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FOUNDATION INVESTIGATION REPORT
406S - WOODLAWN E/W RAMP OVER TRILLIUM RAILWAY
HIGHWAY 406 TWINNING
ONTARIO
AGREEMENT No. 2008-E-0016, W.P. 280-99-00, SITE: 34-464/4
GEOCRES No. 30M3-257

PART 1: FACTUAL INFORMATION

1 INTRODUCTION

This report presents the factual findings obtained from a foundation investigation conducted at the
bridge site on the proposed 406S - Woodlawn Road E/W Ramp at Trillium Railway 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 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 single track that crosses Highway 406 at an
approximately east to 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 track. This watercourse flows under Highway 406 via a 3.0 mx 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 04,
2009 and January 18, 2010 and consisted of drilling and sampling six boreholes to depths ranging
from 13.6 m to 33.0 m. The boreholes were numbered S-EW 10+050CL, S-EW 10+110CL,
TSEW1, TSEW2, TSEW3, and TSEW4 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 and poor ground conditions. 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 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.

! 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.
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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)

Hole sealed with bentonite from 25.0 m to 24.4 m, piezometer with 1.5 m
TSEW?2 24.2/159.1 slotted screen installed with filter sand to 21.6 m and bentonite seal from
21.6 m to ground surface.

Hole sealed to 23.2 m with bentonite, piezometer with 1.5 m slotted
TSEWA4 22.9/160.6 screen installed with filter sand to 20.4 m and bentonite seal from 20.4 m
to ground surface.

Piezometer with 3.0 m slotted screen installed with filter sand to 8.5 m,

S-EW 12.2/171.2 bentonite seal from 8.5 m to 8.2 m, drill cuttings from 8.2 m to 0.5 m and
10+050CL .
bentonite seal from 0.5 m to ground surface.
S-EW Piezometer with 3.0 m slotted screen installed with filter sand to 8.5 m,
10+110CL 12.2/170.2 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.

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 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, fill material (sand and gravel, sand, silty clay) and native
overburden deposits of silty clay, clayey silt to silty clay till, silty sand till and sand and gravel till.
These soils are underlain by bedrock consisting primarily of dolostone and shale of the Salina
formation.

‘?g Terraprobe Inc. 3
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51 Topsoil

Topsoil ranging in thickness from 30 mm to 250 mm was encountered at this site. Topsoil
thickness may vary between and beyond the boreholes.

5.2 Fill - Sand and Gravel

Granular fill material consisting of sand and gravel and sand was encountered at this site. The fill
material is approximately 700 mm thick and extends to elevations ranging from 182.8 m to
182.6 m.

Two samples of the fill material were subjected to grain size distribution tests and the results are
illustrated in Figure B1. These results show a grain size distribution consisting of 10-30% gravel,
30-76% sand, 14-25% silt and 15% clay size particles.

Standard Penetration tests in this granular fill gave ‘N’ values that ranged from 6 to 32 blows per
0.3 m penetration. Based on these results the fill is considered to have a loose to dense relative
density. The moisture content of samples of this fill ranges from 1% to 29% by weight.

53  Fill - Silty Clay

Silty clay fill material was encountered at this site extending to depths ranging from 0.7 m
(Elev.182.7) to 2.1 m (Elev.181.4) below ground surface.

A sample of this silty clay fill was subjected to a grain size analysis and the results are presented in
Figure B2. These results show a grain size distribution consisting of 3% gravel, 11% sand, 48%
silt and 38% clay size particles.

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

Liquid Limit: 39%
Plastic Limit: 20%
Plasticity Index: 19%
Natural Moisture Content: 18%

These values are characteristic of clayey soils of intermediate plasticity.

Standard Penetration tests in the silty clay fill gave ‘N’ values that ranged from 4 to 29 blows for
0.3 m penetration. Based on these results the fill is considered to have a firm to very stiff
consistency. The moisture content of samples of this fill ranged from 11% to 26% by weight.

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 168.6 m to 168.8 m. The approach boreholes were terminated in this
deposit at depths of 13.6 m (Elev. 169.8 m) and 14.0 m (Elev. 168.4 m).

A
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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 0-4% gravel, 1-13% sand,
37-75% silt and 21-61% clay size particles.

Samples 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: 25-58%
Plastic Limit: 15-25%
Plasticity Index: 7-33%

Natural Moisture Content:  16-22%

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

Standard Penetration tests in this stratum gave ‘N’ values that ranged from 3 to 42 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 and laboratory vane tests on relatively undisturbed Shelby tube samples gave
undrained shear strengths ranging from 56 kPa to 113 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 6% to 24% by weight and the unit weight of
selected samples ranges from 20.4 to 20.8 kN/m?

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 a relatively high undrained shear strength i.e. in
excess of 100 kPa. Below Elev. 176.0 m the undrained shear strength decreases with depth and is
about 55 kPa at Elev. 170.5 m. Below Elev. 170.5 m the trend indicates increasing undrained shear
strength.

The Atterberg Limits tests results are also plotted against elevation, Figure B19. 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 the moisture content is slightly above the plastic limit with a
trend of increasing moisture content below Elev. 174.0 m.

Consolidation tests were also performed on Shelby tube samples retrieved from Boreholes TSEW3
and S-EW 10+050CL and the results are presented in Figures B20 to B25. These results indicate
estimated preconsolidation pressures that range between 230 kPa and 400 kPa.

5.5 Clayey Silt to Silty Clay Till

Discontinuous layers of clayey silt to silty clay till were encountered across the site extending to
depths ranging from 26.9 m (Elev. 156.6 m) to 28.0 m (Elev. 155.5 m) below ground surface.

The grain size distribution plots of tested samples from these till deposits are presented in
Figure B14. These results show a grain size distribution consisting of 3-28% gravel, 2-28% sand,

ig Terraprobe Inc. 5
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32-63% silt and 18-33% 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 presented in Figure B15.
The index values from these tests are summarized below:

Liquid Limit: 20-31%
Plastic Limit: 12-16%
Plasticity Index: 8-16%

Natural Moisture Content: ~ 8-26%
These values are characteristic of clayey soils of low plasticity.

Standard Penetration tests in these deposits yielded ‘N’ values ranging from 15 to more than
100 blows per 0.3 m penetration. Field vane tests were also attempted in these deposits and the
results (no-turn on vane) indicate undrained shear strengths more than 100 kPa. Based on these
results the clayey silt to silty clay till is considered to have a very stiff to hard consistency. The
moisture content of samples from these deposits varies from 1% to 26% by weight.

56  Silty Sand Till

A silty sand till deposit was encountered at this site extending to depths ranging from 24.0 m
(Elev. 159.5 m) to 25.4 m (Elev. 157.9 m) below ground surface.

The results of grain size distribution tests conducted on samples obtained from this deposit are
illustrated in Figure B16. These results show grain size distributions consisting of 15-35% gravel,
31-45% sand, 28-32% silt and 6-9% clay size particles. Till soils will also contain random cobble
and boulder inclusions.

The blow counts from Standard Penetration tests conducted in this deposit ranged from 30 to more
than 100 blows per 0.3 m penetration indicating a dense to very dense relative density. The
moisture content of samples from this deposit ranged from 4% to 17% by weight.

5.7 Sand and Gravel Till

A deposit of sand and gravel till was encountered across the site overlying the bedrock surface.
Occasional cobbles were also encountered in this deposit. This stratum extends to depths ranging
from 29.5 m to 29.7 m below ground surface or to elevations of 153.6 m to 154.0 m.

Samples retrieved from this deposit were subjected to grain size distribution tests and the results
are illustrated in Figure B17. These results show a grain size distribution consisting of 34-42 %
gravel, 37-44 % sand, 14-22 % silt and 7 % clay size particles. Till soils will also contain random
cobble and boulder inclusions.

Standard Penetration tests in this deposit gave ‘N’ values that ranged from 18 to more than 100
blows per 0.3 m penetration. Based on these results the deposit is considered to have a compact to
very dense relative density. The moisture content of samples from this stratum ranged from 2% to
16% by weight.

ig Terraprobe Inc. 6
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5.8 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)
TSEW1 29.7 153.8
South Abutment TSEW2 29.6 153.7
TSEWS3 29.7 153.6
North Abutment TSEW4 295 154.0

The bedrock is described as unweathered and its colour is generally grey. It is thinly laminated
with white unweathered gypsum and calcite veins. Total core recovery in the bedrock ranged from
59% to 100%. The RQD values ranged widely from 0% to 84% 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 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 with occasional zones of fair to good quality rock.

5.9 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)
January 11, 2010 8.5 174.8
January 19, 2010 8.6 174.7
TSEW2 | january 27, 2010 8.8 1745
February 08, 2010 8.8 174.5
TSEW4* - - -
December 08, 2009 2.4 181.0
S-EW December 15, 2009 2.4 181.0
10+050CL | January 04, 2010 2.4 181.0
January 11, 2010 2.4 181.0
November 09, 2009 2.7 179.7
S-EW November 20, 2009 1.1 181.3
10+110CL November 30, 2009 1.6 180.8
December 08, 2009 1.3 181.1
January 04, 2010 1.3 181.1

* Piezometer destroyed after installation.

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. This interpretation
indicates an estimated ground water table of Elev. £181.0 m.

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

‘?g Terraprobe Inc. !
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5.10 Miscellaneouns

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

The boreholes were advanced using hollow-stem augers and casing and washboring methods.
Rock cores were retrieved by NQ size diamond coring techniques.

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

Q@/E —@ R.A. ABDUL
PALA 4 o E Ei ’?’[lpio; o
Prepared by: 1901//)1,05‘0;: O‘,g?gb

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

IR

Report Reviewed by:
Michae] Tanos, P.Eng.,
Review Principal
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The soil conditions were confirmed at the borehole and test pit locations only and conditions
may vary between and beyond the boreholes. The boundaries betw

_This investigation has been carried out using investigation techniques and engineéring

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 engineering or related disciplines
are applied to identify subsurface conditions. Even a comprehensive
programme implemented in accordance with the most stringent feve
detect certain conditions. Terraprobe has assumed for the purpose

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 condifions,
Groundwater levels are particularly susceptible to seasonal fluctuatioris. '

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 the interpretations made of the
subsurface information, the geotechnical design parameters and comments reating to
constructibility issues and quality control may not be relevant or complete for the revised
project. Terraprobe should be retained to review the. implications of such changes with
respect {o the contents of this report

This report was prepared for the express use of the Ministry of Trans
design consultants and Giffels Associates Ltd./IBl Group.

Transportation, its retained design consultants and Giffels Associates Ltd./iB| Group, are
-authorized users. :
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7. kN.'l'n: UNIT WEIGHT OF SOUD PARTICLES n 1%  POROSITY b ] DENSITY INDEX = Smec=8
P« kg’ DENSITY OF WATER P pray
= K UNT WEKGHT OF WATER w 1%  WATER CONTENT o] wm - GRAINDIAMETER .
o kg’ DENSITY OF SOIL s, %  DEGREE OF SATURATION 0. wm n PERCENT - DIAMETER
¥ W UNIT WEIGHT OF SOIL v % LIQUo L C. 1 UNIFORMITY COEFFIGIENT
Pa kght!  DENSITY OF DRY SOIL v %  PLASTICLIIT h m HYORAUUC HEAD OR POYTENTIAL
Y MU’ UNITWEIGHT OF DRY SOIL ws %  SHRINKAGE UMIT q aifs  RATE OF DISCHARGE
o KT DENSITY OF SATURATED SOIL t % PLASTICITY INDEX = (w_ - we) v ms  DISCHARGE VELOCITY
Yo KNAT UNIT WEIGHT OF SATURATED SO L 1 UQUIDITY INCEX = {w - welfle i 1 HYDRAULIC GRADIENT
- kg’ DENSTY OF SUBMERGED S0IL ke 1 CONSISTENCY BNDEX = (v —wil, 3 s HYDRAULIC CONDUCTIMTY
¥ KN UNIT WEIGHT OF SUBMERGED SOIL Gear 1% VOIDRATIOWNLOOSEST STATE i W' SEEPAGE FORCE




Column Number

EXPLANATORY SHEET FOR CORE LOG

I Elevation of borchole collar,

2.
3.
4

texture.

Depih of geotechnical boundary in borehole
Geologic symbol for rock or soil material
General description of geotechnical unit - qualitative descri

ption, inctuding rock type(s), percentage rock types, frequency and sizes of interbeds, colour,

Joint (discontinuity) Characteristics

5.
6.
7.

Joint type:

Nutmber of joint sets: a reck mass can be intersected by

Orientation: only variations in dip can be identified in core; dip direction is from field may

a number of foint sets of varying orientations.

B = Bedding joint C = Cross joint

pping or oriented core:

F=Flat=0-20° D = Dipping =20 - 5¢° V = Vertical = 50 - 90°
8. Yoint spacing: this is an approximate measure of spacing between foints in specific joint sets.
I seaciG >3m. Im—3m 03m-1m 50 mm — 300 mm <50 min
VERY WIDE WIDE MODERATE CILOSE VERY CLOSE
9. Roughness:
RU = Rough Undulating RP = Rough Planar
SU = Smooth Undulating 8P = Smooth Planar
LU = Slickensided Undulating LP = Slickensided Planar
i0. Filling:
Approximate ¢
T =Tight, hard, non-safiened
O = Oxidation surface staining only 25-35
SA = Slightly altered; clay-free 25-30
3 = Sandy particles; clay-free 25-30
Si = Sandy and silty, minor clay 20-25
NC = Non-softening Clays; Smm 16 -24
SC = Swelling Clay fillings; Smm 6-12
11, Aperture: estimated size of joint opening,
12, Degree of weathered rock material:
DEGREE DESCRIPTION
IINWEATHERED NO SIGNS OF DISCOLQURATION OR OXIDIZATION
SLIGHTLY WEATHERED PARTIAL DISCOLOURATION; FRACTURES (JOINTS), TYPICAILY OXIDIZED
MODERATELY WEATHERED |[TOTAL DISCOLOURATION -
HIGHLY WEATHERED TOTAL DISCOLOURATION; TYPICALLY FRIABLE AND PITTED
COMPLETELY WEATHERED |RESEMBLE A SOIE; ROCK STRUCTURE - USUALLY PRESERVED
E3. Strength of rock material: -
MPa
;’E&;’N['g%f 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 50 - 260
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-t5
2’?&%9% CRUMBLES UNDER FIRM BLOW WITH POINT OF GEOLOGICAL HAMMER; CAN BE PEELED t-4
i4.  Fracture frequency: number of natural Jjoints oceurring over a meter length of core. All natural joints are counted irrespective of the nurmber of ‘joint sets,
FRACTURE FREQUENCY JOINT SPACING LENGTH ’
0.3m VERY WIDE >3m
03~1m WIDE lm-3m
1-3m MODERATE 0.0 m~1m
3-20m CLOSE 0.005m - 0.03 m
20 m VERY CLOSE <0.005 m

15, Run number and Core Recovery

(1)  Duill run number

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

16.  Rock Quantity Designation (RQD): The total length of those pieces of sound core which are 0.0{ metres of greater in length in a core un, 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 Classification {after Deare)
RQD (%) 0-25 25-50 0-75 75-90 90 - 100
DESCRIPTION VERY POOR PGOR FAIR GOOD EXCELLEN‘{;]

i7. Core and Casing sizes: changes of core and casing stzes are indicated.

18.  Water recovery, level and tests:

(i}  percentage drill water recovery

(ii}  water level depth

(iii) positions and results of tests, e.g., permeability and packer tests
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CNTARIO MOT 1-09-4135 TSEW BRIDGE.GPJ ONTARIO MOT.GDT 05/26/10

Ministry of . .
Transportation Foundation Design

Ontario
RECORD OF BOREHOLE No S-EW 10+050CL 1 QF 2 METRIC
W.P. 280-99-00 |LOCATION Coords: N:4763920.4 E:327494.1 ORIGINATED BY _ AW
DIST HWY _406 BOREHOLE TYPE _ Hollow Stem Augers COMPILEDBY __ DB
DATUM _Geodelic DATE 11.24.09 - 11.25.09 CHECKED BY RA
DYNAMIC CONE PENETRATION
SQIL PROFILE SAMPLES « W IRESISTANGCE PLOT
i = = pLASTIC NATURAL |\ 0ip = REMARKS
E2i 3 r - Momstuge MV A
5 w |58 @ 0 40 60 80 100 content  UMT| 5 O
14 £l =z = GRAIN SIZE
ELEV ai8| w| 3 to5| © [SHEARSTRENGTHPa * . e E:
DESCRIPTION E1E TIZZ) & e PISTRIBUTION
DEPTH =13 P > 138 £ |© UNCOWFINED + FIELD VANE ¥ %)
ElZ 2 E O] & [e QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
183.4| Groung Surface u 26 40 60 80 100 1 20 30 wem® |GR SA SI GL
120mm TOPSOIL .
FILL - Sitty Clay, trace sand, 1 58 29 ! o)
trace gravel, trace arganics, 183
182.7 very stiff, brown, maist
[¥;
SILTY CLAY 21 8§ 30 > >
traca sand, Ké <
accasional grave! incdlusions, 182
stiff to hard, brown, damp to moist —] %
3| ss| ‘Q
4!% 181
4| ss| a0 > % i
5| 88 20%%18{) | 0 1 890 30
% 179 Nov.24
8 ss 18 l‘) % a Nov.25
> % 178
7| ss zuégﬂ.—f e 0 2 & 33
QE% 176
8 S5 15 S> >
i 175 112
18
»>>1
9 | TW | PH 174 X o o 204 |0 3 70 27
173 15
b +
0| 85 | 13 Fer—1 1 4 68 27
172
+1.5
1.4
+
1|ss| 15 17
Rk
168.8 Sl 170 1.3
136 End of Berehole !
Water level at 7.6m (not stabilized)
and hicle opean to full depth an
completion.
Cansolidation test performed on
TWS.
Continued Next Page o
+3,x 83, MNumbersseferta 3% qypn i AT FAILURE
Sensitivily .




ONTARIO MOT 1-09-4135 TSEW BRIDGE.GPJ ONTARIO MOT.GDT 052510

@ Ministry of
Transporation

Foundation Design

Ontario
RECORD OF BOREHOLE No S§-EW 104050CL 2 0F 2 METRIC
WP, 280-99-00 L.OCATION Coords: N4763920.4 E:327494.1 ORIGINATED BY _aw
DIST HWY _408 8OREHCLE TYPE _ Hollow Stem Augers COMPILED BY oB
DATUM _Geadetic DATE 11.24.09 - 11.25.09 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES @ W |RESISTANGE PLOT NATURAL REMARKS
wepl = PLASTIC o ioe  HIQUID s
- Lzl 9 LMt uar] E 5§ a
51 s8] @ 0 40 60 80 190 CONTENT z2
gl z GRAIN S1ZE
ELEV Tl w ]| 2lo5] 8 [SHEARSTRENGTHKPa e o "y T
DESCRIPTION 12 e 2iz8f E —— DISTRIBUTION
DEFTH S Pl - 28| £ |© UNCONFINED + FIELD VANE ¥ (561
El = ZIES| L | e QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 0 20 30 sNim® JGR SA SI GL

Piezometer instaliation consists of a
19mm diameter, Schedule 40 PVC
pipe with a 3.0m slotted screen.

Water Level Readings:

Date Depth{m}  Elevation{m)
Dec.08.09 2.4 181.0
Dec 18,09 24 181.0
Jan.04.1G 24 161.0
Jan.11.10 24 181.0

+ 3‘ w 3. Num?g(s refer to
Sensitivity

L7
0 %% STRAIN AT FAILURE




ONTARIC MOT 1-09-4135 TSEW BRIDGE.GPJ ONTARIO MOT.GDT 05/25110

'w:rlﬂg:g;ﬁon Faundation Design

Ontario
RECORD OF BOREHOLE No TSEW1 1 0OF 3 METRIC
W.P. 280-99-00 LOCATION Coords, N:4763922.8 E327467.0 ORIGINATED BY _ aw
DIST HWY 405 BOREHOLE TYPE _ Hollow Stem Augers / Casing and Washboring f NQ Rock Goring COMPILED BY DB
DATUM _Geodetic DATE 01.08.10-01.18.10 CHECKED BY RA
SOIL PROFILE SAMPLES | . w | RINAMIC CONE FENETRATION
byl o2 _— Pastic AT Liauinf | & REMARKS
El o @ gg & 20 40 60 80 100 [UMT  oonrent  LMIT z9 &
=) el 2 = GRAIN SIZE
ELEV ESCRIPTIO CiBi 4w | 3 fg5| & [SHEARSTRENGTHKPa s by T2 | ostrauton
BEFTH DESCRIPTION SIZ| F | 5 1238| 5 [0 UNCONPINED  + FIELDVANE ¥ o
= F Y| B |e QUCKTRIAXIAL 3 LABVANE WATER CONTENT (%)
183.5| Ground Surface u 20 40 B0 80 100 1 20 30 km' |GR -sa s cL
[ 186.8] ~.30mm TOPSOIL
FlLL - Sand and Gravel, silty, 1 S5 32 a 3¢ 30 2% 15
some clay, dense, moist to wet 183
182.8
07
SILTY CLAY
trace sand, trace gravel, 2 55 16 °
sliff to hard, brown, damp to moist -
182 50
3| 85 | 27 q t 0 3 40 57
4| ss | 40 181
5| ss | 34 ) o
180
6| 55 | 34 of } 0 2 &6 32
179
788 | 4 o
885 | 23 178
9 i 85 | 24 A 1 3 70 26
177
176
10| S8 | 21 o
1.4
175
. »=1
1| 88 | 16 Fo— 2 3 66 29
174
lis
1.2
173
12 | TW | PH
[+
172 i
3
g
B3| ss | 3 171 He— 1 2 70 27
2
170 28
4| 85 | 13
a - 1.5
168.8 169 1
147 5%
Continued Next Fage 2 3. Numbers refer to 3%
+ % %9 Sensituity O STRAIN AT FAILURE




ONTARIO MOT 1-08-4135 TSEW BRIDGE.GPJ ONTARIO MOT.GOT 05/25M10

@ ":'":-ianni-ns;t;};ﬁfation Feundation Design
Ontario
RECORD OF BOREHOLE No TSEW1 2 OF 3 METRIC
WP 280-99-00 LOCATION Coords: N:4763922.8 E:327487.0 ORIGINATED BY _aw
DIST HWY 406 BOREHOLE TYPE _ Hollow Siem Augers / Casing and Washboring / NQ Rock Coring COMPILED BY oB
DATUM _Gecdetic DATE 01.08.10 - 01.18.10 CHECKED BY RA
P]
SOIL PROFILE SAMPLES |, W R AG e e FENETRATION -«
ai 3 pragTic MNATURAL - oupl = REMARKS
=) O MOISTURE - I
8 « 8 g 5 3 ZID 4|0 6[0 SIO 190 LIMIT CONTENT UMIT % [©] &
S GRAIN SIZE
Z|lw| w |3 |g5| & [SHEAR STRENGTH kPa b b e H
ELEY DESCRIPTION = = < E - 00— DISTRIBUTION
DEPTH < | E 5128 < | O UNCONFINED + FIELD VANE ¥ %)
== z EC| U |e QUICKTRIAXIAL * LAB VANE WATER CONTENT (%)
u 20 40 60 8O 00 10 20 30 k' {GR SA S CL
A1 »5-4
SILTY CLAY TO CLAYEY SILT '
{trace sand, trace grave!, . 15| S8 25 168 e
very sliff to hard, A
Brown, damp to moist ;C ¥
{GLACIAL TILL) 3 ;
5%
] 167
#5,
4 15| ss | e °
o
1
14 166
.:/x
4%
A 17 ss | es 165
177
Y
164.2 (A
19.3 P4
SILTY SAND ] 14 164
trace {o some graval, trace clay, P4
very dense, brown, moist to wet - [ 115¢
1] 18| 55 | 20em ©
(GLACIAL TILL) (§E:
163
55 | 66 162
Jan.08
Jan. 14
161
88 52 o
160
169.5
246 A
SILTY CLAY VT
sandy, trace graval, ; 159
hard, brown, damp to moist A/,?' 21| 85 35 ©
e ]
(GLACIAL TiLL) res
2
i
17 158
/ g
l‘:;f/ L 11
L4441 22 88 48 I i 5 21 41 33
A4
177 157
156.6 127 :
2689 41
SAND AND GRAVEL A
same silt,
dense to very dense, 156 >
grey, moist ta wet A1 23] S8 49
{GLACIAL TILL) N
"1
A ] 155
124 g8 85 =] 42 44 (14)
1558 154 Jan15
297 BEDROCK Ja;'@m""""""'
Continued Next Page
+ 3. 5% 3: Numbers refer to Is} 3% STRAIN AT FAILURE

Sensitivity




ONTARIO MOT 1-09-4135 TSEW BRIDGE.GPJ ONTARIO MOT.GDT 05/25/10

@ Ministry of
Transportation

Foundation Design

Qatario
RECORD OF BOREHOLE No TSEW1 3 0OF 3 METRIC
W.P. 280-99-00 LOCATION Coords: N:4763922.8 £:327487.0 ORIGINATED BY _aw
DIST HWY 408 BOREHOLE TYPE _ Hollow Stern Augers / Casing and Washboring / NQ Rock Coring COMPILED BY ]
DATUM _Geodatic DATE 01.08.10-01.18.10 CHECKED BY RA
SOIL PROFILE SAMPLES |, | w |BERRGE2NE SENETRATION
& 2 pLasTic NATURAL \oipl - REMARKS
=21 & L MOISTURE Tl - T N
= o [ 25 @ 20 40 B0 80 GO CONTENT z0Q
Sie S-S I L 1 . 1 i Wa W w | 38 | cransze
ELEV 28w | 32 |25! & [|SHEARSTRENGTHkPa S
DESCRIPTION == < 25 [ 0| DISTRIBUTION
DEPTH é 3 ﬁ = 8 S § O UNCONFINED + FIELD VANE y (%}
El* E O W e QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 BD 100 10 20 30 kNim® [GR SA SI 6L
RUN#1
BEDROCK - INTERBEODED TCR=689%
DOLOSTONE AND SHALE 1 FRUN| NQ 153 SCR=75%
Unweathered, thinly laminated, grey, RQAD=54%
medium strength, argilaceous with
unweathered, laminated, white, very
tow strength gypsum and calcite [—
tayers / veins and frequent RUN#2
unweathered, white, low strength, 152 TCR=93%
coarse grained caloitic vugs. SCR=81%
2 irun | NG RQD=52%
151
1508
327 End of Borehole
Boerehole sealed with bentonite slumry
1o ground surface.
No sample recovery at 3516 and
5517. Sampler redriven and
disturbed sampie collected,
Resistance to augering at 18.8m and
23.8m.
Unable t¢ push vane beyond 6.6m
and 15.7m and 26.4m.
+3,x 3, Numbarsrelerlo o 3% gron )y AT FAILURE

Sensilivity




CORE LOG

ﬁ Terraprobe

Project . Orientation Ground Elevalion Datum Borehale N
Highway 406 Twinnin ole T
snway o Vertical 183.5m Geodetic TSEW1
Location Date Started Completed Logged By Sheet 1 of 1
Welland, Ontario
Januory 18, 2010 { Jonuary 18, 2010 AW
W.P.: 280-99-00 Drilling Agency Drill Type Core Barrel & Bit Design| Project No.
DawW Track-Mount NQ 1-09-4135
Joint Characteristics < % MP,
—_ . z a
£ & 3 z
n 3] w E o~
g Elw|8| | 2 =l 8 S 182 |8%
> a |2 0 = Lt 7]
F] é . GENERAL DESCRIPTION 0 FlElold E = E ‘&’% dé e ,%. L% a = .:_5
5 | =13 Sl.|z|5|3I81E|E ]| 2 182|201 @ zE2 |52
> = slG|e(@isje| 2 L Qo w L oacs | =
i sz s|Eiz|&|ai2le] & | = |3e|38 o g 228 (5
] [=] n 2|88 |G|&8IE(%] = 7 cE| 28 @ 2] % 8 W
1 2 3 4 51617 |8|910{11] 12 13 14 15 16 17 18 9
154.04-29.5 4+
-+ Overburden, see Borehole ftog TSEW1 +
1 1iB|F|vc|sul T 1
153.5 4 30.0 SALINA FORMATION BEDROCK 41
1 1iB|F|CHSP|T —:
INTERBEDDED DOLOSTONE AMD SHALE #1
T Unweathered, thinly laminated, grey, TCR T
T medium strength, argillaceous with gg T 54 NQ
153.0+ 30.5 unweoatherad, laminoted, while, very low 1| B}IF |VC[SP| T SeR—+
T strength gypsum and calcite loyers / 75 4
1 veins ond frequent unweathered, white, 1
1 low sirenglh, coarse grained calcitic 1
1 vugs. 1]elFicysulT 1
152.51-31.0 .
1 B F{CisP| ¥ 41
1{B|E|VCIRP| T
T {{B|F|C|RP|T T
1 118 |F|velre|t 4
152.0 -~ 31.5|- 4
1 #2 T
L 0 4
1 to TQCZI"\‘ i
; |
151.5+32.0 ccr— 52 NGO
+ 1| BiF|jC|SP}T 81
151.0 -~ 32.5 4
£ End of Core Log 1
150.5 +~33.0 =
T Rubbili ones ai; T
T 25.70-29.85m; 30.45-30.50m; 1
4 31.20-31.25m; 31.35-31.45m; kR
150.6-~33.5 Rubble indicated by 'a’. T
149.5-~34.0 -T
149.0 1 34.5 -1
148.5 4~ 35.0 .
Remarks: LEGEND:
Inierbedded

Rubble

Dolostone and Shale




ONTARIO MOT 1;09-4135 TSEW BRIDGE.GPJ ONTARIO MOT.GDT 05/25M10

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No TSEW2 1 QOF 3 METRIC
WP, 260-99-00 LOCATION Coords: N:47639351 E.327490.9 ORIGINATED BY _aAw
DIST HWY 408 BOREHOLE TYPE _ Holiow Stemn Augers / Casing and Washboring / NQ Rock Coring COMPILED BY DB
DATUM _Geodelic DATE 01.05.10 - 01.07.10 CHECKED BY RA
SOIL PROFILE SAMPLES |, w  |BYNAMIC CONE PENETRATION
T PLASTIC MATURA.  auo| | & REMARKS
= . @ é% g 20 4 & 8 100 LibIT ey LTl S &
Ef =z =] GRAIN SRE
ELev a|l8|w| 3 |e5| & [SHEAR STRENGTH kPa b v e £
DESCRIPTION =N |22 E 0 DISTRIBUTION
DEPTH A E] = > | 88| £ {O UNCONFINED + FIELD VANE ¥ %)
A 2 |E°] B |e QUSKTRIAXIAL X LAB VANE WATER CONTENT (%)
183.3] Ground Surface wl 20 40 60 80 100 10 20 30 kNim® {GR SA Si Ct
0.0
FILL - 8and, some gravel, some sill, 1] 88 | 25 183 10 76 (14)
compact, brown, wet
182,6 ]
o7 5d]
SILTY CLAY 1
trace sang. 2 55 76 t 0 1 43 58
accasional graved inclusions, 182
sliff to hard, brown, moist
31 55 | 40 9
181
4188 [ 31 { 0 2 37 61
5 88 26 180 o
6| 88 | 24 °
179
7] 88 | 22 a
178
B| 85| 25 § | 0 2 68 30
dark brown:
g | ss | 20 177
176
commence
0] ™ | PH casing and
washboring
176
11| 88 12 174 f i i3 66 30
Janas
>>—-1'5 Jan.06
173
1.1
»at
12| 88 [ 22 9
172
1.3
—_ =T
reddish brown
171 s
131 85§ 23 ¢
2.4
b
170
-
14| 85 | 13 o
169
12
168.6 and
14.7

Continued Next Page

+ 3 X 3: Numbers refario

Sensitivity

0% sTRAIN AT FAILURE




@ Ministry of
Transporation

Foundation Design

ONTARIO MOT 1-08-4135 TSEW BRIDGE.GP4 ONTARIO MOT.GDT 0512510

Onlario
RECORD OF BOREHOLE No TSEW2 2 0F 3 METRIC
W.P. 280-99-00 LOCATION Coords: N:4763936.1 E:327490.9 ORIGINATED BY _AW
DIST HWY _408 BOREHOLE TYPE _ Hollow Stem Augers / Casing and Washboring / NQ Rock Coring COMPILED BY DB
DATUM _Geodelic DATE 01.05.10 - G1.07.10 CHECKED BY RA
CYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES v W |RESISTANGCE PLOT NATURAL REMARKS
W oen z PLASTIC LiQuIt =
[ v MOISTURE el = 5 &
5 w |28 @ 20 48 80 80 CONTENT z9
9gti | Y =21 z L ! : : e w w | 53 1 cramsize
ELEV ol g o |25 0 |SHEAR STRENGTH kPa
DESCRIPTION - |81 & z |28 E b Gy DISTRIBUTION
DEPTH (315 | ¥ [28] 2 [© UNCONFINED + FIELD VANE : Y )
£z z EC| L |e QUICKTRIAXIAL X LAE VANE WATER CONTENT (%)
w 20 40 60 80 1¢ 20 30 kNim® |GR SA Sl CL
SILTY CLAY TO CLAYEY SILT 168
trace to some sand, trace gravel, 15| 88 36 o
oceasional cobbles,
hard, brown, damp to moist
(GLACIAL TILL}
167
16| ss | 74 °
166
vl
e
] J, 165
T | ss | o ot
%
%
Wz 164
a5
18] 58 | 129 9
162.9 183
20.4
SILTY SAND
trace clay, race gravel,
occasicnal cobbles,
very dense, brown, moist fo wet
v 1 1x 162
{GLACIAL TILL) 14 19 | s8 76 o
161
il 20 | 85 | 82 o
T 160
|y 159
(f4]21] 88 | 104 a
157.9 iB%s 158
25.4 i
SILTY CLAY Al
trace sand, irace gravei, #
occasional cobbles, 48e
hard, reddish brown, moist t] 22 | ss | 33 157 = 3 2 63 32
(GLACIAL TILL} 2
1]
1564 2%
26.8 Lkt
SAND AND GRAVEL
sllty, trace clay, 156
occasional cobbles, o
compact to very dense, S5 29
grey, moist to wet
GLACIAL TILL,
{ ! 155
100/
S5 | yoem 154 Jan.06
153.7
Jan.07
2886 BEQROCK an
Continued Nexd Page Numb fec b a9
+ 3l % 3: umbers refer to o STRAIN AT FAILURE

Sensitivity




ONTARIQ MOT 1-09-4135 TSEW BRIDGE.GPJ ONTARIO MQT.GDT 052510

Sensilivity

Ministey of . :
Transgenaiicn Foundalion Design
Ontario

RECORD OF BOREHOLE No TSEW2 3 OF 3 METRIC
WP, 280-89-00 LGCATION Coords; N:4763936.1 E;327490.9 ORIGINATED BY _aAw
DisT HWY 408 BOREHOLE TYPE __Hollow Stem Augers ! Casing and Washboring / NG Rock Coring COMPILED 8Y DB
DATUM _Geodetic DATE 01.06.10 - 01.07.10 CHECKED BY. RA
SOIL PROFILE SAMPLES |, w [RENAMG GONE FENETRATION
e = pLASTIC NATURAL ) 0y = REMARKS
E2] o L MOISTURE “iwr] £ 5
5 m |E5| @ 20 40 6D B0 100 CONTENT Mt = u‘_gJ &
o = = W 2 GRAIN SIZE
ELEY a|el w3 jog| & [SHEAR STRENGTHKPa e =
DESCRIPTION =2 & z (=8 E —_—— DISTRIBUTION
DEPTH & 5 ?: > 8 c § G UNCONFINED + FIELD VANE 'y (%)
A Z 29| @ |e QUICKTRIAXIAL X LABVANE WATER CONTENT {%)
w 20 40 G0 80 100 10 28 30 kNim® [GR SA SI CL
RUN#1
BEDROCK - INTERBEDDED T RUN | NQ 153 TCR=82%
DOLOSTONE AND SHALE SCR=76%
Unweathered, thinly laminated, grey, RQOD=43%
medium strength, argillaceous with
unweathered, laminated, white, very  p4F—1T———1T—p>~>~  { otV 1V v o 1 U | e}
tow strength gypsum and calcite RUN#Z
tayers / veins and frequent 1652 TCR=100%
unweathered, white, low strength, SCR=86%
coarse grained calcitic vugs. 2 | run | na RQD=15%
150.8 151
32.5 End of Borehole
No sampie recovery at 5515, §514,
£820, 5821, and S823. Sampler
redriven and disturbed sample
collected.
Pigzometer instailation consists of a
19mm diameter, Schedule 40 PVC
pipe with a 1.52m slotted screen.
Water Level Readings:
Date Depth{m)  Elevalion{m)
Jan.11.10 8.5 174.8
Jan.19.10 8.6 174.7
Jan.27.1¢ 8.8 174.5
Feb.08.10 88 1745
+3, %3 Numbersreferlo 3% oo AT FAILURE




CORE LOG

ﬁ Terraprobe

Project . M Orientaotion Ground Elevation | Datum Borehole No.
Highway 406 Twinnin
fgfway g Vertical 183.3m Geodetic TSEW2
Localien Welland. 0 . Date Siarted Completed Logged By Sheet 1  of 1
elland, Onfario Jonuary 7, 2010 | Jonuary 7, 2010 AW
W.P.: Drilling Agency Drill Type Core Barrel & B# Design| Project No.
280-99-00 oW Track—Maunt NQ 1-09-4135
Joint Characteristics = Z | wpe
- & 2 -
E n et O w T .
E = > ox
z | E GENERAL DESCRIPTION Glelel (4] (Ll 2] = 5] 8 w85, |Gk
=] \E w Tl el x| «© = Bz gu 3 ™ = 0 | Fs
= > w =l = o2 ¥ o | ow & v oo |2
£ 18 Slcia|S|EiZ|El g | & |52]2e| S| w | 882 |ES
L EY pur =< o=
3 0 Z sislel|alalalg] @ E|2®|38] ° S |28 |°
] a in z|2|lojwn|e|d|« = v L | &0 [ O 500
1 2 3 4 S{6}7{8|9|t0]|51] 12 13 14 15 16 17 18 19
154,.3129.0 -
T Cverburden, see Barehole Log TSEW2 T
153.8 1 29.5 Sand ond Gravel TIlL, see Borehole Log TSEWZ -+
1 SALINA FORMATICN BEDROCK 1| B|F |VCISP| T |0kl
T INTERBEDDED DOLOSTONE AND SHALE
153.3 1 30.0 Unweathered, thinly lomincted. grey,
T medium strangth, argilloceous with
T unweathered, laminated, white, very low NQ
+ strengfh gypsum and calcite foyers / S 1B F | M{SP|T |th] |
1 veins and frequent unweathered, white, B
nn low strength, coarse groined calcitic
152.8 +— 30.5 vugs.
I [B|F |VCIRU| T jomz
152.3 1|8 F|CisulT 0w
T (B |F IVCISUL T |eht
1 |B|F }CiSP|T [0ks
1T |8 FIVCiSP| T [tk
151.8
NQ
1|B|F}C|SP]T |0k
151.3
150.8
T End of Corz Log T
T Rubbilized zones of: T
150.3+33.0 29.60-29.76m; 30.43—30.48m; T
+ 30.83-30.90m; 31.03-31.23m. T
i Rubble indicated by "s'. I
149.8 +—33.5 Highty fractured zones at; b
29.76-30,11m; 30.33-30.43m. i
+ Stightly _weaibered zone at: +
149.3 1340 e
1 30.33-30.43m. i
148.8 T 34.5 -
Remorks: LEGEND:
Interbedded

Dolostone and Shole

Rubble

Sand and Grovel TILE




ONTARIO MOT 1-09-4135 TSEW BRIDGE.GPJ ONTARIQ MOT.GDT 06126110

@ Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No TSEW3 1 OF 3 METRIC
WP, 280-89-00 LOCATION Coords: N:4763950.8 £:327478.6 ORIGINATED BY _ LY
DIST BHWY 408 BOREHOLE TYPE _ Hollow Stem Augers / Casing and Washboring / NQ Rock Coring COMPILED BY B
DATUM _Geodetic DATE 12.08.08 - 12,10.09 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o ﬂ RESISTANCE PLOT NATURAL - REMARKS
ol & PLASTIC molsTURE Haul -z
5| . RE W 40 60 8 100 MIT  content UMT z O &
=] =z Suw GRAIN 8IZE
ELEV |9 w| 2 ta5] & [SHEARSTRENGTHkPa b " i E
DESCRIPTION =S| & A - | e DISTRIBUTION
DEPTH z|3 & > 132 g £ [o UNCONFINED + FIELD VANE ¥ %)
= FJEC| L [e QUICKTRIAXIAL  x LABVANE WATER CONTENT (%)
183,3} Ground Surface u 20 40 60 B0 10D W20 30 kim® |GR SA SI CL
6.0
FILL - Sand and Gravel, trace silt, 1] 88§ 183
loose, grey, dry
| 1ea&f . __
0.7 FILL - Silty Clay,
some sand, some gravel, 2 ss o
firm, grey, damp t¢ moist
182.0 182
1.3
SILTY CLAY
race sand, traca gravei, 3 8S
stiff to very stiff, brown, moist
181
4] 88 o
45|
5 SS 180 0 2 46 52
6| ss Q
179
71 ss o { 1 4 61 34
178
8 | S8 @
s | 88 177
176
10 &S o
i75
11| 88 174 1 i 0 4 84 32
>
173
12| ss Fo——j 4 5 67 24
172
1.3
o ol
>4
1| W m X —— 20.8 2 2 752N
170
14| 8§ Fe— 3 03 70 24
169
168.6 +
147
Conlinued Next Page
3.><37 Numbers refer to 03% STRAIN AT FAILURE

Sensitivity




ONTARIO MOT 1-09-4136 TSEW BRIDGE.GPJ ONTARIO MOT.GDT 05/25/10

. Ministry of
W Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No TSEW3 2 0OF 3 METRIC
W.P. 280-98-00 LOCATION Coords: _N-4763960.8 £:327478.6 ORIGINATED BY __ LY
DIST i HwWY 408 BOREHCLE TYPE __ Hoflow Stem Augers / Casing and Washboring / NG Rock Coring COMPILED BY Dg
DATUM _Geodetic DATE 120809 - 12.10.09 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES & W |RESISTANCE PLOT TURAL REMARKS
Bl PLASTIC (i Ture HQuD| &
5 . @ § z| & 20 4[0 610 80 100 LMy ONTENT LM Eu(_gJ &
jaa} e 4 3 GRAIN SIZE
ELEY a8l w! 2 i05| & [sHEARSTRENGTH KPa i o =
DESCRIFTION 12| 5| 2128 & [ DISTRIBUTION
DEPTH é 35 [ > 8 =1 § O UNCONFINED + FIELD YANE 'Y (%)
el = Z |E9| W |® QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
w M 40 60 8O0 100 0 20 30 wim® |GR 58 81 cL
SILTY CLAY TO CLAYEY SILT j 168
Irace sand, trace gravel, 15| s8 16 >
aceasional cobbles,
very stiff to hard, A
brown, damp o moist 24
(GLAGIAL TILL} #%s 167 =t
el
o
e
167 ss | 52 ¢
o 166
1}
9%
5 1
v 165
ol 171 58 | b4 ©
%5
Dac08
53 Decos
19.3 164
SILTY SAND
some gravel to gravelly, trace ctay,
occasional cobbles,
dense to vary dense, brown, maist 58 72 ° 15 456 32 8
X3
(GLACIAL THL) 163
162
55 30 <
161
S5 ] o 3B 31 28 6
160
159
' S5 | 42 @
167.9 i 158
25.4 7
SILTY CLAY e -
sandy, gravelly, pccasionalcobbles, 295
hard, brown, moist ,(},{_ 29| 85 2150(" o[ frnt 28 22 32 18
t4] cm
(GLACIAL TILLY L 157
7
156.4 Ll
26.9 8%
SAND AND GRAVEL 114
silty, trace clay, |1 156
b , maist Y
compact, brown, mois ss 8 o 34 037 22 7
(GLACIAL TILLY
155
154
153.6 E_EEOS
2977 GEDROCK pecto ]
Continued Next Page b fer t .
43 %3, Numbersreferta 3% gpo s AT FAILURE

Sensitivity




ONTAR{O MOT 1-09-4135 TSEW BRIDGE.GPJ ONTARID MOT.GDT 05/25/10

Ministry of
Transporation

Foundalion Design

Ontario
RECORD OF BOREHOLE No TSEW3 30F3 METRIC
W.P. 280-99-00 LOCATION Coords: N:4763960.8 £:327478.6 ORIGINATED BY _Ly
DIST HWY _408 BOREHOLE TYPE _ Hollow Stem Augers / Casing and Washboring # NG Rock Coring COMPILED BY DB
DATUM _Geodstic DATE 12.08.09 - 12.10.08 CHECKED BY RA
SOIL PROFILE SAMPLES | W REATANCE PO oA TION
i 2 pLasTic NATURAL  qup] & [ REMARKS
2y 3 T MaisTure Sel £ T 2
5 w 22 B 20 40 60 80 100 [UMT oonrenr U za
= | & L =E] = e —— W w w | 3¢ | cramsize
ELEV ol =] u O |les Q |SHEAR STRENGTH kPa
DESCRIPTION £ |2 g z |22] E ——————— DISTRIBUTION
DEPTH E:': 5 & = 8 &5 g O UNCONFINED + FIELD VANE rY (%)
5|z Z {9 L |e QUCKTRIAXIAL x LABVANE WATER CONTENT (%)
@ 20 40 60 80 100 0 20 30 kh/m' FGR SA §I Ct
RUN#1
BEDROCK - INTERBEDDED 153 TCR=58%
DGLOSTONE AND SHALE 1 |RUN | NQ SCR=54%
Unweathered, thinly laminated, grey. RQD=13%
medium strength, argillaceous with
unweathered, faminated, white, very
low strength gypsum and calcite
layers { veins and frequent 152 RUN#2
unweathered, white, low strength, TCR=79%
coarse grained calgitic vugs. SCR;SB%
=46%
2 {RUN | NGO RAD-48%
151
150.5
328 End of Berehole
Consolidation test performed on
TW13.
Borehola sealed with bentonite slurry
{o ground surfaca.
Unable to push vane beyond 10.5m
and 16.6m.
+ 3' % 31 Numbers refer to o 3% STRAIN A,T FAILURE

Sensitivity




Project Highwoy 406 Twinning Orientation Ground Elevation | Datum Borehole No.
Vertical 183.3m Geodetic TSEW3
Location o Date Started Completed Logged By Sheet 1 of 1
Welland niario
erand, ' December 10, 2009|December 10, 2009 AW
W.P.: Drilling Agency Drill Type Core Barrel & Bit Design| Project Ng,
280-99-00 plvi] Truck Mount NQ 1-09-4135
: CYNTY S Q
Jolnt Characteristics - z MPa
G & 2 =
vt [3] w .
. - 5w - @ 2 >~ 3 o 8= 8 “E
Z E GENERAL DESCRIPTION ale|e], |l wl 21 =z |we] 8| o | W [ 202 |88
= - | F 1<_t izl 1 o S| Qe 7 Cug |2
< T 9 & FIZiIT|IS|eE]l T = 23] = o zxG | =X
e & z Si5(gig(5z] & i [ 3Y=1 w L caZ |5
! o = E2EIE i D|F|w < o 0w | 2 o [+ O=Ew | S
3 wl > olo|xX | olo|d|a Lt - e | DO [« ZQKF
o =} n Z|»jo/wnje||l<] = n wiw | ®O [ 3] 500
1 2 3 4 S|16 |7 813(10]t1] 12 13 14 15 16 17 18 19
154,34 29.0 —<
153.8 1 29.5 4
T Ovarburden, see Borehols Log TSEW3 +
1 SALINA FORMATION BEDROCK 4
153.31-30.0 INTERBEDDED DOLOSTONE AND SHALE T
T Unweathered, thinly lominated, grey,
T medium strength, argilloceous with T
- unweathered, laminated, white, very low | 1 | B | F |VC|RP [ T |0%4 o7
T strength gypsum and calcite layers / TCR T
152.8 == 30.5 veins and frequent unweathered, white, 59 + 13 NQ
B law strength, cocrse grained calcitic scg |
1 vugs. 584 1
T 1|18 |F|vC|rP|si|mw T
152.3 31,0 ) -+
T 1| B|F | CiRU[T |0w2 T
1 t{e|Flcisp|T i
151.8-r~31.5 1B |F YCISPI T -
:: 1{B|F|C|RU;T 1
i 1{e|r|vc|rulT #2 |
+ 3] TCR |
fo
151.3 4 32.0 1 79 1 46 { NO
A 2 |BC|fFv|c|sP| T SCR |
58
1 2 {BCIFVivC|sSP| T T
150.8 ~~32.5 -
+ 1B |F|C|RP]T 4
T End of Core Log T
150.3 ~~ 33.0 -+
: Rubbilized zones at: i
T 30.90-31.00m; 31.45-31.60m; T
T 31.75-31.80m. T
149.8 —33.5 . .. . 3 -
1 Rubble indicated by "< +
T Highky froctured zopes ol: +
149.3 _—.'_ 34.0 32.30-32.55m. i
148.8 1 34.5 .
Remarks: LEGEND:
Interbedded
Dalestene and Shate
Rubble




ONTARIO MOT 1-09-4135 TSEW BRIDGE.GPJ ONTARIO MOT.GDT 082810

Ministry of " -
Transportation _ Foundation Design

Ontario
RECORD OF BOREHOLE No TSEW4 1 0OF 3 METRIC
WP 280-99-00 LOCATION Coords: N:4763951.2 E:327473.9 ORIGINATED BY _PK
DIST HWY 405 BOREHOLE TYPE _ Hollow Stem Augers / NQ Rock Coring COMPILED BY DB
DATUM _Geodetic DATE 12,0209 - 12.07.09 CHECKED BY RA
$OlL PROFILE SAMPLES |, W [RrHAIC SONE DENSTRATION
Tl 2 pLagTic MATURAL qup] | o | REMARKS
5 w |22] 8 20 40 60 &0 100 {UMT eonment UMM S O &
Slel o 18 [2E| 2 \ ! : y : W w w | S ¥ | ocramsze
ELEV a el o a o 0 s} SHEAR STRENGTH kPa —_— e DISTRIBUTION
— DESCRIPTION == |5z &
DEPTH R P > 28| = |o uncosFNED + FHELD VANE v %)
El= -3 €S| @ |e QUCKTRIAXML X LASVANE WATER CONTENT (%)
183.5| Ground Surface u 20 40 50 80 100 1% 20 30 «Nim* |GR 5A 81 GL
6.0
FILL - Siity Clay, some sang, 1 ss 1 o
trace gravel, irace organics, 183
stiff o very stff,
dark brown / brown, maoist
2185 | 18 o | 3 11 48 38
am 182
3|(ss) 8 ©
181.4 b
2.1
SILTY CLAY A 41
trace sand, frace gravel, 41 88 | 14 181 U G 1 54 45
stiff to very sliff, brown, damp to moist
5| ss | 18 ©
180
G &3 1% ol
179
some sand 71ss | 18 ¢ | 112 55 3
8| ss | 13 178
9 S8 11 o]
177
176 >
10| 88 7 E— 2 3 70 25
1.8
175
>t
11| s8 3 le— 0 & 63 3
174
2.1
T S
173
12| 86 ] 8 @
172 12
=
3| 88 | 8 17 . e 1 2 70 27
1.3
4
170 s
14| TW | PH
168.8 169 +
14.7 A

Conlinued Next Page
¢ + 3 3. Numbersreferio

3%
* T Sensitivity Q" STRAM AT FAILURE



Ministry of
Transportaticn

Foundation Design

ONTARID MOT 1-09-4135 TSEW BRIDGE.GFPJ ONTARIC MOT.GDT _05.'251'10

Ontaric
RECORD OF BOREHOLE No TSEW4 2 OF 3 METRIC
W.P. 280-99-00 LQCATION Coords: N:4763951.2 E:327473.9 ORIGINATED BY _PK
DIST HWY 408 BOREHOLE TYPE _ Hollow Stem Augers { NG Rock Coring COMPILED BY 0B
DATUM _Geogdetic DATE 12.02.09 - 12.07.09 CHECKED BY RA
SOIL PROFILE SAMPLES |, | w |BrieiC CONG DENETRATION
. NATURAL - REMARKS
Mol & 2‘— PLASTIC yigture HAWIDE | T
E w |£E| @ 20 40 60 80 o |UMIT coyrent UMT| SO &
dlE u =8| 7 : " ' . e W w | I8 | cransizE
ELEV O im| 3 |25 2 [SHEAR STRENGTH kPa
e DESCRIPTION o 2|z E —_——— DISTRIBUTION
OEPTH 13 s > 13 5 £ | O UNCONFINED + FIELD VANE Y (%)
=< 2 (€9 L |e QUCKTRIANAL X LABVANE WATER CONTENT (%)
w 20 4 60 80 100 0 20 30 wem® lGR sA s1 oL
ks o >t
SILTY CLAY %
trace to some sand, 7 151 88 21 168 o
frace to some gravel, A
occasional cobbles, Y
very stiff, brown, damp to moist 24
A
(GLACIAL TiLL) 7
9% 167
7%
#5
% | 85 | 29 °
ok
166
57
il 17| ss | 25 165 < 1 18 15 42 25
97/
164.2
19.3
SILTY SAND 164
gravelly, irace clay, vdi
occasionat cobbles, AP
very dense, brown, damp 1] 18 S5 10 o 22 38 31 9
By
(GLACIAL TILL) 4 163
162
161
<] 29 31 3 9
Dec.02
16
0 Dec.04
159 =
158.1
25.4 158
SILTY CLAY
sandy, trace to some gravet,
cceasienal cobbles,
hard, brown, damp to maist o —-H 9 28 39 24
{GLACIAL TILL} 157
156 =
155.5
28.0
SAND AND GRAVEL
silty, frace clay, 155
pccasional cobbles,
compact, grey, damp o moist
(GLACIAL THL) o
154.0
%5 154 Doc0s
BEDROCK Dac.07
Continued Next Page 5 Nmb fert 2
4 3, x 3, Numoersrferio oy 3% grpan At FAILURE

Sensitivity




ONTARIO MOT 1.09-4135 TSEW BRIDGE.GPJ ONTARIO MOT.GDT_05/27/10

WMinistry of i i
Transportation . Faundation Design

Ontario
RECORD OF BOREHOLE No TSEW4 30F 3 METRIC
W.P. 280-99-00 LOCATION Coords: N:4763951.2 E:327473.9 CRIGINATED BY _ Pk
DIST HWY _406 BOREHOLE TYPE _ Hollow Stem Augers / NQ Rack Caring COMPILED BY DB
DATUM _Gecdetic DATE . 12.02.08 - 12.07.09 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES 4 W |RESISTANCE PLOT _:__—,,.___ pasnie NATURAL oo - REMARKS
el 3 L MOISTURE hggl £ & &
= wn 1S5 & 20 40 60 80 100 CONTENT 9
9= w izl 2 1 1 L : i w, w w, | 5% | cransze
. alm| @ 2195 ] © |SHEAR STRENGTHkPa
ELEV DESCRIPTION =21 & z |22 & ————— DISTRIBUTION
DEPTH 2|3 e Z |26 | = jo UNCONFINED + FIELD VANE ¥ (%)
H 2 |EC| @ |e QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 80 8 100 10 20 20 Nim® [GR SA S CL
' 1 [RUN | NQ RUN#1
BEDRGCK - INTERBEDDED TCR=68%
DOLOSTONE AND SHALE 153 SCR=66%
Unweathered, thinly laminated, gray, RQD=0%
medium strength, argilaceous with S
unweaathered, laminated, white, very RUN#2
lew streagth gypsum and calcite 2 | run | NQ TCR=80%
layers { veins and frequent SCR=70%
unweathered, white, low strength, 152 RQP=0%
coarse grained calcitic vugs.
RUN#3
3 | RUN} NQ TCR=100%
SCR=100%
RQD=59%
4 | RUN| nO 151 RUNET
150.5 ngé:gg{ﬁ
33.0§ - End of Borehole RQD=84%

Resistance o augering at 26.7m.

No sample recovery at S524.
Sampler reddven and disturbed
sample collected,

Barehole sealed with bentonile sturry
from 33.0mio 23.2m.

Piezoraeter installation consists of a
+9mm diameter, Schedule 40 PVC
pipe with a 1.52m slolled screen.

Water Level Readings:
Date Depth{m) Elevation(m}

Plezometer destroyed after
instzllation.

+ 3 3. Numbers refer to

3% )
. Sensithity O~ STRAIN AT FALURE



CORE LOG

ﬁ Terraprobe

Projeci . - Orientation Ground Elevation | Daium Borehole MNa.
Highway 406 Twinnin
ghway 9 Vertical 183.5m Geodetic TSEW4
Location Date Staried Completed Legged By Sheet 1 of 1
Weiland, Ontaric
December 7, 2009 | December 7, 2009 AW
W.P.: 280-99-00 Dritling Agency Brill Type Core Barrel & Bit Design| Project No.
- oS! Truck Mouni NQ 1-09-4135
- . a2 [L]
Joint Characteristics :_ =z MPa
T = 3 =
= v o us —~
£ Hlg|8 |8 g A R ER
= £ GENERAL DESCRIPTION n|x|s o wl = T wo L9 ¢ ~ zix | %
S R bl R T | = E ez [N s s @ >
= a wlr ;‘E [ Z|lw]|3 Lt ] Swf 9 v Lug | Z
1 T = sl 512 |ElZ|E]l = zZ =22 o zZxz |Ex
> IS = Flaie|le(=le| & b} 13Y] w e cos | =
S ola|z IHBHEEHERRR I E IR EL R
o a [z z|S|cin | B|E|% = n Eflzo :3 [*] 5aam
] 2 3 4 5|6 |78 |9[t0]11] 12 13 i4 15 16 i7 18 19
154.5 +29.0 —_
T Overburden, see Borehole Log TSEW4 T
154.0 +29.5 I
4 SALINA FORMATION BEDROCK +
153.51-30.0 INTERBEDDED DOLOSTONE AND SHALE Tﬁ::‘R__
T Unweathered, thinly lominaled, grey, 1B FCiRRIT ues g | 0 | ®O
T madium sirength, argillaceous with SCR T
T unweathered, lominated, white, very low 66 T
+ strength gypsum end calcite layers / T
153.0 1+ 30.5 veins and frequent unweathered, white, —+
4 low strength, coarse groined calcitic El
1 vugs.
i 1{B|FCiSP|T s
1 1B FIVCISP| T [
4 #2 |
152.5 T 31.0 '2 TeR T
80 [ ¢ | no
T tie|Ficise[T ]! SCR
4 70 +
152.0-31.3 1ie|F|vejse| T T
1 1| B|F |VC|SP|T #3 1
1 a TCR |
100
+ 1le|Flelse|T]|% sep T 9% | MO
151.5 1+ 32.0 10T
1 g4 T
T & TcR T
-+ 32. 0 2 -
15101325 1{B|F|MIsP] T [oe1 = 99 a4 NQ
L e SCR T
T BE 29 T
1 B 1
150.5 1 33.0 B =+
T End of Core Log T
T Rubbilized zone at: T
150.0 + 33.5 ) . 4
+ 30.81-30.86m. =+
.: Rubble indicated by "«'. -:
149.5--34.0 Highly fraclured zone of: T
+ 31.56-31.66m. 1
149.0 + 34.5 T
Remarks: LEGEND:
Inferbedded

Dolostone and Shale

Rubble




ONTARIO MOT 1-09-4135 TSEW BRIDGE.GPJ ONTARIO MOT.GDT 08/25M10

Ministry of . .
Transportalion Foundation Design

Crario
RECORD OF BOREHOLE No S-EW 10+110CL 10F 2 METRIC
W.P. 280-69-00 LOCATION Coords: N:4763976.0 E£:327471.7 ORIGINATED BY _nP
DIST HWY 406 BOREHOLE TYPE __Hollow Stem Augers COMPILED BY 0B
DATUM _Geodelic DATE 11.04.09 CHECKED BY RA
DYNAMIC CONE PENE TRATION
SOIL PROFILE SAMPLES 5 4 [RESISTANCE PLOT oaene MR Lus| = | REMARKs
7] MOISTURE s
51 . @ g% & 20 40 60 80 00 [T Conrer LMT| 53 &
=1 = = GRAIN SIZE
ELEV Z1g|w!l 3|25 2 [sHEARSTRENGTHKPa i . W TE | SR eEE
DEPTH DESCRIPTION SlZ| 2zt 3 |338] £ |ouncowened  + FIELDvANE ¥ 5y
517 Flge| @ e quckTriaxial  x LaB vaNE WATER CONTENT (%)
182.4| Ground Surface « 20 40 60 80 100 0 20 30 kNm' [GR SA S CL
168.0 250mm TOPSOIL S
03 FILL - Silty Clay, trace sand, 1 S8 4 182 b
1817 trace gravel, trace organics,
- firm, brown, moist >
0.7 ‘Q
SILTY CLAY 2188 [ 13 o
tracs sand, >!>
occasional gravel inclusions, - 181
stiff to hard, brown, damp to maist \Q .
3| ss | 18 | 0t 60 39
18
4 | 8% 18 % 0 o
5| 88 | 24 ‘< % 179 G
K 178
61) 85| 12 % %
% % 177
7 88 12 > % 176 o
§ ‘4 175
8| 85 | 10 i% o
i - 174 -
12
ot
8w 173
1.6
>
172
1.4
>
10| TW 9
171
=1
| Tw 170 } } 1 3 69 27
%
15
169 >
1684
14.0 End of Berehele
tinued Next P
Continued Next Page +3 XS. Numbers refer to 03% STRAIN AT FAILURE
! ' SBensilivity




ONTARIO MOT 1-09-4135 TSEW BRIDGE.GPJ ONTARIO MOT.GDT 05/25/10

@ Ministry of
Transgortation

Foundation Design

Ontario
RECORD OF BOREHOLE No S-EW10+110CL 2 OF 2 METRIC
WP 280-99-00 LOCATION Coords: N:4763976.0 E:327471.7 ORIGINATED BY __ e
DIST HWY 408 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY 0B
DATUM _Geodetic DATE 11.04.08 CHECKED BY RA
SOIL PROFILE SAMPLES |, RS s DENETRATION
NATURAL. = REMARKS
Moo = PLASTIC oo crime tauo| &
e o |33] @ 0 4 & 8 100 [T cowenr LMT 33 &
Sle a = w, w w | = GRAIN SIZE
ELEV E 8|l w| 3 |e5| & [SHEAR STRENGTH kPa ’ : £
DESCRIPTION |2l e | 2]zg] E i e DISTRIBUTION
DEPTH EI: = ﬁ > 8 S <>( O UNCONFINED + FIELD VANE 'Y (%)
Bl = FlEC] U | QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 10 20 30 W JGR SA S GL
Berehola was open and dry (not
stabilized) upon completion of drilling.
Consalidation test performed on
W11,
No sample recovery at TWo and
™MD
Piezomater instaliation consists of a
19mm diameter, Schedule 40 PVC
pipe with a 3.0m slatted screen.
Vater ¢ evel Readings:
Date Depth{m)  Elevation{m)
Nov.09.09 27 179.7
Nov.20.08 1.1 181.3
Nov.30.09 16 180.8
Dec08.09 13 181.1
Jan.04.10 13 181.1
+ 3. x 3. Numbers refer lo o 3% STRAIN 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

858789 30125756 780 MY

Bedrock Core Sample
Borehole: TSEW1
Runs: 1 &2
Depth: 29.7m — 32.7m

%ﬁg Terraprobe Inc. Project # 1-09-4135
el



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

e M M

Bedrock Core Sample
Borehole: TSEW2
Runs: 1 &2
Depth: 29.4m — 32.5m

%ﬁg Terraprobe Inc. Project # 1-09-4135
el



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: TSEW3
Runs 1 &2
Depth: 29.7m — 32.8m

Terraprobe Inc. 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: TSEW4
Runs: 1,2,3&4

Depth: 29.5m — 33.0m

%E% Terraprobe Inc. Project # 1-09-4135
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GRAIN SIZE DISTRIBUTION

FIGURE B1

Size of openings, inches

FILL - Sand and Gravel to Sand

U.8.8. Sieve size, meshesfinch
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GRAIN SIZE DISTRIBUTION

FIGURE B2

FILL - Silty Clay

Size of openings, inches U4.8.5. Sieve size, meshesfinch
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ATTERBERG LIMITS TEST RESULTS FIGURE B
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GRAIN SIZE DISTRIBUTION FIGURE B4
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SILTY CLAY

Size of openings, inches L1.5.5. Sleve size, meshesfinch
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GRAIN SIZE DISTRIBUTION

FIGURE B5S
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GRAIN SIZE DISTRIBUTION

FIGURE B6

Size of openings, inches
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GRAIN SIZE DISTRIBUTION FIGURE B7
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FIGURE B8

GRAIN SIZE DISTRIBUTION

SILTY CLAY
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ATTERBERG LIMITS TEST RESULTS

FIGURE B9

PLASTICITY INDEX
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ATTERBERG LIMITS TEST RESULTS

FIGURE B10
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ATTERBERG LIMITS TEST RESULTS

FIGURE B11
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ATTERBERG LIMITS TEST RESULTS | T ¢URE B12

PLASTICITY INDEX
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ATTERBERG LIMITS TEST RESULTS FIGURE B19
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GRAIN SIZE DISTRIBUTION

FIGURE B14

8ize of openings, inches

SILTY CLAY TO CLAYEY SILT TILL

LLS.5. Sieve size, meshesfinch
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ATTERBERG LIMITS TEST RESULTS

FIGURE B15

SILTY CLAY TO CLAYEY SILT TILL
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GRAIN SIZE DISTRIBUTION

FIGURE B16
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GRAIN SIZE DISTRIBUTION

FIGURE B17

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
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FIGURE B22

HWY 406 TWINNING - WOODLAWN S-EW RAMP
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FIGURE B25
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