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FOUNDATION INVESTIGATION REPORT
WOODLAWN ROAD OVERPASS, HIGHWAY 406 SBL
HIGHWAY 406 TWINNING
ONTARIO
AGREEMENT No. 2008-E-0016, W.P. 280-99-00, SITE: 34-463/2
GEOCRES NO. 30M3-260

PART 1: FACTUAL INFORMATION

1 INTRODUCTION

This report presents the factual findings obtained from a foundation investigation conducted at the
Woodlawn Overpass bridge site on the proposed Highway 406 SBL in the City of Welland,
Ontario.

The purpose of this investigation was to explore the subsurface conditions at the site and based on
the data obtained, to provide a borehole location plan, records of boreholes, stratigraphic profile
and cross-sections, laboratory test results and a written description of the subsurface conditions. A
model of the subsurface conditions was developed from the data obtained.

Terraprobe conducted the investigation as a sub-consultant to Giffels Associates Ltd./IBI Group,
under the Ministry of Transportation Ontario (MTO) Agreement Number 2008-E-0016.

2 SITE DESCRIPTION & PHYSIOGRAPHY

The site is located approximately 50 m north of the existing at grade intersection of Highway 406
and Woodlawn Road/Daimler Parkway in the City of Welland, Regional Municipality of Niagara,
Ontario. At this location Highway 406 is a two-lane highway with gravel shoulders carrying both
north and south bound traffic.

The topography is generally flat and vegetation at this site consists primarily of deciduous trees and
wild bush. Areas of groomed grass can be found at some locations along the existing roadways.

The site is located between the Niagara Escarpment and Lake Erie in the physiographic region of
Southern Ontario referred to as the Haldimand Clay Plain. The Haldimand Clay Plain is best
described as falling into a series of parallel belts with the highest ground adjacent to the
Escarpment. Generally this region is flat and poorly drained although it includes several distinctive
landforms such as dunes, cobble, clay and sand beaches, limestone pavements and back-shore
wetland basins.

The Niagara Region is underlain by a sequence of very gently south-dipping dolostones,
limestones, shales and sandstones overlying Precambrian basement rock. The key elements in the

! Chapman and Putnam, “The Physiography of South Ontario”, 3" Edition, 1984.
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bedrock geology of the region are the multiple layers of softer sedimentary limestones, shale,
sandstone and dolostone.

The bedrock unit at this site is the Salina Formation of Upper Silurian Age?. This unit consists
essentially of easily weathered, grey, very finely crystalline, laminated argillaceous dolostone with
grey, calcareous shale partings and gypsum veins and lenses of varying thicknesses.

3 SITE INVESTIGATION AND FIELD TESTING

The site investigation and field testing for this project were carried out between
November 10, 2009 and April 29, 2010 and consisted of drilling and sampling six boreholes to
depths ranging from 11.3m to 32.2m. The boreholes were numbered SBL 12+685CL,
SBL 12+750CL, WS1, WS2, WS3 and WS4 and their approximate locations are shown on the
attached Borehole Locations and Soil Strata Drawing in Appendix C.

The borehole locations were marked in the field by surveyors from Callon Dietz Inc. who also
provided Terraprobe with their coordinates and geodetic elevations. Access to some specific
borehole locations was difficult due to locally steep slopes. The locations of these boreholes were
selected to be as close as feasible to the staked out location while allowing safe operation of the
drill rig. Terraprobe obtained utility clearances and permits prior to drilling.

Samples of the overburden soils were obtained at selected intervals using a split spoon sampler in
conjunction with Standard Penetration Testing (SPT), as specified in ASTM Method D1586. In the
cohesive (clayey) deposits the undrained shear strength of the soil was measured in-situ by means
of field vane tests using an MTO type field vane. Relatively undisturbed soil samples were also
collected with thin-walled Shelby Tube samplers. The boreholes at the abutments were also
advanced into bedrock by NQ size diamond coring techniques.

Ground water conditions in the open boreholes were observed throughout the drilling operations
and standpipe piezometers consisting of 19 mm diameter PVVC pipe with a slotted screen enclosed
in sand were installed in selected boreholes to permit longer term ground water level monitoring.
The remaining boreholes were abandoned in accordance with MOE Regulation 903 by
sealing/grouting with a bentonite slurry mixture after drilling was complete.

2 Ontario Division of Mines, “Quaternary Geology Of The Welland Area”, Preliminary Map P.796, 1972.
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The locations and completion details of the piezometers are shown in Table 3.1.

Table 3.1 — Piezometer Installation Details

Piezometer Details

Piezometer Tip Depth/
Location Elevation Completion Details

(m)

Piezometer with 3.0 m slotted screen installed with filter sand to 7.0 m,
SBL 10.7/172.0 bentonite seal from 7.0 m to 6.4 m, drill cuttings from 6.4 m to 0.3 m,
12+685CL ' ' bentonite seal from 0.3 m to 0.2 m and a flush mounted casing installation

from 0.2 m to ground surface.

Piezometer with 3.0 m slotted screen installed with filter sand to 6.9 m,
10.5/172.4 bentonite seal from 6.9 m to 6.6 m, drill cuttings from 6.6 m to 0.3 m and
bentonite seal from 0.3 m to ground surface.

SBL
12+750CL

Hole sealed to 22.9 m with bentonite, piezometer with 1.5 m slotted
WS1 22.9/159.8 screen installed with filter sand to 20.4 m, bentonite seal from 20.4 m to
ground surface.

Hole sealed to 24.4 m with bentonite, piezometer with 1.5 m slotted
WS4 24.4/158.3 screen installed with filter sand to 21.9 m, bentonite seal from 21.9 m to
ground surface.

The drilling, sampling and coring operations were observed on a full time basis by members of
Terraprobe’s technical staff who logged the boreholes and rock cores and processed the recovered
soil and rock samples for transport to Terraprobe’s Brampton laboratory for further examination
and testing.

4 LABORATORY TESTING

The recovered soil samples were subjected to Visual Identification (V1) and natural moisture
content determination. Select samples were also subjected to a laboratory testing programme
consisting of gradation analysis, Atterberg Limits tests, consolidation tests, unit weight, unconfined
compression tests and undrained shear strength testing with a laboratory vane. The results of this
testing program are shown on the Record of Borehole sheets in Appendix A and the figures in
Appendix B.

5 DESCRIPTION OF SUBSURFACE CONDITIONS

Reference is made to the Record of Borehole sheets in Appendix A. Details of the encountered soil
and rock stratigraphy are presented in this appendix and on the “Borehole Locations and Soil
Strata” drawings in Appendix C. An overall description of the stratigraphy is given in the
following paragraphs. However, the factual data presented in the Record of Borehole Sheets
governs any interpretation of the site conditions.

In general, the site is underlain by topsoil and about 259 m to 27.5m of overburden soils
consisting of topsoil, fill material (sand and gravel and silty clay) and native deposits of silty clay,
silt, silty clay till, sandy silt to sand and silt till, and clayey silt till. These soils are underlain by
bedrock of the Salina Formation.

‘?g Terraprobe Inc. 3
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51 Topsoil

Topsoil ranging from 25 mm to 200 mm in thickness was encountered at this site. Topsoil
thickness may vary between and beyond the boreholes.

5.2 Fill - Sand and Gravel

Borehole SBL 12+685CL was drilled on the gravel shoulder of the dedicated right turn lane that
carries Highway 406 north bound traffic to Woodlawn Road. The sand and gravel fill is
approximately 470 mm thick and extends to a depth of 0.5m (Elev. 182.2 m) below ground
surface.

A sample of this fill material was subjected to a grain size analysis and the results are presented in
Figure B1. These results show a grain size distribution consisting of 41% gravel, 42% sand, 13%
silt and 4% clay size particles.

A Standard Penetration test in the sand and gravel fill gave an ‘N’ value of 11 blows for 0.3 m
penetration indicating a compact relative density. The moisture content of a sample of this fill was
4% by weight.

53 Fill - Silty Clay

Silty clay fill material was encountered at this site extending to depths ranging from 0.7 m
(Elev.182.2) to 2.9 m (Elev.180.1) below ground surface. Silty clay fill was not encountered in
Boreholes SBL12+685CL and WS2.

Samples of this fill material were subjected to grain size analysis and the grain size distribution
curves are illustrated in Figure B2. These results show a grain size distribution consisting of 0%
gravel, 2-3% sand, 36% silt and 61-62% clay size particles.

Samples of the fill were also subjected to Atterberg Limits tests and the results are plotted on the
plasticity chart, Figure B3. The index values from this test are summarized below:

Liquid Limit: 49-53%
Plastic Limit: 23-24%
Plasticity Index: 26-29%
Natural Moisture Content: 18-22%

These values are characteristic of clayey soils of intermediate to high plasticity.

Standard Penetration tests in the silty clay fill gave ‘N’ values that ranged from 7 to 43 blows for
0.3 m penetration but generally, the recorded ‘N’ values ranged from 17 to 43 blows for 0.3 m
penetration. Based on these results the fill is considered to have a generally very stiff to hard
consistency with occasional firm to stiff zones. The moisture content of samples of this fill ranged
from 18% to 31% by weight.

A
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5.4 Silty Clay

A major silty clay deposit was encountered across the site. This deposit was fully penetrated in
some of the boreholes where it was found to extend to depths of 14.7 m below ground surface or to
elevations ranging from 168.4 m to 168.0 m. The approach boreholes were terminated in this
deposit at depths of 11.3 m (Elev. 171.6 m) and 12.2 m (Elev. 170.5 m).

The grain size distribution plots of tested samples of the silty clay are presented in Figures B4 to
B8 inclusive. These results show a grain size distribution consisting of 0-8% gravel, 0-6% sand,
37-83% silt and 12-58% clay size particles.

Samples of the silty clay were also subjected to Atterberg Limits tests and the results are illustrated
on the plasticity charts, Figures B9 to B13 inclusive. The index values from these tests are
summarized below:

Liquid Limit: 25-47%
Plastic Limit: 15-23%
Plasticity Index: 9-24%

Natural Moisture Content:  16-24%
These values indicate that the silty clay has a generally low to intermediate plasticity.

Standard Penetration tests in this stratum gave ‘N’ values that ranged from 7 to 61 blows for 0.3 m
penetration but generally the recorded ‘N’ values ranged from 15 to 46 blows for 0.3 m
penetration. Field vane tests gave in-situ undrained shear strengths ranging from 64 kPa to in
excess of 100 kPa. An unconfined compression test gave an undrained shear strength of 77 kPa
and laboratory vane tests on relatively undisturbed Shelby tube samples gave undrained shear
strengths ranging from 49 kPa to 126 kPa. These values indicate that the consistency of the silty
clay is generally stiff to hard with infrequent firm zones. The moisture content of samples of the
silty clay range from 12% to 27% by weight and the unit weight of selected samples ranged from
20.7 to 21.1 kKN/m®,

The variation of undrained shear strength with elevation is depicted in Figure B20. The plot
illustrates a wide scatter in the data with no obvious trend with depth. An interpreted dashed line is
shown representing a lower bound trend with depth, for the data. The upper portion of this deposit
up to about Elev. 176.0 m is estimated to have relatively high undrained shear strength i.e. in
excess of 125 kPa. Below Elev. 176.0 m the undrained shear strength decreases with depth and is
about 50 kPa at Elev. 172.0 m. Below Elev. 172.0 m the trend indicates increasing undrained shear
strength with depth.

The Atterberg Limits tests results are also plotted against elevation, Figure B21. These results
illustrate that the natural moisture contents are generally at or below the plastic limit up to
Elev. 177.0 m. Below Elev. 177.0 m the moisture content is generally slightly above the plastic
limit.

A
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Consolidation tests were also performed on Shelby tube samples retrieved from Boreholes
SBL 12+685CL and SBL 12+750CL and the results are presented in Figures B22 to B27 inclusive.
These results indicate estimated preconsolidation pressures ranging between 370 kPa and 550 kPa.

5.5 Silt

A native discontinuous silt deposit was encountered at this site in Boreholes WS1, WS2 and WS4.
The deposit is approximately 0.9 m to 1.5 m thick and extends to depths of 5.9 m below ground
surface or to elevations ranging from 177.2m to 176.8m. Based on visual and tactile
examinations of the retrieved samples, the unit is essentially a cohesionless silt with frequent
cohesive silty clay seams and partings.

The grain size distribution curves of tested samples of the silt deposit are presented in Figure B14.
These results show a grain size distribution consisting of 0-1% gravel, 1-2% sand, 75-79% silt and
20-22% clay size particles.

The deposit is considered to have a dense to very dense relative density based on SPT ‘N’ values
that ranged from 36 to 64 blows for 0.3 m penetration. The moisture content of samples from this
deposit ranged from 16% to 22% by weight.

56  Silty Clay Till

A deposit of silty clay till was encountered across the site extending to depths ranging from 18.0 m
to 18.7 m below ground surface or to elevations ranging from 165.1 m to 164.0 m.

The grain size distribution curves of tested samples from this unit are depicted in Figure B15.
These results show a grain size distribution consisting of 4-17% gravel, 17-24% sand, 48-55% silt
and 17-18% clay size particles. Till soils will also contain random cobble and boulder inclusions.

Samples were also subjected to Atterberg Limits tests and the results are plotted on the plasticity
chart, Figure B16. The index values from these tests are summarized below:

Liquid Limit: 21-23%
Plastic Limit: 14%
Plasticity Index: 7-9%

Natural Moisture Content:  10-13%
These values are characteristic of clayey soils of low plasticity.

Standard Penetration tests in this deposit yielded ‘N’ values ranging from 40 to more than
100 blows per 0.3 m penetration. A field vane test was also attempted in this deposit and the
results (no-turn on vane) indicate undrained shear strengths more than 100 kPa. Based on these
results the silty clay till is considered to have a hard consistency. The moisture content of samples
retrieved from this stratum varies from 7% to 16% by weight.

A
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5.7 Sandy Silt to Sand and Silt Till

The site is underlain by discontinuous deposits of sandy silt till and a deposit of sand and silt till.
These units extend to depths ranging from 25.9 m (Elev. 157.1 m) to 27.5 m (Elev. 155.2 m) below
ground surface.

The grain size distribution plots of tested samples from these till deposits are depicted in
Figure B17. These results show a grain size distribution consisting of 2-26% gravel, 10-38% sand,
36-72% silt and 8-16% clay size particles. Till soils will also contain random cobble and boulder
inclusions.

Standard Penetration tests in these deposits yielded ‘N’ values ranging from 65 to more than
100 blows per 0.3 m penetration. Based on these results these units are considered to have a very
dense relative density. The moisture content of samples from these deposits varies from 3% to
13% by weight.

58  Clayey Silt Till

A deposit of clayey silt till was encountered at this site in Boreholes WS1, WS2 and WS3. The
deposit is approximately 1.6 m to 2.5 m thick and extends to a depth of 22.3 m below ground
surface or to elevations ranging from 160.8 m to 160.4 m.

The grain size distribution plots of tested samples from this till deposit are depicted in Figure B18.
These results show a grain size distribution consisting of 2-15% gravel, 31-35% sand, 35-48% silt
and 15-19% clay size particles. Till soils will also contain random cobble and boulder inclusions.

Samples were also subjected to Atterberg Limits tests and the results are plotted on the plasticity
chart, Figure B19. The index values from these tests are summarized below:

Liquid Limit: 15-17%
Plastic Limit: 11-12%
Plasticity Index: 4-5%

Natural Moisture Content:  7-15%
These values indicate a clayey silt matrix of low plasticity.

Standard Penetration tests conducted in this stratum yielded ‘N’ values ranging from 44 to more
than 100 blows per 0.3 m penetration. Based on these results the silty clay till is considered to have
a hard consistency. The moisture content of samples of this till varies from 7% to 15% by weight.

A
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59 Bedrock (Salina Formation)

The overburden soils described above are underlain by the Salina Formation. Bedrock was proved
by coring at the abutment locations. Table 5.1 summarizes the bedrock depth and the elevations to
the top of bedrock.

Table 5.1 — Depth to Bedrock

] Depth to Top of Bedrock
Location BH Number Bedrock (m) Elevation (m)
ws1 27.5 155.2
South Abutment WS2 27.3 155.8
North Abutment wsa 26.3 156.4

The bedrock is described as unweathered dolostone and shale and its colour is generally grey. Itis
thinly laminated with white unweathered gypsum and calcite veins. Total core recovery in the
bedrock generally ranged from 58% to 100% and one recorded TCR of 19% was obtained in Run 1
of Borehole WS1. The RQD values ranged widely from 12% to 49% and an RQD of 0% was
obtained in Run 1 of Borehole WS1. Rubble and highly fractured zones were observed in the rock
cores which contributed to the relatively low RQD values. The core data reveals that there is
generally no trend of improving rock quality with depth. Based on these results the rock quality is
considered to be very poor to poor.

5.10 Water Levels

A standpipe piezometer was installed in selected boreholes. The water level readings measured on
separate visits made after the completion of drilling are presented in Table 5.2.

Table 5.2 — Water Level Measurements

Borehole Date Water Levels_
Depth (m) Elevation (m)
SBL 12+685CL Piezometer destroyed - -
November 19, 2009 4.6 178.3
November 30, 2009 7.8 175.1
December 08, 2009 4.1 178.8
SBL 12+750CL December 15, 2009 3.2 179.7
January 04, 2010 2.7 180.2
January 11, 2010 2.7 180.2
January 19, 2010 2.6 180.3
WS1 January 27, 2010 6.8 175.9
February 08, 2010 6.8 175.9
February 08, 2010 4.7 178.0
April 16, 2010 2.1 180.6
April 29, 2010 5.1 177.6
ws4 May 04, 2010 5.7 177.0
May 06, 2010 4.1 178.6
May 18, 2010 5.9 176.8

The ground water table was estimated based on the recorded water levels in the standpipe
piezometers and our review of moisture contents of the retrieved samples. Based on these
observations, the local ground water level is estimated at approximately Elev. £181.0 m.

‘?g Terraprobe Inc. 8
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All ground water observations at this site are short term and the levels are expected to fluctuate
scasonally and after severe weather events.

5.11 Miscellaneous

The drilling, sampling and in-situ testing operations were conducted with track and truck mounted
drill rigs owned and operated by Groundworks Drilling Limited of Toronto, Ontario, DBW Drilling
Limited of Ajax, Ontario and Determination Drilling & Soil Investigations of Hamilton, Ontario.

A combination of hollow-stem auger and solid stem auger drilling techniques and casing and
washboring methods were used to advance the boreholes, NQ size rock cores of the bedrock were
obtained using diamond drilling techniques.

Messrs. Alexander Winkelmann, E.LT., Marc Paoliello, E.I'T, and Phil Khuu, B.A.T, carried out
the field work. The laboratory testing was performed at Terraprobe’s Brampton laboratory and the
Mississauga laboratory of Golder Associates. The report was written by Rehman Abdul, P.Eng,
and reviewed by Michael Tanos, P.Eng.

Prepared by:

R. Abdul, P.Eng,,
Senior Geotechnical Engineer

Report Reviewed by:
Michael Tanos, P.Eng.,
Review Principal

q
g,% Terraprobe Inc. 9
e



APPENDICES

TERRAPROBE INC. ﬁ




APPENDIX A

Record of Borehole Sheets,
Core Logs and Core Photos




LIMITATIONS AND RISK

Procedures

The soil conditions were confirmed at the borehole and test pit [ocations only and conditions
may vary between and beyond the boreholes. The boundaries between the various strata as
shown an the logs are based on non-continuous sampling. These boundaries represent an -

inferred transition between the various strata, rather than a precise plane of stratigraphic
change.

This investigation has been carried out using investigation techniques and engineering
analysis methods consistent with those ordinarily exercised by Terraprobe and other
engineering practitioners, working under similar condifions and subject to the time, financial
and physical constraints applicable to this project. The discussions and recommendations
that have been presented are based on the factual data obtained.

It must be recognized that there are special risks whenever engineering or related disciplines
are applied to identify subsurface conditions. Even a comprehansive sampling and testing
programme implemented in accordance with the most stringent. level of care may fail to
detect certain conditions. Terraprobe has assumed for the purposes of providing design
parameters and advice, that the conditions that exist between sampling points are similar to
those found at the sample locations. The conditions that Terraprobe has interpreted to exist
between sampling points can differ from those that actually exist.

it may not be possible to drill a sufficient number of boreholes or sample and report them in a
way that would provide all the subsurface information that could affect construction costs,
techniques, equipment and schedufing, Contractors bidding on or undertaking work on the
project should be directed to draw their own conclusions as to how the subsurface conditions
may affect them, based on their own investigations and their own interpretations of the

factual investigation results, cognizant of the risks implicit in the subsurface investigation
activities.

Changes In Site And Scope

It must be recognized that the passage of time, natural occurrences, and direct or indirect
human intervention at or near the site have the potential to alter subsurface conditions.
Groundwater levels are particularly susceptible to seasonal fluctuations.

The design advice is based on the factual data obtained from this investigation made at the
site by Terraprobe and are intended for use by the owner and its retained designers in the
design phase of the project. If there are changes to the project scope and development
features, or there is any additional information relevant to i

This report was prepared for the express use of the Ministry of Transportation, its retained
design consultants and Giffels Associates Ltd /B! Group. 1t is not for use by others. This
report is copyright of Terraprobe Inc. and no part of this report may be reproduced by any
means, in any form, without the prior written permission of Terraprobe Inc. The Ministry of

Transportation, its retained design consultants and Giffels Associates td /(B Group, are
-authorized users.
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SS SPUT SPOON T8 THINWALL PISTON m ke’ COEFFICIENT OF VOLUME CHANGE
WS WASH SAMPLE ) 0S  OSTERBERG SAMPLE Ce 1 COMPRESSION INGEX
ST SLOTTED TUBE SAMPLE RC  ROCK CORE C: 1 ‘SWELUNG INDEX
BS  BLOCK SAMPLE PH TWADVANCED HYDRAULICALLY C. % RATE OF SECONDARY CONSOLIDATION
CS  CHUNK SAMPLE M TWADVANCED MANUALLY C, afss COEFFICIENT OF CONSOLIDATION
Tw  THINWALL OPEN FS  FOILSAMPLE H m DRAINAGE PATH
] [P TIME FACTOR
STRESS AND STRARN U % OEGREE OF CONSCLIDATION
U, WPa  PORE WATER PRESSURE g K2 EFFECTIVE OVERBUROEN PRESSURE
ry 1 PORE PRESSURE RATIO ¢  Wa PRECONSQUDATION PRESSURE
o KPa  TOTAL NORMAL STRESS L SHEAR STRENGTH
o KPa  EFFECTIVE NORMAL STRESS ¢ ¥a EFFECTIVE COHESION INTERGEPT
t kPa  SHEAR STRESS ) - EFFECTIVE ANGLE OF INTERNAL FRICTION
cLooy  KPa PRINCIPAL STRESSES & Ka APPARENT COHESION INTERCEPT
€ % UNEARSTRAIN [ APPARENT ANGLE OF INTERMAL FRICTION
€L %  PRINCIPAL STRANS w KPa RESIDUAL SHEAR STRENGTH
E KPa  MODULUS OF LINEAR DEFORMATION : o M2 REMOUUDED SHEAR STRENGTH
G a2  MODULUS OF SHEAR DEEQRMATION S 1 SENSITMATY = ¢, [+,
“ 1 COEFFICIENT OF FRICTION
PHYSICAL PROPERTIES OF SOIL
£ kght'  DENSITY OF SOLID PARTICLES L} 1%  VOIDRATIO By 1% VOID RATIO [N DENSEST STATE
v R URITWEIGHT OF SOUD PARTICLES n 1%  PORGOSITY . . CENSITY INDEX = e —®
P« KEm  DENSITY OF WATER P amgur-voy
Y- KT UNT WEIGHT OF WATER w 1% WATER CONTENT 0 mn GRAIN DIAMETER
P kym'  DENSITY OF SOIL S, ¥%  DEGREE OF SATURATION D. mm o PERCENT - DIAMETER
¥ KMNAT  UNIT WEIGHT OF SO v % UQUD LIMIT C. 1 UNIFORMITY COEFFICIENT
p«  kgiml  DENSITY OF DRY SOIL [ % PLASTICLIMIT h m HYDRAULIC HEAD QR PGTENTIAL
% KT UNITWEIGHT OF DRY SOIL s %  SHRINKAGE UIMIT q oifs  RATE OF DISCHARGE
Peu  KgI®  DENSITY OF SATURATED SOIL 13 % PLASTICITY INDEX = (w_ - wy} v s DISCHARGE VELOCITY
Yo KN UNIT WEIGHT OF SATURATED SOIL L LIQUIDITY INDEX = {w - wille i 1 HYDRAUUIC GRADIENT
£ kg DENSITY OF SUBMERGED SOIL e CONSISTENCY INOEX = (w_ Wil k s HYORAULC CONDUCTIMTY
¥ KR UNIT WEIGHT OF SUSMERGED SOiL . 1% VOO RATIOINLOQSEST STATE i K SEEPAGE FORGE



EXPLANATORY SHEET FOR CORE LOG

Column Number

1. Elevation of borehole collar,

2 Depih of geotechnical boundary in borehole

3. Geelogic symbo! for rock or soil material

4. General description of geotechnical unit - quatitative description, inciuding rock type(s), percentage rock types, frequency and sizes of interbeds, colour,
texture.

Joint (discontinuity} Characteristics

5. Number of joint sets: a rock mass can be intersected by a number of joint sets of varying orientations.

6. Joint type; B = Bedding joint C =Cross joint

7. Grientation: only variations in dip can be identified in core; dip direction is from field tnapping or oriented core:
F=Fiat=0-20° D = Dipping = 20 - 50° V = Vertical = 50 - 99°

&  Joint spacing: this is an approximate measure of spacing between joints in specific joint sets,

[ spacmG >3m Im=-3m

03m-Im

50 mm — 300 mm

< 50 mum

VERY WIDE

WIDE

MODERATE

CLOSE

VERY CLOSE

q. Roughness:
RU = Rough Undulating
8U = Smooth Undulating
LU = Slickensided Undulating

RP = Rough Planar
SP = Smooth Planar
LP = Slickensided Planar

1G.  Filling:
Approximate ¢
T =Tight, hard, non-softened
G = Oxidation surface staining only 25-35
SA = Stightly altered; clay-free 25-30
§ = Sandy particles; clay-free 25-30
$i = Sandy and silty, minor clay 20-25
NC = Non-softening Clays; Smm 16-24
SC = 8Swelling Clay fillings; Smm 6-12
Pl Aperture: estimated size of joint opening,
12.  Degree of weathercd rock material: .
DEGREE DESCRIPTION
UNWEATHERED NO SIGNS OF DISCOLOURATION OR OXIDIZATION
SLIGHTLY WEATHERED PARTIAL DISCOLOURATION; FRACTURES (OINTS), TYPICALLY OXIDIZED

MODERATELY WEATHERED |TOTAL DISCOLOURATION

HIGHLY WEATHERED TOTAL DISCOLOURATION; TYPICALLY FRIABLE AND PITTED
COMPLETELY WEATHERED [RESEMBLE A SOIL; ROCK STRUCTURE - USUALLY PRESERVED
13, Strength of rock material:

MPa
VERY HIGH
STRENGTH SPECIMEN CAN ONLY BE CHIPPED BY GEOLOGICAL HAMMER > 200
HIGH SPECIMEN REQUIRES A NUMBER OF BLOWS OF A GEOLOGICAL HAMMER TO FRACTURE [T~
STRENGTH | CANNOT BE SCRAPED WITH POCKET KNIFE ' 30-200
MEDIUM SPECIMEN CANNOT BE FRACTURED BY A SINGLE, FIRM BLOW OF GEOLOGICAL HAMMER; CAN
STRENGTH | BE SCRAPED WITH POCKET KNIFE, NOT PEELED ) 15-50
LOW SHALLOW INDENTATIONS MADE BY FIRM BLOW WITH POINT OF GEOLOGICAL HAMMER; CAN
STRENGTH | BE PEELED WITH POCKET KNIFE WITH DIFFICULTY ' 4-15
g“[l?fl{{gNLC‘;c')[‘\g CRUMBLES UNDER FIRM BLOW WITH POINT OF GEOLOGICAL HAMMER; CAN BE PEELED 1-4
14.  Fracture frequency: number of natural joints occurring over a meter length of core. Alj natural joints are counted irrespective of the number of joint sets.
FRACTURE FREQUENCY JOINT SPACKNG LENGTH 1
0.3m VERY WIDE >3m
03—-Im WIDE Im-3Im
1-3m MODERATE 008 m-tm
3-20m CLOSE 0005 -0.03 m ]
20 m VERY CLOSE <0005 m

I5.  Run number and Core Recovery

(i}  Drill run number

(ii} Total Core Recovery is the total length of core pieces, irrespective of their individual lengths obtained in a core fur, and expressed as a percentage of the
length of that core run,

16.  Rock Quantity Designation (RQD): The total fength of those pieces of sound core which are 0,01 metres or greater in length in a core nun, expressed
as a percentage of the total length of that core run. Sound pieces of rock are those pieces separated by natural breaks and not machine breaks or
subsequent artificial breaks.

Rock Mass Ciassification (after Deare}
RQD (%) 0-25 25 - 50 50-75 75-90 90 - 100
DESCRIPTION VERY POOR POOR FAIR GOOD EXCELLENT

17. Core and Casing sizes: changes of core and casing sizes are indicated.

18. Water recovery, level and tests:

(i)  percentage drill water recovery

(it} water level depth

(iii} positions and results of tests, e.g, permeability and packer tests




ONTARIO MOT 1-09-4135 WS BRIGGE.GPJ ONTARIQ MOT.GDT 05/26/10

@ Ministry of
Transportation

Foundation Design

Ontario
RECCORD OF BOREHOLE No SBL 12+5685CL. 1 OF 1 METRIC
W.P. 280-99-00 LOCATION Coords: N:4764160.4 E:327319.7 ORIGINATED BY __MmP
DIST HWY 408 BOREHOLE TYPE _ Hotiow Stem Augers COMPILED BY DB
DATUM _Geodelic DATE 11.17.09 CHECKED BY RA
DYNAMIC CONE PENETRATION
S0IL PROFILE SAMPLES % ﬁ RESISTANCE PLOT piasTic NATURAL | - REMARKS
%) MOISTURE = L
. w 22| 8 20 40 60 80 400 [“MT  content UM S O &
Q x u =z £ = 1 L L 1 ! W w w, 3% GRAIN SIZE
ELEV Linpi & 3 125 O |SHEAR STRENGTH kPa o DISTRIBUTION
DEPTH BESCRIPTION SISl 2| 2 |38| & |o unconrmen  + FELDvANE ¥ 6
el = Z [E°]| & |e QUCKTRIAXAL X LABVANE WATER CONTENT (%)
182.7| Ground Surface w 20 40 &0 80 100 10 20 30 xNm® fGR SA SI CL
.0 470mm FILL - Sand and Gravel, o
some silt, trace clay, 1 58 i1 41 47 13 4
mgg compact, grey, damp o
SILTY CLAY b’ } 182
trace sand, 5 53 18 ‘Q o
occasionat gravel inclusions,
very sliff, brown, moist
3| 88| 18 181
- > % 42
L
4 S5 16 < 3 4 1 50 49
180
5| ss | 19 < % °
DN e
6| 85| 15 % % 178
vt > % 177
7| 88} 13 [ e | ¢ 2 68 30
176
" e
b o
175
g | ss | 1 ¥ °
19
»>1
174
=>4
2| ss| 8 Fe— 1 5 68 26
173
1.2
+
172
w0t Tw | PH X et 207 o 3 70 27
+
171
170.5
122 £nd of Barehola
Borghale was dry (nof stabilized) and
hole epen to full depth on completion.
Piezometer instaliation consists of a
1emm diameater, Schedule 40 PVC
pipe wilh a 3.0m slotted screen.
Water Level Readings:
Date Depih(m}  Elevation(m)
Piezometer destroyed after drilling.
Consolidalion test performed on
TW10.
+3,><3: Numbers refer to 03% STRAIN AT FAILURE

Sensitivity



@ Ministry of
Transportation

Foundation Design

ONTARIO MCT 1-09-4136 WS BRIDGE.GPJ ONTARIO MOT.GOT 05/26/13

Ontario
RECORD OF BOREHOLE No WS1 1 OF 3 METRIC
w.p. 280-99-00 LOCATION Coords: M:4764163.6_E:327303.9 ORIGINATED BY _mP
DIST HWY 408 BOREHOLE TYPE _ Solid Stem Augers / Casing and Washboring / NQ Rack Coring COMPILED BY DB
DATUM Geodetic DATE 01.19.10 - 04.29.10 CHECKED BY RA
SOIL PROFILE SAMPLES |, | RESSTe P oT EIRATION
NATURAL - REMARKS
gl 2 _ PLASTIC LIGUID
=2 3 L MOISTURE . “hgrl £ F &
5 ® @ <1§:0 73 20 40 &0 &0 1?0 CONTENT %%
Ste u El =z Wa w W, GRAIN SiZE
ELEY DESCRIPTION slal g 3 [2g] 2 |SHEARSTRENGIHKPA —_————— 5 | ssmievmon
DEPTH 3 2 F =13 =4 < | © UNCONFINED + FIELD VANE ¥ %)
£l = F|EC] B |e QUCKTRIAXIAL X LABVANE WATER CONTENT (%}
182.7| Ground Surtace ul 20 40 . 60 B8O 100 ¢ 20 30 wim® |6rR 58 S cL
15 80ram TOPSOIL
i| ss 7 o
FILL - Silty Clay,
trace sand, i82
firm o hard, brown, damp 83
2| 88 | 28 o F - 0 2 3/ 62
388 | ar 181
180.6
2.1
SILTY CLAY
{race sand, irace gravel, 4 S5 32 i
hard, brown, damp 180
5 S8 33 o
179
6| 88 | 52 ©
178.3
a4
SHT 1 2 75 22
irace sand, frace gravel, freguent silty 7 58 a7 178
clay seams and parlings,
dense, brown, damp
8| ss | 29 o
176.8 177
59
SILTY CLAY =
frace sand, trace gravei, g S5 15 4
very stiff to hard,
brown, damp fo moist 176
= 3.3
e g
>
0| 85 | 23 175 B o 5 B3 12
1.8
>
174
=1
| 85 | 25 b 0 4 B2 3
173
1.4
>
172 >
12| TW | PH
71 =y
13| 88 | #1 P
170
169
4l ss | 28 ] 13 72 24
168.0
147 7% 168
Continued Nexl Page
43,3, Numbersseferto 3% gypam AT FAILURE

Sensitivity



6 ‘l\rflrigéﬁpcgfa von Foundation Design
Ontaric

RECORD OF BOREHOLE No WS1 - 20F3 METRIC
VWP, 280-99-00 LOCATION Coords: N:4764163.6 E:327303.9 CRIGINATED BY _ mMp
DIST HWY 406 BOREHOLE TYPE _ Salid Stem Augers / Casing and Washboring / NQ Rock Coring COMPILED BY DB
DATUM _Geogetic DATE 01.19.10 - 04.28.10 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o W |RESISTANCE PLOT 2\ NATURAL - REMARKS
Hal & T maisTure HAOL = A
= w |25 @ 20 40 60 80 300 CONTENT z0
Sl N T L L we w w | 3% | cramsize
ELEV o m w a =] o Q SHEAR STRENGTH kPa
DESCRIPTION = L - £ —_——— DISTRIBUTION
DEPTH 3 z2| £ > 13 g X | O UNCONFINED + FIELD VANE ¥ (%)
el = z EC| U e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 €0 80 100 10 20 30 kN [GR SA SI CL
SILTY GLAY uzs
sandy, trace gravel, o] 151 s | ss +—i 4 24 55 17
hard, brown, damp to moist (A
b5 167
{GLACIAL TILL} o
__/‘./
o 166
o
6| 85 | 46 °
4
7%
i 165
Pk
/}, /
184.1 Yl 17 | ss | 104 B ©
186 P4 164
SANDY SILT ; Jan.19
seme clay, trace gravel, R
vary dense, brown, damp to moist Jan20
(GLACIAL TILL)
163
SS 100/
13cm
162.1 Bk
2086 14 i 182
CLAYEY SILT 995 A1
sandy, trace gravel, 2
hard, brown, damp ’ / ;
il
(GLAGIAL TILL) /, 19| 85 | 128 = 2 31 48 19
W% 161
9%
160.4 H5h
223 P
SANDY SILT 8%
trace to some gravel, trace clay, P 160
very dense, brown, moist to wet 1
/ 20 ) 55 Jan.20
(GLACIAL TILL} J—
Apr.29
159
y 8 158
]
g
157
156
1652 S |
21.5
BEDROCK - INTERBEDDED 1+ | run 155 ?g}l;dﬂg%
DOLOSTONE AND SHALE SCR=11%
Unweathered, thinly iaminated, grey, . RQO=0%
medium strength, argillacecus with
unweathered, laminated, white, very RUN#2
fow strength gypsum and calcite 154 TCR=62%
tayers / veins and frequent © |ser=34%
unweathered, white, low strength, 2 | RUN RQD=18%
coarse grained calgitic vugs.
153

ONTARIO MOT 1-09-4135 WS BRIDGE.GPJ ONTARIO MOT.GDT 05/26/10

ontinued Next Page
¢ ¢ +3 53 Numbers refer to

3%
Sensilivity o STRAIN AT FAILURE



ONTARIO MOT 1-08-4135 WS BRIDGE.GPJ ONTARIQ MOT.GDT 05/26/10

@ Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No WS1 3 OF 3 METRIC
W.P. 280-89-00 LOCATION Coords: N:4764163.6 E:327303.9 ORIGINATED BY __mpP
DIST HWY _406 BOREHOLE TYPE __Solid Stem Augers / Casing and Washbaering / NQ Rock Coring COMPILED 8Y DB
DATUM _Gecdetic DATE 01,16.10-04.29.10 CHECKED BY RA
SOILPROFILE SAWPLES [, | u [Pk or o
a NATURAL - REMARKS
o < PLASTIC poeroge WQuiD| | &
5 o |5 gl & 20 40 60 80 100 [MMTcoyenr ] &
S|e w £] z L L . L w, w w, oy GRAIN SIZE
ELEV glE] gl 3 |25] & [sHEARSTRENGTHkPa v ' E
DESCRIPTION == & s zg = —— DISTRIBUTION
DEPTH g:: =1 E = 8 % :<>|: O UNCONFINEC + FIELD vaNE 'Y (9%}
5= B9 L }e QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
u 20 40 80 80 100 10 20 30 kN/m® |GR SA St CL
RUN#3
BEDROCK - INTERBEDDED TCR=51%
DOLOSTONE AND SHALE 3 {run | NG SCR=68%
Unweathered, thinly laminated, grey, 152 RQD=43%
medium strength, argillaceous with 5
unweatheced, faminated, white, very
low strength gypsum and calcite
layers / veins and frequent
unweathered, white, low strength, RUN#4
coarse grained calcitic vugs. TCR=84%
{continued) 4 | RUN [ NQ 151 SCR=80%
RQD=30%
180.5
322 End of Borehole
Water level al 6.1m (nol stabilized)
and hale open Lo full depth on
completion.
Unable to push vane beyond 12.0m,
Resistance lo augering below 23.6m.
Piezomeler installation consists of a
19mm diameter, Schedule 40 PVC
pipe with a 1.52m slotted screen.
Water Level Readings:
Date Depth{im} Elevation(my)
Jan.27.10 6.8 759
Feb 0810 6.8 1759
Agpril 28, 2010 borehole drilled 1m
south of criginal borehele location,
]
3, x 8 MNumbers:eferto 3% croniy AT FAILURE

Sensitivity




CORE LOG

ﬁ Terraprobe

Project i i :
rojec Highway 406 Twinning Orleniuilc{n Ground Elevation | Datum ) Borehole No.
Vertical 182.7m Geodetic WS1
Location Welland. Ontacs Date Staried Compleled Legged By Sheet 1 of 1
' arjo i i
glland, Untard Aprii 29, 2010 Apsil 29, 2010 AW
w.p 0-89-00 Drilling Agency Drili Type Core Barrel & Bif Design| Project No.
280-99~ oS Trock—Mount NO 1-09-4135
' v 3¢ [%)
Joint Characteristics - = MPo
E X 3 =
— % = > 3] ] 5
— Liw| s 9 g 5 g o | B2 WE
= = GENERAL DESCRIPTION RN a wl T |wQ S s« N ZHT | B~
o] e 4 Clxiolz o b} —_ xrZ CS L - — ok =z
= Lo El=E o |2 o ou o “ 2 | %
2 x Q Sl |EI1ZIZ(8|EY T = 231 =z = zex =X
= oy a Slaielels|x = o] o L Ld Qo z
ot [+ = IR = IS I s [ QI (W | <€ o < Ll Zz o o [\ O =y =1
| Lf > ojg|lElaic|2|la w — e 20 o 20K
] a i Z|S|otwjm|T |y F o Lt &0 o = 20
1 2 3 4 5|67 18|¢10ft1f 12 13 14 15 16 17 18 19
185.7 —27.0 -+
T Overburden, refer to Borehole tog WS1 T
155.2+—27.5 =
T SALINA FORMATION BECRCCK Tii:'\‘ T
T 1B |F |vCiRP| T |0k 9 | © NQ
154.7 +28.0 INTERBEDDED DOLOSTONE AND SHALE R
+ Unweathered, thinly laminated, grey, 4
4 medium strength, argillaceous with
1 unweathered. laminoted, white, very low 1
strength gypsum ond calcite layers /
T veins ond frequeni unweothered, white, T
1534.2+—28.5 low strength, coorse grained calcitic T
+ VUGS, 1|8 F |VCIRP|T +
1 g2 T
T 0 Ter |
EN b a2 T
18 NQ
153.7 +29.0 1 SCRT
N 34 +
1 1{B|F|C|SPiT T
153.2——29.5 -
T 2 BCIFV|VC[SP} T T
152.7 +— 30.0 -
i 11B|F|c|sP|T {oms 1
X #3 4
1 TCR 4
152.2 +—30.5 91 1 43 NG
4 SCR |
1 69 |
is 1 F [VC|SP| T joki 1
+ 1 F|lC|SP|T |0kl +
i51.7 1+ 31.0 -
T 1| B F [VC|SP| T |tk T
+ 1| B} F |VCISP| T [Ckt I
151.2-33.5 2 |golevic|sp| T |ows #4 -
T TCR +
T 94 = 30 | N
1 SCR 1
1+ 2 [BC|FYVC|SP| T {om1 80 1
150.7 +— 32.0 —=
+ T{B|FIC|SP|T |tz +
: End of Core Log :
T Rubbilized _zones at: T
190.51+ 32.5 27.50~29.00m; 29.50~29.70m; T
4 30.70-30.80m; 31.00-31.30m. +
N Rubble indicoled by "4, T
_: ly ured zone at: :
150,01 33.0 31.80--32.00m. L
Remarks: LEGENE:
Interbedded

Dolostone and Shale

Rubble




ONTARIO MOT 1.09-4135 WS BRIDGE.GPJ ONTARIO MOT.GDT 05/26/10

Ministry of . .
@ Transporiation Foundalion Design
Ontario

RECORD OF BOREHOLE No WSs2 1 0OF 3 METRIC
W.P. 280-99-00 LOCATION Coords: N:4764174.7 £:3273134 ORIGINATED BY _aw
DIST HWY 408 BOREHOLE TYPE _ Hollow Stem Augers / NQ Rack Caring COMPILED BY DB
DATUM Geodelic DATE 012610 -02.01.10 CHECKED BY RA
DYNAMIC COME PENETRATION
SOIL PROFILE SAMPLES w PLOT
g, | 2 [FESSMNCEROT = pagTic NATURAL - gyp| 1 | REMARKS
=21 G L MOISTURE Prhurt £ 5 3
b w |28 B 20 40 60 80 100 CONTENT z9
Sl w | g 22| =z ! L L L L We w wo | 2§ | GRAWSEE
ELEV Elm| 8| 2 (25} 2 [SHEARSTRENGTH4Pa —_— DISTRIBUTION
DEFTH DESCRIPTION 2 2l £ | 5|38 & |o unconemed + FIELD VANE ¥ %)
H 4 € Sl @ |e QUOCKTRIAXIAL X LABVANE WATER CONTENT (%)
183.1| Ground Surface o 20 40 8¢ 80 100 10 20 30 kN |[GR SA 81 CL
0. 183
firm o
- 45
SILTY CLAY 182 a |l 2 3 37 58
trace sand, trace gravel,
hard, brown, damp
]
181
HEY)
. 0 1 51 48
180 5
179 e
178.7
44
SILT ) o o 1 79 20
race sand, frequent silty clay seams
and pastings, 178
dense, brown, damp
o
177.2
5%
177 —
SILTY CLAY
trace sand, trace gravel, er— v 5 88 27
stiff to very stiff, H
brown, damp to meist
176
Q
175
174 =3
(o]
16
173 +
1.2
+
te— 0 3 70 2
172
+1.1
171
— 02 T2 %
1.3
170
2.5
=
[+
169
168.4
14.7
Continued Next Page
+3,x3, Numbersreforto 3% ooy AT FAILURE

Sensitivity



ONTARIO MOT 1-09-4135 WS BRIDGE.GPJ ONTARIQ MOT.GDT 05/28/10

@ Ministry of
Transporiation

Foundation Design

Ontario
RECORD OF BOREHOLE No WS2 2 OF 3 METRIC
W.P. 280-99-00 LOCATION Coords. MN:4764174.7 E:3273134 QRIGINATED BY _aw
DIST HWY 408 BOREHOLE TYPE __Hollow Sterm Augers ! NQ Rock Coring COMPILEDBY __ b8
DATUM _Geadetic DATE 01.28.10-02.01.10 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOW PROFILE SAMPLES & W |RESISTANCE PLOT NATURAL REMARKS
Gy % _ pLasTic WATLRL  wqun| | &
- w |22 8 20 40 60 8¢ 100 [“MT  oonment WMl SO &
=R N gl=gl z e Wi w w { 2% | cransizE
Llg| ¢ o125 S |SHEAR STRENGTH kPa
ELEV DESCRIPTION o e | 2|z = —————— DISTRIBUTION
DEPTH = 2l |3 28| = |o UNCONFINED  + FIELD VANE Y %)
e 2 Z [&C] B | QUCKTRIAKIAL X LABVANE | WATER CONTENT (%)
w 20 40 60 a0 i00 10 20 3!0 wwim* |lGrR sA 81 oL
7 168 | -
SILTY CLAY 2%
trace sand, trace gravel, %% % R IR 40 =
hard, brown, damp % X
(GLAGIAL TILL) v
iGh 167
7
Lk o
7 16| S8 52 166
fl Jan28
i ,// Jan29
186.1 G4
180 Ipa3 165
SANDY SILT / /
frace to some clay, P
trace gravel to gravally, [[fy] 17| 85 | 112 © 617 45 12
very dense, brown, damp 1o moist ;
(GLACIAL TILL) 164f—
A1 18| ss | 00 o
¥ 13cm 163
162.4
207
CLAYEY SILT
and sand, some gravel, 162
hard, brown, damp AL .
/ ol 16 35 35 15
(GLACIAL TiLL) 7 B
160.8 161
223
SANDY SILT
and gravel, trace clay,
very denge, brown, moist
iy ss | oot 160
(GLACIAL TiILL)
LA 159
A Y007
a5’ 10cm @
P 158
A
15588 [ ow
h 5em 157 dan 28
4. | Feb.01
frequent cobbles 1 RUN#1
155.8 158 TCR=71%
27'3 SCR=57%
) RQD=18%
BEDROCK - INTERBEDDED 1 | RUN | NQ
DOLOSTONE AND SHALE
Unweathered, thinly laminated, grey,
medium strength, argillaceous with 155
unweathered, faminated, white, very
low strength gypsum and calcite RUN#2
tayers / veins and frequent TCR=89%
unweathered, white, low strength, SCR:85%
coarse grained calcitic vugs. Ri 09;30%
2 | RUN | NQ 154
163.2
1 I

Continued Next Page

+ 3. 3. Numl_:_er‘s tefer fo o 3%
Sensitivily

STRAIN AT FAILURE



CNTARIO MOT 1-08-4125 WS BRIDGE.GPJ ONTARIO MOT.GDT 05/26/10

Ministy of i ]
Transpertation Foundation Design

Ontaric
RECORD OF BOREHOLE No WS2 30F 3 METRIC
WP, 260-59-00 LOCATION Coords: N:4764174.7 E:327313.4 ORIGINATED BY _Aw
DIST HWY 406 BOREHOLE TYPE _ Hollow Stem Augers / NQ Rock Caring COMPILED BY DB
DATUM _Geodetic ] DATE 01,28.10 - 02.01.10 CHECKED BY RA
SOIL PROFILE SAMPLES w [DENAMIC CON PENETRATION
i 2 - pLasTIC MATURAL | jquip k£ REMARKS
Ea S r MOISTURE vy I
= w |=5] @ 20 40 60 80 106 [WMT convent M ) &
9| g |22 2z L L L . L Wp w w | 2% | cramsze
49! w| 3 1led| © [SHEARSTRENGTHkPa
ELEV DESCRIBTION ol 2 12g9| EF —_—— DISTRIBUTION
DEPTH 2|5 et 5 128| £ |© UNCONFINED + FIELD VANE ¥ (54}
£z Z |E°9] L |e QUCKTRIAXIAL X LABVANE WATER CONTENT (%}
w 20 40 80 &0 100 10 20 30 ki/m® {GR SA SI CL
299 End of Berehole

No samgle recovery at $512.
Sampler redriven and disturbed
sample collected.

Unable to push vane beyond 12m.
Borehole open to full depth and filled
with driil water upon completion of
drilling.

Borehele sealed with benlonite slumry
{o ground surface.

43 3. Numbers refer to

3%
\ Sensitivity o] STRAIN AT FAILURE



CORE LOG

ﬁ Terraprobe

Project Highway 406 Twinning 0r|en10ho‘n Ground Elevation | Datum . Borehole No.
Vertical 183.1m Geodetic WS2
Location Welland. Ontori Date Started Completed Logged By Steet 1 of 1
el ' ar
ang, Lntarfe February 1, 2010 | February 1, 2010 AW
W.P. 0-99-00 Drilling Agency Drill Type Core Barrel & Bit Project No.
280-99- oW Track—Mount NQ 1-09-4135
R -3 o2 o
Joint Chaorocteristics . z MPa
G & g &
— I - © Y [3] tw S
—~ Slwis o g > o o |82 SE
z £ GENERAL DESCRIPTION wn| iz o wl = T we .9 3 o] z8x | 22
= i 3 | FIE8E|piS]| @ b {85 | o wo|Ewh |2
b = b Cl=12Z2|5 x =z = I =z Ex | Z (=] Za =X
= (= 41} Eia|e Q| <@ [ ) oo 1w M) oo =
i o = | ErE |2 S had o au | 2@ o [ OZFy | S5
3 o] P ologix| ||| 2o w — x| =0 =] 20O~
o] a n Z|ajo|lw|e|T|jd] = n wi | O o 5] SGn
1 z 3 4 S|(6|718]9110[11] t2 13 14 15 16 17 18 19
156.6 +— 28.
i '
T Overburden, refer to Borehcle Log WS2
T Sandy Sill TILL, refer lo Borehole Log W52
156.1 —
T SALINA FORMATION BEDRGCK #1
155.6 — 18 [ bl TCR
4 7 NQ
+ INTERBEDGDED DOLOSTONE AND SHALE SCR
4 Unweathered, thinty lominated, grey, 57
i medium strengih, argillaceous with 118 ve ot
155.1 - unweathered, faminated, white, very low
. sirength gypsum and caicile layers /
T veins and frequent wnweathered, white, | 1 { B c Oh1
T low sfrength, coarse groined caicihic
4 vugs.
154,6
T 18 Ve 0b1
1 #2
15411 TCR
1 a9 NQ
1 SCR
1 as
+ ] B C (L]
153.6 +—
i53.1 - End of Core Log
T RBubbilized zones_ai:
+ 27.80-27.90m; 28.80-28.90m.
L Rubble indicated by "a’.
152.8 __'_ Highly _fractured zone at:
28.30-28.80m.
15211 .
151.6
151.t 1 32.0
150.6 T 32.5
Remarks: LEGEND:
Interbedded
Dekostens and Shale
Rubble
I sonty sin e




ONTARID MOT 1-09-4135 WS BRIDGE.GPJ ONTARIO MOT.GDT 06/26/10

@ Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No WS3 1 0OF 2 METRIC
W.P. 280-99-00 LOCATION Coords;  N:AT64192.6 E:327202.7 ORIGINATED BY _MP
DIST, HWY _406 BOREHOLE TYPE _ Solid Stem Augers / NQ Rock Cering COMPILED BY __ DB
DATUM _Geodetic CATE 01.20.10-01,22.10 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x W IRESISTANCE PLOT NATURAL REMARKS
Y PLASTIC o heipe  LlaUD] &
5 o 25| & 20 4 60 80 100 |MIT eogrent  LMT] Z & &
9l w =8| z T e v w w | 38 | cransizE
ELEV Elm| W | 2 |25| & |SHEARSTRENGTHKPa s
DESCRIPTION L1 E = |13z)| & e DISTRIBUTION
DEPTH 2|35 b > |28 = |o unconrNED + FIELD VANE Y %)
ElZ F |E©| U |e QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
183.0] Ground Surface u 20 40 80 B0 100 10 26 30 ki l6rR 8A @1 oL
162.9 £0mm TOPSOIL
1 5% o
FILL - Silty Clay,
trace sand,
very sliff to hard, brown, damp
2 | ss 182
4g
% 385 o ¢ & 3B 8
181
4 | 88
180.1
28 SILTY CLAY 180 43
L
Irace sand, trace gravel, 5 58 ' 61 ;6
sliff to hard, brown, damp
8 S5 179
7 { 88 ct } 0 1 65 24
178
8] 8S °
177
g [ Tw
Jan.20
1.6 R
176 Jan.21
1.5
=t
10} SS | 15 63 3%
175
425
174 4 1.9
1] 8% ©
173 1.0
1.6
e g
2| =s 72 er— 8 5 65 22
18
»»t
171
13| S8 °
170 =115
s
14| ss 169 b1 0 4 67 29
1.4
168.3 T
147 A
Continued Next Page o
3. ><3: Numbers refar i¢ Oaf{a STRAIN AT FAILURE

Sensitivity



ONTARIO MOT 1-09-4135 WS BRIDGE.GPJ ONTARIC MOT.GDT 052610

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No WS3 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords:  N:4764192.6 E:327292.7 ORIGINATED BY _ wpP
DIST HWY 408 BOREHOLE TYPE _ Solid Stem Augers / NQ Rock Coring COMPILED BY Dg
DATUM _Geodetic DATE 01.20.10 - £1.22.10 CHECKED BY RA
OYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w o
E - 2 RESISTANCE PLOT 2—_ pLASTIC NATURAL |0 ue — REMARKS
=2 5] LIMIT MOISTURE - I
5. o |23 8 20 40 60 80 100 content  UMT O &
= - =]
(] w|3|a5| & [SHEAR STRENGTHKPa e v Wl Tg | CRANSEZE
ELEV DESCRIPTION {21 e | £ lz8| & —_————— DISTRIBUTION
DEPTH § 5 E > 8 e} § O UNCONFINED + FIELD VANE -Y (%)
By E|EY| L |e QUCKTRIAXIAL > LABVANE WATER CONTENT (%)
w 20 40 60 80 100 10 20 30 wim® |GR sa S oL
SILTY CLAY 27 =T
trace sand to sandy, tcace gravel, g 15| s8 46 °
hard, brown, damp y /
W
(GLACIAL TiLL) 77 167
(<11
4
18| 85 | 79 168
e
’
164.8 5% 185
18.2 ¥ ]
SANDY SILT any
some clay, trace gravel, P de 17| ss 65 c 2 10 72 16
dense to very dense, 1[4
brown, damp 1o maist A 64
{GLACIAL TILL)
163.2
19.8
CLAYEY SILT i 18| 58 | 44 163
sandy, trace tc some gravel,
hard, brown, damp
{GLACIAL TILL) 0
19
757 162
19| ss | 8 e
47 161
[t
180.7 "
223 |
SANDY SILT
frace o some graved, frace clay,
very dense, brown, damp to muist : P T . 1860
{GLACIAL TILL} Scm
169
100/
&’_ _500 Jan.21
—_ . 158 M |
] R
boutder :7 ] ngfg1%
J_ SCR=70%
157.1 i4 1 § RUN | NOQ RQD=4%%
25.8 157
BEDROCK - INTERBEDDED
DCOLOSTONE AND SHALE
Unweathered, thinly laminated, grey,
mediumn strength, argillaceous with I
unweathered, laminated, white, very RUNfZ "
low strength gypsum and cacite d 166 TCR-_BQ :(:
layers / veins and frequent SCR‘_% f‘
unwaathered, white, low strength, 2 | run | NO RQD=48%
coarse grained calcilic vugs.
154.8 155
282 End of Borehole
Unable to push vane beyend 12m.
Resistance to augering at 24.3m.
Borehole open o full depth and filled
with drill water upon completion of
drilling.
Borehole sealed with bentonite slurry
1o ground surface.

+ 3' % 3. Numbers refer to

Sensitivily

0¥ STRAIN AT FAILURE



‘ CORE LOG

% Terraprobe

Project . - Orientation Ground Elevation { Datum Borehole No.
High 406 T nin
ghway winning Verfical 183.0m Geodetic WS3
Location Welland. Onfari Dote Started Completed Logged By Sheet 1 of 1
efand, Bniario Jonuery 22, 2010 | Junuary 22, 2010 AW
W_P.: 80-99-0 Brilling Agency Drill Type Core Barrel & Bit Design| Project No.
280-99-00 oBW Track—Mount NQ 1-09-4135
Joini Charocteristics * g MPa
- x 2 -
£ L T
s Ble 3l |2 g 5| 8 5|83, 8%
- Lt o w =z [m ;]
z E GENERAL DESCRIPTION aig |, |8 gl e | & |e2|g8] = |8 |20z 23
= a - L slZ(r|le|2 5 < 2ulz* o v zxe |2
oy T Ole |z |= z | = = =z =2 o= = <
& e = Z @285 w |oo L s oo | =
i o = el =23 W = o qaw |z o [ OZx |5
| ] - o ([ H|lE|l || Z2ia L — e | 20 [=] Z0—
7] o n Z|Sjo|ln|e||< = 7 e | &0 ' 5] 201w
1 2 3 4 567 (8% (10711] 12 13 14 15 16 17 18 19
158.5 1 24.5 —_
158.0 +—25.0 Cverburden, refer {o Borehole Log WS3 —_
T Sandy Silt TILL, (Boulder 25.07 fo Z5.90m), T
157,51 25.5 refer %o Borehole Log WS3 T
I # ]
4 TCR |
1 g1 ] 53 NO
SALINA FORMATION BEDROCK SCR |
157.0 1 26.0 1B F|M|SPITE 70 T
+ INTERBEDDED DOLOSTONE AND SHALE 1B FVCISPyT | 1
I Unweathered, thinly forminoted, grey, o 1
medium strength, argitlaceous with 1
7 unweathered, laminated, white, very flow { 1 | B | F | M |SP| T N
156.5 —26.5 strength gypsum and calcite layers / T
-+ veins and frequent unweathered, white,
-+ low strength, coarse grained calcitic T
1 vugs. 4
156.0 +—27.0 4
1 g2 +
T o TCR T
T 1|8{F iM|sPIT]® % T 58 | no
155.8 —27.5 SCR—
1 96 .L
155.0128.0 e
1 End of Core Log 4
+ Rubbilized zones at: +
154.57-28.3 26.10-26.20m. 1
T Rubble indicated by ‘s’ T
154.0+29.0| 4
153.5~~29.5 -4
153.0 + 30.0 £
152.5+ 30.5 4

Remarks: 0.5m boulder present in recovered rock core al top of Run No.l

LEGEND:

interbedded
Dotestone ond Shole

Rubble

Sandy Silt TILL

f
i
i
i
I
|
|
i
|
|




ONTARIC MOCT 1-08-4135 WS BRIDGE.GPJ ONTARIO MOT.GDT 05/26/10

@ Ministry of
Transportation

Feundation Design

Ontario
RECORD OF BOREHOLE No WS4 1 0F 3 METRIC
W.P. 280-99-00 LOCATION Coords: N:47642023 E:327305.2 ORIGINATED BY _MP
DIST HWY _406 BOREHOLE TYPE __Solid Stem Augers / NQ Rock Coring COMPILED BY DB
DATUM _Geodelic DATE 01.28.10 - 02.01.10 CHECKED BY RA
SOIL PROFILE SAMPLES |, @ | RESreTANGE Py A TION
e 7 P NATURAL | 1o i REMARKS
EZ21 o umir - MOISTURE “rn| £ 5 &
= o |25 @ 20 40 60 80 100 CONTENT 5 8
= 4 |52 = LI e w w | 38 | GrANsEZE
alg| W 2 |25 @ [SHEAR STRENGTH kPa g
ELEV DESCRIPTION =2 & x (25| E —— DISTRIBUTION
DEPTH 5|3 Fa 3 |28 £ |0 UNCONFINED + FIELD VANE ¥ %
Eq= F|EC] @ |e QUCKTRIAXIAL X LABVANE WATER CONTENT (%}
182.7] Ground Surface w 20 40 60 80 100 10 20 30 ki’ |GR sS4 SI CL
25mm TOPSOIL
11 8s i 13 o
FILL - Silty Clay,
trace sand, trace gravel, 182
stiff 1o very stiff,
brown, damp to moist 2 ss 17 b
alss | 13 181
1806
2.1
SILTY CLAY ! 45
trace sand, trace gravel, 4 (55 45 T i 1 48 50
hard, brown, damp 180
5| ss | 45 e
179
6| 85 | 43 o
7| 85| &1 178
177.7
50
SILT
trace clay, trace sand, frequent silty
clay seams and parlings, 8 88 64 177 e
176.8 very dense, brown, damp
59
SILTY CLAY
trace sand, trace grave!, 9 88 37 °
stiff to hard, brown, damp
176
175 S
0] 88 | 37
174
1M1{ 8 ] & e | o 3 67 30
173
+
172 >
12| Tw | PH
1.3
+
171
2t
i3 S5 25 e 1 68 71 22
170
1.0,
n
169
14 | 88 23 o
168.0
147 ] 168
Continued Next Page
43, %3 Numbesreferto 3% oo AT FAILURE

Sensitivity



Minisiry of : . .
Transportation . Foundation Design

Ontario
RECORD OF BOREHOLE No WS4 2 OF 3 METRIC
W.P. 260-99-00 LOCATION Coords: N:4764202.3 E:327305.2 ORIGINATED BY _ mP
DIST HWY 406 BOREHOLE TYPE _ Solid Stem Augers f NQ Rock Coring COMPILED BY o8
DATUM _Geodetic DATE 01.28.10-02.81.10 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o W |RESISTANCE PLOT NATURAL REMARKS
Hel % PLASTIC poierime  LIAUIDY | =
= w158 B 20 40 €0 80 00 |UMT eonreny  UMIT] Z @ &
Sle [ = et o We w w | 28 | oransizE
aimi ¥ J]leal @ I|SHEARSTRENGTHkPa
ELEV DESCRIPTION bt [ 3 |z & T DISTRIBUTION
DEPTH < A= > 13 g < |o UNCONFINED + FIELD VANE ¥ %)
== Z |EC| @ |e QUOKTRIAXIAL X LABVANE WATER CONTENT (%)
L 20 40 60 80 100 10 20 30 «Nim' {GR SA SI CL
]
SILTY GLAY /
some sand, some gravel, g 15 35 1 120 — 17 17 48 18 |
hard, brown, damp to moist A ]
nos 167 |
[GLACIAL TiLL) 7% |
%% |
% |
I
166 T Jan.28
P Y i T !
| 88 | 73 Tamag
2% 165
s
164.0 P 7| ss | 102 @
: - 164
187 Py
SAND ARD SILT dRF
some gravel, trace clay,
cccasienal cobbles, cemented,
very dense, brown, damp {o moist i¥
(GLAGIAL TILL) 1 163
S8 67 ©
162
{48 D W o
A 13em
A 161
H
/ 160
wda0| se | 190 a 18 38 36 8
E| 159
85 | 177 158 o
Jan.29
Feb.01
— .88 ] 007 LT e I I B N EE T T s —
frequent cabbles [ Ocm RUN#
L] TCR=53%
156.4 1 {RUN | NO SCR=27%
28.3 RQD=12%
BEDROCK - INTERBEDDED
DOLOSTONE AND SHALE 156
Unweathered, thinly faminated, grey, RUNEZ
medium strength, argillacecus with TCR=100%
unweathered, laminated, white, very SCR=92%
low strength gypsum and calcite RQD=26%
layers { veins and frequent 2 | RUN | NQ
unwesthered, white, low strength, 155
coarse grained calciic vugs.
RUNEI l
TCR=5B%
3 {RUN | NQ 154 SCR=47%
RQD=22%
153.5 .
28.2 End of Borehole

ONTARIC MOT 1-08-4135 WS BRIDGE.GPJ ONTARIO MOT.GDT 05/26/10

ontinued Next Page
cen g +3 3, Numbers refer to

3%
' Sensitivity O™ STRAIN AT FAILURE



ONTARIC MOT 1-09-4135 WS BRIDGE.GPJ ONTARIC MOT GOT 05/26/10

Ministry of ! .
‘Transportation Foundation Design

Ontario
RECORD OF BOREHOLE No WS4 3 0F 3 METRIC
W.P, 280-89-00 LOCATION Coords:  N:4764202.3 E:327305.2 QORIGINATED BY _MP
DIST HWY 408 BOREHOLE TYPE __ Solid Stem Augers / NQ Rock Coring COMPILED BY o8
DATUM _Geodetic DATE 01.28.10 - 02.01.10 CHECKED BY. RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES - W |RESISTANCE PLOT i_ NATURAL - REMARKS
pel g PLSTC moisrure MR T 2
= o |22] % 20 40 60 80 100 CONTENT MITE = ©
9= 8152 = L L L L . W w w | 24 | cramnsizE
Ej®| W | 2 {25| © |SHEARSTRENGTHkPa 2
ELEy DESCRIPTION u £ | 2|z = —_————— DISTRIBUTION
DEPTH ! z Sl | 3 25| % |o unconFneD + FIELD VANE ¥ %
ElZ Z |£°] I |e QUEKTRIAXIAL x LABVANE WATER CONTENT (%)
w 20 40 60 80 10C 10 20 30 wim® {GR SA SI CL

Water level ai approx. 9.1m (not
stabifized) and hole opan to full depth
on completion.

Unable to push vane beyond 14.7m.

Resigtance to augering front 25.0m to
25.8m.

Piezometer installation consisis of a
18mm diameter, Schedule 40 PVC
pipe with a 1.52m siotted screen.

Water Level Readings:

Bate Deptn{m) Elevation{m}
Feb 0810 47 178.0
Apr.16.10 21 180.6
Apr29.10 51 177.6
May.04.10 5.7 177.0
May.06.10 4.1 1786
May.18.10 59 176.8

+3 3. Numbers refer to

3%
Sensitivity ] STRAIN AT FAILURE



CORE LOG

ﬁ Terraprobe

roct - 3 .
Projec Highway 406 Twinning Orlenfeho.n Ground Elevation | Dotum ] Borehele No.
Vertical 182.7m Geodetic WS4
Location weliang. 0 1"":’ Oate Started Completed Logged By Sheet 1 of 1
eliand, Onftario
! February 1, 2010 | February 1, 2010 AW
w.P.: 280-99-00 Drilting Agency Drill Type Core Barrel & Bit Design} Project No.
- DEW Track~Mount NQ 1-09-4135
N o 53 Q
Joint Characteristics N = MPa
zg [ 9 [
Ll I
" 3] w —
D P Slwld| |a g = & T 8z 8%
% é GENERAL DESCRIPTION Il Il o | ¥ W E T Eg .2 » N ZiE 1 EN
= a w | FIZ|EIZEl D] @ o |SS]ox ) Ewh z
= - =] 5l.i51Z21E:i2|=] T s 251 = a ZxZ jEx
& & 2 ZiL|elg8is(=l 2 w |lod [ w | oef iz
o 0. = sl 2 S| w < o= T f Zx o & OZy |3
b | ) > o|lolejaloid|a Lt — ro | OO Q ZO=
i a 4 z|Sjojnl|leic|=<]| = 17 tw [ xO [ 13} Son
1 2 3 4 51617189 101¢] 12 13 14 15 16 17 18 19
158.01+25.0 -+
157.5125.5 .
T Cverburden, refer to Borehole Log WS4 T
157.0 1 26.0 -4
1 # 1
T d ilt TILL, W TCR 1
T Send and Silt TILL, refer te Sorehole Leg WS4 ch 1 12 NO
1 SALINA FORMATION BEDROCK 1tatelelselT SCR 1
156.5126.5 |?> 27 |
1 INTERBEDDED OCLOSTONE AND SHALE 1 1
Unweathered, thinly laminated, grey, 1| 8fjFIivC|SPI T
T medium strength, argillaceous with T
T unweathered, laminaied, white, very low
+ strength gypsum and calcite layers / T
156.0 + 27.0 veins end frequent unweathered, white, —_
1 low strength, coarse grained caicitic N
1 vugs. 1
4 g2 1
T R T
135.5 1275 1B |F|cise|T |on 190 26 | wo
T SCR T
+4 92 ~+
155.0 1 28.0 .
154.5 —28.5 .
4 #3 1
T TCR T
T 1|8 F|C|SP{T |0w1 58 L go NO
1N SCR L
154.0 —29.0 47
T End of Core Log T
T Rubbilized zones ot: T
153.5+29.5 -
T+ 26.50-26.8Cm. T
4 Rubble indicated by 'a’. 4
153.0 1 30.0 -t
152.5 - 30.5 -T-
152.0 1 31.0 4
Ramarks: LEGEND:
Interbedded

Dolostone and Shale

Rubble

Sand and Siit TILL




DNTARIO MOT 1-08-4135 WS BRIDGE,GPJ ONTARIO MOT.GDT 05/28/10

Ministry of
Transporiation

Foundalion Design

Qntaric
RECORD OF BOREHOLE No SBL 12+750CL 1 OF 1 METRIC
W.P. 260-99-00 LOCATION Coords: N:4764219.9 F:327296.2 ORIGINATED BY __PK
DIST o HWY 406 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY D8
DATUM _Geodetic DATE 11.10.09 CHECKED BY RA
' DYNAMIC, GONE FENETRATION
SOIL PROFILE SAMPLES « W |RESISTANCE PLOT NATURAL REMARKS
el X PLASTIC ocrope Wauiop &
K o |28 8 20 40 60 8 100 |UMT coprent  UMITE S 8 &
9| g |22 z bl “ w w | 5% | cramsee
tlig| & o125 © |SHEAR STRENGTH kPa
ELEV. DESCRIPTION == g < = = b G DISTRIBUTION
DEPTH 2|5~ | 28| £ |c UNCONFINED  + FIELD VANE Y )
e z E° L e QUCKTRIAKIAL X LABVANE WATER CONTENT (%)
162.9| Graund Surface w 20 40 &0 80 100 10 20 30 wNm’ |GR SA SI CL
182.7 200mm TOPSOIL KA
0.2 FILL - Silty Clay, k] SS 8 o
frace sand, trace organics,
182.2 sliff, dark brown, moist § >
0.7
182
SILTY CLAY 2 [ 24 <
trace sand, >
very stiff to hard, brown, moist <
3 85 | 387 °
é 181
4| ss | 48 %!% o
> 180
5] 88 | 33 of i 0 0 60 40
Q 179
6| 88 | 20 > °
4 1q 178
% % =T
‘Q % 177
7| 88 | 27 > a
‘ 176
8185 | 34 175 e 0 4 68 28
{rage gravel 174
9185 21 o
173
0| TW PH Ol = e 211 6 3 65 26
>>__1.3
172
171.6 1.1
1.3 End of Borzhaole
‘Water level &t 10.4m {not stabllized)
and hele open to full depth on
completion.
Piezometer installation consists of a
19mm diameter, Schedule 40 PYC
pipe with a 3.0m slotted screan.
Waler Level Readings:
Dale Oepthim) Elevation{m)
Nov.19.09 46 178.3
Nav.30.08 78 176.1
Dec.0B.0% 4.1 178.8
Dec.15.09 3.2 179.7
Jan.04.10 a7 1802
Jan.11.10 2.7 180.2
Jan.12.10 26 180.3
Consolidation {est performad on
W10,
+3, %3, Humbersreferta 3% orpa iy AT FAILURE

Sensitivity




Foundation Investigation Report
Highway 406 Twinning - Port Robinson Road to East Main Street
Agreement No.: 2008-E-0016; W.P. 280-99-00

Bedrock Core Sample
Borehole: WS1
Runs:1,2,3&4
Depth: 27.5m — 32.2m

ﬁ Terraprobe Inc. Appendix A Project # 1-09-4135
C



Foundation Investigation Report
Highway 406 Twinning - Port Robinson Road to East Main Street
Agreement No.: 2008-E-0016; W.P. 280-99-00

i} 3 '
R ETY- < = -

87 ¥ 0 103548 a 52017

- -

Bedrock Core Sample
Borehole: WS2
Runs: 1 & 2
Depth: 26.8m — 29.9m

ﬁ Terraprobe Inc. Appendix A Project # 1-09-4135



Foundation Investigation Report
Highway 406 Twinning - Port Robinson Road to East Main Street
Agreement No.: 2008-E-0016; W.P. 280-99-00

Bedrock Core Sample
Borehole: WS3
Runs 1 & 2
Depth: 25.1m — 28.2m

ﬁ Terraprobe Inc. Appendix A Project # 1-09-4135



Foundation Investigation Report
Highway 406 Twinning - Port Robinson Road to East Main Street
Agreement No.: 2008-E-0016; W.P. 280-99-00

Bedrock Core Sample
Borehole: WS4
Runs: 1,2 &3

Depth: 25.8m — 29.2m

ﬁ Terraprobe Inc. Appendix A Project # 1-09-4135



APPENDIX B
Laboratory Test Results




GS8D 1-02-4135 WS BRIDGE.GPJ 05/27/10

GRAIN SIZE DISTRIBUTION

FIGURE B1

100

PERCENT FINER THAN

Date .

Project

Size of openings, inches

=4l A T 17 e Yo Fpn
Sy Uk Wi ¢

FILL - Sand and Gravel

U.5.8. Sieve size, meshesiinch

?10 16 30 40 EUGID 10 200
! 1 1

80

80

70

1

50

40

30

20

10

N w
a N

e

100

1 0.1
GRAIN SIZE, mm

0.01 ) 0.001

0.0001

COBBLE COARSE FINE

coarse [ mepm|  FINE

SILT and CLAY

SIZE

GRAVEL

SAND

FINE GRAINED

SYMBOL BOREHOLE DEPTH (m)

ELEVATION (m)

May 2010 ...

1-09-4135

SBL 12+685CL 0.3

182.4




GSD 1-09-4135 WS BRIDGE.GPJ 05/27/10

GRAIN SIZE DISTRIBUTION

FIGURE B2

100

90

g0

70

60

50

40

PERCENT FINER THAN

30

20

10

Size of openings, inches

FILL - Silty Clay

U.8.8. Sieve size, meshesfnch

?10 1[6 30 40 5060 1CIIO

w . 3 - . ! "
ey U gt o

200

N
H‘ b
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBRBLE| COARSE FINE COARSE l MEDLUM | FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED

SYMBOL BOREHOLE DEPTH (m) ELEVATION (m)
® WS1 1.0 181.7
b4 WS3 1.7 181.3

pate May 2010 . . .

Project .

1-:08:4135 .




ALTR 4-09-4135 WS BRIDGE.GPJ 05/27/50

ATTERBERG LIMITS TEST RESULTS

FIGURE B3

60

50

40

30

PLASTICITY INDEX

20

10

pate .May 2010

1-09-4135

Project

FILL - Silty Clay

CH
cl %
>
)
o
b4
cL
/ -
//
cL Ve
CL-ML / ML-OL MI-OI MH-OH
ML
10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BOREHOLE DEPTH({m) ELEVATION (m)
® WSH1 1.0 181.7
x WS3 1.7 181.3




(S0 1.08-4135 WS BRIDGE.GPJ 0512710

GRAIN SIZE DISTRIBUTION

FIGURE B4

100

90

80

70

60

50

40

PERCENT FINER THAN

30

20

10

pate . May 2010

SILTY CLAY

Size of openings, inches U.8.8. Sfeve size, meshesdnch
& 4 T vy 1?.?‘?. ?. -i. 850 15 -::1_‘1-: 40 sg- Lo 200
W s i f;_t:g‘c
"‘lﬁl{\\
’\x R
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FIGURE B5

Size of openings, inches

SILTY CLAY

U.S.8. Sieve size, meshesinch

& 4l 3 Vi 17 ¥ ¥ 3 4 B1D 16 30 40 5060 100 200
100 ﬁ*#ﬁ% ;,;ﬁﬁ Tl
L
Il , T

90 ‘@}%

s B %

0 x| \}e
g %\ §ﬁ
T \
= 80
5 SEN
4
o so
1=
Zz
: \ RN
¢ 40 \ 5\
] ]
: N

) ~ N

b %
20 ,‘\\
™
10 - M
: m

100 10 1 0.1 0.01 0.007 0.0001
GRAIN SIZE, mm
COBBLE| COARSE FINE CoARsE [ mEDM|  Fing SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
L SBL 12+750CL 3.2 179.7
X SBL 12+750CL 7.8 175.1
A SBL 12+750CL 10.1 172.8
* WS1 7.8 1749
© WS1 g3 173.4
e W51 13.9 168.8
pate May2010 . Prepd ... DB .
Project .1-09-4135 Ghkd. MP




GSD 1-08-4135 WS BRIDGE.GPJ 05/27THN0

GRAIN SIZE DISTRIBUTION

FIGURE B6

Size of apenings, inches

& 4lg- 3
L 4'&' 3

SILTY CLAY

U5 S Sieve sire, meshesfinch

810 16 30 40 060 100
1

100

90

]

AL

iy

70

60

|

A\

50

40

—
N
L

PERCENT FINER THAN

20

10
0
100 10 1 0.1 0.01 2,001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE FINE COARSE |MEDUM|  FwE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH{(m) ELEVATION (m)
® Ws2 1.0 182.1
X Ws2 2.5 180.6
A WSs2 6.3 176.8
* WwWs2 10.9 172.2
® wWs2 12.4 170.7
Date . May 2010 . Prep'd ...... BB .
Project . 1-00-4135 . Ghkd MP




GSD 1-09-4135 WS BRIDGE.GPJ 05/27/10

FIGURE B7
GRAIN SIZE DISTRIBUTION
SILTY CLAY
Size of gpenings, inches U588 Sieve size, mashesfinch
. 4l aw T 1% Y e
100 Bu 4[.’4 2 1'12- 1' ?‘P :I, 4 MM :32: 40 5060 190 200
TN
>t
9° N
%
. m Y }
A
70
- g\ﬁ'\
x
= 80
i \E
=
T oso \
= R
3 b
Q 40 | M \ >
" | R
AN
20 o
10
0 m Lel l i
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE FINE COARSE |MEDIUM|  FINE SILT and GLAY
S1ZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
) Ws3 3.2 179.8
4 WS3 4.7 178.3
A - WS3 7.8 175.2 '
* WS3 10.9 1721
@ Ws3 13.9 169.1 :
Date May 2010 . .. Prep'd ...... DB....
Project .1-09-4135. . chkd. ... MP




GSD 1-09-4135'WS BRIDGE,GPJ 05/27/10

GRAIN SIZE DISTRIBUTION FIGURE B8

Size of openings, inches

SILTY CLAY .

U.8.5. Sieve size, meshesfinch

IR s ‘fzﬂ?!i-_ 14 410 38 30 40 508D 100 200
100 ‘“ﬂ‘ == ey Sm—— N ‘
____‘q__‘_?___'._’_ | "\m \.\
90 n
5
) \}\\ *
70 o
Z
Z a0 b
ea '
£ 5 AX
b \
% 40 ‘\ E
.
30
| A
20 ‘\A
10
oLl
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE FINE COARSE ]Memuml FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
® WS4 2.5 180.2
b WS4 93 173.4
A WS4 12.4 170.3
Date May2010 . . . Prepd .....DB
Project 1-09-4135 . Chikd. MP




ALTR 14-09-4135 WS BRIDGE.GPJ 0527110

ATTERBERG LIMITS TEST RESULTS
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CORRECTED UNDRAINED SHEAR STRENGTH
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ATTERBERG LIMITS AND WATER CONTENTS FIGURE B21
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FIGURE B22
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FIGURE B24

HWY 406 TWINNING - WOODLAWN OVERPASS (SBL)
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FIGURE B27

HWY 406 TWINNING - WOODLAWN OVERPASS (SBL)
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APPENDIX C

Drawings titled “Borehole
Locations and Soil Strata”

Terraprobe Inc. ﬁ
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KEY PLAN
LEGEND
-‘- Bore Hole
-d} Dynamic Cone Penetration Test
-$- Bore Hole And Cone
N’ Blows/0.3m (Std Pen Test, 475 J/blow)
CONE Blows/0.3m (B0 Cone, 475 J/blow)
z WL at Time of Investigation
WL in Piezometer (MAY 2010)
I Piezometer
0% Rock Quality Designation
A/R Auger Refusal
o ELEV. COORDINATES
NORTHING EASTING
Wws1 182.7 4764 163.6 327 302.9
Ws2 183.1 4764 174.7 327 3134
Ws3 183.0 4764 192.6 327 2927
Ws4 1827 4764 202.3 327 305.2
SBL 12+685CIL | 1827 4 764 1604 327 3107
SBL £2+750CIL | 1829 4764 219.9 327 2062

NOTE

The boundarizs between soil strata have been established
only at Bore Hols locations, Between Bore Holes the
boundaries cre assumed from geofogical evidence.

This drawing is for subsurface information only. Surface
detaile and fedt are for i
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KEY PLAN

LEGEND

Bore Hole
Dynamic Cone Penetration Test
Bore Hole And Cone

N Blows/0.3m {Std Pen Test, 475 J/blow)
CONE Blows/0.3m {60° Cone, 475 J/blow)
z WL at Time of Investigation
WL in Piezometer (MAY 2010}
I Piezometer
90% Rock Quality Designation

A/R Auger Refusal
Yo v COURDINATES
NORTHING EASTING
Wws1 1827 4764 1636 327 303.8
ws2 1831 4764 1747 327 3134
W33 183.0 4764 1928 327 292.7
WS4 182.7 4764 202.3 327 305.2
SBL12+685CIL | 1827 4764 1604 327 319.7
SBL 12+750C/L 82,9 4764 219.9 327 296.2

NOTE
The boundarles between scil strata have been established
only at Bora Hole locations. Between Bore Holes the
boundaries are assumed from geological avidence.,

Thie drawing is for subsurface Information only. Surface
detailz and faatures are for conceptual ilfustration.
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