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1.0 INTRODUCTION

Golder Associates Ltd. (Golder) has been retained by Morrison Hershfield Limited (Morrison
Hershfield) on behalf of the Ministry of Transportation, Ontario (MTO) to provide foundation
engineering services associated with the twinning of Highway 406 in the City of Thorold,
Regional Municipality of Niagara. The project includes a new bridge structure and interchange
at Regional Road 20, a pedestrian subway at the abandoned CN Rail, culvert extensions and high
fill areas. The limits of the project extend from 0.2 km north of Port Robinson Road northerly to
2.2 km north of Regional Road 20.

This report addresses the proposed pedestrian subway structure at the abandoned CN Rail
crossing. A foundation investigation was carried out to determine the subsurface conditions at
the proposed pedestrian subway location by drilling a limited number of boreholes, and carrying
out in-situ testing and |aboratory testing on selected samples.

The work was carried out in accordance with Golder Associates Quality Control Plan for
Foundation Design Services, dated August 2002. A General Arrangement plan for the pedestrian
subway structure was provided to Golder by Morrison Hershfield in December 2002.

The subsurface information found in the following report prepared by the MTO was utilized in
the preparation of this report to supplement the subsurface data obtained during the current
investigation:

Foundation Design Report titled “C.N.R. Overhead at Hwy 406", W.P. 167-66-01,
Site 34-210, District 4, Hamilton, dated August 1980. GEOCRES No. 30M 3-176.
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2.0 SITE DESCRIPTION

The site is located in the City of Thorold, Regional Municipality of Niagara, with the proposed
subway structure located about 65 m to the south of the existing bridge structure that carries
Highway 406 over the C.N. Rail corridor. After C.N. abandoned therail line, the City of Thorold
transformed the corridor into a recreationa trail. The existing Highway 406 is carried over the
abandoned section of the C.N. Rail line via a three-span pre-cast concrete girder bridge that was
constructed under Contract 69-137. The existing embankment is up to about 9 m high and, based
on the contours shown on the topographic map, the side slopes are inclined at about 2 horizontal
to 1 vertical (2H:1V). Inthisarea, Highway 406 is presently a two lane, undivided highway with
aposted speed limit of 80 km/hr.

The topography of the general area is characterized by low relief. In addition to the many wet
sloughs that cover the plain as a result of poor drainage, several shallow watercourses traverse
the area with direct surface drainage into several paralel streams that include Twenty Mile
Creek, Forty Mile Creek and the Welland River. These watercourses are carried beneath the
existing Highway 406 within the project limits with rigid frame, open footing concrete culverts
that rangeinsizefrom1.2mby 1.2 mto2.5mby 1.5m.

The land within the project limitsis mainly used for agricultural purposes. The perimeter of the

open fields typically hold stands of mature trees. Long grass and occasional bushes cover the
highway right-of-ways within the project limits.
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3.0 INVESTIGATION PROCEDURES

A subsurface investigation was carried out on October 31, 2002 and January 14, 2003. On
October 31, 2002 two (2) boreholes, numbered Boreholes P-1 and P1-A, were advanced near the
east limit of the proposed subway structure. Borehole P-1 was extended into the bedrock (total
depth of about 15 m) and Borehole P-1A was advanced to about 8 m depth for the purpose of
collecting Shelby tube samples. Borehole P-2 was advanced near the centreline of the proposed
structure to a depth of about 13 m depth on January 14, 2003. The information obtained in these
boreholes was supplemented with the information obtained during the previous MTO
investigation at the site. It should be noted that the numbers for the previous boreholes have
been modified to reflect the year (i.e. 1980) in which they were drilled (e.g. Borehole 1 from the
previous investigation designated as Borehole 80-1A herein). The previous information includes
five (5) boreholes, labelled Boreholes 80-1A, and 80-3A to 80-6A inclusive.

The current boreholes were advanced with a track-mounted CME-75 drill rig equipped with an
automatic hammer using 114 mm diameter solid stem augers supplied and operated by
GeoEnvironmental Ltd. of Milton, Ontario. In the boreholes, overburden samples were obtained
a 0.75m to 1.5m intervals of depth using 50 mm outside diameter split-spoon samplers in
accordance with the Standard Penetration Test (SPT) procedure. Undisturbed samples of the
clayey material were collected using 73 mm diameter Shelby Tube samplers. Field vane testing
was aso carried out in order to measure the in-situ, undrained shear strength of the subsoils.
Bedrock was cored in NQ size in Borehole P-1. The groundwater conditions in the open
boreholes were observed throughout the drilling operations, and a piezometer was installed in
each of Boreholes P-1 and P-2 to permit monitoring of the groundwater level at these locations.
The piezometers consist of a 25 mm outside diameter pipe with a 0.3 m long dlotted tip that is
sealed at a selected depth within the boreholes. The borehol es were backfilled to ground surface
with bentonite mixed with soil cuttings.

The field work was supervised on a full-time basis by a member of our engineering staff who
cleared the area of buried utilities, located the boreholes in the field, directed the drilling,
sampling, and in-situ testing operations, and logged the boreholes. The soil samples and bedrock
core were identified in the field, placed in labelled containers (split-spoon samples), and boxes
(bedrock core), and transported to our laboratory in Mississauga for further examination and
testing. The Shelby tubes were labelled and the ends waxed in the field to preserve the moisture
of the samples. Index and classification tests consisting of grain size analyses, Atterberg limits
tests and water content determinations were carried out on selected soil samples. One-
dimensional consolidation (oedometer) tests were carried out on two selected samples of the
clayey deposit. Point load tests were also carried out on selected sections of the recovered core.

The borehole locations were established relative to the staked alignment of the pedestrian
subway structure. The as-drilled borehole locations and elevations were surveyed by Callon
Dietz Inc. of London, Ontario. It is understood that the northing and easting coordinates are
referenced to the MTM coordinate system and that the elevations are referenced to Geodetic

Golder Associates



July 2003 -4 - 021-1143-2

Datum. Borehole P-2 was drilled after the surveying was complete and this borehole location
was referenced to a station and offset relative to the proposed median of Highway 406. The
borehole locations for the current and previous investigations are shown on Drawing 1, except
for Borehole 80-1A which islocated about 10 m to the south of Borehole 80-4A.

Golder Associates
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4.0 GENERAL SITE GEOLOGY AND STRATIGRAPHY

4.1 Site Geology

From published literature, the site is located within the physiographic region known as the
Hadimand Clay Plain (“The Physiography of Southern Ontario”, 3" Edition, Chapman and
Putnam, 1984). This region was submerged by glacia Lake Warren and as such much of the
subsoil is comprised of stratified lacustrine silts and clays. In some areas the stratified clay
overlies clayey till while in other areas the subsoil is represented by an interlayered / intermixed
deposit of lacustrine silt / clay and till. The overburden is generally less than about 20 m thick,
with a trend of increasing thickness towards Lake Erie. The underlying bedrock consists of a
succession of Paleozoic beds dipping dlightly southward under Lake Erie. Dolostone is the
predominate type of rock within the plain with softer, shaley rock found in the southwest area of
the plain.

4.2 Site Stratigraphy

The detailed subsurface soil and groundwater conditions encountered in the boreholes, together
with the results of the laboratory tests carried out on selected soil and bedrock samples, are given
on the attached Record of Borehole and Corehole sheets and on Figures 1 to 9 following the text
of this report. The stratigraphic boundaries shown on the borehole and corehole records are
inferred from non-continuous sampling and, therefore, represent transitions between soil types
rather than exact planes of geological change. Subsoil and bedrock conditions will vary between
and beyond the borehole / corehole locations.

In summary, the subsoils at the site consist of a surficial layer of topsoil and organics underlain
by an upper deposit of silty clay, which in turn is underlain by clayey silt with occasional silty
clay to silt seams/ layers. A deposit of silty clay with sand and gravel was encountered beneath
the clayey silt in two of the previous boreholes. The clayey silt / silty clay deposits overlie
dolomite bedrock. The aquifer in the bedrock controls the primary groundwater level; the water
level measured in the piezometer installed in Borehole P-1 was at about 7.5 m depth (Elevation
173.5 m) and 2.3 m depth (Elevation 178.7 m) about 2 weeks and 3 months, respectively, after its
installation. The water level was measured in the piezometer installed in Borehole P-2 at 5.1 m
depth (El. 177.1 m) about 2 weeks after installation. The groundwater was also measured in the
open hole in Borehole 80-1A (located about 10 m south of Borehole 80-4A) at about 7 m depth
(Elevation 174 m) about 3 days after completion of drilling.

A detailed description of the subsurface conditions encountered in the boreholes is provided in
the following sections. The locations and elevations of the current and previous boreholes are
shown on the attached Drawing 1. The Record of Borehole Sheets for the previous investigation
at the site areincluded in Appendix A.
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4.2.1 Topsoil / Organics

A layer of topsoil was encountered surficially in al boreholes. The topsoil is generally about
0.1 mto 0.2 m thick at the borehole locations. In Borehole 80-5A, the topsoil layer is underlain
by organic material with a combined total thickness of about 1 m at this borehole location. It
should be noted that Borehole 80-5A was put down immediately to the east of a small surface
pond.

4.2.2 Silty Clay Fill

A layer of silty clay fill was encountered below the topsoil in Borehole P-2. A trace of sand and
gravel were noted within the fill. Standard Penetration Testing (SPT) carried out within the fill
measured ‘N’ values of 4 blows and 7 blows per 0.3 m of penetration indicating a stiff
consistency.

The silty clay fill is 1.3 m thick at the location of Borehole P-2 and extends to Elevation 180.8 m.
It is likely that the fill was placed during the construction of the existing embankment for
Highway 406.

4.2.3 Upper Silty Clay

A deposit of reddish brown / grey silty clay, trace sand and gravel was encountered below the
topsoil / organics in all the boreholes. The deposit is typically weathered throughout its 2 m to
4 m thickness where oxidation staining and fissuring were noted in the samples. A grain size
distribution curve of a selected sample of the silty clay is shown on Figure 1.

Standard Penetration Testing (SPT) measured ‘N’ values ranging from 8 blows to 37 blows per
0.3 m of penetration, which indicates a stiff to hard consistency. In general, the upper silty clay
is very stiff to hard as a result of weathering that has formed a crust. Field vane testing was
attempted within the deposit; however, it was found that the vane could not be turned. This
indicates that the undrained shear strength exceeds 96 kPa (i.e. the upper limit of shear strength
measurement of the vane). The results of the unconfined shear strength testing carried out on
selected samples from this stratum as part of the previous investigation measured shear strengths
of 287 kPa to 156 kPa, with a general trend of decreasing strength with depth throughout the
deposit.

Atterberg Limits testing conducted on two selected samples obtained from this stratum show
liquid limits (w.) of about 39 percent and 52 percent and plasticity indices (lp) of about
18 percent and 29 percent. The results of the Atterberg limits testing carried out on samples of
this deposit as part of the previous investigation show liquid limits (w,) ranging from about
34 percent to 48 percent and plasticity indices (Ip) ranging from about 18 percent to 26 percent.
The results of the Atterberg Limits testing classify the soil in this stratum as an inorganic silty
clay of intermediate to high plasticity. The results of the current Atterberg Limits testing are
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shown plotted on the plasticity chart on Figure2. The natural water content measured on
selected samples from this stratum range from about 17 percent to 26 percent, with an average of
about 21 percent. In general, the water contents were found to be at or dlightly above the
measured plastic limits, corresponding to aliquidity index of lessthan 1.

4.2.4 Lower Clayey Silt

The predominant deposit at the site was encountered beneath the silty clay stratum and consists
of brown to reddish grey clayey silt with occasional silty clay to silt seams / layers and
containing trace of sand and gravel. Grain size distribution curves of a selected sample of the
clayey silt and asilt / clay seam / layer are shown on Figures 3 and 5, respectively.

Standard Penetration Testing (SPT) in the recent boreholes measured ‘N’ values within this
deposit ranging from 3 to 15 blows per 0.3 m at penetration. In the previous boreholes, all
located on the west side of the existing Hwy. 406, ‘N’ values ranging from 2 blows to 33 blows
per 0.3 m of penetration were measured within the clayey silt deposit. Typically, the measured
‘N’ values range from 2 blows to 13 blows per 0.3 m of penetration. The field vane testing
carried out in this deposit during the recent investigation gave undrained shear strength values
varying from about 40 kPa to 60 kPa indicating a firm to stiff consistency. The results of
laboratory unconfined shear strength tests carried out as part of the previous investigation
indicate shear strength values of between 42 kPa and 115 kPa throughout the deposit. The
deposit is classified as firm to very stiff. The sensitivity of the deposit, as estimated from the
field vane tests, ranges from about 1.5 to 4, implying that the clayey stratum in this areais of low
to medium sensitivity based on the classification system provided in CFEM (1992).

Atterberg Limits testing conducted on selected clayey silt samples obtained from this stratum
indicate liquid limits (w,) of between about 21 percent and 26 percent and plasticity indices (Ip)
of between about 4 percent and 10 percent. Atterberg limits testing was also carried out on two
silt / clay seams found within the Shelby tube samples obtained in Borehole P-1A of the current
investigation. The results indicate liquid limits (w,) of about 31 percent and 34 percent and
plasticity indices (Ip) of about 13 percent and 17 percent for the silt / clay seams / layers. The
results of the Atterberg limits testing carried out on samples of this stratum obtained for the
previous investigation show liquid limits (w,) ranging from about 23 percent to 46 percent and
plasticity indices (Ip) ranging from about 7 percent to 23 percent. The higher values measured on
the previous samples were obtained from Shelby Tubes (sample type TW shown on the logs)
where it is likely that the silty clay seams/ layers were targeted for testing. The results of the
Atterberg Limits testing classify this stratum as an inorganic clayey silt of low plasticity with the
silty clay / clayey silt seams / layers having low to intermediate plasticity. The results of the
current Atterberg Limits testing are shown on the plasticity chart on Figures 4 and 6 for the main
deposit and the seam / layers, respectively. The natural water content measured on selected
samples from this stratum typically range from about 17 percent to 37 percent, with an average of
about 25 percent. These water contents vary significantly with respect to relationship with the
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liquid limits and plastic limits; likely reflecting the wide range of soil types and the interlayering
of the deposit.

The measurements of mass and dimensions conducted to estimate the natural bulk unit weight of
two carefully trimmed samples from this stratum that were collected during the current
investigation resulted in values of about 20 kKN/m®. The specific gravity measured on these two
samples produced an average value of 2.73. Bulk unit weight determinations from the previous
investigation gave values ranging from 18.4kN/m® to 22 kN/m® with an average value of
20 kN/m”.

Consolidation tests (oedometer) were performed on two samples from this stratum. The results
are summarized below.

Borehole Elevation Ovo’ 0, C
0 p
(Sample) (D(erﬁ)th) kPa) | (kP | OR | & G Co | ety
- — |
P('if g? 10 | 505 | 51 | 0562 | 0031 | 051 |L1x10%
P-1A 172.9 2
156 455 2.9 0.661 0.024 0.144 |53x10
@) (8.1)
where: 6,,¢ isthe effective overburden pressure in kPa
0y is the pre-consolidation pressure in kPa
OCR isthe overconsolidation ratio
& istheinitial void ratio
G is the recompression index
C. is the compression index
Cv is the estimated coefficient of consolidation for anticipated stress range

at sample depth in cm?/s

The detailed results of the consolidation tests are provided in Appendix B. Plots showing the
Void Ratio versus Pressure for Samples 1 and 2 are shown on Figures 7 and 8, respectively.
Figure 9 is a plot of the preconsolidation stress values for the two oedometer tests in relation to
the effective stress profile.

The clayey silt deposit was fully penetrated in Boreholes P-1, P-2, and 80-6A where it was found
to be about 6.8 m to 7.4 m thick, corresponding to an Elevation of about 169.9 mto 171.1 m at
the base of the deposit.

4.2.5 Silty Clay with Sand and Gravel
Beneath the clayey silt stratum in Boreholes P-2, 80-5A, and 80-6A exists a deposit of reddish
grey silty clay with sand and gravel that is 0.6 m to 1.6 m thick at these borehole locations.

Standard Penetration Testing (SPT) measured ‘N’ values of 38 blows to greater than 100 blows
per 0.3 m of penetration, indicating a hard consistency. Atterberg limits testing carried out on a
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selected sample of the silty clay measured a liquid limit (w,) of about 20 percent and a plasticity
index of about 8 percent (Ip), which indicates that the clay is of low plasticity. The natural water
content of this sample was measured at about 10 percent.

4.2.6 Bedrock

Bedrock was encountered at Elevations 169.9 m and 169.2 m in Boreholes P-1 and 80-6A,
respectively (about 11.1 and 11.3 m below the ground surface). Bedrock was inferred at 12.7 m
depth (Elevation 169.5 m), 12.2 m depth (Elevation 168.2 m), 11.9 m depth (Elevation 168.5 m),
and 12 m depth (Elevation 168.6 m) in Boreholes P-2, 80-3A, 80-4A, and 80-5A, respectively,
based on auger refusal. Borehole P-1 of the current investigation was advanced 4 m into the
bedrock by coring in NQ size. Borehole 80-6A from the previous investigation was advanced
about 1.5 m into bedrock. The rock core samples consist of dightly weathered to fresh, grey,
medium to coarse-grained, strong to very strong, mainly massive with some thin bedding
dolostone. Very few factures exist within the recovered core. Where fractures were
encountered, the fracture index is between 1 and 3 fractures per 0.3 m. The Rock Quality
Designation (RQD) measured on the core samples range from about 85 percent to 100 percent,
which indicates that the rock mass is of good to excellent quality based on the guidelines
provided in the Canadian Foundation Engineering Manual (CFEM, 3 Edition, 1992). In
general, the rock mass quality is excellent. Strength testing carried out on four samples of the
recovered core gave diametrical point load indices of about 4.8 MPa to 7.3 MPa. The
corresponding range in interpreted unconfined compressive strength of the rock mass is about
115 MPato 175 MPa.

4.2.7 Groundwater Conditions

Water was introduced into Borehole P-1 for coring the bedrock and therefore a water level
reading was not obtained upon completion of drilling of this borehole. Borehole P-1A was open
and dry upon completion of drilling. Piezometers were sealed into the bedrock and the lower
portion of the clayey silt deposit in Borehole P-1 and into the clayey silt deposit in Borehole P-2.
The water level measured in the piezometer in Borehole P-1 was at 7.5 m depth (Elevation
173.5 m) about 2 weeks after the completion of drilling and at 2.3 m depth (Elevation 178.7 m)
about 3 months after completion of drilling. The water level in the piezometer installed in
Borehole P-2 was measured at 5.1 m depth (Elevation 177.1 m) about 2 weeks after its
installation. Piezometers were not installed in the previous Boreholes 80-1A and 80-3A to 80-
6A. Borehole 80-1A, located about10 m south of Borehole 80-4A, was left open for a period of
three days at which time the water level in the borehole was measured. Water was found at
about 7 m depth (about Elevation174 m) in this borehole. Water was also measured in the open
hole in Borehole 80-5A at about 2.5 m depth (about Elevation 178 m) 18 hours after completion
of drilling. It should be noted that Borehole 80-5A was put down immediately to the east of a
small surface pond.
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Readings from other piezometers installed within the project limits indicate that a perched water
condition generally exists within the silty clay with downward drainage through the clayey silt
toward the bedrock. The perched water level follows the ground surface within the project limits
and is generaly within about 2.5 m of the ground surface. The regiona groundwater level
appears to be controlled by the bedrock and the more previous soil layer that overlies the
bedrock. Where the bedrock is at greater depth, the regional groundwater level is also deeper but
at the pedestrian subway site, the recent water level readings do not reflect a downward drainage.

It should also be noted that the water levelsin the area are subject to seasonal variations.

GOLDER ASSOCIATESLTD.

Dan K. Breeze, P.Eng., Anne S. Poschmann, P.Eng.,
Geotechnical Engineer Principal
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LIST OF ABBREVIATIONS

The abbreviations commonly employed on Records of Boreholes, on figures and in the text of the report are as follows:

L SAMPLE TYPE 1. SOIL DESCRIPTION

AS Auger sample (a) Cohesionless Soils

BS Block sample

CS Chunk sample Density Index N
SS Split-spoon (Relative Density) Blows/300 mm or Blows/ft.
DS  Denison type sample

FS Foil sample Very loose 0to 4
RC  Rock core Loose 4 to 10
SC Soil core Compact 10 to 30
ST Slotted tube Dense 30 to 50
TO  Thin-walled, open Very dense over 50

TP  Thin-walled, piston
WS  Wash sample

b) Cohesive Soils

11 PENETRATION RESISTANCE Consistency
cll’sll
Standard Penetration Resistance (SPT), N: kPa psf
The number of blows by a 63.5kg. (1401b) Very soft 0t 12 0t 250
hammer dropped 760 mm (30 in.) required to drive  Soft 12 to 25 250 to 500
a 50 mm (2 in.) drive open sampler for a distance of Firm 25 to 50 500 to 1,000
300 mm (12 in.) Stiff 50 to 100 1,000 to 2,000
Very stiff 100 to 200 2,000 to 4,000
Hard over 200 over 4,000
Dynamic Cone Penetration Resistance; Ng: Iv. SOIL TESTS
The number of blows by a 63.5kg (1401b.) w water content
hammer dropped 760 mm (30 in.) to drive uncased w, plastic limit
a 50 mm (2 in.) diameter, 60° cone attached to “A” w, liquid limit
size drill rods for a distance of 300 mm (12 in.). C consolidation (oedometer) test
CHEM  chemical analysis (refer to text)
PH: Sampler advanced by hydraulic pressure CID consolidated isotropically drained triaxial test'
PM: Sampler advanced by manual pressure CIU consolidated isotropically undrained triaxial test
WH: Sampler advanced by static weight of hammer with porewater pressure measurement’
WR: Sampler advanced by weight of sampler and rod Dg relative density (specific gravity, G;)
DS direct shear test
Piezo-Cone Penetration Test (CPT) M sieve analysis for particle size
A clectronic cone penetrometer with a 60° conical MH combined sieve and hydrometer (H) analysis
tip and a project end area of 10 cm” pushed through MPC Modified Proctor compaction test
ground at a penetration rate of 2cm/s. SPC Standard Proctor compaction test
Measurements of tip resistance (Q,), porewater OC organic content test
pressure (PWP) and friction along a sleeve are SO concentration of water-soluble sulphates
recorded eclectronically at 25mm penetration UC unconfined compression test
intervals. Uu unconsolidated undrained triaxial test
\Y% field vane (1.V-laboratory vane test)
¥ unit weight

Note: 1  Tests which are anisotropically consolidated prior to
shear are shown as CAD, CAU.

SAFINALDAT\ABBREV\20000LOFA-D00.DOC
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LIST OF SYMBOLS

Unless otherwise stated, the symbols employed in the report are as follows:

L GENERAL

n = 31416

In X, natural logarithm of x

logyy x or log X, logarithm of X to base 10
acceleration due to gravity

g

t  time

F  factor of safety

V  volume

W weight

Il. STRESS AND STRAIN

v  shear strain

A changein, e.g. instress: Ao
¢  linear strain

g, volumetric strain

n  coefficient of viscosity

v Poisson's ratio

G total stress

o' effective stress (¢' = o -u)

o' imnitial effective overburden stress

©1,02,03 principal stresses (major, intermediate,
minor)

Goct Mean stress or octahedral stress

= (o + 02+ 03)/3

shear stress

porewater pressure

modulus of deformation

shear modulus of deformation

bulk modulus of compressibility

R Ome

. SOIL PROPERTIES

=

(a} Index Properties

p(Y) bulk density (bulk unit weight*)
po(va)  dry density (dry unit weight)
pw(yw) density (unit weight) of water
po(ys)  density (unit weight) of solid particles
¥ unit weight of submerged soil (v' = y-vw)

Dg relative density (specific gravity)of solid
particles (Dr = ps /pw) (formerly Gs)

e  void ratio

n  porosity

S degree of saturation

*

Density symbol is p. Unit weight symbol is
v where y = pg (i.e. mass density X
acceleration due to gravity)

(a) Index Properties (con't.)

b R N I 8

water content

liquid limat

plastic limit

plasticity Index = (w;- w)
shrinkage limit

liquidity index = (w- wp) /I
consistency index = (w; - w) /I,
void ratio in loosest state

void ratio in densest state
density index = (€max - €) / (€max - €min)
(formerly relative density)

() Hydraulic Properties

hydraulic head or potential
rate of flow

velocity of flow

hydraulic gradient
hydraulic conductivity (coefficient of permeability)
seepage force per unit volume

(d) Consolidation (one-dimensional)

compression index (normally consolidated range)
recompression index (overconsolidated range)
swelling index

coefficient of secondary consolidation

coefficient of volume change

coefficient of consolidation

time factor (vertical direction)

degree of consolidation

pre-consolidation pressure

Overconsolidation ratio =6'p/G'vo

(e) Shear Strength

peak and residual shear strength
effective angle of internal friction
angle of interface friction
coefficient of {riction = tan &
effective cohesion

undrained shear strength (¢ = 0 analysis)
mean total stress (o1 + 63 )2
mean effective stress (') + 65 )2
(oy-03 Y2 or (¢} - G5 )2
compressive strength (61 - 63 )
sensitivity

Notes: 1. t=c'+c'tan ¢'

2. Shear strength = (Compressive strength)/2

Golder Associates
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LITHOLOGICAL AND GEOTECHNICAL ROCK DESCRIPTION TERMINOLOGY

WEATHERING STATE

Fresh: no visible sign of weathering.

Faintly weathered: weathering limited to the surface of
major discontinuities.

Slightly weathered: penetrative weathering developed on
open discontinuity surfaces but only slight weathering of
rock material.

Moderately weathered: weathering extends throughout
the rock mass but the rock material is not friable.

Highly weathered: weathering extends throughout rock
mass and the rock material is partly friable.

Compietely weathered: rock is wholly decomposed and in
a friable condition but the rock texture and structure are
preserved.

BEDDING THICKNESS
Bedding Plane

Description Spacing
Very thickly bedded >2m
Thickly bedded 0.6 mto 2m

02miw06m
60 mmto 0.2 m

Medium bedded
Thinly bedded

Very thinly bedded 20 mm to 60 mm

Laminated 6 mm to 20 mm
Thinly laminated < 6 mm
JOINT OR FOLIATION SPACING

Description Spacing
Very wide >3m
Wide [-3m
Moderately close 0.3-1m
Close 50 - 300 mm
Very close < 50 mm
GRAIN SIZE

Term Size*
Very Coarse Grained > 60 mm
Coarse Grained 2 - 60 mm

Medium Grained 60 microns - 2 mm

Fine Grained 2 - 60 microns
Very Fine Grained < 2 microns

Note: * Grains > 60 microns diameter are visible to the
naked eye.

CORE CONDITICON

Total Core Recovery

The percentage of solid drill core recovered regardless of
quality or length, measured relative to the length of the
total core run.

Solid Core Recovery (SCR)

The percentage of solid drill core, regardless of length,
recovered at full diameter, measured relative to the length
of the total core run.

Rock Quality Designation (RQD)

The percentage of solid drill core, greater than 100 mm
length, recovered at full diameter, measured relative to
the length of the total core run. RQD varies from 0% for
completely broken core to 100% for core in solid sticks.

DISCONTINUITY DATA

Fracture Index

A count of the number of discontinuities (physical
separations) in the rock core, including both naturally
occurring fractures and mechanically induced breaks
caused by drilling.

Dip with Respect to (W.R.T.) Core Axis

The angle of the discontinuity relative to the axis (length)
of the core. In a vertical borehole a discontinuity with a
90° angle is horizontal.

Description and Notes

An abbreviated description of the discontinuities, whether
naturally occurring separations such as fractures, bedding
planes and foliation planes or mechanically induced
features caused by drilling such as ground or shattered
core and mechanically separated bedding or foliation
surfaces. Additional information concerning the nature of
fracture surfaces and infillings are also noted.

Abbreviations
B - Bedding P - Polished
FO - Foliation/Schistosity S - Slickensided
CL - Cleavage SM - Smooth
SH - Shear Plane/Zone R - Ridged/Rough
VN - Vein ST - Stepped
F - Fault PL - Planar
CO - Contact FL - Flexured
J - Joint UE - Uneven
FR - Fracture W - Wavy
MF - Mechanical Fracture C - Curved

H - Parallel To
b - Perpendicular To

Golder Associales



Foundation Design

-1143,6PJ ON_MOT.GDT 7/7/03

MISS_MTO 021

PROJECT 0211148 RECORD OF BOREHOLE No P-1 10F 1 METRIC
W.P. 275-99-00 LOCATION N 4771501.6; E 326279.7 ORIGINATED BY PKS
DIST 4 HWY _406 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY DKB
DATUM _Geodetic DATE October 31, 2002 CHECKED BY ASP
[ TOVNAMIC CONE PENETRATION T [
SOIL PROFILE SAMPLES [ Y IRESISTANCE PLOT NATURAL REMARKS
o =11 % 2| & _ PLasTIC BATURAE woub| | b
51« R EE 20 40 60 80 100 |MT conrenr MT) 3O &
a1l f z w, w W, =2 GRAIN SIZE
ELEV DESCRIPTION el g 2 |25 2 [SHEARSTRENGTHKPa ————— = | bisTRIBUTION
DEPTH s(3 Fl1>128 < [O UNCONFINED — + FIELD VANE Y )
ElZ z |£°| @ |e QUCKTRIAXAL X REMOULDED| WATER CONTENT (%)
| 181.0|  GROUND SURFACE “ ] 4 60 B 100 | 20 40 60 km® |GR SA SI CL
L 00]___ Topsoil = i T [
0.2 Silty Clay, trace sand and gravel, 147 88 15 o
occasional oxidation staining,
fissured
Very stiff to hard 2188 | 2 180 —— 4 —— e f o e e
Brown/grey
Moist DY A S—
3] 88 37 o}
178} ——t—— i —— e e e e e e
488 33 p—t— 0 1 37 &2
78—t p e e | e e e
5 88 31 o]
G4 NNV RV S SN SN AP S SN S
| 1767 1
4.3 Clayey Silt, trace sand and gravel
with occasional silt to silty clay [ T
seams/layers 6 | SS 6 176 L
Firm to stiff e B el B e il Rl T
Grey to reddish grey X +
Wet 4
175 —A—— 1t —— | f o e e e
7 BN 9 el
174-w-m-?<—~~-_-m~~—~ B e B
8 88 5 172 e e b I . —
b -H
172 — 1 — 11— b e | e
9 HP
169.9] 10 —te e
114 Slightly weathered to fresh, strong to s
very strong, grey, medium to coarse Er"il
grained DOLOSTONE, very few ==
fractures, mainly massive, some v e o E iy R— -
viggs, some styolites. o
S
=
=
2 e S Sese B Sy ey S e S Se—
i
Tawa
=z
=]
oz Il St S S B A S S B
=4
Iz
For bedrock coring details refer to wias
165.9 Record of Drillhole P-1. e
3 ) e e e e e e e e e e e

511 END OF HOLE

Notes:

1. Water level measured in
piezometer at 7.5m depth
(E1.173.5m) on Nov.15, 2002.
2. Water level measured in
piezometer at 2.3m depth (EI.
178.7m) on Jan.31, 2003.

+ 3’ x 3. Numbers refer to

3%
Sensitivity O % STRAIN AT FAILURE



MISS_ROCK 1143-ROCK.GPJ GLDR_CAN.GDT 7/7/03 PS/IMMZ

PROJECT: 021-1143 RECORD OF DRILLHOLE: P-1 SHEET 2 OF 2
LOCATION: N 4771501.6; E 326279.7 DRILLING DATE: November 1, 2002 DATUM: Geodetic
DRILL RIG: CME -75
INCLINATION: -90° AZIMUTH: - .
DRILLING CONTRACTOR: Geo-Environmental Ltd.
1 1 T7 0 lez] FRFXFRACTURE FFAULT SM-SMOOTH  FLFLEXURED  BC-BROKEM CORE 1
w & 8 & 35| cLoteavage  JoINT R-ROUGH UEUNEVEN  MB-MECH. BREAK
Z Q - s 1E ] 5"@ SH-SHEAR PPOLISHED ~ ST-STEFPED  W-WAVY B-BEDDING 5 25 NOTES
2 R DESCRIPTION 8 ELEV, | Z Q[ e[ vNVEW S-SLICKENSIDED PL-PLANAR C-CURVED = Qs WATER LEVELS
=h g Q |bEPTH 5 Ll RECOVERY FRACT. DISCONTINUITY DATA HYDRAULIC | 2 23 INSTRUMENTATION
o=l 3 = {m) EHE 1 = Tom | sop RS.JD' INDEX § ypwrt CONDUCTIVITY | 5 82
53 |2 s 2 | 8| comew | coren PERO3 |congiuas| TYPEAND SURFACE | , o,
IPTH I ¢
a - 1_|* |=|ssea|ssealsssal.228]| 888 SCK eeee ...
i T[] Siightly weathered to fresh, strong to = EERT T : o ]
- very strong, grey, medium to coarse ;EE I\RA%R,U ]
- grained DOLOSTONE, very few o " E
s fractures, mainly massive, some vuggs, (=] 4 A BRPL 1
B some styolites. o o BRAL 7
FLniit
5 2] i
' = ]
2 v —— 7
- e= ]
S
B = B
B Tawa i
3 T B.RPL 1
s 22 ]
o
5 = , i
B = -
- 13 = MB . -
- o e
-Gyt
|- freiortnt 4
-]
i v 9 E
- = ]
i ] —t— M8 .
3 2] o .
- g ¥
Lot
[ = i
[~ g BRPL -]
.
- [t -1
5 v 3 3 .
X = ]
i v BRPL _
- I L BRPL E
L T—— -
[
! =] ]
- [z VB A
T—
- 15 = 1] mB ]
N 1570 ]
| END OF HOLE R
L 6 -
- -]
I —
L 1 —
| 20 .
|- 21 ]
i
DEPTH SCALE e LOGGED: PKS
=3- Golder
1:50 Y JAssociates CHECKED: MR
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Foundation Design

ON_MOT 021-1143.GPJ ON_MOT.GDT 13/1/03

Sensitivity

PROJECT 0211143 RECORD OF BOREHOLE No P-1A 1 OF 1 METRIC
W.P. 275-99-00 LOCATION N 4771501.0; E 326279.7 ORIGINATED BY PKS
DIST 4 HWY 406 BOREHOLE TYPE__Solid Stem Augers COMPILED BY DKkB
DATUM _Geodetic DATE October 31, 2002 CHECKED BY ASP
T 17 TOYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES - W 1RESISTANGE PLOT NATURAL
. gl | Z pLASTIC MACRAE waup| | & REMARKS
51 . g |2 5| @ 20 40 60 80 100 fUMT - conrent UM Eo &
I el z k Sy
ELEV DESCRIPTION Sla| & | 3 [2g]| 2 [SHEARSTRENGTHKPa D S = D?si}:gg‘rzxgw
DEPTH ${3| & | 3 |38]| £ [© UNCONFINED  + FIELD VANE ¥ "
£l < z |§©| © |® QUICKTRIAXIAL X REMOULDED WATER CONTENT (%) %)
181.0| GROUND SURFACE IR O N N AN Pl SUR G 8% W0 %0 | kum JGR SA I CL
Topsoit e T T 7T 7T 71/ 1—/— |7
0.2 Silty Clay, trace sand and gravel, 717t
occasional oxidation staining,
fissured 7
Very stiff to hard %% 180} —+—F+—t——f——f—f—
Brown/grey
Moist 777
179y —+—t—r—t—t g —f—p—
v
%
7 178 —+ ——+ —+ —{——t —p——b ot —p
A
176.7) 774 R E E Sl At A At A R R
4.3 Clayey Silt, trace sand and gravel ) F
with occasional silt to silty clay f
seams/layers % 1 TO PH
Firm to stiff H 176 — 4 ——F —f — b Lt 202 0 1 87 12
Grey 1o reddish grey 1
Wet »
M
§ 1754 —t—t —t——f — o} — } — L —  ——
|
4|
4|
ik 174fp — 4 —trnf e b — o e b
M
14
%
1728 £9%5 1 WA Ul WU LT/ S S S e S e o o £ = =3 = mnd A Il
82l END OF HOLE
Notes:
1, Stratigraphy based on results of
Borehole P-1.
2. Open borehole dry upon
completion of drilling.
+ 3’ X 3. Numbers refer to o 3% STRAIN AT FAILURE



Foundation Design
§Golder g
JAssociates

Miss_MTO 021-1143.GPJ ON_MOT.GDT 23/5/03

CROJECT 011143 RECORD OF BOREHOLE No P-2 1oF 1 METRIC
W.P. 275-99-00 LOCATION Sta. 10+120 0/S 12m LT, ORIGINATED BY _PKS
DIST 4 HWY 4086 BOREHOLE TYPE _ Solid Stem Augers COMPILED RY DKB
DATUM _Geodetic DATE January 14, 2003 CHECKED BY ASP
DYNAMIC CONE PENETRATION T T
SOIL PROFILE SAMPLES © ﬂ RESISTANCE PLOT NATURAL
f —— 1 —f—1——— | X _ pLasTIC WATCORAL  Liau [ REMARKS
51, o |£5 3 20 40 60 80 100 JUMT  goyrgyr - UMT 5o &
ot g Z W, -
ELEV PTION 2l 4| 2 |25| & |SHEARSTRENGTH kPa ° v W TE | orameze
BEPTH DESCRIPTI |3 £ | 5]38| & |o unconrmep  + FiELDvane y %
== z || © |® QUCKTRIAXIAL X REMOULDED WATER CONTENT (%) )
1822 GROUND SURFACE - = A I I 20 40 80 kNim®> JGR SA S CL
=By TOPSOIL ) (N UNY SN NSNS SN (N DU S i T
Silty clay, trace sand and gravel, 11 88 7 182 1
Stiff
Brown
Moist 2 88 4
1808| _ (FILL) By LT 1A f e o e e e e e
1.4 Silty Clay, trace sand and gravel , %
occ. oxidation staining, fissured 2 3 88 14
Siiff to very stiff %
Brown/Grey g 180t ——f ——p bbb e b b
Moist /
] 4| ss| 2
g
! [ERNENN SRRSO I ISR SN SO S - W S—
A s | ss | 21 179 1
27
178.5) 7
37 Clayey Sift, trace sand and gravel 7
with oce. silt to silty clay
seams/layers M 6| SS 5 178"““""”"’“'“‘*'\“—""‘-’*1”"‘“'_“-“" —
Firm to Stiff
Gre
Weit, 7 88 8
! 1774yttt —
Note: 0.8m thick silt fayer present at q
3.7m depth.
: 17€}—— d—— e e e e e e e
8 88 7
’
§ X +
178} —— =t =} e e e e e
9 88 7
174 —— it bt — = f —— | = o ] e { ]
i
g
XXX q—-——«—-——*————————-———-—um..._..__..._.lw...__,
Il 0] ss | - By 17°
X B
172 ——p—— b et e e e d
Vi
Ay Wyl 1] ss 4 K2
111 Silty Clay, some sand and gravel Ly 17—t e e e e e
Hard St
Grey < PR
wet At
s N N R DU DU N VRN SR S
| _169.5] (1) O il SRS N S U S (N SN S
1270 END OF BOREHOLE
Refusal on probable bedrock
Notes:
1. Open borehole dry upon
completion of drilling.
2. Water level measured in
piezometer at 5.1m depth (El.
177.1m) on Jan.31, 2003.

3 3. Numbers refer to 3%
+, : -
X Sensitivity O STRAIN AT FAILURE



GRAIN SIZE DISTRIBUTION FIGURE 1
Silty Clay, trace sand

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

200 100 6080 40 30 20 16 10 8 43 3/8M23/4M 1% 3" 4% "

10C

90

80

70

60

40

PERCENT FINER THAN
o
<

30

20

10

ok aass SR Vs 3 L ) e

O.%OO1

0.001 0.01 "0 "7 T 100
GRAIN SIZE, mm

SILT AND CLAY SIZES FINE MEDIUM COARSE FINE COARSE  COBBLE

Project 021-1143-2

FINE GRAINED SAND SIZE GRAVEL SIZE SIZE
LEGEND

SYMBOL BOREHOLE SAMPLE ELEVATION {m)

o P-1 4 178.1

Golder Associates




Oct 75 FF-5-21

Ontario

60 -
50
CH
40
ES cl
>
Ll
)
Z
EJSO .
O
%
cL
; LEGEND
BH  ELEV.(m) SYMBOL
2 . P-1 1799 .
P-1 178.5 .
A
MH OH
»n
10 /
]
e ©
CL- ML /
e —— rd Ml Ol a
ML /ML oL .
o P
0 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT %
’ FIG No. 2
@ Ministry of Transportation PLASTICITY CHART !
. Project No. 021-1143-2 |
Silty Clay i




GRAIN SIZE DISTRIBUTION
Clayey Silt, trace sand

FIGURE 3

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

Size of openings, inches

200 100 6050 40 30 20 16 10 8 4 3 3/8"1/2"3/4"1" 1%° 3" A% 8"
100 y @ 1} T AR
90
80
70
z
<
£ 0
o
il
z
= 50
}-.
&
O 40
o
Lt
0.
30
20
10
05001 5007 501 6 T ) e
GRAIN SIZE, mm
SILT AND CLAY SIZES FINE MEbIUM COARSE FINE COARSE COBBLE
FINE GRAINED SAND SIZE GRAVEL SIZE SIZE
LEGEND
SYMBOL BOREHOLE SAMPLE ELEVATION (m)
L P-1A 1 176.0

Golder Associates

Project 021-1143-2




Oct 75 FF-S-21

60
50
CH
40
& cl
X
L
]
Z
530
£
Q
%
3 ct LEGEND
BH ELEV. (m) SYMBOL
20 P-1 1715 .
P-1 174.6 .
P-1A 173.0 A
OH
M P-1A 176.0 "
10 ¢
[
L]
<~ - <&
CL-ML /
— —— M ol a
ML / ML oL 5
0 Zz :
0 10 20 30 40 50 70 80 90 100
LIQUID LIMIT %
FIG No. 4 I
Ministry of Transportation PLASTIC]TY CHART ' I
. Project No. 021-1143-2 |
Clayey Silt i

Ontario




GRAIN SIZE DISTRIBUTION FIGURE 5

Clayey Silt, trace sand {seam / layer)

U.S.8. Sieve size, meshes/inch Size of openings, inches
200 100 6050 40 30 20 16 10 8 4 3 3B 234N 1w 3" A%" 6"
106 ——- T T T e . et RLh T
! ny | | | |
: N
30 - ; _— / .
8C : Ha! / :
70 . s ’
P4
:<r£: o
o | ;
[} |
2 i : i e - i
£ 50 ‘ , A :
= |
&
O 40 s /
o
)
0.
30
20
10
00061 0.0071 “To.01 T4 T 10 100
GRAIN SIZE, mm
SILT AND CLAY SIZES FINE MEDIUM COARSE FINE coaRsE  COBBLE
FINE GRAINED SAND SIZE GRAVEL SIZE SIZE

SYMBOL BOREHOLE SAMPLE ELEVATION (m)

. P-1A 2 172.9

Project 021-1143-2 Golder Associates




Oct 75 FF-S-21

60
50
CH
40
B cl
>
R}
Q
z
530
E
(@]
5
cL
é LEGEND
BH ELEV. (m) SYMBOL
20 P-1A 1729 .
. P-1A 173.2 .
A
¢ MH OH
]
10 /
[+]
- T <
CL-ML /
— —— > M ol s
ML / ML oL ]
0 Z
0 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT %
FIG No. 6
PLASTICITY CHART

@ Mijnistry of Transportatjon

Ontario

Clayey Silt (seam / layer)

Project No. 021-1143-2




FIGURE 7

CONSOLIDATION TEST
VOID RATIO VS. LOG PRESSURE
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FIGURE 8

CONSOLIDATION TEST
VOID RATIO VS. LOG PRESSURE
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Effective Stress and Preconsolidation Pressure

FIGURE 9

Elevation (m)

Effective Stress / Preconsolidation Pressure (kPa)

0 100 200 300 400 500 600
185
180 N\
Groundwater Level
175 /
170
\
= ffective Stress
Pc' = Oedometer Data
165
160
Date: January 2003 Drawn: DKB
Project: 021-1143-2 Checked: ASP

Golder Associates Ltd.
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APPENDIX A

RELEVANT RECORD OF BOREHOLE SHEETS
(MTO GEOCRES NO 30M3-176, DATED AUGUST 1980)

Golder Associates



OFFICE REPORT ON 501l EXPLORATION

Minsstry of
Transportation and
Communications

Ontarc
RECORD OF BOREHOLE No 1
w p __167-66-01 LOCATION _Co-ords. N 4 771 224; E 326 199 ORIGINATED BY _SC
DIST .4 HwWY____406 BOREHOLE TYPE__ _Hollow Stem Auger COMPILED BY__SC
patum _ CGeodetic DATE 1980 06 06 CHECKED BY
T w | OYNAMIC CONE PENETRATION r
SOIL PROFILE SAMPLES 1 8., | 2 [resistance plor mastic NATURAL =
B T7T7 17T 12| ¥ Gy - Moisture HOUE | e REMARKS
= 20| » 20 40 60 80 100 contenr LmT | 5 O
Ol A - 1 f ) i 2 14w W w &
Slwl w| 3 ]lok 4 P W, :’;
ELEV DESCRIPTION & 2 e |2 z5 O |SHEAR STRENGTH T s — GRAIN SIZE
DEPTH 2|3 Z | S |36 | § |ounconmnen o« FED VANE] o . y |otsTRIBUTION
|2 5 | &Y & |o ouck TRAXAL  x LaB VANE CONTENT {%) (%)
180.8| Ground Level 5 £ @ 100 200 1530 45 s’ lor sa st cu
Ol Topsoll — — —  — B rn b et o e § e § it § e | s e b s e § e b e § e | e § et e | ]
I8 13 180 et B Bl B B B B B B
Silty Clay of Medium
Plasticity Oty 20.6
2 TW | PH
Trace of Sand ] Q “
Brown & Grey 3 ;. 8S | 22 17— e e T e WO
177.1| Stiff to Hard 4 S 26 120/254 jmm Oy 0 1 60 39
3.7 1A s
Layers of Inorganic ,/ 3 18
Silt and Silty Clay 46 | SS 9 176 p 4 e} o f e e
(Low to Medium U
Plasticity) ¥ 7088 5
Traces of Sand and q 8 | S8 9 y
Gravel —’—}‘ 17"—_—-_—-——- T 1ITTTTTTT 1T
g | TW | PH Q O
Firm to Stiff 16158 7
Grey & Brown A 11| TWw | PH N YO U DU U . oy
1 172 - —
12} 8§
4
g 131 TW PE 170p | —— 11—~ _____[&*_.__‘___ - 1 883 8
14
168.4 117 P Y O — . [N N SN U

12.4 ] End of Borehole
(Refusal to Auger)
Probable Bedro;k

s o s s L s o sasnren b s o e A s s mem—————

——— b e e e st e s e o Wi ¥ t—

20
+3, x5 ; Numbers refer to 15 & 5 (o) STRAIN AT FAILURE
Sensitivity 10



OFFICE REPORT ON SOIL EXPLORATION

Mwistry of
Transportation and
Communications

RECORD OF BOREHOLE No 3
WP 167-66-01 LOCATION _Co-ords. N 4 771 256; E 326 201 ORIGINATED By _SC
DIST __4 HwY ___406 BOREHOLE Typg  Hollow Stem Auger COMPILED BY __SC
DATUM Cendetic DATE 1980 06 10 CHECKED BY
s [« W | DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES Eo | F |Resistance pior rasre NATURAL =
— - 1 <2 v LIMH'C moisTee WPl = REMARKS
- w |20 ¥ 20 40 60 80 100 Content LT | S O
9 x 4 Q: f h h : 1 Wp w w, S w &
ELEV 29| w|2|25| 8 |sHear strReNGTH D G— 3 | GRAN SIZE
BT DESCRIPTION 2| >15152| £ |6 DISTRIBUT
11 20| € UNCONFINED *+ FIELD VANE] oo CONTENT (% y UTION
x|z > 50 @ |e Quck Isbum 3 (;.AB VANE (%) (%)
180.4]_Ground Level al 1 o . 0 15 30 4 GR SA SI CL
0.0| Topsoil j/ Teo ISl 1 TSR D T A NN SRR I
Silty Clay of Medium // 1188 18
Plasticity // ‘
Trace of Sand 2 |W | PH Z\ il @ 20.7 } 0 2 40 58
Brown & Grey Ve 3188 31 178 I T - T -
££ 4 // ' \\ -
V. Stiff to Har N
_176.2_ g488 123 120/003 i -0 . 0 12970
3. V[ Tss 135 T
Layers of Inorganic 176 b——d o b e b b e e e
$ilt and Silty Clay / 6 1ss |20
(Low to Medium
Plasticity) 58 10
Traces of Sand and A8 TW PH 174 f g e e e e e § e o e g — ' 1838
L4 0 12870
Gravel 9 |ss 16 >4
Firm to L
V. Stiff M RO 1TW | PH -0 e 20.4
£ 172 b e f o b e e e e e e
M1l {SS 2 —0 | . 0 389 8
1 +2.5
7o [— 1t 1— 1111111
12 |88 18
168.2 .:-c._._ [N NG SR S
12.21 End of Borehole — R thassel — PN —
(Refusal to Auger)
Probable Bedrock
i
i
i
i
H
i
i
1
] [ N D DUNUY RN SN RN PR FEI p———

+3, x5 . Numbers refer to
Sensitivity

10

20
15 -6-5 (%} STRAIN AT FAILURE




OFFICE REPORT ON SOIL EXPLORATION

Minsstry of
@ Transporation and
Commurucations

Ontaro

RECORD OF BOREHOLE No 4

W P 167-66~01 LOCATION __Co-ords. N 4 771 237; E 326 186 ORIGINATED BY _SC
pIST___4 HWY 406 BOREHOLE Typg __ Hollow Stem Auger COMPILED BY __SC
DATUM Geodetic DATE 80 06 10 CHECKED BY
w | DYNAMIC CONE PENETRATION [ I
SOIl PROFILE SAMPLES | & | % |QEdctance ploT N =
| 2| & nase wowne vl =T | RemaRks
- w |20} @ 20 40 60 80 100 Y zz A
9 o g .= z ) i ! i) 1 Wp W W, 3;
ELEV Eles| w| 2|88 O |SHEAR STRENGTH [N S — GRAIN SIZE
DEPTH DESCRIPTION I 8% % |© UNCONFINED + FIELD VANE| oo content ()] 7 DISTRIBUTION
g z 5 | &Y § ® QUICK TRIAXIAL X LAB VANE ) . (%)
180.4 Ground Level Sl 212 =) 1B N8 L jersasia
SRS PRF. NI ¢<57-1+% 0 S, 5; 180 A P PR e 4 e
Silty Clay of Medium AT 88129
Plasticity //
Trace of Sand // 2. 188 | 34 \
Brown & Grey V113 | ss | 31 L e e Bt e ot St At e ok 0 161 38
V. Stiff to Hard 4/ 155155 120/229 mp o1y
176.7 74 i
3.7 L5 |'ss 1722
4 176 § —t—1——tp——q -t — g} — ] ——
Layers of Inorganic e Tss 1 20
$4ilt and Silty Clay U4
(Low to Medium 7188 g
it .
Plasticity) A | PR o t—tod—t—d ol 1 2025 | o g 76 24
Traces of Sand and ¥ S 4
Gravel 19 .. SS 33
»
10] ™ | PH o o4
Firm to L/ 2 |l —t—d N A R N 20.4
V. Stiff »
¥
W lL11] ss 2 5
¢ +
// s o rr——— e ——— ] ro— 44 oo sniren, o st @] e sasis . pinvirvmsiss o it ——
170
2] v | PR b e 22.0
168.5 WA
11.9/ End of Borehole
(Refusal to Auger)
Probable Bedrock
20
+3, x® ; Numbers refer to 15 4 5 (o) STRAIN AT FAILURE

Sensitivity 10



OFFICE REPORT ON 501 EXPLORAT'ON

Ministry of
Transportation and
Communicatons

Ontarc

RECORD OF BOREHOLE No 5

(Refusal to Auger)
Probable Bedrock

SRR R

+

3, x5 . Numbers refer to
Sensitivity

1c

et | s

20
1545 (%) STRAIN AT FALURE

w P 167-66—-01 LOCATION _Co-ords, N 4 771 278; E 326 191 ORIGINATED BY SC
DIST __.4 Hwy ____406 BOREHOLE Typg __Hollow Stem Auger COMPILED BY _SC
DATUM Geodetic DATE 80 06 10 & 11 CHECKED BY
[ T & TOYNAMIC CONE PENETRATION ]
SOIL PROFILE SAMPLES | & | 2 |ResisTance pioT masmic NATURAL e 1
e I~ 17T <2 [y Ot C MosTaRe LT =0 REMARKS
= =0 | v 20 40 60 80 100 CONTENT LIM Y
Ol o a - ) A i 1 1 W W W, w &
2wl o o =% 2z P L 3;
ELEY DESCRIPTION Tle| € 3|28 | 9 [SHEAR STRENGTH SN — GRAIN SIZE
DEPTH =3 Z |3 |386| g |ounconmned  + FIELD VANE| oo . y |DISTRIBUTION
x| 2 5 SU § o QUICK TRIAXIAL  x 1AB vang | WATER CONTENT (%) (%)
180.6| Ground Level I @ 100 200 15 30 4s GR SA 51 CL
—Efb TOPBOil = [T YRR Ll ——.—1—-—- [FRPRESI RSV SIS, Y L ) (e WU AV WPRORD Sl
179.6 and Organics ~. 180 j RSV Y RS URDII QU S U S —
= LT A SS 10
*¥l silty Clay of Medium
Plasticity. Trace of 2188 8 \ POt
Sand. Brown and Grey 755153 '\!
177.7, _Firm to V. Stiff X | s [T ﬁ*" et tammed et S Bt 0 33661
2.9 ilss i3] B
\~
Layers of Inorganic 51 8s 11
S11t and Silty Clay |
AETEE 176 f——1—t—f——f—t—f— o —t—
(Low to Medium +
Plasticity) 71l ss .
Traces of Sand &
Gravel 8| IV | PH 176 bl L1 ey 1 1 19.8
918§ 9
Firm to 10 |88 S >+
V. Stiff
1722 777 - R T
o 0 296 2
11 |TH | PH R 0~ 201 1o 074 26
-+
169.8 ] RS SO A 170 o e e e
10-7) 41ty clay with Sand 12 158 |90
1 Hard
168.6 & Grave b o _/_
12.0{ End of Borehole e o e | e e o e e f e f e o s f e e s | o e ]




OFFICE REPORT ON SOIL EXPLORATHON

Mnisiry of
Transportanon and
Comemurications

+3. x5 . Numbers refer to
1 . N
Sensitivity

U Jtw—, RS P Y Y

oy
RECORD OF BOREHOLE No o6
W P 167-66-01 LOCATION __Co~ords. N 4 771 307; E 326 202 ORIGINATED BY SC
DIsT___4 Hwy___406 BOREHOLE Typg Hollow Stem Auger COMPILED BY _SC
DATUM . Geodetdc . DATE 80 06 10 CHECKED BY
[ w | DYNAMIC CONE FENETRATION
SOIL PROFILE SAMPLES | & | 2 | Resistance ior asnie M| e
PSS 11— 112 [ LT oousToRE Ly :O REMARKS
- 20| @ 20 40 60 80 100 CONTENT z=
9 P b = - 1 h f i) 1 Wp w W, Sw &
ELEY ESCRIPTION |2 g | 2|25 | & [snear strencH S — 2 | GRAIN SIZE
DEPTH o - ?, I 8% ‘T ]© uNcONFRINED + FIELD VANE | oon oo TENT (% y |DISTRIBUTION
é z 5 | &Y @ ® QUICK TRIAXIAL X LAB VANE 5 304 ) (%)
180.5| _Ground Level el e st S 28 | ersasia
U Topsoll . _ _Jzex .
80 1 — [ -
Silty Clay of Medium
Plasticity 1,.58117 -t 0 264 34
Trace of Sand 7185 26 \\
Brown & Grey 3 | 85 |22 178 t—t e e P b o b e
Very Stiff A sS |26 r
175.54 % IR SV S
3.7 U s ss 113
Layers of Inorganic 176 b—+4—{} —+—t—t —f b o f
Silt and Silty Clay (}1(6 | 85 | 7 f
2 18.70
(Low to Medium L 7 | T™W |PH of ..—-.vo....i. ) 022672
Plasticity) L
Traces Of Sand 1 SS 12 17‘4 TTm—TT— e e e e o e
and Gravel 4 9 | ss 5
1 D+
Firm to Very Stiff [] } 10| W [PE 6 —o 19.95
y 172 "—"L’—”'”—"”_”_“_—-Lm""
% 111 88 12/500 mm
b
1608 %l "
| N 170 p—}——1—t— e ] :
10°7 ay 6 Ai2]ss (129 04»« 27 25 41 7
169.2! apd Gravel Bard e
11. 3] 131 RC 19R7
Dolstone /<\ Bli
Medium Texture S\
1 RC % [ R SIS SN SN SR SN S S S
167.7] Sound 72 i Wl il VRN W v A S ) D) R Sl ot S S
12.8 End of Borehole

20
1545 (%) STRAIN AT FAILURE
10




July 2003 021-1143-2

APPENDIX B

CONSOLIDATION TEST DATA

Golder Associates



OEDOMETER CONSOLIDATION SUMMARY

SAMPLE IDENTIFICATION

Project Number 021-1143 Sample Number 1
Borehole Number P1-A Sample Depth, m 5
TEST CONDITIONS
Test Type Quick Consolidation Load Duration, hr (0.1-0.2)

Qedometer Number 7
Date Started 02-11-26
Date Completed 02-11-26
SAMPLE DIMENSIONS AND PROPERTIES - INITIAL
Sample Height, cm 1.91 Unit Weight, KN/m® 20.20
Sample Diameter, cm 6.35 Dry Unit Weight, kN/m’ 16.95
Area, cm’ 31.67 Specific Gravity, assumed 2.70
Volume, cm’® 60.49 Solids Height, cm 1.223
Water Content, % 19.14 Volume of Solids, cm’ 38.73
Wet Mass, g 124.57 Volume of Voids, cm’ 21.76
Dry Mass. g 104.56 Degree of Saturation, % 91.9
TEST COMPUTATIONS
Corr. Average
Pressure Height Void Height toy cv. my k
kPa cm Ratio cm sec em’ls m*/kN cm/s
0.00 1.910 0.562 1.910
4.83 1.907 0.360 1.909 4 1.93E-01 3.03E-04 5.74E-06
9.47 1.902 0.555 1.905 22 3.50E-02 5.87E-04 2.01E-06
19.53 1.894 0.549 1.898 3 1.53E-0t 4.32E-04 6.47E-06
38.96 1.883 0.540 1.888 11 6.87E-02 2.94E-04 1.98E-06
77.66 1.869 0.529 1.876 24 3.11E-02 1.83E-04 5.56E-07
155.07 1.854 0516 1.862 7 1.05E-0! 1.06E-04 1.09E-06
31031 1.833 0.499 1.843 6 1.20E-01 6.98E-05 821E-07
61844 1.806 0.477 1.820 4 1.75E-01 4.54E-05 7.80E-07
1238.68 1.768 0.446 1.787 15 4.52E-02 3.20E-05 1.42E-07
2477.19 1.719 0.406 1.744 32 2.01E-02 2.09E-05 4.13E-08
61844 1.739 0.422 1.729
155.07 1.755 0.435 1.747
38.96 1.767 0.445 1.761
483 1.788 0.463 1.778
Notes:
void ratio for each increment has been calculated based on dial reading at the end of the increment
k calculated using cv based on ty, values.
SAMPLE DIMENSIONS AND PROPERTIES - FINAL
Sample Height, cm 1.79 Unit Weight, kN/m’ 21.36
Sample Diameter, cm 6.35 Dry Unit Weight, kN/m? 18.10
Area, cm? 3167 Specitic Gravity, assumed 2.70
Volume, em’ 56.64 Solids Height, cm 1223
Water Content, % 19.06 Volume of Solids, em® 3873
Wet Mass, g 124 49 Volume of Voids, cm’ 17.91
104,36

Dry Mas&_ g
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OEDOMETER CONSOLIDATION SUMMARY

COEFFICIENT OF CONSOLIDATION,

VOLUME

CONSOLIDATION TEST
cv cm’/s vs PRESSURE (kPa)
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FIGURE

CONSOLIDATION TEST
VOID RATIO VS. LOG PRESSURE
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OEDOMETER CONSOLIDATION SUMMARY

SAMPLE IDENTIFICATION

Project Number 021-1143 Sample Number 2
Borehole Number P-1A Sample Depth, m 8.1
TEST CONDITIONS
Test Type Quick Load Duration, hr (0.1-0.2)
Oedometer Number 6
Date Started 02-11-07
Date Completed 02-11-07
SAMPLE DIMENSIONS AND PROPERTIES - INITIAL
Sample Height, cm 1.91 Unit Weight, KN/m® 20.15
Sample Diameter, cm 6.34 Dry Unit Weight, kN/m’ 16.12
Area, cm’ 31.61 Specific Gravity, measured 2.73
Volume, cm’ 60.37 Solids Height, cm 1,150
Water Content, % 24.99 Volume of Solids. cm’ 36.35
Wet Mass. g 124.04 Volume of Voids, cm’ 24.02
Dry Mass, g 9924 Degree of Saturation, % 1032
TEST COMPUTATIONS
Corr. Average
Pressure Height Void Height too cv. mv k
kPa cm Ratio cm sec cm*/s m*/kN cm/s
0.00 1.910 0.661 1.910
4.76 1.887 0.641 1.899 576 1.33E-03 251E-03 3.26E-07
9.56 1.878 0.633 1.883 ite 6.48E-03 1.01E-03 6.44E-07
19.29 1.868 0.624 1.873 21 3.54E-02 5.33E-04 1.85E-06
38.75 1.855 0.613 1.862 43 1.71E-02 3.47E-04 S5.81E-07
77.33 1.841 0.601 1.848 25 2.90E-02 1.93E-04 5.48E-07
154.98 1.823 0.585 1.832 18 3.95E-02 1.19E-04 4.61E-07
309.76 1.802 0.567 1.812 12 5.80E-02 7.31E-05 4. 16E-07
619.50 1.775 0.543 1.788 10 6.78E-02 4.55E-05 3.02E-07
1239.04 1.742 0.515 1.758 10 6.56E-02 2. 75E-05 1.76E-07
2477.70 1.702 0.480 1.722 22 2.86E-02 1.72E-05 4.82E-08
619.50 1.719 0.494 1.710
154.98 1.733 0.5067 1.726
38.75 1.747 0.519 1.740
9.56 1.762 0.532 1.755
4.76 1.769 0.538 1.766
Notes:
k calculated using cv based on ty vatues.
SAMPLE DIMENSIONS AND PROPERTIES - FINAL
Sample Height, cm 1.77 Unit Weight, kN/m’ 20.94
Sample Diameter, cm 6.34 Dry Unit Weight, kN/m’ 17.40
Area, cm’ 3161 Specific Gravity, measured 2.73
Volume, em’ 5592 Solids Height, cm 1.130
Water Content, % 20.33 Volume of Solids, cm’ 36.35
Wet Mass, g 119.41 Volume of Voids, cm’ 19.57
Dry Mass, g 99.24
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OEDOMETER CONSOLIDATION SUMMARY

COEFFICIENT OF CONSOLIDATION,

VOLUME
COMPRESSIBILITY
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