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FOUNDATION INVESTIGATION REPORT
For
Hwy. 407 Excavation Cuts
- Between
Stations 15+550+/- to 16+100 +/-
(Islington Avenue to Pine Valley Drive)
W.P. 141-87-00A, Hwy. 407
District 6, Toronto

INTRODUCTION

Subsequent to requests submftted by the Central Region Geotechnical Section
dated 89 09 22 and 90 02 08, an investigation was carried out by this office to
determine the geometry of the proposed cut slope including the drainage ditch on
the north side of Hwy. 407, and to provide recommendations to facilitate the
excavation at the aforementioned site. In addition, comments addressing the
feasibility of utilizing the excavated material as borrow fill is contained in
this report. '

Excavation cuts ranging in magnitude from approximately 4 to 10 m in the native
overburden will be required to satisfy the proposed Hwy. 407 profile grade and
adjoining drainage channel. The proposed Hwy. 407 grade slopes at a 3% gradient
from approximate El. 156.5 m at Sta. 15+750+ to El. 151.5 m at Sta. 15+550%.
'The proposed profile grade of Hwy. 407 east of Sta. 154750 slopes at
approximately 0.64% with an elevation grade of approximately 158 m at the
eastern boundary of the site. The proposed drainage channel extends along the
north side at the toe of the proposed excavated slopes. The drainage channel is
a hydro1091cal companént that will direct storm water from the highway
westwardly and eventually outflowing to the Humber River located west of the
site. Excavation cuts ranging from 6 to 10 m will be required along the length
of the north side of Hwy. 407 at the site to facilitate this drainage channel.
The natural ground surface is relatively flat to gently sloping, increasing
slightly from 160.0 to 161.0 m towards the east.

The investigation procedure, including the fieldwork procedures and laboratory
analyses, and a detailed description of the subsurface conditions are also
included in this report.



SITE DESCRIPTION AND GEOLOGY

The site 1s™ located along the proposed Hwy. 407 right-of-way bounded by
Islington Avenue to the west and Pine vVally Drive to the east in the Town of
Vaughan, Regional Municipality of York. Existing Hydro transmission towers
intersect the site approximately 300 m east of Pine Valley Drive. Immediately
north of the site, a one storey building used as a warehouse for agricultural
supplies, equipment and products exists. A residential home neighbours this
building and the hydro corridor mentioned earlier runs parallel to these
- buildings at that location. '

A residential subdivision is located approx1ﬁ&tely 0.5 km north of the site and
CNR tracks, supported by approximately 7 m of embankment fi11, are 1located
approximately 0.5 km south of the site.

The land at the site is generally flat to gently sloping. The natural ground
surface increases slightly in elevation in an easterly direction. '

Land use at the site is agricultural farmland. Major crops annually harvested
include radishes, onions, spinach and parsley.

Physiographically, the site is located in the geological domain known as the
Bolton area. At the site, deltaic and glaciolacustrine sands and silts, the
products of Lake Peel (Karrow 1963), a body of water confined between a lobe of
ice projecting up the Humber Valley and the surrounding higher elevation
grounds, overly a glaciolacustrine Wildfield Ti11 complex consisting of
stratified silty clays, c1ayey“silts and silt nodules, also depositions of Lake
Peel. These deposits levelled out the former gently undulating surface of
ground moraine, known as the "Peel Plain® (Putnam and Chapman, 1936).

The Bolton area features overburden deposited during the Wisconsinan glaciation
of the Pleistocene era. The overburden is underlain by shale bedrock of the
Dundas-Meaford formation. Water well records indicate that the bedrock is found
at depths ranging from 40 to 60 m.



INVESTIGATION PROCEDURE

Soil data and inherent properties were obtained by in situ and laboratory
testing. The procedures employed are discussed below.

Field Investigation

The f1e1dworg for the investigation was carried out between 90 01 11 and 90 01
17 and on 90 02 23 and consisted a total of 10 sampied boreholes advanced to
depths ranging from 12.6 m to 18.7 m. The second mobilization was in response
to a requested extension of the original scope of work. Three of the boreholes
were accompan1ed by dynamic cone penetration tests, two of which were advanced
at the bottom of the open borehole to overall depths ranging from 22.4 m to 23.0
m from the original ground surface. A dynamic cone test advanced from the
natural ground surface penetrated to a depth of 17.3 m.

The boreholes were advanced in the overburden using conventional hollow stem
augering techniques. Track mounted continuous flight auger drilling rigs were
employed for the operation.

In general, subsoil samples were retrieved at 0.7 m intervals for the surficial
6 mand at 1.5 m intervals thereafter. Disturbed subsoil samples were retrieved
by a split spoon sampler in accordance with the Standard Penetration Test (ASTM
D1586). A longer split spoon sampler (0.6 m) was used in an attempt to retrieve
additional volumes of soil to facilitate pertinent backfill suitability tests
(Standard Proctor Tests). Relatively undisturbed samples were also randomiy
retrieved in the cohesive clayey silt to silty c1ays’and underiying moraine till
deposit using a shelby tube sampler in accordance with standard practice (ASTM
D1587). 1In situ vane tests were also conducted in the cohesive soils, generally
at 1.5 m intervals, to determine the undisturbed and remoulded undrained shear
strengths of the soil. The test was conducted employing the standard MTO 'N'
vane in accordance with ASTM D2573.

A1l subsoil samples were identifed in the field and returned to the laboratany
for further examination and applicable testing.
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Water levels were obtained in the open boreholes and aiso in sealed piezometers
installed at BH's A-6 and A-1. Groundwater levels were monitored throughout the
duration of the investigation. Al boreholes were backfilled at the completion
of the fieldwork.

Survey information related to the location and elevation of boreholes was
provided by Central Region Surveys and Plans.

Laboratory Analyses

To fidentify the behaviour, gradation and pertinent properties and
- characteristics of the soil, various laboratory tests were performed. These
tests included: ‘

1) Atterberg Limits

2) Grain Size Distributions

3) Unit Weights

4) Natural Moisture Contents

5) Multi-stage consolidated undrained tests with pore pressure measurements.

Laboratory test results have been summarized in the subsequent section of this
report entitled Suburface Conditions, and are {fllustrated on corresponding
figures and boreholes included in the attached Appendix.

SUBSURFACE CONDITIONS

The soil stratigraphy at the site consists of a surficial veneer of topsoil,
brown in colour and of thickness equivalent to approximately 0.7 m. The topsoil
is underlain by a cohesionless brown sand that contains traces/some silt and
traces/some gravel. This deposit has a thickness ranging from 0.7 m to 2.9 m
and generally has a compact denseness. A cohesionless deposit of non plastic,
brown silt underlies the sand deposit and extends for a relatively shallow -
thickness ranging from 0.3 m to 1.6 m. Thicknesses of the sands and silts
generally decline in an easterly direction across the site. The non plastic
si1t 1s underlain by a glacio-lacustrine deposit consisting of a cohesive, grey
clayey silt to silty clay containing interbedded layers and random nodules of
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silt within the soil matrix. The stratum can be categorized as having a stiff
consistency and ranges in thickness from 2.6 m to 4.8 m.

The glaciolacustrine stratum is underlain by a cohesive unstratified glacial
ti11 deposit consisting of a clayey silt host material with traces/some sand and
traces of gravel. The extent of this deposit was not fully explored across the
entire site. For the area bounded by BH's 8 and BH's 7 (Sta. 154975 to 15+500),
the deposit was penetrated up to a maximum thickness of 11.1 m. At BH's 9 and
10, the thickness of the deposit is in the order of 5 to 6 m and is underlain by
a cohesionless deposit of sand to silty sand. The extent of the underlying
cohesionless deposit was not determined during the investigation.

The boundaries between the various soil types, in situ and 1aboratory test
reéults as well as groundwater levels established at the time of investigation,
are shown on the attached Record of Borehole sheets in the Appendix. A plén of
the site 11lustrating the locations and e!evations of the boreholes and subsoil
stratigraphical sections are provided on Dwg. 1418700-A.

A detailed description of the subsurface conditions encountered is given below.
Togsoj1

A thin veneer of topsoil that is brown in colour, moist, and contains a rich,
earthy odour is spread across the site. The thickness of this veneer is

approximately 0.8 m.

Sand, trace Silt, trace/some Gravel

The surficial topsoil is underlain by a brown, cohesionless sand that contains
traces of silt and traces/some.gravel. A grain size distribution envelope for
this deposit as determined by mechanical sieve analysis is provided in Figure 1
in the Appendix. The thickness of this native deposit varies from 0.7 m to 2.9
m extending to elevations ranging from El. 159.4 m to 156.4 m. The thickness
decreases in an easterly direction and is typically in the 0.7 to 0.9 m ranges
east of BH 8.

This cohesionless deposit was partially submerged below the groundwater table at
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the time of investigation and soil cave was witnessed in the open borehole.
Natural moisture contents determined in the laboratory range from 6.5 to 15.5%.
Standard Penetration Tests carried out in this deposit revealed 'N' values
ranging from 6 blows/0.3 m to 28 blows/0.3 m indicating that the deposit ranges
in denseness from loose to compact; In general, the deposit can be categorized
as compact.

A Standard Proctor Test was carried out on material obtained by conglomerating
individual samples into one representative volume batch. A grain size curve
i1lustrating the gradation of the batch sample is 1llustrated on Figure 2. The
Standard Proctor Test was carried out in accordance with Procedure 1 of the
Method of Test for Moisture-Density Relationship of Soils outlined in the MT0
Laboratory Testing Manual (LS 607). The results of the test are {llustrated in

“Figure 3 in the Appendix. Based on the results, the soil has an optimum

moisture content (wgpt) of 8.5% and a maximum dry density ( ¥ dry) of 1.96g/cm3
(19.2 kN/m3). These results have been corrected to account for the effect of
stone content.

SILT

The cohesionless sand deposit is underlain by a thin stratum of plastic siit
ranging in thickness from 0.3 m to 1.6 m and found to extend to elevations
ranging from 154.7 m to 158.4 m. The stratum is generally brown in colour
although the stratum has been oxidized to grey at some locations. Figure 4 in
the Appendix 1llustrates the gradation of this deposit on typical grain size
distribution curves determined by mechanical sieve and hydrometer analysis.

The plasticity of the silt was confirmed by performing Atterberg Limit tests and
the results are tabulated in Table 1 below and illustrated in Figure 5 in the
Appendix.  Natural moisture contents determined in the laboratory are also

"summarized in Table 1 and reveal values ranging from 21 to 22%.

Table 1 - STt

Range # of Tests
Natural Moisture Content (w%) 21-22 5
Liquid Limit (wi %) 19-21 3
Plasticity Index (Ip) 3-4,5 3
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The si1t stratum was submerged beneath the groundwater table at the time of the
investigation and soi1 stoughing in the open borehole 1is expected to have
developed congurrent with the overlying sand deposit,

Standard Penetration tests carried out in this deposit revealed 'N' values
ranging from 9 blows/0.3 m to 47 blows/0.3 m indicating a range of denseness of
loose to dense. Ip general, 'N' values were in the 15 blows/0.3 m to 25
blows/0.3 m equivalent to a compact denseness,

Clayey Si1t to Silty Ciax with random nodules/seams of Silt

Underlying the cohesionless $ilt deposit, a layer of clayey silt to silty clay
with random nodules or zones and interbedded seams of silt exists. The surface
of this stratum is at an elevation ranging from 158.4 m to 154.7 m and extends
to. an elevation ranging from 154.1 m to 151.7 m. The thickness of the stratum
varies from 2.6 m to 4.8 m. The stratum 1s grey in colour with the i1t nodules
and seams present at a lighter grey hue,

A grain size distribution envelope for this deposit as determined by mechanical
sieve and hydrometer analysis 1is given in Figure 6 in the Appendix.  The
envelope illustrates that clay and silt percentages in the deposit range from
25-40% and 60-75% respectively.

Atterberg Limit tests were carried out to define the behaviour and plasticity of
the soil and the results are plotted in Figure 7. A summary of the indices is
provided in Table 2. Unit weights are also included.

Table 2 ~ Clayey Siit to Silty Clay

Range # of Tests
range

Natural Moisture Content (wi) 20-34 14
Liquid Limit (wy, 23-46.5 12
Plasticity Index (Ip) 9.5-28.5 12
Unit Weight (kN/m3) 17.2-22.6 7
Undrained Shear Strength (cu) (kPa)

- Field Vane 30->120 10
Senstivity 2~4 10

SPT 'N' values (blows/0.3 m) 5-24 24
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The test results reveal that the deposit varies réndom1y in plasticity ranging
from low (clayey silt) to intermediate (silty clay). Natural moisture contents
range from 20-34% but are generally in the 20-25% range.

Undrained shear strength measurements (cu) of the soil were obtained by
conducting in situ vane tests. Results are plotted on the Record of Borehole
sheets in the Appendix and summarized in Table 2 above. The results reveal
undrained shear strength values ranging from 30->120 and hence the soil can be
classified as having a consistency ranging from firm to very stiff. In general,
the soil can be categorized as stiff.

The.sensitivity of the soil as defined by the ratio of the undrained strength in
the undisturbed state to the undrained strength, at the same water content, in
the remoulded state was also determined by the field vane test and the results
are tabulated in Table 2 and identified on the Record of Borehole sheets.
Sensitivity values range from 2 to 4 indicating that the soil has a low
sensitivity.

Standard Penetration tests carried out in this stratum revealed 'N' values
ranging from 5 blows/0.3 m to 24 blows/0.3 m as tabulated in Table 2. The range
of values confirms the firm to very stiff categorization determined from the in
situ vane test.

Consolidated undrained multi-stage triaxial tests with pore  pressure
measurements were conducted in the laboratory to determine the effective
strength parameters of the material. The effective shear strength parameters
determined from the test are summarized in Table 3 below.

Table 3 - Effective Strength Parameters

_ Sample BH A-5, TwB
Elevation (m) 154.1
Liquid Limit (w %) 43
Plasticity Index (Ip%) 24
Natural Moisture Content 27
Effective Angle of Internal Friction (0°) 29
Effective Shear Strength Intercept (c')(kPa) 0

For design purposes, a reduced angle of internal friction (0) of 26° was
selected to account for the fact that the sample tested was not saturated.
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Two Standard Proctor Tests were carried out on material obtained by
conglomerating individual samples into two rapresentativeKVQIume batches. Grain
size curves illustrating the gradation of the batch samples are illustrated in
Figure 8. ' |

The Standard Proctor Tests were carried out in accordance with Procedure 1 of
the Method of Test for Moisture-Density Re!ationshth of Soils outlined in the
MTO Laboratory Testing Manual (LS 607). The results of the tests are
illustrated in Figure 9 in the Appendix. Based on the results, the soil has an
optimum moisture content (Wopt) of 13.2 to 13.8% and a maximum dry density (¥
dry) of 1.89 to 1.92 g/m3 (18.6 to 18.8 kN/m3).

Clayey Silt, trace/some sand, trace gravel (Glacial Till)

The clayey silt to silty clay stratum is underlain by a glacial till deposit
consisting of a clayey silt host material combined with varying percentages
(trace to some) of sand and traces of gravel. The extent of the deposit was not
determined throughout the site area. For the area bounded by BH's 8 and 7, the
deposit was explored to a maximum thickness of 11.1 m. At BH's 9 and 10, the
thickness of the deposit is in the order of 5 to 6 m.

A grain size distribution envelope for this deposit as determined by mechanical
sieve and hydrometer analysis is given in Figure 10 in the Appendix. The
envelope {llustrates that clay and silt percentages in the deposit range from
26-41% and 58-65% respectively. The envelope also depicts percentages of sand
up to 32% also comprise the deposit. '

Atterberg Limit Tests were carried out to define the behaviour and plasticity of
the fine grained portion of the soil and the results are plotted in Figure 11 in
the Appendix. A summary of the indices is provided in Table 4 below. Unit
weights are also included. |
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Table 4 - Clayey Silt Till

i

Range # of Tests

Natural Moisture Content (w%) 15-25 8
Liquid Limit (w %) _ 19-34 8
Plasticity Index (Ip) 7-15 8
Unit Weight (kN/m3) 18.3-20.8 6
Undrained Shear Strength (cu) (kPa) \

- Field Vane . 30-»120 32
Sensitivity ' 2-4 32
SPT 'N' values (blows/0.3 m) _3-29

The test results reveal that ’the fine grained portion of the deposit is
predominantly of low plasticity and hence can be classified as clayey silt.

Undrained shear strength measurements (cu) of the soil were obtained by
conducting in situ vane tests. Results are plotted on the Record of Borehole
sheets -in the Appendix and summarized in Table 4 above. A shear strength (cu)
vs Elevation (m) profile is also provided in Figure 12 in the Appendix. Based
on shear strength values ranging from 30->120 kPa, the consistency of the soil
ranges from firm to very stiff. In consideration that the higher shear strength
values determined may not be representative because of the presence of the sand
and gravel components of the till, the deposit can be generally categorized as
" having a stiff consistency. As Figure 12 illustrates, however, the éonsistency
does become stiffer with depth. ' '

The sensitivity of the soil as defined by the ratio of the undrained strength in
the undistributed state to the undrained strength, at the same water content, in
the remoulded state was also determined by the field vane test and the results
are tabulated in Table 4 and identified in the Record of Borehole sheets.
Sensitivity values range from 2 to 4 indicating that the soil has a low
sensitivity.

Standard Penetration tests carried out in the stratum revealed 'N' values
ranging from 3 blows/0.3 m to 29 blows/0.3 m as illustrated on the 'N' values vs
Elevation (m) graph in Figure 13 in the Appendix. 'N' values generaily increase



with depth in the deposit indicating that the consistency of the soil becomes
stiffer with depth.

Consolidated undrained multi-stage triaxial tests with pore pressure
measurements were conducted in the laboratory to determine the effective
strength parameters of the material. The effective shear strength parameters
determined from the test are summarized in Table 5 below.

Table 5 - Effective Strength Parameters

Sample BH A-6, Tw8
Elevation (m) ‘ 147.6
Liquid Limit (w.%) ' 26 -
Plasticity Index (Ip%) B 12
Natural Moisture Content ) 19
Effective Angle of Internal Friction (0°) 29
Effective Shear Strength Intercept (c')(kPa) 10

For design purposes, a reduced angle of internal friction (0) of 26° and a shear
strength intercept of 5 kPa was selected to account for the fact that the sample
tested was not saturated.

. Sand to Silty Sand

At BH's A-9 and A-10, the till deposit is underlain by a cohesionless sand to
silty sand deposit. The deposit exists at an elevation ranging.from 149.5 m to
148.7 m or depths of 10.7 to 11.4 m below the natural ground surface. The
extent of this deposit was not determined during the investigatian.

The fact that sloughing of the borehole occurred upon penetration into this
deposit indicates that the deposit is under subartesian head. "Blow back" in-
the order of 2 to 3 m was observed when sampling through this material. A head
of water was required to balance the unbalanced hydrostatic head so that
penetration through this soil could be achieved.
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Standard Penetration tests carried out in this deposit revealed 'N' values in
the order of 5-6 blows/0.3 m indicating a loose material denseness.

em

Groundwater Conditions

Observation of the groundwater level was carried out by measuring the water
level in the open boreholes and monitoring water levels in piezometers installed
in the surficial sand and silt deposits. The piezometers were installed with
the tips at an approximate elevation of 156 m with a bentonite seal of 0.3 m
thickness below the piezometer tip and a bentonite seal at the surface of equal
thickness. Pea gravel (10 mm) was used to fi11 the annular space between the
piezometer and the borehole. | )

Measurements obtained from the aforementioned sources at the time of the
investigation revealed water levels ranging from 2 to 2.5 m below the natural
ground surface (Elevation 157.8 m to 158.8 m). At BH's A-7 and A-4, water
levels could not be obtained because of the sloughing of the boreholes at depths
of l.5mto 2.1m respectively;

Groundwater levels, in general, are subject to seasonal fluctuations and hence
can vary from the values given in this report.
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DISCUSSION AND RECOMMENDATIONS

To facilitate the advancement of the Hwy. 407 between Pine Valley Drive and
Islington Avenue, excavation cuts up to 10 m below existing grade will be
required. The scope of this report includes excavation cuts exceeding 4 m in
depth and hence the eastern boundary 1imit of the investigation was established
at Sta. 154850+ or approximately 350 m west of Pine valley Drive for the south
side of the Hwy. 407. Deeper cuts ranging from 6 m to 10 m will be required for
the north side of Hwy. 407 at the site to facilitate a hydrological storm
drainage channel proposed at the toe of the north slope. The storm water will
flow in a westerly direction and eventually outflow to the Humber River situated
beyond the site. Th drainage channel is 1llustrated in Figure 1418700A-A. The
proposed Hwy. 407 grade slopes with increasing elevation at a 0.64% gradient
east of Sta. 15+850%. West of this limit and towards Islington Avenue, the
proposed Hwy. 407 grade slopes at a 3% gradient fronf approximate elevation 156.5
m to elevation 151.5 m at Sta. 15+550%. '

Recommendations pertaining to the following geotechnical considerations are
contained in the purview of this report.

1) Excavated Slope Stability Design
2) Construction of Excavated Slopes
3) Backfill Suitability of Excavated Material

1) Excavated Slope Stability Design

The critical condition examined in the evalution of cuts such as those proposed
at the site location is the long term (drained) condition. Consequently, an
effective stress analysis was implemented using Bishop's method on an 1in-house
mainframe prugramyincorporating a factor of safety of 1.3. The properties of
the subsoil and the geometry used in the analysis is summarized in Figure 14 in
the Appendix. The analysis was carried out employing static loading conditions
and circular slip surfaces.

The results of the analysis is summarized in Table 6 below. Based on the
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resuits, all excavation cut slopes less than 4.0 m can be constructed at 2H:1V
whilst slopes exceeding 4.0 m in depth will require stabilizing benches and/or
flatter slopes. The recommended slope geometry requirements for various depths
of cut are tabulated in Table 6 below. An 8.0 m cut required at the site will
require a 3 m bench and 2.5H:1V slopes.

Table 6 ~ Slope Geometries

Depth of Cut (m) Recommended Geometry
0-4.0 inclusive 2H: 1V

>4-5 inclusive 2H:1V, 2 m Bench
>5-7 inclusive 2H:1V, 3 m Bench

>7-9.5 inclusive 2.5H:1Y, 3 m Bench
>9,5-10.5 inclusive  2.5H:1V, 2 m Double bench
at 1/3 depths*

Alternate 3H:1V Slopes

Depth of Cut (m) Recommended Geometry
0-4 2H:1V
>4-8 3H:1V

»8-11 3H:1V, 2m Bench

Drained stability analysis of slopes are very sensitive to groundwater levels
~and pore pressures that can develop in the slope. Therefore drainage measures
will be required to control groundwater and hence ensure the long-term stability
of the slopes. By employing a 0.6 m thick granular blanket consisting of free
draining material such as Granular 'A' material, development of excess pore
water pressures can be prevented. The granular blankets should be designed in.
conjunction with a permanent drainage system that will discharge drained water
from the slope. It 1s recommended that longitudinal toe/bench drains be
constructed consisting of a perforated pipe encased with a suitable geotextile
filter fabric and in turn surrounded by a suitable granular soil filter
material. The toe drains should then be connected to an appropriate integrated
drainage system. At the site, the toe drains can be constructed in conjunction
with the highway perimeter drainage system. An {llustration of the proposed
drainage scheme is shown on Figure 14.

The granular blanket also protects the slope from surficial erosion that can be
caused by freeze-thaw cycles and surface runoff. Normal slope vegetation should
be established as soon as possible after completion of the cut to augment the
control of surficial erosion.
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Construction of Excavated Slopes

It' is anticipated that considerable difficulty could be experienced by the
Contractor in excavating the surficial cohesionless sands and silts and
maintaining side slopes below the prevailing water table. Consequently, an
advanced dewatering scheme in conjunction with a controlled excavation is
recommended to drawdown the water level to facilitate the slope construction.
Two alternatives are summarized below. The -alternative that is the most
economical and practically feasible should be selected. The dewatering scheme
shall conform to OPSS 517 series and subject to review by this office.

e

Gravity Drainage

A gravity drainage system consisting of trench drains and sump pumping methods
can be employed. One recommended method is to firstly advance the excavation to
the elevation of the water table and then install a temporary longitudinal
trench drain at the toe of the cut. Subsequent to this installation and
observation of draw/down in the native soil, the excavation can proceed down to
the depth of the designed stabilizing bench where an additional permanent trench
drain is to be installed. Finally, the excavation can then proceed down to the
proposed grade where another permanent trench drain is to be installed at the
toe of the slope. Figure 16a in the Appendix {1lustrates this gravity drainage
method.

Gravity drainage can also be conducted by working from the centre of the
proposed excavation and progressing laterally to either excavation slope. This
can be accomplished by excavating sump pits and staging the excavation as
illustrated in Figure 16b in the Appendix. The advantage of this gravity
drainage method is that any soil sloughing created by seepage are effectively
contained within the 1limits of the excavation. = Consequently, this method
becomes a more efficient gravity drainage construction technique.

Wells and/or Well points

Alternatively, vacuum wellpoints and/or wells consistihg of large pumps with
gravel filters installed concentrically in cased holes can be used to drawdown
the water



table. The wellpoints and wells should be properly filtered to prevent
migration of fines and subsequent potential clogging. This can be achieved by
surrounding the wellpoints and/or wells with properly graded free draining soil
filter. Grain size distribution curves for the native cohesionless soils should
be applied in establishing the filtration and permeability criteria for the soil
filter.

Backfill Suitability of Excavated Material ' |

Although excavation cuts up to 10 m will be reduiren to facilitate the drainage
channel, most of the area will be subject to earth removal up to a maximum 8 m.

Excavation cuts up to 8 m will necessitate the removal of the soil type and
corresponding depths as tabulated in Table 7 below.

.Jable 7 - Excavated Soil

Soil Type B Thickness (m)
Topsoil 0.8

Sand, trace Silt,trace/some gravel 1.2-2.9
Si1t , 0.5-1.6

., Clayey Sil1t to Silty Clay 2.6-4.8
The clayey silt till deposit is in most cases beneath the 8 m excavation.

Discussion regarding the suitability of utilizing the excavated material as
backfill is discussed below.

Topsoil

The brown topsoil CAN be used as a blanket in conjunction with natural
vegetation cover as a form of surficial erosion protection.

Sand, trace silt, trace/some Gravel

Although this cohesionless deposit has in situ moisture contents as high as 15%,
which exceeds its optimum moisture content of 8.5%, because of its free draining



nature, this material is acceptable as borrow material in accordance with the
material specifications outlined in 0pPsS 212 series. - This material can be
easily dried and the moisture content modified to obtain its optimum.

The material from this deposit can be effectively compacted provided the
material is placed with the appropriate moisture content to achieve 100% of the
proctor maximum dry density as outlined in OPSS 501,08.02 (Method A). Field
density measurements shall be conducted 1in conformance with this specification
and compared to the maximum dry density as obtained in the laboratory (see
Figure 3) to confirm achievement of the target density.

As $1lustrated in the grain size distribution envelope for this deposit, the
amount of material between 5 mm and 75 mm (silt) in size is generally less than
10%. Consegently, this material is not susceptible to frost. Generally
materials with amounts exceeding 55% are considered highly suscept1b1e. ’

Silt

Si1ty materials are very sensitive to moisture content and hence wet silty soils
tend to "roll" under compactive energy if the moisture content exceeds the
optimum even by a small percentage. Silty soils can also attract water by
capillarity and hence the increase in water content further aggravates the
problem of compacting silty materials. Furthermore, silty materials are frost
susceptible. Consequently, for these reasons, this material is NOT recommended
as suitable structural backfill material. '

Clayey Silt to Silty Clay with random nodules/seams of Silt

As indicated in Table 2, in situ moisture contents for this material range from

20 to 34%. Although the moisture contents are generally in the 20 to 25% range,

these values exceed the optimum moisture contents of 13.2-13.8%, as shown in

Figure 9, as much as up to 11.8%. Hence, this material has moisture contents

that are far in excess of the range that will produce 95% of the maximum dry
density as specified in OPSS 501.08.02.
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Reducing the water content of this material to acceptable levels is difficult,
time consuming and in our opinion not practicable. Furthermore, this stratum
has silt percentages that exceed 55% and hence the 5011\15 frost susceptible.
Consequently, for these reasons this material 1s considered unsuitable for
backfill application,

Construction Considerations

The aforementioned discussion indicates that the surficial topsoil and the
cohesionless sandy soil are salvagable materials at the site whilst the
underlying silts and clayey silt to silty clay materials are not. It is
therefore recommended that these surficial materials be scraped off using a
dozer separate from the underlying deposits using a dozer.

MISCELLANEQUS | -

The fieldwork for this investigation was carried out under the supervision of

T. Sangiuliano, Foundation Engineer, B. Cung, Engineering Trainee and J.
, Petruzziello, Engineering Technician, utilizing equipment owned and operated by
i Marathon Drilling and Master Soils Investigation.

: The project was carried out by T. Sangiuliano under the general supervision of
Dr. B. Iyer, Senior Foundation Engineer. The report was written by T.
Sangiuliano, reviewed by Dr. B. Iyer and approved by Mr. M.S. Devata, Chief
foundation Engineer.

T. Sangiuligno, P.Eng.
Foundation.Engineer

M.S. Devata, P.Eng.
N : Chief Foundation Engineer
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FOUNbATION INVESTIGATION REPORT
’ For
Proposed Hwy. 407 Cut & Detention Pond
IsTington Avenue to Pine Valley Drive
W.P. 141-87-00(A), Hwy. 407
District 6, Toronto

INTRODUCTION

Subsequent to requests submitted by the Central Region Geotechnical Section, an
investigation was carried out by this office to determine the subsurface
conditions for the proposed Hwy. 407 cuts east of Islington Avenue and west of
Pine Valley Drive and for a proposed detention pond and stockpile located within
this region.

Excavation cuts of up to 10 m will be required to satisfy the proposed Hwy. 407
profile grade. The proposed Hwy. 407 profile grade sloped westward from 156 m
to 151 m with the natural ground surface relatively flat on the east side of
Islington Avenue with an elevation of 160 m.

The investigating procedure, including the fieldwork procedures and laboratory
analysis and a detailed description of the subsurface conditions are also

included in this report.

SITE DESCRIPTION AND GEOLOGY

The site is located % km north of Steeles east of Istington Avenue in the City
of Vaughan, Region of York. The area consists of farmland with hydro power
towers to the east and north, CNR tracks south and an industrial building to the
north. At the time of the investigation the farmers field contained short
grassy vegetables. Boreholes were located along narrow farmer roads located
between crops.

Physiographically, the site is located in the geological domain known as the
"Peel Plain". The "Peel Plain" is the product of the advances and retreat of
the wisconsinan ice sheet which covered the area during the pleistocene epoch.
It consists of a bevelled till plain with a gently undulating rolling surface
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and Timited relief. At some Tocations, the till is overlain by the deposits of
varved clay. Till sheets of varying composition comprise the "Peel Plain".
Generally, the surficial till sheets exhibit a cohesive behaviour whilst the
Tower ti11 sheets are cohesionless. As characteristics of till material, these
deposits contain a wide range of grain sizes ranging from boulders to clay. The
till sheets are usually separated from one another by interbeds of stratified
silt or sand of variable thickness. = Bedrock in the area has been found at
depths ranging from 25 to 35 m below ground surface and consists of interbedded
shale and limestone of the Dundas-Meaford formation ordivician period.

INVESTIGATION PROCEDURES

Soil data and inherent properties were obtained by in situ and laboratory
testing. The procedures employed are discussed below.

FIELD INVESTIGATION

The fieldwork for the investigation was carried out between 91 07 24 to 91 07 31
and consisted of five sampled boreholes located within the proposed stock pile
and retention pond east of Islington.

3 boreholes were advanced 21 m below natural ground surface and 2 boreholes were
advanced deeper, down to 48 m to collect data for a future possible retaining
wall alternative if found necessary.

Vanes and undisturbed shelby tube samples were taken when plastic cohesive
material was encountered. Cone penetration tests were taken down at the invert
or each borehole and at two boreholes from the surface.

Track mounted CME 55 equipment employing hollow stem and wash boring techniques
were used to advance all boreholes in the overburden. In general, disturbed
subsoil samples were retrieved at 0.75 m intervals for the surficial 4.5 m and
1.5 m thereafter. A1l samples were identified in the field and then returned to
the laboratory for applicable testing. Sample retrieval was conducted. in
accordance with the Standard Penetration Test (ASTM D1586).
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Groundwater levels were obtained by monitoring the levels in the open boreholes
throughout the duration of the field investigation, two piezometers were
utilized at opposite ends of the site. All boreholes were backfilled at the
completion of the fieldwork.

Survey information related to the 1location and elevation of boreholes was
provided by the Central Region Surveys and Plans Office.

LABORATORY ANALYSIS

The following laboratory tests were carried out on select soil samples:

1) Atterberg Limit Tests

2) Grain Size Distributions
3) Unit Weights

4) Natural Moisture Contents

Laboratory test results have been summarized in the subsequent section of this
report and are illustrated on carresponding figures and boreholes included in
the attached appendix. ’

SUBSURFACE CONDITIONS

General

The stratigraphy encountered consisted mainly of 2.1 m to 4.4 m of a non-
cohesive silty sand which contained surficial interbeds of organics. This
stratum generally has a compact state of denseness. Underlying the above is a
cohesive 1.2 m to 5.7 m thick deposit of clayey silt, trace sand which is inturn
underlyed by a clayey silt (Glacial Till) trace sand, trace gravel which was
found to extend down to 31.5 m to 30 m below the ground surface, within the two
deeper boreholes (BH's 17 and 18). The two deposits have a very soft to stiff
and very soft to hard consistency but generally the Ciayey\silt layer has a
stiff consistency. A non-cohesive heterogeneous mixture of clay, silt and sand,
trace gravel was encountered in the two deep boreholes to extend from 31.5 m to
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47.3 m. Bits of shale with probable bedrock was encountered at the terminated
depths of these two deep boreholes. This deposit generally has a very dense
state of denseness.

The boundaries between the various soil types, in situ and laboratory test
results as well as groundwater 1level established at the time of the
investigation, arew shown on the attached Record of Borehole sheets in the
Appendix. A plan of the site illustrating the locations and elevations of the
boreholes are provided on Dwg. No. 1418700(A)-A.

A detailed description of the subsurface conditions encountered is given below.

Silty Sand

The native surficial deposit at the site consists of a non-cohesive silty sand
that extends to a depth of 2.1 m to 4.4 m below the existing ground surface.

A grain size distribution envelope as determined by mechanical sieve and
hydrometer analysis s provided in Figure 1 in the Appendix. The envelope
illustrates that a large percentage of the deposit consists of sand and silt.
This deposit comprised of 2-10% gravel, 68-83% sand, 9-20% sand and 1-13% clay.

Natural moisture contents for this stratum are in the 6.5-21% range. The
deposit has been oxidized and hence is brown in colour.

Standard Penetration Tests carried out in this deposit revealed 'N' values
ranging from 2 to 19 blows/0.3 m. Based on these 'N' values, the material can

be described as having a denseness of very loose to compact.

Clayey Silt, trace Sand

The surficial non-cohesive deposit is underlain by a cohesive stratum consisting
of clayey silt, trace sand. A Grain Size Distribution envelope is provided in
Figure 2 in the Appendix. The thickness of the stratum ranges from 1.2 m to 5.7
m. The envelope illustrates that a large percentage of the deposit is finer
than 75 micrometers and hence is in the clay and silt range. This deposit
comprises of 0% gravel, 1-3% sand, 37-84% silt and 13-60% clay.
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The deposit 1is unoxidized and hence is grey in colour. The oxidation
delineation was found within the surficial layer.

The fine grained portion of the deposit dictates the behaviour of this cohesive
deposit. Hence, Atterberg Limit Tests were carried out to define the behaviour
and plasticity of the fine grained portion of the soil and the results are
plotted in Figure 3 in the Appendix. A summary of the indices is provided in
Tabie 1 below.

Table 1 - Clayey Silt

Range  # of Tests

Natural Moisture Content (w%) 22.5-34 6
Liquid Limit (wi%) 19-37 6
Plastic Index (Ip%) 8-20 6
Unit Weights (kN/m3) 19.3-23.3 6

The results reveal that the fine grained portion of the deposit is primarily of
Tow plasticity and hence can be c¢lassified as a clayey silt.

Standard Penetration Tests carried out in this deposit revealed 'N' values
ranging from 0 to 9 blows/0.3 m. Based on these 'N' values, the material can be
described as having a consistency of very soft to firm.

Clayey Silt, trace Sand, trace Gravel, (Glacial Till)

Underlying the above layer is a deposit of clayey silt, trace sand, trace gravel
(Glacial Ti11). A Grain Size Distribution envelope is provided in Figure 4 in
the Appendix.

This layer extends down to 31.5 m to 30 m below the ground surface. The
envelope illustrates a large percentage of clay and silt with a trace of gravel
and sand. This deposit comprises of 0-8% gravel, 5-34% sand, 36-87% silt and
12-63% clay. The material within the ti11 is unsorted and unstratified and has
been completely oxidized and is grey in colour.



-6-
Atterberg Limit Tests were carried out to define the behaviour and piasticity of
the fine grained portion of the soil and the results are plotted in Figure 5 in

the Appendix. A summary of the indices is provided in Table 2 below.

Table 2 - Clayey Silt (Ti1l)

Range # of Tests

Natural Moisture Content (w¥%) 13-29 14
Liquid Limit (w %) 24-38 14
Plastic Index (Ip%) 10-19 14
Unit Weights (kN/m3) 20.6-21.7 14

The results indicate that the fine grained portion of the deposit ranges 1in
plasticity from low to intermediate and hence can be categorized as a clayey
silt (ti1).

Standard Penetration Tests carried out in this 'deposit revealed 'N' values
ranging from 1 to 40 blows/0.3 m, however the 'N' values were generally between
1 to 20 blows/0.3 m. Therefore, the deposit can be considered to have a soft to
very stiff consistency with random hard zones.

Heterogeneous mixture of Silt and Sand, trace Clay, trace Gravel

Underlying the above material is a heterogeneous mixture of silt and sand, trace
gravel, trace clay which was found at a depth of 31.5 m to 47.3 m and extending
down to unknown depths. This layer was only encountered in the two deep
boreholes. Near the terminated depths of the two boreholes pieces of shale with
a greater percentage of gravel. At depths of 49 m refusal with possible bedrock
was encountered. A Grain Size Distribution envelope is provided in Figure 6 in
the Appendix. The envelope illustrates a large percentage of silt, sand and
gravel. This deposit comprised of 0-22% gravel, 10-15% sand, 15-83% silt and
6-46% clay.

Atterberg Limit Tests were carried out to define the behaviour and plasticity of
the fine grained proportion of the soil and the results are plotted in Figure 7
in the Appendix. A summary of the indices is provided in Table 3 below.
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Table 3 - Heterogeneous mixture of
Silt, Sand, Tr. Gravel, Tr. Clay

Range # of Tests

Natural Moisture Content (w%) 6-22 6
Liquid Limit (w; %) 16-25 5
Plastic Index (Ip%) 0-3 5
Unit Weights (kN/m3) 20.3-22.9 3

The results indicate the material is an inorganic silt or sandy sitt of slight
plasticity.

Standard Penetration Tests carried out in this deposit revealed 'N' values

ranging from 40 to >120 blows/0.3 m which gives it a very dense state of
relative density.

GROUNDWATER CONDITIONS

Observations of the groundwater level was carried out by measuring the water
level in the open boreholes and two piezometers placed at opposite ends of the
site. Groundwater levels determined at the time of the investigation ranged
from 2.7 m to 3.5 m below the ground surface or at an elevation of 156.6 m.

Soil cave-in witnessed in the heterogeneous mixture of silt and sand deposit

confirms that the stratum is under some sub-artesian head. However, no excess
head was observed.

Groundwater Tlevels, in general, are subject to seasonal fluctuations and hence
can vary from the values given in this report.



DISCUSSION AND RECOMMENDATIONS

It is proposed to construct Hwy. 407 between Islington Avenue and Pine Valley

Drive within cuts ranging from 8 m to 3 m. A detention pond will be constructed
and designed to hold storm water just south of Hwy. 407 within this cut. South
of the cut a proposed stockpile is to be placed with a height of 5 m.

The existing elevation of the ground surface is relatively flat at approximately
160 m while the proposed elevations of Hwy. 407 and the invert of the stormwater
storage pond are 154 m and 149 m respectively.

The excavation cuts of up to 15 m will be required in the soil consisting of
varying thicknesses of silty sand, clayey silt and glacial tills as described in
previous sections in this report. An effective stress analysis was implemented
using Bishop's method on an in-house, desktop computer using the sarma program.
The analysis was carried out employing static Toading conditions with a circular
slip surface. A static surcharge load was placed on Hwy. 407 but no 1oad
effects due to the transitway was included.

The results of the analysis are summarized in the Table below.

Slope Geometries

Depth of Cut Recommended Geometry
6 m 3H:1V
9m 3H:1V + 3 m wide bench
12 m 3H:1V + 6 m wide bench
15 m 3H:1V + Two 5 m wide benches

Landscaping requirements also specify that sideslopes of a maximum 3:1 be
maintained.

Eastward towards Pine Valley Drive structures the str&tigraphy improves allowing
slopes of 2H:1V while westward towards Islington Avenue the weaker material
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s requires 3H:1V slopes, 3 m bench. The amount of excavation cut also decreases
towards the east with cuts of 4 m.

The proposed stock pile with a height of 5 m should be placed 10 m from the
crest (top) of any slope cuts).

The slope stability analysis for the above recommended geometries did not
include the presence of the proposed transit-way to be located on the south
slope, south of the retention pond. Possible proposals could include a
retaining wall to make room for the transit way along the embankment. If there
are any new developments please contact this office for further comment
concerning the effects of this load on the stability of this slope.

CONSTRUCTION CONSIDERATIONS

If any pockets of loose material are encountered remove and replace with
Granular Fill.

Water table depths remained at an elevation of 156.4 m throughout the site
within the cohesive clayey silt layer. Dewatering should not be a major problem
due to the presence of a cohesive subsoil. Conventional pumping techniques will
suffice in discharge any local seepage.

MISCELLANEOUS

The fieldwork for this investigation was carried out under the supervision of
M. Michalek, Junior Foundation Engineer and P. Thase, Student Engineer. The
equipment was owned and operated by Malones Soil Samples Ltd., Toronto.

The report was written by M. Michalek under the general supekvision of B. Iyer,
Senior Foundation Engineer and reviewed by M. Devata, Chief Foundation Engineer.
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M. Michalek
Junior Foundation Engineer

M. Devata, P.Eng.
Chief Foundation Engineer
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EXPLANATION OF TERMS USED [N REPORT

N OVALUE: THE STANDARD PENETRATION TEST [SPT) N VAWE 1§ The NUMBER OF BLOWS REQUIRED TO CAUSE & STANDARD Simm O D SPLIT BARREL
SAMPLER 100 PENETRATE O 3m INTO UNDISTURBED GROUND IN A BOREMOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF s3 Skg, FALUNG

) FREELY A DISTANCE OF 0 7am FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE MUMBER OF BLOWS FOR THE PENETRATION
-« ACHIEVED AVERAGE N VALUE IS DENOTED THUS N

DYMAMIT COME PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT [ 5imm O.D 60° CONE ANGLE } DRIVEN HBY 475 )
, IMPACT ENERGY ON 'A’ S12€ DRILL RODS, THE RESISTANCE TO CONE PENETRATION 1% MEASURED AS THE NUMBER OF BLOWS DR EACH 0. 3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND

SONS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

....O..N.SLTLNQY: COMESIVE SOHLS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR SWENGTHICU) AS FOLLOWS:

Y 0-12 12 - 25 2530 | 50-100 1100 - 200 | =200
VERY SOFT|  SOF7 FIRM SriFE  \vewr sTirF | magD
DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS :
IN(BLOWS /0 3m)] 6 - 5 5-10 10 - 30 30 - 50 > 50
VERY LOOSE| 100SF COMPACT DENSE VERY DENSE

ROCKS ARE DESCRIBED BY THEIR COMPOSITION AND 5TRUCTURAL FEATURES AND / O STRENGTH.

F

¢ IVERY D SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN.

2

DIFY

1

ECOVERY: 5UM OF tHOSE INTACT CORE PIECES, 100mms IN LENGTH EXPRESSED A5 A PERCENT OF THE LENGTH OF THE CORING RUN.

THE ROCK GUALITY DESIGNATION (R

QD). FOR MODIFIED RECOVERY, 15

L__Rab (%) 0 -5 25-50 | 50-75 | 750 50 - 100
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LOINTING AND BEDDING :
SPACING S50mm S50~ 300mmi 0.3m ~1m | Im ~ 3m =3m
L[OINTING [VERY CLOSE|  CLOSE | MOD. close]  wiDe | verr wite
BEDDING VERY THIN | _THIN | MEDIUM | THICK | VERT Frick

FIELD SAMPUNG

ABBREVIATIONS AND SYMBOLS

MECHANICAL PROPERTIES OF SOIL

55 SPLIT SPOON TP THINWALL PISTON m,  keg”
WS WASH SAMPBLE O35  OSTERBERG SAMPLE €. )
S T SIOTTED TUBE SAMPLE RC ROCK CORE g |
BS BLOCK SAMPLE P H T W ADVANGED HYDRAULICALLY €y !
C5  CHUNK SAMPLE P M TW ADVANCED MANUALLY Cy mzls
T W THINWALL OpEN F S FOI SAMPLE H m
T, 1

STRESS AND STRAIN ] %
Uy, kPa  PORE waTER PRESSURE o,  kPa
3 i PORE PRESSURE RATIO o kea
o kba TOTAL NORMAL STRESS 7 kpa
o’ kPo  EFFECTIVE NORMAL STRESS ¢ kpa
T kPa SHEAR STRESS ¢ «®
@ %0 kPa PRINCIPAL STRESSES ¢y kpa
€ % LINEAR STRAIN by -*
€ .66 % PRINCIPAL 5TRAINS 7 kpa
E ko MODULUS OF LINEAR DEFGRMATION LA kra
G kpoy MODULUS OF SHEAR DEFORMATION 5, 1
m 1 COEFFICIENT OF ERICTION

PHYSICAL PROPERTIES OF 301IL

A kg/m’ DENSITY OF SOUD PARTICLES e 1,%  VOID RaTIO
Y, kN/m® UNIT WEIGHT OF SOLID PARTICLES n L% POROSITY
£, ka/m’ pENSITY OF waTER w 1,% WATER CONTENT
X o kN/m UNIT WEIGHT OF waTek S, % DEGREE OF SATURATION
£ kg/m® pENSITY OF son W% uoup LMt
Y ke unr welGHT OF son W, % PLASTIC LMt
A kg/m® DENSITY OF DRY SOIL w, % SHRINKAGE LimIT
% kN UNIT WEIGHT OF pRY SO s % PLASTICITY INDEX + W, -~ Wy
Bat  ka/m® DENSITY OF saTuRaTED SOU L1 LGuIDITY INDEX - .V.VTJ'.E
Yoot KN/ UNIT WEIGHT OF SATURATED SOIL P w
P’ ko/m® DENSITY OF SUBMERGED SOIL 'o 1 CONSISTENCY inDExs ““”LT;“““
Y kN/m UNIT WEIGHT OF SUBMERGED Ll Zrax 1% VOID RATIO IN LODSEST STATE

COEFFICIENT OF VOLUME CHANGE
COMPRESSION {NDEX

SWELLING INDEX

RATE OF SECONDARY CONSOLIDATION
COEFFICIENT OF CONSOLIDATION
DRAINAGE PATH

TIME FACTOR

DEGREE OF CONSOLIDATION

EFFECTIVE OVERBURDEN PRESSURE .
PRECONSOLIDATION PRESSURE

SHEAR STRENGTH

EFFECTIVE COHESION INTERCEPY
EFFECTIVE ANGLE OF INTERNAL FRICTION
APPARENT COMESION INTERCEPT
APPARENT ANGLE OF INTERNAL FRICTION
RESIDUAL SHEAR STRENGTH
REMOULDED SHEAR STRENGTH

T
SENSITIVITY = %Tr

toin 1% VOID RATIO IN Deensesv SJATE
Iy DENSITY INDEX %
D mm GRAIN DIAMETER

Dy mm M OPERCENT - DIAMETER

CU i UNIFORMITY COEFFICIENT

h m HYDRAULIC HEAD OR POTENTIAL
a4 ms  RATE OF DISCHARGE

v m/s  DISCHARGE VELOCITY

i 1 HYDRAULIC: GRADIENT

k mis  HYDRAULIC CONDUCTIVITY

J de/m® SEEPAGE FORCE

%



% ¢ -
™ £
7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SILT Fine | Mediom | Coarse Fine | Coorse
GRAIN SiZE IN MI!CROMETERS MINISTRY SiEvE DESIGNATION f Metric)
! 2 3 45 10 20 30 4050 g5, 5Oum I00um 600um Li8mm  2.36mm _ 2.5mm 9.0 mm 37Smm  £30mm
[“; ”“ S5Ium Doum 256;}«; 425um B50 um 2_Gr;mm 4. 7S5mm 13 Fmm 5. 5mm 530mef 75.0mm
100 . T o
gl N T
90 to
80 20
10 30
o 60 s0Q
rd Z
3 5
50 l 50
> LEGEND z
vl o
& SAMPLE SYMBOL >
& 40 €0 =
30 70
- BRI _
L
20 e é}() : 80
S 2
b
o j:{e)
] ﬂ ] 1o
! z 3 4 s {0 20 30 40 270 200 140 100 6050 40 30 20 6 08 4 WO W oy araly e
MINISTRY SIEVE OESIGNATION { imperiol }
Ministry of GRAIN SIZE DISTRIBUTION FIG No 1
ransporiation
Ontario




& B % ‘
7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SILT _ T , e = c
Fine i M adium | Coovss ine corse
GRAIN SiZE N MICROMETERS MiNISTRY SIEVE DESIGNATION { Metric}
! 2 3 4 5 ic 20 30 300um SO0 1B 7 I eam T S mm TR oA 375mm AT O mm
CTHITTH 2504 425 ; ; 4.7 Fiimm 1 265mm ) 530mm 75.0mm
‘00 ? »_,_?T - S § L4 me Fis 3 0
50 - ro
80 20
70 30
i
o 80 R
z Z
- - - :
g pe
50 50
> LEGEND P
ud !
= SAMPLE SYMBOL <
o 40 &0~
30 S p— {1
T T,
<
20 ()ﬂ 80
<(‘
10 — 30
o i i n 130
i 2 3 a4 s 1o 20 30 40 270 200 140 100 6050 40 30 20 Is 08 4 W' M 1 el g
MINISTRY SIEVE DESIGNATION { tmperial }
Ministry of , FIG No 2
Transportation GRAtN SIZE DiSTRIB U TION

Ontario

CLAYEY SILT

WP 141-87-00A




ﬂ'&?

Oct 75, FF-5-2)
50
50, 1 o
CH /
40 / S
X Ci
z
z
5 30
v
g ct LEGEND
/ BH SAMPLE | symBOL
20 —
- 14 4 O
A 15 14,7 104 |
OA / 17 7, mA
0 ] MH OH '{8 5 ¢
/ 19 5 -
-.-—-__\\ ~
R MN\W | B
/j 121 Ol B
. { ML ot |
0 10 20 30 40 50 50 70 a0 90 100
LIQUID  LIMIT %
Minsty o PLASTICITY CHART FIG No 3

Ortario

Transporiation

CLAYEY SILT

WP 141-87-00A




» i
7812 M
UNIFIED SO CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SuT Fine I Medium l Coorse Fine E Coorse
GRAIN SiZE (N MICROMETERS MINISTRY SIEVE BES{GNAHON | Metric)
I 4 3 45 0 20 30 40 5C g5, $0um I00um 400 um 1 18 mm z To6mm 9. 5mm 190 mm 375mm  $3.0mm
100 HIHH ! 2 gy a25um | 850um -Z:OFE-n-sm‘ B2mm | 265mm | 530me] 75 0mm
30 o
80 20
70 30
60 40 £
g :
ﬁ .. R [ SN A é
3 o
50 50
> LEGEND :z:
g SAMPLE SYMBOL =
& 40 60 &
S E ; - [
X f ;
30 Liid 70
i @@
SCERSRUU S S SO N H [ — .%___
20 i : ST Y (f'\> 1+
i *
i0 - 90
0 : 1 {00
[ 2 3 4 5 o 20 30 40 270 200 140 100 6050 40 30 20 Is 108 4 T W M W gl e
MINISTRY SIEVE DESIGNATION {tmperiot }
Transportaton GRAIN SIZE DISTRIBUTION FIG No 4
CLAYEY SILT WP 141-87-00A
Ontario
{ GLACIAL TILL )




Ministry of
@ Transportation

Ontario

CLAYEY SILT
(GLACIAL TILL)

Oct 75, FF-S-21
60
50 /
CH /
40 /
X Cl
z
=z
5. 30
o
g ct LEGEND
20 ‘ / BH SAMPLE | SYMBOL
b ¢ O 14 17,914 10 0@
ol 15 10,19 O N
/ 17 120620 AL A
10 K négb‘ /1 mA OH 18 8,12 | A
- 7 19 91317 e on
oY
T o M (o]]
Mt 7 M oL
0 V
0 10 20 30 40 50 60 70 80 90 100
LIQUHD ~LIMIT %
PLASTICITY CHART FIG No &

WP 141-87-00A




. - Qs £ ¥
. 7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
] SAND GRAVEL
CLAY & SILT Fine | Medium | Coarse Fine | Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric}
f F4 3 4 5 10 20 30 4050 5, S0um I00pm 480 um LB mm 2 36mm S 5mm 190 mm 37.5mm  630mm
100 T 539..7.'{ 106 _850un 475mm D 2me 265mn | 530med 7500
20 Y
‘80 20
70 30
z Z
v L. U S— f
:
50 50
z 1 LEGEND 5
¥ Il en [sampie SYMBOL <
< 40 60 &
30 S 0
&
Yoo
é}%
20 B —— 80
<
o Z ! a6
o . froo
i 2z 3 4 s t0 20 30 40 270 200 140 0O 6050 40 30 20 16 108 4 O 7S L TV AP VA
MINISTRY SIEVE DESIGNATION (imperial )
Tansportaon GRAIN SIZE DISTRIBUTION FIG No 6
, HETEROGENEOUS MIXTURE OF SILT & SAND WP 141-87-00A
Ontario TRACE GRAVEL,TRACE CLAY




Oct 75, FF-$-21

60

\

PLASTICITY INDEX %%

oy}
30
“ LEGEND
/ B SAMPLE | SYMBOL
20
17 29 @
18 [24,28 |m A
/ ; 18 37 | m
’ MH CH .
10 //
R ‘iil’fi\\\\\$
- 7 MI al
M 7 ML oL
0 ) il

0 W0 20 30 40 50 &0 70 80 20 100
HQUID  LIMIT %

o on PLASTICITY CHART FIG No 7
HETEROGENEOUS MIXTURE OF SILT & SAND WP 141-87-00A

Ontario

TRACE GRAVEL , TRACE CLAY




A

. "y £ "
- Cct 75, FE-5-721
60
. iy ]
CH /

40 /
2 Ci
3
fal
Z
5. 30
F
¥
=
Ef‘ et LEGEND

/ BH SAMPLE | SYMBOL
2 O R Aottt poverm
/ 18 | 3 o
/ MH OH
10 ‘, / .................................. ]
T — e p—— < :
L R NN
/ﬁ Mt 8]}
Mt 7 ML oL
E}o 10 20 30 40 50 60 76 80 90 100
LIQUID  LIMIT %
Miisiy of PLASTICITY CHART FIG No 8
Transportation W P 14}‘87-00)3&

- Ontano SILTY SAND




-

®

Minlyiey of
Trorsportation

Datorls

Foundation Design

RECORD OF BOREHOLE No 14 tor1  METRIC
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REPORT
ON
STABILITY STUDY
FOR
PROPOSED GAS MAIN RELOCATION
ISLINGTON AVENUE - FUTURE HIGHWAY 407

TOWN OF VAUGHAN, ONTARIO

1.0 INTRODUCTION

Geo-Canada Ltd. has been retained by Consumers’ Gas Company to conduct a Geotechnical
Investigation at the site of a gas main installation. This installation will involve constructing
a gas main at a depth of about 14 m. The objectives of the study have been to determine the
subsurface conditions in the study area, and to prepare recommendations regarding the

geotechnical design of the installation.

2.0 DESCRIPTION OF SITE AND PROPOSED CONSTRUCTION

The site of the proposed construction is located on the east side of Islington Avenue, about

500 m north of Steeles Avenue West in the Town of Vaughan.

GEO-CANADA LTD.
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In the near future, it is proposed to construct the new Highway 407 to pass under Islington
Avenue in an east-west direction. The finished road grade of Highway 407 in that area will
be about 8 m below the existing grades. In order to accommodate the proposed construction,
it will be necessary to relocate the gas main which lies on the east side of Islington Avenue
to an alignment which is parallel to the existing pipeline route, but which is about 40 m
further to the east. As the relocated gas main will have to underlie Highway 407, it will be
necessary to set the pipeline at an invert elevation of 146.0 m. To relocate the gas main, an

excavation approximately 13 to 14 m deep will therefore be required. Presently, the site and

the surrounding area are used for agricultural purposes.

Following the installation of the relocated gas main, Islington Avenue will be temporarily

diverted above the main to facilitate the construction of a bridge.

Running in a north to south direction at about 200 m east of Islington Avenue is an existing
unpaved road which is used as an access route by the local farmers. This road will remain
open during the gas main relocation work. It is expected that the excavated materials from

the gas main construction will be stockpiled in the area west of the road.
Figure 1, attached shows the site, the route of the proposed gas main, and the area for

stockpile of the excavated soil. The works area will be entirely within the right of way of

Highway 407, and is bounded by private properties on the north and south sides.

GEO-CANADA LTD.
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Two methods of construction are being considered. The first method is by open excavation.
In this case, it is proposed that the general excavation will be taken to EL 149 m, i.e. about
11 m below present grade and the gas main will be installed in a 3 m deep trench at the base
of the general excavation. In the second method, access pits will be excavated at the two

ends of the relocated section of gas main to allow the gas main to be installed in tunnel.

METHODOLOGY OF STUDY

The study consisted of a field investigation to establish the soil and groundwater conditions
at the site, laboratory tests to determine the index and engineering properties of the soils, and
geotechnical analyses to determine a safe slope angle for cuts as well as design parameters

for the tunnel and work shaft.

Field Investigation

Considerable geotechnical information was available for the general area from previous
geotechnical studies carried out for the proposed Highway 407. In order to provide specific
data for the geotechnical design of the pipeline, three additional boreholes were put down
at the site to confirm the soil stratigraphy and properties at the actual location of the gas
main construction. The locations of the boreholes drilled for this study (Boreholes G1, G2
and G3) and the previously drilled boreholes are shown on Figure 1, attached. The boreholes
were laid out in the field with the assistance of a site plan provided to us by Consumers Gas.
The borehole elevations were established by surveying with respect to a Geodetic Benchmark
located on the west abutment wall of the CN Railway bridge just south of the site. The

elevation of this benchmark is 158.680 m above the geodetic datum.

GEO-CANADA LTD.
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The boreholes were drilled on June 25 to 27, 1991, using a Bombardier mounted power auger
drill rig equipped with hollow stem augers. An engineer from oﬁr office supervised the
fieldwork and logged the soil profile. In the boreholes, samples were taken at 1.5 m intervals
of depth using the standard penetration test method. In cohesive soils and where the
standard penetration blow counts (SPT *N’-values) were less than 15 blows/0.3 m, in situ vane
tests were carried out to measure the undrained shear strength of the soils. Several relatively
undisturbed soil samples were taken by pushing thin walled "Shelby’ tube samplers into the

soil.

At the completion of the boreholes, in each borehole two piezometers were installed to
monitor the groundwater level. One of the piezometer tips was installed at a relatively
shallow depth and the other near the base of the borehole in order to determine the direction

of the groundwater flow and the seepage gradient at each location.

The water levels in the piezometers were read on three different occasions during the month

following the completion of the drilling.

Laboratory Testing

The samples were brought to our laboratory where they were re—examineci by a senior
-engineer. Representative samples were selected for index and strength tests. The index tests
included the measurement of natural moisture contents, consistency (Atterberg) limits,
particle size distribution, and unit weight. The soil samples recovered in the Shelby tubes

were tested in unconfined compression to determine their undrained or short term shear

GEO-CANADA LTD.
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strength. Consolidated undrained triaxial compression tests with pore pressure measurements

were also performed to establish the long term strength parameters of the cohesive soils.

The results of the laboratory tests are shown on Figures 2 to 8, and also on the Borehole

Logs.

Stability Analysis

A series of analyses was carried out to evaluate the stability of the proposed excavation with

various assumed slope angles and depths.

The analyses were carried out with the assistance of a computer programme (PC-SLOPE, by
Geo-Slope International Ltd., Calgary, Alberta) which uses the generalized limit equilibrium
method. This programme can calculate the factor of safety (F.S.) of any slope by a variety
of widely accepted analytical methods (e.g. Janbu, Bishop Simplified, Morgenstern and Price,
etc.) along a wide range of potential sliding surfaces. The F.S.’s quoted in this study however,

are for circular sliding surfaces using the "Simplified Bishop Method".

The slope angles and soil profiles used in the analyses are shown on Figures 11 to 14. For

each slope angle a large number of trial failure surfaces @gre analyzed in order to establish

‘the minimum F.S. for that profile. Both the short and long term conditions were analyzed

to examine the F.S. immediately after the excavation was completed (short term case), and
at some time later when.the pore water pressure in the soil had adjusted itself to the new

stress conditions (i.e. long term case). For the short term analyses, the undrained shear

GEO-CANADA LTD.
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strength of the cohesive soils were used, (¢ = 0 analysis), while for the long term condition,
the effective shear strength parameters established in the triaxial compression tests were

employed.

RESULTS OF STUDY
Subsurface Condifions
A study of the existing borehole information (M.T.O. W.P. 88-78-18, Boreholes 1 to 6, AS,
A6) revealed that the stratigraphy at the site consists of loose to compact sand and silt strata
overlying a layered deposit of soft to stiff clayey silt or silty clay, which in turn overlies clayey
silt (glacial till) of firm to very stiff consistency followed by compact to very dense silt and

sand. The boreholes drilled for this study confirmed the general stratigraphy described above,

The details of the subsurface conditions are shown on the Borehole Logs, Enclosures 1 to 3B.
For the sake of completeness the logs of the boreholes drilled by others in the general vicinity
of the construction site are also attached to this report as Enclosures 4 to 12. Two simplified
inferred soil profiles drawn through the site in an east-west direction are shown on Figures

9 and 10.

In the following paragraphs the relevant properties of the various soil strata are briefly

discussed. In this report, clayey soils which have liquid limits between 35 and 50% are

classified as silty clays, while soils with liquid limits below 35%, and a plasticity index greater

than 7 are classified as clayey silts.

GEO-CANADA LTD.
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4.1.1 Sand

4.1.2

A 1.0 to 2.7 m thick layer of sand was encountered in each borehole drilled for this study.
The composition of the sand ranges from a relatively poorly graded fine to medium sand to
gravelly sand. Figure 2 shows three grading curves of the sand. The tested samples are

composed of 2 to 40% gravel, 48 to 84% sand, and 2 to 12% silt and clay. Samples from

previously drilled boreholes were found to contain 5 to 25% gravel.

The moisture contents of the sand are between 9 and 11%.

The SPT *N’-values recorded in the sand vary from 3 to 20 blows per 0.3 m, indicating very

loose to compact conditions.

Based on its grain size distribution and compactness condition, the effective angle of shearing

resistance (¢') of the sand is estimated to be 33°

Silt and Sandy Silt

A layer of silt or sandy silt underlies the sand in every borehole. Typically it is an

appro:dmately'l.j m thick layer although locally (e.g. Boreholes 1 and 2) it attains a greater

thickness (3.5 to 7 m).

GEO-CANADA LTD,
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This is a poorly graded soil, as can be seen from the two grading curves shown on Figure 3.
These two samples contain 3 to 15% sand, 77 to 89% silt, and 8% clay. Tests done by others
found 21 to 35% sand in the silt. It also contains occasional clayey silt seams. The deposit

exhibits no plasticity, it is dilatant and moisture contents range from 21 to 22%.

SPT ’N’-values of 8 to 16 blows/0.3 m, were recorded in the silt during the present
investigation and up to 26 during the previous studies. These results indicate loose to
compact conditions.

The effective angle of shearing resistance of the sandy silt is estimated to be 30°.

Clayey Silt to Silty Clay

This soil unit underlies the sandy silt and is 4.3 to 5.3 m thick at the new borehole locations
(Boreholes G1, G2 and G3). In Borcholes 1 and 2, which were put down previously, the
deposit is up to 10 m thick. In Boreholes G2 and G3, a second layer of similar deposit was

found below El 140 m.

This is a layered deposit consisting of alternate layers of clayey silt and silty clay, and

occasional silt seams. The individual layers are a few millimetres to a few centimetres thick.

Due to this fine layering, it was not practical to test separately the silt and the clay layers.

GEO-CANADA LTD.




Ref. No. G-91.0106

S

Figure 4 shows three typical grading curves of this deposit. The tested samples are composed

of 0 to 2% sand, 34 to 74% silt, and 26 to 65% clay. Tests carried out by others found a

trace of sand (0 to 3%), 32 to 82% silt, and 11 to 68% clay.

The natural moisture contents of this layered deposit are between 22 and 34%. Its liquid
limits, plastic limits and plasticity indices are 21 to 47%, 15 to 18%, and 6 to 29, respectively.
One sample taken from Borehole G1 was found to be non plastic. These test results are very
similar to those found by others and they indicate clayey silt or silty clay of low to medium

plasticity.

The SPT 'N’-values of this deposit range from 2 to 8 blows/0.3 m. Occasionally higher values
(up to 16) were recorded in some of the previously drilled boreholes. Undrained shear
strength values, measured by in situ vane shear tests, range from 28 to over 100 kPa; most
of the values are between 28 and 44 kPa. The sensitivity (the ratio of undisturbed to
remoulded shear strength) of the soil is between 1.4 and 2.5. An undrained shear strength
of 35 kPa was obtained in an unconfined compression test and the same soil sample had a

unit weight of 21.7 kN/m>. These results indicate a soft to stiff consistency.

A set of three consolidated undrained triaxial compression tests with pore pressure

‘measurement obtained an effective cohesion (¢") of 5 kPa and an effective shearing angle, ¢’,
gang

of 24° for the layered clayey silt to silty clay (Figure 7). A previous test carried out by others,

gave a ¢’ angle of 29° with no effective cohesion (¢’ = 0).

GEO-CANADA LTD.
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4.1.4 Clayey Silt to Silty Clay (Glacial Till)

This glacial deposit underlies the layered clayey silt to silty clay and extends to between about
EL 140 and 134. In Borehole G3, (at EL 146 m) the clayey silt is interbedded with an
approximately 4 m thick layer of silt. A second clayey silt till deposit was also found at the

bottom of Borehole G2 at about El 134 m.

Figure 5 shows two grading curves of this soil unit. It is composed of 1 to 22% sand, 40 to

50% silt, and 28 to 59% clay. It also contains a trace of gravel.

This soil unit has moisture contents ranging from 14 to 31% and its liquid limits, plastic limits,

and plasticity indices are 27 to 40%, 16 to 20%, and 11 to 20, respectively.

The SPT 'N’-values observed in the clayey silt till during the present investigation vary from
1to 12 blows/0.3 m. Insitu vane shear tests obtained undrained shear strengths values which
increased with depth from 28 to over 100 kpa. The sensitivity of the soil is between 1.2 and
2.4. These results indicate that the clayey silt till is soft to very stiff. Previous investigations
have found that this soil unit is soft to hard, with 'N’-values ranging from 2 to over 50

blows/0.3 m.

In a set of consolidated undrained triaxial compression tests, with pore pressure

measurements an effective cohesion, ¢, of 10 kPa and an effective shearing angle, ¢’, of 28°
were obtained (Figure 8). Previous investigations reported a ¢’ of 10 kPa and a ¢’ of 30° for

this deposit.

GEO-CANADA LTD.
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4.1.6

A loose to compact silt deposit was encountered in Boreholes G1 and G3. In Borehole G1
it underlies the clayey silt till at EL. 134+ m, while in Borehole G3 it is interbedded in the till

between about El. 146 and 141.5 m. The silt contains thin seams of sandy silt and clayey silt.

Three samples of this soil were tested and found to contain 0 to 2% gravel, 9 to 22% sand,

59 to 73% silt, and 13 to 26% clay. These grading curves are shown in Figure 6.

The silt is saturated (moisture contents of 18 to 20%) and it is dilatant. The clayey silt seams

give the soil a slight plasticity (liquid limit 22%, plastic limit 17%, and plasticity index of 5).

The 'N’-values recorded in the silt ranged from 6 to 12 blows/0.3 m, indicting loose to

compact conditions.

Groundwater Conditions

The groundwater levels observed in the piezometers are shown on the Borehole Logs and are

summarized in Table 1.

The results show three different phreatic and piezometric surfaces within the soil profile. Th_e
piezometers in the near surface sand, sandy silt and the layered clayey silt and silty clay
recorded a water level between El 157.9 and 158.3 m. The piezometric head in the clayey
silt till appears to be at EL 150.8 m. The piezometers installed below the clayey silt till

recorded a piezometric surface at EL. 142.3 to 142.7 m. These results agree with the water

GEO-CANADA LTD.
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levels observed in the other investigation carried out for Highway 407. These observations

indicate that the groundwater has a pronounced vertically downward flow component.
In the stability analyses, the piezometric heads in the near surface soils (sand, sandy silt, and
the layered clayey silt to silty clay), in the clayey silt till, and in the materials below the clayey

silt till are taken as EL 158, 151 and 142, respectively.

Stability Analysis Results

The results of the stability analyses are shown in Figures 11 to 14.

Figure 11 shows an exca;wation with 2.5H:1V side slopes to EL 146 m. It also shows the soil
stratigraphy and the soil parameters used in the analysis as well as the F.S. in the short term
(i.e. when the cut reaches its maximum depth). The section shown in Figure 11, was taken
through Borehole G1 because the weakest soils were recorded in this borehole. In the
analysis of the short term condition both the layered clayey silt and the clayey silt till were
treated as purely cohesive soils (i.e. ¢’ = 0), possessing only undrained shear strength with

values as shown on Figure 15.

Figure 15 shows the undrained shear strength values obtained by the field vane, laboratory

vane and unconfined compression tests. Also shown on this figure is the shear strength

profile used in the stability analyses except where the layered clayey silt extends below El. 148
m the strength of this material was taken as 30 kPa throughout the deposit. In view of the

low plasticity indices of the soils, no correction has been applied to the vane shear test results.
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The minimum short term F.S. for the proposed 2.5:1 cut is 1.17 which is marginally adequate
provided that the slope is monitored during construction. The critical potential slip surface
associated with this minimum F.S. is shown on Figure 11. As shown it daylights at some
distance above the toe of the cut, and is situated totally above the base of the cut. It was
found that the F.S. of sliding surfaces which extend deeper than about EL 149+ m increase
due to the increase of the shear strength with depth. Although Figure 11 shows the base of
the cut at El 146 m, it was found that the minimum F.S. would not increase if the base of
cut is raised to El. 149 m and a 3 m deep trench with cross braced shoring is excavated below

the base of the general excavation level.

It should be noted however that this short term F.S. will diminish with the progression of time
at a rate which is governed by the rate of the pore water pressure dissipation in the soil. The

F.S. will approach the long term F.S. as discussed further below.

In the event that the cut slope is steepened to 2:1, the minimum short term E.S. drops to
1.04. Since Islington Avenue has to remain open to the traffic and in view of its proximity

to the edge of the excavation this short term F.S. is inadequate.

Figure 12 shows the F.S. of the same 2.5:1 cut in the long term, i.e. after the negative pore

water pressures in the soil deposits have dissipated and adjusted themselves to the new stress

conditions in the soil. The soil parameters used in the analysis are also shown on the Figure.
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For the long term condition, the water level in the layered clayey silt deposit was assumed to

 be at the surface of this stratum. This is a valid assumption since it will be necessary to install

wellpoints around the excavation to stabilize the surface soils (see Section 5.9).

As is often the case with clay cuts, the long term condition is more critical due to the
generally low effective angle of shearing resistance (¢’) of the clayey soils. In the present
case the minimum long term F.S. for the 2.5:1 cut is 1.02, indicating only marginally stable
conditions. However, since the construction period is expected to be short (approximately
two months) it is imlikely that the pore water pressures would completely dissipate within this
period of time. The actual F.S. at the end of the construction is therefore expected to be

higher, probably around 1.1.

We have also analyzed the stability of 7 to 8 m high temporary cuts (i.e. base elevation at 152
m) using 2H:1V side slopes. The results are shown in Figures 13 and 14. We found that
immediately after the cuts are made, the computed minimum short term F.S. is 1.28. In the

long term however, the calculated minimum F.S. is only 0.82.
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DISCUSSION OF RESULTS

In this section of the report, various alternative construction schemes are examined and the

safety and possible restrictions imposed on these methods are discussed.

Overview of Design Alternatives

The relocated 300 mm diameter gas main will be laid at EL 146 m, i.e. about 14 m below

present grade.

In consultation with the Client, a number of design (construction) alternatives were examined:

1. Open cut excavation to El 146 m;

2. Open cut excavation to El 149 m, combined with a 3 m deep braced excavation to
ElL 146 m;

3. Tunnelling with access shafts constructed by the open cut method to El 152 m and

a vertical shaft with shoring between El 152 and 146 m; and

4. Tunnelling with shored vertical shafts from present grade to ElL 146 m.

These various alternatives are examined in the following sections of this report.
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There are a number of conditions which if met, impose restrictions on the construction.

These are:

- During construction, both Islington Avenue and the unpaved farm road located about
190 m to the east will have to be kept open for traffic, thus restricting the effective

construction area to about 150 m by 190 m in plan.

- The stockpiling of the excavated material will be allowed only within the above

construction area.

- The stockpiled material will have to be placed in a stable configuration.

- The excavation will have to be backfilled with earth fill material, with a degree of
compaction not less than 95% of the standard Proctor maximum dry density

(S.P.M.D.D.) to the finished grade of the future Highway 407.

The effect of these restrictions on the proposed construction were analyzed and are discussed

when examining the various alternatives in the following sections of this report.

Overview of Geotechnical Conditions

The subsurface profile, details of which are presented on the individual Borehole Logs and
on Figures 9 and 10, can be summarized as follows. Covered by a thin veneer of topsoil, the

surface deposits consist of granular cohesionless soils, comprising gravelly sand, sand, sandy

GEO-CANADA LTD.




Ref. No. G-91.0106 Page 17"

5.3

silt and silt in a loose to compact condition. Typically, the combined thickness of these
deposits is 4 m however locally, especially near Islington Avenue, they extend deeper (up to

7 m).

The granular surficial soils are underlain by two major clayey (cohesive) soil deposits
comprising a layered clayey silt and silty clay, and a clayey silt till stratum. These deposits
extend to between ElL 135 and 130 m and have a soft to stiff consistency. For the purpose
of the design, the undrained shear strength of these two strata was taken as 30 kPa above EL

148 m, and 40 to 70 kPa below El 148 m (see Figure 15).

Below about EL 135 to 130 m, the subsoil is compact to very dense silt, sandy silt, or silty

sand.
The design and performance of the excavation will be governed by'the properties and
behaviour of the two major clayey deposits which typically occupy the soil profile between

about EL 155 and 135 m.

Selection of Factor of Safety

Because neither the properties of the materials nor the loading conditions can be accurately

established, all engineering works incorporate a safety factor as a safeguard against unknown

or unexpected conditions. This is particularly true for earthworks due to variations in the soil
conditions and the resulting scatter in the soil properties. Safety factors normally used in

earthworks range between 1.2 and 1.3. For’temporary works (e.g. construction) lower safety
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factors can be accepted provided that the behaviour of the soil is carefully monitored
throughout the duration of the construction. With appropriate monitoring systems in place,

theoretical safety factors as low as 1.01 can be accepted as long as provisions for quick

remedial action, if necessary, are available.

In the present case for the proposed construction alternatives, the following safety factors will

have to be analyzed and their adequacy examined:

- the stability of the side slopes of open cut excavations;
- the stability of the base of the excavation against bottom heave; and

- the stability of the face of the tunnel.

The factor of safety of the side slopes of an open cut excavation is affected by the geometry
of the cut, (e.g. the height and slope angles) the shear strength properties of the soil, the
position of the groundwater table or piezometric surface, and in case of cohesive soils, also
by time. The safety factor decreases with the increasing steepness and height of the slope.
Similarly an increase in the height of the water table or the piezometric surface has a
destabilizing effect on the slopes. The safety factor is also directly proportional to the shear

strength of the soil. Furthermore for cut slopes in cohesive soils, the safety factor decreases

with time. The rate at which the safety factor decreases is a function of the rate at which the

pore pressures in the slope readjust themselves to the new stress conditions, unfortunately
however, it is difficult, if not impossible to predict this with sufficient accuracy. Because of

this uncertainty, it is customary to analyze the stability of slopes both for the short and long
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term using undrained shear strength for the short term, and effective shear strength

parameters for the long term.

Excavated Material (Stockpiling and Recompaction)

An important aspect of construction that will have a bearing on the viability of some
construction alternatives is the manner at which the excavated material can be stockpiled and

re-used for the backfilling of the excavations.

The bulk of the excavated material will be clayey silt or silty clay. These materials have
moisture contents often approaching the liquid limit of the soil and are also sensitive to
disturbance. The sensitivity of the soil is generally between 1.5 and 2 indicating that the shear
strength of the disturbed excavated material could be as low as half of its undisturbed shear
strength. This will impose a limit on the maximum height to which the excavated material can

be stockpiled at a reasonable slope angle of about 2 to 2.5H:1V.

Qur analysis indicates that the maximum height to which the excavated material can be safely
stockpiled (F.S. = 1.1) with 2.5 to 1 side slopes is 9 m. In order to assure the stability of the

excavation the stockpile must be set back at least 30 m from the top edge of the excavation.

‘We have also examined the suitability of the excavated material to backfill the excavation.

Since the natural moisture contents are generally well above the plastic limit of the clayey
soils, it is unlikely that these materials can be compacted to densities higher than about 90%

of the S P.M.D.D. In order to provide adequate support for the future Highway 407, the
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degree of compaction will have to be not less than 95% S.P.M.D.D. It follows from the
above that the excavated soils with the possible exception of the surficial sand and gravelly
sand could not be re-used to backfill the excavations and that imported fill material will have
to be used below EL 152& m. When evaluating the financial viability of any of the

alternatives, this should be taken into consideration.

Open Cut Excavation to 146 m

We have examined the stability and the safety factor of an open pit excavation carried out
with 2H:1V side slopes to ElL 146 m. Our analysis indicates that the short term factor of
safety for this alternative is only 1.04. Since this factor of safety is expected to decrease with
time and since the edge of the excavation will be close to Iélingmn Avenue, this factor of

safety is inadequate, even if the slope is closely monitored during construction.

The minimum short term factor of safety for an excavation to the same depth but with
2.5H:1V side slopes, was found to be 1.17 (Figure 11). For the same slope, the long term
factor of safety was calculated to be 1.02 (Figure 12). Assuming that the excavation will not
be open for a period longer than two months, we estimate that the factor of safety during this
period of time will not diminish to a value less than about 1.1. This factor of safety in

conjunction with an adequate monitoring system is in our opinion, acceptable.

Our calculations indicate that there is insufficient room in the restricted construction site to
stockpile all the excavated material while maintaining adequate separations between the

excavation and the stockpile, and the excavation and Islington Avenue. However since a
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large portion of the excavated material could not be re-used for backfilling, the stockpiling
of all the excavated material on site will not be necessary and therefore, the open cut
alternative is technically feasible but due to the cost of the backfilling, it may not be

economical.

Open Cut Excavation to Elevation 149 m

This alternative was examined to determine if a reduction in the depth of the excavation will

permit the use of steeper slope angles. The computer analysis however indicates that all
potential failure surfaces which have safety factors less than 1.2, are located above El 149 m
and therefore reducing the depth of excavation to this level does not result in the desired
benefit of using steeper slope angles. The possible advantage of this alternative is a reduction
in the total volume of excavation and hence in the total volume of imported backfill needed.
The minimum short and long term factors of safety are identical to those discussed in Section

5.5, above.

Tunnelling
At El 146 m, the tunnel for the gas pipe is expected to be driven predominantly through
cohesive clayey materials although it is possible that locally, silts similar to those encountered

in Borehole G3 just below El 146 m, may intrude into the tunnel opening. The shear

strengths of the clayey silt or silty clay materials between EL 146 and 147 m appears to range

40 and over 100 kPa, with most probable values around 50 to 60 kPa (Figure 15). For these

conditions, the stability factor

N = yHfc,
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was calculated to range between 5.3 and 4.4. Experience indicates that where the stability
number is 5 or less, the squeezing and loss of soil into the tunnel opening is insignificant.
The face of tunnel could therefore be advanced by conventional jacking and boring methods.
Where non cohesive silt zones are encountered, (e.g. Borehole G3) these would tend to flow
into the tunnel opening. To maintain stability and to minimize loss of ground, during jacking

a sufficiently long earth plug should be left in the liner at the head of the tunnel.

For the evaluation of the jacking force required the adhesion between the liner and soil can

be obtained from the undrained shear strength profile shown on Figure 15.

Work Shaft
Two alternative shaft constructions were examined:
(a)  combination of open cut and vertical shaft; and

(b)  vertical shaft.

(a)  The Client’s proposal for the shaft was open cut excavation with 2H:1V side slopes

to El 152 m and an adequately shored vertical shaft below El 152 m.

We have examined the stabiiity of the upper open cut portion of the shaft and found
that the minimum short term factor of safety is 1.28 and the minimum long term
factor of safety of 0.82. Although the rate at which the safety factor will diminish
cannot be estimated with sufficient accuracy, we are of the opinion that during the
anticipated two month construction period, the factor of safety will not diminish to

a value less than 1.1 which, in conjunction with an adequate monitoring system, is
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(b)

considered to be acceptable. Since requirements for the compaction of the backfill
above El 152 m (the proposed grade of future Highway 407) are less strict, on site
excavated material will most likely be suitable for backfilling. Under the road bed of
the temporary detour of Islington Avenue, the top 1 m below the subgrade level
should however be compacted to a density in exce#s of 95% S.P.M.D.D., some

imported material in this zone may therefore be required.

As the volume of the excavated material is considerably less than for a fully open cut
excavation, in our estimate, there should be sufficient room in the construction area

to stockpile all the excavated material.

A vertical work shaft could be sunk either from the present grade (EL 160) or from

the base of the proposed cut to EL 152 m. The shaft will probably be 10 m long and

3 to 4 m wide. Support to the sides of the shaft could be provided by either steel

sheet piling or soldier piles and lagging, both with waler beams and cross struts for

lateral support. The toe of the sheet piles or the soldier piles should be at an
adequate depth below the base of the excavation to assure safe toe support. The
factor of safety against bottom heave due to the shear failure of the soil below the
base o}:“ the excavation is 1.6 at El. 146 m. During the sinking of the shaft between
El 151 and 148 m the safety factor however will be only 1.2. At safety factors less
than 1.5, some bottom heave and surface settlement adjacent to the excavation can
be expected. If the shafts are located sufficiently far from existing structures (30 m
or more) the settlements should have no adverse affect on the safety of these

structures.
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Soil parameters for the design of the shoring and the earth pressure distribution on

the support system are given in Section 7.0 and are shown on Figure 17.

Dewatering of Excavations

The majority of the excavation will be through relatively impervious clay deposits. Both the

rate and volume of water seepage through these materials are expected to be small and could

be handled by gravity drainage into collector ditches installed along the base of the

~ excavations and pumping from temporary sumps.

Moderate to heavy seepage can however be expected through the silt and the overlying sand

strata as well as from possible silt zones in the clayey till, similar to that encountered in

Borehole G3 at about El 146 m. In addition to the heavier volume of water expected from |

these deposits, thése soils will also be unstable as a result of the seepage forces. To preserve
their stability and to prevent flowing ground conditions, the sand and silt strata will have to
be stabilized by wellpoints. In the sand, conventional wellpoints would be sufficient, however
the silt could be dewatered (stabilized) only by a vacuum wellpoint system. The wellpoints
should be surrounded with a sand wick and the spacing of the wellpoints will have to be at
close intervals (1.5 m or less). A specialist dewatering contractor, experienced with the

installation and operation of vacuum wellpoint systems, should be employed.
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6.0  CONCLUSIONS

From the foregoing discussion the following conclusions can be drawn.

M

@)

Open cut excavation to EL 149 or 146 m is feasible with 2.5H:1V side slopes with the

following restrictions:

(a)  The safety and the stability of the cut will have to be closely monitored using

slope indicators and surface observation points.

(b)  The bulk of the on-site excavated material will have to be removed due to
inadequate room for the stockpiling of the material within the construction
site and the unsuitability of the excavated material for backfilling below El

152 m (proposed grade of future Highway 407).

(¢)  The excavated material should be stockpiled to a height no greater than 9 m

and side slopes no steeper than 2.5H:1V.

(d)  The minimum separation required between the toe of the stockpile and the

top edge of the excavation is 30 m.

Tunnelling by the jacking and boring method is technically feasible at EL 146 m.
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)

Open cut excavation for the work shaft to EL 152 m is feasible with 2H:1V side
slopes provided that the behaviour of the slope is closely monitored for the entire

duration of the excavation using slope indicators and surface observation points.

RECOMMENDATIONS

1.

Maximum (steepest) side slopes for cuts and fills are:

- cuts up to 8 m, 2ZH:1V
- cuts up to 14 m, 2.5H:1V

- fills up to 9 m, 2.5H:1V

During construction, the safety of the cut side slopes must be monitored by slope
indicators and surface observation points. The tip of the slope indicator should be
at or below El 130 m. The slope indicator should be monitored daily during the
excavation of the cuts and for at least a week after the excavation has reached its
maximum depth. Depending on the movements observed, the frequency of the
observations after this could be reduced, but not to less than once a week. Slope
indicators will not be required for an adequately supported vertical shaft when not

constructed in conjunction with open cut.
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3. For the design of the shaft support, the following soil parameters can be used:
- unit weight of soil, y = 19 kN/m>
- coefficient of lateral carth pressure
K, =04

8.0  STATEMENT OF LIMITATION

The Statement of Limitation, as quoted in Appendix "A", is an integral part of this report.
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TABLE 1
WATER LEVEL READINGS
Borehole Gl G1 G2 G2 G3 G3
Piezometer 1322 156.1 134.1 154.5 141.3 154.5
Tip :
Elev.
Soil Silt Sand Clayey Clayey Clayey Clayey
Silt Silt to Silt (till) Silt 10
Silty Clay Silty Clay
Date Water Level
1991
(1591 Elev. Elev. Elev. Elev. Elev. Elev.
Depth Depth Depth Depth Depth Depth
06.25 144.4 Dry
15.2
06.26 137.1 157.6 Dry 157.8
21.6 1.1 1.8
06.27 1399 158.0 135.3 155.2 47.3 1584
188 0.7 24.1 2 123 1.2
07.03 142.4 158.0 142.6 158.2 150.5 1583
16.3 0.7 16.8 1.2 9.1 . 13
07.16 142.3 158.0 142.7 158.1 150.8 158.4
16.1 0.7 16. 1.3 8.8 1.2
07.30 blocked 157.9 blocked 157.9 150.9 1583
: 0.8 1.5 8.7 13
i —— Ll S o
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” Aﬂ
Statement of Limitation

The conclusions and recommendations in this report are based on information
determined at the borehole locations. Soil and groundwater conditions between and
beyond the boreholes may differ from those encountered at the borehole locations,
and conditions may become apparent during construction which could not be detected
or anticipated at the time of the soil investigation.

The design recommendations given in this report are applicable only to the project
described in the text, and then only if constructed substantially in accordance with
details of alignment and elevations stated in the report. Since all details of the design
may not be known to us, in our analysis certain assumptions had to be made. The
actual conditions may, however, vary from those assumed, in which case changes and
modifications may be required to our recommendations.

We recommend, therefore, that we be retained during the final design stage to review
the design drawings and to verify that they are consistent with our recommendations
or the assumptions made in our analysis, We recommend also that we be retained
during construction to confirm that the subsurface conditions throughout the site do
not deviate materially from those encountered in the boreholes. In cases where these
recommendations are not followed, the company’s responsibility is limited to
interpreting accurately the information encountered at the boreholes.

The comments given in this report on potential construction problems and possible
methods are intended only for the guidance of the design engineer. The number of
boreholes may not be sufficient to determine all the factors that may affect
construction methods and costs. The contractors bidding on this project or
undertaking the construction should, therefore, make their own interpretation of the
factual information presented and draw their own conclusions as to how the

subsurface conditions may affect their work.
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LOCATION Vaughan, Ontario . Df;:-?::nr . ;’gélm Srem Augering ENCL. NO: 2
: DATUM ELEVATION: Geodetic Oote: June 27, 1991
" DYNAMIC CONE PENETRATION ATURAL
SOIL PROFILE SAMPLES ﬁuz’ - RESISTANGE PLOT = PLagIC Eﬁif‘:é’,'.‘i-%"‘"? p-E REMARKS
'é wel $8|8u 20 40 80 B0 100 ; 5O &
: (& |8 w|Zn m"é E"-'x" SHEAR STRENGTH e . it 5§ | sRAN  sizE
4 [ et
I L I e
NCONF1 t
’ . El= L ™ g s ) emm:x TRIAKIAL tmn;nvnne WATER CONTENTIY 2{ %)
. 159 4 Ground Surface -~ | @ o E 20 40 60 B8O 100 Gr Sa S5 O
= 0.0] 250 mm Topsoil =
 SAND
5 trace gravel s 1]ss 3
’ damp, brown : L
ol very looge -t
o 158 - . W.l. pt 157.9 4
1.0f SANDY SILT A1 % 91.07. ..
some clayey silt seami {.]. =] 158
dilatant * 7
brown 1t 7 Seal
compact 41285 |6 477
i 156.9 il
. ]
2.5 CLAYEY SILT 4
to //
SILTY CLAY ¥
layered /]
3 |ss 4 156
grey
soft
]
+ ’.‘l‘
1
% I Piezometer| 2
4 55 3
154
+ k.7
|1 5 |58 2
4 [
4 75&511 b, 5
152.2 g +
7.2] CLAYEY SILT 152
some sand T |1
trace of gravel
; grey . 16 |ss 2
; very soft to soft
. (glacial till) v
' T 2.2
g
|
e 150
% 7188 1
)
B
/ 4 4o 1.3
T
14
/ / w@“w
10.7| Continue




Congumers Cas

LOG OF BOREHOLE G2(CONT)

glﬁx};‘;? ORILLING DATA REF. NO: G-91.0106
M fdmae N
DATUM ELEVATION:  Geodetic cater T 150 i ZA
- June 27, 1991
DYNAMIC CONE PﬁNETﬁM’!O“
SOIL. PROFILE SAMPLES éw » | RESISTANCE pLOT T | masme Lol Haue E| rEMArks
§ » §5 = 20 40 P 80 190w mv;m.* W EQ &
E:(SE);V &l Bl w|En = E ¥ 3 SHEAR STRENGTH o M| PR CGRAN SZE
A DESCRIPTION | 2] & |&°|z2|ag kPa DISTRIBUTION
_ 12| F [z |28 d" | Sobix Thana  xia vane |WATER CONTENTEH ¥ )
1[&3.7 Continuanirm 2] - Uy 20 ‘lO 60 80 100 Gl‘ sﬂ s‘ c‘
io. Se——
CLAYEY SILT i
some sand // 8 | ss 2
trace gravel
grey 148
soft to firm ] 1.4
(glacial till) v 4+t
T|
%
9 lss | 6
1.4
.
y 146 +
/
]
‘1 110]ss | 6
v T
¢ 1.4
+
1
7 144
11ss | 5
4 1.3
€ +
W.L. {162.7 m
Za= »._«; 91.07]16
12188 5
142
4 1.4
i
U
L
/1
11
13 | ss 5
1]
1.7
T 140 -+
//
%
// 14 | 88 5
T/ 2.0
4 )
138.3 , 1 +
138.1] CLAYEY SiLT
313 Continged? — - —
M L SANMAIWA e ol ]



LOG OF BOREHOLE G2(CONT.)

Date W.lo{m)

(1991}  Piezl Piezl
06 27 135.3 155.2
07.03 142.6 198.2
07.16 142.7 158.1
07.30 blocked 157.9

CLIENT ! . Consumers Gas DRILLING DATA REF. No: G-91.0106
532153;;3 g::gg:i" g:é;:::ion gf'“°?= Hollow Stem Augering ENGL, NO: 2B
" M » umetar 150 T
DATUM ELEVATION . Geodetic Dota* June 27, 1991
DYNAMIC CONE PENETRA"OP‘ M g
| SOIL PROFILE SAMPLES | o | REssTaNGE plor = | UARHS wosne YSNP| k| REMARKS
& 25|38 20 40 60 80 100 BONTENT s a
9 x g T =~ L} i 1 ! i i w w w, = m
' v Bl widnloE|led SHEAR STRENGTHiPa | HommmOmmmei= | = 3 | GRAIN SIZE
i DEPTH DESCRIPTION 4 g % L % z ab"’ GUNCONEINED 4+ FIELD VANE DISTRIBUTION
- ¥
) . E 2| F =z | 2 8 o soumex  Tmawar s« tag vane | WATER  CONTENT(Y 25' (Yol
By EEILN! Continuation w - © 20 & 60 80 100 Gr S0 Si O
i} 21.3]  cuavey siuT 1o 18)% e
o . SILTY GLAY
i Layered 15 | 85 { 33
E grey
. o Jard
V. stiff
: e
. 16 | 88 19
' ‘ 136
1
, v. stiff L]
= Ttirm
1]
. L
17 58 5
l ' e l Fiezopeter] 1
134.0 : 4
25.4 GLAYEY SILT 134
some sand 714
trace gravel
¥
grey, stiff 18 | 85 | 14
132.9 (glacial vill) AT
26.5 END OF BOREHOLE

ey M ARMADDYA

t T




LOG OF BOREHOLE ,G3

m s

CLIENT Consumers Gas ORILLING DATA REF. NO: 6-91.0106
PROJEGT | .
PR Gas Main Relocation Mathod ; Hollow Stem Augering  ENCL.NO: 3
Yaughan, Ontario - Diemetar . 150 iwn
DATUM ELEVATION: Ceoderic Bals: Tome35, 1991
SOIL PROFILE SAMPLES _ DYNAMIC CONE PENETRATION NATURAL
= Ei% = RESISTANCE PLOT 2= = | "Ly3Ye Moistyne Houe W HEMARKS
q R E-E-2 R-T 20 40 60 80 100 TEN =T 8
8 wl|En =552 SHEAR STRENGTH p LA No|58 | oram sze
L e i R |
DESCRIPTION 12| S 2% 22|08 cunconrmes L KPa DISTRIBUTION
- NFIN VAN
. e z| = @8 n GBUILK  YRIANIAL ‘:&‘nu vane |WATER CONTENT(J (%%)
Ground Surface » 5 20 40 60 8 1ol 10, 20, 30 [kN/md |Gr Sa Si Ci
K 310 mm Topsoil =
SAND o
’ soma silt _' 1SS 3 [ 4 84 (12)
trace of gravel ot
brown L //,-// Seal
very loose . 4
¥iw.L. {158.3 »
158.1 L 91.07;30
150 s 158
some sand : o 15 77 8
trace of clay 2 |88 12 [
brown
compact
156.7 '
2.9 CLAYEY SILT
to
SILTY CLAY 3 yss | 8 —ho
layered 4 156
grey 4
stiff to soft
1
% \ ,
2 4 58 5 l Piezogpeter| 2 ——0H 0 0 74 26
154
115 1ss | 3 o)
. ’//’/ Seal l ou]i9:8 o 1 34 65
152.4 6 | ™ | e (P ' LT cr=skes
7.2|  CLAYEY SILT Pr=24
trace of sand T 2.4
occasional gravel % 152 o
(glacial £ill)
grey 17 |ss | 2 D
very soft %
T 1.8
+
L]
%- W.Le 1150.p m
T 91.07130
L]
A1 {8 |ss | 1 150 po— o 1 40 59
)
1 17
Ky
148.9 4
0.3 Contintkd — = —

0eEOy - CANARA TTH



LOG OF BOREHOLE G3(CONT)

CLIENT | Consumers Gas DRILLING DATA REF. No: ¢-91.0106
PROJECT . Gas Main Relocation Meathod A i i o -

LOCATION | Vaughan, Ontario - Diemster . !:gélow Stem fugering  ENCL. MO 3

DATUM ELEVATION:  Gaodetic Dote: rn

1iuneet S 1091

DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ?'3% , | FESISTANGE PloT = | A '5‘:"#2{'}% WPl & | Remarks
ONT
§ & £E ; g F"‘q% L W w W ga GRA!NaSlZE
Llgii wiam “«t =
£ty DESCRIPTION - IR §§ &g SHEAR STRENGTHp, | — o DISTRIBUTION
‘ DEPTH a1 HI I =2 3 U | OUNCONFINED 4 FIELD VANE o o
! . {.‘E z = g ﬁ'j ecuick  Tmaxia,  x Lae8 vane |WATER CONTENTI (VA
‘ 148,9 Continuation 0 - o 20 40 60 80 100 10 20 30 kN/m3 Gr S¢a Si
10.7 T 1
CLAYEY SIL 9 |ss N o
so.me‘sm::d 1.9
trace of gravel 148 z
grey % +
very soft to firm //
(glacial till) /])/
|
/lﬁ/ w0(ss | 5 C
L/
/ /{
145.9 146
i 13.7
. & SILT .
” some sandy silt "l o 2 22, 63 13
: and clayey silt seamg,f| 1nss 1o '
dilatant P
grey e ' 1.7
compact to loose s
;J
P2 |ss |7 144
Al lm | e o 2.5j0 15 59 26
|- o o 22.4
. 1.5
Al 4
g 15 |ss 6 P
/0
: 142 1.6
S +
141.6
s
18.0 CLAYEY SILT J', I Piezdmeten 1
some sand
- trace of pravel
grey N s |ss | 7 0
stiff : 1
(glacial cill)
1.7
+
140
139.8 7
19.8
CLAYEY SILT 21.7
to E o) *
SILTY CLAY _ 16 |85 | 26
layered
trace of sand 1
grey - /
very -stiff ‘I
138.3 yj/ Y, .
7103 c«:ﬁﬁndéd 4/

GEO « CANADA HTH



LOG OF BOREHOLE G3(CONT.)

R

CLIENT Consumers Gas DRILLING DATA REF. NoO: 6-91.0106

PHOJECT | Gag Main Relocation .
LOCATION : Vaughan, Ontario gm:x?““‘ ggélzx Stem Augering ENCL.NO: g3 4
DATUM ELEVATION®  (eodetic Date: June 25, 1991
‘ DYNAMIC CONE PENETRATION WATUR
SO, PROFILE _ SAMPLES gg o | ReswTaNcE pLov = | s “é%l?:'u?‘f el & | REMamks
( = g ;g pul..i2.% 50 B % w, oW w |25 GRAN&s:e
v i Ll wl w|aw %4 TR UV | = ! z
: -%;gf% DESCRIPTION E{S| & |a° %g ﬁ]vg’ SHEAR STRENGTH 114 DISTRIBUTION
. - NCUNFINE FIELD VANE
_ B2 F 2|28 |d” | S Tmama  xine vane |WATER CONTENTCH %)
Continuation LY - & Gr Sa Si Gl
138,13 1 2 30
21.3|  CLAYEY SILT LA
ro 17} ss | 28 138 ©
SILTY CLAY-
layered %
trace of sand
grey
very stiff to stiff
A
%
18 85 | 18
¥ D
d ¥ 136
//l/ a6
U/ 19 88 | 12 —0 19.6 |o 2 51 47
- A
ﬁ 134
/L’ 201 88 12
u_l A n an
265 END OF BOREHOLE

Date W.L. {m)
{1991) Piezl Piez2

06.26 dry 157.8
06.27 147.3 158.4
07.03 150.5 158.32
07.16  150.8 158.4
07.30  150.9 158.3




Mintstey of
Tronsportatisn

Ontarie Enclosure
RECORD OF BOREHOLE No 1 10F 2 METRIC
W.P. 887813 LOCATION Co—ords: N 4 847 645 E 208 404 ORIGINATED BY_HCO .
pisr..8 HWY A07 BOREHOLE TYPE . Wosh HoringHoliow Stem Bre,SolidSturm Augers COMPILED BY __RWR
DATUM Geodstic DATE _dune 20 to 23, 1983 CHECKED BY...HCO.
T W TYNAMIC CONE PENETRATION
S0IL PROFILE SAMPLES Em x RESISTANGE PLOY ™ susene NATURA, o ,:%- REMARKS
g a3l Al 20 0 @ ® w [ 0 |38 =&
o — .
ELEY BESCRIPTION IR g %é é SHEAR STRENGTH kP - - > D?&%?ﬁlﬁlz&i
LLLY 2
3|3 |85] 5 |oueome, ;o arer contenr ) 7 PTG
139.5]  Ground Surfoce % #|19 | 2] 20 40 60 80 100 10 20 30 | kN/mior s sicL
- Topsoil ~ Brown, Sondy o 3 -
o4 Ll*
Jl 11 ss | 15 L]
2 Ts | e B 158 5
"”'g’:’“'““"""""":' 3iss|8]m °
LT s T s o
Sundy St (Compact) il 156
ith Intarbadded layers of (R R PR e
Clayey St .18 155 | 14 ° 0 27 s
1] 154
v : ot ¥ 85 15 o
152.2 1R
g% 152
s :;» 8|55 4 } { Jwnmssx
4
iyt #
Claywy Silt Al S | S8 | wR 1%0 ]
with rundormn layers/nodules ’/ § L3
of wilt, A .
sevasiondl Sand ond Grovel A 4
pockets //’ A10] 55 1 PH ] } o
Firm ta SUN f g 18 %
Grey ’; 1] W | PM " o] 185
iz #*
d/ 14 145 >
§ig o 2 s
iyl it
f/’ *
A
(iA113] 55 | WR 144 , o
143.2 14 *h
16.3 %7
T4 TW | PH b . o 212
142 gt
15] 55 { 13 |*™* q
2
¥
Clayey SIt, Some Sond, Troce 140 1
Gravel .
161 55 | 21 o 1 ot2 57 30
{Glacial Tit) R
sttt #
Grey’ 171 S5 | 14 138 .
€]
8] TW | PH x 9 24
136 32 5
ﬂfj— 151 5% {10 @
A 71 3
1338 i$ = v
.8 :/ L I
i 1o
Cloyay Sit ,ﬁ A
SHIT o Very SUH ATz | 55 | 37 132
f ¥
Gray )/ ;
/
12! BRI ]
ig! 130
129.3 1%
P Y i C d
r i ontinue *
Continued +3, 3 Numbers refer to ‘5%5 (X) STRAIN AT FAILURE
i

" Sunsiitvity



@?Mﬂq ot
\y) ranwportation Enclosure 4A
RECORD OF BOREHOLE No 1 2or2 METRIC
w.p, _B8-78-19 LOCATION Co—ordu; N & 847 645 € 798 404 ORIGINATED BY. HCO
DIST 6 HWY _407 BOKEHOLE TYPE _Waah HoringHallow Stem Augers,Solid Starm Augers e COMPILED BY _ RWR |
DATUN Geodetic DATE dune 20 to 23, 1983 _ CHECKED BY... HCO
SOIL_ PROFILE SAMPLES 1 & W T GYNAMIC CONE PENLTRATION
LE E"’ :“: RESSTANCE PLOT 3 e oot o =% | REMARKS
5] lo|38| 9] = o » o IO T L |3 &
ELEV DESCRIPTION 28| w!|3|25] & [sHear stRENGTH kPo P ot T F | cRAN SIZE
OEPTH LS| B 2|32 5 |oucowwm  cmmovmel o v o 7 [PISTRENTION
] 1K w | §O| & |o ovox A x ue v ()
. Continued n ? = 20 40 &0 BO 100 10 20 30 kN/mi ler A St CL
30.5 B[S 2 — e
1.1 128
Q) e ramcommnis o
Compact i8e )
T Very Dense {[+{]28 58 T3 126 s 10 71 s 4
Serdy Silt to Sity Sond 1]
Troce Gravel, 126 ] ss | 9 }/aseml .,
Creanionol Sand Searns ik
L Ly Tsee vy ] f23em
3 . L ‘22
i ze i S5 | 109
b " g 120
119.4 SIow 58 | 162 ] /27em

40,11 End of Borehole

" wJet';r Level Elov. 157.5 m
Piszometer dry Aug. 24 /83

e Woter Lavel Blev, 1414 m
Aug. 4 /B3

» GROUND WATER CONDITIONS

PIEZO. GROUND WATER
NO. ELEVATION (Metres)

1 157.5
2 1414

3 5, Numbers reter fo 20
T g ultivity mﬁﬁ (%) STRAIR AT FAILURE




l @;“W“Mn
‘ rane on
Ortorto _ Enclosure 5
l RECORD OF BOREHOLE No 2 torz  METRIC
/ w.p, .. 88-78-18 LOCATION o Comprds: N 4 847 575 € 208 3438 ‘ ORIGINATED BY.MCO.
pisT__§5 HWY _407 BOREHOLE TYPE .Wosh Boring COMPILED BY . _EFD ..
' DATUM _Ceodstic DATE duly 711, 1983 CHECKED BY __HCO
DYRAMIG CONE_PENETRATION
SOIL PROFILE | sawpes & | 2 TR
Bl % [RESSWCEROT S fuee e e = | REMARKS
z L Comrper AN [L]
ot ” wlFs| Vv 20 45 80 BO 100 - w w | 38 &
. —— 1 4 1 1 L
; ELEV 2|5l w| 3| 25| § [SHEAR STRENGTH kPo Pl ® foran s
. W DESCRIPTION p‘t... g g ; 8% ';‘" ¢ UNCONFINED + FIELD VANE £R CONTENT (% ¥ DISTRIBUTION
x|z 2 | E0] & o ook run, o+ e e AT T (%) 4 ™
¢ 158,5] Ground Surfoce n = P 20 40 60 BO 100 10 20 30 kN/ri{GR SA 51 CL
' 0.0
Bt o e :
j" 1 *. 2158 20 -]
b Sit to Sondy Sht " EE 156
Compoct Hrown L
e s e e e v e e 101 A 88 | 21 °
Grey iR i
'8 ss [ 10 o 0 21 74 8
1" 154
1 8 1 58 15 o
1530 P! 1
5.5 ,n/ 1]
1
Cloyey Siit to Siity Cloy (2 ERERNL 152 el
: with intarbedded zones ond 158 3
: nodulas of Sit, Troces of §gt g6
SHH 1o ¢! R R e o 1 86 33
o Very Stitf L
e i e e e e i 1] 150 21068
B i '
v Al 91 S5 | PH I = 187 |6 1 4+ 55
/ 4
ig! 2
s 148
A0 ] Tw ] PR
/‘ & 5
% ¥
1%
A 11 5SS 8 148 A
A X 2
1 4 by
L /r" o
| 15 1
// et TW PH 4 E }
i 144 Aty
14.3.3 i
15.2 13{85 1 11 o
K / J
K 4 b IR
. 4 142
ad 141 55 | 17 Pt ' 0 1357 X
“ 1
¥ l :r‘; P :1%
/ ¥
. A{15]| 55 | 26 140 -
: e
Cloyey Siit with / some ‘Vr.' '
Sand and Troce Grave 41761 58 20 4 of
(Clociol TH) / 138
Very Stift to Hord, Grey % T
\ * A @
l 136
8| 55 | 20 o
3
Z
2 1{19] 55 | 16 1854 T
p
r =
iy !
4 20 58 54 -]
v 132
131,0 44
215 Pi4ziss g io °
%
l gm:y Sit, Troce / Some Fine :/r 130
Very SUft to Hord ,; Az ss ] 5 o
Gryy LA
128.0] . ] ;4
305 Continued ' T ——— Continued

Lo
 Sensilivity \sgs (%) SYRAIN AT FAILURE



Sanyitivily

;nmm ol" . .
ransportation
ontario Enclosure 5A
RECORD OF BOREHOLE No 2 2 OF 2 METRIC
w.p, _B88-78-18 LOCATION Go-ords: N & 847 575 € 298 438 ORIGINATED BY_HCO
pisT...8 HWY _A07 BOREHOLE TYPE .Wosh Boring COMPILED BY ._EFO
DATUM _Geogetic DATE duly 711, 1983 CHECKED BY...HCO _
SOIL PROFILE SAMPLES | | o |Reswmhce mor g wwe ol % | reuas
"% o L w‘iclsmll.l't ey !:0 MARKS
S aul®=g| v 0 40 60 &0 w w w | B8 &
- =]
ELEV DESCRIPTION 2|8 w|3|85] & [sHear STRENGTH kP ST | cran size
DEPTH A S 1351 % v JNGONFINED + FIELD VANE 5
HEPTH . Q 3 & : gg 3 Lo quek o, x e vine IWATER CONTENT (%) s (%)
1280 A Continued 7z g )20 40 €0 80 10 20 30 |uN/nilGrsa sicL
308 DAf231 55 1 33
Usnestone Cobbiss with e
Silty Sond ?c
. 100 15
Denss o Very Dense, Grey !’;\:g: L /136 -
125.3 o)
332 TR o
124
325-. Sond ang Grovel, Z15s | 97 [/2gem °
Troce Clay, Occosionil
Sand loyers 122
Very Danse, Grey 281 55 1 63 b 0 46 %0 4
29| 55 | 60 120 )
.7
£ R | s
- Cloyey Silt : f 18
loyersd
: Hord, Gray :,«,H S8 { 117 } i ot 5 A
1154 ) LA
42,1 sRE 118
Sord ond St 4y ﬂ 31 o
Very Dense, Grey i
1141 Vot s To0) soke
444 | End of Burehole
«a Wotor Level Elev, 140.7 m
“hg 24 /83,
« GROUND WATER CONDITIONS
MEZO. GROUND WATER
NO. | ELEVATION {Metres)
] 140.7
+3, 3 Numbars roter to 300 1oy grpun AT FAILURE
10




uintstry of
Transpotation

Enclostire 6

Onturie
RECORD OF BOREHOLE No 3 1or2  METRIC -
WP, . 38-78-18 LOCATION Co—ordy: N 4 847 617 £ 208 479 ORIGINATED BY HCO .
DIST__B HWY _407 BORFHOLE TYPE _Holiow Stern Auqer, Wosh Boring COMPILED BY __EFD
DATUM , Geadetic DATE duly 1213, 1983 CHECKED BY._. HCO
BT T OTOMC CONE PENETRATION
SOIL PROFILE SAMPLES Elﬂ g RESISTANCE £LOT pus NATURAL m‘m t:§ REMARKS
sl ] Jel38| % o o » ow |0 70 L35 «
FLEV 2f8|w|3|25| & [SHEAR STRENGTH ki Pt T * L oran size
OEPTH - DESCRIPTION |2 E1 3|88 T | uwconene + bew vane i FDISTmBUTION
: K o JEO| 2 |oouok maa o« A v ATER CONTENT (%) | @
1%9.8] Ground Surfoce » z . o 20 40 60 8p 100 10 20 30 kN/micr sA SICL
1s38|  Sond and Grovet (FO) )<:
OB sandy st ' 718510 5 158 3
with Interbadded loyars of 1R N °
Cioyey' 5 s T=TE ° o 2 8 12
Vary Louss to Compect L 58
I ) LBl 156 -
Grey M ENEE I
1547 : 61 S5 5 o ]
48 Clayey Sit 4 /: 154
1
3 ) and
T T 7o =TS b IR
Firm to Stiff, Grey :‘;/
2 152
15;'; ’/ 8] W] PH x e 18.8
X A .
w /‘2 il
9 1w PH g 1850
4
l':’*
10} 58 G 9
148 b
Gloywy Sitt, Some Sond, ; T
Troce A
11] 58 6 . o
{Glocksl Ty ] -*
Flrm to Stff, Grey 148 s
12} 55 9 b
. 1
A * Pz
{13 55 | 16 144
h !
bs +YE
A 14 ] 55 | 12 9
4 142
2 .
#4151 85 | 10 o
A
; 140
44161 58 | 12 o
/ W2
¢ - 3
‘,2;- 17188 | 1 138 q
137.1 v
225 //w‘
iy 18 55 34 °
//‘:, 136
th
. ¥ B 2 72
Cioyey S ’;’ 19] 55 | b ot
with Oceayional loyers ond A 134
pockets of Send ¢
Vary SGIF ts Hord :/: 20,5513 °
f:,/
sl s 132 3
Wr
b //
A ¥
¥d22Tss [ 19 o
129.8 pars \ 130
8 il N /
%5 | Continue N Continued
Conti d 3, X3, Numbars reter 1o t:'%s (%) STRAIN AT FAILURE

" Sunsitivity




Wintslry of
Tranaporiatien

Untarie

Enclosure 6A

* Sunslitvily

w0
15405 (%) STRAIN AT FAILURE
1c

RECORD OF BOREHOLE No 3 2orz METRIC
W.p, _8B-78-18 LOCATION Co—~ords: N & 847 617 € 298 429 ORIGINATED By MCO.
DIsT B HWY 407 BOREHOLE TYPE .Holiow Stern Auger, Wdsh Boting COMPILED BY ...EFO....
DATUM Lvodetic DATE July 1213, 1983 CHECKED BY...HCQ ...
[ [ DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES l':_:m 3 RESISTANCE PLOT pus HATURAL w .:I-:E HEMARKS
5 MEL R 20 40 s s oo | exmr VO 28 P
® =)
ELEV. DESCRIPTION 18| ¢ | 3|25 & [son SRenamH ko - 1 m?g?‘r‘a?‘mﬁgn
DEPTH 1K S 1 AEZ] T o uvconnmen + FIELD VANE 7
=12 = o | 88 S | vk mwaw  x us e WATER CONTENT (%} ° | = (%)
i284] A Continued @ : & 20 40 80 8O0 100 10 20 30 |kN/migrsa St CL
s J7 T 23 ss | 19 : S
I8l 128
L i°1f24] S5 | 48 L3
Sandy Siit to Sty Send @
Covnpoct to Very Dunse .1 26
-1 25] 5871 20 o
JECRNES 6% 1 o
123.0 1,11
. 7
36.8 1 271 55 | E7 o ! g 255 gy A
Claysy St ,;, 122
]
0| TS T o 222
386 L1
Sandy Sit. Some Grovel .
Very Uanse L] 4 120
1105 ~1{29] 55 | 76
40.1{ End of Borehole
»e Water Level Bev. 1549 m
© o Aug24 /B3
= CROUND WATER CONDITIONS
PIEZO. GROUND WATER
NO. | ELEVATION {Metres)
7 154.9
_’_s. s Numbers refer o




Minketry of
onwmmnmm Enclosure 7
RECORD OF BOREHOLE No 4 10F 2 METRIC
w.p, 6827818 LOCATION Cowords: N 4 847 569.3 € 208 4447 ORIGINATED BY.IR
pIsT.. B HWY 407 BOREHOLE TYPE _HS Auger and Woshboring COMPILED HY __HS
DATUM _Gapdetic | DATE B¢ 07 23 . CHECKED BY B
[ T T GYRAMIC CONE DENETRATIGN
SOIL PROFILE sampLes | 3 | 3 | wessmce mor mame dowm bwo| % | REMARKS
5 |35 7| o o s w o IO T L |3g| «
ELEV DESCRIPTION ai§ g |3 |25| & [sHear stRenaTH o - e | BT oN
AFPTH -1 3 BZE ] B | o UNCONFINED + PIELD VANE
PEFTH 2|72 188 § o QUicK Traxi, x 1B vag [WATER CONTENT (%) T @
v39.4]  Ground Surfocs @ 219 ] 3| 20 40 60 80 100 10 20 30 | KN/miiGR sA SI CL
0.0 : A
Claywy Silt “
with rondem zones of silt € /: % 158
ys7.3| Fim to SH, Brown :,:, P I -
2. ‘
$and, Troos Sit T3 56 o 2386 9 2
Compuct, Grey . ;
1545 bt
s 17! o
L4 1A
'j slss 1 8 o 6 o B2 18
%
A V]
/ 152
9!
%
//
%
Clayey St to Sity Cloy 1% <1 50 .
Firm, Crey g 2 R
///
/*
fgt
,/.f 148
A
1%
AL 6 1 S5 5
1%
'
A 148
1%
A
//f
//"
% N 44
// 71 88 5 144 o o
143.2 1A
18.2 f (%
2]
“F 142
Clayey Sit, sorme Sond, troce 4
Gravel 4
(Giaciat TR) A1 81 951 ¥
SUfr to Very SHif 4 1o
4
é
AT s | 13 138
a 13
14
4
: 19 55 | 15
’ 4 134
1338
PLY _,;/
Cloyey Sit ¢
'/ 132
troce sond, ,/ e s gy
wecasionol cobbles |1 /
A
very stitf to hord /j’
/) 130
. A
1288 ’4 " -
368 Continued s 3. Numbers refer fo 20 Continue
F 0 g matilvity 15:‘,;5 (X) STRAIN AT FALURE




X @ummn of
: om'“m.mm Enclosure 7A
RECORD OF BOREHOLE No 4 20r2 METRIC
: l w.p, _88.78-18 LOCATION Co=ords; N 4 B47 569.3 € 298 4447 ORIGINATED BY.IR
DIST b HWY _407 HOREHOLE TYPE .MS Auger ond Woshboring COMPILED BY ...H5.
l DATUM Geadetic DATE 840723 ‘ CHECKED 8Y .48
- s |5 L [ GYNANIC CONE PENETRATION _— -
SOIL PROFILE SAMPLE Enl % RESISTANCE #LOT ™ e ™ wo| % REMARKS
5 g |58| 7| o o o e L N |35 «
® Q
l ELEY DESCRIPTION & g g g g% 6’ SHEAR STRENGTH kP - > D?g‘léﬁl!'lqaus;lz&?i
=131 =1 3| BZ] T |o UNCONFND + PELD VANE v
DEFTH 2z =2 % 3 S e ouck L x L8 Ve WATER CONTENT (%) 3 %
o ‘,] Continued 5 F g 20 40 60 80 100 10 20 30 |KN/milGH SA S CL
wsi [T fl12 ) 55 | & -
: As Above :/, 128
i gt
; 1%
/’
[ I 125.% A ] 131 85 | 17 128
' 335 o
Sond (cemantad) ?2)
2 some Sit, Gecosionol Cobbley %.'.'f
/ I Very Danwe & 124
™
yas.2 ) “', 1% TIRL] /28cm ] ' N‘ 19 6
g 372 ’ ¥ 122
g ’
LA
/ 1
. Claywy Sit 14 120
‘ I Hord, Grwy Tstas-treL] /25em
. 1
3
g |4
! 6] 55 | 54 118
l ’ 117.;: AT S | %2
, “ TR T /5em
; Sondy Grovel Z}; 116
) sorme st e \
rY9] ss | & o 53 36 ¢ 2
;",’/ to " R
’, .,-O;: 114
Sty Sard 7 ey TEI /230
g l Vary Dense ' &,
é} e /%] 112
. 110.9 o it =1t
' 4,5 End of Borehole
I " Senyiitvity

P
{ #3, 3 Numbers refer fo S0 oy srmain AT FALURE
. 1o




Minlwlry of
Tronvportutien

Enclosure 8

" Sunsitivity

Ontorie
RECORD OF BOREHOLE No 5 1or2  METRIC
w.p, .. 88-78-18 LOCATION Coordy. N 4 847 813 E 294 #415 ORIGINATED BY_ IR
DIST 6 HWY _407 HOREHOLE TYPE _Hollow Stem Auger ond Wesh Boring COMPILED BY ._HS
DATUM _Cecdetic DATE sJul 1984 CHECKED BY B
[+ W OYNAN ONE PEN TION
PR AMPLES w '
SOl PROFILE S gy 5 RESISTANCE PLOT s NATURAL o '.__:":E REMARKS
CONTENY w
5 |35 7| _» o 0 w w }NT W |5g &
® =1
ELEV. DESCRIPTION =18y 3|28 G |SHEAR STRENGTH kP | * ﬂuﬁgﬁrausr'ngu
P > Z 1 = 1o UNCONFINED * FELD VANE 7
DEPTH HE = : 231 2 o ouck mmnw x v wee WaTER CONTENT (X} 7 I (%)
1593 Ground Surface » F1S | @] 20 40 80 80 100 10 20 30 | kN/milcR sA i CL
0.0 159
s
with/some Sund v ] 8 | 18 q G 12 B4 4
Compact, Brown 157
2] 93 | 10 o g 35 64 1
154.7 L] 155
4.6 ’1’/\ 3 55 8
Cloyay Sit 1A
LA
ith interbedded sil %
::‘t: n'gguu ’ $ilt zones s z v53 o
A V¥
152.0 Firm VA
3 IR
: 151
Claywy Sit
some Sond, troce Grovel 6| 55 E] >
Claciol T
¢ " 149
Firm 71855 | 4 147
- g -
’ 148
4
48| 85 14
;;‘ 143
z
A
Y
AT | o "
,',.
o s i b LI 130 kot
Hard
17| 55 | 18
137
121 5§ | 34
136.2 4
13%
2% TR
Cloyey Silt 1
troce Sond, trace Gravel §
. 4 133
Very SHIF ta Hord f
141 55 30
({15 ] s | 22
|1 13%
5
1A
4
128.8 id A 129 i&
0.5 : Continued
Continued 3, 3 Humbers reter to ‘5?5 (X) STRAIR AT FAILURE
1]




lntetry of
Tronsportation

Onterie

Enclosure 8A

.

* Sunvsltivily

20
1505 (%) STRAIN AT FALURE
10

RECORD OF BOREHOLE No 5 2or2  METRIC
wp., _88-78-18 LOCATION Co—ords: N 4 847 613 E 294 419 ORIGINATED BY.R
DIST .8 HWY 407 BOREHOLE TYPE _Hollow Stem Auger and Wash Boring COMPILED BY...HS.
DATUM . Seodetic DATE July 25, 1984 CHECKED BY_.. Y5 ...
1C CONE PENETRATIGN
weies |51 S LRSS
SOIL PROFILE SAl gm Z RESISTANCE PLOT pus RATURAL g0 !:pmu AEMARKS
§ 33§V’2ptpspap;quw \wwL:z:g &
- Q
ELEY DESCRIPTION iBl g | 3| 25| & [sHear sTReNGTH ke - > |oreTRIBTION
SERTH E 31221 T |e unconmned + FIELD VANE “y
OEPTH F1E] [= 2 gg E o QUICK TRAXAL % LAB YANE #NATER CONTENT {%) s (%)
126 8 Continued w * o 20 40 60 80 100 10 20 30 KN/m ler SA 1 CL
305 V6] 55 | 76
127
171 58 10
125
Siit
some Sond, troce Gravel,
occasional cobbley 123
Vary Danss i8] 55 | 212
tFal
191 55 | 157 © 10 15 71 4
119
0] 85 a8
17
21] 55 | 116
1143 22| 55 | 95 s T o 17 80 3
4.8 p’(,,,"
Sty Sond to Sendy Grovel 2"‘ rydse=tergmd /7%em
some Sit 6&; "
Vary (Janye %;' 3: Sfm;&%: /23em - 33 45 18 4
%;‘:’ 1y
1103 om:gg:m\ JiBem
43.0] End of Borehoie
r.d
1985 04 25
» GROURD WATER CONDITIONS
PIEZO. GROUND WATER
ND. ELEVATION (Metres)
1 157.8
3 8 Numbers tefer to




’ I @mnmq of ) |
: Franspartatien Enclosure 9

Untore
l RECORD OF BOREHOLE No 6 1or2  METRIC
g w.p. . BB-78-18 LOCATION Coords: N 4 B4V 664 K 204 3908 ORIGINATED BY. R
. DIST & HWY _407 BOREHOLE TYPE _Hollow Stem Auger phd Wosh Boring COMPILED BY M8
I DATUM _Gaodetic DATE July 31, 1984 ' . CHECKED BY.. TS
’ BYRAMIC CONE PENLTRATION
SOIL PROFILE ' SaMPLES |5 | % ANGE PLOT NarunaL
5: Bl % |Resswcemor 5 fwew sowe Uwo) R X | REMARKS
: - IR 20 4 s 8o w0 |0 =T S04 ZE &
-J m p—A 1 1 1 I .
ELEY DESCRIPTION HEIRAE 25 & |SHEAR STRENGTH kPo g AL B | oA size
, DEPTH b E| 3|33 & |o usconrmem + FIELD VANE v TION
é 2 . | g% 3 e ouck UKL ® LB VANE MWATER CONTERT (%) s (%)
’ 15¢.4 | Ground Surfoce 7 2 o 20 40 &0 80 100 10 20 30 KN/ leR A StoeL
K ' 0.0 -‘_
’, Silt, troce Somd
\' to 1 ot 7 " ) o ¢ 13 88 1
‘ l Sandy Silt
; Caompuct, Brown
. 21 58 | 17
/ l 3] 58 12 o 0 4 9 &
. - 1539
5.5 A /
"»/ 4 | 88 6
l Sitty Cloy 1
with random zones of Sit //
ond jonal yand pocket ,/5 ss | 3 } {
Soft to Firm /’;f
iy
///‘
3
ie'
YA el s 3
V]
i/’
f}f
3 /f’
l 146.0 /,
134 e
71 5% 9
Clayey Silt, some Sond. ]
surne Grovel
l {Glagial Tit)
SHEF to Very SfF .,:
"‘
. S ERIEARE eh—|
' .’N
]
4
?
' "4 91 55 14
< -
7
V]
I ,
10] 55 |
l 11] 55 | 45
3
¢j”
Vg2
1348 i#
' w8 :;» 2] s8]+
Cloyey Silt //» 13} 85 | *
. 1
with Interbedded foyers of // 4
Sitt A
4 /’
l Stilt, Grey 14
: ,;/ 141 S5 | 14 o K
4 /
I . - 1 4
’ Conhnued 3 5 Numbers refer to , Conhnue.d

20
+, x vs;%«s {X) STRAIN AT FAILURE

* Sunsitivity




Mintsiry of

» GROUND WATER CONDITIONS

PIEZO. CROUND WATER
NO, |ELEVATION {Metres)
1 dry

l Transportaton
onbarts Encloslre 9A
l RECORD OF BOREHOLE No 6 2o0r2  METRIC
W.p, _B8-78-18 LOCATION Co-ords; N_4 B47 664 E 294 398 QRIGINATED BY B
DISY__ 6 HWY _407 BOREHOLE TYPE _Holiow Stem Auger ond Wosh Boring COMPILED BY __HS
' I DATUM _Ceodetic DATE July 31, 1984 CHECKED BY...J8
, 3 o T GVRAMIC CONE PENETRATION
g SOUIL. PROFILE SAMPLES Em 5 RESISTANCE PLOY s “u;m m" 0-_:; REMARKS
5 a|3E] %] 2 o w owow VO U385 s
- Q
I ELEY. DESCRIPTION =g g 3| 25| & [sHemr sTReNGTH WP - | ONSTRIBUTION
DEPTH 13 B > | 88| & |o unconnen + FIELD VANE ¥
. i é g . 58 S e ouck AL % LAB VANE IWATER CONTENT (%} . %)
3 | Continued & 2 o 20 40 60 80 100 10 20 30 | kN/mlcR SA SICL
' et ALY ™
. 308 "1
Sitty Sand to Grovelly Sond O
: . 15| s5 | 100
«\,: l soma St .
m st l; 18 55 &7
™ & 55 15 4
I Very Denss . i 171 S8 11 2 5
"MOET ST EE] 200m
2 l 121.6 Nl
378 13 19| 55 | 184 o 0 16 B4 20
L with oceosiongl Claywy Silt
. seQma
l 119.3 Very Denye Wy et /2B
40.1{ End of Borehol
. I 1984 08 12 .

+*

3 5, Numbars reter to
7 Sensitivity

n
1505 (%) STRAIN AT FAILURE
10




@?Wﬂn «"
renspwritaten
e Enclosure 10
RECORD OF BOREHOLE No A-5 10F 1 METRIC
W, 11 -B7.00A LOCATION Coordg: N 4 847 6801 ; £ 758 5787 ORIGINATED BY_TS
pisT__ 8 Hwy _407 BOREHOLE TYPE _HS Auqer COMPILED gy __ TS
DATUN _Suodetic DATE 90 g1 15 CHMECKED ®Y._. 8¢
Wi | DYNAMIC CONT PENETRATION -
SO PROFILE SAMPLES | & | o DT CoRE o . .
el & R | e | m5 | REMARKS
5 - a ;9 “ * S0 & 0 w w w, %g &
ELEV. DESCRIPTION qEIE 2 %’g & [SHEAR STRENGTH wea - OvSTHBOTN
= sl X1 313 Y | o unconrmey + FIELD VANE 7
OF g g - Y %8 Z | e ouck TaxL  ~ LB vang ATER CONTENT (%) s (%)
160.2] Ground Surfoce v : o 20 40 60 80 100 10 20 30 kN/micr sa 31 oL
159.4 | Topeoil ]
04 oLl ss [ s a2 ()
.-
Sdnd, Some Gravel ﬂ-- 2 55 1+ 1. -
Brown, Compaat pa: K} si{irl = ) 25 88 (0
187.2 2
1%5%.4 | Sit. Brown, Campect ]” 4| 58 14 p 188 e o (00
3.8 C s 1550 156 +
A8 ] 55 | 11 M 228
i ity Cloy with
sm’:gms Iiso:!zlfi’lrnhr?w: of St j7rss] s S e | )
Gray. Sttt ABIBRT 15 < st o 0 3268
* 'mtl
A * §'.29'
152.8 #
. 9185 |13
7.6 ‘5 153
101 S5 2 A .
§ 150
111 55 | « W
Cloyey 5ilt, Sorme Sang, Tr. Gravel ]
{Glocial T} A1) S5 1 % 148 2
Cray, Firm to St r;y“
A f
@131 S8 8 146 .3 | " | B4 15 (84
Y]
(414 55 | 10
‘ 1
‘a A
44151 5% & e
e
¢ 142
141,5 161 55 | &
18.7 ] End of Borenole
'\‘N\
132,3 \‘L;
22.3] End of Cone Test

3 3, Numbers refir to Fis]
X * Swnyitivity 'ﬁgs {%) STRAIN AY FAILURE




i
i) Hen
e Enclosure 11
RECORD OF BOREHOLE No A-8 1 0F 1 METRIC
w.P, .141-87-00A LOCATION Sosordy, N & 847 €912 ; ¥ 298 017 ORIGINATED BY_ IS
DisT .8 HWY _A07 BOREHOLE TYPE M5 Auger COMPILED BY IS
DATUM _Geodstic ' DATE 90.91 J2-15 CHECKED BY... 36
SOIL PROFILE SAMPLES | & | o | Droic CONE PERETRATION —— o
- ol & 2 e dowm uwel X | pearks
5l (B38| 2 o o ® w | U L|ZE| «
ELEV Elglw | 3185 & [snear stRinem o P ¥ | oraN size
SERTH DESCRIPTION =3 E S| BE] 5 | uwconnme + BELD VANE y |DISTRIBUTION
HE o | 80| 2 |o ook manw  xua e [WATER CONTENT (x} 7 |77 (x
1598 Cround Surface n : o 20 40 60 80 100 10 20 30 kN/miiGr sa $1 oL
159,01 Tepsoi ol oas -
0.8 71 S5 | 78 ° 1 79 (N
Sand, Tr, Sit, Soma Grovet A 14
1575 | trown, Compoct 5o 1...38.0.18 158
'153(8 gﬂgwn. Compaet .32 2! ’ ° LRI CA
3.0 A1 5] 88 | 18 fopotind 0 0 60 40
A 156
o AR o — w0 jo o o2
Clayey St lo Sity Cloy with LY
Randorn Nuduies/interbeds of Sit ,; {7 55 | 12 fedestnnd 222
Firm ta S4IT :/ B | 5% B 15 19.8
iy 43,54
1.9 55 ] 2
//’ *
A
152.0 ig?
o 7 ¢ KCR I T 157 5 v
‘é jt
47 _
A1} s§ ] 10
4 150 =
121 8% 1Q '3
Cluyey Sit, Tr. Sand, Tr. Grovel 4 148
(Glacial 1) 3] W | PN ) O 23 |1 11 62 28
Gray, Stlf to vary Stiff Z; + . 'm 10 kg
A : #a 250
4| 58 1 13 146
2
26 BRI T s — 08 Y 20 49 X0
144
LA
dq 18 S5 16
%
A; 147
141.1 171 §5 | 16
18.7 | End of Borehole
137.5 o
22.3] Eng of Caone Test
« GROUND WATER CONDITIONS .
PIEZO. GROWND WATER
NO. ELEVATION {Matres)
1 157.5

5 3. Rumbers reler to 20
+ :
* X7 sunllivily 165 () STAAIN AT FAILUME




k Trenuparteten ,
; o Enclosure 17
§ RECORD OF BOREHOLE No A-7 1oF1  METRIC
-
WP, _141-87-00h LOCATION Comordy: N 4 847 8154 ; £ Ju8 asas ORICINATED BY.TS
; DIST .. 8 HWY 407 HOREHOLE TYPE _HS Auger COMPILED BY __TS
DATUM _Geudetic DATE $0.01 3142 CHECKED BY_.__B¢
3 “TVNAMIC CONE PENETHATION
SOIL PROFILE sampes | & | O | Reade por o
=21 o 2-—-—--- Tuanc womae LD ], p REMARKS
8lea R Ed-1 2 w0 6 s oo [O7 e YT 28 x
-‘ P-4 2 1 1 2
ELEV OESCRIPTION Clylw| 2| 25| & |SHEAR STRENGTH kPa ol TE ) i size
OEPTH Y121 E | > 3&8] 5 |ouwonmed  + pewp vane 5 |oisTRIBUTION
iz 5 | 5O 1o ouick TRUXIL  x LA vane WATER CONTENT (%) s )
159.3 | Ground Surface " : o 20 40 60 80 100 10 20 30 JKN/mgr sA SI CL
158.% | Yopeoit F..n-’ ] AS -
0.8 AlZ ] ss ] 18 58
Sond, Tr, Sit, Te, Cravel A I S| . o 5 88 (9
Brown, Compact k-
158, (9 I - L {
30 _ grown 5738 | 28 156 HHo fo 3 88 1t
1547 | Compaet i R R o
Y] gt ERARANC ) ot
4 1
¥ 5
Clayey SIt with Rondorm Nodules/ bl e1ss | 8 o 0 0 7525
Seoms of Silt r“/
Grey, SHit ; IR . 7.
151,7 A 152
Ex djclss; s l . Pt © lo o e s
b *
1] 55 [ 4 150 3 17.0
120w | Pu of) < J e {0 0 %4 a2
Clayey iR, Tr, Sund, Tr. Gravel 148
{Glacial Tilt)
Crey, Firm to Stiff LR AL £
¢ 146
b5
141 55 11
32
75155 | 13 Lt X
)
3 6] 58 | 19 vz b, o 208 [0 10 56 34
2
1408 171 &% 17

18.7| End of Horahole

» Hole Coverin ot 1.5m

3 3, Numberzs refer te n
X g amaitivily '535 {X) STRAIN AY FARLURE




" N !

WESTBOUND
EASTBOUND

PROPOSED EXCAVATIONS

COLLINS

FOR

ACCESS PITS FOR TUNNELLING

LEGEND

&  BOREHOLES WITH
CONE TESTS

'@  BOREHOLES

N _
™~ Ve, /y\\w DETOUR
~ = i :
\[{"E > 300mm GAS MAIN
~ == f ~  NOTE: BOREHOLES G1;62;G3
S s B B \  WERE PUT DOWN BY @
D{j‘\ A T~ " === ] GEO - CANADA LTD
' : = = ——==—=-2" BOREHOLES | T06,A5 TOA7
L e 2 ISLINGTON _ AVE ). WERE PUT DOWN BY OTHERS
} O o - - - - . ‘
Ble < . \
o l
E z A
D o
| ol 19 ’
D E
@ @ . SCALE
= W 50m 20 © 50 I00m
Q- o e e
o] Q . - i
x® e
a o |
N - ' | o G-91.0106
BOREHOLE LOCATION PLAN ! FIG. |




7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SIT Fine Medium | Coarss Fine I Course
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION ( Melric)
2 3 4 8 10 .20 10 40 50 TSum Boum 100um 600 um 108 mm 238 mm 9.5mm 190mm 1725mm  £1.0mm
100 T T N | —06mm 250y 413 | 450 2.04mm t23mm | e | 265mm | $00md 230mm
90 - - U - -4 y, [X¢]
Ao .mmww_%_“%k_//, /
80 — s b ‘/ / 20
e L /
10 ,7 4L 30
I 4 pd
o 60 4 ""7—4’ 400
z 1/ ’// %
g /| % 2|
80 - Y G P o R i, § i § e ,l / SO‘&
z ARl RN . Al LEGEND z|
& © 4 ,71-/ BH [SAMPLE |  SYMBOL GOE
- i — 1 ] o
EERH IR LWW/W_W@{MM Gl | 1B
» / / Gl 2 | ——_ - .
l / G3 | IB — e
_ HI—HA=-H-
20 - - - |--—-_*7lw-7-_7lhmwm 80
,/
_ Ve - _
10 /// | %0
0 . ; : - " 00 |
2 3 458 ™ 20 30 40 270 200 140 100 6080 40 30 20 16 08 4 A A N A
SIEVE DESIGNATION {imperial)
| GRAIN SIZE DISTRIBUTION [IG No 2
GEO-CANADA GRAVELLY SAND REF. No G-91.0106
some silt DATE AUG, 1991.




SIEVE DESIGNATION {Imperial)

7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SiLT Fine | Medium l Coorse Fine | Course
GRAIN S$IZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
2 3 4 5 o ' ‘20 30 40 %0 TS um 150 pm 100um £00um 1. thmm 2.96 mm 9.5mm 19.0mm 375mm  81.0mm
100 l“[ ”“ Slum | 106um 250|'n A2%um 830 1um 2.0Qmm 4,78 mm ! 1.2mm 14.8mm S00mi{ 75 Omm
Y {s3um oum 1 20um A28um | B30, i o
] a ~
r/_ 1 .
%0 A z 10
7|
80 / V4 20
/ ]
70 / y 30
/
‘ O pr.
o 60 / 400
E Z
a / <
g H
80 - e - 50
5 / ]' |l LEGEND z
v} s W
g / BH  [SAMPLE SYMBOL =
. 40 4 €0 2
l Gl 3
. H P e
% / G3 2 Ao
VAN Y%
A + |
20 80
¥
//} Z
/b
10 M:’: -l 90
0 , 100
2 3 a5 10 .20 30 40 270 200 140 100 080 40 30 20 16 08 4 WV YW A m el

GEO-CANADA

GRAIN SIZE DISTRIBUTION

SILT

trace fo some sand, irace clay

FIG No 3

REF. No G.-91.0106

DATE  AUG..1991 .




7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & Sur Fine | Medium | Coarse Fine | Course
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
i 2 3 48 0 20 30 4050  g5um 150um 300um 600um Lifmm  236mm 9.5 mm 19.0 mm I78mm  81.0mm
100 ‘ III l]” Ji3lum W'!‘”Ob“m  p— “LS&'MTSLAM %*359,}“" 2.00mm 4.7%mm ! 13,7 mem 26.85mm 5001«”1 75%mm
- e, gromaliid N I
/“’::-”;“;'” 1
L L
90 . yal 10
i / o s —
80 // // / 20
/ S - - — -~ -
70 24 // 30
/ . —_
A 1L
o &0 iil 400
z ; z
A f / hd
2 / ] / bt
80 y &0
Lol
z / / LEGEND z
v ¥
& / / BH [SAMPLE SYMBOL X
» 40 7 / , 60 o
- , G3 4
“ » | 63 6 e
20 “ 80
0 , : u 100
1 .2 3 45 10 20 30 A0 270 200 140 (60 60 50 40 30 20 16 108 a LA L A

SIEVE DESIGNATION {Imperial)

GRAIN SIZE DISTRIBUTION FIG No 4

GEO-CANADA LAYERED CLAYEY SILT TO SILTY CLAY REF. No 6-91.0106

DATE  AUG.1991 .




7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM :
: SAND GRAVEL
CLAY & Surt Fine | Medium | Coarse Fine | Course
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric}
i 2 3 4 L 20 30 4050  gsum BOum 100um $004m Lidmm  2.36mm 9.5 mm 19.0mm 1725mm 3.0 mm
100 LT T1lsaum | 106um 250,4n_425um | 830um 2,00 mm arsom | 112mm | 26.8mm | 300w 23 0mm
w“""“w I . et i )
] LT
%0 7/ - 10
//
— i i e e
A
80 £ 7 20
/ -
i
/ 1
70 p // 30
/ 1
£0 /
80 b

N
-3
Qo

LEGEND
BH |SAMPLE | = SYMBOL

PERCENT  PASSING
\\
N
AN
; \
F
o

PERCENT RETAINED

»
<
a
[~ ]

/ | Gl 13
' / 3 8 ST W STA————
30 /" G 70
71 - - -
20 H 80
10 ﬂ 90
o ‘ . 100
1 .2 3 48 10 20 30 40 270 200 140 100 6050 40 30 20 16 o8 4 Yol W Ym0 e 2l e

SIEVE DESIGNATION {Imperial)

GRAIN SIZE DISTRIBUTION FIG No 5

GEO-CANADA CLAYEY SILT TO SILTY CLAY (TILL) REF. No G-91.0106

DATE  AUG. 1991.




7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
. SAND GRAVEL
CLAY & S".T Fine I Medium l Coarse Fine l Course
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION | Metric)
1 2 3 45 lo 20 30 40350  ygum BOum 100 um 800um Lilmm 2. 36mm 9.5mm  190mm 375mm  41.0mm
100 [T s3um | 106um 250um 425 um #30um | 200mn 4.75mm ] 2mm | 265mm | saome 780mm
e = Tt
| .=
90 e et 7 10
A o
AT /
80 A~ af / 20
/',/
717
10 ‘/ . 30
"// f
» 80 / // 403
E /4 /
g v 4 g
80 V4 ,/ 80
z 11 / LEGEND 2
w iV
& , Al Y/ BH |SAMPLE SYMBOL =
o 40 ,‘/ / § | ; 60 &
W/ )4 M 61 |19 | ———-
_ 7 ]
" A / | 63 | N .
/1 A G3 13 it s
/ | "4
20 4 v 80
L~
/-'f’ /"(
10 m—-#‘, 90
o m! : 1 \ 100
! 2 3 48 10 20 30 40 270 200 140 100 G050 40 30 20 16 108 4 A7 7 VAP
SIEVE DESIGNATION {Imperial)
| GRAIN SIZE DISTRIBUTION FIG No 6
GEO-CANADA SILT REF. No G-91.0106
\ some sond, trace to some clay ' DATE AUG. 1991




BOREHOLE G3
SAMPLE 6
DEPTHS 67 TO 73m

MATERIAL | LAYERED CLAYEY SILT
TO SILTY CLAY.
EFFECTIVE COHESION C' =5kPa \

300, EFFECTIVE ANGLE OF SHEARING RESISTANCE, @'=24°

o

o.

>

200

wn

n

ul

1

‘n—

[72]

100

1O

ul

e s

[62)

Q loo 200 300 400 500 800 700 800 500
NORMAL STRESS . { kPa) ,
RESULTS OF SETS OF CONSOLIDATED UNDRAINED G-91.0106

TRIAXIAL COMPRESSION TESTS CARRIED 0UT
WITH PORE PRESSURE MEASUREMENT FIG. 7




BOREHOLE G|

SAMPLE 13

DEPTH 152 TO 15-8m
400 MATERIAL! CLAYEY SILT (TILL)

EFFECTIVE COHESION, C' = iOkPa

EFFECTIVE ANGLE OF SHEARING RESISTANCE, @ =28°
nu. " .
"3004
n
o
o
& 200-
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mentorandum @

To: W.R. Lankinen Date: 1991 11 26
- Planning & Design Section
4th floor, Atrium Tower

From: Foundation Design Section
Room 315, Central Building

Re: Water Main Relocation at
Hwy. 407 - Islington Ave.
W.P. 141-87-00
District 6. Toronto

We have reviewed the proposed watermain relocation at the above site. As
mentioned at our earlier meeting, we have some concerns regarding the method of
execution of the excavation and bedding placement along the slope. We find that
no mention is made to this fact on the drawing or in the specifications.

We have no other comments.

{
0
Dr. B. Iyer, P. Eng.
Sr. Foundation Engineer

BI/jb

cc: R. Jeffries

7540-1478 (Rev. 10/89)
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| gﬂ Consumers Gas

500 Elgin Mills Road East
Richrond Hill, Ontario L4C 5G1

1991-09-26

Ministry of Transportation
1201 Wilson Avenue

Atrium Tower

Downsview, Ontario

M3M 1J8

Attention: Mr. H. Wendland
-Utilities Coordinator

RE: PROPOSED GAS MAIN RELOCATION
ISLINGTON AVE. AND HIGHWAY 407
OUR JOB #30-4636-91

Dear Sir:

This is further to our meeting of September 18, 1991 at the offices
of Giffels and Associates.

We recommend the gas main relocation be completed using the
directional boring method, (Option A). This is based on the soils
report by Geo Canada Limited and discussions with our contractor,
R.B. Somerville Ltd. The work can commence on or about October 7,
1991 when the equipment is available and should be completed in about
four weeks. The estimated cost of this proposal including overheads
is $745,000 with the Ministry responsible for 100%. R.B. Somerville
Ltd. has agreed to confirm the Tocation of the pipeline upon
completion by digging any necessary and reasonable test holes.
Furthermore if this relocation method is unsuccessful, R.B.
Somerville Ltd. has agreed that no payment will be made to them.



Page 2 . : ' | ‘

1991-09-26

If it is determined that Option A cannot be completed for any reason,
R.B. Somerville Ltd. would proceed as quickly as possible with Option
B on a forced account basis. This option would involve a temporary
relocation around the bridge site and a permanent relocation after
the bridge is built and the detour road is removed. The total
estimated cost of this work including overheads is $775,000. with the
Ministry responsible for 100%.

We have enclosed two copies of our revised plan, Drawing #30-3083,
Sheets 1, 2 and 3, for your review and comment. Upon the receipt of
any other revisions from you and your consultants we will process the
encroachment permit application through our Land Department. We will
also require a purchase order or letter of authorization regarding
the cost of this work and written confirmation regarding property
clearance. '

If there are any other questions, please call me as soon as possible.

G. Ashby, C.E.T. B.A.,
Manager, Planning & Technical Services
Northern Region

c.c. Mr. W. Lankinen, M.T.0. -
Mr. W. Lachmaniuk, Giffels & Associates
Mr. E. Durey, M.T.0.
Mr. B. Henriques, Vaughan Hydro
Mr. R. Ashby
Mr. R. Burdey
Mr. R. Drysdale
Mr. N. DeKoning, R.B. Somerville Ltd.

G A/kb
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