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Bronte Road Deep Cuts 1
QEW Widening, Third Line to Burloak

FOUNDATION INVESTIGATION AND DESIGN REPORT

BRONTE ROAD DEEP CUTS
QEW WIDENING, THIRD LINE TO BURLOAK

G.W.P. 169-00-00
Geocres Number: 30MS5 - 254

PART 1: FACTUAL INFORMATION

1 INTRODUCTION

This report presents the factual findings obtained from a foundation investigation conducted at the

site of deep cuts associated with the proposed interchange between QEW and realigned Bronte
Road in Oakville, Ontario.

The purpose of the investigation was to explore the subsurface conditions at the site and, based on
the data obtained, to provide a borehole location plans, records of boreholes, stratigraphic profiles,
laboratory test results and a written description of the subsurface conditions. A model of the
subsurface conditions was developed from the data obtained in the course of the present and
previous investigations.

A previous foundation investigation was carried out by Thurber Engineering I.td. for a proposed
bridge structure at this site. The factual data from that earlier investigation has been incorporated
in the preparation of this report.

Thurber carried out the investigation as a sub-consultant to McCormick Rankin Corporation, under
the Ministry of Transportation Ontario (MTO) Agreement Number 2005-A-000346.

2  SITE DESCRIPTION

The deep cuts are located on the tableland just east of the Bronte Creek valley. The creek valley is
incised up to approximately 28 m below the surrounding tableland. The valley slopes are steep and
are formed into shale bedrock. On the tableland, shale is also present underneath overburden soils
or fill (under the existing QEW roadway) at shallow depth. It appears that drainage at the site
flows towards Bronte Creek, which flows southward to Lake Ontario.

On the north side of the site (north of QEW), the terrain is largely flat with the ground surface
varying between Elevations 121 m and 122 m. The ground surface then drops in the order of 4 m
to 5 m towards the QEW at approximate Elevation 117 m. On the south side (south of QEW), the
terrain is slightly undulating but generally slopes downward towards the southerly portion of
Bronte Road situated at about Elevation 108 m. Vegetation is moderate consisting mainly of tall
grass, shrubs and occasional small trees.

[
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The project area appears to be located adjacent to the shoreline of the glacial Lake Iroquois. From
published geological information, this area is situated at the border between a physiographic region
known as the Peel Plain to the north and Iroquois Plain to the south. In this area, the relatively thin
native soil deposits typically consist of cohesive soils (some tills) overlying shale bedrock of the
Queenston Formation. The till is known to consist of shale and limestone fragments. Wave action
in the glacial lake modified the original ground moraine and lacustrine deposits in the form of
stratified silts and sands are present at locations along the shoreline of the glacial lake.

Immediately south of the QEW, the land has been developed for commercial uses, principally a car
dealership and a hotel. A short distance to the north of the QEW, the land has been developed for
the Region of Halton Municipal Headquarters Complex. To the east of the complex lies open

space and a golf course, while to the west is the Bronte Creek valley and Bronte Creek Provincial
Park.

Photographs of the site are included in Appendix E.

3  SITE INVESTIGATION AND FIELD TESTING

The site investigation and field testing used to describe the stratigraphy in the area of the deep cuts
was carried out in two phases. Investigation was conducted for the deep cuts in the period
November 3 to November 30, 2006. Borehole data obtained in an earlier investigation for the
QEW/Bronte Road Interchange structure was also used. These boreholes were drilled in the period
June 12 to June 19, 2006. A total of twenty two boreholes were considered in the preparation of
the stratigraphic description of the site. The approximate locations of all of the boreholes are
shown on the attached Borehole Locations and Soil Strata Drawings in Appendix D.

A combination of hollow-stem auger drilling and diamond coring techniques were used to advance
the boreholes. Samples were obtained at selected intervals using a split spoon sampler in
conjunction with Standard Penetration Testing (SPT) in the overburden soils. Since Queenston
shale bedrock occurs at shallow depth across the site, all boreholes were taken to bedrock, or
inferred bedrock. Eleven of the boreholes were terminated after SPT sampling showed that the top
of the bedrock had been reached. In three of the boreholes, bedrock was proved by coring for
depths ranging from 3.1 to 4.4 m. In the remaining eight boreholes, the bedrock was cored for

depths ranging between 5.2 and 8.4 m in order to obtain a stratigraphic profile to the full depth of
excavation of the road cuts.

Groundwater conditions in the open boreholes were observed throughout the drilling operations
and standpipe piezometers consisting of 19 mm PVC pipe with a slotted screen were installed in
nine of the boreholes to permit longer term groundwater level monitoring. The locations and
completion details of the piezometers are shown in Table 3.1. The boreholes in which no
piezometers were installed were grouted with bentonite or backfilled with cuttings when the
boreholes were less than 3.0 m deep. The borehole completion details are shown in Table 3.1.
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Table 3.1 — Borehole Completion Details

Borehole Piezometer
¥ ocats Tip Depth/ Completion Details
Location .
Elevation (m)
EN-1 None installed | Bentonite grout for full depth
EN-2 4.6/116.5 Sand from 4.6 to 2.6, bentonite grout to 0.9, cuttings to surface
EN-3 9.4/112.2 Sand from 9.4 to 6.7, bentonite grout to 0.2, cuttings to surface
EN-4 None installed | Bentonite grout and drill cuttings to surface
SW-1 None installed | Bentonite grout for full depth
SW-2 None installed | Bentonite grout to surface
SW-3 None installed | Bentonite grout for full depth
Sw-4 None installed | Backfilled with drill cuttings to surface
NW-1 None installed | Bentonite grout to surface
NwW-2 6.2/115.4 Sand from 6.2 to 4.0, bentonite grout to 0.9, cuttings to surface
NWC-1 9.2/113.0 Sand from 9.2 to 6.7, bentonite grout to surface
NWC-2 4.6/117.2 Sand from 4.6 to 2.6, bentonite grout to surface
NWC-3 9.2/112.6 Sand from 9.2 to 6.9, bentonite grout to surface
NwWC-4 None installed | Bentonite grout and drill cuttings to surface
BR-1 None installed | Bentonite grout for full depth
BR-2 12.2/109.6 Sand from 12.2 to 10.1, bentonite grout to surface
BR-3 None installed | Bentonite grout and drill cuttings to surface
BR-4 12.0/109.2 Sand from 12.0 to 10.1, bentonite grout to surface
BR-5 7.6/105.4 Sand from 7.6 to 5.8, bentonite grout to surface
06-2 None installed | Bentonite grout for full depth
06-4 None installed | Bentonite grout for full depth
06-14 None installed | Backfilled with drill cuttings to surface

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

All rock cores were logged, and the Total Core Recovery (TCR), Rock Quality Designation (RQD)
and the Fracture Indices (FI) were determined.

4 LABORATORY TESTING

The recovered soil samples were subjected to Visual Identification (VI) and to natural moisture
content determination. The results of this testing are shown on the Record of Borehole sheets in
Appendix A. Selected samples were also subjected to gradation analysis and the results of this
testing program are shown on the Record of Borehole sheets in Appendix A and on the figures

contained in Appendix B. The results of point load tests on rock cores retrieved from the boreholes
are shown on the Record of Borehole sheets in Appendix A.

5 DESCRIPTION OF SUBSURFACE CONDITIONS

Reference is made to the Record of Borehole sheets in Appendix A. Details of the encountered soil
and rock stratigraphy are presented in that appendix and on the “Borehole Locations and Soil

[
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Strata” drawing in Appendix D. An overall description of the stratigraphy is given in the following
paragraphs. However, the factual data presented in the Record of Borehole Sheets govems any
interpretation of the site conditions.

In general, the site is underlain by silty clay, sand, lower silty clay and clay till overlying
Queenston Shale bedrock. Topsoil and fill were also encountered at the surface.

5.1 Bronte Road

The interpretation of the subsurface conditions along Bronte Road was based on
Boreholes BR1, BR2, BR3, BR4, BR5, 06-2, 06-4 and 06-14.

Along the alignment of Bronte Road north of QEW, the stratigraphy consists of topsoil and

minor fill, silty clay, silty sand, a lower silty clay and silty clay till, all overlying
Queenston Shale bedrock.

Under existing QEW, the pavement structure overlay Queenston Shale Bedrock.

South of the existing QEW, the stratigraphy consisted of silty clay or fill overlying
Queenston Shale bedrock.

5.1.1 Topsoil

Reference should be made to Table 5.1 for the thicknesses of topsoil in Boreholes BR1,
BR2, BR3, BR4 and BRS.

Topsoil thickness may vary between and beyond the boreholes.

5.1.2 Asphalt and Concrete

As part of the existing pavement structure, asphalt was encountered in the two boreholes
drilled on the QEW and concrete was encountered below the asphalt in one of the

boreholes. The asphalt thickness ranged between 175 and 190 mm, and the concrete
thickness was 140 mm as shown below.

Borehole Asphalt Thickness (mm) | Concrete Thickness (mm)
06-4 190 140
06-14 175 -
5.1.3 Fill

Fill was encountered below the asphalt and/or concrete, and immediately above shale in the
two boreholes located on the QEW. The fill grading is sand and gravel, and is visually
classified as a 19 mm crusher run limestone. The thickness of the fill ranges from 0.4 m to
0.7 m. The fill is largely in a compact state.

[
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A further pocket of loose sand fill was encountered on the new Bronte Road alignment, in
Borehole BR-2. This fill was 600 mm thick and underlay 150 mm of topsoil.

South of the QEW, on the new Bronte Road alignment, Borehole BR-5 encountered fill
underlying 50 mm of topsoil. The fill consisted of firm to very stiff silty clay. On the deep
cut alignment south of QEW, the fill is identified as lying directly on the shale bedrock.
The measured moisture contents in this fill ranged from 15 to 19%.

514 Silty Clay

From Sta 9+770 to Sta 9+880, the silty clay is approximately 0.6 m thick and the base
elevation varies from 121.0 to 121.2. From Sta 9+880 to 9+940, the thickness of the clay

layer increases to approximately 2 m and the elevation of the underside of the layer lies at
approximately 119.0.

The clay is firm to stiff, brown and the natural moisture content ranges from 10 to 22%.

The grain size distribution of the silty clay is represented by the data plotted in Figures Bl
and B2 in Appendix B. The results of Atterberg limit testing, as plotted in Figures B8 to
B10 show that soil to be low plasticity.

5.1.5 Silty Sand

The silty clay is underlain by a layer of silty sand that varies in thickness from 0.7 to 1.5 m,
with the base of the layer at Elevation 118.2 to 120.5.

The silty sand is in a compact state, based on SPT values ranging from 16 to 22 blows for
0.3 m of penetration. The silty sand is described as brown, moist, with the natural moisture
content ranging from 10 to 19%.

The grain size distribution of the sand is plotted in Figure BS5.

5.1.6 Lower Silty Clay

A lower deposit of silty clay, similar to the upper layer, lies below the silty sand. About
Sta 9+770, the silty clay layer is approximately 1.5 m thick but the thickness decreases
with increasing chainage until it has pinched out by Sta 9+940. The base of this layer lies
between Elevation 118.3 and 118.9.

The clay is stiff to very stiff, brown to grey and the natural moisture content ranges from
19 to 21%.

The grain size distribution of the silty clay is represented by the data plotted in Figures B1
and B2 in Appendix B. The results of Atterberg limit testing, as plotted in Figure B8 show
that soil to be low plasticity.
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5.1.7 Silty Clay Till

Below the lower layer of silty clay the boreholes encountered silty clay till. It should be
noted that the transition between the two soil types is gradual and no distinct boundary may
be observable in the field. This layer is approximately 1.1 to 1.6 m thick and the base of
the layer lies at Elevation 116.7 to 117.7.

The silty clay till is stiff to very stiff, reddish brown to brown to grey and the natural
moisture content ranges from 15 to 19%.

The till may contain cobbles, boulders or rock slabs.

The grain size distribution is represented by the data plotted in Figure B6 in Appendix B.
The results of Atterberg limit testing, as plotted in Figure B7 show that soil to be low
plasticity.

5.1.8 Bedrock

The soils described above are underlain by Queenston Shale bedrock. A general
description of the shale bedrock, with layers of siltstone and limestone is presented later in
this section and the bedrock elevations are presented in Table 5.1.

5.2 Ramp S-W

The interpretation of the subsurface conditions along the Ramp S — W. is based on
Boreholes BR4, SW1, SW2, SW3, and SW4.

Along the alignment of Ramp S - W, the stratigraphy consists of topsoil and minor fill,

silty clay, silty sand, a lower silty clay and silty clay till, all overlying Queenston Shale
bedrock.

5.2.1 Topsoil

Reference should be made to Table 5.1 for the thicknesses of topsoil in Boreholes SW1,
SW2, SW3, SW4 and BR4.

Topsoil thickness may vary between and beyond the boreholes.
5.2.2 Silty Clay
The thickness of the silty clay varied from approximately 2 m near Sta 9+570 to 0.6 m

further round the ramp until it pinched out about Sta 9+800 and the base elevation varies
from 119.0 to 120.8.

The clay is stiff to hard, brown and the natural moisture content ranges from 10 to 21%.

The grain size distribution of the silty clay is represented by the data plotted in Figures Bl
and B2 in Appendix B. The results of Atterberg limit testing, as plotted in Figures B8 to
B10 show that soil to be low plasticity.
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5.2.3 Silty Sand

The silty clay is underlain by a layer of silty sand that varies in thickness from 0.5 to 0.7 m,
with the base of the layer at Elevation 118.2 to 120.3.

The silty sand is in a compact state, based on SPT values ranging from 11 to 25 blows for
0.3 m of penetration. The silty sand is described as brown, moist, with the natural moisture
content ranging from 15 to 20%.

The grain size distribution of the sand is plotted in Figure B5.
5.2.4 Lower Silty Clay

A lower deposit of silty clay, similar to the upper layer, lies below the silty sand for part of
the length of the ramp. From the start of the ramp to about Sta 9+600, the lower silty clay
is absent. From Sta 9+600 to beyond Sta 9+800 the silty clay layer is approximately 0.8 to
1.6 m thick. The base of this layer lies between Elevation 118.6 and 119.0.

The clay is stiff to hard, brown and the natural moisture content ranges from 19 to 21%.

The grain size distribution of the silty clay is represented by the data plotted in Figures Bl
and B2 in Appendix B. The results of Atterberg limit testing, as plotted in Figure B10
show that soil to be low plasticity.

52.5  Silty Clay Till

Below the lower layer of silty clay or the silty sand, the boreholes encountered silty clay
till. It should be noted that the transition between the two soil types is gradual and no
distinct boundary may be observable in the field. This layer is approximately 0.4 to 2.6 m

thick, though it is pinched out by Sta 9+800, and the base of the layer lies at Elevation
116.7 to 118.6.

The silty clay till is very stiff to hard, reddish brown to brown to grey and the natural
moisture content ranges from 12 to 19%.

The till may contain cobbles, boulders or rock slabs.

The grain size distribution is represented by the data plotted in Figure B7 in Appendix B.
The results of Atterberg limit testing, as plotted in Figure B10 show that soil to be low
plasticity.

5.2.6 Bedrock

The soils described above are underlain by Queenston Shale bedrock. A general
description of the shale bedrock, with layers of siltstone and limestone is presented later in
this section and the bedrock elevations are presented in Table 5.1.

THURBER
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53 Ramp E - N/S

The interpretation of the subsurface conditions along the Ramp E — N/S is based on
Boreholes BR2, EN1, EN2, EN3 and EN4.

The predominant soil type encountered along this ramp is silty clay. This soil is partially
overlain by silty sand, upper silty clay and fill. The main silty clay stratum is underlain by
silty clay till, followed by Queenston Shale bedrock.

5.3.1 Topsoil

Reference should be made to Table 5.1 for the thicknesses of topsoil in Boreholes ENI,
EN2, EN3, EN4 and BR2.

Topsoil thickness may vary between and beyond the boreholes.

5.3.2 Fill
A minor pocket of loose to compact sand fill was encountered around Sta 10+700.

5.3.3 Silty Clay

A small pocket of silty clay was encountered below the topsoil in Borehole EN4, around
Sta 10+660.

The clay is firm, brown and the natural moisture content is 21%.

The grain size distribution of the silty clay is represented by the data plotted in Figures Bl
and B2 in Appendix B. The results of Atterberg limit testing, as plotted in Figures B8 to
B10 show that soil to be low plasticity.

534 Silty Sand

The silty clay is underlain by a layer of silty sand from Sta 10+550 to beyond Sta 10+700.
The thickness of the layer ranges from 0.5 to 1.0 m until it pinches out close to Sta 10+550.
The base of the layer lies at Elevation 120.1 to 121.0.

The silty sand is in a loose to compact state, based on SPT values ranging from 6 to 30
blows for 0.3 m of penetration. The silty sand is described as brown, moist, with the
natural moisture content ranging from 15 to 19%.

The grain size distribution of the sand is plotted in Figure BS5.

5.3.5 Lower Silty Clay

A deposit of silty clay was encountered under the silty sand and upper silty clay for the
entire length of the ramp. The thickness of this layer ranges from 1.3 to 2.2 m and the base
of the layer lies between Elevation 118.]1 and 119.2.

The clay is firm to very stiff, brown to grey and the natural moisture content ranges from
16 to 23%.

[
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The grain size distribution of the silty clay is represented by the data plotted in Figures Bl
and B2 in Appendix B. The results of Atterberg limit testing, as plotted in Figure B7 show
that soil to be low plasticity.

5.3.6 Silty Clay Till

The silty clay is underlain by silty clay till from Sta 10+600, approximately, to beyond Sta
10+700. It should be noted that the transition between the two soil types is gradual and no
distinct boundary may be observable in the field. This layer is approximately 1.0 to 1.4 m

thick, though it is pinched out by Sta 10+600, and the base of the layer lies at Elevation
117.5t0 117.9.

The silty clay till is stiff to very stiff, reddish brown to grey and the natural moisture
content ranges from 15 to 16%.

The grain size distribution is represented by the data plotted in Figure B6 in Appendix B.

The results of Atterberg limit testing, as plotted in Figure B9 show that soil to be low
plasticity.

5.3.7 Bedrock

The soils described above are underlain by Queenston Shale bedrock. A general

description of the shale bedrock, with layers of siltstone and limestone is presented later in
this section.

5.4 Ramp N-W

The interpretation of the subsurface conditions along Ramp N — W is based on
Boreholes NW1, NW2, NWC1 NWC2, NWC3 and NWC4.

Along the alignment of Ramp N - W, the stratigraphy consists of topsoil, silty clay, silty

sand, a lower silty clay and a pocket of silty clay till, all overlying Queenston Shale
bedrock.

5.4.1 Topsoil

Reference should be made to Table 5.1 for the thicknesses of topsoil in Boreholes NW1,
NW2, NWC1, NWC2, NWC3 and NWC4.

Topsoil thickness may vary between and beyond the boreholes.

5.4.2 Silty Clay

The thickness of the silty clay underlying the topsoil varied from 0.6 to 1.4 m and the base
elevation varies from 120.1 to 121.6.

The clay is stiff to very stiff, brown and the natural moisture content is 10 to 23%.

—
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The grain size distribution of the silty clay is represented by the data plotted in Figures Bl
and B2 in Appendix B. The results of Atterberg limit testing, as plotted in Figures B8 to
B9 show that soil to be low plasticity.

543 Silty Sand and Sandy Silt

The silty clay is underlain by a layer of silty sand and sandy silt that varies in thickness
from 0.6 to 1.5 m. The base of the layer lies at Elevation 119.4 to 120.0.

The silty sand is in a compact to dense state, based on SPT values ranging from 14 to 40
blows for 0.3 m of penetration. The silty sand is described as brown, moist, with the
natural moisture content ranging from 15 to 21%.

The grain size distribution of the sand is plotted in Figure B5.

5.4.4 Lower Silty Clay

A deposit of silty clay was encountered under the silty sand and upper silty clay for the
entire length of the ramp. The thickness of this layer ranges from 1.7 to 1.9 m and the base
of the layer lies between Elevation 117.5 and 118.4.

The clay is very stiff to hard, brown to grey and the natural moisture content ranges from
15 to 20%.

The grain size distribution of the silty clay is represented by the data plotted in Figures Bl
and B2 in Appendix B. The results of Atterberg limit testing, as plotted in Figures B8 and
B9 show that soil to be low plasticity.

54.5  Silty Clay Till

The silty clay is underlain by silty clay till only in the vicinity of Borehole NWC1. It
should be noted that the transition between the two soil types is gradual and no distinct
boundary may be observable in the field. This layer is approximately 0.9 m thick and the
base of the layer lies at Elevation 117.4.

The silty clay till is hard, brown and the natural moisture content ranges from 10 to 12%.
The till may contain cobbles, boulders and rock slabs.

The grain size distribution is represented by the data plotted in Figure B6 in Appendix B.

The results of Atterberg limit testing, as plotted in Figures B8 and B9 show that soil to be
low plasticity.

5.4.6 Bedrock

The soils described above are underlain by Queenston Shale bedrock. A general
description of the shale bedrock, with layers of siltstone and limestone is presented later in
this section and the bedrock elevations are presented in table 5.1.
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5.5 Shale Bedrock

The overburden soils described above are underlain by weathered shale bedrock. In the
boreholes outside of the QEW, the weathered shale was encountered at depths of between
1 m and 4 m below existing ground surface. On the QEW, the weathered shale was present
immediately below the pavement structure at between 0.7 m and 0.9 m. Bedrock was
proven by coring beyond the augered depth in Boreholes EN1, EN3, SW1, SW3, NWCl,

NWC3, BR2, BR4, BR5, 06-2 and 06-4. The depth and elevation of the shale are
summarized in Table 5.1.

Total core recovery in the bedrock was generally 100%, with only occasional values down
to 91%. The RQD values generally ranged from 43% to 100% indicating poor to excellent
rock quality. Parts of the Ramp E — N had RQD values down to 0%, indicating very poor
quality rock. This range of values is typical is near surface Queenston Shale and reflects

the variation between highly weathered shale and relatively unweathered limestone or
siltstone stringers.

The Fracture Index (FI) of the rock, expressed as fractures per 0.3 m of core, ranged from 0
to >10. This range in the value of the Fracture Index is typical of the Queenston Shale and

represents the contrast between the relatively fissile shale and the limestone and siltstone
stringers.

The unconfined compressive strength of most of the rock cores is estimated to range
between 1 and 39 MPa indicating very weak weathered shale to medium strong intact
limestone and siltstone. These estimated rock strength values are based on point load tests

that were conducted on rock cores recovered from the boreholes.

The sampling and testing conducted for this project have indicated that the bedrock is
Queenston Shale. This deposit typically contains layers of siltstone and limestone that can
be significantly harder than the shale itself, with unconfined compressive strengths in
excess of 100 MPa being measured at some locations.

The results of the investigation indicate that the shale is moderately to highly weathered
near the overburden contact and generally becomes less weathered and stronger with depth.
The distribution, thickness and strength of the siltstone and limestone layers vary from
location to location and these layers typically exhibit less pronounced weathering than the
shale. This means that layers of strong to very strong siltstone or limestone may be
encountered at or near the top of the bedrock deposit.

The Record of Borehole sheets indicate where siltstone or limestone layers were identified
in the investigation. However, sampling and interpretation from small diameter boreholes
may underestimate the frequency and strength of the strong layers within the rock mass

and geological expertise and past experience must be applied in any decision making
process regarding the bedrock.
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Table 5.1
Borehole Topsoil Thickness | Depth to Bedrock | Bedrock Elevation
(mm) (m)

EN-1 100 1.5 119.2
EN-2 75 2.3 118.9
EN-3 75 3.6 118.1
EN-4 100 4.0 117.9
SW-1 100 3.8 117.7
SW-2 100 3.6 118.0
SW-3 200 2.7 118.6
SW-4 75 1.5 119.2
NW-1 125 39 117.7
NW-2 100 3.9 117.7
NWC-1 125 4.8 117.4
NWC-2 125 4.0 117.9
NWC-3 100 4.0 117.8
NWC-4 75 37 117.5
BR-1 150 43 117.7
BR-2 150 43 117.5
BR-3 100 4.5 117.2
BR-4 150 4.6 116.7
BR-5 50 2.3 110.7
06-2 50 1.0 112.5
06-4 (QEW) 0.7 116.6
06-14 (QEW) 0.9 115.9

5.6 Water Levels

Standpipe piezometers were installed in selected boreholes and water levels were measured

on completion of drilling and shortly thereafter. The water level readings are presented in
Table 5.2.

Based on these observations, local groundwater levels exist at Elevations 106.82 m to
120.10. All groundwater observations at this site are short term and the levels are expected
to fluctuate seasonally and after severe weather events.
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Table 5.2: Water Level Measurements

Date November 10, 2006 December 8, 2006
Depth Elev. Depth Elev.
Borehole (m) (m) (m) (m)

EN2 3.56 117.64 2.00 119.20
EN3 4.05 117.65 3.24 118.46
NW?2 3.58 118.02 3.41 118.19
NWCl1 2.52 119.68 2.10 120.10
NWC2 4.10 117.80 3.41 118.49
NWC3 4.76 117.04 4.24 117.56
BR2 - - 1.93 119.87
BR4 - - 4.09 117.11
BRS5 - - 6.18 106.82

6 MISCELLANEOUS

The borehole locations were marked in the field by surveyors from J.D. Bames Ltd. who also

provided Thurber with the coordinates and geodetic elevations. Thurber obtained utility clearances
prior to drilling.

DBW Dirilling Limited of Ajax, Ontario, supplied the drill rig and conducted the drilling, sampling
and in-situ testing operations.

The drilling and sampling operations in the field were supervised on a full time basis by Mr.
Stephane Loranger of Thurber.

Laboratory testing was carried out by Thurber Engineering Ltd. in its MTO-approved Oakville
laboratory.

Mr. Murray Anderson, P.Eng. and Mr. Mark E. Farrant, P.Eng. directed the field operations.

The report was prepared by Mr. Alastair E. Gorman, P.Eng.
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Dr. PX. Chatterji, P.Eng., a Designated Principal Contact for MTO Foundations projects, reviewed
the report.

Thurber Engineering Ltd.

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

Report Reviewed by:
P K. Chatterji, P.Eng.,
Review Principal, Designated MTO Contact
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FOUNDATION INVESTIGATION AND DESIGN REPORT
BRONTE ROAD DEEP CUTS
QEW WIDENING, THIRD LINE TO BURLOAK
G.W.P. 169-00-00

Geocres Number: 30MS5 - 254

PART 2: ENGINEERING DISCUSSION AND RECOMMENDATIONS

7 GENERAL

This report presents interpretation of the geotechnical data in the factual report and presents

geotechnical design recommendations to assist the design team to design the deep cuts required as
part of the project.

It is understood that QEW will be maintained at existing grade and that Bronte Road will be
depressed under the QEW. At the north edge of the QEW, the Bronte Road grade will be as low as
11 to 12 m below existing ground level and rising towards the north.

The Ramp S — W will match the elevation of Bronte Road at the north edge of QEW and will spiral
upward to the east and south to match the grade of QEW.

The Ramp E — N/S will exit from QEW and fall to meet Bronte Road in the cut section.

The Ramp N — W will exit Bronte Road in the cut section and run more-or-less at constant grades
to meet the QEW.

The discussion and recommendations presented in this report are based on our understanding of the
project and on the factual data obtained in the course of this investigation and the previous
investigation carried out for the bridge foundations.

Stability analysis has been carried out for selected critical sections in each cut using G-Slope, a
computer program developed by Mitre Software, and using Bishop’s method of analysis. The
bedrock was assigned a mass shear strength of 500 kPa, which is considered to be a conservative
value,

8 CUT SLOPES

All excavations to form the cut slopes must be carried out in accordance with the Occupation
Health and Safety Act (OHSA). For the purposes of OHSA, the fill and silty sand at this site are
classified as Type 3 soils. The silty clay and silty clay till are classified as Type 2 soils.

Short term excavations of moderate depth in the Queenston shale will generally be stable with
near-vertical faces. However, the Queenston Shale is prone to weathering and on the longer term

[
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steep slopes are expected to slough and ravel. Taking account of the properties of the shale,
permanent slopes cut at 2H:1V are considered to be stable at heights of up to 15 m.

The design and construction of temporary slopes is the responsibility of the contractor but,
typically, vertical slopes on Queenston shale up to 6 m high will be stable in the short term, e.g. for
up to 1 month, depending on the time of year and the weather.

Vegetation cover should be established on all exposed soil and shale bedrock slopes to protect
against surficial erosion. Reference may be made to the latest revision of OPSS 572 and related
special provision(s) for more detailed requirements, where applicable.

8.1 Bronte Road

8.1.1 General

North of the QEW, the stratigraphy in the cut for Bronte Road consists of 4 to 5 m of fill,
silty clay, silty sand and silty clay till overlying shale bedrock. The deep cut will fully
penetrate the overburden and will cut up to 7 m into the underlying shale. South of the
QEW, the cut will penetrate through 2 to 3 m of silty clay fill overlying the shale bedrock.

The greatest depth of cut and the least favourable stratigraphy, i.e. maximum depth of
overburden, occur immediately north of the QEW, in the area represented by
Borehole BR4. At this section, the cut face will consist of approximately 2 m of silty clay
over 1 m of silty sand over 2.5m of silty clay till over bedrock. The cut penetrates

approximately 7 m into the shale. This section has been selected as the critical section for
stability analysis.

8.1.2 Stability

The stability analysis output is included as Figure C1 in Appendix C and shows that for a
cut slope of 2H:1V the factor of safety against failure is 1.3.

8.1.3 Recommended Geometry

The recommended slope geometry for the Bronte Road cut, to maximum height of 12.5 m,
is a slope of 2H:1V for both the soil and the Queenston Shale bedrock.

8.2 Ramp S - W
8.2.1 General

The Ramp S —W exits from Bronte Road NB at the north of the QEW and the grade climbs
to match that of QEW. The stratigraphy consists of 4 to 5 m of fill, silty clay, silty sand

and silty clay till overlying shale bedrock. The deep cut will fully penetrate the overburden
and will cut up to 7 m into the underlying shale.

The greatest depth of cut and the least favourable stratigraphy, i.e. maximum depth of
overburden, occur immediately north of the QEW, in the area represented by

—
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Borehole BR4. At this section, the cut face will consist of approximately 2 m of silty clay
over 1 m of silty sand over 2.5 m of silty clay till over bedrock. The cut penetrates
approximately 7 m into the shale. This section has been selected as the critical section for

stability analysis and is the same section selected for Bronte Road analysis.
8.2.2 Stability

The same stability analysis conducted for Bronte Road is considered to apply to the Ramp
S-W.

The stability analysis output is included as Figure Cl in Appendix C and shows that for a
cut slope of 2H:1V the factor of safety against failure is 1.3.

8.2.3 Recommended Geometry

The recommended slope geometry for the Ramp S - W cut, to maximum height of 12.5 m,
is a slope of 2H:1V for both the soil and the Queenston Shale bedrock.

8.3 Ramp E ~ N/S
8.3.1 General

Ramp E — N/S exits QEW and runs in an increasingly deep cut to intersect the Bronte Road
cut in the vicinity of Borehole BR2. The stratigraphy consists of fill, silty clay, silty sand
and silty clay till overlying shale bedrock. The deep cut will fully penetrate the overburden
and will cut up to 4 m into the underlying shale.

The greatest depth of cut and the least favourable stratigraphy, in terms of maximum depth
of overburden and highest groundwater level, occur at the intersection with Bronte Road,
in the area represented by Borehole BR2. At this section, the cut face will consist of
approximately 1.5 m of fill and sand over 1.4 m of silty clay over 1.4 m of silty clay till

over bedrock. The cut penetrates approximately 4 m into the shale. This section has been
selected as the critical section for stability analysis.

8.3.2  Stability

The stability analysis output is included as Figure C2 in Appendix C. When failure surface
is forced into the 2H:1V slope, the calculated minimum factor of safety is 2.7. Otherwise,
when the analysis runs without constraints, the results indicate only surficial ravelling.

8.3.3 Recommended Geometry

The recommended slope geometry for the Ramp S - W cut, to maximum height of 12.5 m,
is a slope of 2H:1V for both the soil and the Queenston Shale bedrock.

—
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8.4 Ramp N-W

8.4.1 General

The profile of Ramp N — W runs at a more-or-less constant elevation from Bronte Road to
QEW. The required cut will fully penetrate the overburden and penetrate as much as 1 m
into the bedrock. The maximum depth of cut is in the order of 5 m.

The greatest depth of cut and the least favourable stratigraphy, in terms of maximum depth
of overburden and highest groundwater level, occur in'the vicinity of Borehole NWC1. At
this section, the cut face will consist of approximately 0.7 m of silty clay over 1.5 m of
silty sand over 1.7 m of silty clay and 0.9 m of silty clay till over bedrock. The cut

penetrates only nominally into the shale. This section has been selected as the critical
section for stability analysis.

8.4.2 Stability

The stability analysis output is shown in Figure C3 in Appendix C. This results shows that
for a cut slope of 2H:1V the minimum factor of safety in the analysis was 1.5.

8.4.3 Recommended Geometry

The recommended slope geometry for the Ramp N - W cut, to maximum height of 12.5 m,
1s a slope of 2H:1V for both the soil and the Queenston Shale bedrock.

9 EXCAVATION

9.1 General

All excavations must be carried out in accordance with the requirements of the
Occupational Health and Safety Act (OHSA). For the purposes of the OHSA, the silty clay

and silty clay till may be classed as Type 2 soils. The fill and silty sand are classed as
Type 3 soils.

Rock excavation must also be carried out in accordance with the most recent Special
Provision amending OPSS 120. The bedrock at this site may contain hard layers and the
Contractor must alerted to this fact. Suggested wording for inclusion in a NSSP is
included in Appendix F.

9.2 Overburden

The excavations required at these sites will penetrate through a variety of overburden soils
including fill, existing pavement, silty clay, silty sand and silty clay till. The soils,
especially the silty clay till, may contain cobbles, boulders and slabs of rock.

The selection of the method of excavation is the responsibility of the contractor and must

be based on his equipment, experience and interpretation of the site conditions. However,
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from the point of view of assessing constructability, excavation by backhoes or by
bulldozers and rippers is considered to be feasible.

9.3 Bedrock

The deep cuts described in this report will generally penetrate into the Queenston Shale
bedrock.

The selection of the method of excavating and removing the bedrock is the responsibility
of the contractor and the contractor is solely responsible for assessing the type, size and
power rating of the required equipment. However, from the point of view of assessing
constructability, the following points should be taken into consideration:

e The silty clay till grades into weathered bedrock and there is often not a distinct
boundary between the two and, accordingly, excavation of the upper, more weathered
layers of the bedrock may be similar to excavation of the overburden

e Notwithstanding the above, the bedrock becomes stronger with depth and contains
numerous siltstone and limestone layers, as described on the Record of Borehole

sheets, and these stronger layers may occur immediately below the overburden

e Excavation of the bedrock will become more arduous with increasing depth into the
deposit and the contractor may have to employ specialized methods such as ripping,
and pneumatic breaking to dislodge the rock

e Blasting may be considered by some contractors to be a desirable option to dislodge
and loosen the bedrock and this is acceptable from a geotechnical point of view
provided the blasts are of sufficiently low energy as not to loosen the rock that will
form the final cut slope face

e The use of blasting may be limited, or prohibited, by the presence of buried utilities
(especially the Halton Region feedermain), the proximity of highways, residences,

businesses and institutional occupancies, or by the policies of agencies having
jurisdiction.

9.4 Roadway Protection

If roadway protection will be required during construction, an item titled “Protection
System” as per SP 105S19 should be included in the contract documents. It is
recommended that Performance Level 2 as per Clause 539.04.02.01 and the alignment of
the shoring be specified for this site.

The design of roadway protection should be the responsibility of the Contractor. However,
one option that is considered to be suitable for use as temporary shoring at this site is a
soldier pile and lagging wall. Due to the presence of shallow bedrock, the soldier piles will
need to be installed through pre-drilled holes and socketted into bedrock in order to

-
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develop the required fixity. It is anticipated that the shoring system may be stiffened by
cross bracings, where applicable. Anchors may also be required at some locations and a
maximum bond strength of 125 kPa may be assumed for pull-out design.

For a temporary braced soldier pile and lagging wall, the lateral pressure diagram as shown
in Figure D1 in Appendix D may be used for design using the parameter values shown

below.
Y = 20 kN/m’
Y\v = 10 kN/ m3
K. = 0.31 (road embankment fill)

= 0.33 (sandy silt to silty sand)

= 0.37 (silty clay and clayey silt till, and weathered shale)

hy = 0 (assuming no hydrostatic pressure build-up behind a
presumably permeable wall)

H = depth to base of excavation (rock surface) (m)

For rock sockets formed within the shale bedrock, the ultimate passive force that can be
mobilized by the embedded portion of a pile is given by :

P, = 6.c.D.L
where ¢ = 300 kPa (equivalent Mohr-Coulomb cohesion based on
Hoek and Brown rock mass classification)
D = diameter of socket, m
L = depth of socket in rock, m

The designer of the roadway protection system should check whether the socket is
sufficiently deep to provide base fixity.

It should be pointed out that the actual pressure distribution acting on the shoring system is
a function of the construction sequence and the relative flexibility of the wall. These
factors should also be considered when designing the shoring system. All shoring systems
should be designed by a Professional Engineer experienced in such designs.

10 GROUNDWATER CONTROL AND DRAINAGE

Short term groundwater levels were recorded at depths of 2.0 to 6.2 m below ground surface. The
recorded elevations of the groundwater ranged from 119.9 at the north (Borehole BR2) to 106.8 at
the south (Borehole BR5). The elevations at intermediate points confirm that groundwater levels
fall from north to south across the site and that groundwater flow is towards the south.

North of the QEW, the groundwater levels lie at or 1 m above the bedrock surface, with the
exception of Borehole BR2 where the level is 2.4 m above the bedrock. South of the QEW, along
the new Bronte Road alignment, the water level lies approximately 3 m below the top of bedrock.
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10.1 Bronte Road

The proposed grade of Bronte Road will lie below the observed groundwater level from
near the north end of the cut to a point just south of the existing QEW. Close to the north
edge of QEW, the base of the cut will lie approximately 7 m below the observed
groundwater level. Groundwater seepage will occur into the cut as excavation proceeds. It
is expected that seepage will be gradual and will not impede excavation, but the water will
accumulate in the low points in the excavation. Accordingly, gravity drainage or
unwatering systems must be installed to allow work to continue in the dry.

The rate of seepage is expected to decrease over time as the local groundwater table is
drawn down. However, some continuing seepage is expected in the long term and
permanent drainage must be designed.

10.2 Ramp S - W

This ramp starts under the structure in the deep part of the Bronte Road cut and rises as it
spirals east and south to the QEW. The proposed grade will be below the groundwater
table for most of its length and seepage will occur into the cut as excavation proceeds. The
depth below groundwater will be 6 to 7m where the ramp exits from Bronte Road,
diminishing as the ramp spirals up to meet QEW. It is expected that seepage will be
gradual and will not impede excavation, but the water will accumulate in the low points in

the excavation. Accordingly, gravity drainage or unwatering systems must be installed to
allow work to continue in the dry.

The rate of seepage is expected to decrease over time as the local groundwater table is
drawn down. However, some continuing seepage is expected in the long term and
permanent drainage must be designed.

Short term drainage during construction could be accomplished by draining the water into
a common system with the Bronte Road cut.

10.3 Ramp E — N/S

From a crest near QEW, this ramp slopes down into the Bronte Road cut at a maximum
depth of more than 8§ m. From the crest down to Bronte Road, the grade of this ramp will
lie below the groundwater table observed during the investigation by 2 to 7 m and seepage
will occur into the cut as excavation proceeds. It is expected that seepage will be gradual
and will not impede excavation, but the water will accumulate in the low points in the

excavation. Accordingly, gravity drainage or unwatering systems must be installed to
allow work to continue in the dry.

The rate of seepage is expected to decrease over time as the local groundwater table is

drawn down. However, some continuing seepage is expected in the long term and
permanent drainage must be designed.
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Short term drainage during construction could be accomplished by draining the water into
a common system with the Bronte Road cut.

10.4 Ramp N - W

The Ramp N — W has a relatively flat proposed grade running approximately 5 m below
the existing ground surface. The grade will be typically 1.0 to 3.0 m below the
groundwater levels observed during the investigation. Some seepage will occur into the
cut as excavation proceeds but it is expected to be less in this cut than in the other deeper
cuts associated with the QEW/ Bronte Road Interchange. Gravity drainage back into the

Bronte Road cut may be adequate, or the contractor may elect to use sumps and pumps to
handle the inflow.

The rate of seepage is expected to decrease over time as the local groundwater table is
drawn down. However, some continuing seepage is expected in the long term and
permanent drainage must be designed.

10.5 Construction Drainage

Prior dewatering of the site is not considered necessary but groundwater seepage is
expected to enter the open excavation, which may have to be unwatered to allow
construction to proceed in the dry.

The design of the groundwater control system is the responsibility of the Contractor.
However, suitable systems that might be considered include:

e Constructing the permanent outlet from the low point in the Bronte Road cut and

excavating the remainder of the cuts from that point and utilizing gravity drainage

e pumping from sumps excavated at intervals in the base of the excavations.

In either case, the drainage/unwatering system design must take account of all MOE/MNR
requirements regarding, among other things, taking water, discharging water and the
turbidity of the discharge.

10.6 Permanent Drainage

Permanent drainage will be required to remove groundwater seeping from the cut slopes
and from the subgrade.

Assuming an urban cross-section, this drainage may be achieved by means of longitudinal
subdrains leading to a suitable gravity outlet or to a pump station. Due to the fact that the
subgrade will generally be below the original groundwater table, it is recommended that
drains be installed on both sides of the roadways.
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If seepage occurs from the silty sand layer and causes sloughing of the surface soils,

provision should be made in the contract quantities for the application of gravel sheeting.

11 SEISMIC CONSIDERATIONS

11.1  Seismic Design Parameters

The site is treated as lying in Seismic Zone 1. The following seismic parameters should be

used for design:
e Velocity Related Seismic Zone | 0
e Zonal Velocity Ratio 0.05
e Acceleration Related Seismic Zone 1
o Zonal Acceleration Ratio 0.05

11.2  Liquefaction Potential

The stratigraphy at the deep cuts consists essentially of silty clay, silty clay till and silty
sand overlying the shale bedrock. The silty sand is generally above the observed
groundwater level.

Based on the observed stratigraphy and groundwater conditions, there is not considered to

be any potential for liquefaction of the deep cut slopes at this site under a seismic event.

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

1. Excavation difficulties

The shale bedrock encountered at this site typically contains layers of strong (> 50 MPa strength)
or very strong (> 100 MPa strength) limestone or siltstone. The hard layers can cause problems in

excavating the bedrock or in maintaining alignment of bored or driven installations.

The contract documents must contain a NSSP or other warning to alert the Contractor to this
possibility and alert him to the fact that the provision of suitable equipment must be included in his
bid. Some suggested wording is included in Appendix F.

2. Control of groundwater seepage during construction

Groundwater is expected to seep into the excavation during the course of construction. The
Contractor must be alerted to the expected seepage. Accordingly the contract documents must
reference OPSS 902 and 902SP01.
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Engineering analysis and preparation of the report were carried out by Mr. Alastair E. Gorman,
P.Eng.

The report was reviewed by Dr. P.K. Chatterji, P.Eng., a Designatt;d Principal Contact for MTO
Foundations Projects. - -

Thurber Engineering Ltd.

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

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

Record of Borehole Sheets
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SYMBOLS, ABBREVIATIONS AND TERMS USED ON RECORDS OF BOREHOLES

TEXTURAL CLASSIFICATION OF SOILS

CLASSIFICATION PARTICLE SIZE VISUAL IDENTIFICATION

Boulders Greater than 200mm same

Cobbles 75 to 200mum same

Gravel 4.75 to 75mm ’ 5to 75mm

Sand 0.075 10 4.75mm Not visible particies 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

COARSE GRAIN SOIL DESCRIPTION (50% greater than 0.075mm)

TERMINOLOGY PROPORTION

Trace or Occastonal Less than 10%

Some 10 to 20%

Adjective (e.g. silty or sandy) 2010 35%

And (e.g. sand and gravel) 3510 50%

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 12t025 2to4
Firm 251050 4t08
Stift 50 to 100 gto 15
Very Stift 100 to 200 15t0 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 Penctrometer

TERMS DESCRIBING DENSITY (COHESIONLESS SOILS ONLY)

DESCRIPTIVE TERM SPT “N” VALUE
Very Loose Less than 4

Loose 4to 10

Compact 10 to 30

Dense 3010 50

Very Dense Greater than 50

LEGEND FOR RECORDS OF BOREHOLES

SYMBOLS AND SS . Split Spoon Sample WS Wash Sample AS Auger (Grab) Sample
ABBREVIATIONS TW Thin Wall Shelby Tube Sample TP Thin Wall Piston Sample

FOR PH Sampler Advanced by Hydraulic Pressure  PM Sampler Advanced by Manual Pressure
SAMPLE TYPE WH Sampler Advanced by Self Static Weight RC Rock Core SC Soil Core

Undisturbed Shear Strength

Sensitivity =
Remoulded Shear Strength

X Water Level

Con Shear Strength Determination by Pocket Penctrometer

SPT *N’ Value Standard Penetration Test “N” Value ~ refers to the number of blows from a 63.5kg hamfnﬂ 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 {;round.
DCPT Dynamic Cone Penctration Test — Continuous penctration of a 50 mm outside diameter, 60° conical
steel point attached to “A” size rods driven by a 63.5 kg hammer free falling a height of 0.76 m. The resistance (o cone
penetration is the number of hammer blows required for cach 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 I GM Silty gravels, gravel-sand-silt mixtures.
GRAINED GC Clayey gravels, gravel-sand-clay mixtures.
SOILS SwW 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 (W <30%).
GRAINED Wy <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.
W > 50% OH Organic clays of medium to high plasticity, organic
silts.
HIGHLY Pt Peat and other highly organic soils.
ORGANIC
SOILS
CLAY SHALE
SANDSTONE
SILTSTONE
CLAYSTONE
COAL




EXPLANATION OF ROCK LOGGING TERMS

ROCK WEATHERING CLASSIFICATION SYMBOLS
Fresh (FR) No visible signs of weathering.
Fresh Jointed (FJ) Weathering limited to the surface of major /
discontinuities. CLAYSTONE
Slightly Weathered Penetrative weathering developed on open discontinuity §| ————T
(SW) surfaces, but only slight weathering of rock material. SILTSTONE
Moderately Weathered Weathering extends throughout the rock mass, but the
MW) rock material is not friable. SANDSTONE
Highly Weathered Weathering extends throughout the rock mass and the
awW) rock is partly friable. COAL
Completely Weathered Rock is wholly decomposed and in a friable condition, W Bedrock (general)
(CW) but the rock texture and structure are preserved.
DISCONTINUITY SPACING STRENGTH CLASSIFICATION o
Rack Approximate Uniaxial Field Esuma:wn
Bedding Bedding Plane Spacing Strength Compressive Strength of Hardness
(MPa) (psi) ,
Very thickly bedded Greater than 2m Extremely Greater than  Greater than Spccx.men can only
Strong 250 36,000 be chipped with a
Thickly bedded 0.6 to 2m geological hammer
Medium bedded 0.2 to 0.6m Very Strong  100-250 15,000 to Requires many
36,000 blows of geological
Thinly bedded 60mm to 0.2m hammer to break
Very thinly bedded 20 to 60mm Strong 50-100 7,500 to Requires more than
15,000 one blow of
Laminated 6 to 20mm geological hammer
, to break
Thinly Laminated Less than 6mm Medium 25.0t050.0 3,500to0 Breaks under
Strong 7,500 single blow of
TERMS geological
hammer.
Total Core Recovery:  Core recovered as a percentage § Weak 501t025.0 75010 3,500 Canbe pe:elcd l}y a
(TCR) of total core run length. pocket knife with
difficulty
Solid Core Recovery: Percent Ratio of solid coreof | Very Weak  1.0to 5.0 150 t0 750 Canbe pe_elcd bya
(SCR) full cylindrical shape pocket knife,
recovered. Expressed with crumbles under
respect to the total length of firm blows of
core run. geological pick.
Rock Quality Total length of sound core Extremely 0.25t0 1.0 35 to 150 Indented -by
Designation: recovered in pieces 0.1m in Weak thumbnail
(RQD) length or larger as a percentage (Rock)
of total core run length.
Uniaxial Compressive  Axial stress required to break
Strength (UCS) the specimen
Fracture Index: Frequency of natural fractures
(FD) per 0.3m of core run.
[

0

™
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Ministry of
Transporiation

o
[0

Ontario URBER
RECORD OF BOREHOLE No BR1 10F 1 METRIC
G.W.P._ 169-00-00 QEW, Third Line to Burloak Drive N 4 807 999.17 E 285 188.78 ORIGINATED BY GA .
HWY QEW BOREHOLE TYPE _ Sclid Stem Auger COMPILED BY MFA
DATUM _Geodetic 29.11.06 - 29.11.06 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x 5 RESISTANCE PLOT HATURAL REMARKS
s U =
L.E ) < - PLASTIC O e veuot b
= w|<3] 3 20 40 80 80 100 "™ comew M| SO &
2IE W 2|22 z v . . . : wp w we| 5L | crawsize
ELEV DESCRIPTION oo Z]S2c| 2 [SHEARSTRENGTHkPa A — DISTRIBUTION
DEPTH RS > 128! < |©O UNCONFINED  + FIELD VANE o
é E 8 2 WATER CONTENT (% %)
=1F Z|EC| D e QUICKTRIAXAL X LABVANE (%)
1220 w 20 40 60 80 100 20 40 60 GR SA S| CL
00, TOPSOL: (150 mm) e
0.2 Silty QLAY, sandy, trace gravel, ss 5 d
occasional roollets
Fim
121.2 Reddish Brown
0.8 SAND, some grave!, trace silt o
Compact oo ss 17 121 )
Brown ole
Darmp lo Moist KA
120.5 5%
1.5 Silty CLAY, trace sand
Stiff ss |1 o 0 1 63 36
Brown
tes| _cev_ 120
uh _swaema2iezsen
24
SS 8 H 0 4 74 2t
118.9 119
3.0 Silty CLAY, trace to some sand, trace
gravel o 0
Stiff S8 12 0 4 77 2
Brown
(TILL)
118¢-
117.7
43 Highly weathered, thinly bedded,
reddish brown, SHALE
117.3 Hard SS | 50/ °
4.7 END OF BOREHOLE AT 4.70 m. 125
BOREHOLE OPEN TO 4.70 AND
WATER LEVEL AT 1.07 UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO
SURFACE.
Numbers refer to 1558,5
Sensitivity o (%) STRAIN AT FAILURE .
- .




ONTMT4S 5127A.GPJ  21/12/06

1Minislry of L
ransporation
Ontario D D
THURBER
RECORD OF BOREHOLE No BR2 10F2 METRIC
G.W.P._ 169-00-00 LOCATION QEW, Third Line to Burloak Drive N 4 807 973.11 E 285 243.69 ORIGINATED BY GA e
HWY QEW BOREHOLE TYPE __Sofid Stem Auger/HQ Core Barel COMPILEDBY __ MFA
DATUM _Geodetic DATE 29.11.06 - 29.11.06 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | w o |RESETARCR L OFNETR . S
W < T pasTe N e bouo| = REMARK
5 wl=E| 8 20 4 60 80 100 |7 comma M| 5O &
20w LIZE| 2 . ; . : : wp w wi | 24 | GRAINSIZE
_ELEV DESCRIPTION '0_- @ a 3 % o 8 SHEAR STRENGTH kPa o DISTRIBUTION
DEPTH 2|3 7| 5|33| g |o UNCONFINED  + FIELDVANE . Y %)
el 2 Z|ZC| @ |o QUOKTRAXAL X LABVANE | WATERCONTENT (%)
121.8 w 20 40 60 80 100 20 40 60 KkN/m 3 GR SA 81 CL
00, __ TOPSOIL (150mm) — =
0.2 SAND, trace sill, occasional rootlets, 1| ss 6 o
Loose
Brown
121.0 Moist
0.8 (FILL) o 121
SAND, some gravel, trace silt el
Compact °:°., 2 SS 22 o)
Brown A,‘foe
120.2 Moist °
15 Silty CLAY, trace sand
Very Stiff
Brc;ywn 3 s8s | 2 v '@ 5 0 4 76 20
(CL)
4| 8s | 17 ted 0 2 74 25
118.9 119
2.9 Silty CLAY, some sand to sandy,
trace gravel
Very Stiff
Reddish brown 5 S8 25 o 2 12 58 28
(TILL)
118
117.5
43 Highly to Moderately weathered, thinly
bedded, reddish brown, very weak, Fl
SHALE, with greenish grey limestone B U ° RUN 1#
interbeds 050 17 >10 | tcr=100%
Limestone interbeds at 4.62 (o 4.82, SCR=84%
and 5.39 t0 5.46 m 0 RQD-7O°/I
Rubble zones at 4.62 to 4.80, and 5.26 e
to5.33m 1 RUN >10
2
116
1157 e
6.1 Becoming slightly weathered to fresh, 0 RUN 2#
weak to medium strong TCR=100%,
Limestone interbeds at 6.14 10 6.17, . 0 SCR=100%,
6.20106.25, 6.3010 6.35, 6.65 10 6.71, RQD=88%,
6.86106.91,and 6.99107.04 m 115 UCS=29MPa
2 | RUN 0
> 1
2
S RUN 3#
Rubble zones at 7.67 10 7.72, and 7.85 114 1 TCR=100%,
t0 7.90 m SCR=97%
Limestone interbeds at 7.87 o 7.92, >10 e,
83310 8.38, 8.51 10 8,56, 8.66 10 8.69, RaD=s3%,
8.79108.84, and 8.94 0 8.99 m 3 | run 1 UCS=12MPa
4
13
1
Limestlone interbeds at 9.12 to 8.24, 0 RUN 4%
9.8010 9.85, and 10,13 t0 1021 m N TCR=100%,
& SCR=100%,
0 RQD=100%,
. 112 UCS=8MPa
4 | RUN 0
Continued Next Page 20
43 N~ 3. Numbers refer to 15485

Sensitivity _}0

(%) STRAIN AT FAILURE




ONTMT4S 5127A.GPJ  21/12/06

" A
hTAnnxs\ry of D D
ransportation
Ontario THURBER
RECORD OF BOREHOLE No BR2 20F2 METRIC
G.W.P.  163-00-00 LOCATION QEW, Third Line to Burtoak Drive N4 807 973.11 E 285 243.69 ORIGINATEDBY GA
HWY QEW BOREHOLE TYPE _ Solid Stem Auger/HQ Core Barrel COMPILED BY MFA
DATUM _Geodetic DATE 29.11.06 - 29.11.06 CHECKED BY __ MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o W IRESISTANCE PLOT e asne | NTORAL — REMARKS
Hoo 8 E—— MOISTURE wrl B T &
5 nlgd]| @ 20 40 80 100 |™T  come  WMT) Z O
ole g2l 2 P A e w w| 32 | crawsize
e el ¥ 1 3125| & [SHEARSTRENGTHKPa o TRIBUTION
ELEV DESCRIPTION — = =128} £ DISTRIBU
DEPTH S 2|7 >138 < | O UNCONFINED ~ + FIELD VANE . y )
51% 212C] @ |e QUCKTRIAXAL X LABVANE | WATER CONTENT (%)
w 20 40 60 80 100 20 40 6.0 Wm3 {GR SA SI CL
0
‘ 0
0
] RUN 5#
=N 0 TCR=100%,
L terbeds at 10.97 1o 11.00 E 0 SCR100%
imestone interbeds at 10.97 to 11. -1
) - =100%,
11.07 to 11.18, 11.28 0 11.30, 11.45 » ROD_ 30;
10 11.48, 11.73 10 11.76, and 12.02 to 5 | RUN H o UCS=14MP3
1247 m =
H 0
A 110
- 0
109.6 -
122 END OF BOREHOLE AT 12.17 m.
Piezometer installation consists of
19mm diameler Schedule 40 PVC pipe
with a 1.52m slolted screen.
WATER LEVEL READINGS:
DATE  DEPTH(m) ELEV.(m)
08.12.06  1.93 119.87
20
+ % 3. Numbers refer lo 15485

Sensilivity 10

(%) STRAIN AT FAILURE




ONTMT4S 5127A.GPJ 21/12/06

Ministry ?(( EIDD
Transportation
Ontario HURBER
RECORD OF BOREHOLE No BR3 1 0F1 METRIC
G.W.P.__ 169-00-00 LOCATION QEW, Third Line to Burloak Drive N 4 807 936.05 E 285 279.08 ORIGINATEDBY SLL
HWY QEW BOREHOLE TYPE _Solid Stem Auger COMPILED BY _MFA
DATUM _Geodetic DATE __ 03.11.06 - 03.11.06 CHECKED BY ___ MEF _
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES & Y |RESISTANCE PLOT ~—.. MIRR g £ | REMARKS
S o S —_— PLASTIC ) NsTURE UL ] £ T &
= o l|<E| & 20 40 60 80 100 UM cowtent MLz O
o wiz2} > : h : : i wp w wo| 52| craNsizE
Tla| ¥ 2 125| © |SHEARSTRENGTH kPa
ELEV. DESCRIPTION s & I |Z28}) E I DISTRIBUTION
DEPTH 2|3 fat >138 < | O UNCONFINED + FIELD VANE . y %)
Bl = Z|ZO| @ |e QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
121.7 o 20 40 60 80 100 20 40 80 km3 [GR SA s CL
g ‘17 TOPSOIL; (100 mm) ]
: Sitty CLAY mixed with TOPSOIL :
y 1088 | 6 o
Firm
Brown
121.0
07 SAND, some silt, trace gravel 121
Compact
Brown 2 SS 22 O
Wet
120
3185 16 °
119.5
2.2 Sitty CLAY, trace sand
Stiff
Grey 4 SS 14 o 0 2 79 19
(cL) 119
1183 . 5| ss | 2 B
3.4 Silty CLAY, some sand to sandy,
trace gravel
Very Stiff 118
Grey
(TiLL)
117.2
4.5 Highly weathered, thinly bedded,
116.9 reddish brown, SHALE 6 | Ss | 50/ 117 ol
a8l \Hard 075

END OF BOREHOLE AT 4.79 m.
BOREHOLE OPEN TO 4.79 m AND
WATER LEVEL AT 3.58 m UPON
COMPLETION.

BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO 0.9 m
AND DRILL CUTTINGS TO
SURFACE.

-t

3

. X

3

Numbers refer to
Sensitivity

20
15485
10

(%) STRAIN AT FAILURE




ONTMT4S 5127A.GPJ  21/12/06

Ministry of D
Transportation D D
Ontario oRBER
RECORD OF BOREHOLE No BR4 10F 2 METRIC
G.W.P._ 168-00-00 LOCATION QEW, Third Line o Burloak Drive N 4 807 910.06 E 285 323.10 ORIGINATEDBY GA
HWY _ QEw BOREHOLE TYPE _ Solid Stem Auger/HQ Core Barrel COMPILEDBY __MFA -
DATUM  Geodelic DATE 29.11.06 - 29.11.06 CHECKED BY MEF i
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x " ; RESISTANCE PLOT —.. paste | MATURL E REMARKS
T MOISTURE =
= w|S2] 8 20 40 80 8 100 W Loew  wrl BB &
=R R YlzEl = i wp w wo| 52| cransize
ELEV o B 3125 © [SHEAR STRENGTH kPa
DESCRIPTION 12 & s - pre o —————— DISTRIBUTION
DEPTH é 3 - > 8 S <>( O UNCONFINED + FIELD VANE Y (%)
Bl = Z|EC| @ |e QUCKTRIAXAL x LABVANE | WATER CONTENT (%)
121.2 w 20 40 80 80 100 20 40 60 wem3 [GR SA S CL
00l TOPSOIL: (150 mm) — 3
0.2 Silly CLAY, some sand, frace gravel 1 1ss | 9 121 -
Stiff
Brown
(L)
2 SS '}
120
31 8S B 0 3 70 27
19.
119.0 119
23 SAND, trace silt, trace gravel
Compact 4 ss o
Brown
Damp to Moist
118.2
3.0 Silty CLAY, some sand to sandy,
trace gravel 118
o L
Very Stiff 5| ss HH 6 18 53 22
Reddish Brown
(TILL)(CL)
Y
117
116.7
4.6 Highly weathered, thinly bedded, E—SS ©
reddish brown, very weak to weak,
SHALE, with greenish grey limestone
interbeds
116
1151 e e el 7 oty o Fl -
6.1 Becoming moderately to slightly 115 10 RUN 13
weathered, weak to medium strong TCR=100%,
Rubble zone from 6.17 to 6.22 m SCR=80%.
Limestone interbeds at 6.22 10 6.25, 3 RQD=75%,
6.30t06.32, 6.38 10 6.47, and 7.30 to UCS=20MPa
7.32m 1 | RUN 2
114}~ 3
3
- RUN 2#
2 TCR=100%,
Limestone interbeds at 7.94 to 8.08, SCR=96%,
8.1510 8.21, 8.25t0 8.27, 8.33 t0 8.43, 3 1 RQD=96%.
and 8.79108.84 m » | RUN 1 UCS=32MPa
N\ 1
22l 0
9.1 Becoming fresh 0 RUN 3#
112 TCR=100%,
\\> SCR=100%,
¢ ! RQD=100%,
UCS=22MPa
Limestone interbeds at 9.77 to 9.85, 3 | RUN 0

Continued Next Page

+

3

>

3.

20
Numbers refer to 1535
0

Sensilivily

(%) STRAIN AT FAILURE
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Ministry of
Transporiation D D
Ontario THURBER
RECORD OF BOREHOLE No BR4 20F2 METRIC
G.W.P.  169-00-00 LOCATION QEW, Third Line to Burloak Drive N 4 807 910.06 E 285 323.10 ORIGINATEDBY GaA_
HWY QEW BOREHOLE TYPE _ Solid Stem Auger/HQ Core Barrel COMPILEDBY _ MFA
DATUM Geodelic DATE 29.11.06 - 29.11.06 CHECKEDBY __MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | W |RESISTANCE PLOT —— e MR - REMARKS
E %] 6 e PLASTY MOISTURE wr] E T 3
5 o <8l & 20 40 60 80 100 ST content E
2|8 LIZE| z ' . : : : wp w we| 22 | GRainsizE
ELEV a2 ¢ 2|23 © [SHEAR STRENGTH kPa A S DISTRIBUTION
BEPTH OESCRIPTION 13|75 | 3|33 < | O UNCONFINED ~ + FIELDVANE , y %)
ElZ Z|2O| @ |e QUICKTRIAXAL x LABVANE | WATER CONTENT (%)
© 13 20 40 60 80 100 20 40 60 wim3 JGR SA S| CL
10.38 0 10.40, 10.43 to 10.46, and 0
10.54 10 10.59 m 111
L 0
H RUN 4#
= 0 TCR=100%,
H SCR=100%,
Limestone interbeds at 10.59 to 10.61, 1 0 RQD=100%,
10.65to 10.67, 10.87 to 10.92, and = UCS=7MPa
- 110
11450 11.60 m 4 | RUN : 0
- 0
109.2 H 0
12.0 END OF BOREHOLE AT 12.02 m.
BOREHOLE OPEN TO 12.02m.
Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with a 1.52m slotled screen.
WATER LEVEL READINGS:
DATE ~ DEPTH(m) ELEV.(m)
08.12.06  4.09 117.11
20
.3 %3 Numbers refer to s

1585,
Sensitivity ) "7 (%) STRAIN AT FAILURE
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ONTMT4S 5127A.GPJ

Ministry of D
Transporiation D D
Ontario THURBER
RECORD OF BOREHOLE No BR5 10F1 METRIC
W.P. 169-00-00 LLOCATION QEW, Third Line to Burlozk Drive N4 807 779.54 E 285 403.30 ORIGINATED BY GA e
HWY QEW B BOREHOLE TYPE _ Solid Stem Auger/NQ Core Barrel COMPILED BY MFA
DATUM _Geodetic DATE 28.11.06 - 28.11,06 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES 5 " ‘é‘-’ RESISTANCE PLOT rshe NATURAL Lous E REMARKS
MOISTURE =
£ RETIR 20 40 60 80 100 "™ ouma W7 58 &
S & W =21 = H ! s I wp w wi | 2 g GRAIN SIZE
ELEV O lm o 3|25 © |SHEAR STRENGTH kPa
DESCRIPTION =l=s] & =|1z2| £ —_————y DISTRIBUTION
DEPTH é 3 [ > 8 S <>( O UNCONFINED + FIELD VANE Y (%)
£l Z|ZC°| @ |e QUOKTRIAXAL x LABVANE | WATER CONTENT (%)
113.0 w 20 40 60 80 100 20 40 60 kN/m3 |GR SA Sl CL
88 TOPSOIL: (50 mm) 13
Silty CLAY, lr.ace to some sand, irace 1 ss 5 °
gravel, occasional rootlets
Firm to Very Stiff
Brown to Reddish Brown
(FILL)
2 SS 24 112 <
3 SS 13 o
111
110.7
23 Highly to moderately weathered, thinly
bedded, regdish prown, vc_ery weak to 4 ss 25 °
weak, SHALE, with greenish grey
limestone interbeds
110
5 SS 50/ o
150
% 109
> Fl
RUN 1#
>10 1 TCR=100%.
Limeslone interbeds at 4.90 to 4.93, 10 SCR=85%,
52110524, and 5.89 0 5.97 m 108 RQD=63%
1 | RUN >10
Rubble zones at 4.57 to 4.70, 4.93 to 3
4.98, and 5.51t0 5.56 m
106.9 2
e i 107 —
8.1 Becoming moderately to slightly 1Y 5 RUN_Z# .
weathered E TCR=100%,
Limetone interbeds at 6.35 1o 6.40m, A ] SCR=87%,
6.70t0 6.73m, 7.60 to 7.63m . RQD=75%,
Rubble zone at 6.78 to 6.81 m - UCS=5MPa
2 | RUN = >10
H 106
L 1
; 3
1054 ]
7.6 END OF BOREHOLE AT 7.62 m.
BOREHOLE OPEN TO 7.62 m.
Piezometer instaltation consists of
18mm diameter Schedule 40 PVC pipe
with a 1.52m slotted screen.
WATER LEVEL READINGS:
DATE DEPTH(m) ELEV.(m)
08.12.06 6.18 106.82

3

L X

3.

Numbers refer {o
Sensitivily . 10

20
15485

(%) STRAIN AT FAILURE




15/12/06

ONTMT4S 5163.GPJ

ini [
Ministry of
Transportation D D
Ontario THURBER
RECORD OF BOREHOLE No 06-2 10F1 METRIC
W.P. 169-00-00 LOCATION N 4 807 834.0 E 285 390.6 (Bronte) ORIGINATED BY _sLL
HWY QEW BOREHOLE TYPE __ Solid Stern Augers / NQ Rock Caring COMPILED BY JHL o
DATUM _Geodelic DATE 12.06.06 - 12.06.06 CHECKED BY SKP
TION
SOIL PROFILE SAMPLES | o w | RESRGELOT IO . REMARKS
w < = PLASTIC uaup =
E21 O v LT MOISTURE wmrl £ G &
P wnl28| o 20 40 60 80 100 CoNTENT MTE Z O
Sig a2 = . —! * i we w w | 54 | cransize
15| & 2125] S |SHEARSTRENGTHKPa
ELEV DESCRIPTION e o 2122 = e O————————§ DISTRIBUTION
DEPTH EIR-REE 23| < |O UNCONFINED  + FIELDVANE . v %)
£1Z Z|EC] @ |e QUCKTRIAXAL x LABVANE | WATER CONTENT (%)
1134 w 20 40 60 80 100 20 40 60 wm3 |GR sA sI CL
TOPSOIL: (50 mm) %5
Silty CLAY, trace sand seams, topsoil
! 1 Ss 5 °©
slained, trace roots and rootlets
Firm 13
Dark Brown
Moist
112.5
1.0 SHALE, weathered, with grey 2| 88 | 27 o
siltstone layer
Reddish Brown
112
o
3 Ss 97/
275
1111 .S S8 50, o
24| SHALE BEDROCK, moderately to 75 111
slightly weathered, fine grained, thinly RUN 1#
bedded, reddish brown, with frequent TCR=100%,
grey strong_; LII\IAE|STONE interbeds, SCR=97%,
and occasional clay seams RQD=68%
Sit seam (50 mm) at 3.23 m 1 | RUN
110
Clay seam (50 mm}) at 3.5t m
Limestone layer (25 mm)at 3.71 m §
‘Q RUN 2#
—g79,
Limestone layer (25 mm) at 4.27 m TCR_97 u/"'
Siltstone layer (125 mm) at 4.32 m 108 SCR=97%,
RQD=76%
2 | RUN
Limestone layer (25 mm) at 4.88 m
107.9 . 108
- Limestone fayer (125 mm) at 547 m
56 END OF BOREHOLE AT 5.59 m.
BOREHOLE GROUTED WITH
BENTONITE TO SURFACE.
; 20
+3 %3, Numbers refer to 1585

Sensitivily )

(%) STRAIN AT FAILURE
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ONTMT4S 5163.GPJ

Ministry of E]DD
Transportation
Ontario THURBER
RECORD OF BOREHOLE No 064 10F1 METRIC
W.P. 169-00-00 LOCATION N 4 807 873.7 E 285 359.9 (Bronte) ORIGINATEDBY StL
HWY QEW BOREHOLE TYPE __Solid Stem Augers / NQ Rock Coring COMPILEDBY __ yHL
DATUM Geodetic DATE 18.06.06 - 18.06.06 CHECKED BY SKP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES © W IRESISTANCE PLOT — e AT Leun — REMARKS
=7 T A MOISTURE war | £ 5 &
5 wl<8| & 20 40 60 80 100 BT content 0
Slx a |z 2 > ; L ! . ‘ wp w - D% GRAIN SIZE
Glm| ¥ 3le5] & [SHEARSTRENGTHKPa TION
ELEBY. DESCRIPTION = [ =128 = 0 DISTRIBUTIO
DEPTH ER NS 512 3| < |O UNCONFINED  + FIELDVANE %
2|2 e8| = WATER CONTENT (% v (%)
Bl = z|E€C| L le QUICKTRIAXIAL X LABVANE (%)
117.3 i 20 40 80 80 100 20 40 60 kNm3 JGR SA sI CL
0.0 ASPHALT: (190 mm)
19801 CONCRETE: (140 mm) 17
0.3 SAND and GRAVEL: (19 mm
1168,  CRUSHER RUN LIMESTONE)
Brown
0.7
FILL) 1 SS 50/
SHALE, weathered, with limestone 050
fragments
Reddish B
115.9 eddish Brown . 116
1.4 SHALE BEDROCK, moderately to 050 RUNT# .
slightly weathered, fine grained, thinly TCR=100%,
bedded, reddish brown, with frequent SCR=88%,
grey strong LIMESTONE interbeds and RQD=67%
occasional clay seams
Limestone layer (25 mm) at 2.08 m T RUN
115
Limestone fayer (50 mm) at 2.32, 2.44
m <
RUN 2#
TCR=100%,
114 SCR=100%,
RQD=49%
2 | RUN
Limestone layer (50 mm)at 4.04, 4.21
m 113
112.8 Clay seam (<25mm) at 4.0m
4.5 Limestone laver (140 mm) at 4.32 m
END OF BOREHOLE AT 4.50 m.
BOREHOLE GROUTED WITH
BENTONITE AND PATCHED WITH
ASPHALT TO SURFACE.
4+ 3 % 3. Numbers refer to 0

Sensitivity

155
10

(%) STRAIN AT FAILURE




15/12/06

ONTMT4S 5163.GPJ

Ministry of
Transporiation

—
[0

Onlaﬁo THURBER
RECORD OF BOREHOLE No 06-14 10F 1 METRIC
W.P. 169-00-00 LOCATION N 4 807 888.4 E 285 354.0 (Bronte) _ORIGINATEDBY sLL
HWY _ aew BOREHOLE TYPE _ Solid Stem Augers COMPILEDBY __ JHL
DATUM _Geodetic DATE 19.06.06 - 19.06.06 CHECKED BY __ skp
SOIL PROFILE SAMPLES |, | w |RENMIC CONE PENETRATION REMARKS
[} < >\ pasne  MATURAL LouD =
= 6] MOISTURE wir] E S &
£ nlz8| @ 20 40 60 80 100 [T comemt z0
=N L1ZE| z e wp w w | 54 | cramsize
ELEV o 2125] © |SHEAR STRENGTH kPa
Nerew DESCRIPTION Els) & z1z8| E O DISTRIBUTION
DEPTH ERRE >138&| £ |o UNCONFINED + FIELD VANE y )
el e Z1ZC| © |e QUCKTRIAXAL x LABVANE | WATER CONTENT (%)
116.8 w 20 40 60 80 100 20 40 80 kN/m3 IGR SA SI CL
00]  ASPHALT: (175 mm)
02 SAND and GRAVEL: (19 mm
CRUSHER RUN LIMESTONE) 1] AS o
Compact
Brown
M52 (R 1 ss | s 116 -
0.9 SHALE, weathered 078
Reddish Brown .
1153 R
15 AUGER REFUSAL AT 1.47 m. 025
END OF BOREHOLE AT 1.47 m. ’
BOREHOLE BACKFILLED WITH
DRILL CUTTINGS AND PATCHED
WITH ASPHALT TO SURFACE.
43 %3 Numbers refer to Y

Sensitivity

1555
10

(%) STRAIN AT FAILURE




15/12/06

Ministry of :X
Transportation D D

ONTMT4S 5127A.GPJ

Ontario THURBER
RECORD OF BOREHOLE No SW1 10F 2 METRIC
W.P. 169-00-00 LOCATION QEW, Third Line to Burloak Drive N 4 807 963.49 E 285 299.96 ORIGINATED BY SLL
HWY QEW BOREHOLE TYPE _ Solid Stem Auger/NQ Core Barrel COMPILED BY __ MFA
DATUM _Geodetic DATE 08.11.06 - 08.11.06 CHECKED BY __ MEF_
N
SOIL PROFILE SAMPLES | o w o |RYRMIC CONE PENETRATIO REMARKS
u = PLASTY NATURAL uouip [
o S ——— ot MOISTURE wrl B E 8
5 anl<8] o 20 40 60 80 100 CONTENT ' Z %
S|l x u 221 z L ! L 1 1 wp w w | B GRAIN SIZE
Tlm| ¢ 212 8| S |SHEARSTRENGTH kPa P \STRIBUTION
ELEV DESCRIPTION = a 2lzg] 8 o S ——) DISTRIBUTIO
DEPTH < 2z >13 g < | O UNCONFINED + FIELD VANE , y )
s1Z ZEC| @ |e QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
1215 w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
8 ‘1’ TOPSOIL: (100 mm) e
Sandy SILT, trace clay, trace rootlets 1 ss 9 d
Loose
Brown 121
1208 Moist
071 NEILL
SAND, trace gravel
2
1203 Compact 8s 13
12 Brown v o
) Wet
Silty CLAY, sandy 120
Very Stiff
Grey 3]ss | 23 d
(TILLY
4 1SS | 24 e o 0 26 58 16
118.5
3.0 Silty CLAY, with wealhered shale
fragments
Very Stiff 5| 8S | 16 o
Brown 118
117.7
38 Highly to moderately weathered, thinly
bedded, reddish brown, very weak to
weak, SHALE, with greenish grey
limestone interbeds
sz 117 o Fl
Limestone interbeds at 4.65 to 4.67 RUN 1#
imestone intel s at 4.65 {0 4.67, 050 4 1009
5.59 to 5.69, 5.94 to0 6.01, and 6.10 to TCR=100%,
642 m SCR=97%,
6 RQD=43%
1 | RUN 5
116
5
4
RUN 2#
;i;n;e?to;ziznlerbgds ;;t 6.20 l(cj) 5523; 2 TCR=100%,
47 t07.52,7.55t07.57, and 7.60 to 115 SCR=100%,
767m 2 -
RQD=80%,
UCS=4MPa
2 | RUN 2
.
114 2
Limestone interbeds at 7.67 to 7.75 RUN 32
imestone interbeds at 7. o /.
. 2 ~100%
8.10t0 8.15, and 8.33 t0 8.38 m TCR=100%,
SCR=100%,
0 RQD=85%,
UCS=8MPa
Rubble zone from 8.38 10 8.40 m 3 | RUN 13 >10
0
1123 2
T T T T e e = RUN 4
92 Becoming slightly weathered to fresh ] TCR=100%
Limestone interbeds at 9.19 t0 9.21, g N >
9.28109.30, 9.32 t0 9.34, 9.60 (0 9.63, 12 SCR=95%,
and 10.11 o 10.14, 2 RQD=80%,
UCS=4MPa
4 1 RUN

Continued Next Page 20
. 3' »% 3. Numbers refer to 1585
10

Sensitivity (%) STRAIN AT FAILURE




15/12/06

ONTMT4S 5127A.GPJ

f\rAinislry 3( [:[]_—I\j
ransportation
Ontario THURBER
RECORD OF BOREHOLE No SW1 20F2 METRIC
W.P. 169-00-00 LOCATION QEW, Third Line to Burloak Drive N 4 807 963.49 E 285 299.96 ORIGINATED BY SLL
HWY QEW BOREHOLE TYPE _ Solig Stem Auger/NQ Core Barrel COMPILED BY MFA
DATUM _Geodetic DATE 08.11.06 - 08.11.06 . CHECKEDBY __ MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES T ; RESISTANCE PLOT N = REMARKS
MOISTURE =
= owl& g 3 20 40 60 80 100 LT CONTENT Tz 0 &
=l L1z2e] = e T— wp w we| 54 | orawsize
ELEV DESCRIPTION sle & Z212a| & |SHEARSTRENGTHkPa U N DISTRIBUTION
DEPTH =3 = >13 F < [ © UNCONFINED + FIELD VANE . ¥ %)
1z Z|EC| © |e QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
w 20 40 60 80 100 20 40 60 «N/m3 {GR SA SI CL
ST
Rubble zone from 10.03 10 10.11 m
1
< 111 1
5#
Limestone interbeds at 10.72 t0 10.77, 0 RgN_moo/
and 11.28t0 11.43 m TCR= b,
SCR=90%,
t RQD=82%,
UCS=1MPa
5 | RUN 110 1
Vertical joint from 11.66 to 11.73 m 2
109.3 § 3
122 END OF BOREHOLE AT 12.24 m.
BOREHOLE OPEN TO BOTTOM
UPON COMPLETION.
BOREHOLE GROUTED WITH
BENTONITE TO SURFACE.
3 .. 3. Numbers refer to

Sensilivity

20
15%5
. 10

%) STRAIN AT FAILURE




15/12/08

ONTMT4S 5127A.GPJ

Ministry of
Transporation

—
[0

Ontario THURBER
RECORD OF BOREHOLE No SW2 10OF 1 METRIC
WP, 169-00-00 LOCATION QEW, Third Line to Burloak Drive N4 808 010.95 E 285 306.03 ORIGINATEDBY SLL
HWY QEW BOREHOLE TYPE _ Solid Stem Auger COMPILED BY _ MFA
DATUM _Geodetic DATE 08.11.06 - 08.11.06 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o Y |RESISTANCE PLOT ——. NATURAL - REMARKS
Y < — PLASTIC | RE vewoy &
= o 235 & 20 40 80 80 100 ™ conma M| 58 &
2% LIZE]| z b L wp w we| 52 | cransize
ELEV DESCRIPTION Sla w 3 S5 g SHEAR STRENGTH kPa - e DISTRIBUTION
DEPTH < 2z > 13 5 < | O UNCONFINED + FIELD VANE . y )
Elz Z[EC| @ |e QUICKTRIAWAL x LABVANE | WATER CONTENT (%)
1215 m 20 40 60 80 100 20 40 60 m3 {GrR sA s oL
20— TOPSOIL: (100 mm) o
Silty CLAY, some shale fragments, 1 ss 9 ol §-——i- 0 3 47 50
trace roots
Stiff 121
1208 Brown 407
071 \en
SAND, trace gravel
Compact 2 | 88| 25 ©
120.2 Brown
13 Wet T
Silty CLAY, trace sand 120
Very Stiff
Brown 3| ss | e 0 1 8
(O8]
4| ss | 29 e 5
118.6
29 Silty CLAY, sandy, trace gravel
Hard
Grey 51 85 | 43 ] 2 26 51 18
118.0 (TiLL) 118
3.6 Highly weathered, thinly bedded,
117.6 reddish brown, SHALE 5 S§S =07 °
Hard
38 100
END OF BOREHOLE AT 3.91 m. :
BOREHOLE OPEN TO 3.05 m AND
WATER LEVEL AT 1.11 m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO
SURFACE.
Numbers refer to. 2

233

Sensitivity . 10

1535

(%) STRAIN AT FAILURE




15/12/06

ONTMT4S 5127A.GPJ

Ministry of L2
Transportation D D
Ontario mURBER
RECORD OF BOREHOLE No SW3 10F 1 METRIC
W.P. 169-00-00 LOCATION QEW, Third Line to Burloak Drive N 4 808 036.05 E 285 347.89 ORIGINATED BY GA o
HWY QEW BOREHOLE TYPE __Solid Stem Auger’HQ Core Barrel COMPILED BY __MFA
DATUM Geodetic DATE 30.11.06 - 30.11.06 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o Y |RESISTANCE PLOT ——. NATURAL — REMARKS
E w << —~ PLASTIC |\ TURE LIOUID LT
= nl28] 8 20 40 60 80 100 |'™T o M| 58 &
ol e Llzg| z T — wp w w | 58 | cransize
ELEV Ty W 2125| © |SHEARSTRENGTHkPa
ELEV DESCRIPTION -ls] & = = pm Oy DISTRIBUTION
DEPTH 5151 F =13 3 < | O UNCONFINED + FIELD VANE ¥ )
sl 2 Z|ZC} @ |e QUCKTRIAXAL x LABVANE | WATERCONTENT (%)
1213 w 20 40 60 80 100 20 40 60 wim3 |GR sA sI CL
00| toPSOIL (200mm) =
0.2 CRUSHER RUN LIMESTONE, irace 1188 | 18 121 o
silt, occasional asphalt fragments
Compact
120.6 Brown
0.8 Dry
(FILL)
2 11 e
SAND, trace silt Ss
Compaclt 120
119.8 Brown
15 Dry
Silty CLAY
Very Stiff 3485 | 18 e 0 3 &4 33
Brown
119.0
23 Silty CLAY, sandy, trace gravel 119
Hard
4 70 o
118.6 Reddish Brown Ss !
27 ILL) %é 300
Highly to moderately weathered, thinly Fl
bedded, reddish brown, very weak to > S © RUN 1#
medium strong, SHALE, with greenish 050 7 o
limestone interbeds 118 TCR—1OC: i
Limestone interbeds at 3.25 o 3.28 m, s SCR=93%,
4.01104.04 m, 4.11104.14 m, 4.19to RQD=43%
424,and4.29t04.32 m 1 | RUN 3
Sub vertical joint from 3.56 to 3.71 m
0
mesy 17 0
45 Becoming slightly weathered to fresh 4 RUN 2#
TCR=100%,
SCR=95%,
3 RQD=58%,
Limestone interbeds at 5.08 o 5.16, 2 | RN 1 UCS=39MPa
5.23105.26, 5.51 {0 5.54, 5.64 10 5.67, 116
and 5.84105.94 m o
2
RUN 3#
1 TCR=100%,
115 SCR=100%,
Limestone interbeds at 6.81 o 6.83, 1 RQD=88%
7.16107.19,7.28 10 7.34, and 7.42 to
7.52m 3 | RUN 1
1
114 0
RUN 4#
0 TCR=100%,
Limestone inlerbed at 7.80 to 8.02m SCR=100%,
0 RQD=100%
0
4 | RUN 113
0
0
112.3
8.1 END OF BOREHOLE AT 9.07 m.
BOREHOLE OPEN TO BOTTOM
UPON COMPLETION.
BOREHOLE GROUTED WITH
BENTONITE TO SURFACE.

B 3

X

3.

Numbers refer to
Sensitivity

20
1535
.10

(%) STRAIN'AT FAILURE




15/12/06

ONTMTAS 5127A.GPJ

Ministry of [
Trans;%rtation D D
Ontario THURBER

RECORD OF BOREHOLE No SW4 1 OF 1 METRIC
W.P. 169-00-00 LOCATION QEW, Third Line to Burloak Drive N 4 808 017.52 E 285 392.87 ORIGINATED BY sLL
HWY QEW BOREHOLE TYPE _ Solid Stern Auger COMPILED BY WM
DATUM _Geodetic DATE 03.11.06 - 03.11.06 CHECKED BY ____MEF _
DYNAMIC CONE PENETRATION
W < —Z\‘ AT TS =
= w22 2 20 40 80 80 100 | Cormw M| 5O &
Sle wizgl z e wp w wy | 4 | cransize
ELEV DESCRIPTION )°_~ @ w 2 g o g SHEAR STRENGTH kPa N DISTRIBUTION
DEPTH < 2|z =13 5 < | © UNCONFINED + FIELD VANE . y )
sz Z|EO| © |e QUICKTRIAXAL x LABVANE | WATER CONTENT (%)
1206 i 20 40 80 80 100 20 40 60 kN/m3 {GR SA SI CL
&0r—~JToPsolL: (75 mm) i
Silty CLAY, some sand, some shale 1 ss 12 o
fragments
Stiff to Hard
Brown 120
(&)
2| 8| 65 it i 0 1 85 34
119.2
1.5 Highly weathered, thinly bedded,
reddish brown, SHALE, with greenish 3| ss | 8w 119 S
grey limestorie inlerbeds 225
Hard
[ 4 o5 50 e}
075
118
117.5 ST 0 o
3.1 END OF BOREHOLE AT 3.13m. 075
BOREHOLE OPEN AND DRY TO
BOTTOM ON COMPLETION.
BOREHOLE BACKFILLED WITH
DRILL CUTTINGS TO SURFACE.
+3 %3, Numbers refer to 2

Sensitivity

1545
10

(%) STRAIN AT FAILURE




15/12/06

ONTMT4S 5127A.GPJ

Ministry of E
Transportation D D
Ontario HURSER
RECORD OF BOREHOLE No EN1 10F 1 METRIC
W.P. 169-00-00 LOCATION QEW, Third Line lo Burloak Drive N 4 808 066.47 E 285 401.04 ORIGINATED BY _sLL
HWY QEW BOREHOLE TYPE __Solid Stem Auger/NQ Core Barrel COMPILED BY MFA
DATUM _Geodetic DATE 06.11.06 - 06.11.06 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o w [RYRAMIC CONE PE . MARKS
= REMARK:
o S PASTIC  ioisTuRe veuet ¢
5 N E IR 20 40 8O0 80 100 WM eomma MTL S O &
1G] w Lizgl z ' : : ' : we w w | 2% | GRANSIZE
ELEV DESCRIPTION ml2| x| 2|28| 2 [SHEARSTRENGTHKPa —_———— DISTRIBUTION
DEPTH S13] % | 5]33| < o UNCONFINED  + FIELD VANE . y %)
I Z|EC| G |e QUICKTRIAXAL x LABVANE | WATER CONTENT (%)
120.7 w 20 40 60 80 100 20 40 60 kN/m 3 |GR SA SI CL
20— ToPSOlL: (100 mm) o
: Silty CLAY, trace sand, trace roots 1 ss 7 °
Firm to Very Stiff
Brown
120
2 SS 21
119.2

1.5 Highly weathered, thinly bedded,
reddish brown, very weak to weak, 3| ss | s0 119 & 0 4 83 12
SHALE, with greenish grey limestone
f 175
inlerbeds

4 SS 50/ ©
125
118
Fi
RUN 13#
Limestone inferbeds at 3.12 o 3.18 I
imestone interbeds at 3.12 to 3.18, _aqo
337t0342m 1 RUN 9 SCR=68%,
RQD=0%,
s UCS=9MPa
1168 " .
3 T T T e — e — 2%

3.9 Becoming moderalely weathered 7 TUN_ .
Limestone interbeds at 3.86 to 3.95, CR=100%,
4.13104.19, 43410 4 40, 45510 4.62, 7 SCR=98%,
and4.7210 477 m 2 | RUN RQD=57%

4
116
0
RUN 3#
4 TCR=100%,
Limestone interbeds at 5.16 to 2.20, SCR=93%,
55110559, and6.12t0 6,14 m 5 RQD=68%,
UCS=6MPa
3 | RUN 115 }
Clay seamat 59210 5.94 m
2
Vertical joint at 6.12 to 6,38 m
L LN SO

6.5 Becoming slightly weathered to fresh, { TU _4 00
weak lo medium strong 114 3 CR=100%,
Limestone interbeds at 6.55 10 6.57, SCR=100%,
6.691t06.79, 7.2110 7.23, 7.47 to 7 49, 5 RQD=75%,
7.64t07.67,and7.97 10 8.03 m UCS=27MPa

4 | RUN
4
113} !
1
RUN 5#
/ 3 TCR=100%,
Limeslone interbeds at 8.10 to 8.12, SCR=100%,
4
g.?inl:! 8.79,8.94 10896, 9.12 lo . RQD=36%,
) 5 | RUN 112 UCS=21MPa
2
3
111.3
9.4 END OF BOREHOLE AT 9.43 m.
BOREHOLE GROUTED WITH
BENTONITE TO SURFACE.
20
5+ 3 % 3. Numbers refer to 1585
1

Sensitivily

0

(%) STRAIN AT FAILURE




15/12/06

ONTMT4S 5127A.GPJ

Ministry of 3
Transportation D D
Ontario THURBER

RECORD OF BOREHOLE No EN2 10F 1 METRIC
WP 169-00-00 LOCATION QEW. Third Line to Burloak Drive N 4 808 057.68 E 285 352.20 ORIGINATEDBY sLL
HWY QEW - BOREHOLE TYPE _ Solid Stem Auger COMPILED BY __MFA
DATUM _Geodetic DATE 03.11.06 - 03.11.06 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES & ; RESISTANCE PLOT — paste  NATVRAL oo E REMARKS
%2} T —— MOISTURE ., =
= ol22l 9 20 40 80 100 LT CONTENT Tz 0 &
=% wis2| z e W w w | 58 | cramsize
ELEV El8 & 2|28| 2 [SHEARSTRENGTHKPa A DISTRIBUTION
DEPTH DESCRIPTION 2131 7 5|23| £ |o unconrmep  + FELDVANE . Y %)
=1F Z{E€°] U |e QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
1212 © w 20 40 80 BO 100 20 40 60 kwm3 |GR SA st CL
8:01— TOPSOIL: (75 mm) o E j | L
Siity CLAY, trace sand, trace roots, 1 ss ] ° !
occasional iron oxide staining
Firm to Very Stiff
Brown
2 S8
3| SS 12| 0 3 73 24
118.9
23 Highly weathered, thinly bedded, 4| ss o
reddish brown, SHALE, with greenish
grey limestone interbeds
Hard
B0 P Q
050 Hloo1s
H] 17
116.5 B LYa)! H Q
48| ENDOF BOREHOLE AT 4.62m. 050
Piezometer installation consists of
18mm diameter Schedule 40 PVC pipe
with a 1.52m slotted screen.
WATER LEVEL READINGS:
DATE  DEPTH(m) ELEV.(m)
10.11.06 356 117.64
08.12.06  2.00 119.20
20
" 3‘ w3 Numbers refer to 15285

Sensitivity . 10

(%) STRAIN AT FAILURE




ONTMT4S 5127A.GPJ  27/12/06

- I
Ministry of
Transportation D D
Ontario THURBER
RECORD OF BOREHOLE No EN3 10F2 METRIC
G.W.P.__ 189-00-00 LOCATION QEW. Third Line to Burtosk Drive N 4 808 036.73 E 285 308.29 ____ ORIGINATEDBY sLL
HWY QEW BOREHOLE TYPE _ Solid Stem Auger/NQ Core Barrel _ COMPILEDBY _ MFA
DATUM _Geodetic DATE 07.11.06 - 07.11.06 __ CHECKEDBY _ MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x Y IRESISTANCE PLOT ——.. NATURAL REMARKS
Waol < _— PASTCgenee HOW0L B
= nlzg| & 20 40 & 80 100 |™  amm W 58 &
z% LIZE| z Y — wp w w | 54 | cransize
ELEV DESCRIPTION Slal i 2|23 2 [SHEARSTRENGTHkKPa —— DISTRIBUTION
DEPTH s £z >z 5 < | O UNCONFINED + FIELD VANE i y %)
517 Z|E°] L |e QUICKTRAXAL X LABVANE | WATER CONTENT (%)
121.7 w 20 40 60 80 100 20 40 60 kNm3 {GR SA s1 CL
S1]Loesou o iz
i 50
02 Bro{/vn /?° 1 S8 °
SAND, some gravel, trace silt .,:
121.0 oG
o7 Compact A 121
Brown
Moist
Silty CLAY, topsoil stained 2 | 8§ ©
Very Stiff
120.2 Dark Brown
1.5 Silty CLAY, some sand layers
Very Stiff 120
Brown to Grey 3| 88 b 0 6 84 30
(cy °©
4| ss o
119
¥ &
5| S 0 9 66 25
118.1 o
36 Highly to moderately weathered, thinly 118
bedded, reddish brown, very weak to
weak, SHALE, with greenish grey
limestone interbeds
17 Fi
T Tron RUN 1#
10 TCR=100%,
SCR=75%,
Limestone interbeds at 5.18 to 5.38, 3 RQD=0%,
5.66105.69, 5.7210 5.77. 5.94 10 5.99, UCS=MPa
and 6.04 106.10 m 1 RUN 24
2 | RUN e s TCR=100%,
g SCR=94%,
1 RQD=73%,
y UCS=MPa
& RUN 3#
Rubble zones at 6.50 o 6.55, and 6.99 CR=919
107.04m N\ 118} >0 | TOR=O1%,
Sub verticat joint at 6.76 to 6.89 m SCR=82%,
10 RQD=40%,
Ciay seams at 7.06 {0 7.14 and 7.24 1o UCS=10MPa
726 m 3 | RUN .
ey
78| Becoming slightly weathered to fresh 114 1
Limestone interbeds at 7.67 to 7.87, —
m 0
and7.95107.97 m - RUN 4#
H 5 TCR=100%,
E SCR=100%,
N -l 0 RQD=91%,
Limestone interbeds at 8.02 to 8.18, - 113 UCS=168MPa
and 9.09t09.14 m 4 RUN (]
\ - 2
) - 1
112.1 N
9.5 END OF BOREHOLE AT 9.55 m.
Piezomeler installation consists of
19mm diameter Schedule 40 PVC pipe

Continued Next Page

Numbers refer (0
Sensitivity

(%) STRAIN AT FAILURE




ONTMT4S 5127A.GPJ  27/12/06

_:\r/linistrygf . D[:|1
ransportation
Ontario THURBER
RECORD OF BOREHOLE No EN3 20F 2 METRIC
G.W.P.  169-00-00 LOCATION QEW, Third Line to Burioak Drive N 4 808 036.73 E 285 308.29 ORIGINATEDBY s
HWY QEW BOREHOLE TYPE _ Solid Stem Auger/NQ Core Barel COMPILED BY __MFA
DATUM _Geodetic DATE 07.11.06 - 07.11.06 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x W |RESISTANCE PLOT ~— NATURAL ) — REMARKS
=%} < - _ PLASTIC | RE vouo | e
= wlzs| 3 20 40 60 80 100 Lt content  WMTE S O &
2|5 L1ZE| = T —— wp w wo| 53| eraNsizE
ELEV DESCRIPTION Clao| g 2123| 2 |SHEARSTRENGTHkPa — o DISTRIBUTION
DEPTH RIPTI s131 7| 5|238]| g |o unconrmen  + FELDVANE . Y (%)
o3 ZIEO] @ |e QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
© o 20 40 60 80 100 20 40 60 wwm3 1GR SA sI L
with a 1.52m slotted screen.
WATER LEVEL READINGS:
DATE  DEPTH(m) ELEV.(m)
101106 4.05 117.65
08.12.06 324 118.46
PRIV Numbers refer to 2

Sensitivity

19925 (%) STRAIN AT FAILURE




15/12/06

ONTMT4S 5127A.GPJ

1I\ghnistry oft D D
ransporiation
Ontario THURBER
RECORD OF BOREHOLE No EN4 10F1 METRIC
W.P. 169-00-00 LOCATION QEW, Third Line to Burloak Drive N4 808 000.60 E 285 273.42 ORIGINATEDBY SLL
HWY QEW ) BOREHOLE TYPE _ Solid Stem Auger COMPILEDBY _ MFA
DATUM _Geodetic DATE 03,11.06 - 03.11.06 CHECKEDBY ___MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | Y |RESISTANCE PLOT ~—. NATURAL — REMARKS
=% 3 — ”?ﬂc MQISTURE Uol:‘lﬁ = I &
= wnlx3] & 20 40 60 8 100 LM CONTENT -
218w | 4|22 = L wp w wi | 38 | cransize
ELEV DESCRIPTION & 2| & Z123| @ [SHEARSTRENGTH kPa P DISTRIBUTION
DEPTH § =) z > 8 % < O UNCONFINED + FIELD VANE . ¥ (%)
=z Z{ZO| © |e QUICKTRIAXAL x LABVANE | WATER CONTENT (%)
1218 w 20 40 60 80 100 20 40 €0 kwm3 JGR SA I CL
0.0:— TOPSOIL: (100 mm) o
Silly CLAY. mixed with TOPSOIL 1lss ] s o
Firm
Brown
121.1
0.7 SAND, some gravel, trace silt e 121
Loose °
Brown 0 W SS 6 o
Wet 020:
o
120.1 *ro o
1.7 Silty CLAY, trace sand 3185 | 14 120
Stiff b
Grey
4| 8S | 13 tsH 0 2 8% 29
118.9 19
3.0 Silty CLAY, some sand, trace gravel
Very Stiff
Grey 5188 | 21 o 1 34 45 20
(TiLL)
117.9 118

4.0 Highly weathered, thinly bedded,
reddish brown, SHALE
Hard

117.2 B

4.8 END OF BOREHOLE AT 4.65m.
BOREHOLE OPEN TO 4.65 m AND
WATER LEVEL AT 1.22 m UPON
COMPLETION.

BOREHOLE BACKFILLED
BENTONITE HOLEPLUG TO 0.6 m
AND DRILL CUTTINGS TO
SURFACE.

S5 51074 Q
.075

20
‘ ]
L3 % 3. Numbers refer to 15455

Sensitivity (%) STRAIN AT FAILURE



ONTMT4S 5127A.GPJ 21/12/06

Ministry of
Transportation

—
[0

Ontario uRBER
RECORD OF BOREHOLE No NWC1 10F 2 METRIC
G.W.P.___169-00-00 LOCATION QEW, Third Line to Burloak Drive N 4 807 960.56 E 285 183.56 ORIGINATED BY _sSLL
HWY QEW BOREHOLE TYPE _ Solid Stem Auger/NQ Core Barrel COMPILED BY MFA
DATUM _Geodetic DATE 09.11.06 - 09.11.06 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES @ L_ljJ RESISTANCE PLOT e NATURAL - REMARKS
o S T PLASTIC s TURE "'8:']: = T A
5 o |8 & 20 40 60 80 100 UM content zQ
218 W Y|2E| 3 e wp w w| S8 | cransize
ELEV. DESCRIPTION o 2| g Z|2a| 2 |SHEARSTRENGTHKPa N S NE— DISTRIBUTION
DEPTH é s i > 8 g <>( O UNCONFINED + FIELD VANE . Y (%)
|z Z|E€C| © |o QUCKTRIAXAL x LABVANE | WATERCONTENT (%)
1202 w 20 40 60 80 100 20 40 60 kNm 3 {GR SA Sl CL
0-‘1) TOPSOIL: (125 mm) e
0. i
Silty CL.AY, some shale fragments 1 ss 23 122 -
Very Stiff
Brown
121.6
0.7 Silty SAND, trace gravel
Compact to Dense
Brown 2 Ss 22 ©
Moist {o Wet
cist lo e 121
3 SS 38 ] 0 78 23
(SI+CL}
120.0 !
22 Silty CLAY, trace sand 120
Very Stiff
Grey 4 SS 17 o
(¢B]
5| ss | 16 s = 0 3 78 19
118.4
39 Siity CLAY, sandy, trace gravel, trace
shale fragments
Hard 118
Brown
(TILL)
117.4 3] SS 88/ ©
48 Highly to moderately weathered, thinly 200 ©
bedded, reddish brown, very weak,
SHALE, with greenish grey limesicne
; 117
interbeds
Fi
RUN 1#
Limestone interbeds at 5.84 to 5.87, 4 TCR=100%,
6.52t06.65m SCR=92%,
1 | RUN 116 5 RQD=60%,
o UCS=4MPa
Sub vertical joint at 6.45 to 6.50 m 4
RUN 2#
i TCR=100%,
Limestone interbeds a1 6.94 to 6.98, / SCR=97%,
7411724, and 81110 8.43 m 2 RQD=58%
115
2 | RUN 5
- 2
Sub vertical joint 2l 7.97 to 8.12m H 8
Hi 114 RUN 3#
H 3 TCR=100%,
Limestone interbeds at 8.48 to 8.53, ; SCR=100%,
8.611t08.77, 8.891t0 8.97, and 8.19 lo 3 | RUN . 2 RQD=90%,
9.22m ~ i 2 UCS=2MPa
113.0 k =
8.2 END OF BOREHOLE AT 9.22m.
Piezometer installation consists of
19mm diameler Schedule 40 PVC pipe
with a 1.52m slotted screen.
Continued Next Page 20
43 ., 3. Numbers refer to 155
R 'S (%) STRAIN AT FAILURE

Sensitivity - 10



ONTMT4S 5127A.GPJ  21/12/06

Ministry of
Transporation

—
0

Ontario TURBER
RECORD OF BOREHOL.E No NWC1 2 OF 2 METRIC
G.W.P.__ 169-00-00 LOCATION QEW, Third Line to Burloak Drive N 4 807 560.56 E 285 183.56 ORIGINATED BY _sSLL
HWY QEW BOREHOLE TYPE _ Solid Stem Auger/NQ Core Barre! COMPILED BY MFA
DATUM _Geodetic DATE 09.11.06 - 09.11.06 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o W |RESISTANCE PLOT —_. . d o] rewarcs
=@ S e PLASTIC ) soisTURE L'OUT = L &
= wl|<8] & 20 40 60 80 100 LT CONTENT WMTE S O
218 W %1ZE| = e wp w w | 5% | cransize
ELEV DESCRIPTION & o 2 S5 g SHEAR STRENGTH kPa R DISTRIBUTION
DEPTH si31E >138| < |© UNCONFINED  + FIELD VANE y )
=z o, °
oz Z|EC| U |e QUICKTRAXAL X LABVANE | WATER CONTENT (%)
w 20 40 60 80 100 20 40 60 kN/m3 IGR SA SI CL
WATER LEVEL READINGS:
DATE  DEPTH(m) ELEV.(m)
10.11.06 252 119.68
08.1206  2.10 120.10
4 3‘ 3. Numbers refer to

0
h 15425
Sensitivity 10

(%) STRAIN AT FAILURE




ONTMT4S 5127A.GPJ  21/12/08

Ministry of E%
Transporiation
On(aho THURBER
RECORD OF BOREHOLE No NWC2 10F1 METRIC
G.W.P.__ 169-00-00 LOCATION QEW, Third Line to Burloak Drive N 4 807 945.13 E 285220.84 ORIGINATED BY _SLL
HWY eew BOREHOLE TYPE _ Solid Stem Auger _ COMPILED BY MFA
DATUM _Geodetic DATE 09.11.06 - 09.11.06 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o 5 RESISTANCE PLOT — NATURAL = REMARKS
w n < e PLASTIC e Liouio T
= 3] T MOISTU T £ &
e nl<3l o 20 40 80 100 CONTENT z 0
SR gisg| 2 ' L . ! i wp w we| 24 | cransize
ELEV DESCRIPTION Elel g Z|£8]| 2 [SHEARSTRENGTHKPa NS — DISTRIBUTION
DEPTH |13 F > 138 | < |O UNCONFINED  + FIELD VANE ! y )
= ZIEO| @ |e QUICKTRIAXAL X LABVANE | WATERCONTENT (%)
121.9 w 20 40 60 80 100 20 40 80 KkN/m 3 lor SA SI CL
0.0, 7OPSOIL: (125 mm) = ]
01 - 7
. Silty CLAY, trace sand 1
. SS [
Siff
Brown
121.2
0.7 SAND, some silt to silly, trace clay,
trace shale fragments 121 .
Compact 2 SS o 7 66 19 9
Brown
Wet
120.0 o
- 3| 8S 0
1.8 Sandy SILT, trace clay 12 >
119.7 Compact
52 Brown mE
l Moist
Silty CLAY, irace sand
Very Stiff 4 | ss A 0 1t 74 25
Grey
(CL) 119
51 88| 17 Hl|¥ c
117.9 E 118
40 Highly weathered, thinly bedded, H
reddish brown, SHALE ]
Hard ]
117.2 = 7 . .
4.6 END OF BOREHOLE AT 4.62 m. 050
Piezometer installation consists of ’
19rmm diameter Schedule 40 PVC pipe
with a 1.52m slolted screen.
WATER LEVEL READINGS:
DATE DEPTH(m) ELEV.(m)
10.11.06 4.10 117.80
08.12.06 3.41 118.49
4+ 2 53 Numbers refer lo 153’5

Sensitivity . 10

(%) STRAIN AT FAILURE




ONTMT4S 5127A.GPJ  21/12/08

Ministry of D
Transportation D D

Ontario THURBER
RECORD OF BOREHOLE No NWC3 10F2 METRIC
G.W.P.__ 169-00-00 LOCATION QEW, Third Line to Burloak Drive N 4 807 905.91_E 285 267.79 ORIGINATED BY SLL
HWY _ Qew BOREHOLE TYPE _ Solid Stem Auger/NQ Core Barrel _ COMPILEDBY _ MFA
DATUM Geodetic DATE 08.11.06 - 08.11.08 CHECKEDBY _ MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o W |RESISTANCE PLOT —~-.. —— — | REMARKS
E %) < - PLASTIC et vavo | E
= nl2Z2] 8 20 40 60 80 100 ™7 conenwr Wl SO &
215 ARSI e wp w we| 52 | oransiZE
ELEV DESCRIPTIO & o | 2 23 g SHEAR STRENGTH kPa \ D S DISTRIBUTION
BEPTH TION S %1 5123 S [O UNCONFINED  + FIELDVANE o
212 c128] 2 WATER CONTENT (%) | ¥ (%)
> z|g ©] @ |e QUICKTRIAXIAL X LABVANE °
121.8 o 20 40 80 80 100 20 40 60 kNm3 {GR SA SI CL
! \ ) )
00— TOPSOIL: (100 mm) %;;
) Siity CLAY, {race rools, trace shale 11 ss 8 o
and limestone fragments
Stiff
121.1 Brown Wold v
07 Silty SAND, trace to some gravel, 121
trace clay
Compact 2 SS 20 o 14 54 24 8
1205 Brown _L
13 Wet
Sandy SILT, trace clay
Compact
Brown 5!
3 S8 26 (s}
Wet 12
119.6
22 Silty CLAY, some sand
Very Stiff
Brown 4 SS 28 o)
(L)
119
51 SS | 28 ! 0 20 50 27
117.8 118
4.0 Highly to moderately weathered, thinly
bedded, reddish brown, very weak to h 4
weak, SHALE, with greenish grey
limestone interbeds
3 S 1) ° Fi
1 RUN | T 147 o RUN 1#
TCR=100%,
Limestone interbeds at 4.93 to 4.98, SCR=83%
and 51310 5.15m 6 '
RQD=0%
2 | RUN 5
/ RUN 2#
P TCR=100%,
118 SCR=98%,
Limeslone interbeds at 5.97 to 6.04, 5 RQD=58%,
and 6.37 10 6.42 m 3 | RUN UCS=19MPa
N ; RUN 3#
=100%
Limestone interbeds at 6.50 to 6.57, N TCR_ 00:'
and 6.63106.79 m \ 3 SCR=100%,
M5 1 RQD=88%
4
4 | RUN RUN 4#
3 TCR=100%,
Clay seams at 7.4510 7.52, and 7.75 SCR=100%,
07.77m - 3 RQD=50%,
138 Vertical joint at 7.52 (0 7.60 m B 144 UCS=4MPa
e — H 2 RUN 5¢
78 Becoming slightly weathered, weak i TCR=100%
Limestone interbeds at 8.02 to 8.08, ] P - en'
82310 8.33, B.66 10 8.72, and 8.67 to = SCR=100%,
8.92m {1 RQD=90%,
5 | RUN A | UCS=10MPa
>y = 113 - 3
126 ¢ H o
92 END OF BOREHOLE AT 9.17 m.
Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with 2 1.52m slotted screen. '
| |
i i

Continued Nexl Page 20
1+ 3 5, 3. Numbers refer to 1585
' " Sensilivity N 10 (%) STRAIN AT FAILURE




ONTMT4S 5127A.GPJ  21/12/06

Ministry of A
Transporiation D D

Ontario uRBER
RECORD OF BOREHOLE No NWC3 20F2 METRIC
G.W.P. _ 169-00-00 LOCATION QEW, Third Line to Burloak Drive N 4 807 905.91 E 285 267.79 ORIGINATED BY sLL
HWY QEW BOREHOLE TYPE _ Solid Stem Auger/NQ Core Barrel COMPILED BY MFA
DATUM  Geodetic DATE 08.11.06 - 08.11.06 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x W IRESISTANCE PLOT TURAL
REMARKS
E on g & H"“Iinc :giSTURE L'S:J‘ll? = E &
= w3 @ 20 40 80 80 100 UM CONTENT “Tl 5 0
S u =21 z L ) L L L wp w wel P g GRAIN SIZE
g w 2|125| O |SHEARSTRENGTHkPa
ELEV. DESCRIPTION e ¢ | 21z = ot DISTRIBUTION
DEPTH = RS >133| £ |© UNCONFINED  + FIELD VANE . ¥ (%)
el = Z|&€©°| © |e QUICKTRAXAL X LABVANE | WATER CONTENT (%)
w 20 40 60 80 100 20 40 80 kNm3 JGR sA sI CL

WATER LEVEL READINGS:
DATE DEPTH(mM) ELEV.(m)
10.11.06 476 117.04
08.12.06 4.24 117.56

: 20
3,3 Numbers refer to Y
"7 Sensitivity 1585 (%) STRAIN AT FAILURE



ONTMT4S 5127A.GPJ  21/12/06

Ministry of
Transporiation

Ontario

)
AR

THURBER

RECORD OF BOREHOLE No NWC4

10F 1

METRIC

BOREHOLE OPEN AND DRY TO
BOTTOM ON COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO 0.6 m
AND DRILL CUTTINGS TO
SURFACE.

G.W.P._ 169-00-00 LOCATION QEW, Third Line to Burloak Drive N 4 807 859.69 E 285 291.80 ORIGINATEDBY sLL
HWY _ QEw BOREHOLE TYPE _ Solid Stem Auger COMPILED BY __ MFA
DATUM _Geodelic DATE 03.11.06 - 03.11.06 CHECKEDBY ___MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES i § RESISTANCE PLOT = aene | MATURAL Loun = REMARKS
w I KOISTURE =
- w22 8 20 40 60 80 100 |"™T  ggea M) 28 &
S i w 3; = ! ; ! ) L wp w wi DUEJ GRAIN SIZE
ELEV DESCRIPTION & o | ¥ 2 2a 8 SHEAR STRENGTH kPa \ 5 DISTRIBUTION
DEPTH < 2z >13 3 < | © UNCONFINED + FIELD VANE . y %)
51 ZIEC| @ e QUCKTRIAXAL X LABVANE | WATER CONTENT (%)
1212 e 20 40 60 80 100 20 40 60 kim3 JGR sA SI CL
-~ TOPSOIL. (75 mm) 7
Sll.(y CLAY, some sand, some topsolil 1 ss 8 121 5
Stiff
Brown
120.5
0.7 SAND and SILT, some clay
Compact
Brown 2188 | 14 ) 0 52 36 13
Moist to Wet 120
119.4 3 ss | 20
1.8 Silty CLAY, some sand 5
Very Stiff to Hard
Brown 119
(cL)
4 SS 23 o
118
51 ss | 38 o 3 11 68 18
117.5
37 Highly weathered, thinly bedded,
reddish brown, SHALE
117
116.6 5 507 Q
48] END OF BOREHOLE AT 5.02m. 050

4+ 3 3. Numbers refer to
’ " Sensitivity

20
15885
- 10

(%) STRAIN AT FAILURE




ONTMT4S 5127A.GPJ  21/12/08

Ministry of
Transporiation

—
[0

Onlario THURBER
RECORD OF BOREHOLE No NWH1 10F 1 METRIC
G.W.P.  169-00-00 LOCATION QEW, Third Line to Burloak Drive N 4 BO7 932,53 E 285 249.91 ORIGINATEDBY SLL
HWY  QEw BOREHOLE TYPE _ Solid Stem Auger COMPILEDBY _ JHL
DATUM  Geodetic DATE 03.11.06 - 03.11.06 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o W IRESISTANCE PLOT — NATURAL - REMARKS
L'J_J w 8 -(\ PLASTIC MOISTURE LKS;\‘? = T &
= w28l & 20 40 60 BD 100 LT CONTENT z 0
2% LIZE| = T e wp w w | 52 | cransie
ELEV DESCRIPTION Sla & | 3|23 2 [SHEARSTRENGTHKPa D N— DISTRIBUTION
DEPTH 5 2 >3 g < | O UNCONFINED + FIELD VANE . ¥ )
glZ Z|%CO| © |e QUICKTRIAXAL x LABVANE | WATER CONTENT (%)
216 m 20 40 60 80 100 200 40 60 k/m3 {GR SA S| CL
90/ TOPSOIL: (125 mm) =
0.1 Silty CLAY, some sand, trace gravel 1 ss 19 °
Very Stiff
Brown
120.9 121
07 Silty SAND, with clayey sill layers,
some grave!
Dense to Compact 2 SS 40 o 6 72 22
Brown (SHCL)
Wet
120 d
318 | 2
119.4
2.2 Silty CLAY
Very Stiff
Brown to Grey 4 SS 18 119 o
Wet
1186
3.0 Siity CLAY, some sand, with
approximate 100mm thick shale layer 5 ss 65 4 0 12 &7 21
Hard
Reddish Brown
118
17.7 Wi
3.9 Highly weathered, thinly bedded,
SHALE
1169 B SSTT B0 117 -
4.6 END OF BOREHOLE AT 4.65 m. 075

BOREHOLE OPEN TO 4.65 m AND
WATER LEVEL AT 2.52 m UPON
COMPLETION.,

BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG.

S 3

w 3. Numbers refer to
' Sensitivily 10

20
1535

(%) STRAIN AT FAILURE



ONTMT4S B127A.GPJ  22/12/06

Ministry of
Transportation

—
L

Ontario T™HURBER
RECORD OF BOREHOLE No NW2 10F 1 METRIC
G.W.P._169-0000 LOCATION QEW. Third Line to Buroak Drive N4 807 893.63 E 285 295.84 ORIGINATED BY _sLL
HWY QEW BOREHOLE TYPE _ Solid Stem Auger COMPILED BY __ JHL
DATUM _Geodetic DATE 03.11.06 - 03.11.06 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o Y |RESISTANCE PLOT NATURAL - REMARKS
E %] s —_— PLASTIC e vauo | b
= alz3] @ 20 40 &0 80 100 BT conenr  MMTL S O &
Slg wizz2l z : : : : : wp w wo| 22| cransize
ELEV DESCRIPTION Pla & | 3[28] 2 [SHEARSTRENGTHkPa A DISTRIBUTION
DEPTH 2|z > 123} < )O UNCONFINED - FIELD VANE o
g2 {28 3 WATER CONTENT (% v (%)
sl Z{E€C1 L e QUICKTRIAXAL X LABVANE (%)
1216 w 20 40 60 80 100 20 40 60 kNim3 lGR sA si cL
204 ToPSOIL: (100 mm) it &
) Silty CLAY, some sand, lrace shale 1 ss 17 5
fragments, with topsail staining H
Very Stiff
Brown ) 121
2| s8s | 27 o
120.1
1.5 Sandy SILT, trace clay 126
Compact
Brown 3188 | 24 o
1195 W
21 Silty CLAY, trace sand seams
Very Stiff
B
rown 4| ss | 17 s pH 0 1 75 23
Q
51 8s | 22 X
O
118
117.7
38 Highly weathered, thinly bedded,
reddish brown, SHALE, with greenish
grey limestone interbeds
Hard
R SSTTR H 117 o
075 =
- 116
115.4 7SS H o
6.2 END OF BOREHOLE AT 6.18 m. 075
BOREHOLE OPEN AND WATER
LEVEL AT 1.57 m UPON
COMPLETION.
Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with 2 1.52m slotted screen.
WATER LEVEL READINGS:
DATE  DEPTH(m) ELEV.(m)
10.11.06  3.58 118.02
08.12.06  3.41 118.19

. 3

B

3. Numbers refer tp
" Sensitivity

20
1825 (o) STRAIN AT FAILURE




Bronte Road Deep Cuts
QEW Widening, Third Line to Burloak

Appendix B

Laboratory Test Resulits



THURBGSD 512TA.GPJ 22/12/06

GRAIN SIZE DISTRIBUTION

FIGURE B1

Size of openings, inches

SILTY CLAY

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

G 4}&,- g* 1::2- ™ 314- ‘?-315- 3 4 810 1‘8 30 40 5060 100 200
100 ' == §§% T ( |
90 S —
80
70
60
b \
i bt
i 50 :
}_
z .\
o Pﬁ
e
W X
30 N
20 %
10
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE L FINE COARSE ]MEDIUM‘ FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BH DEPTH (m) ELEV. (m)
® BRA1 1.83 120.15
X BR1 2.59 119.38
A BR2 1.83 119.93
* BR2 2.59 119.16
® BR3 2.59 119.11
Lo NWC1 3.35 118.90
Date December 2006 D D Prep'd ..... JHL
Project A 69"00‘00 Chkd AEG

THURBER




THURBGSD 5127A.GPJ 22/12/06

FIGURE B2
GRAIN SIZE DISTRIBUTION

Size of openings, inches

SILTY CLAY

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

6 4]1(,~ 3 1]‘/2- 1 3{4- 1/?-3:8- 3 4 810 16 30 40 5060 100 200
100 d = ui. . ﬁ_ 1
DI N
)
0 ) g\
70 \
: 3
T 5\
T 60 \
i \
p \%Q
o 50 \
= Y
18]
O 4o
Lt
[s
30
20 |—
10
0 ‘
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSE | MEDIUﬂ FINE SILT and CLAY
Size GRAVEL SAND FINE GRAINED
SYMBOL BH DEPTH (m) ELEV. (m)
@ BR4 1.83 119.42
X EN2 1.83 119.33
A EN3 1.83 119.84
* EN3 3.35 118.32
® EN4 2.59 119.23
pate .December 2006 D D Prep'd ... JHL .
Project ] 69'00‘00 Chkd AEG

THURBER




THURBGSD 5127A.GPJ 22/12/06

GRAIN SIZE DISTRIBUTION

FIGURE B3

SILTY CLAY

Size of openings, inches U.S.S. Sieve size, meshes/inch

6" 4"43- 3" - 1‘" Iy 1/?-318- 3 4 810 16 30 40 5060 100 200
1 ! i i ) h

i N
) \ ’
N
80 o\x
70 b
Pz
<
}:E 60 X
e
Jug]
Z
w 50 &
= \K
P
w
Q 40 |
L
" K
30 B
20
10
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSEJL\AEDIUML FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BH DEPTH {(m) ELEV. (m)
® NWC2 2.59 119.27
X SW2 0.30 121.20
A SW2 1.83 110.68
* SW3 1.83 119.51
® SwW4 0.99 119.65
pate . December 2006 D D Prepd .....JHL
Project N 69‘00'00 Chkd. ... AEG ,,,,,

THURBER




THURBGSD 5127A.GPJ 22/12/08

GRAIN SIZE DISTRIBUTION

FIGURE B4

Size of openings, inches

6" 4l 3
R

SILTY CLAY

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

1‘1,:2. - 3,‘4;1@-3/. :‘1 A!z ?1.0 16 30 40 506;0 100 200
e
i T | Y
% el =
70
> \
<L
= 60 ]
x ¥ \
w
Z \
t 50 e
s \1 e
L
O 40 |- L LY
5 \m\ o
a
30 \\u
N
20 x
%
“x
10
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
coBBLE| COARSE |  Fme COARSE |MEDIUM|  FinE SILT and CLAY
SizE GRAVEL SAND FINE GRAINED
SYMBOL BH DEPTH (m) ELEV. (m)
® NWC3 3.35 118.46
X NWC4 3.35 117.85
Date .December 2006 D D Prepd .. JHL .
Project . 169-00-00 Chkd. ... AEG
THURBER




THURBGSD 5127A.GPJ 22/12/08

GRAIN SIZE DISTRIBUTION

FIGURE B5

SILTY SAND
Size of openings, inches U.S.S. Sieve size. meshes/inch
6 414 3" e 1" Y a3 3 4 810 16 30 40 5060 100 200
100 ! : [ ! LT a ’:+ - L L !
R\ T\‘QE
~J
@, A\
90 | \\‘\ ‘ \}‘(l
; RN
A
70 \
z i W X
E 60 \
o
: S A
o 50 ;
}_.
prud
: . &
& X
i & \
0 ki 5
™
" Tia N
= T
Ir\:\cag
B B S
10
Fiind
0 | !
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE T FINE COARSE lMEDIUMI FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BH DEPTH (m) ELEV. (m)
e NW 1 1.07 120.53
b NWCH1 1.83 120.42
A NWC2 1.07 120.80
* NWC3 1.07 120.74
® NWC4 1.07 120.14
pate .December 2006 . D D Prepd ...JHL
Project ..169-00-00 Chkd AEG

THURBER




THURBGSD 5127A.GPJ 22/12/08

GRAIN SIZE DISTRIBUTION

FIGURE B6

Size of openings, inches

SILTY CLAY TILL

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

& 4y 3 e 17 % ‘?-a L 4 810 16 30 40 5060 100 200
TN
a : N
90 ™ \ l\i‘*‘\m\ A
=R
80 WA (
\A\\
TR
70 S
z ki
E 60
x o §
L
Z \‘*\ \ X
T 50 . E\u
— d
R
40 N
% * X X
o % \m
30 |- m\m
20
10
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSE | MEDIUM | FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BH DEPTH (m) ELEV. (m)
@ BR1 3.35 118.62
X BR2 3.35 118.40
A BR4 3.35 117.90
* EN4 3.35 118.47
© NW2 2.59 119.03
pate . December 2006 D D Prep'd ... .JHL ..
Project . 169-00-00 Chkd. ...... AEG .

THURBER




THURBGSD 5127A.GPJ 22/12/06

GRAIN SIZE DISTRIBUTION

FIGURE B7

100

90

80

70

60

40

PERCENT FINER THAN
3

Size of openings, inches

SILTY CLAY TILL

U.8.S. Sieve size, meshes/inch

& 4]1@- 3 T 17 3 ‘/;-3{5- 3 4 810 16 30 40 5060 100 200
{
e —QT ]
A
1

\m\\. \\

’&\m\
\x\\

30
x
20 \U\Ei:%
10
0 1
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSE J MEDIUM 1 FINE SILT and CLAY
Size GRAVEL SAND FINE GRAINED
SYMBOL BH DEPTH (m) ELEV. (m)
@ SWH1 2.59 118.90
X SW2 3.34 118.17
pate . December 2006 D D Prepd ... JHL .
Project . 169-00-00 Chkd. ... . AEG. ..

THURBER




ATTERBERG LIMITS TEST RESULTS

FIGURE B8

PLASTICITY INDEX

THURBALT 5127A.GPJ 22/12/06

60
50
40 /
Ci
30 e
CL
20 //
10
CL i /
CL-ML / MI-Ol
ML
0
30 40 50 60 80
LIQUID LIMIT
SYMBOL BH DEPTH (m) ELEV. (m)
® BR1 2.59 119.38
X BR2 2.59 119.16
A BR3 3.35 118.34
* BR4 1.83 119.42
® BR4 3.35 117.90
o EN2 1.83 119.33
.December 2006 D Prepd ... WM
.169-00-00 D Chkd. ... AEG
THURBER




THURBALT 5127A.GPJ 22/12/06

ATTERBERG LIMITS TEST RESULTS

FIGURE B9

60
CH
50
40 /
X 3 -
Cl
2 o5
-
5 30 v
=
w
<C
5 cL
20 //
10 ’ @ P
CL +A'g /
CL-ML ® / MI-Ot MH-OH
ML oL
0
0 10 20 30 40 60 70 80
LIQUID LIMIT
SYMBOL BH DEPTH (m) ELEV. (m)
@ EN3 1.83 119.84
X EN4 2.59 119.23
A NW 1 3.28 118.32
* NW2 2.59 119.03
©) NWC1 3.35 118.90
o NWC2 2.59 119.27
Date .December 2006 D D prepd ... WM
Project ..169-00-00 Chkd. ... . AEG
THURBER




THURBALT 5127A.GPJ 22/12/06

ATTERBERG LIMITS TEST RESULTS

FIGURE B10

PLASTICITY INDEX

60
CH
50
40 //
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Appendix C

Stability Output
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Suggested Text for NSSP on “Rock Excavation”

The strength of the shale bedrock increases with depth and there is presence of very hard limestone
and/or siltstone interbeds within the shale bedrock. Bulk excavation and pre-drilling through the
sound shale and the hard interbeds may be difficult. As such, intensive use of pneumatic rock
splitting/breaking equipment, ripping machinery or other methods of loosening the bedrock may be

required and should be available on site to assist in rock excavation.



