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FOUNDATION INVESTIGATION REPORT
TRILLIUM OVERHEAD, HIGHWAY 406 NBL
HIGHWAY 406 TWINNING
ONTARIO
AGREEMENT No. 2008-E-0016, W.P. 280-99-00, SITE: 34-464/1
GEOCRES. No. 30M3-255

PART 1: FACTUAL INFORMATION

1 INTRODUCTION

This report presents the factual findings obtained from a foundation investigation conducted at the
Trillium overhead bridge site on the proposed Highway 406 NBL 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 where the Trillium Railway crosses the existing Highway 406 at a signalized at
grade intersection with Highway 406 about 250 m south of Woodlawn Road in the City of
Welland, Regional Municipality of Niagara, Ontario.

At this site Highway 406 is a two-lane highway with gravel shoulders carrying both north and
south bound traffic. The Trillium Railway consists of a pair of tracks that crosses Highway 406 at
an approximately east-west orientation then heads north where it intersects Daimler Parkway.

The topography is generally flat and vegetation at this site consists primarily of deciduous trees and
wild bush. There is a small east to west flowing watercourse located approximately 40 m south of
the Trillium Railway tracks. This watercourse flows under Highway 406 via a 3.0m x 1.5m
concrete box culvert which will be replaced.

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
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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
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 4 and
February 17, 2010 and consisted of drilling and sampling six boreholes to depths ranging from
12.0 m to 35.0 m. The boreholes were labelled NBL 12+375Lt, NBL 12+440Rt, TN1, TN2, TN3,
and TN4 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. Utility clearances and permits
were obtained by Terraprobe 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 PVC 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.

The locations and completion details of the piezometers are shown in Table 3.1.

! Chapman and Putnam, “The Physiography of South Ontario”, 3" Edition, 1984.
2 Ontario Division of Mines, “Quaternary Geology Of The Welland Area”, Preliminary Map P.796, 1972.

ig Terraprobe Inc. 2
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Table 3.1 — Piezometer Installation Details

Piezometer Details
Piezometer Tip Depth/
Location Elevation Completion Details
(m)

NBL Piezometer with 3.0 m slotted screen installed with filter sand to 7.2 m,
1243751t 11.0/172.2 bentonite seal from 7.2 m to 6.6 m, drill cuttings from 6.6 m to 0.6 m and
bentonite seal from 0.6 m to ground surface.

NBL Piezometer with 3.0 m slotted screen installed with filter sand to 8.5 m,
124440Rt 12.2/170.8 bentonite seal from 8.5 m to 7.9 m, drill cuttings from 7.9 m to 0.3 m and
bentonite seal from 0.3 m to ground surface.

Hole sealed to 25.9 m with bentonite piezometer with 1.5 m slotted
N2 25 9/158.3 screen installed with filter sand to 23.5 m, bentonite seal from 23.5 m to
’ ’ 1.5 m, sand from 1.5 m to 0.3 m and a flush mounted casing installation
from 0.15 m to ground surface.
Hole sealed to 19.8 m with bentonite, piezometer with 1.5 m slotted
N3 19.8/164.3 screen installed with filter sand to 17.7 m, bentonite seal from 17.7 m to
) ’ 0.3m, and a flush mounted casing installation from 0.15 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 (VI) 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 test 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 these appendices 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 29.6 m to 30.6 m of overburden soils
consisting of fill material (sandy gravel, silty sand and silty clay) and native deposits of silty clay,
silty clay to clayey silt till, sandy silt to silty sand till, and sand and gravel till. These soils are
underlain by bedrock of the Salina Formation.

ig Terraprobe Inc. 3
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51 Topsoil

Topsoil was encountered at this site beyond the gravel shoulders of the existing Highway 406.
Topsoil ranged from 50 mm to 130 mm in thickness. Topsoil thickness may vary between and
beyond the boreholes.

52  Fill - Silty Sand

Cohesionless fill material consisting of silty sand with some gravel was encountered at this site
extending to a depth of 1.4 m (Elev. 182.1 m) below ground surface.

The results of a grain size distribution test conducted on a sample of this fill is illustrated in
Figure B1. These results show a grain size distribution consisting of 13% gravel, 65% sand and
22% silt and clay size particles.

Standard Penetration tests in this silty sand fill gave ‘N’ values that ranged from 14 to 16 blows for
0.3 m penetration. Based on these results the fill is considered to have a compact relative density.
The moisture content of samples of this fill ranged from 14% to 19% by weight.

5.3 Fill - Sandy Gravel

Boreholes drilled through the shoulders of the existing Highway 406 encountered fill material
consisted of sandy gravel and gravel with some sand containing trace to some silt. This granular
fill extends to depths ranging from 0.7 m to 0.8 m or to elevations ranging from 183.4m to
183.3 m.

The grain size distribution plots of tested samples of this granular fill are presented in Figure B2.
These results show a grain size distribution consisting of 66-72% gravel, 17-27% sand and 7-11%
silt and clay size particles.

Standard Penetration tests in the granular fill gave ‘N’ values that ranged from 19 to 53 blows for
0.3 m penetration. Based on these results the granular fill is considered to have a generally compact
to very dense consistency. The moisture content of samples of the granular fill ranged from 2% to
6% by weight.

54 Fill - Silty Clay

Silty clay fill material was encountered at this site extending to depths ranging from 1.4 mto 2.9 m
below ground surface and elevations of 182.1 m to 180.1 m.

The grain size distribution plots of tested samples of this fill are presented in Figure B3. These
results show a grain size distribution consisting of 13-15% gravel, 12-18% sand, 41-53% silt and
22-26% clay size particles.

%
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A sample was also subjected to an Atterberg Limits test and the results are presented in Figure B4.
The index values from these tests are summarized below:

Liquid Limit: 24%
Plastic Limit: 14%
Plasticity Index: 10%

Natural Moisture Content:  15%
These values are characteristic of clayey soils of low plasticity.

Standard Penetration tests in the silty clay fill gave ‘N’ values that ranged from 6 to 35 blows for
0.3 m penetration. Based on these results the fill is considered to have a firm to hard consistency.
The moisture content of samples of the silty clay fill ranged from 6% to 23% by weight and a
moisture content of 44% (by weight) was recorded from a sample retrieved from an organic rich
zone in the fill.

55 Silty Clay

A native 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 ranging from 14.7 m to 15.2 m below
ground surface or to elevations ranging from 169.5 m to 168.8 m. The approach boreholes were
terminated in this deposit at depths of 12.0 m (Elev. 171.3 m) and 13.4 m (Elev. 169.6 m).

The grain size distribution plots of tested samples of the silty clay are presented in Figures B5 to
B9 inclusive. These results show a grain size distribution consisting of 0-7% gravel, 1-7% sand,
36-87% silt and 12-58% clay size particles. One tested sample from borehole TN3 at
approximately 5.5 m depth (Elev. 178.6 m) contained 41% sand and was described as sandy.

Samples were also subjected to Atterberg Limits tests and the results are illustrated on the plasticity
charts, Figures B10 to B13 inclusive. The index values from these tests are summarized below:

Liquid Limit: 23-45%
Plastic Limit: 16-23%
Plasticity Index: 5-23%

Natural Moisture Content: 12-30%

These values indicate that the silty clay has a generally low to intermediate plasticity with
occasional clayey silt zones.

Standard Penetration tests in this stratum gave ‘N’ values that ranged from 9 to 50 blows for 0.3 m
penetration. Field vane tests gave in-situ undrained shear strengths ranging from 40 kPa to in
excess of 100 kPa. An unconfined compression test gave an undrained shear strength of 93 kPa
and laboratory vane tests on relatively undisturbed Shelby tube samples gave undrained shear
strengths ranging from 52 kPa to 72 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 from
this stratum ranged from 12% to 30% by weight and the unit weight of tested samples ranged from
20.6 kN/m*® and 20.7 kN/m®.

ig Terraprobe Inc. 5
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The variation of undrained shear strength with elevation is depicted in Figure B18. 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 shear strength i.e. in excess of
100 kPa. Below Elev. 176.0 m the undrained shear strength decreases with depth and is about
60 kPa at Elev.174.0 m. Below Elev. 174.0 m the trend indicates increasing undrained shear
strength with depth.

The Atterberg Limits tests results are also plotted against elevation, Figure B19. These results
illustrate that the natural moisture contents are generally below or slightly above the plastic limit up
to Elev. 178.0 m. Below Elev. 178.0 the moisture content is slightly above the plastic limit with a
trend of increasing moisture content with depth.

Consolidation tests of the silty clay deposit were also performed on Shelby tube samples retrieved
from Boreholes NBL 12+375Lt and NBL 12+440Rt and the results are presented in Figures B20 to
B25 inclusive. These results indicate an estimated preconsolidation pressure that ranges between
310 kPa and 480 kPa.

5.6 Silty Clay to Clayey Silt Till

Discontinuous layers of silty clay to clayey silt till were encountered at this site extending to depths
ranging from 27.7 m (Elev. 156.4 m) to 28.4 m (Elev. 155.1 m) below ground surface.

The grain size distribution plots of samples of the silty clay to clayey silt till deposits are presented
in Figure B14. These results show a grain size distribution consisting of 0-11% gravel, 4-22%
sand, 38-63% silt and 12-42% clay size particles. Till soils can also be expected to contain random
cobble and boulder inclusions.

Samples of the silty clay to clayey silt till were also subjected to Atterberg Limits tests and the
results are presented in Figures B15. The index values from these tests are summarized below:

Liquid Limit: 17-32%
Plastic Limit: 11-16%
Plasticity Index: 6-16%

Natural Moisture Content:  9-29%
These values indicate that the silty clay to clayey silt till has a low plasticity.

Standard Penetration tests in the silty clay to clayey silt till yielded ‘N’ values ranging from 14 to
more than 100 blows for 0.3 m penetration. Field vane tests gave in-situ undrained shear strengths
ranging from 88 kPa to in excess of 100 kPa. These values indicate that the consistency of the silty
clay to clayey silt till is generally very stiff to hard with occasional stiff zones. Moisture contents
of samples of the silty clay to clayey silt till range from 7% to 25% by weight.

%
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5.7 Silty Sand to Sandy Silt Till

The site is underlain by discontinuous granular till deposits ranging from silty sand to sandy silt.
These deposits extend to depths ranging from 23.9 m to 30.6 m below ground surface or to
elevations ranging from 160.3 m to 153.0 m.

The results of grain size distribution tests conducted on samples obtained from these till deposits
are illustrated in Figure B16. These results show grain size distributions of 4-27% gravel, 28-72%
sand, 15-34% silt and 6-17% clay size particles. Till soils will also contain random cobble and
boulder inclusions.

Standard Penetration tests in these deposits gave ‘N’ values that ranged from 43 to more than
100 blows per 0.3 m penetration indicating a dense to very dense relative density. The moisture
content of samples from these strata ranged from 6% to 28% by weight.

5.8 Sand and Gravel Till

Layers of sand and gravel and gravel and sand till were found overlying bedrock in Boreholes TN2
and TN3. These deposits are approximately 1.9 m to 2.1 m thick and extend to depths of 29.6 m
and 30.5 m below the ground surface, or elevations of 154.5 m and 153.7 m.

Grain size distribution tests were performed on representative samples from these deposits and the
results are illustrated in Figure B17. These results show grain size distributions of 31-39% gravel,
33-36% sand, 18-29% silt and 7% clay size particles. Till soils will also contain random cobble and
boulder inclusions.

The blow counts from Standard Penetration tests conducted in these deposits ranged from 23 to
more than 100 blows for 0.3 m penetration indicating a compact to very dense relative density.
The moisture content of samples from these strata ranged from 6% to 8% by weight.

5.9 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)
TN1 30.5 153.0
South Abutment TN2 30.5 153.7
TN3 29.6 154.5
North Abutment TN4 30.6 153.4

The bedrock is described as unweathered and its colour is generally grey. It is thinly laminated
with white unweathered gypsum and calcite veins and coarse grained calcitic vugs. Total core
recovery in the bedrock generally ranged from 36% to 100% and a recorded TCR of 0% was
obtained in the first run of Borehole TN2.

A
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The RQD values ranged widely from 0% to 67% but generally most of the RQD values were below
50%. Rubble and highly fractured zones were observed in the rock cores, which contributed to the
relatively low RQD values. The core data also reveals that there is no trend of improving rock
quality with depth. Based on these results the rock quality is considered to be very poor to poor
with occasional zones of fair quality rock.

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

Water Levels

Borehole Date Depth (m) Elevation (m)
November 19, 2009 5.8 177.5
NBL November 30, 2009 3.2 180.1
1243751t December 07, 2009 1.3 182.0
December 15, 2009 1.8 181.5
January 19, 2010 1.7 181.6
November 09, 2009 8.2 174.8
NBL November 19, 2009 2.1 180.9
12+440Rt November 30, 2009 1.9 181.1
December 08, 2009 1.9 181.1
April 16, 2010 2.6 181.6
N2 April 29, 2010 1.6 182.6
May 04, 2010 6.2 178.0
May 06, 2010 6.2 178.0
April 16, 2010 3.9 180.2
April 29, 2010 4.7 179.4
TN3 May 04, 2010 8.7 175.4
May 06, 2010 9.4 174.7
May 18, 2010 3.8 180.3

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. £181.5 m.

All ground water observations at this site are short term and the levels are expected to fluctuate
seasonally 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.

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

‘?g Terraprobe Inc. 8
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Prepared by:
R. Abdul, P.Eng.,
Senior Geotechnical Engineer

Report Reviewed by:
Michael Tanos, P.Eng.,
Review Principal
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pe  kght  DENSITY OF ORY SOIL \w %  PLASTICUMIT h m HYDRAUUC HEAD OR POTENTIAL
e KN UNITWEIGHT OF ORY SOIL s %  SHRINKAGE UMIT q aifs  RATE OF DISCHARGE

Pe kghW  DENSITY OF SATURATED SOIL te %  PLASTICITY INDEX = (w( - we) v as  DISCHARGE VELOGITY

T KNAT UNIT WEIGHT OF SATURATED SOH. L 1 LIQUIDITY INGEX = (w - wi)fie i 1 HYDRAULIC GRADIENT

¢ kght'  DENSITY OF SUBMERGED SOIL 1S 1 CONSISTENCY INOEX = (w_ —wifp K s HYDRAUUIC CONDUCTIVITY
Y K’ UNIT WEIGHT OF SUBMERGED SOIL Gue 1% VOIDRATIOINUOOSEST STATE i KM SEEPAGE FORCE



EXPLANATORY SHEET FOR CORE LOG

Cotumn Number

1 Elevation of borehole collar.

2. Depth of geotechnical boundary in borehole
3. Geologic symbal for rock or soil material

4 General description of geotechnical unit -

qualitative description, including rock type(s), percentage rock types, frequency and sizes of interbeds, colour,
texire.

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 joiat C = Cross joint
7. Orientation: only varfations in dip can be identified in core; dip direction is from field mapping or oriented core:

F=Fiat=0-20° [} = Dipping = 20 - 50° V = Vertical = 50 - 90°
8. Joint spacing: this is an approximate measure of spacing between joints in specific joint sets.

f sSPACING >3m

VERY WIDE

Im—-3m
WIDE

03m-1m
MODERATE

50 mm — 300 mm
CLOSE

< 50 mm
VERY CLOSE

9. Roughness:
RU = Rough Undulating
SU = Smooth Undulating
LU = Slickensided Undulating

RP = Rough Planar
SP = Smooth Planar
LP = Stickensided Planar
Filling:
Approximate @
T =Tight, hard, non-softened
O = Oxidation surface staining only
SA = Slightly altered; clay-free
S = Sandy particles; clay-free
Si = Sandy and silty, minor clay
NC = Non-softening Clays; Smm
8C =Sweliing Clay fillings; Smm
Aperture: estimated size of joint opening.
Degree of weathered rock material:

DEGREE
UNWEATHERED
SLIGHTLY WEATHERED
MODERATELY WEATHERED
HIGHLY WEATHERED
COMPLETELY WEATHERED

Strength of rock material:

25-35
25-30
25-30
20-25
16-24

6-12
11.

12.

DESCRIPTION ]
NO SIGNS OF DISCOLOURATION OR OXIDIZATION
PARTIAL DISCOLOURATION; FRACTURES (JOINTS), TYPICALLY OXIDIZED
TOTAL DISCOLOURATION
TOTAL DISCOLOURATION; TYPICALLY FRIABLE AND FITTED
RESEMBLE A SOIL; ROCK STRUCTURE - USUALLY PRESERVED

MPa

VERY HIGH

STRENGTH

SPECIMEN CAN ONLY BE CHIPPED BY GEOLOGICAL HAMMER

> 200

HIGH
STRENGTH

SPECIMEN REQUIRES A NUMBER OF BLOWS OF A GEOLOGICAL HAMMER TO FRACTUREIT;
CANNOT BE SCRAPED WITH POCKET KNIFE

MEDIUM
STRENGTH

SPECIMEN CANNOT BE FRACTURED BY A SINGLE, FIRM BLOW OF GEOLOGICAL HAMMER:; CAN
BE SCRAPED WITH POCKET KNIFE, NOT PEELED

LOW
STRENGTH

SHALLOW INDENTATIONS MADE BY FIRM BLOW WITH POINT OF GEOLOGICAL HAMMER; CAN
BE PEELED WITH POCKET KNIFE WITH DIFFICULTY

YERY LOW
STRENGTH

CRUMBLES UNDER FIRM BLOW WITH POINT OF GEQLOGICAL HAMMER: CAN BE PEELED

Fracture frequency: number of natural joints occurring over a meter length of core. All natural Joints are counted irres

FRACTURE FREQUENCY JOINT SPACING LENGTH
03 m VERY WIDE >3m
03-1m WIDE fm-3m
1-3m MODERATE 0083 m-1m
31-20m CLOSE 0005 m-003 m
20m VERY CLOSE <0.005m

pective of the number of joint sets.

15.
(i)
(i)

Run number and Core Recovery
Drill run number

Total Core Recovery is the total len
length of that core run.

Rock Quantity Designation (RQD): The total length of those pieces of sound core which ate 6.0

as a percentage of the total length of that core run. Sound pieces of rock are those pieces separat
subsequent artificial breaks.

gth of core pieces, irrespective of their individual lengths obtained in a core run, and expressed as a percentage of the

1 metres or greater in length in 2 core rur, expressed
ed by natural breaks and not machine breaks or

Rock Mass Classification {after Deare)
RQD (%%} 0-25 25-50 50-75
DESCRIPTION VERY POOR POOR FAIR

Core and Casing sizes: changes of care and casing sizes are indicated.
Water recovery, leve! and tests:

percentage drill water recovery

water level depth

positions and results of tests, e.g., permeability and packer tests

75-90
GOOD

90 - 100

EXCELLEN'L]

17.
't

(i}
(i)



LIMITATIONS AND RISK

Procedures

The soil conditions were confirmed at the borehole and test pit locations only and conditions
may vary between and beyond the boreholes. The boundaries between the various strata as
shown on 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 technique’s and engineering
analysis methods consistent with those ordinarily exercised by Terraprobe and other
engineering practitioners, working under similar conditions 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 engincering or related disciplines
are applied to identify subsurface conditions. Even a comprehensive 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 scheduling. 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

This report was prepared for the express use of the Ministry of Transportation, its retained
design consultants and Giffels Associates Ltd./IB| Group. lt 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 Ltd./iB] Group, are
-authorized users.



ONTARIO MOT 1-08-4135 TN BRIDGE.GFJ ONTARIC MCT.GDT 06/21/10

@ Ministey of
Transperiation

Foundation Design
Ontaric
RECORD OF BOREHOLE No NBL 12+375Lt 1 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4763888.1 E:327476.6 CRIGINATED BY _aw
DIST HWY 408 BOREHCOLE TYPE _ Hollow Stem Augers COMPILED BY CB
DATUM _Geodetic DATE 11.18.09 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o u RESISTANCE PLOT
| 2 PLASTIC MATURAL quip] | & | REMARKS
5| . @ §CZ) 2 0 40 80 B0 100 |UMT - ooneny  HMO o &
= g = w
ELEV DESCRIPTIO 218 ¢ |3126]| 2 [sHeARSTRENGTH KPS oW T F |oemmeomon
DESTH N Z|3| F | 3 {338 £ |o UNCONFINED  + FIELDVANE ¥
== 7 Y| @ e QUCKTRIAXIAL 3 LABVANE WATER CONTENT (%) @
183.3| Ground Surface w 20 40 60 80 100 0 20 30 Wm® |GR SA St GL
1532 130mm TOPSOIL ]
0.1 i 85| 19 183
FILL - Silty Clay,
trace o some sand,
Irace to some gravel, Irace organics, a
accasianal cobbles,
very sliff, dark brown { brown, moist z 88 % < % 182 o 18 16 41 26
3| 55| 28 %!Q o
181.2
2.4 > >
SILTY CLAY < 4 181
trace sand, 44 85| 2 °
sliff ta very stiff, brown, moist %
5| ss1 20 % % 180
> > 179
6| ss 26§> ofb—1— 0 4 88 27
§ § 178
7| ss| 1 i i 177
1l e
8| 55| 12 fo—— 0 3 &8 29
175
8
1.1
»>4
o | Tw | PH 174 { } 206 {3 3 65 28
1.6
4
173 t4
+
110} ss | 12 e 0 3 71 36
172 -
e
1713 o112
120 End of Borehole
Borehole was dry (not stabilized) and
hole open to full depth on completion.
Consolidation test parformed on

Conlinuad Nexl Page

43 3¢ ¥, - Numbers refer to
: Sensitivity

3%
G STRAIN AT FAILURE




ONTARIO MOT 1-09-4135 TN BRIDGE.GPJ ONTARIQO MOT.GDT 06/24/10

@ Minisiry of
Transporiation

Foundation Design

Ontario
RECORD OF BOREHOLE No NBL 12+375Lt 2 OF 2 METRIC
W.P. 264-99-00 LOCATION Coords:  N:A7638881 F-3274766 ORIGINATED BY Aw
DIST Hwwy 406 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY DR
DATUM _Geodelic DATE 11.18.09 CHECKED BY RA
SOIL PROFILE SAMPLES |, 6 |RET AR BENETRATION CATURAL
o} P = REMARKS
Eut & == molsTuRe  Hauio
5| . @ ég b 20 a0 &0 80 s [UMT eyt 30 &
o] £] =2 2 GRAIN S1ZE
ELEV EZ a8 % 2 E ;9- SHEAR STRENGTH kPa wlp————\:——*—v:k E DISTRIBUTION
DEPTH DESCRIPTION 13| k| 5|28| 5 [ouncowmen  + rEDvane ¥ %)
ElZ T JE°] @ |e QUICKTRIAXIAL X LAB VANE WATER CONTENT (%) (
w 20 40 B0 60 100 10 20 30 wim® |GR sA s L
Piezomeler installation consists of 2
19mm diameter, Schedule 40 PVC
pipe with a 3.0m stolted screen.
Water Level Readings:
Date Depth{m)  Elevation{m}
Nov.i9.08 58 177.5
MNov.30.08 32 180.1
Deco7.09 1.3 182.0
Dec.15.08 148 181.5
Jan.19.10 17 181.6
+ 3. xa Numbers refer to Q% STRAIN AT FAILURE

Sensitivily



OINTARIO MOT 1-09-4135 TN BRIDGE.GPJ ONTARIO MOT.GDT 05/21/10

@ Ministey of
Transportation

Foundation Design

QOntario
RECORD OF BOREHOLE No TN1 1 OF 3 METRIC
WP 280-99-00 LOCATION Coords:__N:4763901.9 E;327473.4 CRIGINATED BY __ wP
DIST HWY 406 BOREHOLE TYPE _ Hollow Stem Augers / Casing and Washbaring / NQ Rock Coring COMPILED BY oB
DATUM _Geodeiic DATE 12.10.09 - 12.14.09 CHECKED BY RA
SOIL PROFILE SAMPLES |, w | RESRTANCE FLos T RATION '
W X = PLASTIC MALIRAL — joup = REMARKS
Z|l LiMIT YRE £ E &
5 . @ ‘g‘o b 20 4 €0 B0 100 CONTENT H %
b ] = El Z W, W W, GRAIN SIZE
ELEV. DESCRIFTION el g | g 12g| 2 |SHEARSTRENGTHkPa — o = | DisTRIBUTION
DEPTH z El = 8% < | O UNCONFINED + FIELD VANE ¥ %)
5 z F4 %‘-’ i e QUICKTRIAXIAL X LAB VANE WATER CONTENT (%)
183.5| Ground Sudface o 2; 40 B0 80 100 0 20 30 KN/fm* fGR SA Sl CL
|a6;1> 50mm TCPSCIL
' 1 S8 a
FILL - Silty Sand, 183
some grave!, trace organics,
compact, black f brown, moist
2| ss o 13 65 (22)
182.1
" SILTY CLAY 162
Irace sand, 3 88 9
oocasional gravel inclusions,
stiff 1o hard, brown, damp to moist
P45
41 83 181 1 0 1 41 58
5 | ss P
180
6 | ss 9
179
7| 88 I — 14 54 4t
g | sg 178
9| 88 °
177
176
10] ss fet— 0 2 88 30
COmmence
casing and
{75 - washboring
- B
11| 8% °
174
1.6
173 1.2
T
12 | 8§ e 1 7 68 23
5.
172 i
JRE
15| W 171
|15
170
>>1
4| 88 o
0
168.6 169 =T
14.7
Continued Next Page 3 .3 Numb for i N
x ¥, Numbersreferlo 3% crpa AT FAILURE

Sensilivity



ONTPLRIO MOT 1-09-4135 TN BRIDGE.GPJ ONTARIO MOT.GOT 05/21110

@ Ministry of
Transportation

Foundation Design

Sensilivily

Cntarig
RECORD OF BOREHOLE No TN1 2 OF 3 METRIC
W.P. 280-93-00 LOCATION Coords. N:4763901.8 E:327473.4 ORIGINATED BY _mp
DIST HWY 406 BOREHOLE TYPE _ Hollow Stem Augers f Casing and Washboring / NQ Rock Coring COMPILED BY oB
DATUM _Geodetic DATE 12.10.09 - 12.14.09 CHECKED BY. RA
SOIL PROFILE SAMPLES |, | w [RESC CONE FENETRATICN
Wl MOSTORE  LIauID & REMARIS
51 . 0 |58 & 2 40 80 80 100 [T coprey Tl £a &
par] B = ouw RA
ELEV. DESCRIPTION C|E8| 8| 3 |Sg| 2 [SHEARSTRENGTHKPa — = azssmlgjﬁgw
DEPTH < sl | 3 28 S [ C UNCONFINED + FIELD VANE ¥ .
el = F|gC| L |e quckTRAXIAL  x LABVANE WATER CONTENT {%) o
o 2 40 60 80 100 i 20 30 i’ [GR SA Si €L
SILTY CLAY / g =1
trage to some sand, trace grave!, 4 15| s5 32 168 +— 4 12 57 27
very siiff to hard, LA
brown, damp o moist A
(GLACIAL TILL) f’ M
/'./
1 167
)
7 13y
v 16| 88 28em a
ek
15 166
45!
o
o) 17| oss |17 165
/f Dec.10
paat
163.8 i) 164
19.7 P
SAND
some sill, trace clay, trace gravel, 18 S5 60 e 772 15 6
very dense, grey, wet 2
(GLACIAL TILL} 163
i
162.0 i o
215 7 19| 8§ 7 162
CLAYEY SILY 4 o
trace o some gravel, trace sand, %7
hard, brown, maist e
%
(GLACIAL TILL) o] 161
%7
:/'.' 20| ss | o8 g
1k 160
99
159.6 Y
239 1P
SILTY SAND
trace to some clay, 1%
trace gravel, @y 159
very dense, brown, wet 411 2¢ 1 88 73 4 51 28 17
1
(GLACIAL TILL) 1.4
‘.7 - 158
Ittlez| ss | 78 o
:_ / 157 Dec.11
156.6 dARE Dec.14
269 3
CLAYEY SILT TQ SILTY CLAY 1744
some gravel, trace to some sand, A
very siiff, brown, wet 5% 156
] 23| 85 | 19 o
(GLACIAL TILL) 2
4
155.1 4] P
8.4 pay 165
SILTY SAND
some graved, trace clay,
very dense, brown, moist to wet 14
(GLACIAL TiL) #124| S8 [ %0
154
Continued Next Page N
L/
+3 53, Numbersreferts 3% oo AT FAILURE



ONTARIO MOT 1-09-4135 TN BRIDGE.GPJ ONTARD MOT.GDT 05/21/10

@ Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No TN1 3 0F 3 METRIC
W.P. 280-99-00 LOCATION Coords: N:4763801.9 E£:327473.4 ORIGINATED BY MpP
DIST HWY 406 BOREHOLE TYPE _Holiow Stem Augers f Casing and Washboring / NG Rock Coring COMPILED BY DE
DATUM Geodetic DATE 12,1009 -12.14.09 CHECKED BY a4
SOIL PROFILE SAMPLES | . 0 |REEITANGE ProT LA TION
Wyl & - _ pLagTic SATURAL 4 quip CE REMARKS
& REEIR: 20 40 80 80 100 [UMT  conTENT T 56 &
9l e gl =z - L - W, ow GRAIN SIZE
ELEV Elg| w3 {cE| & {SHEARSTRENGTHkPa " b e S
DESCRIPTION =1 = < z3 E _ CISTRIBUTION
DEPTH 215 fon > {88 £ |© YNCONFINED + FIELD VANE Y %)
Bl 2 €9 L e QUOKTRIAXIAL x LABVANE WATER CONTENT (%)
w 20 40 B0 80 100 10 20 30 kim® |GR SA SI oL
153.¢
305 153
SEDROCK - INTERBEDDED ki
DOLOSTONE AND SHALE SCR—'ST"JZ
Unwealhered, thinly iaminated, grey, RQ[):f, v
medium strength, argillaceous wilh 1 | RUN | NQ o8
unweathered, {aminated, white, very 152
tow strength gypsum and calcite
jayers f veins and frequent
unweathered, white, low strength,
coarse grained calgitic vugs. P ————
RUN#Z
TCR=93%
151 SCR=83%
2 | RUN | NQ RGQD=67%
150.0 180
338 End of Borehole
Borehote open t¢ full depih and filled
with drill water upon comptetion of
drilling.
Unable to push vane to 16.4m and
28.6m.
Borehole sealed with bentonite slurry
to ground surface.
b .,
+3 3. Numbers refer lo o3% STRAIN AT FAILURE

Sensitivily



Project Highway 408 Twinning 0r1enfuho_n Ground Elevation | Datum Borehole No. N1
Vertical 183.8m Geodetic
Location Weliand. Ontari Date Started Compleled Logged By Sheet 1 of 1
eliand, Ontar|
e December 14, 2008|Decernber 14, 2009 Aw
W.p.. 280-99-00 Drilling Agency Drili Type Core Barrel & Bit Design Project No.
-98- DEw Track—Meunt NQ 1-09-4135
Joint Characteristics = ] wPa
- z g -
E i L 3] L I~
= ) 2lulz . o N 3 N =) on
z E GENERAL DESCRIPTION AR RS 0 wl 2§ 2 |wa| 01 . | W | Y6, LE
] £ » Eiciols | = 5 |z5ice| ® A e =
o e o siclz1z2iz|gl2] z | 2512 o el | =%
& & = z|W|9|8SI5(5F L {oo w w | oeE | =
& 51 2 s|gl|lz|2i3(3le| & | 2 |g2|32| |5 |23& |5
o a n z|l=|o|lujie|Tid| = v il |&0 | e O | 5o
1 2z 3 4 S{e}7]8|9]ioj11] 12 13 14 15 16 17 18 19
153.5—1 30.0 o
- Overburden, see Borehole Log TN1
153.0 +— 30.5 pemm—s P
I 11 B|F [VCIRP| T 110 T
[
SALINA FORMATION BEDROCK 1|le|Frlc|relT t;: +
152.5 -
INTERBEDDED DOLOSTONE AND SHALE 0 #1 ]
Unweathered, thinly lominaled, grey, TIB|F|VC|RP|T '|° TCR
medium strength, orgilloceous with s T 9% NQ
unweaihered, lominaled, while, very low o scr T
strength gypsum and colcite layers / TIBIFICIRP|T | 87 T
152.0 veins ond frequent unwecthered, white, 1 i
low strengfh, coarse grained calcitic a +
vugs. 1{B|F [VCIRP] T |zn i
o 1
1 B|FJjCi{SP|T!w T
151.5 2 41
11 B|F |VC[SP| T 4
151.0 s{elrlciseir 2T
a Ter |
) 2L ez | no
1 SCR |
2 1BC|FVY|VCISP| T 83
150.5 4
1iBiFC|rRP|T ::
150.0 1=
T End of Core Log T
T Rubbilized zones at: T
149.5 1+ 34.0 £
T 30.50-30.53m; 31.10-31.15m; i T
R 31.63-31.66m; 32.10-32.13m; 1
1 32.85-32.95m. 1
i Rubble indicated by '¢’. | N
1490 — 34.5 . . T
148.5+ 35.0 =4
148.0 4~ 35.5 —+
Remarks: LEGEND:

Inferbedded
Dolostone and Shale

Rubble




Ministry of
@ Trans{:?;matlon Foundation Design
Ontario

CONTARIO MOT 1-09-4135 TN BRIDGE.GPJ ONTARIO MOT.GDT 082140

RECORD OF BOREHOLE No TN2 1 OF 3 METRIC
W.P. 2B80-99-00 LOCATION Coords: N:4763920.1 E:327481.1 ORIGINATED BY _aw
DIST HWY 406 BOREHOLE TYPE _ Hollaw Stem Augers / NQ Rock Goring COMPILED BY CB
DATUM _Gecdetic DATE 02.05.10-02.17.10 CHECKED BY RA
SOIL PROFILE SAMPLES |, | w |RESeTANCE b or CIRATION
Gyl 2 o NATURAL  qup| £ | REMaRks
51 o o |2 gl @ 20 40 60 80 d00  [UMT O eonrEnt Ea &
= s =z >y RAI
ELEV DESCRIPTION BBl 8| 2|2 g 8 [SHEAR STRENGTH KkPa e . " £ Dg;;gfﬁgN
DEPTR Z | r > |38 T | O UNCONFINED + FIELD VANE Y o
1z Z |91 U |® QUCKTRIAXIAL X LABVANE WATER CONTENT (%) 4l
184.2| Ground Sudace w 20 40 G0 80 100 10 20 30 ki {GR SA 81 GL
00 ¥ ¥
800me FILL - Sandy Gravel, 1| gs | 10 [e] [»] 184 S
Irace silt, very dense, grey, dry
e84l
0.8 )
FILL - Silty Clay, 2| ss | 35 | F—r— 13 12 53 22
trace to some sand, s 183
trace to some gravel, trace arganics, i
very stiff to hard,
brown f dark brawn, damp 1o maist 3 SS 18 o
162.1
21 182
SHTY CLAY
trace sand, 4 88 37 9
occasional gravei inclusions,
stiff to hard, brown, damp ta moist
43
51 88 | 42 181 i 0 2 44 54
Jan.26
64 88 [ a2 o Feb.65
180
71 s5 | 19 ©
179
8| 88 | 21 ko | 5 2 60 38
9| ss | 17 B 178 o
177
10| 8s | 18 4
176
175
11| 8 | 10 F—A 0 5 65 30
174 12
PSS
12| 88 | 11 e
173
11
S>>
28
EEL 8
172
13 TW | PH
fm 4
171
. 113
4 85 | 18 fet—{ 13 72 2
170
169.5 ;
147 Gd E
Conlinued Next Page

+3 X 3: Numbers refer to

3%
' Sensitivity O%* STRAIN AT FAILURE



ONTARIO MOT 1-08-4135 TN BRIDGE.GPJ ONTAR!IO MOT.GDT 05/21/10

Ministry of
Transpartation

Feundation Design
Crtario
RECORD OF BOREHOLE No TN2 20F 3 METRIC
W.P. 280-99-00 £OCATION Coords: N:4763920.1 E:327481.1 ORIGINATED BY _aw
DIST HWY 406 BOREHOLE TYPE _ Hollow Stem Augers / NQ Rock Coring COMPILED BY jol:]
DATUM _Geodetic DATE 02.05.10 - 02.17.10 CHECKED BY RA
SOW. PROFILE SAMPLES |, o |RESS ZONE PENETRATION
& 2 NATURAL . REMARKS
Ful 3 moisTORe  HAUIOE
51, @ ég 2 20 4 80 80 100 |UMT  oourent UMTI 55 &
pr} e 2 =]
ELEY DESCRIPTIO Slel g | 3425 & [sHeARSTRENGTHKPa D SR ch;?:{lgj‘ll'fgl\l
DEPTH 1ON 131 ¢ 5138 5 |oucovrmen  + FELD vane ¥ %
EZ 2 PEC] L |e QUCKTRIAXIAL X LABVANE WIATER CONTENT (%} t
_ i 20 40 60 80 100 10 20 3o kWM LGR SA S1 CL
SILTY CLAY e 169
trace sand, trace graval, 415 ] ss | 14 o 2 9 63 26
slitf ta very stiff, brown, damp 5
(GLACIAL TILL) 9%
#z 168
B 16| ss | 6 °
167
g I
A
166
] 17| 85 | 28
e
171
ne
it 165 Febos
% Feb.12
AT
{4
] 7 164
163.5
20.7
SAND
some Silt, trace 1o some gravei,
{race clay, 163
very dense, brown, moisl to wet 18| =8 70 of
(GLACIAL TILL) 1
A 162
(441 19 ] ss § & 161 9
160.3 1
239 497
CLAYEY SILT 160
and sand, some grave, At
very stiff to hard, brown, damp to A
moisl A 20 [ 88 | 30
(GLACIAL TILL) 7
70y 159
/'_ ’ =
a7 =5
A
.,f_g" 211 88 | 29 158 al— 11 39 38 12
4 157
7
A [}
122 | ss | 38
(sl ¢
155.8 r 156
284 ]
GRAVEL AND SAND
some silt, irace clay, 78
compact, brown, moist |4
(GLACIAL TILL) 4123 88 | 2 155 036 18 7
Continued Next Page 3 4 Numb .
+3, %3, Mumbesreferte 3% crpn i AT FAILURE

Sensitivily



ONTARIC MOT 1-09-4135 TN BRIDGE.GPJ ONTARIO MOT.GDT 0572110

@ Ministry of
Transportation

Foundation Qesign

Ontario
RECORD OF BOREHOLE No TN2 3 OF 3 METRIC
WP, 280-99-00 LOCATION Coords: N:4763920.1 E:327481.1 ORIGINATED BY _ aw
DIST HWY _408 BOREHOLE TYPE __Hollow Stem Augers f NG Rock Coring COMPILED BY DB
DATUM _Geodelic DATE 02.05.10 - 02.17.10 CHECKED BY RA
T
SOIL PROFILE SAMPLES | w | RENAMIC CONE PENETRATION :
i z pLasTic MATHERL wqup| & | REMARKS
E21 G e MOISTURE L T
5 2 28] % 40 &0 &0 100 CONTENT ~ UMIT| 5 & &
o St o= W w W, ou GRAIN SIZE
B S8 w3 25! O [SHEARSTRENGTH kPa v | T E
ELEV. DESCRIPTION ElE| 12 |5%] & e DISTRIBUTION
DEFTH =135~ > |28} = |0 unconFingD + FIELG VANE Y %
=1z 2 |E°] @ |® QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 80 80 100 1G 20 30 knim® |GR SA S oL
, - 154 Feb 1z
153.7 24 | S8
5 15cm Feb.17
BEDROCK - INTERBEDDED 1 | RUN] NQ RUNI
DOLCSTONE AND SHALE TCR=0%
Unweathered, thinly taminated, grey, 153 SCR=0%
medium sirength, argillaceous with RAD=0%
unweathered, laminaled, white, very 2 | run ] na
low strength gypsum and calcite RUN#2
layers / veins and frequent TCR=71%
unweathered, while, low strangth, SCR=68%
coarse grained calcilic vugs. 152 RQD=16%
3 | RUN | NG
RUN#3
TCR=100%
SCR=78%
RQD=44%
151
RUN#4
4 | RUN § NQ TCR=03%
SCR=02%
RQD=54%
3501
34 End of Borehole

complefion of drilling.

redriven and disturbed sample
cottected.

Unable to pushyvane (o 16.1m.

pipe wilh a 1.52m slolted screen.

Waler Level Readings:

Barehole filled with drill water upon

No sample recovery at S59. Samgler

Piezometer installation consists of a
18mm diameter, Schedule 40 PVC

Date Depth(m)  Elevation{m)
Apr.16.10 286 181.6
Apr.29.10 16 182.6
May.04.10 6.2 1780
May.06.10 6.2 178.0

+ 3‘ % 3. Numpz_erg refer la
Sensitivity

0% STRAIN AT FAILURE




Project Highway 406 Twinning Orienioho_n Ground Elevotion | Datum Borehole No. TN2
Vertical 184.2m Geodelic
Lacation Date Storted Completed Logged By Sheet 1 of 1
Welland, Ontario
February 17, 2010 | February 17, 2010 AW
W.P.: 280-99-00 Drilling Agency Drill Type Core Borrel & Bit Design| Project No.
DDS! Truck Mount NQ 1-09-4135
Joint Characteristics ® g MP,
> & a
[ b -
E n W o W X~
R P Elwl3] (o Q | 3 T |8z 2%
=z o= = Lt A Ly
3 5 . GENERAL DESCRIPTION 7] el L w & = o Q s o 3 N l% n = >
= a L. Elz|lz|e|2] £ 2 l24lz"] 4 ”n 22 |
q x g clelzlglalz|E] & z 152 aZ Iz~
> = Sla = L oa w [ oL iz
O I sislzld|8|2|€| |5 |s2138| |5 232>
"] o »n zis|o|lnwje|c|<]| = " Cllea 23 [&] 385
1 2 3 4 SI6|[7 (89 ([10[t1] 12 13 14 15 16 17 18 19
154.2 ~4~ 3G.0 £
i Overburden, see Borehole Log TnZ ::
153.7 1305 ==
o 1 4
1 SALINA FORMATICN BEDROCK Tf’:R 1
i NO| RECOVERY #i RecpyeR 2 L g NO
i SCR
INTERBEDDEDR COLOSTONE AND SHALE o 1
153.2 1 31.0 Unwealhered, Fhinly laminoted, grey, -
T 1 medium strength, argiltaceous with [ =
+ unweathered, laminated, white, very low | t | 8 | F {VC[RP| T | to 1
1 sirength gypsum ond calcite layers / ! 1
1 veins and frequen! unweathered, white, #2 ]
fow strength, coorse grained calcitic Q TCR
152.7 —+ 31.5 vugs. 1{B|Flc|relT '30 71 T 16 NQ
T SCR T
1 66 T
1 VB |Fivcire| T [2 T
152.2 T 32.0 1| BIFIC[RP|T | T
i i | v B{rF fvelruly
1 #3 1
+ 1B F{CISPIT 0D TCR T
to
1 100 + 44 NQ
1
1 2 (BC|FD|VC|SP| T ser 4
151.7+32.5 1telrlclse 78 .
1 1]B|F|C|SP kS
1 18| F|vClIsP|T 4
151.2 1 33.0 4
1 #a |
0
T 1o TgCBR T 54 NO
T 18] F M sPjT ! sca T
150.7 + 33.5 ar
150.2 - 34.0 ; : T
4 End of Core Log 4
ER . . 4
149.7 —34.6 . Rubbilized zones. ot i ] A
T 31.10-31.30m; 32.00-32,10m; T
T 32.35-32.40m; T
T Rubble indicated by "s7, E
149.2 ~-35.0 Highly fractured zones of: :_
1 31.90-31.25m: 32.80-32.85. T
148.7 + 35.5 1.
Remarks: LEGEND:
Interbedded
Dolostene and Shale
[T husble




ONTARIO MOT 1-08-4135 TN BRIDGE.GPJ ONTARIO MCT.GRT D&/21M0

Ministry of . .
Transportation Foundation Design

GOntaric
RECORD OF BOREHOLE No TN3 1 0F 3 METRIC
W.P. 280-98-00 LOCATION Coords: N:4763930.0 E:327463.7 ORIGINATED BY _mP
DIST HWY 408 BOREHOLE TYPE _Solid Stem Augers / Casing and YWashboring / NQ Rock Coring COMPILED BY B
DATUM _Geodelic DATE 02.02.10 - 02.11.10 CHECKED BY RA
SOIL PROFILE SAMPLES |, W R Rt SENETRATION
P = pLasTic NATURAL 0 0 = REMARKS
2| o Lmy  MOISTURE - Foarl £ &
5 o |SE| @ 20 40 &0 80 190 CONTENT sO &
o W o 2 Sa GRAIN SIZE
ELEV “|dl w| 3 {aE| & |sHEARSTRENGTH kP2 v o b
DESCRIPTION =3 O = e ———— DISTRIBUTION
DEPTH 2|5 & > 136 € [o unconFinen + FIELD VANE Y %)
Bl z g ©| @ | e QUICKTRIAXIAL X LAB VANE WATER CONTENT (%)
184.1} Ground Sudace u 20 40 60 80 100 10 20 30 kim® JGR sA S1 L
0.0 Yy [vy 184
800mm FILL - Sandy Gravel, i ss o 8 27 (1)
trace silt, very dense, grey, dry
s
0.8
FiLL - Silty Clay, 2| 88 182 o
trace 10 some sand, race gravel,
trace to some organfcs,
very stiff to hard, o
black / brown, damp to moisl 3 Ss 3
182
4| ss <
1812
2.9
SILTY CLAY s | ss 181
trace sand, trace gravel,
sliff to hard, brown, damp to moist
5 SS 186 0 2 49 49
7 §88
179
sandy 8 | ss b 1 41 3 2
178
9| ss
15
177 -
16
>3
10| TW
176
118
1.5
175 - >
1] 88 Fg— T 3 65 31
firm 174
1.6
+
12} 88 11e °
173
1.8
+
172 =1
i3 | TW
Feb.0?
171 Feb.04
4] 88 o t 3 72 24
170
+1.3
Continued Nex| Page

+3 3¢ 3. Numbers refer to 0%

' Sensitivily STRAIN AT FAILURE



ONTARICMOT 1-09-4135 TN BRIDGE.GPJ ONTARIQ MOT.GDT 05/21/10

Ministry of . .
Transpm;naﬁon Foundation Design

Ontaric
RECORD OF BOREHOLE No TN3 2 OF 3 METRIC
WP 260-99-00 LOCATION Coords: N:4763930.0 E327463.7 ORIGINATED BY _MP
DIST HWY 408 BOREHOLE TYPE Sclid Slem Augers 7 Casing and Washboring / NG Reck Cering COMPILED BY oB
DATUM _Geodelic DATE ©2.02.10 - 02.11.10 CHECKED BY RA
SOIL PROFILE SAMPLES |, W | ACE o EIRATION
we,| = pLagric BATURAL i pf b REMARKE
=210 v MOISTURE Mot = & &
5 e o g 51 » 20 40 60 80 100 CONTENY zQ
] - -4 3 W I GRAIN SIZE
ELEY ] Siml e 2|2 5 2 |SHEAR STRENGTH kPa P S = DIGSTRIBS':'ION
DEPTH DESCRIPTION é g t B 8 % § O UNCONFINED + FIELD VANE -Y %)
= F SO L |® QUICKTRIAXIAL X LABVANE WATER CONTENT (%}
w 20 40 GO 80 100 10 20 30 kvim® {GR sA &1 cL
168.9 169 12
5.2 -
SILTY CLAY 444 16| 85 27 <
some sand, trace gravel, g
very stiff io hard, ey
brown, damp to moist W
27 168 —11¢
{GLAGIAL TILL) %4
; 114
i
T .| SS | 2B 167 1% 4 17 56 23
1y
97
i 166 118
v 17| ss | 74 o
1A =
£ AR =
ev =
7%y = 165
LA 1
8| ss | 100 164 &
i
Iny 163
LA 9 [ 720 | 0o °
162.5 ; .‘_/;/ 13cm commence
216 casing and
SANOY SiLT 70 SILTY SAND washbering
some gravel, trace clay, P 1682
dense lo very dense, brown, maist
(CLACIAL TILL)
1120 ss | 71 161
Feb.04
Ik} Febh 08
Bgs 160
141
[f1321] ss | 48 ) °
_ 159
ss ] 43 158
Febh.08
1572 Feb.08
26.9 f
CLAYEY SILT TO SILTY CLAY A5 157
trace sand, trace gravel, A
hard, brown, mwist {GLACIAL TiLL, A
156.4 { ' /i? 231 88 | 112 °
277 ]
SAND AND GRAVEL dn= °
silty, trace clay, % b 158
very dense, brown, maisi N
(GLACIAL. TILL)
55
88 108 1 : o W 2WT
154.5 Feb.09
29.6 BEDROCK -1
Feb.11

Continued Next Page
+ 3 3. Numbers referfo

©3% STRAIN AT FAILURE
! Sensitivity



ONTARIO MOT 4-09-4135 TN BRIDGE.GPJ ONTARIO MOT.GDT 05/2140

Ministry of - .
Transporiation Foundation Design

Ontario
RECORD OF BOREHOLE No TN3 3 OF 3 METRIC
W.P. 280-99-00 LOCATION Coords: N:4763030.0 E:327463.7 ORIGINATED BY _wmpP
DIST HWY 408 BOREHOLE TYPE _ Solid Slem Augers ! Casing and Washbaring / NG Rock Coting COMPILED BY k]
DATUM _Geodstic DATE 02.02.10-02.11.10 GCHECKED BY RA
SOIL PROFILE SAMPLES | o w | ZOhE PENETRATION
i 2 pLasTic MATURAL - jqupy = | REMARKS
E21 5 umT  MOITLRE “luiml £ &
sl @ s8] @ 26 40 80 80 100 CONTENT 8 &
< = 1 W, 2 u GRAIN SIZE
ELEV i8] w | 23 [25] & [SHEAR STRENGTH kPa iy w b z
DESCRIBTION g I 7 z21 & —_———— DISTRIBUTION
DEPTH 2|3 ta 5 |3&] g |© UNCONFINED + FIELD VANE Y %)
== 2 [E9] L [e QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 490 60 80 100 10 20 30 w/m® [GR SA SI CL
154 RUN#
BEDROCK - iNTERBEDDED 1 | runi na TCR=01%
DCLOSTONE AND SHALE SCR=72%
Unweathered, thinly laminated, grey, RQD=8%
medium strength, argilaceous with
unweathered, laminated, while, very
low strength gypsum and calcite 153 RUN#Z
layers / veins and frequent TCR=95%
unweathered, while, low strength, SCRZTB“/
coarse grained calcilic vugs. RQD:ﬂ”!Z
2 | RUN | NG B
152
RUN#3
TCR=98%
3 ITRUN | NQ SCR=84%,
150.9 181 RON=16%
332 End of Borehole

Boerehole was open to 21.3m and
filled with drlll waler on completion of
drilling.

Unable to push vane to 13.3m.
Piezometer installalion cansists of a
19mm diameler, Schedule 40 PYC
pipe with a 1.52m slotled screen.

Waler Leval Readings:

Date DOepth(m)  Elevation{m)
Apr.16.10 ag 180.2
Apr.29.10 47 179.4
May.04.10 8.7 175.4
May.05.10 9.4 174.7
May.18.10 38 180.3

" 3_ x 3: Numbers refer to oa%

Sensitivity STRAIN AT FAILURE



Project Highway 405 Twinning Orieniuiio_n Ground Elevation | Daium Borehole No. TN3
VYertfical 184.1m Geodetic
Location Dale Started Completed Logged By Sheet 1  of 1
Wellond, Ontario
February 1§, 2010{February tf, 2G10 AW
W.P.: Drilling Agency Dritt Type Core Barrel & Bit Design| Project Ne.
280-99-00 9 feet e
Daw Track~Mount NQ 1-09-4135
. ;s b3 [4]
Joint Characteristics . = wPo
g g 3 Z
= vr - W O w 3:.
z E GENERAL DESCRIFTION A 0 Wl 21 2 |wg| 8 |25, o
S £ elElg ]l wl = £ W 1 F4 ™~ ZnE [ =2
== a L P E|ZIET ol D w o Sw| o n Twh z
s | z|8& slc|=|3|818(81 £ | 2 [B3[30 o | o |282 |58
Z o = SIEIEIZI121319 & g |92zt o x | ok |3
o a 7 SIS |HG|I81E1%] £ & | 22| 281 » b B
i 2 3 4 5{6{7|819 (10111} 12 13 14 15 16 17 18 19
154.6 1~29.5 Overburden, see Borehole Log TH3 I
T Sand ond Gravel TILL, see Borehole Log TN3 T
1 ilelrlclrriT 1
154.1 = 30.0 SaliNa FORMATION BEDROCK .
T i B|F{vC|SP| T 7
T INTERBEDDED DOLOSTONE AND SHALE T8 FICISPIT #7
T Unweathered, thinly laminated, grey, T[BFIVCISP| T [a TCR T
T medium strength, argillcceous with ']° 91 1 8 NO
1593.6 —— 30.5 unweathered, lominoled, while, very low | { | B | F | C[SP| T SCR L
+ strength gypsum and calcite layers / 72
L veins and frequent unweathared, white, 4
1 fow strenglh, coarse grained calcitic
I8 vugs- B |E|velse| 4
153.1-F-31.0) Ll FvCIRPLT =
I T 8|F [vcirr[T 1
iR 1 B|F|CIRP|T :
152.6 — 31.5 218C|FV|VC(RP| T T
4 1lBle|crr|T #2 4
i vie|F|velrr| T |, TR 4
T o 95 1 17 | no
3 ! SCR |
152.1 -4~ 32.0 78
i 11ByF{CISE]T 1
151.6 T 32.5 1[BF|VCISP| T -
1 1[sirfvelse]T i
1 #3 1
1 a TCR 1
to 98 16 NQ
1 1 4
SCR
15111 33.0 PIBF|CsSPyT 84
T End of Core Log 1
156.6 7~ 33.5 Rubbitized zones of: T
T 30.15-31.18m; 30.25-30.33m; +
4 30.90-31.05m; 31.50-31.60m; +
+ 31.70-31.73m; 32.45-32.5m, L
150.1 4 34.0|" Rubble indicated by <. 4
+ Highty fraciured zone of: -
32.50~32.60m. I
149.6 1T 34.5 =4
T Wegthered zone at: 4
1 30.90-30.97m. 7
14911 35.0 £
Remarks: LEGEND:
Interbedded
Dolestone and Shale
Rubbte
Sond ond Gravel TILL




ONTARIQ MOT 1-08-4135 TN BRIDGE GPJ ONTARIC MCT.GDT 05/21/10

@

Ontaric

Ministry
Transportation

of

Feoundation Design

1

RECORD OF BOREHOLE No TN4 OF 3 METRIC
W.P. 280-98-00 LOCATION Coords; N:ATS839414 £E327469.8 ORIGINATED BY __MP
DIST HWY 406 BOREHOLE TYPE _ Sotd Stern Augers / NQ Rack Coring COMPILED BY o8
DATUM _Geodetic DATE 01.26.10-02.17.10 CHECKED BY RA
SOIL PROFILE SAMPLES | 4 u [RINAMIC CONE PENETRATION
W 3 PLAETIC MATURAL - REMARKS
Fe| 8 C poisTure  WauiDl | &
= m |28 @ 20 40 60 s o [MMT O eogrgwr UM S &
G| L | Y [2E]| = St S S We w w | 3% | GransZE
ELEV DESCRIPTION - Sl & | £ 25| 2 [SHEARSTRENGTHKPa ———t = DISTRIBUTION
DEPTE E [ =12 3 < | O UNCONFINED + FIELD VANE ¥ o
Eflz Z {@ Q| @ je QUCKTRIAXAL x LABVANE | WATER CONTENT (%) )
184.0| Ground Surface L 20 40 60 B0 0D 10 20 30 kwm' fGR $A SI CL
0.0
740mm FILL - Grave!, some sand, 1
trace to some silt, dense, grey, damp S8 M ° 77 oAToan
l.w.s3l ]
07
FILL - Sty Clay, 2| ss ! 10 183
some gravel, race sand,
trace organics,
sliff, dark brown f brown,
damp lo moist 3 ss 15 o
181.9 182
2.1
SILTY CLAY 44
trace sand, ) 4| 85 | 29 b 0 3 47 50
stiff to hard, brown, damp 1o moist
181
51 s5 | 36 o
s | ss | =0 180 t f 0 3 74 23
71 58 | 43 o
179
g ss | 23 [ e 0 3 65 32
178
g | ss | 17 o
1.
177 2
1.4
+
0| 88 | 23 9
178
>4
16
175 T
1] ss 9 e 0 3 66 3
174 118
117
121 T™W PH 173
420
172 T4
13| 85| 16 9
171 117
1.7
>4
14| 88 17 170
169.3 sad
14.7

Conlinued Next Page

+ 3. 3. Numi_:_er_s refer to
Sensitivily

0,
o3% STRAIN AT FAILURE




ONTARIC MOT 1-08-4135 TN BRIOGE.GPJ CNTARIO MOT.GDT 05/21/10

Ministry of : .
Transportalion Foundation Design

Cntario
RECORD OF BOREHOLE No TN4 2 OF 3 METRIC
W.P. 280-$9-00 LOCATION Coords; N:4763941.4 E:327469.8 CRIGINATED BY _mMP
DIST HWY 408 BOREHOLE TYPE _ Solid Stem Augers / NO Rock Coring COMPILED BY 0B
DATUM _Geodelic DATE 01,26.10 - 02.17.10 CHECKED BY RA
SOIL. PROFILE SAMPLES |, w  |BYRAMIC CONE PENETRATION
& o NATURAL = REMARKS
[ % (:4:3 PLASTIC MOISTURE LiQuiD - T
5. @ |51 @ 2 40 0 80 100 {UMT oy 0 &
< !l =z =] GRAIN S
ELEY BESCRIPTION ZlE| ¢ | 2 [28] 2 [SHEARSTRENGTHKPa P S = msmnejr?gm
DEPTH z Z| 513 & < | O UNCONFINED + FIELD VANE ¥ o
El= 2 [EC| @ {# auckTriaxiaL  x 1ABVANE WATER CONTENT {%) )
[ 20 40 60 80 100 1 20 30 km® |GR SA S1 cL
SILTY CLAY 7 =7
some sand to sandy, trace gravel, g 18 | 88 ©
very stiff to hard, brown, damp A
(GLACIAL THL) a4
5!
%
//
16| 88 4 t 4 22 54 20
2
g ge
';’ 17 | ss e
72
//
,'_/)
L
18| 88
1626
] Feb.05
SANDY SILY TO SiLTY SAND Fob 1m
some gravel to gravelly, Feb.12
trace to some dlay,
very dense, brown, moisl o wet
(GLACIAL TILL) ss o 27 28 34 1%
A 58 °
i S8 o
W&
894
i)
B2
Rt
1141 22 | s o
157.6 1
265 A7)
SILTY CLAY el
trace sand, ¢
hard, brown, moist ' ’_.j
(GLACIAL TILL) ey
S t i 0 4 54 42
155.6
28.4
SAND AND SILT
some gravel, irace to some clay, g
very dense, brown, wet /
SN
(GLACIAL TILL) 1141 24| S8 ° 19 38 32 10
M
Confinued Next Page 3 AU o
+3,x 3, Numbarsielerto 3% croa At FAILURE

Sensitivity



CNTARIO MOT 1-09-4138 TN BRIDGE.GPJ ONTARIO MOT.GDT 05/24/10

@ Ministry of
Transportation

Faundation Design

Ontaric
RECORD OF BOREHOLE No TN4 3 0F 3 METRIC
W.P. 280-98-00 LOCATION Coords: N:47638414 E:3274560.8 ORIGINATED BY _mp
pIsT HWY 406 BOREHOLE TYPE __Solid Stem Augers / NQ Rack Coring COMPILED BY [o]:]
DATUM _Geodetic DATE 01.26.10 - 02,17, 10 CHECKED BY RA
SOIL PROFILE SAUPLES [, | o |ona co BEVETRATION
-1 NATURAL - REMARKS
Fal & PLASTIC sty WQUICI | &
AP a|53) 3 20 40 60 g0 w0 |UMT ooy LMT 5O &
9 = w w =R GRAIN SIZE
ELEV 8| w3 |ek] & [SHEAR STRENGTH kPa . i 2
DESCRIFTION =zl S| =128 & —_————y DISTRIBUTION
DEPTH é 5 i > 8 ) g O UNCONFINED + FIELD VANE Y %
== Z{EC| L | oUCKTRIAXAL X LABVANE WATER CONTENT (%)
w 20 40 &0 ] 100 10 20 30 kNfm®* JGR SA S CL
Feb.12
153.4 ¥eh 17
306
BEDROCK - INTERBEGDED .?831” 5
DOLOSTONE AND SHALE 153 SCR:?Q'?/A
Unweathered, thinly laminated, grey, =1
medium strenglh, argillacecus with T RUN | NQ RQD=0%
unweathered, laminated, white, very
{ow strength gypsum and calcite
layers / veins and frequent
unweathered, white, low strength, 152
coarse grained calditic vugs. RUN#Z
TCR=5%%
SCR=45%
2 |RUN| NQ RQD=7%
151
RUN#3
TCR=97%
150 SCR=71%
3 | RUN | NQ RQAD=27%
149.0 140
35.0 £nd of Barehole T
Borehole filled with drill waler upon
compietion of coring.
Borehale sealed wilh bentonite slurry
to ground surface.
g
+ 8 x 3, Numbersreferte 3% cop i AT FAILURE

Sensitivily



CORE LOG

ﬁ Terraprobe

Project Highway 406 Twinning Orieniqiio-n Ground Elevation | Dotum Borehole No. Tng4
Yertical 184.0m Geodetic
Lecation i Dote Siarted Completed Logged By Sheet 1 of 1
Weiland, Ontario
February 17, 2010 February 17, 2010 AW
Ww.p.- 280-99-00 Drilling Agency Drill Type Core Barrel & Bit Design| Project No.
Daw Track-Mount NQ 1-04-4135
- e EY <]
Joint Characteristics :_ z MPo
— a
£ & i T
~ | = Clu 3] |2 2 | 3 S les g3
=z oo | = vl = i s L
z E| GENERAL DESCRIPTIGN Bl |E gl e | = [wel .8 « | & |29z (£
= =) L ElZz|xlel2 = 12 S | Qe I T z
: | E| 2 Slz|EIG|S|ZIE| £ | 2 [B2|2el 2|« | 882 (52
] & Z 5| E ZlE|2l2i¥] & e | 248 zz | o = oz 15
© o n z|S|lolwn|x|ai< = - gEl 2o ar 8 %8'&3
1 2 3 4 S|6|7i8|9 {1011} 12 13 14 15 16 i7 18 19
154.0 T 30.0 4
1 Overburden, see Borehole Log TN4 :
SALINA FORMATION BEDROCK T
INTERBEDDED DOLOSTONE AND SHALE -+
Unweathered, thinly taminated, grey, 1
medium strength, argilleceous with #1
unweothered, iomincled, while, very low TCR T
strength gypsum ond calcite loyers / 3 T ¢ NQ
veins and frequent unweathered, white, SCR T
low sirength, coarse grained calecilic 7 -
vugs. +
2 IBCIFV|VCIRP| T | 0 :
1o
1{eirFr|ecise| T T
a 4
1B F[VCisp T e 1
Q ——
1 [B|F{CISPIT |1 A1
1 82
a TCR ]|
1B FIvCIRU|T [t o T 7 NQ
SCR T
45 T
a iS
1 {B{FIC|SP|T |t 1
Y IBF |[VC|RU| T |owr T
ilelr|c|rulis|wld 1
1| B F|CISP]T |ow: 1
T[B|F |[VC|SP| T {01 A
£
iCR T
S7 T 27 | Ng
1le|ffcispiT [ow R
A
T End of Core Log T
4 Rubbilized zones gi: T
1 30.60-31.90m; 32.65-32.B5m; 1
33.55-33.75m; 33.55-34.00m.
148.3 1 35.5 Rubble irdicated by "<'. T
A Highly {roctured zone at: 4
1 32.00-32.50m.
T Wegthered zone of: +
4 33.75-33.80m, e
Remarks: LEGEND:
Interbedded

C’ Rubble

Dolastene and Shale




ONTARIO MOT 1-09-4135 TN BRIDGE,GPJ ONTARIO MOT.GDT 05/21/10

%ﬂ;;{;sgg)gfamm Foundation Design
Ontaric
RECORD OF BOREHOLE No NBL. 12+440Rt 1 0OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4763962.8 E:327465.8 ORIGINATED BY _mpP
DIST HWY _406 BOREHOLE TYPE _ Hollow Slem Augers COMPILED BY DB
DATUM _Geodelic DATE 11.04.09 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES & W |RESISTANCE PLOT
4yl % pLastic JOTORA  Lguipy | | REMARKS
5. o 128] 8 20 a0 6o B0 100 |UMT conmey  UMTE 5O &
por} = =z ERT GRAIN SIZE
ELEV DESCRIPTION 3‘ % E 2 % E E SHEAR STRENGTH kPa w'_‘*‘*“"o_ﬂp o = = DISTRIBUTION
DEPTH = 2| E 5128 < | O UNCONFINED + FIELD VANE Y o
£z Z |ES] L |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%) R
183,0{ Ground Surface . 20 40 €0 &% 100 20 30 kwm® |GR SA s CL
1859 130mm TOPSOIL .
01 1188 | s o
FILL - Silty Clay,
trace sand, frace gravel, > >
trace organics, —
firm to stiff, brown, damp te moist 21 ss | 12 < < 182
3 58 3 !% o
< 181
4| 8s 14 % % o
180.1 >
28 180
SILTY CLAY s|ss | 1 \é % { 0 1 56 43
trace sand, 1
occasional grave] inclusions, >
Siff 1o very stiff, brown, moist
> § 179
6| 85| 28 > % e
178
% % 177
7 | ss 15}% P t 3 67 29
% % 176
B i S8 25ii175 b 0 1 87 12
174
9 [ 88 o
173 2.5
x>t
>>4
o] Tw 172 X o] 207 [ 1 3 72 24
1.
+
171
>
11| ss o 72 12 19
170
168.6 >
13.4 End of Borehale
Borehole was dry {not stabilized) and
hole open to full depth en completion.
Consclidation test performed on
TW10,
Conlinued Next Paga
o +3 3. Numbers referto o 3% STRAIN AT FAILURE

Sensitivity




ONTARIO MOT 1-09-4135 TN BRIDGE.GPJ ONTARIO MOT.GDT 0521410

@ Ministry of
Transportation

Foundation Design
Ontaric
RECORD OF BOREHOLE No NBL 12+440Rt METRIC
We 280-99-00 N:4763962.9 E:327465.8 ORIGINATED BY _ P
DIST HWY 408 BOREHOLE TYPE __Hollow Sterm Augers COMPILED BY [olz]
DATUM Geodetic CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE © W |RESISTANCE PLOT REMARKS
W < w £
s g |56| 8|2 @ = w 4 .
o = =z =] GRAIN SIZE
ELEV ald w 2 |le E < |SHEAR STRENGTH kPa 2 DISTRIBUTIO
DESCRIPTION =1z 2 |22 E @ ) IBUTION
DEPTH 3|3 a > 138 £ |O UNCONFINED + FIELD VANE )
£1# Z {91 I |e QUICKTRIAXAL X LABVANE WATER CONTENT (%)
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Piezometer installalion consists of a
19mm diameler, Schedule 40 PVC
pipe with 2 3.0m slolied screen.

Water Level Readings:

Date Depth{m)  Elevation{m)
Nov.09.08 82 174.8
Nov.19.09 2.1 180.9
Nov.30.09 1.9 1811
Dec.06.09 1.9 181.1

+ 3_ X 3. Numbers refer ta

Sensitivity

0% STRAIN AT FAILURE




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: TN1
Runs: 1 & 2
Depth: 30.5m — 33.6m
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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: TN2
Runs:1,2,3&4
Depth: 30.5m — 34.1m
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Terraprobe Inc. Appendix A
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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: TN3
Runs 1,2 &3

Depth: 29.6m — 33.2m
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Foundation Investigation Report
Highway 406 Twinning - Port Robinson Road to East Main Street
Agreement No.: 2008-E-0016; W.P. 280-99-00
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Bedrock Core Sample
Borehole: TN4
Runs: 1,2 & 3

Depth: 30.6m — 35.0m
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Terraprobe Inc. Appendix A

Project # 1-09-4135
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GSO 1-09-4135 TN BRIDGE.GPJ 051810

GRAIN Si{ZE DISTRIBUTION

FIGURE B1
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GRAIN SIZE DISTRIBUTION

FIGURE B2
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GRAIN SIZE DISTRIBUTION

FIGURE B3

Sire of openings, inches
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ATTERBERG LIMITS TEST RESULTS

FIGURE B4

PLASTICITY INDEX
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GRAIN SIZE DISTRIBUTION

FIGURE B5
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FIGURE B6

GRAIN SIZE DISTRIBUTION

GS0 1-09-4135 TN BRIDGE.GPJ 051810

SILTY CLAY
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GRAIN SIZE DISTRIBUTION FIGURE B
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SILTY CLAY
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GRAIN SIZE DISTRIBUTION FIGURE B8
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GRAIN SIZE DISTRIBUTION FIGURE B9
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ATTERBERG LIMITS TEST RESULTS

FIGURE B10

PLASTICITY INDEX
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ATTERBERG LIMITS TEST RESULTS FIGURE B11
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ATTERBERG LIMITS TEST RESULTS FIGURE B12
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ATTERBERG LIMITS TEST RESULTS FIGURE B13
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GRAIN SIZE DISTRIBUTION

FIGURE B14

PERCENT FINER THAN

GSD 4-09-4135 TN BRIDGE.GPJ 05M18/10
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ATTERBERG LIMITS TEST RESULTS

FIGURE B15
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GRAIN SIZE DISTRIBUTION

FIGURE B16

SILTY SAND TO SANDY SILT TILL
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GRAIN SIZE DISTRIBUTION FIGURE B17

GSD 1.09-4135 TN BRIDGE.GPJ 05/18/10

SAND AND GRAVEL TILL
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CORRECTED UNDRAINED SHEAR STRENGTH FIGURE B18
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ATTERBERG LIMITS AND WATER CONTENTS

FIGURE B19

HWY 406 TWINNING - TRILLIUM OVERHEAD (NBL)

Silty Clay
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HWY 406 TWINNING - TRILLIUM RAILWAY NORTH

FIGURE B20
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HWY 406 TWINNING - TRILLIUM RAILWAY NORTH FIGURE B21
CONSOLIDATION TEST
e vs Pressure
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FIGURE B22

HWY 406 TWINNING - TRILLIUM RAILWAY NORTH
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HWY 406 TWINNING - TRILLIUM RAILWAY NORTH

FIGURE B23
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CONSOLIDATION TEST
Cv vs Pressure
NBL 12+440 RT, TW10
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