional topsoil, organics, rootlets and wood fibres.

The thickness as well as the depth to the base of the fill ranged from 0.6 m to 4.1 m
(Elevations 252.2 to 254.2).

Based on recorded SPT ‘N’ values ranging from 1 to 6 blows for 0.3 m of penetration, the
silty clay fill is described as being very soft to firm in consistency. SPT ‘N’ values of 2 to 46
blows per 0.3 m of penetration, indicating a very loose to compact relative density, were
measured in the sandy silt fill in Borehole QSR4-3 and QSR4-5.

The natural moisture content of the samples obtained from the fill layer ranged from 5% to
50%.

5.1.4 Clayey Silt and Silty Clay

Layers of native dark brown to brown clayey silt and silty clay containing trace to some sand,
trace gravel and occasional roots, rootlets and topsoil were observed surficially in Boreholes
QSRI-1 to QSRI-3. Brown clayey silt containing trace sand to sandy, trace gravel and
occasional rootlets was contacted below the topsoil in Boreholes QSR2-2 to QSR2-4 and
QSR1-3 to QSR3-5.
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Thickness and depth to the base of the clayey silt and silty clay ranged from 1.2 m to 2.3 m
(Elevations 254.3 to 255.8) in Boreholes QSR1-1 to QSR1-3.

In Boreholes QSR2-2 to QSR2-4 and QSR3-1 to QSR3-5, thickness of the clayey silt ranged
from 0.3 m to 1.1 m. The depth to the base of the clayey silt varied from 0.8 mto 1.4 m
(Elevations 253.8 to 256.1).

Based on recorded SPT ‘N’ values ranging from 3 to 13 blows for 0.3 m of penetration, the
native silty clay and clayey silt are described as being soft to stiff in consistency.

The natural moisture content of the samples obtained from the clayey silt and silty clay layers
ranged from 18% to 45%.

5.1.5  Silty Sand

Layers of silty sand were contacted in Borehole QSR1-3 at 2.3 m depth (Elevation 254.3) and
in Boreholes QSR3-2 and QSR3-3 at 10.6 m depth (Elevations 244.9 and 245.2). Thickness
of the silty sand layers ranged from 600 mm to 700 mm.

SPT ‘N’ values in the silty sand layers were 19 and 40 blows for 0.3 m of penetration,
indicating a compact to dense relative density. Moisture content ranged from 10% to 19%.

Grain size distribution curves for three silty sand samples are presented on the Record of

Borehole sheets and on Figure B1 of Appendix B. The results of the laboratory tests are
summarized as follows:

Gravel 0to 14

Sand 58 to 66
Silt 21
Clay 9

Silt & Clay 28 to 38

5.1.6 Sand and Silt till

An extensive deposit of brown to grey sand and silt till containing trace clay to clayey and

trace gravel was observed in all boreholes at depths varying from 0.5 m to 4.1 m (Elevations
252.2 t0 256.1).

Boreholes were terminated within the sand and silt till at depths ranging from 10.7 m to 14.3
m (Elevations 240.9 to 245.9).

The SPT ‘N’ values measured in the sand and silt till ranged from 8 to 107 blows per 0.3 m
of penetration, indicating a loose to dense density. The deposit is generally in a compact to
dense state. SPT ‘N’ values higher than 100 blows per 0.15 m of penetration were measured
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in the sand and silt till near borehole termination depths in Boreholes QSR1-3, QSR3-5,
QSR4-1 and QSR4-5. An SPT ‘N’ value of 50 blows per 0.15 m of penetration was
measured in Borehole QSR3-3 near 3.0 m depth, Elevation 252.8. In Boreholes QSR3-2 and
QSR3-3, SPT ‘N’ values of 0 and 1, indicating a very loose relative density, were measured
at 7.7 m and 9.3 m (Elevations 247.8 and 246.5).

The moisture content of samples from this deposit ranges from 10% to 22%.

Grain size distribution curves for several sand and silt till samples are presented on the
Record of Borehole sheets and on Figure B2 to B10 of Appendix B. Atterberg Limits test
results are presented on Figures B11 to B16 of Appendix B. The results of the laboratory
tests are summarized as follows:

St e
' Gravel 0to7
Sand 13 t0 53
Silt 35t0 78
Clay 3t036
. IndexProperty = | . %
Liquid Limit 141023
Plastic Limit 10to 15

The above results show that the clayey zones in the sand and silt till are typically of low
plasticity with group symbols of CL-ML.

Glacial tills inherently contain cobbles and boulders which may account for some high blow
counts.

5.1.7 Groundwater Conditions

Water level was observed in the boreholes during and upon completion of drilling. Eight
standpipe piezometers were installed to monitor water levels after completion of drilling.
The water levels measured in the piezometers are summarized in Table 5.1, along with the
measurements in the boreholes upon completion of drilling.
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Table 5.1 — Measured Groundwater Levels

March 5, 2008 In open borehole
March 5, 2008 255.3 In open borehole
March 7, 2008 . 253.9 In piezometer
March 20, 2008 2.2 254.8 In piezometer
April 18, 2008 Ground surface 257.0 In piezometer
June 30, 2008 1.1 255.9 In piezometer
July 29, 2008 1.1 2559 In piezometer
October 24, 2008 1.2 255.8 In piezometer
November 28, 2008 1.3 255.7 In piezometer
1 QSR1-2 February 6, 2009 1.2 255.8 In piezometer
February 20, 2009 1.2 255.8 In piezometer
March 20, 2009 1.1 255.9 In piezometer
April 22,2009 1.0 256.0 In piezometer
May 15, 2009 1.1 255.9 In piezometer
June 5, 2009 1.4 255.6 In piezometer
July 29, 2009 0.2 256.8 In piezometer
August 5, 2009 0.5% 257.5 In piezometer
September 2, 2009 0.5 256.5 In piezometer
QSR1-3 March 4, 2008 1.2 255.4 In open borehole
* Water level above ground surface (artesian condition)
B
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Table 5.1 — Measured Groundwater Levels (Cont’d)

March 4, 2008 Ground surface 256.2 In open borehole
March 7, 2008 33 252.9 In piezometer
March 20, 2008 22 254.0 In piezometer
April 18,2008 0.3 255.9 In piezometer
June 30, 2008 0.7 255.5 In piezometer
July 29,2008 0.7 255.5 In piezometer
October 24, 208 0.7 255.5 In piezometer
November 28, 2008 0.7 255.5 In piezometer
QSR2-1 | Eebruary 6, 2009 0.7 255.5 In piezometer
February 20, 2009 0.6 255.6 In piezometer
March 20, 2009 0.6 255.6 In piezometer
April 22,2009 0.7 255.5 In piezometer
May 15, 2009 0.7 2555 In piezometer
June 5, 2009 1.1 255.1 In piezometer
July 29, 2009 0.2%* 256.4 In piezometer
August 5, 2009 0.4%* 256.6 In piezometer
5 QSR2-2 February 28, 2008 5.2 251.2 In open borehole
February 28, 2008 5.7 251.1 In open borehole
March 7, 2008 2.7 254.1 In piezometer
March 20, 2008 1.1 255.7 In piezometer
April 18,2008 Ground surface 256.8 In piezometer
June 3, 2008 0.7 256.1 In piezometer
July 29, 2008 0.7 256.1 In piezometer
October 24, 208 0.7 256.1 In piezometer
QSR2-3 November 28, 2008 0.8 256.0 In piezometer
February 6, 2009 0.7 256.1 In piezometer
February 20, 2009 0.7 256.1 In piezometer
March 20, 2009 0.7 256.1 In piezometer
April 22, 2009 0.6 256.2 In piezometer
May 15, 2009 0.7 256.1 In piezometer
June 5, 2009 1.0 255.8 In piezometer
July 29, 2009 0.2% 257.0 In piezometer
August 5, 2009 0.9* 257.7 In piezometer
QSR2-+4 March 3, 2008 1.0 254.5 In open borehole

* Water level above ground surface (artesian condition
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Table 5.1 — Measured Groundwater Levels (Cont’d)

QSR3-1

March 3, 2008
March 7, 2008
March 20, 2008
April 18, 2008
June 30, 2008
July 29, 2008
October 24, 208
November 28, 2008
February 6, 2009
February 20, 2009
March 20, 2009
April 22, 2009
May 15, 2009
June 5, 2009
July 29, 2009
August 5, 2009
September 2, 2009

1.5
Ground surface
0.8
0.8
0.8
0.8
0.8
0.7
0.7
0.7
0.7
1.1
0.2*
0.9%
0.9*

1 In open bofehole

In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer

QSR3-2

February 27, 2008

0.6

In open borehole

QSR3-3

February 26, 2008
February 28, 2008
March 3, 2008
March 7, 2008
April 18, 2008
June 30, 2008
July 29, 2008
October 24, 208
November 28, 2008
February 6, 2009
February 20, 2009
March 20, 2009
April 22, 2009
May 15, 2009
June 5, 2009
July 29, 2009
August 5, 2009
September 2, 2009

0.9
32
2.9
0.3
Ground surface
0.9
0.5
1.3
1.4
1.2
1.2
1.1
1.0
1.1
1.6
0.4%
0.9*
0.8*

In open borehole
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer
In piezometer

QSR3-4

February 26, 2008

2.0

253.7

In open borehole

* Water level above ground surface (artesian condition)
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Table 5.1 — Measured Groundwater Levels (Cont’d)

vel (m

. = | Elevation | .

February 25, 2008 2542 In open borehole
February 28, 2008 252.0 In piezometer
March 7, 2008 252.5 In piezometer
March 20, 2008 254.1 In piezometer
April 18, 2008 Ground surface 255.0 In piezometer
June 30, 2008 1.2 253.8 In piezometer
July 29, 2008 1.2 253.8 In piezometer
October 24, 208 1.8 2532 In piezometer
3 QSR3-5 November 28, 2008 1.8 253.2 In p%ezometer
February 6, 2009 1.7 253.3 In piezometer
February 20, 2009 1.6 2534 In piezometer
March 20, 2009 1.4 253.6 In piezometer
April 22, 2009 1.2 253.8 In piezometer
May 15, 2009 1.3 253.7 In piezometer
June 5, 2009 1.8 253.2 In piezometer
July 29, 2009 0.3* 2553 In piezometer
August 5, 2009 0.9* 255.9 In piezometer
September 2, 2009 1.0* 256.0 In piezometer

QSR4-1 March 7, 2008 1.1 252.6 In open borehole
March 20, 2008 33 251.6 In piezometer
April 18,2008 2.5 2524 In piezometer
June 30, 2008 1.0 253.9 In piezometer
July 29, 2008 0.8 254.1 In piezometer
October 24, 208 0.9 254.0 In piezometer
November 28, 2008 1.0 253.9 In piezometer
4 February 6, 2009 0.9 254.0 In piezometer
QSR4-2 February 20, 2009 0.9 254.0 In piezometer
March 20, 2009 0.8 254.1 In piezometer
April 22, 2009 0.8 254.1 In piezometer
May 15, 2009 0.9 254.0 In piezometer
June 5, 2009 1.3 253.6 In piezometer
July 29, 2009 0.1% 255.0 In piezometer
August 5, 2009 1.0% 2559 In piezometer
September 2, 2009 0.5% 2554 In piezometer

* Water level above ground surface (artesian condition)
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Table 5.1 — Measured Groundwater Levels (Cont’d)

March 17, 2008 1.5 255.7 In open borehole
February 25, 2008 0.8 254.6 In open borehole
February 28, 2008 34 252.0 In piezometer
March 7, 2008 3.0 2524 In piezometer
4 March 20, 2008 0.6 254.8 In piezometer
QSR4-4 April 18,2008 Ground surface 2554 In piezometer
June 30, 2008 1.0 254.4 In piezometer
July 10, 2009 0.8 254.6 In piezometer
July 29, 2008 Ground surface 255.4 In piezometer
August 5, 2009 0.8* 256.2 In piezometer
September 2, 2009 0.9*% 256.3 In piezometer
QSR4-5 February 25, 2008 0.8 254.6 In open borehole

* Water level above ground surface (artesian condition)

Monitoring of water levels has been conducted from February 2008 to September 2009. The
piezometric readings indicate that the groundwater level at the site is high.

Water level was observed at ground surface in April 2008 at the four culvert locations. Also,
water levels were measured approximately 0.2 m to 1.0 m above the existing ground surface
(artesian conditions) and at ground surface during the summer season (July to September)

The above values are short-term readings and seasonal fluctuations of the groundwater level
are to be expected. In particular, the groundwater level may be at a higher elevation after the
spring snowmelt or after periods of heavy rainfall.

5.2 Proposed culvert south of Doane Road
(Culvert S — Boreholes 08-01 to 08-05)

The soil stratigraphy encountered at the borehole locations typically consists of topsoil
underlain by native sandy silt and overlying a deposit of silty clay. Layers of silt were
encountered within the silty clay. A layer of silty clay till was contacted below the silty clay
in Borehole 08-05.
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Boreholes at the proposed location of Culvert 6 have not been drilled at the time of

preparation of this report, due to flooded site conditions and difficult access for drilling
equipment.

5.2.1 Topsoil

Topsoil was identified at the ground surface in all the boreholes drilled at the proposed
location of Culvert 5. The topsoil thickness ranged from 75 mm to 200 mm. The topsoil
thickness may vary between and beyond the borehole locations and the data is not intended
for the purpose of estimating quantities.

5.2.2 Sandy Silt

Native brown sandy silt containing some clay and trace gravel was contacted below the
topsoil in Boreholes 08-03 to 08-05. The thickness of the sandy silt varies from 0.8 m to
1.5 m.

The depth to the base of the sandy silt layer varies from 0.9 m to 1.6 m (Elevations 255.8 to
261.3).

SPT ‘N’ values measured in the sandy silt ranged from 3 to 10 blows per 0.3 m of

penetration, indicating a very loose to compact relative density. The moisture content of
samples from this layer ranges from 19% to 28%.

5.2.3  Silty Clay

A deposit of brown to grey silty clay was contacted below the topsoil in Boreholes 08-01 and
08-02 and below the sandy silt layer in Boreholes 08-03 to 08-05. Layers of silt containing
some clay were encountered within the silty clay deposit. The thickness of the silty clay was
9.7 m in Borehole 08-05.

The depth to the base of the silty clay was contacted at 10.6 m (Elevation 250.2) in Borehole
08-05.

Boreholes 08-01 to 08-04 were terminated within the silty clay at 11.3 m depth (Elevations
245.9 t0 251.5).

SPT ‘N’ values measured in the silty clay ranged from 3 to 47 blows per 0.3 m of penetration,
indicating a soft to hard consistency. In general, the clay is stiff to very stiff. The moisture
content of samples from this deposit ranges from 17% to 42%.

Grain size distribution curves for several silty clay samples are presented on the Record of
Borehole sheets and on Figures F1 to F3 of Appendix F. Grain size distribution curves for
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the silt samples are presented on the Record of Borehole sheets and on Figure F4 of
Appendix F. Atterberg Limits test results are presented on Figures F5 and F6 of Appendix F.
The results of the laboratory tests are summarized as follows:

SoilParticles |  SityClay(%) | = Silt%)
Gravel 0 0
Sand 0to9 0to4
Silt 33t0 79 81 to 85
Clay 21 to 66 13t0 19
Liquid Limit 20to 51 -
Plastic Limit 13t021 -

The above results show that the silty clay is typically of medium plasticity with a group
symbol of CI. Two samples were classified as low plastic with a group symbol of CL. One
sample was medium to high plastic with group symbols of CI-CH.

5.2.4 Silty Clay Till

Grey silty clay till was contacted below the silty clay at 10.6 m (Elevation 250.2) in Borehole
08-05.

Borehole 08-05 was terminated within the silty clay till at 11.1 m depth (Elevation 249.7).

An SPT ‘N’ value measured in the silty clay till was 84 blows per 0.3 m of penetration,
indicating a hard consistency. The moisture content of was 18%.

5.2.5 Groundwater Conditions

Water level was observed in the boreholes during and upon completion of drilling. Two
standpipe piezometers were installed to monitor water levels after completion of drilling,
The water levels measured in the piezometers are summarized in Table 5.2, along with the
measurements in the boreholes upon completion of drilling.
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Table 5.2 — Measured Groundwater Levels

August 27, 20 . In open borehole

08-02 August 26, 2009 0.6 In open borehole
September 2, 2009 6.2 In piezometer

5 08-03 August 26, 2009 4.8 In open borehole

08-04 August 27,2009 1.5 In open borehole
September 2, 2009 5.9 In piezometer

08-05 August 27, 2009 4.3 In open borehole

Piezometric readings indicate that water level ranged from elevation 250.9 to 261.3.

The above values are short-term readings and seasonal fluctuations of the groundwater level
are to be expected. In particular, the groundwater level may be at a higher elevation after the
spring snowmelt or after periods of heavy rainfall.

53 Proposed culvert south of Doane Road
(Culvert 6 — Boreholes 08-10 to 08-14)

Boreholes 08-10 to 08-14 were advanced with light weight tripod drilling equipment to
facilitate access to the flooded area. The lightweight tripod drilling method employed
continuous split spoon sampling.

The soil stratigraphy encountered at the borehole locations typically consists of peat
underlain by native silty clay till.

5.3.1 Peat

Peat was identified at the ground surface in all the boreholes drilled at the proposed location
of Culvert 6. The peat thickness ranged from 10 mm to 1100 mm. The peat thickness may
vary between and beyond the borehole locations and the data is not intended for the purpose

of estimating quantities. The peat is in a loose state and the moisture content ranges from
20% to 95%.

5.3.2 Silty Clay

Native brown silty clay was contacted below the peat in Borehole 08-13 at 0.6 m. The layer
was 0.3 m thick with an underside elevation of 256.0 m.

The SPT ‘N’ value in the silty clay was 28 blows per 0.3 m penetration, indicating the clay
layer to be in a very stiff state. The moisture content of the layer is 19%.
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5.3.3  Silty Sand

Native silty sand was encountered in Boreholes 08-12 and 08-13. The layer ranged in
thickness from 0.3 m to 0.7 m, with an underside elevation between 255.9 and 255.7 m. The
SPT ‘N’ values in the sand layer ranged from 11 to 20 blows per 0.3 m penetration, indicating
that the layer is in a compact state. The moisture content of the layer is in the order of 21%.

The results of a grain size distribution test for a sample of the silty sand from Borehole 08-12
is presented on the Record of Borehole sheet and on Figure F11 of Appendix F. The results
of the laboratory tests are summarized as follows:

__ Soil Particles &
Gravel 0
Sand 60
Silt 26
Clay 14

5.3.4 Silty Clay Till

An extensive deposit of brown to grey silty clay till containing trace sand was observed in all
boreholes at depths varying from 1.1 m to 2.4 m (Elevations 255.3 to 256.2).

Boreholes were terminated within the silty clay till at depths ranging from 8.2 m to 9.1 m
(Elevations 247.8 to 249.8).

The SPT ‘N’ values measured in the silty clay till ranged from 6 to 50 blows per 0.15 m of
penetration. The deposit is generally in a stiff to very stiff state.

The moisture content of samples from this deposit ranged from 18% to 35%.

Grain size distribution curves for the silty clay till samples are presented on the Record of
Borehole sheets and on Figure F7 to F10 of Appendix F. Atterberg Limits test results are
presented on Figures F12 to F15 of Appendix F. The results of the laboratory tests are
summarized as follows:

_ SoilParticles @ | (%)
Gravel 0
Sand 0to 6
Silt 3210 82
Clay 17 to 66

_ IndexProperty | (%)
Liquid Limit 231039
Plastic Limit 710 20
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The above results show that the silty clay till is typically of low to medium plasticity with
group symbol of CL-CI.

Glacial tills inherently contain cobbles and boulders.

5.3.5 Groundwater Conditions

One standpipe piezometer was installed in Borehole 08-12 to monitor water levels after

completion of drilling. The water level measured in the piezometer is summarized in Table
5.3.

Table 5.3 - Measured Groundwater Levels

" March 4, 2010 In pi‘ezbmyeter

March 9, 2010 252.1 In piezometer

The above values are short-term readings and seasonal fluctuations of the groundwater level
are to be expected. In particular, the groundwater level may be at a higher elevation after the
spring snowmelt or after periods of heavy rainfall.

Groundwater was also observed at the surface of the site due to flooding from the pond to the
northeast of the culvert.

6 MISCELLANEOUS

Borehole locations were selected by Thurber Engineering Ltd. Surveyors from J. D. Barnes obtained
the co-ordinates and the ground surface elevations at each borehole.

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

DBW Drilling of Ajax, Ontario and Walker Drilling Ltd. from Utopia, Ontario supplied track
mounted CME 75 and D90 drill rigs and conducted the drilling, sampling and in-situ testing
operations for Culverts 1 to 5. OGS Drilling Inc. from Almonte, Ontario supplied a lightweight

tripod mounted drill rig and conducted the drilling, sampling and in-situ testing operations for Culvert
6.

The field program was supervised on a full time basis by Ms. Eckie Siu, Mr. George Azzopardi and
Mr. Luke Gilarski of Thurber.

Routine laboratory testing was carried out by Thurber Engineering Ltd.

Overall supervision of the field program was conducted by Mr. Alastair E. Gorman, P.Eng.,
Mr. Weiss Medhawi, P.Eng., Ms. R. Palomeque Reyna, P.Eng., and Mr. Tony Harte.

THURBER



Culverts
Highway 404 Extension from Green Lane to Queensville Sideroad Page 20

Interpretation of the data and preparation of the report were carried out by Ms. R. Palomeque Reyna,
P.Eng., and Mr. Tony Harte.

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

Foundations Projects.

Thurber Engineering Ltd.

Rocio Palomeque Reyna, P.Eng.
Geotechnical Engineer

P
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GCORMAR

Alastair E. Gorman, P.Eng,
Senior Foundations Engineer

P.K. Chatterji, P.Eng.
Review Principal
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FOUNDATION INVESTIGATION AND DESIGN REPORT
HIGHWAY 404 EXTENSION
FROM GREEN LANE TO QUEENSVILLE SIDEROAD
CULVERTS AT

Sta 30+300 Sta 30+430.5
Sta 32+903 Sta 10+075 QSR

QSR E/W - S Ramp N -E/W QSR

REGION OF YORK
G.W.P. 2109-05-00,

GEOCRES Number: 31D-493

PART 2: ENGINEERING DISCUSSION AND RECOMMENDATIONS

7 INTRODUCTION

This report presents interpretation of the geotechnical data in the factual report and presents
foundation design recommendations for the design of suitable foundation systems for six proposed
culverts.

The project involves construction of a total of six culverts. Four culverts (Culverts 1 to 4) will be
installed at the location of the proposed Highway 404 and Queensville Sideroad interchange. The
culverts will carry a branch of the Maskinonge River under Highway 404, Queensville Sideroad and
the new ramps.

Two culverts (Culverts 5 and 6) will be installed south of Doane Road to carry Mount Albert creek.

A general description of the proposed culverts, as provided by the designers, is presented in
Table 7.1.
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Table 7.1 — Proposed Culverts

I Queensville Sideroad East/West to 50
Highway 404 South Ramp
5 Highway 404 North to Queensville 70
Sideroad East/West Ramp
. : - Conspan culvert 7.1x2.8
3 Highway 404 approximate Station 105
32+900
4 Queensville side Road, approximate 140
Station 10+075
. . Conspan
Proposed Highway 404 extension S
5 alignment, Station 30+300 equalization 8.5x3.1 95
culvert
Proposed Highway 404 extension
alignment,
6 Station 305435 t0 304415 Conspan culvert 109x3.1 96
(Mount Albert creek crossing)

The discussion and recommendations presented in this report are based on our understanding of the
project and on the factual data obtained during the course of the investigation. The plans and profiles

(plates) used for preparation of this report were provided by Philips Engineering/Hatch Mott
MacDonald Joint Venture.

8§ CULVERT FOUNDATIONS
8.1 General

The subsurface stratigraphy revealed in the boreholes drilled at the proposed locations of
Culverts 1 to 4 consists of surficial topsoil and/or fill underlain by layers of native soft to stiff
clayey silt/silty clay and compact to dense silty sand and an extensive deposit of compact to
dense silty sand till. Clayey zones were observed within the silty sand till.

The subsurface stratigraphy at the proposed locations of Culverts 5 and 6 consisted of topsoil
or peat overlying loose to compact sandy silt to silty sand and deposits of stiff to very stiff
silty clay and silty clay till. Layers of silt were encountered within the silty clay.

A summary of the groundwater levels measured in the piezometers installed at selected
boreholes at the proposed culvert is shown in Table 8.1.
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Table 8.1 — Summary of Measured Groundwater Elevations

k 1 k 0.5* to 3.4” - 2536 to ’2k57:5 Groundwéter o‘bservedkat —

2 0.9*t05.7 251.11t0257.7 surface during Spring
3 1.0%¥t0 3.9 251.1 10 256.0 season.
Artesian conditions during
4 1.0%103.5 2514102560 the rain/Summer season.
5 591t06.2 2509 t0261.3 -
6 571062 2521102526 | Lhesiteisinaflooded

condition.

* Above ground surface (artesian conditions)

8.2 Foundation Design

Foundation design issues for culverts are subgrade conditions, bearing resistances, settlement
of foundation soils under the weight of the new roadway embankment fill, and stability of the
new embankments adjacent to the culverts.

The following types of culvert have been considered in this report:
o Concrete open frame culvert with spread footings on native soil
¢ Concrete open frame culvert with spread footings on engineered fill
e Concrete closed box culvert supported on native soil
e Deep foundations (driven steel H-piles)

A comparison of the technical advantages and disadvantages of different foundation schemes
is presented in Appendix 1.

Based on the borehole data, it is anticipated that the native undisturbed sandy silty till or silty
clay / silty clay till encountered at the proposed culvert locations are suitable for supporting
the shallow foundations for open frame culverts or the base of precast box culverts.

A deep foundation system is not recommended as this foundation type is not required and the
cost is expected to be high compared to shallow foundations.

Both pre-cast and cast-in place culvert options were considered. It is preferable to use precast
concrete sections rather than cast-in-place construction for the culvert, since this type can be
installed in a shorter time span and with less potential for disturbance of the founding soils.
The designers have indicated that Conspan culverts will be specified at these sites.
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Where head walls or wing walls are required, the site is considered to be suitable for:
¢ Cast-in-place construction
s Pre-cast units

e RSS walls

All walls, including the base of a RSS, must follow the foundation recommendation provided
for the culverts.

Consideration could also be given to lengthening the culverts to remove the requirement for
head walls.

The culverts must be designed to resist frost forces, lateral earth pressures, hydrostatic
pressure including uplift, weight of embankment fill, traffic loading and surcharge due to
construction equipment.

8.3 Open Frame Concrete Culvert on Spread Footings

Spread footings for a concrete open frame culvert and adjacent wingwall/headwall footings
must be founded on undisturbed, native compact sand and silt till or very stiff silty clay.
Existing fill is not acceptable as a bearing stratum.

Based on the borehole data, it is anticipated that compact to dense sand and silt till or very
stiff silty clay / silty clay till will be present at depths and elevations shown in Table 8.2.

Table 8.2 ~Highest Recommended Founding Levels for Spread Footings

Céfﬁpécf to dehsé sﬂty
sand and sand and silt
till
255.0 Compact sand and silt
till
254.0
254.0 Compact sand and silt
till
253.5
2515 Compact :S;ld and silt
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QSR4-2 1.9
QSR4-4 24 253.0
QSR4-5 2.4
08-01 1.7
08-03 1.9 2553
5 08-02 2.1 255.0 Very stiff siity clay
08-04 1.8 261.0
08-05 1.8 259.0
08-10 1.6 255.0
08-11 1.9 254.5
6 08-12 1.6 255.0 Very stiff silty clay till
08-13 1.9 255.0
08-14 2.3 254.5

Assuming the footing width is 1.5 m, the following geotechnical resistances are
recommended for design of spread footings founded on the native compact sand and silt till
or very stiff silty clay / silty clay till at or below the elevations recommended in Table 8.2:

, ,1,’,,2,’,4’ —
3

The above values are for vertical, concentric loads only. In the case of eccentric or

inclined loading, the geotechnical resistance must be calculated as illustrated in the
CHDBC 2006 Clauses 6.7.3 and 6.7.4.

The geotechnical resistance at SLS was computed on the basis of limiting the settlement of an
individual culvert footing to 25 mm under the applied load. The actual settlement of the
culvert will be governed by compression of the foundation soils under the weight of the road
embankment fill. Comments on this regard are presented in Section 8.6 of this report.

The sliding resistance of concrete poured on the native sandy silty till and silty clay / silty
clay till may be computed on the basis of an ultimate coefficient of friction of 0.4 and 0.35,

respectively. This is an “ultimate” value and requires a degree of sliding movement to occur
to fully mobilize the resistance.
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Following excavation to the design founding level, any remaining fill, topsoil, loose
streambed deposits or soft soils at the bearing surface should be subexcavated and replaced
with a concrete working slab or compacted Granular A or Granular B Type 1I material. All
foundation excavation should be carried out in accordance with SP 902S01. A 100 mm thick
mat of concrete should be placed over the approved founding surfaces within 24 hours of

excavation, inspection and approval to protect the surface from disturbance during
construction.

The Contractor’s QVE must verify that the bearing surfaces for the foundation have been
prepared on undisturbed, native soil and are free of topsoil, peat, fill or other deleterious
materials.

Based on piezometric readings, water levels are above founding levels as indicated in Tables
8.1 and 8.2. Groundwater levels were observed 0.5 m to 1.0 m above ground surface during
the summer season, indicating artesian conditions at the locations of Culverts 1 to 4. Water
was observed at ground surface during the spring season. A flooded condition was
encountered at the site of Culvert 6.

An effective dewatering plan must be in place prior to the start of footing excavation so that
the concrete footings are poured in the dry and to prevent sloughing of the sides or
disturbance of the base of the excavation due to the inflow of groundwater. The dewatering
plan must be able to lower the groundwater level at least 0.5 m below the base of the footing
excavation and must maintain a stable, unwatered excavation throughout the footing
construction. Dewatering must remain operational and effective until the footing is
constructed and backfilled. Text for a NSSP is provided in Appendix K.

Consideration should be given to commencing the application process for a permit to take
water (PTTW) prior to contract award,

Since these culverts are carrying Maskinonge River, the potential for scour to undermine the
foundations must be taken into account and footings of the open frame culverts should be
protected from scour. Design of scour protection must consider hydrologic and hydraulic
concerns and should be carried out by specialists experienced in this field.

For frost protection purposes, the culvert design should incorporate 1.4 m of earth cover over
the founding base.

8.4 Footings on Engineered Fill

Construction of spread footings on engineered fill may be considered to increase the available
geotechnical resistance. The fill should be at least 1.5 m thick below the footing and it should
be constructed over native undisturbed stiff to very stiff silty clay or compact to dense sand
and silt till as indicated in Table 8.3.
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The engineered fill must consist of OPSS Granular A (OPSS 1010) compacted according to
OPSS 501 (Method A: Clause 501.08.02). The fill pad should conform to the geometry
illustrated in Figure 1 in Appendix J.

Table 8.3 ~Highest Recommended Founding Levels of Engineered Fill on Native Soils

QSRI-1 L4 Corrslnggtc ls?xliiyasnl!it silt
1 QSR1-2 1.5 255.5 Gl
QSRI-3 I Stiff silty clay
QSR2-1 0.7 2555
2 QSR2-2 0.9 ) Compact sand and silt
QSR2-3 0.8 256.0 till
QSR2-4 1.5 254.0
QSR3-1 1.0 254 4 Compact sand and silt
QSR3-3 1.4 ' till
3 QSR3-2 1.5 254.0 Compact sand and silt
QSR3-4 1.5 254.2 till
QSR3-5 1.2 253.8 Dense sand and silt till
QSR4-1 2.2 251.5
QSR4-2 1.4 2535 Compact to dense sand
4 QSR4-3 4.2 and silt till
QSR4-4 2.4 253.0
QSR4-5 2.4
08-01 1.5 255.7
S PG 2 22 Sifto very sifsiy
08-04 15 2613 cay
08-05 1.3 259.5
08-10 0.6 256.0
08-11 1.8 254.6
6 08-12 0.6 256.0 Very stiff silty clay till
08-13 0.9 256.0
08-14 2.2 254.6

Assuming a footing width of 1.5 and a 2 m minimum thickness of fill, footings bearing on the
well compacted engineered fill may be designed for the following values:

* Factored geotechnical resistance of 900 kPa at Ultimate Limit States (ULS)

* Geotechnical resistance of 350 kPa at Serviceability Limit States (SLS)
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These resistance values are for concentric, vertical loads only. In the case of eccentric or
inclined loading, the geotechnical resistance must be calculated as illustrated in the CHBDC
Clause 6.7.3 and Clause 6.7.4.

The geotechnical resistance at SLS was computed on the basis of limiting the settlement of
and individual culvert footing to 25 mm under the applied load. The actual settlement of the
culvert will be governed by compression of the foundation soils under the weight of the road
embankment fill. Comments on this regard are presented in Section 8.6 of this report.

The lateral resistance of the footings founded on engineered fill may be computed using an
unfactored friction of 0.7. This is an “ultimate” value and requires a degree of sliding
movement to occur to fully mobilize the resistance.

Piezometric readings revealed that water levels are above the founding levels for culverts 1 to
5 as indicated in Table 8.3. High water level conditions including artesian conditions and
water level at ground surface were also observed at the site in the wet seasons.

Unwatering must be carried out in accordance with SP902S01. The contract must include an
NSSP alerting the contractor to the high water levels and the possibility of artesian
conditions. The NSSP must also contain a provision that the groundwater level must be
depressed to 0.5 m below the base of the excavation prior to commencing excavation.

The engineered fill pad should be protected against scour or erosion. Design of scour
protection must consider hydrologic and hydraulic concerns and should be carried out by
specialists experienced in this field.

A frost protection soil cover of 1.4 m or equivalent thickness of insulation should be used for
foundation and backfill design to provide protection against frost action on the culvert base
and foundations.

8.5 Concrete Box (Closed) Culvert

Consideration was also given to installation of concrete box culverts at these sites.

For closed concrete box culverts, the recommended highest subgrade elevations are the same
as shown in Table 8.3 for engineered fill bases.

Following excavation to the design base level of the culvert, the Contractor’s QVE must
verify that the bearing surfaces for the foundation have been prepared on undisturbed, native
compact to dense sand and silt till or stiff silty clay at or below elevations shown in Table 8.3,

and that bearing surfaces are free of topsoil, peat, fill or other deleterious materials within the
culvert footprint.

Any remaining fill, topsoil, loose streambed deposits or soft soils should be subexcavated to
the native undisturbed compact to dense sand and silt till or stiff silty clay at or below
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elevations shown in Table 8.3, as directed by the Contractor’s QVE. Any soft areas should
be subexcavated and replaced with well compacted granular fill. Any fill placed below the
culvert to re-establish the founding level should consist of compacted Granular A or Granular
B Type Il material. This work should be carried in accordance with SP 902S01.

In order to provide a more uniform foundation subgrade condition, a 300 mm thick layer of
bedding material conforming to OPSS Granular A requirements should be provided under the
base of box culverts as per OPSD 803.010. The bedding material should be placed and
compacted as soon as practical following inspection and approval of the final subgrade as
protection from disturbance during construction.

Culverts founded on the native, undisturbed compact sand and silt till or very stiff silty clay at
or below level indicated in Table 8.3, should be designed using a concentric, vertical
geotechnical resistances as indicated below:

1.2.4.5and 6 300
3 250 150

Settlement of the culvert will be governed by compression of the foundation soils under the
weight of the road embankment fill. Therefore, the SLS resistance does not apply to the
design of the box culvert. Comments in this regard are presented in Section 8.6 of this
report.

8.6 Cast-in-place and Prefabricated Culvert Options

The foundation recommendations provided in the preceeding sections for the various culvert
types apply to both cast-in-place and prefabricated culvert options.

The designers may select cast-in-place or prefabricated culverts on the basis of a number of

considerations, including the required extent of excavation and site disturbance and on the
duration of construction.

8.7 Settlement

The actual settlement of the culverts is expected to be controlled primarily by the settlement
of the subgrade under the weight of the road embankment fill.

The estimated settlements at the culvert foundation level due to the embankment loads are
presented in Table 8.4.
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Table 8.4 —Foundation Settlements

1to3 6 to7 10to 15
4 13 45t0 50
S5and 6 7 15t0 20

Settlement within the fill mass is estimated to be as high as 0.5% of the embankment height,

approximately 30 mm to 65 mm. This settlement is expected to be essentially complete at the
end of construction.

Due to the non cohesive nature of the foundation soils at the Queensville Sideroad sites
(Culverts 1 to 4), these settlements will be immediate and essentially completed when
construction of the fill is completed.

Appropriate camber should be provided for the culverts to accommodate the above
foundation settlements.

The embankments should be overbuilt in order to provide the required platform width after
the indicated settlements have occurred.

8.8 Subgrade Preparation

A number of boreholes located near the culverts encountered topsoil, peat or fill with organic
inclusions. The presence of alluvial and organic deposits should be expected in the vicinities
of the watercourses. The combined thickness of topsoil, peat and fill at the various culvert
sites was found to range from 75 mm to 4.2 m. The actual depths of topsoil, peat and fill are
noted in Section 5 of this report.

Founding elevations have been selected with the intent of placing the foundations on suitable,
undisturbed native soil. However, soil stratigraphy is inherently variable and the Contractor’s
QVE must verify that the base of the completed excavation is free of topsoil, peat, fill,
disturbed soil or other deleterious materials.

Backfill to the sub-excavation for reinstating the founding elevation should consist of
Granular A or B Type Il material placed and compacted in accordance with SP 902S01. Lean
mix concrete may be used as an alternative to compacted granular backfill.
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9 BACKFILL AND LATERAL EARTH PRESSURES

Culvert backfill should consist of free-draining granular material conforming to OPSS Granular A or

Granular B Type II specifications. The granular material should be placed to the extents shown in
OPSD 803.010.

Backfill should be placed and compacted in simultaneous equal lifts on both sides of the culvert, and
the top of backfill elevation should be within 400 mm on both sides of the culvert at all times. Heavy
compaction equipment should not be used adjacent to the walls and roof of the culvert. Compaction
should be carried out in accordance with SP 105S10.

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

=K (yh+q)

where: = horizontal pressure on the wall at depth h (kPa)

= earth pressure coefficient (see table below)

= bulk unit weight of retained soil (see table below)

= depth below top of fill where pressure is computed (m)

= value of any surcharge (kPa)

o T RT T

Earth pressure coefficients for backfill to the culvert are dependent on the material used as backfill.
Recommended unfactored values are shown in Table 9.1. The atrest coefficients should be
employed for closed box culvert walls. Active pressures shall be used for any wingwalls or
unrestrained walls.

Table 9.1 — Earth Pressure Coefficients (K)

Behmwall .

Active (vl{]nrestramed 0.27 0.40% 031 0.43*
all)

At rest
(Restrained Wall)
Passive (Movement
Towards Soil Mass)

* For wing walls, if employed.

0.43 - 0.47 -

3.7 - 33 -
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The parameters in the table correspond to full mobilization of active and passive earth pressures, and
require certain relative movements between the wall and adjacent soil to produce these conditions.

The values to be used in design can be assessed from Figure C6.9.1 (a) of the Commentary to the
CHBDC.

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

The design of the culvert must incorporate measures such as weepholes or subdrains to permit
drainage of the culvert backfill, or alternatively the culvert walls should be designed to withstand the
potential build-up of hydrostatic pressures behind the walls.

10 SCOUR PROTECTION AND EROSION CONTROL

All culvert and head wall footings should be provided with scour protection. Erosion control should
be provided at the culvert inlet and outlet areas as applicable. Design of the scour and erosion
protection measures must consider hydrologic and hydraulic concerns and should be carried out by
specialists experienced in this field.

Typically, rock protection should be provided over all surfaces with which stream flow is likely to be
in contact. Treatment at the outlets should be in accordance with OPSD 810.010. A vegetation cover
should be established on all other exposed earth surfaces to protect against surficial erosion, in
general accordance with SP 572S01.

It is recommended that a clay seal or a concrete cut-off wall be used to minimize the potential for
erosion near the inlet area. The clay seal should extend at least 0.3 m above the high water level and
laterally for the width of the granular material, and have a minimum thickness of 0.5 m. The material
requirements should be in accordance with OPSS 1205.

11 EXCAVATION AND GROUNDWATER CONTROL

In general, surface vegetation, topsoil, peat, organic deposits, disturbed material or otherwise
loose/soft soils should be stripped from the culvert area and embankment footprint prior to culvert
installation.

Excavation is expected to be carried out through existing fills, native clayey silt/silty clay, silty sand,
sand and silt till, and silty clay till.

All excavations must be carried out in accordance with the Occupational Health and Safety Act
(OHSA). For the purposes of the OHSA, the native soils and fill within the probable depth of

excavation at this site may be classed as Type 3 soils above the water table and Type 4 soils below
the water table.
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The excavation and backfilling for foundations must be carried out in accordance with SP 902S01.

The need for roadway protection is described in Section 13 of this report.

Based on piezometer readings, it is expected that excavation below the groundwater level will be
required. The site of Culvert 6 was noted to be flooded. A cofferdam may be required to control this
water. Surface and groundwater must be diverted away from any excavation at all times.

The Contractor must be prepared to control the groundwater and surface water to permit construction
in the dry. The Contract Documents should also contain a NSSP alerting the Contractor to the risks
associated with excavation of cohesionless soils submerged below the groundwater level without
prior dewatering and specifying that an appropriate dewatering system must be provided to maintain a
stable and reasonably dry excavation. Suggested wording is included in Appendix K.

The design of the dewatering system for foundation construction is the responsibility of the
Contractor and the Contract Documents must alert him to this responsibility and the need to engage a
dewatering specialist. While the responsibility for dewatering remains with the Contractor, suitable
systems that might be employed include:

* Pumping from properly filtered sumps may be suitable to handle the groundwater on
this project during the drier season when the excavations extend no more than 0.5 m
below the groundwater level.

® The use of vacuum wellpoints for deeper penetration below the groundwater level.

e Sheetpiled cofferdam assisted by vacuum well points at locations near the creek and
river.

¢ Temporary stream diversion measures, such as impervious dykes or cofferdams must
be provided at Maskinonge River and Mount Albert Creek to divert surface water
runoff and stream flow away from the culvert excavations in order to maintain dry
excavations at all times during construction.

Dewatering and surface water diversion must remain operational and effective until each culvert
footing is constructed and backfilled. Special attention should be given to the artesian conditions
while selecting the dewatering system.

Decisions regarding dewatering, shoring methods and sequencing must be made by the contractor and
submitted to the Contract Administrator for review.

It is recommended that culvert construction be conducted during the drier season.

Due to the presence of flooding at the site of Culvert 6, it may be necessary to place fill on both sides
of the culvert to create a level working platform, and to build a cofferdam using steel sheet piles. All
fill placed below the water surface should consist of rock fill, which should extend to a minimum of
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150 mm above the water surface. The water level measured in Feb 2010 was at elevation 257.0, but
this is variable. The surface of the rock fill should be chinked with rock fragments and spall and
should be covered with a 300 mm layer of Granular B Type II to prevent loss of embankment fill into
the voids in the rock fill. Inorganic embankment fill may be placed above the Granular B Type II
layer. Text for a NSSP for culvert construction in the flooded area is provided in Appendix K. All
peat should be removed from under the rockfill.

12 ROADWAY PROTECTION

Roadway protection will be required where excavations for culverts are located in close proximity to
live traffic lanes or if there is insufficient clearance for an open cut. At the location of Culvert 4 near

Queensville Sideroad, temporary shoring may be required to retain the embankment fill and native
soils during culvert installation.

Temporary shoring in the form of steel sheet piles or soldier piles with timber lagging may be
considered. Temporary shoring should be designed by a licensed Professional Engineer experienced
in design of shoring with special consideration of traffic loads and any sloping retaining surfaces,
taking account of the need to maintain the integrity of the existing culvert foundations.

If shoring is required during construction to retain excavations adjacent to existing roads, an item
titled “Roadway Protection” as per SP539S01 should be included in the contract documents.
Performance Level 2 is recommended as per Clause 539.04.02.01.

13 SEISMIC CONSIDERATIONS

13.1 Seismic Design Parameters

The following seismic parameters should be used for design:

e Velocity Related Seismic Zone 1
e Zonal Velocity Ratio 0.05
e Acceleration Related Seismic Zone 1
¢ Zonal Acceleration Ratio 0.05
e Peak Horizontal Acceleration 0.08

The soil profile type at this site has been classified as Type 1I. 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.
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Active () | 03 047 034

13.2 Liquefaction Potential

The foundation soils at the abutments are not in danger of liquefaction under earthquake
loading.

13.3 Retaining Wall Dynamic Earth Pressures

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

active (Kap) and passive (Kpg) earth pressure coefficients that incorporate the effects of
earthquake loading.

For the design of retaining walls, the coefficients of horizontal earth pressure in Table 14.1
may be used.

Table 14.1 — Earth Pressure Coefficient (K) for Earthquake Loading
- ——— T OPSS Granular B

Passive (Kpg) 3.6 - 32 -
At Rest (Kpp)** 0.53 - 0.58 -

*

*%

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

14 CONSTRUCTION CONCERNS

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

Artesian water flow during excavation,

Groundwater levels were measured at the existing ground level in the piezometers. If artesian
groundwater flow is observed during construction activities, the contractor or QVE must
immediately advise the CA. If the CA agrees there are concerns regarding the artesian flow,
the issue should be referred to the design team.
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2. Destabilization of excavations

Groundwater was noted above the founding levels in Culverts 1 to 5, and the site of Culvert 6
was flooded. If excavation is carried out without prior implementation of adequate
dewatering measures to control groundwater and surface water, there is a risk that the sides
and or base of the excavation will be destabilized. This could lead to a risk to personnel work
on site, or to a loss of bearing resistance in the soil.

Dewatering, in conjunction with temporary creek diversion might be required to maintain a
reasonably dry excavation during the wet seasons.

Accordingly, it must be emphasized to the contractor that proper groundwater and surface
water control measures must be in place prior to commencing excavation.

3. Founding subgrade

Care must be exercised during excavation to avoid disturbing the founding subgrade. The

exposed subgrade soils should be expeditiously inspected, approved and protected from
disturbance.

The successful performance of the culverts will depend largely upon good workmanship and
quality control during construction. The Contractor’s QVE must certify that the foundations
have been constructed according to the drawings and specifications. However, it is
recommended that the bases of the culvert foundation excavations be inspected by a qualified
Geotechnical Engineer retained by the CA to confirm that the base of the excavation is free
from inclusions of organic soils or loose, recent stream alluvium.
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1S CLOSURE

Engineering analysis and preparation of the report were carried out by Mr. Alastair E. Gorman, P.Eng
and Ms. R. Palomeque Reyna, P.Eng.

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

THURBER ENGINEERING LTD.

Rocio Palomeque Reyna, P.Eng.
Geotechnical Engineer

Alastair E. Gorman, P.Eng., M.Sc.
Senior Foundations Engineer

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

Record of Borehole Sheets
(south of Queensville Sideroad)

Culverts 1 to 4

Boreholes QSR1-1 to QSR1-3, QSR2-1 to QSR2-4, QSR3-1 to QSR3-5
and QSR4-1 to QSR4-5
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SYMBOLS, ABBREVIATIONS AND TERMS USED ON RECORDS OF BOREHOLES
1. TEXTURAL CLASSIFICATION OF SOILS

CLASSIFICATION PARTICLE SIZE

VISUAL IDENTIFICATION

Boulders Greater than 200mm same

Cobbles 75 to 200mm same

Gravel 4.75 to 75mm S to 75mm

Sand 0.075 t0 4.75mm Not visible particles to Smm

Silt 0.002 to 0.075mm Non-plastic particles, not visible to
the naked eye

Clay Less than 0.002mm Plastic particles, not visible to
the naked eye

2. COARSE GRAIN SOIL DESCRIPTION (50% srcater than 0.075mm)

TERMINOLOGY PROPORTION

Trace or Occasional Less than 10%

Some 10 t0 20%

Adjective (e.g. silty or sandy) 20 to 35%

And (e.g. sand and gravel) 35 to 50%

3. TERMS DESCRIBING CONSISTENCY (COHESIVE SOILS ONLY)
DESCRIPTIVE TERM UNDRAINED SHEAR APPROXIMATE SPTV ‘N
STRENGTH (kPa) VALUE

Very Soft 12 or less Less than 2

Soft 121025 2t04

Firm 2510 50 4t08

Stiff 50 to 100 8to 15

Very Stiff 100 to 200 150 30

Hard Greater than 200 Greater than 30

NOTE: Hierarchy of Soil Strength Prediction 1) Laboratory Triaxial Testing

2) Field Insitu Vane Testing
3) Laboratory Vane Testing
4) SPT value

5) Pocket Penetrometer

4. TERMS DESCRIBING DENSITY (COHESIONLESS SOILS ONLY)
DESCRIPTIVE TERM SPT “N” VALUE
Very Loose Less than 4
Loose 41010
Compact 10 to 30
Dense 30t0 50
Very Dense Greater than 50
5. LEGEND FOR RECORDS OF BOREHOLES
SYMBOLS AND S8 Split Spoon Sample WS Wash Sample AS Auger (Grab) Sample
ABBREVIATIONS TW Thin Wall Shelby Tube Sample TP Thin Wall Piston Sample
FOR PH Sampler Advanced by Hydraulic Pressure  PM Sampler Advanced by Manual Pressure
SAMPLE TYPE WH Sampler Advanced by Self Static Weight RC Rock Core SC Soil Core
Undisturbed Shear Strength
Sensitivity =
Remoulded Shear Strength
> Water Level
Cpen Shear Strength Determination by Pocket Penetrometer
) SPT ‘N’ Value Standard Penetration Test ‘N’ Value —~ refers to the number of blows from a 63.5kg hammer free falling a
height of 0.76m to advance a standard 50 mm outside diameter split spoon sampler for 0.3 m depth into undisturbed ground,
(2) DCPT Dynamic Cone Penetration Test —

Continuous penetration of a 50 mm outside diameter, 60° conical
steel point attached to “A” size rods driven by a 63.5 kg hammer free falling a height of 0.76 m. The resistance to cone
penetration is the number of hammer blows required for each 0.3 m advance of the conical point into undisturbed ground.



UNIFIED SOILS CLASSIFICATION

GROUP
MAJOR DIVISIONS SYMBOL TYPICAL DESCRIPTION
GwW Well-graded gravels or gravel-sand mixtures, little or
GRAVEL no fines.
AND GP Poorly-graded gravels or gravel-sand mixtures, little
GRAVELLY or no fines.
COARSE SOILS GM Silty gravels, gravel-sand-silt mixtures.
GRAINED GC Clayey gravels, gravel-sand-clay mixtures.
SOILS Sw Well-graded sands or gravelly sands, little or no
SAND AND fines.
SANDY Sp Poorly-graded sands or gravelly sands, little or no
SOILS fines.
SM Silty sands, sand-silt mixtures.
sSC Clayey sands, sand-clay mixtures.
ML Inorganic silts and very fine sands, rock flour, silty or
clayey fine sands or clayey silts with slight plasticity.
CL Inorganic clays of low to medium plasticity, gravelly
SILTS AND clays, sandy clays, silty clays, lean clays.
FINE CLAYS (Wy, < 30%).
GRAINED Wi <50% CI Inorganic clays of medium plasticity, silty clays.
SOILS (30% < Wy < 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
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ONTMT4S 0596.GPJ

Ministry of
Transportation

Ontario
RECORD OF BOREHOLE No QSR1-1 10F 2 METRIC
GW.P.__ 2109-05-00 LOCATION N 4888 726.4 £ 309 717.9, Station 10+070, CL ORIGINATED BY ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.03.05 - 2008.03.05 CHECKED BY AEG
SOIL PROFILE SAMPLES | w |RYNAMIC GONE SENETRATION
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Ministry of -
Transportation . l
Ontario r——en
RECORD OF BOREHOLE No QSR1-1 20F 2 METRIC
G.W.P,__ 2109-05-00 LOCATION N 4 888 726.4 E 309 717.9, Station 10+070, CL. ORIGINATED BY _ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.03.05 - 2008.03.05 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES 3 - g RESISTANCE PLOT MATURAL - REMARKS
STC oisture - T
k= o |22 8 20 4 60 80 100 | ‘owmr Tl 55 &
S & w 2 = = 1 N L L i wp w we| 3 lél GRAIN SIZE
ELEV bl I & 2 25 8 SHEAR STRENGTH kPa -— e DISTRIBUTION
DEPTH DESCRIPTION s3] ¢ S|33| S |O UNCONFINED  + FIELD VANE . y %)
1% Z|E€C| @ |e quick TRIANAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page u 20 4 60 80 100 20 40 80 kNim3 JGR sA st cL
SAND and SILT, some clay 1o clayey, C
trace gravel T4
Dense to very Dense ANS
Grey -]
Moist 1
(TiLy) 4
T4 0] ss | s 246 o
T
b
+i 245
q:
114
D 11 SS 41 © 0 19 61 20
244.1 T
12.8 END OF BOREHOLE AT 12.8m,
BOREHOLE OPEN AND WATER
LEVEL AT 1.5m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
HOLEPLUG TO SURFACE.
+3 % 3. Numbers refer to

Sensitivity

20
‘5‘1%5 (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No QSR1-2 10F2 METRIC
GW.P,_ 2109-05-00 LOCATION N 4 888 743.6 E 308 733.3, Station 10+070, 25m Lt ORIGINATED BY ES
HWY 404 BOREHOLE TYPE _ Holiow Stem Augers COMPILED BY WM
DATUM _Geodelic DATE 2008.03.05 - 2008.03.05 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o E RESISTANCE PLOT NATURAL
[T X PLASTIC e R E REMARKS
-
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Ministry of
Transportation

Ontario Yrnen
RECORD OF BOREHOLE No QSR1-2 20F2 METRIC
G.W.P. _ 2108-0500 LOCATION N 4 888 743.6 £ 308 733.3, Station 10+070, 25m Lt ORIGINATED BY B
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.03.05 - 2008.03.05 CHECKED BY AEG
SOIL PROFILE SAMPLES | o | w |REN R ror CrATION
&, a) NATURAL Liouid .]-: REMARKS
UASTC uoisTuRe -
. nl22] 9 20 40 60 80 100 |7 owea W BB &
Sle wl=2 2 1 1 L L 1 we w w | 54 | cransize
Llh| ¥ 2198 & [SHEARSTRENGTHKPa
ELEV DESCRIPTION =12 o 2lz @ h e Oy DISTRIBUTION
DEPTH AEIN: >|38| £ |o unconFNeD  + FIELDVANE . M %)
512 Z[EO| @ |e QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 60 wim3 {GR SA s CL
SAND and SILT, some clay to clayey, 247
trace gravel A
Very Dense %S
Grey -
Moist 1
(TILL) a9t
TH 10| ss | et ] 2 18 59 20
ARY 246
3%
4
13
ok
J 245
hel
S8 69 ] 0 31 53 16
244.2
128 END OF BOREHOLE AT 12.8m.
BOREHOLE OPEN TO 11.9m AND
WATER LEVEL AT 1.7m UPON
COMPLETION,
Piezometer installation consists of
18mm diameter schedule 40 PVC pipe
with @ 1.52m slotted screen.
WATER LEVEL READINGS:
DATE DEPTH (m) ELEV. (m)
2008.03.07 3.1 253.9
2008.03.20 2.2 254.8
2008.04.18 Ground surface  257.0
2008.06.30 1.1 255.9
2008.07.29 1.1 255.9
2008.10.24 1.2 255.8
2008.11.28 1.3 255.7
2009.02.06 1.2 255.8
2009.02.20 1.2 255.8
2009.03.20 11 255.9
2009.04.22 1.0 256.0
2009.05.15 1.4 255.9
2009.06.05 1.4 255.6
2009.07.29 0.2 256.8
2009.08.05 0.5* 257.5
2009.09.02 0.5 256.5
2009.08.21 0.1 256.9
* (above ground surface)
20
+3 %3, Numbers referto 154y5

Sensilivity 10

(%) STRAIN AT FAILURE




10/5/09

ONTMT4S 0596.GPJ

Sensitivity

Ministry of -
Transportation .
Ontario frownpliommn
RECORD OF BOREHOLE No QSR1-3 10F2 METRIC
G.W.P__ 21090500 LOCATION N 4 888 763.1 E 309 750.7, Station 10+070, 25m Rt ORIGINATED BY &8
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.03.04 - 2008.03.04 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOl PROFILE SAMPLES @ W IRESISTANCE PLOT NATURAL REMARKS
wi z -—>\ PLASTIC uouo =
=2 o e MOISTURE war] B E &
5 nl<3] & 20 40 60 80 100 CONTENT 50
2|5l w | 4|22 z T wp w we| 58 | oransize
ELEV DESCRIPTION & 2| a 2 23 g SHEAR STRENGTH kPa o DISTRIBUTION
DEPTH |3 ¢ > 13 8| £ |© UNCONFINED  + FIELD VANE y )
=1z Z1ZO| @ |e QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
256.6 w 20 40 60 80 100 20 40 60 «N/m3 {GR SA SI CL
0.0 Siity CLAY, trace sand, trace gravel, ;%
trace roots, occasional topsoit %2 4 ss 4 °
Soft %
Dark Brown ;%
9 256
Layer of Sand f/ °
4 2 S8 13
%% VA
7 o
Y,
4
Stiff 7 255
Brown A3 |ss| 2 o
%%
%%
%
254.3
23 Silty SAND, trace gravel, trace clay
Compact
o
Brown s8 19 254 4 66 21 9
Wet
253.6
3.0 SAND and SILT, some clay, trace 2|3
gravel T4
Y 5 o
Compact to Very Dense ANy ss z T 2655 18
Grey 2N
Moist 1 253
(TILL) NEE
4
‘A
9
‘14 252
B 0 16 88 43 o
4
114
A 251
9}
..: ;
Pl7iss| e o
911 250
. 4
r
o 249
1 8 | ss | 107 o 0 29 60 11
4.4
Rt
11 248
‘(v. |
114
-8
94 9 | ss | 29 °
i 247
g4y
Continued Next Page 20
+3 % 3. Numbersreferto ,5¢5
. . o (%) STRAIN AT FAILURE




10/5/09

ONTMT4S 0596.GPJ

Sensitivity

Ministry of -
Transportation . l
Ontario ey
RECORD OF BOREHOLE No QSR1-3 20F2 METRIC
G.W.P.__ 2109-05-00 LOCATION N 4 888 763.1 E 309 750.7, Station 10+070, 25m Rt ORIGINATED BY €S
HWY 404 BOREHOLE TYPE __Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.03.04 - 2008.03.04 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES @ W |RESISTANCE PLOT NATURAL REMARKS
E » -4 { PASTIC | ruRE vauo | ':E
- NETIR 20 40 60 80 100 ™ oo ™| E O &
=g WizE|l z Y : . : L wp w wi| 3% | oransize
ELEV . Zlgl g | 3]|25]| 2 [sHEARSTRENGTHKPa A OSTRIBUTION
DEPTH DESCRIPTION 13| £ | 5|38 £ |0 UNcoNFINED  + FiELDVANE y )
=12 Z1EC| © |e QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80O 100 20 40 0 km3 JGR sA sI cL
SAND and SILT, some clay to clayey, g
trace gravel 11
Very Dense B
Grey ¥
Moist ] 246
(TILL g1 4
245.6 ) {4 10| ss | 100/ 0 13 66 21
110l END OF BOREHOLE AT 10.9m. 8
BOREHOLE OPEN AND WATER
LEVEL AT 1.2m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
HOLEPLUG TO SURFACE.
+3 3. Numbers refer to

20
’5%5 (%) STRAIN AT FAILURE



10/5/09

ONTMT4S 0596.GPJ

Ministry of
Transportation

Ontario T
RECORD OF BOREHOLE No QSR2-1 10F 2 METRIC
G.W.P.__ 2109-05-00 LOCATION N 4 888 837.7 £ 309 753.3. Station 10+120, 30m Lt ORIGINATED BY g8
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.03.04 - 2008.03.04 CHECKED BY AEG
DYNAMIC CONE PENE TRATION
SOIL PROFILE SAMPLES x W RESISTANCE PLOT_>.\ NATURAL - REMARKS
HFeol § TASTC moisture foet = T A
K al<3l @ 20 40 60 80 100 M CoNTENT 0
e L | wlZE] 2 et et I we w we| 5% | cransize
ELEV DESCRIPTION - 2| & 2|29 B |SHEARSTRENGTHKPa s DISTRIBUTION
DEPTH AEIRS 51358 < | O UNCONFINED + FIELD VANE y %)
B1= z|€°] @ |e auickTRIAXIAL X LABVANE | WATER CONTENT (%)
256.2 L A 20 40 60 80 100 20 40 60 wm3 |GrR sA sI cL
09 TOPSOIL: (500mm) == i
st el 2:¢
—~~] 1 ss| 3 56 o
255.7 —
0.5 SAND and SILT, some clay, trace 4
gravel, occasional oxide staining T4
Compact to Dense 14 q
Brown - 101 ]
til 21 s 17
Moist s
(THL) qird 255 o
1
Rk
HH 3| ss| 2 o 0 33 54 13
4
24
d 254
-4:
1 4] ss | 40 o
hEE
Grey g 253
44 5 | ss | « )
gt
-l
4+
“tia 252
4t
Clayey Tt
61 8s | 15 5! 1 23 55 21
o 251
I
41
Wet Rt
(.-
1 250
13 7 | ss | 25 o
-8
94
14
b 249
e ss | ® o
248
247
:‘f: 9{ss | 28 L 129 52 18
Continued Next Page 20
43 % 3. Numbers referto 15¢5
: #° (%) STRAIN AT FAILURE

Sensitivity




11/24/09

ONTMT4S 0596.GPJ

Ministry of
Transportation

Ontario
RECORD OF BOREHOLE No QSR2-1 20F2 METRIC
G.W.P._ 2109-05-00 LOCATION N 4 888 837.7 E 309 753.3, Station 10+120, 30m Lt ORIGINATED BY _ES
HWY 404 BOREHOLE TYPE __Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.03.04 - 2008.03.04 CHECKED BY AEG
SOIL. PROFILE SAMPLES @ w REQ@?‘/&’N%%%%S‘%@ NATURAL - REMARKS
w X PLASTIC LIQUID
2l 3 Lt MOISTURE wr] £ 5 &
5 o g 5 @ ZP 4]0 610 8|0 100 CONTENT zZ 9
il w Y £ z wp w wiel - %’ GRAIN SIZE
ELEV Lol @ 2128] 2 |SHEARSTRENGTH kPa D SE— DISTRIBUTION
DESCRIPTION =ls < z| &
DEPTH é 5 ﬁ .> 8 8 § O UNCONFINED + FIELD VANE . 7 (%)
el = ZIEC] L |® QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page . 20 40 60 80 100 20 40 60 kNm3 |GR sA st cL
SAND and SILT, soms clay, trace g
gravel 18" 246
Compact A%
Grey B4k
(TILL) 1
REF
TH1w| ss| 2 ‘o o
244.9 87k = e
1.3 END OF BOREHOLE AT 11.3m.
BOREHOLE OPEN AND WATER
LEVEL AT SURFACE UPON
COMPLETION.
Piezometer instaliation consists of
19mm diameter schedule 40 PVC pipe
with a 1.52m slotted screen.
WATER LEVEL READINGS:
DATE DEPTH(m)  ELEV.{m)
2008.03.07 33 252.9
2008.03.20 2.2 254.0
2008.04.18 0.3 255.9
2008.06.30 0.7 255.5
2008.07.29 0.7 255.5
2008.10.24 0.7 255.5
2008.11.28 0.7 255.5
2009.02.06 0.7 255.5
2009.02.20 0.6 255.6
2009.03.20 0.6 255.6
2009.04.22 0.7 255.5
2009.05.15 0.7 2555
2009.06.05 11 255.1
2009.07.29 g.2* 256.4
2009.08.05 0.4" 256.6
2009.09.21 0.8* 257.0
* (above ground surface)
20
+3 %3, Numbers refer to 15¢5

Sensitivity 10

(%) STRAIN AT FAILURE



10/5/09

ONTMT4S 0596.GPJ

Ministry of
Transportation

Ontario
RECORD OF BOREHOLE No QSR2-2 10F2 METRIC
G.W.P.__ 2109-05-00 LOCATION N 4 888 857.3 E 309 746.3, Station 10+115, 10m Lt ORIGINATED BY ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.02.28 - 2008.02.28 CHECKED BY AEG
SOIL PROFILE SAMPLES | o w [SINAMIC CONE PENETRATION
& 2 pasnc | NATURAL Louo - REMARKS
= n|22] 8 w 60 80 10 | s w| 5F &
=R i w2l 2 el wp w we| 39 | oransize
ELEV ol K W 2125 O |SHEAR STRENGTH kPa
vl DESCRIPTION =131 % -l - O} DISTRIBUTION
DEPTH {31 ¢ >1358| < |O UNCONFINED  + FIELD VANE Y %)
Bz Z|EC| @ |® QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
256.4 w 40 60 80 100 20 40 60 wim3 IGR SA SI cL
0.0} TOPSOIL: (500mm) ~
=91 ]ss| s °
255.9 — 256
0.5 Clayey SILT, some sand to sandy, |
255.6 trace gravel, occasional rootlets
0.8 Siff / i
Brown
21ss | 10 q
SAND and SILT, trace to some clay,
trace gravel, occasional oxide staining
Compact 255
Brown
Moist L 1.
Ly 13 ] ss | 1 o
-1
Wet
¥t 254
5 4] 88| 20 o
41
13
P15 |ss | 2 253 o 3 35 49 13
§ :'i
Ret
T4 252
I
+116 | ss | 10 o
¥
A%y 251
g
AN
7 SS 29 250 Q
249
8 | ss 1 4] 3 30 63 4
248
9| ss | 2 247 1)

Continued Next Page

43

x 3. Numbers refer to
’ Sensitivity

20

15495
10

(%) STRAIN AT FAILURE




10/5/09

ONTMT4S 0596.GPJ

Ministry of
Transportation

A
THUNBER

Ontario
RECORD OF BOREHOLE No QSR2-2 20F2 METRIC
GW.PFP._ 21090500 LOCATION N 4 888 857.3 E 309 746.3, Station 10+115, 10m Lt ORIGINATED BY €S
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.02.28 - 2008.02.28 CHECKED BY AEG
SOIL PROFILE SAMPLES |, | w [RES G or CIRATION
& u _{ LASTIC NATURAL . - REMARKS
gl 6 Lt MOISTURE wr] = E &
I~ nl<8l & 20 40 60 80 100 CONTENT 50
=K YlzE] z v . - . . wp w we [ @2 | cRraNSIZE
ELEV DESCR & o | ¥ e 2a 8 SHEAR STRENGTH kPa R DISTRIBUTION
DEPTH ESCRIPTION i3/ 7| 5133 < | O UNCONFINED  + FIELD VANE y %)
E1E Z|EC| @ |e QUCKTRIAXAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 60 «im3 [GrR SA st cL
SAND and SILT, trace clay
Compact to Very Dense
Grey 0¥ 246
Moist B4R
(TiLL) g
Ss 27 © 0 18 77 5
Bk
245
.
S8 51 244 [
243.6
12.8 END OF BOREHOLE AT 12.8m.
BOREHOLE OPEN TO 12.8m AND
WATER LEVEL AT 5.2m UPON
COMPLETION OF DRILLING.
BOREHOLE BACKFILLED WITH
HOLE PLUG TO SURFACE.
20
+ 3’ x 3, Numbers refer to 15¢5

Sensitivity 10

(%) STRAIN AT FAILURE



10/5/09

ONTMT4S 0596.GPJ

Ministry of
Transportation

u
™HURBEn

Ontario
RECORD OF BOREHOLE No QSR2-3 10F2 METRIC
G.W.P.__ 2109-05-00 LOCATION N 4 888 877.1 E 309 738.6, Station 10+108, 10m Rt ORIGINATED BY £S5
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY __wMm
DATUM _Geodetic DATE 2008.02.28 - 2008.02.28 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES © ; RESISTANCE PLOT pasne  MATURAL = REMARKS
4] MOISTURE I
£ wl52] 8 20 40 60 80 100 WU ma  wf 55 &
2% wlzg| z g —— wp w we| 58 | cransize
ELEV & ol & 2 Sa g SHEAR STRENGTH kPa U — DISTRIBUTION
DEPTH DESCRIPTION é g & > 8 g ; O UNCONFINED + FIELD VANE Y (%)
=% Z1EC| © |® QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
256.8 v“-‘ 20 40 60 80 100 20 40 60 kN/m3 [GR SA SI CL
00l TOPSOIL: (500mm) — = B
=~ 1 S8 3 o
256.4 ]
0.5 Clayey SILT, some sand, trace
256.1 gravel, occasional rootlets { .
0.8 Soft ] 256
Brown y
T Hi1 2 BN 14 o
SAND and SILT, trace clay, trace [
gravel, occasional oxide lenses i
Compact [ 14
Brown -1 ]
Moist .
(TILL) Ak 3| ss |27 255 o
4
11
. 0 4 S8 18 o
4 254
2
Grey Bris]ss | ut B 117 78 4
Moist ff-
2
1 253
6] ss| 8 252 o
Loose
:. . 251
1. 718 | 1 o] 132 62 5
- ¥ 250
414
94 249
11] 8 | ss | 16
119
248
Wet
s |ss| 19 °
247
Continued Next Page 20
+3 % 3. Numbers refer to 15_¢5
"2 Sensitivity 1> (%) STRAIN AT FAILURE




11/24109

ONTMT4S 0596.GPJ

Ministry of -
Transportation . -
Ontario na
RECORD OF BOREHOLE No QSR2-3 20F2 METRIC
G.W.P__ 2109-05-00 LOCATION N 4 888 877.1 E 309 738.6, Station 10+108, 10m Rt ORIGINATED BY _£S
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.02.28 - 2008.02.28 CHECKED BY AEG
SOIL PROFILE SAMPLES | o W [REEa e FENETRATION _—
& m sioun ~ | REMARKS
E 2 2:) WY HOISTURE wr| £ 5 &
IS ol<3| o 200 40 60 80 100 Lk CONTENT L 50
2l1el w| 9|28 z e L wp w we| 58 | cramnsize
el - s]1925 Q |SHEAR STRENGTH kPa
ELEV. DESCRIPTION (St & 21z2| £ by DISTRIBUTION
DEPTH 2|3 et >13 3 < | O UNCONFINED + FIELD VANE \ Y %)
Ik 2E°| @ e quickTRIAXAL x LABVANE | WATER CONTENT (%)
Continued From Previous Page “ 0 4 60 8 1 0 4% e i3 JGR sA 1 cL
SAND and SILT, trace gravel, trace 9’
clay 113
Compact to Dense -]
Grey -4
Moist 1
(TiLL) 9- 246
TH10] ss | 17 ) 0 42 54 4
it
q4:
e
R 245
¢
+1d
41| ss | a1 o
X 6 3
244.0 T4
12.8 END OF BOREHOLE AT 12.8m.
BOREHOLE OPEN TO 12.8m AND
WATER LEVEL AT 5.7m UPON
COMPLETION.
Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with a 1.52m slotted screen.
WATER LEVEL READINGS:
DATE DEPTH (m) ELEV.
(m)
2008.03.07 2.7 254.1
2008.03.20 11 255.7
2008.04.18 Ground surface 256.8
2008.06.30 0.7 256.1
2008.07.29 0.7 256.1
2008.10.24 0.7 256.1
2008.11.28 0.8 256.0
2009.02.06 0.7 256.1
2009.02.20 0.7 256.1
2009.03.20 0.7 256.1
2009.04.22 0.6 256.2
2009.05.15 0.7 256.1
2009.06.05 1.0 255.8
2009.07.29 0.2 257.0
2009.08.05 0.9 257.7
2009.08.21 0.2 256.6
* (above ground surface)
N 20
+3 x 3. Numbers refer to 15805

Sensitivity

10

(%) STRAIN AT FAILURE




Ministry of
Transportation

Ontario

THMUNSREN

G.W.P_ 2109-05-00

HWY 404

DATUM _Geodetic

RECORD OF BOREHOLE No QSR2-4 10F2

LOCATION N 4 888 899.7 E 309 732.2, Station 10+092, 30m Rt

BOREHOLE TYPE _ Hollow Stem Augers

2008.03.03 - 2008.03.03

METRIC

ORIGINATED BY _ES
COMPILED BY __wwm
CHECKEDBY ___ AEG

10/5/09

ONTMT4S 0596.GPJ

SOIL PROFILE SAMPLES EJ ; gégg%i’\cN%%h:’ELg$NETRATION PLASTIC NATURAL ou - REMARKS
1] MOISTURE - I
= w22 8 0 40 60 80 100 |"™M  cowewr 1] £ &
215 LlzE] z e — we w w| 3¢ | oransize
ELEV Ela| ¥ 2125 @ |SHEARSTRENGTH kPa
DESCRIPTION 12! a 212 b ——— Oy DISTRIBUTION
DEPTH <13 e 512 3 < | O UNCONFINED + FIELD VANE y v )
N Z|EC| @ |e QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
255.5 w 20 40 60 80 100 20 40 60 kN/m3 {GR sA sI cL
00| TOPSOIL: (500mm)
o
8s 5
255.0
0.5 Clayey SILT, trace to some sand, 255
occasional roots, oxide staining
Firm
Brown Z
254.3 88 [ o
12 SAND and SILT, some clay, trace
gravel
Compact 254
Brown
Moist SS 17
(TILL)
ss | 27 253 1 3t 53 15
88 17 i 36 50 13
252
Grey 251
S8 13
250
Ss 18 t 28 55 16
249
248
SS 16
247
SS 18 3 41 43 13
246

Continued Next Page

Numbers refer to
Sensitivity

20
‘5%5 (%) STRAIN AT FAILURE




10/5/09

ONTMT4S 0596.GPJ

Ministry of -
Transportation .

Ontario
RECORD OF BOREHOLE No QSR2-4 20F2 METRIC
G.W.P.__ 2109-05-00 LOCATION N 4 888 899.7 E 309 732.2, Station 10+092, 30m Rt ORIGINATED BY _ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodelic DATE 2008.03.03 - 2008.03.03 CHECKEDBY ___ AEG
SOIL PROFILE SAMPLES | o | w [RENITAGe Fr o VoI RATION
w 2 prasng  NATURAL LiQuID L REMARKS
MOISTURE -
- nl|22| 3 20 40 60 80 100 ™' comews ™| 50 &
=R ¥ wlzgl 2 Ll L wp w we| 38 | cramsize
ELEV Lla| ¥ 2]125| @ |SHEARSTRENGTHkPa s
DESCRIPTION bl 0 I X FR = [ S— DISTRIBUTION
DEPTH HHELRS > 38| < |© UNCONFINED  + FIELD VANE Y %)
=12 Z|EC| @ |® QUCKTRIAXIAL x LABVANE | WATER CONTENT (%)
Continued From Previous Page . 20 40 80 BO 100 20 40 80 kNim3 GR sA s8I cL
SAND and SILT, some clay, trace
gravel
Compact 458
Grey A 245
Wet .
(TILL)
ss | 26 o
244
8t
Ss | 27 243 ] 1 15 66 18
QL]
3kt
A
242
Dense s
112 | ss | 36 )
241.2 4

143 END OF BOREHOLE AT 14.3m.
BOREHOLE OPEN AND WATER
LEVEL AT 1.0m UPON
COMPLETION.

BOREHOLE BACKFILLED WITH
HOLEPLUG TO SURFACE.

3 3. Numbers refer to 20
X sensiiity 1S (%) STRAIN AT FAILURE




10/5/09

ONTMT4S 0596.GPJ

Ministry of
Transportation

a
TS aER

Ontario
RECORD OF BOREHOLE No QSR3-1 10F 2 METRIC
GW.P._ 2109-05-00 LOCATION N 4 888 957.8 E 309 742.3, Station 324786, 65m Rt ORIGINATED BY _ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.03.03 - 2008.03.03 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES @ Y |RESISTANCE PLOT NATURAL = REMARKS
E %) < PLASTIC | TuRe veuwo |
= nlx3g| 8 20 40 60 80 100 '™ comewr M7 S5 &
2| wlze| z N wp w wel 58 | cransize
a W L2123 Q@ |SHEAR STRENGTH kPa
ELEY DESCRIPTION 18] & glzgl & b O—————4 DISTRIBUTION
DEPTH g3 F > (38| £ |0 UNCONFINED  + FIELD VANE ¥ %)
bz Z|Z©C| @ |e QuIcKTRIAXIAL X LABVANE [ WATER CONTENT (%)
255.4 v 20 40 60 80 100 20 40 60 kN/m3 [GR SA SI CL
0.0 TOPSOIL: (500mm) = N
L— —1
~~1]ss| s o
254.9 255
0.5 Clayey SILT, some sand, trace
254.6 gravel, occasional oxide staining
0.8 Stiff to Very Stiff
Brown 3 SS 15 o
SAND and SILT, some clay, trace A; 0
gravel 11 254
Compact to Dense 4
Brown SNk
Moist A 3 sS 20 )
(TiLL) -t
T4 253
4 4] ss | 20 o
g
[ 144
9l 51 ss | 14
W 252 L4
4
1
-1
ki 251
Grey
1
1116 | ss | 16 o 1 30 54 15
W 250
}1
Rl
T117 | ss | 44 249 o
.
k3 248
-
ss | 13 o i34 52 13
j_('?.
BRR 247
4]
g 9 | ss | 22 246 o 0 53 40 7
L
Continued Next Page
+3'x3: Numbers refer to

Sensitivity

20
‘5‘35 (%) STRAIN AT FAILURE




11/24/09

ONTMT4S 0596.GPJ

Ministry of -
Transportation . l
Ontario TreRBER
RECORD OF BOREHOLE No QSR3-1 20F2 METRIC
G.W.P._ 2109-05-00 LOCATION N 4 888 957.8 E 309 742.3, Station 32+786, 65m Rt ORIGINATED BY ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.03.03 - 2008.03.03 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES @ W IRESISTANCE PLOT NATURAL REMARKS
) 4 PLASTIC | e vewo | “J‘: E K
& nlTE1 8 20 40 60 80 100 | comew Wl 5O &
9l [ 1 L 1 L 4 5 WU | GRAINSIZE
21w w Slak z wp w wy 2z
ELEV DESCRIPTION sloal e | 2|{2g| 2 [SHEARSTIRENGTHKPa e Qe DISTRIBUTION
DEPTH 23| 2] 5138| £ [o unconemen  + FiELD VANE . y %)
=1z Z|EO| @ |® QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page w 20 40 60 50 100 20 4 %0 kNm?3 |GR sA si cL
SAND and SILT, some clay, trace 9
gravel T4
Dense 1.4 245
Grey -
Moist Iy
(TiLL) HY:
TH10] ss | a9 o
Wet %
A
Nl 244
2
ok
&t
&5 243
4111 | S8 37 )
9
-1
5 : b
I
T3 242
d:
B2} oss | a2 b 0 26 55 19
241.0 | ]
14.3 END OF BOREHOLE AT 14.3m.
BOREHOLE OPEN TO 13.5m AND
WATER LEVEL AT 2.0m UPON
COMPLETION.
Piezometer installation consists of
19mm diameter schedule 40 PVC pipe
with a 1.62m slotted screen.
WATER LEVEL READINGS:
DATE DEPTH (m) ELEV. (m)
2008.03.07 2.5 2529
2008.03.20 1.5 253.9
2008.04.18 Ground surface 255.4
2008.06.30 0.8 254.6
2008.07.29 0.8 2546
2008.10.24 0.8 254.6
2008.11.28 0.8 254.6
2009.02.06 0.8 254.6
2009.02.20 0.7 254.5
2009.03.20 0.7 254.5
2009.04.22 0.7 2545
2009.05.15 0.7 2545
2009.06.05 1.1 2543
2009.07.28 0.2° 255.6
2009.08.05 0.8* 256.3
2008.09.02 0.9 256.3
2009.09.21 0.4* 2558
* {above ground surface)
3 3. Numbers refer to 2
FUXT sensitivity ’5‘35 (%) STRAIN AT FAILURE




10/5/09

ONTMT4S 0596.GPJ

Ministry of -
Transportation . .

Ontario
RECORD OF BOREHOLE No QSR3-2 10F 2 METRIC
G.W.P,__ 2109-05-00 LOCATION N 4 888 980.1 E 309 763.6, Station 324794, 40m Rt ORIGINATED BY Es
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.02.27 - 2008.02.27 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES E‘ ‘-éi RESISTANCE PLOT ene | MATURAL toun - REMARKS
14 MOISTURE - L
- NETIR 20 40 80 80 100 | e W] 50 &
2e wlzg| z Lo L . . wp w we| 58 | orawsize
ELEV DESCRIPTION Slal & 2|28 ]| 2 |SHEARSTRENGTHKPa o DISTRIBUTION
DEPTH < 2|z >13 F3 < | O UNCONFINED + FIELD VANE y %)
== Z|EC| @ |e QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
2555 u 20 40 60 80 100 20 40 60 kN/m3 JGR SA s1 CL
00l TOPSOIL: (400mm) §§ o
255.2 —~~1 1| SS 4
0.4 Clayey SILT, some sand, trace gravel o
Soft ( AV 255
254.7 Brown /.,
0.8 g
SAND and SILT, some clay, trace "
gravet 12 S§S 8 ]
Loose to Compact : 0 3
Brown ;
Moist
q-
(L) ) 254
f1]13|ss ] 13 el 132 50 17
-1
4l
L
0 4 | sS 13 253 4
2tk
L
Wls | ss | 14 o
1] 252
9
o
-l
Grey <
1 251
R7d
4] 6 | ss | 28 o
41
250
9.
aANE
gt
4] 7 [ ss | 20 o 2 37 50 11
: 249
1%
¢ 248
Very Loose SS o °
wet
247
Moist
Dense 7
u
49 9 | ss | 36 o
246

Contlinued Next Page >0
+3 3. Numbers referto 15¢5
' Sensitivity o (%) STRAIN AT FAILURE




10/5/09

ONTMT4S 0596.GPJ

Ministry of .-
Transportation .

Ontario
RECORD OF BOREHOLE No QSR3-2 20F2 METRIC
G.W.P.__ 21090500 LOCATION N 4 888 980.1 £ 309 763.6, Station 32+794, 40m Rt ORIGINATED BY £8
HWY 404 BOREHOLE TYPE _ Holiow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.02.27 - 2008.02.27 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SO PROFILE SAMPLES 5 ¥ RESISTANCE PLOT pasne  MATURAL = REMARKS
@? MOISTURE X
b nl23| 93 20 40 60 80 100 | Gy we| £ &
alel o | 4128 z e 1 wp w w| 3% | cramnsize
ELEY DESCRIPTION ol BB Z|2g| 2 |SHEARSTRENGTHkPa . DISTRIBUTION
DEFTH 213 & >13 3 < | O UNCONFINED + FIELD VANE ¥ %)
1% ZIEC| @ |® qQuCKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page Y 20 40 & 80 100 » 49 & kNm3 |GR sA 81 cL
SAND and SILT, some gravel, some LEE
clay T
Dense NS
Grey 1 245
Moist T 14 58 28
(TiLL) (Si+CL)
layer of silty sand {600mm) ) 40 o
get
1 244
R
B
Q-
111 ] ss | 2 i 1 31 53 15
Compact N 243
242.7 RS
12.8 END OF BOREHOLE AT 12.8m.
BOREHOLE OPEN AND WATER
LEVEL AT 0.6m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
HOLEPLUG TO SURFACE.
20
+ 3 x 3. Numbers refer to ,5¢5

Sensitivity 10 (%) STRAIN AT FAILURE



10/5/09

ONTMT4S 0596.GPJ

Ministry of -
Transportation .
On!an.o TR
RECORD OF BOREHOLE No QSR3-3 10F2 METRIC
G.W.P.__ 2109-05-00 LOCATION N 4 888 988.6 £ 309 787.5, Station 32+800, 15m Rt ORIGINATED BY &S
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.02.26 - 2008.02.26 CHECKED BY AEG
SOIL PROFILE SAMPLES | o w o |RENC GO PENETRATION
we,l < { pusnc  NMTURAL 00 = REMARKS
= O LT MOISTURE war| = % &
5 ol<3| o 20 40 80 100 ConTenT 50
2l & YizE| = L . L L 1 wp w wi | 28 | eraNSIZE
ol ¥ 21258 Q@ |SHEAR STRENGTH kPa
ELEY DESCRIPTION =l s & <=2 o b Qpmseroreed DISTRIBUTION
DEPTH HEIRS > |3 8| £ |O UNCONFINED  + FIELD VANE y %)
=12 z|EC| @ |® QUckTRIAXAL x LABvVANE | WATER CONTENT (%)
255.8 v 20 40 60 80 100 20 40 60 kN/m3 |GR SA 81 CL
25(5’-2 TOPSOIL: (300mm) = °
- ura Ss 4
03 Clayey SILT, some sand, trace A °
gravel, occasional roots
Firm to SUff 1
Brown
255
H 2 ss 7 [
Iq
254.4
14 SAND and SILT, some clay
Compact .
Brown 4
. 3 8s 22 o
Moist RN 254
(TiLL) [
Wia4jss | o g
253
Wet 5 | ss | 50/ o
Very Dense :@; 150
gt 252
Clayey |g|
Compact +i
6 14 - 93]
Grey 8s 251 \ 120 5 23
\
-1
T 250 N
.
7 8S 20 o
A%e
AN 249
-4
gt
q4:
g 8 | ss | 26 248 b 0 19 61 20
b
0 247
Very Loose 9 ss 1
9] 246
Continued Next Page 20
+3 %3, Numbers refer to 15$5

Sensitivily 10

(%) STRAIN AT FAILURE



11/24/09

ONTMT4S 0596.GPJ

Ministry of
Transportation

Ontario
RECORD OF BOREHOLE No QSR3-3 20F2 METRIC
G.W.P__ 2109-05-00 LOCATION N 4 888 888.6 E 309 787.5, Station 32+800, 15m Rt ORIGINATED BY ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY __wM
DATUM _Geodetic DATE 2008.02.26 - 2008.02.26 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES % ” ; RESISTANCE PLOT rasnc . woun 'i REMARKS
MOISTURE —
= o |2E| 8 20 40 60 80 100 | wew T 25 &
=] L12E| = e wp w we| 54 | oransize
alag| ¥ 21258 2 |SHEARSTRENGTH kPa
ELEV DESCRIPTION 2] &) 2iz2| 2 ——— DISTRIBUTION
DEPTH 313| ¢ 51358 £ |o UNCONFINED + FIELD VANE . ¥ %)
£l = Z|E©O| @ |® QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page w 20 40 60 80 100 20 40 60 wm3 |GR sA st CL
SAND and SILT, trace to some clay, Qi
trace gravel 14
Dense AN
Grey -8
Moist 11 0 62 38
(TILL) 4 (st+cL)
Layer of sitty sand (600mm) T 10! ss | 40 245 r
B
bl
43
ik 244
+14
1] 11 ss 34 <]
q:}] 243
;] i
o
4:1]
: : E
R 242
: 4] <] 1 39 49 11
2415 |
14.3 END OF BOREHOLE AT 14.3m.
BOREHOLE OPEN AND WATER
LEVEL AT 0.9m UPON
COMPLETION.
Piezometer installation consists of
19mm diameter schedule 40 PVC pipe
with a 1.52m slotted screen.
WATER LEVEL READINGS:
DATE DEPTH (m) ELEV. (m)
2008.02.28 3.2 2526
2008.03.07 2.9 2529
2008.03.20 0.3 255.5
2008.04.18 Ground surface 255.8
2008.06.30 0.9 254.9
2008.07.29 0.5 255.3
2008.10.24 1.3 2645
2008.11.28 1.4 254.4
2009.02.06 1.2 254.6
2009.02.20 1.2 254.6
2009.03.20 1.1 254.7
2009.04.22 1.0 254.8
2009.05.15 11 254.7
2009.06.05 1.6 254.2
2009.07.28 0.4* 256.2
2009.08.05 0.9° 256.7
2009.09.02 0.8* 256.6
2009.09.21 0.6* 256.4
* {(above ground surface)
3 3. Numbers refer to 2
+ " Sensitivity ‘5‘35 (%) STRAIN AT FAILURE



10/5/09

ONTMT4S 0596.GPJ

Ministry of
Transportation

H

Ontario
RECORD OF BOREHOLE No QSR3-4 10F 2 METRIC
G.W.P.__ 2109-05-00 LOCATION N 4888 993.1 £ 309 812.0, Station 32+808, 10m Rt ORIGINATED BY _ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.02.26 - 2008.02.26 CHECKED BY AEG
DYNAMIC CONE PENE TRATION
SOIL PROFILE SAMPLES | o 4 |RESISTANGE PLOT e wen ool | Remanks
@ MOISTURE ~ I
= w|2E] 9 20 40 6 80 100 | comm M| EG &
2ls WizEl z L wp w we| S¢ | oramsize
ELEV ol - & 2125| 2 |SHEARSTRENGTHKPa .o DISTRIBUTION
BEPTH DESCRIPTION 23| #| 5]|33]| £ |o unconrined  + FiELD VANE Y %)
sz Z&C] @ |e Quick TRIAXIAL X LABVANE | WATER CONTENT (%)
255.7 w 20 40 60 80 100 20 40 60 kNim3 |GR SA si cL
00| TOPSOIL: (300mm) — =
— 1
2553 4 11 ss | 4 )
0.3 Clayey SILT, trace gravel, occasional MU
rools
254.9 Firm lo Stiff H E 255
0.8 Brown '; ”
SAND and SILT, some clay, trace 114 2 sS 9 o
gravel Al
Loose to Compact B/ !
Brown
Moist q
(TILL) 1l 254
s lss| 2 o
.0 Z
q.
.14
] 4| ss | 1 o
0 253
4
.14
Cobbles at 3.20 to 3.25m ] s ss 14 o
3 252
44
.
c.v
Grey . "
. 251
F3
441 6 | ss | 13 o
Q4
|14
1
250
g
14
Clayey RR
Wet 2
{7 ]ss| 4 3 24 51 22
1 249
W
g}
: RG
.a~
[ I 248
941 8 | sS | 12 o
14
O
4
4 247
40:
49| ss | 12 o
% 246
Continued Next Page 20
+3 x 3. Numbers refer to 15¢5

Sensitivity 0 (%) STRAIN AT FAILURE




10/5/09

ONTMT4S 0596.GPJ

Ministry of
Transportation

A
T an

Ontario
RECORD OF BOREHOLE No QSR3-4 20F2 METRIC
G.W.P,__ 2108-05-00 LOCATION N 4 888 9931 E 309 812.0, Station 32+808, 10m Rt ORIGINATED BY ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.02.26 - 2008.02.26 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES « E RESISTANCE PLOT NATURAL REMARKS
] z { PLASTIC LiouIo =
=2 Q Ut MOISTURE war] £ 5 &
= wl<8| & 20 40 60 80 100 CONTENT z0
Q i u 2El z 1 N f f 3 we w w | 3 tél GRAIN SIZE
ELEV Tle|l ¥ | 2198| 2 [SHEARSTRENGTHKPa A OISTRIBUTION
DEPTH DESCRIPTION 23| % | 5|38| £ |o unconrmneo  + FIELDVANE y %)
=12 Z{EC] @ |e QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 60 WN/m3 JGR SA SI CL
SAND and SILT, some clay, trace g I
gravel 114
Compact to Very Dense 1t
Grey ,0.
Wet 1 245
(TILL) gt
: 4101} ss 18 o
¢o:
q.
48 244
A%
4.
11
:o‘ 1] 8s | 42 o 2 21 58 19
I 243
9
4
B7 A
q° .
€ 242
W2 ] ss | 59 °
241.3 4
14.3 END OF BOREHOLE AT 14.3m.
BOREHOLE OPEN AND WATER
LEVEL AT 2.0m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
HOLEPLUG TO 0.6m THEN AUGER
CUTTINGS TO SURFACE.
+ 3‘ x 3. Numbers refer to

Sensitivity

20
‘5“%5 (%) STRAIN AT FAILURE



10/5/09

ONTMT4S 0596.GPJ

Ministry of -
Transportation . l
Ontario -
RECORD OF BOREHOLE No QSR3-5 10F 2 METRIC
G.W.P.__ 2109-05-00 LOCATION N 4 889 014.4 £ 309 833.5. Station 32+815, 35m Lt ORIGINATED BY ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY wM
DATUM _Geodetic DATE 2008.02.25 - 2008.02.25 CHECKEDBY ___ AEG
DYNAMIC CONE PENETRATION
SOt PROFILE SAMPLES x W IRESISTANCE PLOT NATURAL - REMARKS
Hol S PLASRC  yioisTURE vl = =
£ onlz3l @ 20 40 60 80 100 |'™T  coumewr z0 &
2lel o | 9128 2 v . L 4 L wp w we| 28 | oramsize
ELEV DESCRIP Blao| ¢ Z 25| 2 |SHEARSTRENGTHKPa U G——— DISTRIBUTION
DEPTH TION S|3| £ | 5|33 £ |o unconrned  + FiELD vaNE y %)
=1z Z{EC| @ |e QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
2550 v 20 40 60 80 100 20 40 60 kNim 3 [GR SA st CL
00 TOPSOIL: (500mm) =] " 255
= 1| ss | 2 9]
254.6 —
05 Clayey SILT, trace gravel, occasional 1% o
oxide staining
Soft to Stiff Y
2 o
Brown 14 9
253.8 2] ss 254 -
1.2 SAND and SILT, some clay to clayey, 91!
trace gravet 114
Compact to Dense 4L
Brown R
Moist g} 3 SS 31 °
TILL d
(i) J+ 253
_C
‘0~
114 ] ss | 1 -2 2 25 53 20
q.
b 252
dH 5| ss | 18 o
1
87
4 251
4
87\
bR
el ss| 19
114
. 250
it
41,
1la
1
249
4]
1471 ss] 16 B 2 26 54 18
g3
41
T4 248
%
Grey I
Wet q.
i 14
A8 ss| q
1 247
4.
14
o
4
11 246
RN
Plo|ss| s tel
Very Stif 4 0 28 52 20
1
14
Conlinued Next Page
+3 %3 Numbers refer to

Sensitivity

20
15%5 (%) STRAIN AT FAILURE




11/24/09

ONTMT4S 0596.GPJ

Ministry of -
Transportation . l
On{am THLMDERN
RECORD OF BOREHOLE No QSR3-5 20F 2 METRIC
G.W.P._ 2109-05-00 LOCATION N 4 889 014.4 E 309 833.5, Station 324815, 35m Ut ORIGINATED BY ES
HWY __ 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILEDBY _wm
DATUM _Geodetic DATE 2008.02.25 - 2008.02.25 CHECKED BY ___ AEG
SOIL PROFILE SAMPLES |, | w |RESY e 5 CIRATION . REMARKS
W o < PLASTIC L e vave | =
e nl|22] 9 20 40 60 8 100 ™ comwr M| 5O &
=] 2l1ze| 2 e wp v w| 58 | oransize
alg| w| 2195] @ |SHEARSTRENGTHkPa
ELEY. DESCRIPTION ]2 | 2]z = - S——— DISTRIBUTION
DEPTH s|13| ¢ 5138 < |o unconrmep  + FiELDVANE . y %)
=% Z|EC| @ | QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page 4 20 40 60 8O 100 20 40 80 kwim3 JGR SA sI cL
SAND and SILT, trace gravel 9] 245
Grey 114
Moist 4%
(TILL) 9
41
1] o] ss | 100 °
243.9 i 50 244
111

END OF BOREHOLE AT 11.1m.
BOREHOLE OPEN AND WATER
LEVEL AT 0.8m UPON
COMPLETION.

Piezometer installation consists of
19mm diameter schdule 40 PVC pipe
with a 1.52m slotted screen.

WATER LEVEL READINGS:

DATE DEPTH {m) ELEV. (m)
2008.02.28 3.0 252.0
2008.03.07 25 252.5
2008.03.20 0.9 254.1
2008.04.18 Ground surface  255.0
2008.06.30 1.2 253.8
2008.07.29 1.2 253.8
2008.10.24 1.8 253.2
2008.11.28 1.8 253.2
2009.02.06 1.7 253.3
2009.02.20 1.6 253.4
2009.03.20 1.4 253.6
2009.04.22 1.2 253.8
2009.05.15 1.3 253.7
2009.06.05 1.8 253.2
2009.07.29 0.3 256.3
2009.08.05 0.9° 255.9
2009.09.02 1.0* 258.0
2009.09.21 0.7* 255.7

* (above ground surface)

+3 x3:

Numbers refer to
Sensitivity

20
’5‘1%5 (%) STRAIN AT FAILURE




10/5/09

ONTMT4S 0596.GPJ

Sensitivity

20
‘5%5 (%) STRAIN AT FAILURE

Ministry of -
Transportation . .
Ontario
RECORD OF BOREHOLE No QSR4-1 10F 2 METRIC
G.W.P.__ 2108-05-00 LOCATION N 4 889 148.9 E 309 855.8, Station 10+088, 50m Lt ORIGINATED BY _ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.03.07 - 2008.03.07 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES «© 5 RESISTANCE PLOT NATURAL . REMARKS
Lol & el ]
5 o l|<8| @ 20 40 60 80 100 | conremr 0 &
a % w g z E z : : . 1 . wp w wp 2 g GRAIN SIZE
ELEV DESCRIPTION ﬁ o| a g % a g SHEAR STRENGTH kPa [ DISTRIBUTION
DEPTH S X I > 135 | £ |O UNCONFINED  + FIELD VANE Y (%)
ElZ Z|EC| & |e QUCKTRIAXAL x LABVANE | WATER CONTENT (%)
2537 w 20 40 60 80 100 20 40 60 xim3 {GR SA 81 cL
0.0 Silty CLAY, trace sand, trace gravel,
tr_ace organics and topsoil 1 ss 4 °
Firm
Dark Brown
(FILL)
253
2 SS 5 S.Z [
252.2
1.5 SAND and SILT, some clay to g% ;
claye.y, {race gravel, occasional oxide H 3 ss 8 252
staining A%y
Loose to Dense A
Brown ]
Moist g
{TILL) -t
] 4 | ss | 18 P 125 54 20
4 251
bl
i
1 [}
0 5 S8 42
b 250
"
B
Grey T
Ble6 | ss | 34 249 o
9]
3kP
371
41" 248
..- :é
Y
117 | ss | 25 [} 140 44 15
Lot
11 247
Qg
gt
11
B o
Wet 1]
R 246
[q{] 8 | ss | 24 o
245
Very Dense
Moist
9 8§ 73 ]
244
Continued Next Page
+3 %3, Numbers refer to




10/5/09

ONTMT4S 0596.GPJ

Ministry of )
Transportation . l
Onlario

RECORD OF BOREHOLE No QSR4-1 20F2 METRIC
G.W.P.__ 2109-05-00 LOCATION N 4 889 148.9 E 309 855.8, Station 10+088, 50m Lt ORIGINATED BY _ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY wM
DATUM _Geodetic DATE 2008.03.07 - 2008.03.07 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES z w ; RESISTANCE PLOT sasnc | MATURRL - REMARKS
MOISTURE - I
E olsgl 8 20 40 60 80 100 |  comw 7| 55 &
= I I B - e —— : : wp w wi| 28 | eramnsize
ELEV DESCRIPTION Tla) ¥ 2|28] & [SHEARSTRENGTHKPa A G DISTRIBUTION
DEPTH |13 F >138| £ |© UNCONFINED  + FIELDVANE . y %)
=12 z €O| @ | QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page w 20 4 60 80 100 20 40 80 kvim 3 GR SA I L
SAND and SILT, some clay, trace
gravel
Very Dense ARy
Grey A
Moist :
(TiLL) 243
ss | 100/ o 122 60 17
.150
A
242
Pl
g4
14
4411 ] ss | 82 o
240.9 ﬂ
12.8 END OF BOREHOLE AT 12.8m.
BOREHOLE OPEN TO 12.8m AND
WATER LEVEL AT 1.1m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
HOLE PLUG TO SURFACE.
+3 x 3. Numbers refer to

Sensitivity

20
’5%5 (%) STRAIN AT FAILURE




10/5/09

ONTMT4S 0596.GPJ

Ministry of
Transportation

A
aRBEN

Ontario
RECORD OF BOREHOLE No QSR4-2 10F 2 METRIC
G.W.P._ 2109-05-00 LOCATION N 4 889 123.9 E 309 859.4, Station 10+084, 25m Lt ORIGINATED BY ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.03.07 - 2008.03.07 CHECKED BY AEG
SOIL PROFILE SAMPLES | o w [RYNAMIC CONE PENETRATION
=3 NATURAL - REMARKS
&g 5 PLASTIC  yoisTuRe vauo § T
= ol|<3] @ 20 40 60 80 100 | comwr M| 5O &
.OJ % % 3 = z 1 1 1 1 t wp w wi = g GRAIN SIZE
K [ 218281 2 |SHEAR STRENGTH kPa
ELEV DESCRIPTION |2l et 2]z8] E U S DISTRIBUTION
DEPTH AEENS >1338] < |Oo UNCONFINED  + FIELD VANE . ¥ %)
=2 Z|E©9| @ |e QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
254.9 '“-' 20 40 60 80 100 20 40 60 kN/m3 |GR SA si CL
0.0 Sitty CLAY, trace sand, trace gravel, -
some topsoil, occasional rootlels 1 ss 6 °
Firm
254.2 Dark Brown
0.6 (FiLL) 311
SAND and SILT, some clay, trace T 254
gravel, occasional oxide staining ANY 2 33 9 o
Loose to Compact -
Brown 2h
Moist af;
(TILL) T
0] 3! ss| 20 o
- 253
Dense to Compact A 41 ss | s0 4 129 52 18
4
T 252
5 [}
1415 | ss | 25
411
Grey 4 °
Wet REE
R4 251
41] 6 | ss | 26 250 Q
114
-
:5 4]
114
it 249
141
::‘7 Ss 31 o 1 26 56 17
B
153 248
CEE
114
pt
194
119 8 | ss | 27 247 o
3 o g
9.
114
Moist 0 246
ot
1
0 ] S8 42 o 2 35 52 11
4
B 245
Continued Next P:
onfinued Rext Page +3 %3, Numbers refer to 1535

Sensitivity 10

(%) STRAIN AT FAILURE




11/24/09

ONTMT4S 0596.GPJ

_I\rAinistry of ’ .-.
ransportation
Ontario
RECORD OF BOREHOLE No QSR4-2 20F2 METRIC
G.W.P.__ 2108-05-00 LOCATION N 4 889 123.9 E 309 859.4, Station 10+084, 25m L ORIGINATED BY &S
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.03.07 - 2008.03.07 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES « W IRESISTANCE PLOT Z\ - - REMARKS
Egl 2 e ool g | R
= o |<8] @ 20 40 60 80 100 bl CONTENT 3 O
2lg ERES-2 I e ea— wp w we| 58| oramsize
ELEV DESCRIPTION S1a # 2|25 2 [SHEARSTRENGTHkPa . DISTRIBUTION
DEPTH k g z| z 5138 £ |o unconrnep  + FiELDVANE ] y )
=1% Z|EC] @ e QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page « 20 40 60 80 100 20 40 oo km3 |GR sA 81 cL
SAND and SILT, some clay, trace 9,
gravel T
Dense to Very Dense A%
Grey 3K
Moist )
(TILL) 4
10| ss | s0 244 S
243.6 8%
11.3

END OF BOREHOLE AT 11.3m.
Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with a 1.52m slotted screen.

WATER LEVEL READINGS:

DATE DEPTH(m)  ELEV.
{m)

2008.03.20 33 251.6
2008.04.18 2.5 252.4
2008.06.30 1.0 253.9
2008.07.29 08 254.1
2008.10.24 0.9 254.0
2008.11.28 1.0 253.9
2009.02.06 0.9 254.0
2009.02.20 0.9 254.0
2008.03.20 08 254.1
2009.04.22 0.8 254.1
2009.05.15 0.9 254.0
2009.06.05 1.3 253.6
2008.07.28  0.1° 255.0
2009.08.05  1.0* 255.9
2009.08.02 0.5 255.4
2009.09.21 03 254.6

* (above ground surface)

3

+7.X

3.

Numbers refer to
Sensitivity

20
15*1%5 (%) STRAIN AT FAILURE



10/5/09

ONTMT4S 0596.GPJ

Ministry of
Transportation

Ontario TrsunmEn
RECORD OF BOREHOLE No QSR4-3 10F 2 METRIC
G.W.P___ 2109-05-00 LOCATION N 4 889 098.8 E 308 863.0, Station 10+080, centreline CRIGINATED BY _ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.03.17 - 2008.03.17 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOlL PROFILE SAMPLES © W IRESISTANCE pLoT& ene | MATURAL oo - REMARKS
W 5 MOISTURE ] £ &
IS wnl|l<35| o 20 40 60 80 100 UMT o conrenr Z0
olg 12g| z T r— . 4 wp w wo| 28 | Gransize
ELEV DESCRIPTIO Slal & 2]258| 2 [SHEARSTRENGTHKPa AT DISTRIBUTION
DEPTH ION S13| 5| 5|33| = |o unconemneD  + FiELOVANE y )
=12 ZlEC| @ |e QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
257.2 w 20 40 60 80 100 26 40 60 kNim3 JGR SA s8I CL
0.0 ASPHALT: (150mm)
0.2 257
Gravelly SAND
Dense 1 Ss 46 4
Dark Brown
Dry
{FILL)
2981 2 Ss 19 o
1.1 Sandy SILT, some clay, trace gravel 256
Very Loose to Compact
Brown Ava
Wet -
2553 (FILL) 32 ss |2 °
1.8 Sity CLAY, some sand, trace gravel. a | ss b
some organics and topsoil
Soft to Firm 255
Brown
{FILL)
4 S8 4 [o]
occasional wood fibres 254
5 88 6 o
253.0
4.1 SAND and SILT, some clay to clayey, 28 253
trace gravel, occasional oxide staining [Tz
Compact ARS
Grey ]
Moist 1
(TILL) 4] 6 | SS 11 e 123 55 21
252
gas
8
it 251
Q.
4] 7 SS 19 <]
4
T 250
Very Dense
8 Ss 74 [~} 7 48 35 10
249
NE 248
0 9 SS 84 o
3.
Continued Next Page
+3 x 3. Numbers refer to

Sensitivity

20
’5%5 (%) STRAIN AT FAILURE




10/5/09

ONTMT4S 0596.GPJ

Ministry of
Transporiation

M
TR

Ontario
RECORD OF BOREHOLE No QSR4-3 20F2 METRIC
G.W.P._ 2109-05-00 LOCATION N 4 889 098.8 E 309 863.0, Station 10+080, centreline ORIGINATED BY _Es
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY wMm
DATUM _Geodetic DATE 2008.03.17 - 2008.03.17 CHECKED BY ___ AEG
SOIL PROFILE SAMPLES | o w [RENIC GONE FENETRATION - REMARKS
(TN -4 PLASTIC | cTuRE uoup | E
k= nl22| 9 20 4 60 80 100 | comw 7| EB &
Sig Azl z Ll L L wp w we| 34 | craNsizE
Eif| wi 3125 & [SHEARSTRENGTHKPa
ELEV DESCRIPTION 12 & 2128] E ——e Ot DISTRIBUTION
DEPTH I = >1i3 3 < o unconFiNeD + FIELD VANE v %)
ez Z1ZO| © [ QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page w 20 40 60 80 100 20 40 60 kN/m3 |GR sA 1 CL
SAND and SILT, some clay, trace c ¥ 247
gravel i
Dense L
Grey 0
(TiLL) gt
[T SS | 38 # 133 48 18
245.9 4% 246
1.3 END OF BOREHOLE AT 11.3m.
BOREHOLE OPEN TO 6.7m AND
WATER LEVEL AT 1.5m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
HOLEPLUG TO 0.2m THEN
ASPHALT/ COLD PATCH TO
SURFACE.
+3 %3 Numbers refer to

Sensitivity

20
‘5%’5 (%) STRAIN AT FAILURE




10/5/09

ONTMT4S 0596.GPJ

Ministry of .
Transportation . .
Ontario T emman
RECORD OF BOREHOLE No QSR4-4 10F 2 METRIC
G.W.P._ 2109-05-00 LOCATION N 4 889 074.3 £ 309 868.5, Station 10+078, 25m Rt ORIGINATED BY ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.02.25 - 2008.02.25 CHECKED BY AEG
SOIL PROFILE SAMPLES | o w o [RERC Se FENETRATION
w o, z pastic  NATURAL LIQUID E REMARKS
MOISTURE
- nl22| 8 20 40 60 80 100 |"  Cowew | EB &
9 glzEl 2 1 L Ll : we w we| O T | craNsize
EV S el # g12a] 2 |SHEARSTRENGTH kPa
EL DESCRIPTION -] S] & 2{zg| & 4 DISTRIBUTION
DEPTH IR S 1338| £ |0 UNCONFINED  + FIELD VANE " %)
=1z Z|ZO| @ |e QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
255.4 V—“ 20 40 60 80 100 20 40 60 w/m3 |GrR sA 81 CL
0.0 Silty CLAY, mixed with topsail, trace -
sand, occasional rootfets 5 ss 5 °
Very soft to firm
Brown 255
Moist
{FILL)
2 8§ 4 [+]
254
occasional wood fibres
3 8S 4 o]
253.3
21 SAND and SILT, some clay, trace g4 ;
gravel T4
Compact to Dense ARy 263
Grey ] 4| ss | 32 o
Moist |
(TILL) RER
‘o
15| ss | 15 ted 0 32 50 18
gk 252
9
i
4
T 251
Bl
. 6 S8 18 o
]
R
1 250
-
I 7 Ss 37 o
NEP 249
R4t
. 248
ild 8 | ss | 26 B 0 23 56 21
A
247
[11] ¢ | ss | 14 246 o
4

Continued Next Page

Numbers refer to

+3 %3 Ders
Sensitivity

20
‘5%5 (%) STRAIN AT FAILURE




10/5/09

ONTMT4S 0596.GPJ

Ministry of -
ry O
Transportation . l
Ontario TR TR
RECORD OF BOREHOLE No QSR4-4 20F2 METRIC
G.W.P._ 2109-05-00 LOCATION N 4 889 074.3 E 309 868.5, Station 10+078, 25m Rt ORIGINATED BY ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.02.25 - 2008.02.25 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x W IRESISTANCE PLOT NATURAL REMARKS
W < PLASIC |\ ToRE vauo | =
= al52] 8 20 40 60 80 100 ™ comm | 505 &
9 @ w E=N ! 1 1 1 1 wp w w | 5 ¥ GRAIN SIZE
ELEV DESCRIPTION Blal @ 28] & [SHEARSTRENGTHkPa —_— o DISTRIBUTION
BEPTH s 2 > |33] < |O UNCONFINED  + FIELD VANE ¥ %)
ElZ Z{EC| @ |e QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 60 kNm3 {GR 8A 81 L
SAND and SILT, some clay, lrace Q%
gravel T4
Compact NS
Grey B4R 245
Moist ik
(TiLL) L E
ss | 27 - 2 31 49 18
244.2 4%
1.3 END OF BOREHOLE AT 11.3m.
BOREHOLE OPEN TO 10.7m AND
WATER LEVEL AT 0.8m UPON
COMPLETION.
Piezometer installation consists of
19mm diameter schedule 40 PVC pipe
with a 1.52m slotted screen.
WATER LEVEL READINGS:
DATE DEPTH (m) ELEV. (m)
2008.02.28 34 252.0
2008.03.07 3.0 252.4
2008.03.20 0.6 254.8
2008.04.18 Ground surface  255.4
2008.06.30 1.0 254.4
2008.07.10 0.8 254.6
2008.07.29 Ground surface 255.4
2008.08.05 0.8* 256.2
2008.09.02 0.9* 256.3
2008.09.21 0.8* 256.2
* (above ground surface)
20
+3 %3, Numbers refer to 15_¢‘5

Sensitivity 10

(%) STRAIN AT FAILURE




10/5/09

ONTMT4S 0586.GPJ

Sensitivity 15%5 (%) STRAIN AT FAILURE

Ministry of -
Transportation . l
Ontario e——
RECORD OF BOREHOLE No QSR4-5 10F 2 METRIC
G.W.P.__ 2108-05-00 LOCATION N 4 889 049.6 E 309 873.1, Station 10+075, 50m Rt ORIGINATED BY ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.02.25 - 2008.02.25 CHECKED BY AEG
SOIL PROFILE SAMPLES | o w |RYRAMIC CONE PENETRATION — REMARKS
w < PLASTIC e uvouo | ’:E
5 nl22] 9 20 40 60 80 100 |'MT  comme M| 50 &
2% w | Yl12E] 2 Y —— we w we| 29 | oransize
ELEV ol g il =] O [SHEAR STRENGTH kPa
L DESCRIPTION (21 ¢ | 2128 & Sy S DISTRIBUTION
DEPTH (3 [ >13 3 < | O UNCONFINED + FIELD VANE ¥ %)
=l = Z|EC| @ |e QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
255.4 w 20 40 60 80 100 20 40 60 kN/m 3 GR SA St CL
0.0 Clayey SILT, mixed with topsoil, trace
sand, occasional rootlets
N d
Soft to Stiff 1 S8 2
254.8 Brown 255
0.6 (FILL) \va
Sandy SILT, some clay -
Loose to Compact 2 ss 4 °
Brown
Moist
{FILL) 254
3| ss 8 °
253.0
24 SAND and SILT, some clay to clayey, 1941 4 | ss | 20 253 o
trace gravel, occasional oxide staining 144
Compact A% o
Grey 345
(TILL) '
434 5 | ss | - 0 20 58 22
1 252
4.
4
1
B
. 251
41
11
116 [ ss | 12 i 2 18 44 36
Pl
q-}
14 250
-
Wl 7 Ss 17 o
‘Qf 249
g1
1 248
e | ss | 1a o
247
x%3
IHolss| s 246 b 2 31 49 18
BEL
Continued Next Page 20
33 X 3. Numbers refer to




10/5/09

ONTMT4S 0596.GPJ

Ministry of -
Transportation . l
Ontario fuuoypiupnt
RECORD OF BOREHOLE No QSR4-5 20F2 METRIC
G.W.P.__ 2109-05-00 LOCATION N 4 889 049.6 E 309 873.1, Station 10+075, 50m Rt ORIGINATED BY ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.02.25 - 2008.02.25 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES « W IRESISTANCE PLOT = pusnc  NATURAL o [ REMARKS
=N B MOISTURE = T
= wl<E| 8 20 40 60 80 100 LT conenr MM 5 0O &
=h b Wlzg| z TR Ty rr——— we w we| 58 | cransize
a w a5 O |SHEAR STRENGTH kPa
ELEY DESCRIPTION = °§° ¢ é z9 i — DISTRIBUTION
DEPTH AE b 5138 < | O UNCONFINED + FIELD VANE ¥ %)
£l Z|EC| © |e QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page « 20 40 60 80 100 20 40 80 svm3 |GR SA sI cL
SAND and SILT, some clay, trace
gravet
Very Dense
Grey 245
244.7 ";’_055‘ 0S5 1T o
ILL
10.7 (TiL) 075
END OF BOREHOLE AT 10.7m.
BOREHOLE OPEN AND WATER
LEVEL AT 0.8m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
HOLEPLUG TO 1.2m THEN AUGER
CUTTINGS TO SURFACE.
+3 x 3, Numbers referto

Sensitivity

20
15'?6'5 (%) STRAIN AT FAILURE




Culverts
Highway 404 Extension from Green Lane to Queensville Sideroad

Appendix B
Laboratory Test Results

(south of Queensville Sideroad)

Culverts 1 to 4

Boreholes QSR1-1 to QSR1-3, QSR2-1 to QSR2-4, QSR3-1 to QSR3-5
and QSR4-1 to QSR4-5

THURBER



GRAIN SIZE DISTRIBUTION - THURBER 0596.GPJ 10/5/09

Hwy 404 Extension

GRAIN SIZE DISTRIBUTION

FIGURE B1

SAND & SILT TILL

U.8.8. Sieve size, meshesfinch

200 1?0 GPSIO 4‘0 30

16 108 4 3 3B 341t L 37411476
) .! Lok H Jd

Size of openings, inches

100 ot -
B ==
=¥
90 /
80 /
1
40 V%
70
=z
Z /
E 60 d
o
]
Z 50
= g
i
&J 40
ui
a
30
20
10
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE l MEDIUM |  COARSE FINE COARSE [ oo o
FINE GRAINED SAND GRAVEL SiZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® QSR1-1 2.59 254.33
b 4 QSR1-1 9.45 247.47
A QSR 1-1 12.50 244 42
* QSR1-2 3.35 253.69
® QSR1-2 7.92 249.12
e QSR1-2 10.97 246.07
W.Pp# .2108-05-00.... ... . l

Prepared By . AN...
Checked By .RPR

................... THUMRBER




GRAIN SIZE DISTRIBUTION - THURBER 0596.GPJ 10/5/09

Hwy 404 Extension
GRAIN SIZE DISTRIBUTION

FIGURE B2

SAND & SILT TILL

U.8.5. Sieve size, meshesfinch

Size of openings, inches

200 100 6050 40 30 16 108 4 3 B e 1t s 3°41/4" 6"
100 5 i L 1 ‘_,. L 3 i 1 m 1 k3
G
) ; e,
A
80 /) -
70 / ]
p-d
<
- valV
o
w
2 50
- 7
P4
i /
g 40 ﬁ
a.
30 %
. A
* NS W
A
10
0
0.0001 0.001 0.01 0.1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE lMEDIUM I COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SIZe
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® QSR1-2 12.50 244 .54
x QSR1-3 3.35 253.26
A QSR1-3 7.92 248.69
* QSR1-3 10.82 24579
® QSR2-1 1.83 254.37

Prepared By AN............... ... .
CheckedBy RPR................ .

THURBER




GRAIN SIZE DISTRIBUTION - THURBER 0596.GPJ 10/5/08

Hwy 404 Extension

FIGURE B3
GRAIN SIZE DISTRIBUTION
SAND & SILT TILL
U.8.S. Sieve size, meshesfinch Size of openings, inches
200 100 6050 40 30 16 108 4 3 B2 a4ttt op 3“ 414" 6"
100 ] L 1 ’g i 1.1 1. i i L i i
= ;F/!
90 H g%én
1% V%
/|
70
- 4
<
E 60 1/
[
w
z
r 50
|-
pd
w
g-:) 40
[
o
30
20 F
10 X
o} ol
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE |MEDIUMI COARSE FINE COARSE | oo
FINE GRAINED SAND GRAVEL SiZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
L QSR2-1 4.88 251.32
x QSR2-1 9.45 246.75
A QSR2-2 3.35 253.01
* QSR2-2 7.92 248.44
® QSR2-2 10.97 245.39
o] QSR2-3 3.35 253.48
W.P# .2109:-05-00.........
Prepared By AN.................... THURBER

Checked By RPR..................




Hwy 404 Extension

GRAIN SIZE DISTRIBUTION - THURBER 0596.GPJ 10/5/09

FIGURE B4
GRAIN SIZE DISTRIBUTION
SAND & SILT TILL
100 2?0 1?0 S?SO 4|0 j(i 116 1OE‘3 = 4 3 3/8'"12‘ 3/;1' 1" Hl12' 3.'41.14"6"
s e /'ib// w
a0 o
H{ p i
80 M /d

7,

70
/
% /
= 60
&

« 7 '
2
w50
—
pd
8 40 A
§J v

30 ¢9 d

20 /

, (2
: 'fﬁ/

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)

® QSR2-3 6.40 250.43
X QSR2-3 10.97 245.86
A QSR2-4 2.59 252.91
* QSR2-4 3.35 252.15
® QSR2-4 6.40 249.10
e} QSR2-4 9.45 246.05

W.P.# .2109-05-00...... .. . .

Prepared By AN................. .. THURBER
Checked By .RPR




Hwy 404 Extension

GRAIN SIZE DISTRIBUTION - THURBER 0596.GPJ 10/5/09

FIGURE B5
GRAIN SIZE DISTRIBUTION
SAND & SILT TILL
U.S.5. Sieve size, meshes/inch Size of openings, inches
200 1?0 695'0 4? 30 1JG 108 4 j ?‘ﬂf' Jl:i' 1; H'/T 3]“41114'8,'
100 1
=
30 -7‘
80 8
70 A
: N/
£ s z
o f // / m
L
2z
i 50
£
5 /
2 A
30 A ).(/
/,/
20
rq /
/""
10
T
0
0.0001 0.001 0.01 01 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE !MED!UMl COARSE FINE COARSE | nypmy
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
L QSR2-4 12.50 243.00
x QSR3-1 4.88 250.49
A QSR3-1 7.92 247.45
* QSR3-1 9.45 245.92
® QSR3-1 14.02 241.35
& QSR3-2 1.83 253.68
W.P# .2109-05-00........
Prepared By AN................ ... THURBER

Checked By .RPR




Hwy 404 Extension

GRAIN SIZE DISTRIBUTION - THURBER 0596.GPJ 10/5/09

Checked By .RPR

FIGURE B6
GRAIN SIZE DISTRIBUTION
SAND & SILT TILL
U.S.S. Sieve size, meshesfinch Size of openings, inches
200 100 6050 40 3 108 4 3 38R & 10 V2 3" 4186
100 5 1 == - 1 i L ‘Il L i
90 24 ¥
U /r
80 v :7/
70 / 4
z / f ¥
T o /] I
A
: | ¢ IN
Z s L V\!_
: il P
§ 40 J//
b -4
30 / ﬁ
*] ﬂ/ﬁ/
20
o
Vg
r'd _.,l’
10 -
0
0.0001 0.001 0.01 0.1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE | MEDIUM |  COARSE FINE COARSE |po o
FINE GRAINED GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® QSR3-2 6.40 249.11
x QSR3-2 10.60 244 .91
A QSR3-2 12.50 243.01
* QSR3-3 4.88 250.96
® QSR3-3 7.92 247 .92
& QSR3-3 10.60 24524
.2108-05-00........
Prepared By AN................. ... THURBER




Hwy 404 Extension

GRAIN SIZE DISTRIBUTION - THURBER 0596.GPJ 10/5/09

FIGURE B7
GRAIN SIZE DISTRIBUTION
SAND & SILT TILL
1.8.8. Sieve size, meshes/inch Size of openings, inches
200 100 6050 40 30 16 108 4 3 B 41T sy 3" 41/4" 6"
100 i i L 1 L L.L = 1 i L L L 1
& |
90
80
/]
70
z Al
<
E 60
[0
Z
T 50 i
= 1
3 /
&) 40
]
a
30
/
! |
20 l /
10 L 2
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE lMEDIUMI COARSE FINE COARSE | opo o
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
L QSR3-3 14.02 241.82
x QSR3-4 6.40 249.25
A QSR3-4 12.50 243.15
* QSR3-5 2.59 252.44
® QSR3-5 6.40 248.63
o] QSR3-5 9.45 24558
W.P.# .2109:05-00......... . .
PreparedBy AN..................... THURBER

Checked By .RPR




GRAIN SIZE DISTRIBUTION - THURBER 05386.GPJ 10/5/09

Hwy 404 Extension

FIGURE B8
GRAIN SIZE DISTRIBUTION
SAND & SILT TILL
U.S.S. Sieve size, meshes/inch Size of openings, inches
200 100 6050 40 30 16 108 4 3 8 A 1 3° 4114 6"
100 L 4 L i 1 Lol . i 1 1 L 1 1
90 M / %::
8 /7{
%137 )
70 E v/
Z /
E 80
i /
z
o 50 v
= i
z
w
8 40
i
o
30
20
10 o m
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE IMEDIUMI COARSE FINE COARSE | oo o
FINE GRAINED SAND GRAVEL SiZe
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
QSR4-1 2.59 251.15
b 4 QSR4-1 6.40 247.34
A QSR4-1 10.90 242.84
* QSR4-2 2.59 252.26
® QSR4-2 6.40 248.45
o] QSR4-2 9.45 245.40
PreparedBy AN.................... THURBER

Checked By .RPR




Hwy 404 Extension

GRAIN SIZE DISTRIBUTION - THURBER 0596.GPJ 10/5/09

FIGURE B9
GRAIN SIZE DISTRIBUTION
SAND & SILT TILL
U.S.8. Sieve size, meshesfinch Size of openings, inches
200 100 6050 40 30 16 108 4 3 3/8712 341t 112 3" 4 1/4" 6"
100 1 Il 1 i I L : é- 1 1 L i i
90 il A
80 ” jii /u
L ”
70 { F
4
; F
F 60 /
@
i
=z
i 50
}—
=
O
& 40
0
o
30
20
10
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE IMEDIUM | coarse FINE COARSE | no o
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® QSR4-3 4.88 252.27
b 4 QSR4-3 7.92 249.23
A QSR4-3 10.97 246.18
* QSR4-4 3.35 252.08
® QSR4-4 7.92 247.51
Lo QSR4-4 10.97 244 .46
Prepared By AN.................. . THURBER

Checked By .RPR




GRAIN SiZE DISTRIBUTION - THURBER 0596.GPJ 10/5/09

Hwy 404 Extension
GRAIN SIZE DISTRIBUTION

FIGURE B10

SAND & SILT TILL

U.S.S. Sieve size, meshesfinch

Size of openings, inches

200 100 6050 40 30 16 108 4 3 8RN s 1t e 3" 4146
100 L i L i 1 j:i 1 k3 1 L 1 1 L
It =g
90 #: m
80 d /‘/
p /
. P ai
Z
E 60 /
& b
Z
iL 50
: i
z %
ﬁ% 40 !fﬂ
a
. vl m
20 ¥4
o &
r'd
10
0 m
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE lMEDIUM[ COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SiZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® QSR4-5 3.35 252.08
x QSR4-5 4.88 250.55
A QSR4-5 9.45 245,98

Prepared By AN.................. . THURBER
Checked By .RPR




GRAIN SIZE DISTRIBUTION - THURBER 0596.GPJ 10/5/09

Hwy 404 Extension
GRAIN SIZE DISTRIBUTION

FIGURE B11

SILTY SAND

U.8.8. Sieve size, meshesfinch

Size of openings, inches

200 100 6050 40 30 18 108 4 3 38 33410 Ly 3" 41/4" 6"
100 1 A 1 1 1 l}/" i L i i L 1
90 //
80 /
70
e
g /1
= 60
4
w
=4
L 50
» 7
pd
O
Q 40 /
€3]
0.
Vi
30
r{
L g
20 .’)./'/D’
10 -9
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE IMED[UM ] COARSE FINE COARSE | oo o
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® QSR1-3 2.59 254.02
W.P# .2408-05-00........

Prepared By AN..................... THURBER
CheckedBy RPR..................




THURBALT 0596.GPJ 10/5/08

Hwy 404 Extension

ATTERBERG LIMITS TEST RESULTS

FIGURE B12

PLASTICITY INDEX

Date

Project

60

SAND & SILT TILL

CH
50
40 //
o] ‘\}\@
30 »
cL
20 //
10 //
cL
CL-ML ‘o% Py MI-Ol MH-OH
ML oL
4}
0 10 20 30 40 60 70 80
LIQUID LIMIT
SYMBOL BH DEPTH (m) ELEV. (m)
® QSR1-1 9.45 247 .47
b4 QSR1-2 3.35 253.69
A QSR1-2 7.92 249.12
* QSR1-2 10.97 246.07
® QSR2-1 4.88 251.32
Lo QSR2-1 9.45 246.75
October 2009 . . Prep'd ... AN
.2108-05-00 . THURBER Chkd RPR




THURBALT 0596.GPJ 10/5/09

Hwy 404 Extension

ATTERBERG LIMITS TEST RESULTS

FIGURE B13

PLASTICITY INDEX

Date

Project

SAND & SILT TILL

60

CH
50
40 //
Cl \\9
>
30 L
cL
20 //
10 //
cL
a5
CL-ML *oo ® / MI-OI MH-OH
ML oL
0
0 10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BH DEPTH (m) ELEV. (m)
® QSR2-2 7.92 248.44
X QSR2-3 3.35 253.48
A QSR2-3 6.40 250.43
* QSR2-4 6.40 249.10
® QSR2-4 12.50 243.00
Lo QSR3-1 3.35 252.02
October 2009 . . prepis . AN
.2108-05-00 THURBER Chkd RPR




THURBALT 0596.GPJ 10/5/09

Hwy 404 Extension

ATTERBERG LIMITS TEST RESULTS

FIGURE B14

PLASTICITY INDEX

Date

Project

SAND & SILT TILL

60
CH
50
40 //
Cl 3
“;‘>
30 v
cL
20 //
10 * A
cL -
CL-ML o U ) MI-Ol MH-OH
ML oL
0
0 10 20 30 40 60 70 80
LIQUID LIMIT
SYMBOL BH DEPTH (m) ELEV. (m)
® QSR3-1 14.02 241.35
x QSR3-2 1.83 253.68
A QSR3-2 12.50 243.01
* QSR3-3 4.88 250.96
® QSR3-3 7.92 247.92
o] QSR3-4 6.40 249.25
.Qctober 2009 Prep'd ... AN
2109-05-00

THURBER




THURBALT 0586.GPJ 10/5/09

Hwy 404 Extension

ATTERBERG LIMITS TEST RESULTS

FIGURE B15

PLASTICITY INDEX

Date

Project

60

SAND & SILT TILL

CH
50
40 //
Cl ‘0‘\?’
30 e
cL
20 //
10 //
cL
b 2.3
CL-ML ~ B / MI-Ol MH-OH
ML oL
0
0 10 20 30 40 50 80 70 80
LIQUID LIMIT
SYMBOL BH DEPTH (m) ELEV. (m)
® QSR3-5 2.59 252.44
x QSR3-5 6.40 248.63
A QSR3-5 9.45 245.58
* QSR4-1 2.59 251.15
® QSR4-1 6.40 247.34
o] QSR4-2 2.59 252.28
‘Qctober 2009 . . Prewa AN
.2109-05-00 THURBER Chkd RPR




THURBALT 0596.GPJ 10/5/09

Hwy 404 Extension

ATTERBERG LIMITS TEST RESULTS

FIGURE B16

PLASTICITY INDEX

Date

Project

60

SAND & SILT TILL

CH
50
40 //
Cl ‘\)‘\Q
30 L
cL
20 //
10 //
cL o
)
CL-ML o S MI-Ol MH-OH
ML oL
0
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Culverts
Highway 404 Extension from Green Lane to Queensville Sideroad

Appendix C

Site Photographs

(south of Queensville Sideroad)
Culverts 1 to 4

Boreholes QSR1-1 to QSR1-3, QSR2-1 to QSR2-4, QSR3-1 to QSR3-5
and QSR4-1 to QSR4-5

THURBER



Culverts
Highway 404 Extension from Green Lane to Queensville Sideroad

Photograph 1 — View of north end of existing CPS culvert (north of Queensville Sideroad)

Photograph 2 — View of the site looking south of Queensville Sideroad

THURBER



Culverts
Highway 404 Extension from Green Lane to Queensville Sideroad

Appendix D
Drawing titled “Borehole Locations and Soil Strata”

(south of Queensville Sideroad)

Culverts 1 to 4

Boreholes QSR1-1 to QSR1-3, QSR2-1 to QSR2-4, QSR3-1 to QSR3-5
and QSR4-1 to QSR4-5

THURBER
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CULVERT
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LEGEND
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"' Borehole
‘$‘ Borehole and Cone
QSR1—1 QSR1-2 QSR1-3 N Blows /0.3m (Std Pen Test, 475J/blow)
-‘- “' ‘#‘ CONE Blows /0.3m (60" Cone, 475J/blow)
PH Pressure, Hydraulic
5 265 < Water Level
265 Head Artesian Water
T Piezometer
CULVERT —— 90% Rock Quality Designation (RQD)
E PROPOSED GRADE- A/R Auger Refusal
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b [ F NC ELEVATION NORTHING EASTING
260 ' 260 QSR1-1 | 256.9 4 888 7264
- . . 309 717.8
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250 250 -NOTES-
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Culverts
Highway 404 Extension from Green Lane to Queensville Sideroad

Appendix E
Record of Borehole Sheets

(south of Doane Road)

Culverts 5 and 6

Boreholes 08-01 to 08-05 and 08-10 to 08-14
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SYMBOLS, ABBREVIATIONS AND TERMS USED ON RECORDS OF BOREHOLES
1. TEXTURAL CLASSIFICATION OF SQILS

CLASSIFICATION PARTICLE SIZE VISUAL IDENTIFICATION
Boulders Greater than 200mm same
Cobbles 75 to 200mm same
Gravel 4.75 to 75mm 5to 75mm
Sand 0.075 to 4.75mm Not visible particles to Smm
Silt 0.002 to 0.075mm Non-plastic particles, not visible to
the naked eye
Clay Less than 0.002mm Plastic particles, not visible to
the naked eye
2. COARSE GRAIN SOIL DESCRIPTION (50% greater than 0.075mm)
TERMINOLOGY PROPORTION
Trace or Occasional Less than 10%
Some 10 t0 20%
Adjective (e.g. silty or sandy) 20 to0 35%
And (e.g. sand and gravel) 35 to 50%
3. TERMS DESCRIBING CONSISTENCY (COHESIVE SOILS ONLY)
DESCRIPTIVE TERM UNDRAINED SHEAR APPROXIMATE SPTV'N
STRENGTH (kPa) VALUE
Very Soft 12 or less Less than 2
Soft 121025 2to 4
Firm 2510 50 4t08
Stiff 50t0 100 8to 15
Very Stiff 100 to 200 15 t0 30
Hard Greater than 200 Greater than 30

NOTE: Hierarchy of Soil Strength Prediction 1) Laboratory Triaxial Testing

2) Field Insitu Vane Testing
3) Laboratory Vane Testing
4) SPT value

5) Pocket Penetrometer

4. TERMS DESCRIBING DENSITY (COHESIONLESS SOILS ONLY)
DESCRIPTIVE TERM SPT “N” VALUE
Very Loose Less than 4
Loose 41010
Compact 10 to 30
Dense 30to S0
Very Dense Greater than 50
5. LEGEND FOR RECORDS OF BOREHOLES
SYMBOLS AND SS  Split Spoon Sample WS Wash Sample AS Auger (Grab) Sampie
ABBREVIATIONS TW Thin Wall Shelby Tube Sample TP Thin Wall Piston Sample
FOR PH Sampler Advanced by Hydraulic Pressure  PM Sampler Advanced by Manual Pressure
SAMPLE TYPE WH Sampler Advanced by Self Static Weight RC Rock Core SC Soil Core

Undisturbed Shear Strength
Sensitivity =

Remoulded Shear Strength
> Water Level

Cpen Shear Strength Determination by Pocket Penetrometer
(H) SPT ‘N’ Value Standard Penetration Test ‘N° Value — refers to the number of blows from a 63.5kg hammer free falling a
height of 0.76m to advance a standard 50 mm outside diameter split spoon sampler for 0.3 m depth into undisturbed ground.
(2) DCPT Dynamic Cone Penetration Test —

Continuous penetration of a 50 mm outside diameter, 60° conical
steel point attached to “A” size rods driven by a 63.5 kg hammer free falling a height of 0.76 m. The resistance to cone
penetration is the number of hammer blows required for each 0.3 m advance of the conical point into undisturbed ground.



UNIFIED SOILS CLASSIFICATION

GROUP
MAJOR DIVISIONS SYMBOL TYPICAL DESCRIPTION
GW Well-graded gravels or gravel-sand mixtures, little or
GRAVEL no fines.
AND GP Poorly-graded gravels or gravel-sand mixtures, little
GRAVELLY or no fines.
COARSE SOILS GM Silty gravels, gravel-sand-silt mixtures.
GRAINED GC Clayey gravels, gravel-sand-clay mixtures.
SOILS Sw Well-graded sands or gravelly sands, little or no
SAND AND fines.
SANDY SP Poorly-graded sands or gravelly sands, little or no
SOILS fines.
SM Silty sands, sand-silt mixtures.
SC Clayey sands, sand-clay mixtures.
ML Inorganic silts and very fine sands, rock flour, silty or
clayey fine sands or clayey silts with slight plasticity.
CL Inorganic clays of low to medium plasticity, gravelly
SILTS AND clays, sandy clays, silty clays, lean clays.
FINE CLAYS (WL, <30%).
GRAINED W, <50% CI Inorganic clays of medium plasticity, silty clays.
SOILS (30% < Wy < 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.
Wy > 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




10/5/09

ONTMT4S 0596.GPJ

Ministry of
Transportation

Ontario
RECORD OF BOREHOLE No 08-01 10F 2 METRIC
G.W.P.__ 2109-05-00 LOCATION N 4 886 603.28 E 310 715.60 ORIGINATED BY _GA
HWY 404 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY AN
DATUM _Geodetic DATE 2008.08.27 - 2009.08.27 CHECKED BY RPR
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES © B RESISTANCE PLOT NATURAL REMARKS
Wy < a\ PLASTIC e vauo | '-:E
5 nl23] 8 20 40 60 80 100 |7  comma T 5O &
218l w | Y135 2 T — wp w we| 38 | oransize
ELEV o1 o 319 Q |SHEAR STRENGTH kPa
DESCRIPTION 2] e 2lze| E [ S — DISTRIBUTION
DEPTH s|3| F >138 < | O UNCONFINED  + FIELD VANE Y %)
S Z|EC| @ |® QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
257.2 w 20 40 60 80 100 20 40 60 kN/m3 |GR sA sI CL
00| TOPSOIL: (200mm) = »sr
02]  Silty GLAY, trace sand. iron oxide Z 11ss| 3 o
staining 7%
Soft to Very Stiff " %
Brown 2
2
]
g2 ss| 4 o
; 256
%
7
A
7Y
:/
E 3 |ss| 8 o
9 255
7%
A alss| 17 | 0 2 50 48
2
%
%
¢ 254
¢ 51 88| 15 o
Occasional silt seams
7
///
%
]
7
%
77 253
i
ri
’;e ss | 15 H—e—i 0 1 46 53
252
E/
’
%7
7
Grey f 251
% 7 SS 17 o) 0 0 79 21
7
250
8 1 ss | 21 o
7 249
Hard 248
%
%/9 ss | 32 ° 0 5 68 27
Continued Next Page 20
+3,><3: Numbers refer to

Sensitivity

’5?0’5 (%) STRAIN AT FAILURE




Ministry of -
Transportation . .
Ontario -
RECORD OF BOREHOLE No 08-01 20F2 METRIC
G.W.P__ 2109-05-00 LOCATION N 4 886 603.28 £ 310 715.60 ORIGINATED BY _GA
HWY 404 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY AN
DATUM _Geodetic DATE 2009.08.27 - 2009.08.27 CHECKED BY RPR
SOIL PROFILE SAMPLES | o w [REEC QONE PENETRATION
x pasne  NATURAL LouD - REMARKS
E2l g MOISTURE =
5 nl<8| @ 20 40 60 8 100 |™ commr M| Z O &
=& wlzg| z T e —— wp w wo| 5 | oramsize
ELEV & la| ¥ 212 5] 9 |SHEAR STRENGTH kPa
DESCRIPTION 1= a = [ . S DISTRIBUTION
DEPTH SRR 5135 < | O UNCONFINED + FIELD VANE Y %)
=12 Z|€C| © [ QUcKTRIAXAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page W 40 80 120 160 200 20 40 60 km3 |GR SA s cL
Silly CLAY, trace sand 7
Hard %/ 247
Grey %/
Y
H
47
;/ 10 SS 43 o]
245.9 %% 246
1.3 END OF BOREHOLE AT 11.3m.
BOREHOLE OPEN TO 10.6m AND
WATER LEVEL AT 1.6m.
BOREHOLE BACKFILLED WITH
HOLEPLUG TO SURFACE.
[}
<
=
&
-
Q.
Q
@w
N
w
<o
[}
g
=
=
-
zZ
S
+3 x 3. Numbers refer to 1535
: (%) STRAIN AT FAILURE

Sensitivity 10
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ONTMT4S 0596.GPJ

Ministry of
Transportation

L]
it

Ontario
RECORD OF BOREHOLE No 08-02 10F2 METRIC
G.W.P__ 2109-0500 LOCATION N 4 886 589.18 E 310 694.94 ORIGINATED BY _GA
HWY 404 BOREHOLE TYPE __Solid Stem Augers COMPILED BY AN
DATUM _Geodetic DATE 2009.08.26 - 2009.08.26 CHECKED BY RPR
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES © u:(,l RESISTANCE PLOT pasnc  NATURAL o - REMARKS
- E % 8] LinT MOISTURE war] £ % &
7] o) 17 20 40 60 80 100 CONTENT z Q9
o wlizgEl z T T e : wp w w | 34 | eramsIZE
ELEV aldl ¥ | 21g5] © |SHEARSTRENGTHkKPa s
e DESCRIPTION =1ls |2 [ e | DISTRIBUTION
DEPTH e & >13 3 < | O UNCONFINED + FIELD VANE ” %)
ez z O] U |e QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
2571 w 20 40 60 80 100 20 40 60 wwm3 |GR sA s CL
&2 TOPSOIL: (75mm) -;7 257
Siity CLAY, trace sand, iron oxide 1 S8 3 o
staining %
Soft to Firm f;
Brown ?/
%%
2/ 2| ss!| 3 o
256
7%
7
; 3| ss 7 0 2 64 34
2
£/ 255
7
Becoming sif & « ; 4188 | 16 o
ecoming stiff to very sti %
/%4
%7
Vi
% 254
? % 51 8s [ 1a o
%%
.
%%
7
%4 253
2
7
2
9%
e |ss | w5 h—eo 0 1 33 66
252
7
Grey ;; !251
227 | ss | 1 o
%%
%%
%
%
7
7
250
Layers of silt, some clay
8 s8s 26 o 0 0 85 15
2 2 249
7
7
7
248
2%
9 8s 37 o]
Hard %
%
Continued Next Page 20
4+3 x 3. Numbers referto

Sensitivity

15645
10

(%) STRAIN AT FAILURE




ONTMT4S 0596.GPJ  9/10/08

Ministry of -
Transportation .
Ontario .-
RECORD OF BOREHOLE No 08-02 20F2 METRIC
G.W.P.__ 2109-05-00 LOCATION N 4 886 589.18 E 310 694.94 ORIGINATED BY _GA
HWY 404 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY AN
DATUM _Geodelic DATE 2009.08.26 - 2009.08.26 CHECKED BY RPR
DYNAMIC CONE PENETRATION
SOIL. PROFILE SAMPLES @ W IRESISTANCE PLOT NATURAL
[ REMARKS
4 g 6 & Pusnc (TN vouo |
b nl28] @ 20 40 60 80 100 '™ comewr W7 5O &
Slgl W | 41328 = e we w we| 54 | cramnsize
ELEV DESCRISTION & @ a 2 25 g SHEAR STRENGTH kPa e O 4 DISTRIBUTION
DEPTH g 2z >13 3 < | O UNCONFINED + FIELD VANE . y %)
E1Z ZIEC] © |e QUICKTRIAXAL X LABVANE | WATERCONTENT (%)
Continued From Previous Page u 40 80 120 160 200 20 40 60 kwm3 |GR sA i cL
Silty CLAY, trace to some sand, trace 7 2
gravel 7 247
Very Stiff
Gre
Y %
%%
10| ss 28 e}
245.9 246
1.3 END OF BOREHOLE AT 11.3m.
BOREHOLE OPEN AND WATER
LEVEL AT 0.6m.
Piezomeler installation consists of
19mm diameter Schedule 40 PVC pipe
with a 1.52m slotted screen.
WATER LEVEL READINGS:
DATE DEPTH (m) ELEV. (m)
2009.09.02 6.2 250.9
20
+3 x 3, Numbers refer to 155

5
Sensitivity 10

(%) STRAIN AT FAILURE




10/5/08

ONTMT4S 0596.GPJ

Ministry of
Transporiation

Ontario
RECORD OF BOREHOLE No 08-03 10F2 METRIC
G.W.P,_ 2109-05-00 N 4 886 576.91 E 310 673.12 ORIGINATED BY _GA
HWY 404 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY AN
DATUM _Geodetic 2009.08.26 - 2009.08.26 CHECKED BY RPR
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES © 4 |RESISTANCE PLOT NATURAL - REMARKS
=} 5 PASTE  poisture HOuo
b nlz8| 3 20 40 60 80 100 L CONTENT Ty 5 o &
21 g4izsE) 2 L . . L 1 we w we| S8 | cransize
ELEV DESCRIPTION Bla| 8| 2]|98| 2 [SHEARSTRENGTHKPa e e " OISTRIBUTION
DEPTH < z2| r 5138 < | O UNCONFINED + FIELD VANE Y %)
3 Z|EC| @ | QUCKTRIAXAL X LABVANE | WATER CONTENT (%)
2574 o 20 40 60 80 100 20 40 60 kN/m3 JGR SA SI CL
g ‘1‘ TOPSOIL: (100mm) i
Sandy SILT, some clay, iron oxide 17 ss | 4 g
staining 1 257
Loose to Compact g
Brown RE
Wet 11
ss | 10 o
255.8 | 256
18 Silty CLAY, iron oxide staining :Z
Stiff to Very Stiff 97 ss | 17 )
///
r/?‘
%
77 255
4/ S$ | 17 0 0 52 48
1
4
/
)
? % ss | 14 o
7 % 254
V)
7
Vi
%
4 253
7
?/ ES) 15 S_Z o
%%
%4
%
%
42 252
7
%
Grey 5/
7 ss | 17 i 0 0 72 28
7 251
%
2
2
%%,
7
/4
%7 250
Trace sand
ss | 20 o
249
%
7%
% ss | 19 248 0 9 68 23

Continued Next Page

Numbers refer to
Sensitivity

20
’5%5 (%) STRAIN AT FAILURE
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Ministry of -
Transportation . -
Ontario fevopdinsed
RECORD OF BOREHOLE No 08-03 20F 2 METRIC
G.W.P.  2109-05-00 LOCATION N 4 886 576.91 E 310673.12 ORIGINATED BY GA
HWY 404 BOREHOLE TYPE __Solid Stem Augers COMPILED BY AN
DATUM _Geodetic DATE 2009.08.26 - 2009.08.26 CHECKED BY RPR
SOIL PROFILE SAMPLES | o w  |DYNAMIC CONE PENETRATION
wi z 2\ pasie  NWATURAL LiouID = REMARKS
=2 Z() LT MOISTURE wrl £ 5 &
= nl<s]| o 20 40 60 80 100 CONTENT 30
=R Wizgl z T e wp w wi| 28 | craNsIZE
g | ¥ 2285 Q ISHEAR STRENGTH kPa ES
ELEY DESCRIPTION |21 2| 2128 E Oy DISTRIBUTION
DEPTH 13| ¢ >3 8| £ |0 UNCONFINED  + FIELD VANE . y %)
ez Z|EC| © |® QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
Conlinued From Previous Page “ 40 80 120 180 200 2 4 e kim3 fGR SA St cL
Siity CLAY, trace sand //
Hard )
Grey ]
42 247
7
10| ss | 4 4
7
246.2
1.3 END OF BOREHOLE AT 11.3m.
BOREHOLE OPEN AND WATER
LEVEL AT 4.8m,
BOREHOLE BACKFILLED WITH
HOLEPLUG TO SURFACE.
3 3. Numbers refer 1o 2
X 15%5 (%) STRAIN AT FAILURE

S

ensitivity




ONTMT4S 0596.GPJ  9/10/09

1Minislry of -
ransportation
Ontario .l
T LURBER
RECORD OF BOREHOLE No 08-04 10F 2 METRIC
GW.P.__ 2109-05-00 LOCATION N 4 886 615.39 E 310 735.70 ORIGINATED BY _GA
HWY 404 BOREHOLE TYPE __Solid Stem Augers COMPILED BY AN
DATUM _Geodetic DATE 2009.08.27 - 2009.08.27 CHECKED BY RPR
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES © ;} RESISTANCE PLOT prsne | NATURAL ou = REMARKS
b £2] 9 20 40 60 80 00 |W™  rmw  we| B 5 &
9 alze| ¢ 1 1 1 f 1 CONTENT ]
2G| w| 3|13E| 3 wp w wo| 58 | oransize
ELEV o lg o Z19a Q |SHEAR STRENGTH kPa DISTRI
DESCRIPTION Els! & =28} E L BUTION
DEPTH é 5 - > 8 s} g O UNCONFINED + FIELD VANE y (%)
e Z{E°C] @ |e quekTRiAXAL X LABVANE | WATER CONTENT (%)
262.8 w 40 80 120 180 200 20 40 60 x/m3 |GR sA sI cL
g ? TOPSOIL: (100mm) T3
Sandy SILT, some clay, trace gravei 1 Ss 4 o
Loose
Brown
Wet
262
2 ss 6 [}
261.3
1.5 Silty CLAY, trace sand 1
Stiff to Very Stiff %
Brown ]3| Ss| 261 ! 0 2 50 48
7
%
7
%7 ss 24 D
7
% 260
2
Occasional silt seams '
Gre!
y 25 ss | 12 ot 0 2 38 &0
%
% 259
LA
%
.
%4
19
4 ; 6 ss 11 258 ©
97
%
97
2
7
WA
; Y 257
%
2 7 SS 14 o
256
Layers of silt, some clay
4 s | ss | 2 255 S 0 4 8 13
¢
%
% 254
%
9 ss 29 o
253
Continued Next Page 20
+3 w3, Numbers referto 15¢5

Sensitivity 10

(%) STRAIN AT FAILURE




ONTMT4S 0596.GPJ 9/10/09

Ministry of |
Transportation . .
Ontario
RECORD OF BOREHOLE No 08-04 20F2 METRIC
G.W.P.__ 2109-05-00 LOCATION N 488661539 E 310735.70 ORIGINATED BY GA
HWY 404 BOREHOLE TYPE __Solid Stem Augers COMPILED BY AN
DATUM _Geodetic DATE 2009.08.27 - 2009.08.27 CHECKED BY RPR
SOIL PROFILE SAMPLES |, | w [RENAMGGRNE DENETRATION
w oy F pasne  NATURAL vauip ’1—: REMARKS
MOISTURE
= nl22| 3 20 40 60 80 100 "™ orer 7| 5O &
2|& L12E] 2 T we w w | 5% | cransize
ale| ¥ 219 &] @ |SHEARSTRENGTH kPa 3
ELEV DESCRIPTION - & |z it e Oy DISTRIBUTION
DEPTH 2|3 & > |3 8| < |0 UNCONFINED  + FIELDVANE y %)
== Z|EC| @ |e QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page “ 40 80 120 160 200 20 40 80 kNim3 JGR SA I CL
Silty CLAY, trace sand %
Hard %
Grey
%
7, 252
A0l ss | a7 o
%%
%%
2515 7%

1.3

END OF BOREHOLE AT 11.3m.
BOREHOLE OPEN TO 10.6m AND
WATER LEVEL AT 1.5m.

Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with a 1.52m slotted screen.

WATER LEVEL READINGS:
DATE DEPTH (m) ELEV. (m)
2009.08.02 59 266.9

+3 %

3

Numbers refer to
Sensitivity

20
15%5 (%) STRAIM AT FAILURE




ONTMT4S 0596.GPJ  9/14/08

Ministry of
Transportation

a
URBERR

Ontario
RECORD OF BOREHOLE No 08-05 10F2 METRIC
G.W.P.__ 2109-05-00 LOCATION N 4 886 625.73 E 310 761.36 ORIGINATED BY GA
HWY 404 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY AN
DATUM _Geodetic 2009.08.27 - 2009.08.27 CHECKED BY RPR
SOIL PROFILE SAMPLES | w |BENAMC CONE PENETRATION _— REMARKS
w o, 3 PLASTIC | TURE LouID *i
e |22 9 20 40 60 8 100 ™" owmr W] 58 &
Sz ulsEl 2 T e wp w we| 38 | cransize
ELEV Qim w 3198 Q ISHEAR STRENGTH kPa
DESCRIPTION =15 2|28 & b O DISTRIBUTION
DEPTH 2|3 = >138] £ jo unconrneo + FIELD VANE , y %)
=12 z1€°| @ le QuicKTRIAXIAL X LABVANE | WATER CONTENT (%)
260.8 w 40 80 120 160 200 20 40 60 kvm 3 IGR sA s CL
g? TOPSOIL: (100mm) 1T
Sandy SILT, some clay, iron oxide 11 ss 3 b
staining 1
Very Loose -
Brown iy
259.9 Damp 11 260
08 Silty CLAY, iron oxide staining 7 ss | 8 t-eo—f 0 0 59 41
Stiff to Very Stiff f
Brown %
7
%
f 88 24 o
7 259
%
%
4 ss 14 o
%
4 258
1]
%%
%%
o 47, ss | 10 e { 0 0 36 64
Occasional silt seams %7,
2%
%
1%% 257
%%
7
4 % ¥
%%
%
%%
f SS 16 256 Q
7
47
/
4
%%
2%
Layers of silt, some clay 2 255
2
Grey ?
7 ss | 10 b
2
.;
/
%%
;2 254
.
7
%
7
/
ss | 15 253 T 6 0 81 19
Layers of silt ;
%%
7%
%%
7%
2 252
%
%
%
7
2/ ss | 23 o
%
% 251

Continued Next Page

Numbers refer to 155
Sensitivity

20

(%) STRAIN AT FAILURE




ONTMT4S 0596.GPJ 9/14/09

Ministry of R
Transportation . l
Ontario THUNS SN
RECORD OF BOREHOLE No 08-05 20F2 METRIC
G.W.P._ 2109-05-00 LOCATION N 4 886 625.73 £ 310 761.36 ORIGINATED BY GA
HWY 404 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY AN
DATUM _Geodetic DATE 2009.08.27 - 2009.08.27 CHECKED BY RPR
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES @ W [RESISTANCE PLOT NATURAL e REMARKS
[N pr4 pasTic vauo |
- n|22] 8 20 40 60 80 100 |™  oewa T S5 &
2ls el=zg] z T ——— we w we| 8 | cramsize
gl ¥ al8s Q |SHEAR STRENGTH kPa
ELEY DESCRIPTION Rl 2{z2} & O DISTRIBUTION
DEPTH |3 ¢ >135 < | O UNCONFINED + FIELD VANE - %)
=1 Z|EC| @ le QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page w 4 80 120 180 200 20 4 & ivm3 foR s st cu

Silty CLAY 7

Very Stiff to Hard

Grey

250.2
10.6 Silty CLAY, trace to some sand, trace
a’::' A4 10| ss | 84 250 S
249.7 G ;
rey
11.1 My /

END OF BOREHOLE AT 11.1m.

BOREHOLE OPEN TO 10.6m AND

WATER LEVEL AT 4.3m,

BOREHOLE BACKFILLED WITH

HOLEPLUG TO SURFACE.

33 x3. Numbers refer to

Sensitivity

20
1595 (04) STRAIN AT FAILURE




ONTMT4S(CPEN) 0596.GPJ  3/11/10

Ministry of
Transportation

Ontario THUNSER
RECORD OF BOREHOLE No 08-10 10F1 METRIC
G.W.P.__ 2109-05-00 LOCATION N 4886714.15 E 310638.52 ORIGINATED BY LG
HWY 404 BOREHOLE TYPE __ Continuous Spoon Sampling with Tripod COMPILED BY AN
DATUM _Geodstic DATE 2010.02.18 - 2010.02.18 CHECKED BY TH
DYNAMIC CONE PENE TRATION
SOIL PROFILE SAMPLES o W IRESISTANCE PLOT NATURAL REMARKS
4o 4 pusTc vawo ] E
5| g|$8] 8| % © @ & o [ fwmw wr) 56 &
Sl 2 RAIN SIZE
ELEV z|9| w| 3|ak| & [SHEARSTRENGTHKPa e v w7k DR TRIBUTON
DESCRIPTION =S L1585z &
DEPTH A E & >138| < |© UNCONFINED A Cpen y %)
ElZ Z[ZO| L le QUICKTRIAKAL X LABVANE | WATER CONTENT (%)
257.4 w 20 4 80 80 100 20 40 80 kNim 3 JGR SA SI CL
0.0 ICE
%2 \water
257
256.6 S
0.8 PEAT E:: 5 | ss 5 o
256.2 =
12 Sitty CLAY, trace sand %.ﬁ/)
Firm to Very Stiff /7% s ss | 11 256 3
Brown 57
Wet "ﬂg
(TILLYCL-CY) 4 %
2%
4§¢4 Ss 9 A he— 0 3 53 44
.
4,‘} 255
r,/%
B4 s | ss | 17 A o
7
‘%%
%4
7%
il 6 | ss | 24 A )
‘g; 254
fﬂé
7
./.27 ss | 23 A 0 2 32 66
9%
5%
%% 253
é/ 8] ss | 20 4 o
93/
%7,
.
Wi o | ss | 27 A o
Af/
%% 252
rg/
7%
/z’ 10| 88 | 36 A he 0 0 57 43
aé
f;/
ﬁéé 1] ss | 20 051 A o
7
77
24(/’ 12| 88 | 28 A o
iéé
’4& 250
,éf 1888 | 32 A el 0 0 77 23
//;/é‘
?% 14| ss | sor A o
249.2 %7
82\ END OF BOREHOLE AT 8.2m. oy
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO
SURFACE.
+3.X3: Numbers refer to

Sensitivity

20
1595 (%) STRAIN AT FAILURE




ONTMT4S(CPEN) 0596.GPJ  3/11/10

Ministry of
Transportation

Ontario THURSER
RECORD OF BOREHOLE No 08-11 1 OF 1 METRIC
G.W.P.__ 2109-05-00 LOCATION N 4886 733.41 E 310 655.58 ORIGINATED BY _LG
HWY 404 BOREHOLE TYPE _ Continuous Spoon Sampling with Tripod COMPILED BY AN
DATUM _Geodetic DATE 2010.02.18 - 2010.02.18 CHECKED BY TH
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & W |RESISTANGE PLOT = e R o | Remarks
=2 5 LT MOISTURE wr] E5 &
= nlgs8] & 20 40 60 80 100 CONTENT 29
2% wiz2l z L wp w wo | 58 | oransize
ELEV S 8] %] 2i25]| & [SHEARSTRENGTHkKPa A DISTRIBUTION
DEPTH DESCRIPTION 5 S|r| 5133 ’g‘ O UNCONFINED 4 Cpen y %)
=12 Z|EZC| @ |e QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
257.0 w 20 40 80 80 100 20 40 60 /m3 lGr sA sI oL
00| wATER 257
256.4
06 PEAT, some sand
S | 2
== 2%
256.3 == 3 Ss 3 e}
17 Silty CLAY, trace sand @
Firm to Veery Stiff ;}%
Brown 7 255
Wet ”ﬁé 4|85 | s S
(TILLY(CL-Cl) ‘97
%
/Z 5185} 19 A h—el 0 4 36 60
rﬂf
a//
,?/ 254
Y
2; 6 | 8S 17 A o
.
7%
é/‘/ 7188 | 25 A He— 0 6 48 45
5% 253
4 é‘é
9%
5;/ 8| ss | 16 A b
%
7.5
4
//V 252
;2 9| ss | 27 N o
7%
?/’ 10} ss | 22 A hed 0 1 70 29
4D
%/ 251
197
a7 % 1| ss | 18 A o
%
%7
Cfg 12| 88 23 250 A [+]
7
22
)
,/- ,/a 13| ss | 30 A o
’ég
%
7
3
'/é 4] 88 | 23 A H 0 1 73 26
77
7
1A 15| ss | 3 A b
27
247.9 248
9.1 END OF BOREHOLE AT 9.1m.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO
SURFACE.
+3,X3: Numbers refer to 1535

Sensitivity 10

(%) STRAIN AT FAILURE




ONTMT4S(CPEN) 0596.GPJ  3/11/10

_IMinistry gf . .-.
ransportation

Ontario THURSER
RECORD OF BOREHOLE No 08-12 10F1 METRIC
G.W.P._ 2109-05-00 LOCATION N 4 886 759.24 E 310668.13 ORIGINATED BY LG
HWY 404 BOREHOLE TYPE _ Continuous Spoon Sampling with Tripod COMPILED BY AN
DATUM _Geodetic DATE 2010.02.18 - 2010.02.18 CHECKED BY TH
DYNAMIC CONE PENETRATION
w
SOIL PROFILE SAMPLES | o Y [ReSISTANCE PLOT —, e | remarks
=2 MOISTURE - I
= wlgg]| 8 20 40 60 80 100 ™' comw M| 50 &
Sle giz21 2 e eyt R R wp w woe| 58 | crawsize
Eld| Wi 3|le25] © |SHEARSTRENGTHkPa t
ELEV DESCRIPTION €1 %1 2122 & —— O DISTRIBUTION
DEPTH s|13| ¢ >|38| < |O UNCONFINED & Cpen y %)
- Z]EZO| L |e QUICKTRIAXAL X LABVANE WATER CONTENT (%)
258.3 w 20 40 860 80 100 20 40 80 kN/m3 [GR SA SI CL
00| ice
0.2
WATER 258
o
257
D
256.6
7588\ PEAT
w7 Sitty SAND, some clay
Compact 4188 | 1 b 0 60 26 14
255.9 Brown
24 Wet /57- 256
Sitty CLAY, trace sand f%
Stiff to Very Stiff ‘2 51 ss | 27 o
Grey "%2
Moist 147
)
(TILLY(CL-C) %
fﬁ 6] ss | 3 256 o
7
A
7
4 1| ss | 30 A te— 0 4 41 55
/z
¢2%
%/ 254
;é/ 8 | S8 | 42 A o
2%
%%
- 5;7’ 9| ss | 23 A o
%!
4} R 23
L4 R
7% BNEA 4
%2 1 ss | 3 [ A hel 0 1 70 28
.
.
x¢/ 1] ss | 31 252 x 3
7
ré;
%
9% R
g& 12 88 | 38 |} A i 0 1 82 17
5557, R
5% 251
22 13| 88 30 A o
%7
. -
s%7 SRR D
4 14| ss | 61 |1 A o
249.8 Wi ] 20
85 END OF BOREHOLE AT 8.5m.
Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with a 1.52m slotted screen.
WATER LEVEL READINGS:
DATE DEPTH(m)  ELEV. (m)
20100304 57 2526
20100310 62 252.1
20
+3 x 3. Numbersreferto 1545

Sensitivity > (%) STRAIN AT FAILURE




ONTMT4S(CPEN) 0596.GPJ  3/9/10

Ministry of -
Transportation .

Ontario THUNSRR
RECORD OF BOREHOLE No 08-13 10F 1 METRIC
G.W.P_ 21090500 LOCATION N 4 886 691.28 E 310 623.35 ORIGINATED BY M
HWY 404 BOREHOLE TYPE  Continuous Spoon Sampting with Tripod COMPILED BY AN
DATUM _Geodetic DATE 2010.02.17 - 2010.02.17 CHECKED BY ___TH
DYNAMIC GONE PENETRATION
SOIL PROFILE SAMPLES | o 4 [ResiSTANCE PLOT = e ww ool o | remares
@D MOISTURE I
5 @ g% & 20 40 60 B0 100 M7 ouen W7 55 &
© g = 1 ! L 1 i 35
|8l w| 3|e5| & [SHEARSTRENGTHKPa " . mof T | GRANSIZE
ELEY DESCRIPTION ~l21g| 2]188] & DISTRIBUTION
DEPTH HELIR: >|38| £ |o UNCONFINED & Cpen Y %)
=1z Z|E°| L |® QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
256.9 w 20 40 &0 80 100 20 40 80 kN/m3 {GR SA SI CL
00l pear ==
=~ 1| ss| s
e 4
256.3 ]
06 Silty CLAY
256.0
¥4 2 | ss | 28 d
08 Sitty SAND IRE 2%
255.7 Compact
12 \Brown /g'//'
Wet U
- A 3 | ss | 2 A Hed 0 3 69 28
Sitty CLAY, trace sand ;fﬁ
Very Stiff to Hard / ]
Brown 5?;5 255
Wet 4
(TILLY(CL) fﬁ alss 4 P
I/é
% :
A f
/
A 51 ss | 54 A o
7
W 254
7
é;G 5S4 A he— 0 1 54 45
2%
I 7 | ss | 45 253
%
9
7
7%
f/ 8| ss | 28 A o
é/
/
//’é 252
;2& 9188 | 17 A H-ei 0 2 41 57
7%
A
.
;g 101 ss | 30 o
%% 251
297
“%
A 1| ss | s >4 o
27
g/.
:;Q’ 12| ss | 28 250 el 6 0 &1 39
%7
7
/ 13| 88 | 31 A o
’.
i
%% 249
7
ag/ 14| ss | 39 A o
7
.
4] 15| ss | 47 A Hb 0 0 66 34
%2 248
247.8 “Z
91| END OF BOREHOLE AT 9.1m.
BOREHOLE BAGKFILLED WITH
BENTONITE HOLEPLUG TO
SURFACE.

20
3 3. Numbers refer to
X7 Sensiivity ‘5‘,%5 (%) STRAIN AT FAILURE




Ministry of
Transportation

Ontario

RECORD OF BOREHOLE No 08-14

10F1 METRIC

ONTMT4S(CPEN) 0596.GPJ  3/9/10

G.W.P.__ 21030500 LOCATION N 4886669.08 E 310 609.07 ORIGINATED BY _JM
HWY 404 BOREHOLE TYPE __ Continuous Spoon Sampting with Tripod COMPILED BY AN
DATUM _Geodetic 2010.02.17 - 2010.02.17 CHECKED BY TH
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x W IRESISTANCE PLOT NATURAL REMARKS
weal = { PLASTIC LaUID =
- Lz 3] umT MOISTURE v 6 A
o 8 173 20 CONTENT z O
=R L= z we w we| S8 | cransize
ELEV Bl w ] 3|]95] & |SHEAR STRENGTH kPa LD DISTRIBUTION
DESCRIPTION =1 s L5z &
DEPTH g3 7| 5|38| £ |o unconrineD Y %)
£z Z]Z 1 4 | QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
257.0 o 2 20 40 60 kNm 3 |GR SA S CL
00| ice 257
02l pear $s | 1
2559 = s 7 °
256
11 Sitty CLAY, trace sand %
Firm to Very Stiff ¢95
Brown %
Wet *ﬂé ss | 6 o
(TILLY(CL-CY) 7 %
%
oA 255
; /2 ss | 7 > o
#%
52
./,)/, ss | 31 te— 0 0 57 43
7
7% 254
4#/
5 /¢~ sS | 46 °
ehY
ng
9%
B 7 | ss | a ,ss °
72
; ss | 28 o
27
/'.
47
»gé 252
7% ss | 20 —4¢ 0 0 38 62
%7
%7
7
47
r§¢ SS | 14 °
W
=% 251
%%
% ss | f 0 2 39 59
7
ﬁ;g
% 8S | 21 o
;éé 250
.
i
%/,{ﬁ 88 26 o
/6¢
y
‘7 249
,54; ss | 25 Hel 0 0 72 28
%%
%%
;«Z)/;
%7 ss | 28 b
%2
247.9 1A 248
8.1 END OF BOREHOLE AT 9.1m.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO
SURFACCE.

+3 x3. Nump§r§ refer to
Sensitivity

20
‘5$5 (%) STRAIN AT FAILURE




Culverts
Highway 404 Extension from Green Lane to Queensville Sideroad

Appendix F
Laboratory Test Results
(south of Doane Road)

Culverts 5 and 6

Boreholes 08-01 to 08-05 and 08-10 to 08-14

THURBER



GRAIN SIZE DISTRIBUTION - THURBER 0596.GPJ 9/10/09

Hwy 404 Extension

GRAIN SIZE DISTRIBUTION

FIGURE F1

SILTY CLAY

U.S.S. Sieve size, meshesfinch

Size of openings, inches

200 100 8050 40 30 16 108 4 3 382 341 T 3 41/4° 6
100 = —— | ’| 1 1 1 1 I3 | d
» /
. il Zat
70
= 4
: feul
5 4
Z ¥
o 50
'—
g ¥
QO 40
w
i 4|/
%0 VAW,
A
20 /
10
0
0.0001 0.001 0.01 0.1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE [MEDIUMI COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
° 08-01 2.59 254 .56
x 08-01 4.88 252.27
A 08-01 6.40 250.75
* 08-01 9.45 247.70
® 08-02 1.83 255.30
O 08-02 4.88 252 .25

W.P# .2108:05-00........ . l

Prepared By .AN.....................
Checked By .RPR

THURBER




GRAIN SIZE DISTRIBUTION - THURBER 0596.GPJ 9/10/09

Hwy 404 Extension

FIGURE F2
GRAIN SIZE DISTRIBUTION
SILTY CLAY
100 _200: 100 6050 40 30 1'6 108 4 :IS 3!]8"".2' 3/14‘ ‘l|' 11ll2‘ 3:411/4'61'
=l
20
¥
80 ' /X‘
0 /

PERCENT FINER THAN
3

40 @/ J//

Eéi/‘

10

0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE | MEDIUM | coarse FINE COARSE | nn &
FINE GRAINED SAND GRAVEL SiZe
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® 08-03 2.59 254.84
x 08-03 6.40 251.03
A 08-03 9.45 247 .98
* 08-04 1.83 260.97
® 08-04 3.35 259.45
O 08-05 1.07 259.76

Prepared By .AN.................... THURBER
Checked By .RPR




GRAIN SIZE DISTRIBUTION - THURBER 0696.GPJ 9/10/09

Hwy 404 Extension

GRAIN SIZE DISTRIBUTION

FIGURE F3

SILTY CLAY

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

200

Size of openings, inches

100 6050 40 30 ‘l|5 108 4 3 31'8'1I|T 3/|4' 1[' 11112' 3'41‘/4'6:
100 =a
%
80 .
70
2z
£
- 60 e
i
=z
i 50
’...
Z
%)
O 40
in]
Q.
30
20
10
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE I MEDIUM ‘ COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL Size
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® 08-05 3.35 257.48
W.P.# .2109-:05-00........ . l

Prepared By AN.....................
Checked By .RPR

THURBER




GRAIN SIZE DISTRIBUTION - THURBER 0596.GPJ 9/10/09

Hwy 404 Extension

GRAIN SIZE DISTRIBUTION FIGURE F4

SILT (Some Clay)

U.S.S. Sieve size, meshesfinch Size of openings, inches
200 100 6050 40 30 4116 108 4 ? 3ll8'1ll2' 3l|4' 1[' ‘1'f2' 3'41[/4'5:
100 = po -
90
80
70
z
£ /
= 60
m f
i
z
i 50
: !
z
5 3
g f
i
o
30
20
O +q
0 k7
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE l MEDIUM |  COARSE FINE COARSE [ono o
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
° 08-02 7.92 249.21
b 4 08-04 7.92 254.88
A 08-05 7.92 252.91
WPH# .2109-05-00........ . -
PreparedBy AN.................... THURBER
CheckedBy RPR..................




THURBALT 0596.GPJ 9/10/09

Hwy 404 Extension

PLASTICITY INDEX

Date

Project

40

20

10

FIGURE F5
ATTERBERG LIMITS TEST RESULTS
SILTY CLAY
CH
Cl 2
WP
g
CL ®
Ab /]
b ¢ /
//
cL <
CL-ML / MI-Ol MH-OH
ML oL
0 10 20 30 40 60 70 80
LIQUID LIMIT
SYMBOL BH DEPTH (m) ELEV. (m)
® 08-01 2.59 254 .56
x 08-01 4.88 252.27
A 08-02 1.83 255.30
* 08-02 4.88 252.25
® 08-03 2.59 254 .84
o] 08-03 6.40 251.03
eptember 2009, _ . l Prepia . AN
2109-05-00 . THURBER Chkd RPR




THURBALT 0596.GPJ 9/10/09

PLASTICITY INDEX

Date

Project

Hwy 404 Extension
y FIGURE F6
ATTERBERG LIMITS TEST RESULTS
SILTY CLAY
80
CH
50
40 //
Cl o<
‘F‘O
30 =+ »
cL
20 ¢ /
* /
10 A /
cL
CL-ML s 7 MI-OI MH-OH
ML oL
0
0 10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BH DEPTH (m) ELEV. (m)
® 08-03 9.45 247.98
X 08-04 1.83 260.97
A 08-04 3.35 259.45
* 08-05 1.07 259.76
O] 08-05 3.35 257.48
September 2009 . . Prepa AN
.2109-05-00 . THURBER Chkd RPR




GRAIN SIZE DISTRIBUTION - THURBER 0596.GPJ 3/5/10

Hwy 404 Extension
GRAIN SIZE DISTRIBUTION

FIGURE F7
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Hwy 404 Extension

GRAIN SIZE DISTRIBUTION

FIGURE F8

SILTY CLAY
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Hwy 404 Extension
GRAIN SIZE DISTRIBUTION

FIGURE F9

SILTY CLAY
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GRAIN SIZE DISTRIBUTION - THURBER 0596.GPJ 3/5/10

Hwy 404 Extension
GRAIN SIZE DISTRIBUTION FIGURE F10

SILTY CLAY
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Hwy 404 Extension

GRAIN SIZE DISTRIBUTION - THURBER 0596.GPJ 3/8/10

FIGURE F11
GRAIN SIZE DISTRIBUTION
SILTY SAND
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Hwy 404 Extension

ATTERBERG LIMITS TEST RESULTS FIGURE F12

THURBALT 0596.GPJ 3/5/10
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SYMBOL BH DEPTH (m) ELEV. (m)
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Lo 08-11 3.96 253.04
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Hwy 404 Extension

PLASTICITY INDEX

Date

Project

FIGURE F13
ATTERBERG LIMITS TEST RESULTS
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PLASTICITY INDEX

Hwy 404 Extension
w FIGURE F14
ATTERBERG LIMITS TEST RESULTS
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ATTERBERG LIMITS TEST RESULTS | T'GURE F15
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Culverts
Highway 404 Extension from Green Lane to Queensville Sideroad

Appendix G

Site Photographs
(south of Doane Road)

Culverts Sand 6

Boreholes 08-01 to 08-05 and 08-10 to 08-14
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Culverts
Highway 404 Extension from Green Lane to Queensville Sideroad

Photograph 2 — Site location of Culvert 5
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Culverts
Highway 404 Extension from Green Lane to Queensville Sideroad

Photograph 4 — Site location of Culvert 6
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Culverts
Highway 404 Extension from Green Lane to Queensville Sideroad

Appendix H
Drawing titled “Borehole Locations and Soil Strata”

(south of Doane Road)

Culverts 5 and 6

Boreholes 08-01 to 08-05 and 08-10 to 08-14
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Culverts
Highway 404 Extension from Green Lane to Queensville Sideroad

Appendix 1

Foundation Comparison
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Culverts
Highway 404 Extension from Green Lane to Queensville Sideroad

Appendix J

Figure 1

THURBER



March

, 2004

A
/ / A B
- v . :". L] M
- /s R A
— “fj‘m LT TS
/ d = 4
~ EARTH -'_
~ FILL GRANULAR 'A'
-

CROSS-SECTION

——— BUILD UP TO THIS
LEVEL THEN CONSTRUCT
-FOOTING

ORIGINAL GROUND
r SURFACE

REMOVE TOPSOIL & SOFT MATERIAL -

LONGITUDINAL SECTION
NOT TO SCALE

NOTES:

1. REMOVE TOPSOIL AND OR SOFT SUBSOIL UNDER AREA OF COMPACTED

GRANULAR 'A' AND EARTH FILL.

- PLACE GRANULAR 'A' AND EARTH FILL TO BOTTOM OF FOOTING LEVEL,
COMPACTED ACCORDING TO 0.P.S.S. 501.

3. CONSTRUCT CONCRETE FOOTING.

4. PLACE REMAINDER OF GRANULAR ‘A’ AND EARTH FILL AS REQUIRED.
5. SOURCE M.T.C. 1982.

ENGINEER

TED35146 .0WC

SS .
™ it 2004 ABUTMENT ON COMPACTED FILL SHOWING D 1
T ek GRANULAR A CORE o THuReER
- NTS o FIGURE 1




Culverts
Highway 404 Extension from Green Lane to Queensville Sideroad

Appendix K

List of SPs and OPSS, and Suggested Text for Selected NSSP
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Culverts
Highway 404 Extension from Green Lane to Queensville Sideroad

1. List of Special Provisions and OPSS Documents Referenced in this Report
e SP 902 S01
e SP 105510
e SP 572501
e SP206S03

e OPSD 803.010
e OPSD 810.010
e OPSS 1205

OPSS 206, as amended by Special Provision “Amendment to OPSS 206, December 1993, dated
November 2006.

2, Suggested text for a NSSP on Dewatering

The culverts for this project will carry Maskinonge River and Mount Albert Creek. Temporary
stream diversion measures such as impervious dykes or cofferdams must be provided at Maskinonge
River and Mount Albert Creek to divert surface water runoff and stream flow away from the culvert
excavations to maintain dry excavations at all times during construction. The site of Culvert 6 was
noted to be flooded. A cofferdam may be required to control this water.

The soils underlying a number of the sites are predominantly cohesionless and will be readily
disturbed by unbalanced water heads or by flow of water. The Contractor shall design, install and
operate systems that shall:

1. Unwater the excavations.
. Control the flow of groundwater, surface water and river/creek water into the excavations.

. Prevent the disturbance of the base of the excavations.

S L N

. Prevent the sloughing of soil into the excavations.

Particular attention must be paid to the design of unwatering systems and shoring systems for
foundation construction due to the proximity of the river/creek and the cohesionless nature of the
overburden.

The selection and design of suitable unwatering and shoring systems shall remain the responsibility of
the Contractor. Suitable systems that might be employed include:

THURBER



Culverts
Highway 404 Extension from Green Lane to Queensville Sideroad

* Pumping from properly filtered sumps may be suitable to handle the groundwater when
excavations extend no more than 0.5 m below the groundwater level.

*  The use of vacuum well points for deeper penetration below the groundwater level.

¢ Sheetpiled cofferdams assisted by vacuum well points at locations near the creek and
river,

Factors that might influence the selection and design of unwatering and shoring systems include, but
are by no means limited to:

* The probable water level of the river/creek during construction. The selected systems
must prevent flooding of the work area due to rising river levels.

3. Suggested text for a NSSP on Culvert Construction in Flooded Area (Culvert 6)

¢ The Contractor is advised that standing water is expected to occur at and in the vicinity of
culvert 6 site.

e All fill placed in standing water shall be rock fill and shall be placed to 150 mm above
the standing water level.

* Rock fill shall not contain shale or shale fragments.

¢ Following placement of rock fill in accordance with SP206S03, a 300 mm layer of
Granular B Type II shall be placed over the entire extent of the rock fill.

4, Suggested text for a NSSP on Rock Fill
Rock fill shall be as specified in SP 206503, except for the following items:
Rock fill shall not contain shale or shale fragments.

Rock fragments exceeding 0.4 metre in size shall be well distributed throughout the
embankment. Rock fragments up to a maximum size of 0.6 metres may be incorporated into
the embankment provided that the Rock fragments are less than two-thirds the rock fill lift

height and are sufficiently spaced to allow free access of the specified equipment to compact
the intervening fill.

THURBER



Culverts
Highway 404 Extension from Green Lane to Queensville Sideroad

Placement in layers and compaction is not required for Rock to be placed under water. Rock
placed underwater may be placed by end dumping. End dumping shall only be used to an
elevation of 0.2 m above the water level after which the Embankment shall be constructed
using the equipment and method specified in this special provision.

5. Suggested text for a NSSP on Subgrade Inspection and Approval

The footing subgrade for each culvert shall be inspected by the Contractor’s QVE to confirm that the
footings are being placed on native undisturbed compact to dense soils. Any remaining organics or
soft subgrade soils shall be subexcavated and backfilled with well compacted granular backfill or 3 to
5 MPa lean mix concrete.

6. Suggested text for a NSSP Regarding Artesian Water Flow
The Contractor is advised that artesian groundwater pressures were measured at some sites.

If artesian water flow is observed, the Contractor shall immediately notify the Contract Administrator.
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