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1.0 INTRODUCTION

Golder Associates Ltd. (Golder) has been retained by URS Canada Inc. (URS) to carry out a
detailed foundation investigation as part of the detailed design for the new Baxter Township
Transfer Station Road being carried out for the Ministry of Transportation, Ontario (MTO). The
proposed works consist of construction of a road connecting Muskoka Road 48/South Bay Road
to the existing Transfer Road and includes associated embankments and four culverts.

This report addresses the foundation investigation for the four culverts, including the swamp
crossing at Culvert No. 1 and high fill embankment at Culvert No. 4, which have total lengths of
about 70 m and 30 m, respectively. The general location of the Transfer Station Road and
culverts are shown on the Key Plan on Drawing 1. The plans and profiles detailing the proposed
Station Road alignment and culvert locations were provided to Golder by URS in November,
2003. The locations of the four culvert sites within the project limits are shown in plan on
Drawing 1.
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2.0 SITE DESCRIPTION

The site is located about 300 m west of the existing Highway 400, extending from approximately
the northwest corner of Lot 26, Concession 6 to the northwest corner of Lot 25, Concession 8
ending at South Bay Road. The four proposed culverts will cross underneath the future Transfer
Station Road between Stations 8+215 m and 9+840 m.

The overall site of the project has been divided into four subsites (Culverts Nos. 1 — 4) for the
purposes of design and description. In general, the overall site consists of rolling terrain
including open fields, bush areas, swamp areas, and numerous rock outcrops at ground surface.
The ground surface within the limits of the project area varies between Elevations 185 m and
200 m.
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3.0 INVESTIGATION PROCEDURES
3.1 Foundation Investigation

Field investigation work was carried out by Golder Associates Ltd. between November 11 and
20, 2003 for Culverts No. 2 to 4 and on May 31, 2004 for Culvert No. 1. A total of eight
boreholes were advanced during the November 2003 field investigation (three at Culvert No. 2,
two at Culvert No. 3 and three and Culvert No. 4), with bedrock cored in six of the eight
boreholes. The proposed boreholes at Culvert No. 1 were postponed given that suitable frozen
conditions did not develop during the winter 2003/2004. Due to standing water throughout the
area (with depths ranging from 0.3 m to 0.45 m), drilling with a draft mounted rig was not
possible and four hand auger probes were completed in May 2004. The table below summarizes
all four areas investigated.

The borehole investigation was carried out using a HILTI manual portable drill rig supplied and
operated by Marathon Drilling Co. Ltd. of Ottawa, Ontario. Soil samples were obtained
continuously using a 50 mm O.D. split-spoon sampler in accordance with Standard Penetration
Test (SPT) procedures (ASTM D1586-99). The boreholes were advanced to depths ranging from
0.8 m to 5.4 m below ground surface with depths to bedrock ranging from 0.3 m to 3.7 m below
ground surface. The hand auger probes in the swamp crossing at Culvert No. 1 were advanced to
refusal with depths ranging from 0.9 m to 2.4 m below ground surface.

BOREHOLE LOCATION SUMMARY

. . Swamp/High .
Station Culvert No. Crossing Fill Station Foundation Holes
e
8+215 3 - BH C3-2 and BH C3-3
8+345 2 - BH C2-1 to BH C2-3
Sta 9+560 to
9+600 1 Swamp 9+630 HP C1-1to HP C1-4
. . Sta 9+820 to
9+840 4 High Fill 9+850 BH C4-1 to BH C4-3

Golder Associates

Page 6 of 46



November 2004 -4 - 021-1103

The field work was supervised throughout by members of our engineering and technical staff,
who located the boreholes and test holes, arranged for the clearance of underground service
locations, supervised the drilling, sampling and in-situ testing operations, logged the boreholes,
and examined and cared for the soil samples. The samples were identified in the field, placed in
appropriate containers, labelled and transported to our Mississauga geotechnical laboratory where
the samples underwent further visual examination and laboratory testing. All of the laboratory
tests were carried out to MTO and/or ASTM Standards as relevant. Classification testing such as
water content, grain size distribution and Atterberg Limits were carried out. The results of the
laboratory testing are included in Appendix A.

The boreholes were located and measured by members of our engineering staff with reference to
stationing and offsets from the proposed median centre-line as staked by URS. The northing and
easting coordinates depicted on the Record of Borehole and Record of Drillhole sheets were
derived from these station and off-set measurements and using the DTM (digital terrain map) for
the project.
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4.0 GENERAL SITE GEOLOGY AND SUBSURFACE CONDITIONS

4.1 Regional Geology

From published geologic information, the site is located in the physiographic region known as the
Georgian Bay Fringe, a broad belt bordering Georgian Bay. This area forms the southern part of
the Canadian Precambrian Shield, and part of the Grenville Province (The Physiography of
Southern Ontario; OGS Special Volume 2). The Georgian Bay Fringe is characterized by very
shallow, narrow strips of fine sand, silt and clay loams in valleys and bare rock knobs and ridges
of granite and other rocks of Precambrian age.

4.2 General Overview of Local Subsurface Conditions

The detailed subsurface soil and groundwater conditions as encountered in the boreholes and
probeholes advanced during this investigation, together with the results of the laboratory tests
carried out on selected soil samples, are given on the attached Table 1, Record of Borehole and
Record of Drillhole sheets following the text of this report. The laboratory testing details are
provided in Appendix A. The stratigraphic boundaries shown on the Record of Borehole sheets
are inferred from observations of drilling progress and the results of Standard Penetration Tests
(SPTs) and in situ testing. These boundaries, therefore, represent transitions between soil types
rather than exact planes of geological change. Further, subsurface conditions will vary between
and beyond the borehole locations.

The soil stratigraphy as encountered in the boreholes and hand probes in the culvert areas are
shown on Drawings 1 and 2; stratigraphic sections for the high fill and swamp areas are shown on
Drawing 3.

In general, the stratigraphy encountered at the areas investigated is similar; however, the
overburden (soil materials) thickness is variable ranging from 0.3 m to about 3.7 m deep. The
stratigraphy generally consists of:

surficial layers of topsoil or fibrous peat ranging in thickness from about 0.1 m to 2.0 m,
typically less than 1.0 m;

e relatively thin (up to 2.4 m thick) deposits of silt and sand in some areas, particularly at
Stations 8+215 and 8+345;

e deposits of cohesive silt and clay ranging in thickness from about 0.3 m to about 1.5 m;
and

e between the cohesive deposits and bedrock, silt and sand deposits were encountered with
thicknesses from 0.1 m up to 1.3 m.

Golder Associates
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Detailed descriptions of the subsurface conditions at each investigated area are provided in the
following sections.

4.3 Culvert No. 3 (Station 8+215)

The plan and centreline profile of Culvert No. 3 showing the borehole locations and interpreted
stratigraphy between Stations 8+210 to 8+240 are shown on Drawing 1. A total of 2 boreholes
(Boreholes BH C3-2 and C3-3) were completed to obtain information on the subsurface
conditions within this area. The topography of this site is generally rolling with a beaver dam
present in the northern portion of the area and the central and southern portions being tree
covered and ponded water to the east of the area.

In general, the subsurface soils along the proposed main alignment of this section consist of thin
alternating surficial deposits of sand/silty sands and silty clay overlying bedrock. Bedrock
outcroppings were noted in the southern portion of the area and the deepest borehole at this site
extended to 3.7 m below ground surface.

4.3.1 Sand / Silty Sand

A 0.6 m thick surficial layer of grey, medium to coarse sand was encountered in Borehole BH
C3-3 at Station 8+210, 15 m east of the main alignment. Underlying this sand, a 0.6 m thick silty
sand deposit was encountered with top at approximate Elevation 184.5 m.

Grey, fine to medium sand was encountered from ground surface and extending to 2.4 m depth
approximate Elevation 183.6 m in Borehole BH C3-2 at Station 8+215.

Standard Penetration Testing (SPT) measured ‘N’ values ranging from 1 blow to 18 blows per
0.3 m of penetration, indicating a very loose to compact relative density within this layer. The
natural water content measured on selected samples of this deposit ranged from 15 to 29 percent.

4.3.2 Silty Clay
Underlying the silty sand in Borehole C3-3 at Station 8+210, a 1.2 m thick deposit of brown and
grey to grey silty clay with trace to some sand was encountered at approximate Elevation

183.9 m.

Standard Penetration Testing (SPT) measured ‘N’ values ranging from 11 blows to 15 blows per
0.3 m of penetration indicating a stiff consistency.

Golder Associates
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Atterberg limits testing carried out on two (2) samples of the silty clay gave liquid limits of about
45 and 49 percent, plastic limits of 16 and 18 percent, and plasticity indices of about 29 and 32
percent. The results are shown on Figure A-1 in Appendix A and indicate that the material is a
clay of intermediate plasticity.

The natural water content measured on selected samples of this deposit ranged between 35
percent and 37 percent.

4.3.3 Sand

Below the silty clay in Borehole BH C3-3, a 0.7 m thick deposit of grey coarse sand was
encountered, containing trace gravel, at approximate Elevation 182.7 m.

Standard Penetration Testing (SPT) carried out within this stratum measured an ‘N’ value of 2
blows per 0.3 m of penetration, indicating a very loose relative density.

4.3.4 Silty Sand

A lower, grey silty sand deposit (about 0.6 m thick) was encountered below the coarse sand at
approximate Elevation 182.0 m. The lower silty sand contained trace amounts of gravel.

Standard Penetration Testing (SPT) carried out within this stratum measured an ‘N’ value of 15
blows per 0.3 m of penetration, indicating a compact relative density.

A natural water content of about 10 percent was measured on one sample of this deposit.

4.3.5 Bedrock

Bedrock was encountered at both Culvert No. 3 borehole locations. The depth to bedrock below
ground surface was 2.4 m in Borehole C3-2 and 3.7 m in Borehole C3-3. The bedrock core
samples retrieved from both boreholes are described as fresh, medium to fine grained, medium
strong to strong granite. The RQD values measured on the core samples typically are greater than
60 per cent in Borehole C3-2 and greater than 75 per cent in Borehole C3-3 indicating fair to
excellent rock quality.

4.3.6 Groundwater Conditions
In general, the samples taken in the boreholes were noted to be wet and the groundwater level
was generally found to be at or near ground surface during drilling. It should be noted that

groundwater levels in the area are subject to seasonal fluctuations and the groundwater level will
vary depending on precipitation and local soil permeability

Golder Associates
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44 Culvert No. 2 (Station 8+345)

The plan and centreline profile of Culvert No. 2 showing the borehole locations and interpreted
stratigraphy are shown on Drawing 1. A total of 3 boreholes (Boreholes BH C2-1 to C2-3) were
completed to the subsurface conditions within this area. The topography of this site is generally
rolling with mostly mixed forest covering the area, and rock outcroppings to the south and north
of the site.

In general, the subsurface soils along the proposed main alignment of this section consist of thin
deposits of peat and/or topsoil underlain by surficial deposits of silty sand and silty clay.
Bedrock outcrops to the north of the culvert and the deepest borehole at this site extended to
1.6 m below ground surface.

441 Topsoil

A 0.1 to 0.3 m thick surficial layer of topsoil was encountered in Borehole C2-1 at Station 8+340
(10 m west of main alignment), in Borehole C2-2 at Station 8+345 on centreline and in Borehole
C2-3 at Station 8+350 (10 m east of the main alignment).

4.4.2 Sand and Silt / Silty Sand

A yellowish brown, sand and silt was encountered at approximate Elevations 192.3 m, with a
thickness of 0.5 m.

A brown and grey, silty sand was encountered underlying the sand and silt in Borehole C2-1 and
underlying the topsoil in Borehole C2-2 at approximate Elevations 191.8 m and 192.9 m,
respectively.

Standard Penetration Testing (SPT) in Borehole C2-1 measured ‘N’ values ranging from 3 blows
to 69 blows per 0.3 m of penetration, indicating a very loose to very dense relative density within
this layer. Standard Penetration Testing (SPT) in Borehole C2-2 measured an ‘N’ value of 2

blows per 0.3 m of penetration, indicating a very loose relative density within this layer.

A natural water content of about 14 percent was measured on one selected sample of the sand and
silt/silty sand deposits.

4.4.3 Silty Clay to Clay Till

Underlying the silty sand in Borehole C2-2, a 0.7 m thick deposit of brown and grey, silty clay to
clay with trace to some sand was encountered at approximate Elevation 192.5 m.

Golder Associates
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Standard Penetration Testing (SPT) measured an ‘N’ value of 26 blows per 0.3 m of penetration
indicating a very stiff consistency.

Atterberg limits testing was carried out on one (1) sample of the silty clay yielding a liquid limit
of about 53 percent, a plastic limit of about 21 percent, and a plasticity index of about 32 percent.
The results are shown on Figure A-1 in Appendix A and indicate that the material is a clay of
high plasticity.

A natural water content of about 30 percent was measured on one selected sample of the silty clay
deposit.

444 Silty Sand Till

In Borehole C2-2 a lower, brown and grey, silty sand deposit (about 0.4 m thick) with gravel was
encountered below the silty clay at approximate Elevation 191.8 m.

Standard Penetration Testing (SPT) carried out within this stratum measured an ‘N’ value of 63
blows per 0.3 m of penetration, indicating a very dense relative density.

A natural water content of about 32 percent was measured on one sample of this deposit.

445 Bedrock

Refusal, typically defined by greater than 100 blows per 0.3 m penetration, was met at all three
Culvert No. 2 borehole locations. The depth to bedrock below ground surface ranged from 0.3 m
in Borehole C2-3 (approximate Elevation 192.7 m) to 1.6 m in Borehole C2-2 (approximate
Elevation 191.4 m).

Bedrock was cored in two of the boreholes. The bedrock is described as fresh, massive, medium
strong to strong granite (medium to fine grained) and/or pegmatite (large grained).

The RQD values measured on the core samples typically are greater than 60% in borehole C2-1
and range between 22% - 53% in borehole C2-3 indicating very poor to good quality.

4.4.6 Groundwater Conditions
In general, the samples taken in the boreholes were noted to be wet and the groundwater level
was generally found to be at or near ground surface. It should be noted that groundwater levels in

the area are subject to seasonal fluctuations. Furthermore, groundwater elevations will vary
depending on precipitation and local soil permeability.
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4.5 Culvert No. 1 (Station 9+600)/Swamp Crossing Station 9+560 to 9+630

The plan and centreline profile of Culvert No. 1 showing the borehole locations and interpreted
stratigraphy are shown on Drawing 2. A total of 4 hand auger holes (HP C1-1 to C1-4) were
completed to investigate the subsurface conditions within the area of this culvert. In addition,
auger probes were also put down as part of the geotechnical investigation as shown on Drawing
3. The topography within this swamp covered area is generally flat.

In general, the subsurface soils along the proposed main alignment of this section consist of
deposits of peat underlain by a deposit of silty clay, in turn overlying a thin layer of sand.
Bedrock outcrops to the north and south of the swamp and the deepest hand probe at this site
extended to 2.4 m depth below ground surface in the middle of the swamp.

4.51 Peat
A 0.8 m to 2.0 m thick surficial layer of peat was encountered in hand auger holes C1-1 to C1-4.
4.5.2 Silty Clay

A layer of soft, grey, silty clay was encountered at all hole locations ranging in thickness from
0.02 m to 0.3 m with top at approximate Elevations 186.8 m and 185.6 m, respectively.

4.5.3 Sand

Underlying the silty clay, a thin layer (less than 0.1 m thick) of compact, grey sand with trace silt
was encountered.

4.5.4 Bedrock / Refusal

Refusal to further auger penetration was met at depths below ground surface ranging from 1.2 m
in HPCI - 4 at Station 9+600, 11 m east (approximate Elevation 186.8 m) to 2.0 m IN HPCI - 1 at
Station 9+600 m, 11 m west (approximate Elevation 185.2 m).

These refusal depths, while they do not necessarily confirm bedrock elevations, may be inferred
to indicate potential proximity to the bedrock surface. Based on the results of the bedrock coring
carried out in the boreholes at Culverts Nos. 2 to 4, the bedrock in the area can be described as
fresh, medium strong to strong granite (medium to fine grained) and/or pegmatite (large grained).

Golder Associates
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4.5.5 Groundwater Conditions

In general, the water depth at the time of the investigation (May 2004) ranged from 0.3 m to
0.45 m at the borehole locations along Culvert No. 1 (Station 9+600). The water depth varies
across the length of the swamp and is up to 1.5 m deep in areas. The groundwater level is
influenced by the water level within the swamp which is subject to seasonal fluctuations and will
vary depending on precipitation.

4.6 Culvert No. 4 (Station 9+840)

The plan and centreline profile of Culvert No. 4 showing the borehole locations and interpreted
stratigraphy between Stations 9+820 to 9+850 are shown on Drawing 2. A total of 3 boreholes
(Boreholes BH C4-1 to C4-3) were completed to investigate the subsurface conditions within this
area. In addition, auger probes were put down as part of the geotechnical investigation in this
area as shown on Drawing 3. The topography of this site is generally flat with bedrock
outcroppings towards the southern and northern portions of the site.

In general, the subsurface soils along the proposed main alignment of this section consist of thin
deposits of peat and/or topsoil underlain by surficial deposits of silty clay and fine sand/silty sand
to the depth of refusal. Bedrock outcrops at the northern and southern limit of the site and the
deepest borehole at this site extended to 2.1 m depth.

4.6.1 Peat / Topsoil

A 0.3 to 0.6 m thick surficial layer of peat/topsoil was encountered in Borehole C4-3 and
Borehole C4-2.

Standard Penetration Testing (SPT) measured one ‘N’ value of 4 blows per 0.3 m of penetration,
indicating a very loose state of packing.

4.6.2 Silty Clay to Clay
Underlying the peat/topsoil in Boreholes C4-2 and C4-3 and at ground surface in Borehole C4-1,
a 0.3 m to 1.5 m thick deposit of brown and grey silty clay to clay with trace sand and gravel was

encountered at approximate Elevations 187.4 m, 188.7 m and 188.0 m, respectively.

Standard Penetration Testing (SPT) measured ‘N’ values ranging from 3 blows to 14 blows per
0.3 m of penetration indicating a soft to stiff consistency.

Golder Associates
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Atterberg limits testing was carried out on two (2) selected samples of the silty clay. The liquid
limit ranged from about 48 to 57 percent and the plastic limit ranged from 19 to 21 percent, and
plasticity indices ranging from about 30 to 36 percent. The results are shown on Figure A-1 in
Appendix A and indicate that the material is a silty clay of intermediate plasticity to clay of high
plasticity.

The natural water content measured on selected samples of this deposit ranged between 35
percent and 54 percent.

4.6.3 Fine Sand / Silty Sand

A lower, brown and grey to grey fine sand/silty sand deposit with trace gravel (about 0.2 m thick)
was encountered below the silty clay in Borehole C4-3 in Borehole C4-1 at approximate
Elevations 188.4 m and 186.8 m, respectively.

Standard Penetration Testing (SPT) obtained for this layer were greater than 50 blows per 0.2 m
due to the bedrock directly beneath this thin layer.

A natural water content of about 14 percent was measured on one sample of this deposit.

4.6.4 Bedrock

Refusal, typically defined by greater than 100 blows per 0.3 m penetration in the boreholes was
met, at all three Culvert No. 4 borehole locations. The depth to bedrock below ground surface
ranged from 0.8 m in Borehole C4-3 (approximate Elevation 188.2 m) to 2.1 m in Borehole C4-2
(approximate Elevation 185.9 m).

Bedrock was cored in two of the boreholes. The bedrock is described as fresh, medium to fine
grained, medium strong to strong granite. The RQD values measured on the rock core samples
were about 75% in Borehole C4-1 and about 55% in Borehole C4-2 indicating a fair to good rock
quality.

4.6.5 Groundwater Conditions
In general, the samples taken in the boreholes were noted to be wet and the groundwater level
was generally found to be at or near ground surface. It should be noted that groundwater levels in

the area are subject to seasonal fluctuations and will vary depending on precipitation and local
soil permeability
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TABLE 1
SUMMARY OF SUBSOIL CONDITIONS AT
PROBE HOLE LOCATIONS - STATION 9+560 TO 9+630
CULVERT 1/ SWAMP CROSSING
. Borehole | Elevation Ao
Station Depth Description
Number (m)
9+564 14 m Lt A 189.0 0-12m Water
1.2-1.6m Black organics, soft
1.6 m NFP bedrock
C/L B 188.0 0-12m Water
12-14m Black organics, soft
14m NFP bedrock
14 m Rt C 188.4 0-12m Water
12-19m Black organics, soft
1.9m NFP bedrock
9+600 11 mLt HPCI1-1 188.0 0-045m Water
045-25m Peat
25-27m Grey silty clay, trace sand, soft
2.7-2.8m Grey sand, trace silt, compact
2.8 m NFP bedrock
C/L HPC1-2 188.0 0-0.45m Water
0.45-2.4m Peat
24-2.68m Grey silty clay, trace sand, soft
2.68 —2.74 m | Grey sand, trace silt, compact
2.74 m NFP bedrock
5.5mRt HPCI1-3 188.0 0-04m Water
04-14m Peat
1.4m NFP bedrock
11 mRt HPC1-4 188.0 0-0.33m Water
0.33-1.16 m | Peat
1.16 — 1.18 m | Grey silty clay, soft overlying
1.18 - 1.22 Grey sand, trace silt, compact
1.22 m NFP bedrock
9+620 12mLt D 188.0 0-12m Water
1.2-22m Muckamor, soft
22-24 Grey sand with silt, trace gravel, compact
24 m NFP bedrock
C/L E 188.0 0-1.1m Water
1.1-1.5m Black organics, soft
1.5-1.6m Grey sand with silt, trace gravel, compact
1.6 m NFP bedrock
12 mRt F 188.0 0-12m Water
1.2-22m Muckamor, soft
22-24m Grey sand with silt, trace gravel, compact
24 m NFP bedrock
9+630 C/L G 189.1 0-0.25m Water
025-0.5m Black organics, soft
0.5-0.6m Grey sand with silt, trace gravel, compact
0.6 m NFP bedrock

Golder Associates
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Note: Refer to Figure 3 for Probe Hole Locations

TABLE 2

SUMMARY OF SUBSOIL CONDITIONS AT
PROBE HOLE LOCATIONS - STATION 9+818 TO 9+850

HIGH FILL
. Borehole | Elevation e
Station N (m) Depth Description
9+818 C/L H 193.0 0m Bedrock
9+840 C/L L 188.0 0-03m Black organics, soft
0.3-0.8m Brown sandy silt, trace clay, trace gravel,
compact
0.8-2.0m Brown silty clay with sand, stiff
9+850 14 m Lt | 188.0 0-025m Black organics, soft
0.25-0.7m | Brown sandy silt, trace clay, trace gravel,
compact
0.7-2.0m Brown silty clay with sand, stiff
C/L J 190.0 0-0.1m Dark brown silt
0.1m NFP bedrock
14 m Rt K 195.1 0Om Bedrock

Note: Refer to Figure 3 for Probe Hole Locations

Golder Associates
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APPENDIX A
LABORATORY TEST RESULTS

Golder Associates
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LIST OF ABBREVIATIONS

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

L. SAMPLE TYPE

AS  Auger sample
BS Block sample
CS Chunk sample

SS Split-spoon

DS  Denison type sample
FS Foil sample

RC  Rock core

SC Soil core

ST Slotted tube

TO  Thin-walled, open
TP Thin-walled, piston
WS Wash sample

1I. PENETRATION RESISTANCE

Standard Penetration Resistance (SPT), N:
The number of blows by a 63.5kg. (1401b.)
hammer dropped 760 mm (30 in.) required to drive
a 50 mm (2 in.) drive open sampler for a distance of
300 mm (12 in.)

Dynamic Cone Penetration Resistance; Ng:
The number of blows by a 63.5kg (1401b.)
hammer dropped 760 mm (30 in.) to drive uncased
a 50 mm (2 in.) diameter, 60° cone attached to “A”
size drill rods for a distance of 300 mm (12 in.).

PH: Sampler advanced by hydraulic pressure

PM: Sampler advanced by manual pressure

WH: Sampler advanced by static weight of hammer
WR: Sampler advanced by weight of sampler and rod

Piezo-Cone Penetration Test (CPT)

A electronic cone penetrometer with a 60° conical
tip and a project end area of 10 cm® pushed through
ground at a penetration rate of 2cm/s.
Measurements of tip resistance (Q,), porewater
pressure (PWP) and friction along a sleeve are
recorded electronically at 25 mm penetration
intervals.

S:\FINALDAT\ABBREV\2000\LOFA-D00.DOC

I11. SOIL DESCRIPTION
(a) Cohesionless Soils
Density Index N
(Relative Density) Blows/300 mm or Blows/ft.
Very loose 0to 4
Loose 4 to 10
Compact 10 to 30
Dense 30 to 50
Very dense over 50
(b) Cohesive Soils
Consistency
CusSu
KkPa psf
Very soft 0to 12 0 to 250
Soft 12 to 25 250 to 500
Firm 25 to 50 500 to 1,000
Stiff 50 to 100 1,000 to 2,000
Very stiff 100 to 200 2,000 to 4,000
Hard over 200 over 4,000
Iv. SOIL TESTS
w water content
Wp plastic limit
Wi liquid limit
C consolidation (oedometer) test
CHEM  chemical analysis (refer to text)
CID consolidated isotropically drained triaxial test'
CIU consolidated isotropically undrained triaxial test
with porewater pressure measurement'
Dr relative density (specific gravity, Gy)
DS direct shear test

M sieve analysis for particle size

MH combined sieve and hydrometer (H) analysis

MPC Modified Proctor compaction test

SPC Standard Proctor compaction test

oC organic content test

SO, concentration of water-soluble sulphates

ucC unconfined compression test

uu unconsolidated undrained triaxial test

\% field vane (LV-laboratory vane test)

Y unit weight

Note: 1 Tests which are anisotropically consolidated prior to

shear are shown as CAD, CAU.

Golder Associates

Page 20 of 46



LIST OF SYMBOLS

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

General

3.1416

natural logarithm of x

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

time

factor of safety

volume

weight

STRESS AND STRAIN

shear strain

change in, e.g. in stress: A ¢
linear strain

volumetric strain

coefficient of viscosity

poisson’s ratio

total stress

effective stress (¢’ = 6-u)

initial effective overburden stress
principal stress (major, intermediate, minor)
mean stress or octahedral stress
= (o1+0y+03)/3

shear stress

porewater pressure

modulus of deformation

shear modulus of deformation
bulk modulus of compressibility

SOIL PROPERTIES
(a) Index Properties

bulk density (bulk unit weight*)

dry density (dry unit weight)

density (unit weight) of water

density (unit weight) of solid particles

unit weight of submerged soil (y' = y- )
relative density (specific gravity) of solid
particles (Dg = p¢/ py) (formerly Gy)

void ratio

porosity

degree of saturation

S:\FINALDAT\SYMBOLS\2000\SYMB-D00.DOC

=4 a0 o

LCSLENNNN

O q
@k
el

(a) Index Properties (continued)

water content

liquid limit

plastic limit

plasticity index = (w; — wp)
shrinkage limit

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

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

(b) Hydraulic Properties
hydraulic head or potential
rate of flow
velocity of flow
hydraulic gradient
hydraulic conductivity (coefficient of permeability)
seepage force per unit volume

(¢) Consolidation (one-dimensional)

compression index (normally consolidated range)
recompression index (over-consolidated range)
swelling index

coefficient of secondary consolidation
coefficient of volume change

coefficient of consolidation

time factor (vertical direction)

degree of consolidation

pre-consolidation pressure

over-consolidation ratio = 6',/c’\,

(d) Shear Strength

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

undrained shear strength (¢ = 0 analysis)
mean total stress (o] + 63)/2
mean effective stress (¢'; + 6'3)/2
(G] + 03)/2 or (G’] + 0,3)/2
compressive strength (o, + o3)
sensitivity

t=c' +0o' tan ¢’

shear strength = (compressive strength)/2

density symbol is p. Unit weight symbol is y where
y=pg (i.e.massdensity x acceleration due
to gravity)

Golder Associates
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MISS_MTO 0211103AAMTO.GPJ ON_MOT.GDT 12/4/05

%Goldcr
Associates

Foundation Design

PROJECT 0211108 RECORD OF BOREHOLE No C2-1 10F 1  METRIC
W.P. 370-00-00 LOCATION N 4967290.8 ;E 285772.2 ORIGINATED BY _sB
DIST 52 HWY BOREHOLE TYPE _ HILTI Manual Portable Rig; Continuous Split Spoon Sampling COMPILED BY DD
DATUM _Geodetic DATE Nov. 11, 2003 CHECKED BY CAB
DYNAMIC CONE PENETRATION
Hol 2 = pLasTic AR Laun| | &
5 q 28] @ 20 40 60 80 100 [UMT  conrent LMTf S O &
el W 4 [ z 1 1 L . 1 Wp w w, > g GRAIN SIZE
ELEV ol m w 3125 O |SHEAR STRENGTH kPa
DESCRIPTION == & z zg = —_— DISTRIBUTION
DEPTH = [ > 8 5 <>( O UNCONFINED + FIELD VANE . ‘Y (%)
el = z [£°]| @ |e QuckTRIAXIAL x REmouLpEp| WATER CONTENT (%)
192.4 GROUND SURFACE w 20 40 60 80 100 15 30 45 kN/m®* |GR SA SI CL
B9 ~JOPSOIL
SAND and SILT with roots, trace to 1 sS 3
191.8 some gravel - 192
0.6 Very loose T
: Yellowish brown / 18 2 Ss 69 a
191.3 \Moist Yk
11 Silty SAND, trace gravel (TILL)
Very dense
Brown and grey 191
Moist
Granite (BEDROCK)
Fresh
Medium strong to strong
Grey 190
189.7
Pegmatite (BEDROCK)
1894 Fresh
3.1 Medium to strong
Pink
Bedrock cored from 1.1m to 2.7m
depth.
For coring details see Record of
Drillhole C2-1.
End of Borehole
NOTE:
1. Spoon refusal at 1.1m depth.
2. Culvert #2 (Sta. 8+340, 10 m
T)
+3,%3; Numbersreferto 3% grpa AT FAILURE

Sensitivity
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MISS-ROCK-2 0211103AARCK.GPJ GAL-CANADA.GDT 12/4/05

PROJECT: 021-1103 RECORD OF DRILLHOLE: C2-1 SHEET 1 OF 1
LOCATION: Culvert #2 (Sta. 8+ 340, 10 m WEST) DRILLING DATE: Nov. 12 & 13, 2003 DATUM: Geodetic
INCLINATION: -90° AZIMUTH: — DRILL RIG: HILTI Manual Portable Rig
' ’ DRILLING CONTRACTOR: Marathon Drilling
a W | z[ IN_-Joint BD- Bedding PL - Planar PO- Polished BR - Broken Rock
w ox [0] = |S[Z| FLT - Fault FO- Foliation CU- Curved K -Slickensided  \ e oo
= Q o % [P SHR- shear CO- Contact UN- Undulating SM- Smooth reuiations refor o list
6 %) 8 — S |z -|olg] YN -Vein OR- Orthogonal ST - Stepped Ro - Rough of abbreviations & NOTES
or | x © | ELEV. | Z |[OE|ole| cy -Conjugate  CL- Cleavage IR - Irregular MB- Mechanical Breakymbols.
= DESCRIPTION o Z[EElT" WATER LEVELS
= g Q Q |pEPTH 2 zE| RECOVERY | o |FRacT. DISCONTINUITY DATA HYORAULIC. Joiametral INSTRUMENTATION
[ S jm "o | INDEX T oint LoagRMc
o ] g m 2| % ||l [pEr i Bre D%(%I TYPEAND SURFACE [ K omsee | index | -0
3 ’ & | @ |se9s|sses|ssen|ocen|os88 | csas|  PESCRPTON | BEbE| L[
Refer to previous page 191.33
i Fresh, massive, grey with salt and 1.07 ] i
R pepper, medium to fine grained, medium 1 FR., ]
L strong to strong, GRANITE HNE EESE.NERERL N, || ]
i o N, ]
K 2 L LR i
— 2|g ]
= [} _
R H FR, — ]
= L N, ]
[ 3 FR., ]
| L — _|N” T
B 189.66 il LLRLLL(] ]9 N, || B
- Fresh, massive, pink, large grained, 2.74 . FR, 1
N medium strong to strong, PEGMATITE 189.35 L || ]
B End of Drillhole 3.05 ]
I ]
— ]
Y ]
— ]
I ]
I _
— 10 —
— 11 —
DEPTH SCALE LOGGED: SB
1:50 CHECKED: CAB
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MISS_MTO 0211103AAMTO.GPJ ON_MOT.GDT 12/4/05

%Goldcr
Associates

Foundation Design

Sensitivity

PROJECT 0211108 RECORD OF BOREHOLE No C2-2 10F 1  METRIC
W.P. 370-00-00 LOCATION N 4967296.1 ;E 285782.0 ORIGINATED BY _sB
DIST 52 HWY BOREHOLE TYPE _ HILTI Manual Portable Rig; Continuous Split Spoon Sampling COMPILED BY DD
DATUM _Geodetic DATE Nov. 11, 2003 CHECKED BY CAB
SOIL PROFILE SAMPLES | | w [BrNMG SN SENETRATION
2 & NATURAL = REMARKS
o) 8 PLASTIC yoierure HQUD|
5 n |5 @ 20 40 60 80 100 [UMT  conrent LMTf S O &
Sle w|z2| z 1 we w w [ 5Z | cransizE
ELEV "3_— ) w 3 % =) 8 SHEAR STRENGTH kPa o DISTRIBUTION
DEPTH DESCRIPTION g S|l e|>1|238 < | © UNCONFINED ~ + FIELD VANE Y (%)
el = z [£°]| @ |e QuckTRIAXIAL x REmouLpEp| WATER CONTENT (%)
193.0 GROUND SURFACE w 20 40 60 80 100 15 30 45 kN/m®* |GR SA SI CL
89 TOPSOIL -
1925 Silty SAND with to gravel, trace clay 1 sS 2
- Very loose
0.5 \ Brown and grey
Wet | N
Silty CLAY, trace to some sand 2 SS 26 192 I 1
191.8 (TILL)
\ Very stiff 4§
191.4 Brown and grey N 3 SS 63 N
16 Moist
Silty SAND with gravel (TILL)
Very dense
Brown and grey
Wet
End of Borehole
NOTES:
1. Water level in open borehole at
ground surface.
2. Spoon refusal at 1.6m depth
below ground surface.
3. Culvert #2 (Sta. 8+345)
|
|
+3,%3; Numbersreferto 3% grpa AT FAILURE
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MISS_MTO 0211103AAMTO.GPJ ON_MOT.GDT 12/4/05

%Goldcr
Associates

Foundation Design

PROJECT 011108 RECORD OF BOREHOLE No C2-3 10F 1  METRIC
W.P. 370-00-00 LOCATION N 4967301.7 ;E 285791.7 ORIGINATED BY _sB
DIST 52 HWY BOREHOLE TYPE _ HILTI Manual Portable Rig; Continuous Split Spoon Sampling COMPILED BY DD
DATUM _Geodetic DATE Nov. 11, 2003 CHECKED BY CAB
SOIL PROFILE SAMPLES | o w |BYN M SONE PENETRATION
NATURAL = REMARKS
Hol 2 = pLasTic AR Laun| | &
= o |<8| @ 20 40 60 80 100 |UMT - content  LMT) Z O &
9y w|z2| z L L L L " w w | 35 | cransizE
ELEV 2|8 w| 3 |25] © [SHEARSTRENGTH kPa s
DESCRIPTION == & z zg = —_—— DISTRIBUTION
DEPTH s|3| 7| 5|38 £ |o unconFNeD  + FIELD VANE Y %)
el = z [£°]| @ |e QuckTRIAXIAL x REmouLpEp| WATER CONTENT (%)
193.0 GROUND SURFACE w 20 40 60 80 100 15 30 45 kN/m®* |GR SA SI CL
1 98:9 TOPSOIL
03[  Pegmatite (BEDROCK)
Fresh
Medium strong to strong
Pink 192
Bedrock cored between 0.3m and
1.83m depth.
For coring details, refer to Record of
191.2 Drillhole C2-3.
1.8 End of Borehole
NOTES:
1. No samples taken.
2. Hand dug with shovel.
3. Culvert #2 (Sta. 8+350, 10 m
)
+3,%3; Numbersreferto 3% grpa AT FAILURE

Sensitivity
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MISS-ROCK-2 0211103AARCK.GPJ GAL-CANADA.GDT 12/4/05

PROJECT: 021-1103 RECORD OF DRILLHOLE C2-3 SHEET 1 OF 1
LOCATION: Culvert #2 (Sta. 8+350, 10 m EAST) DRILLING DATE: Nov. 13 & 14, 2003 DATUM: Geodetic
DRILL RIG: HILTI Manual Portable Ri
INCLINATION: -90° AZIMUTH: — 9 .
DRILLING CONTRACTOR: Marathon Drilling
[a} w z| JN - Joint BD- Bedding PL - Planar PO- Polished BR - Broken Rock
w [ o = |S[Z| FLT - Fault FO- Foliation CU- Curved K -Slickensided | (oo b0 o
4 Q o % |9|F| SHR- Shear CO- Contact UN- Undulating SM- Smooth reuiations refor o list
6 %) 8 — S |z -|olg] YN -Vein OR- Orthogonal ST - Stepped Ro - Rough of abbreviations & NOTES
oY | x © | ELEV. | Z |OE|dl¢| CJ - Conjugate CL - Cleavage IR - Irregular MB- Mechanical Brealeymbols.
= DESCRIPTION = = |[EE|l° WATER LEVELS
T im Q Q |pEPTH| S | Ef RECOVERY FRACT| DISCONTINUITY DATA HYDRAULIC [Diametral INSTRUMENTATION
o= | 5 s (m) 2157 = o Tsom R-E}D» INDEX D wiT ONDUCTIVITYPoint LoadRrmc|
u 4 > Z | B |comen|coren| * [PERtm{ BAnde | CORE [ TvPE AND SURFACE | KomiSec | e &
o & | @ |zges|ss9s|s8ss|ces| o888 ogrg|  PESCRPTON Sl NS
Refer to previous page 19270
B Fresh, massive, pink, large grained, 0.30 T i
- medium strong to strong PEGMATITE 4 E
L 1o ]
L @ 2 ]
B 3 ]
B 19117 1] | | | ] ]
B End of Drillhole 183 1
I ]
B NOTE: 7]
| 1. Fractures cannot be logged due to ]
L significant loss of core -
_— ]
— ]
— ]
L 6 ]
I ]
Y ]
Y ]
L 10 ]
DEPTH SCALE LOGGED: SB
1:50 CHECKED: CAB

Page 26 of 46



MISS_MTO 0211103AAMTO.GPJ ON_MOT.GDT 12/4/05

%Goldcr
Associates

Foundation Design

PROJECT 011108 RECORD OF BOREHOLE No C3-2 10F 1 METRIC
W.P. 370-00-00 LOCATION N 4967168.9 ;E 285760.2 ORIGINATED BY _sB
DIST 52 HWY BOREHOLE TYPE _ HILTI Manual Portable Rig; Continuous Split Spoon Sampling COMPILED BY DD
DATUM _Geodetic DATE Nov. 17, 2003 CHECKED BY CAB
SOIL PROFILE SAMPLES | o w |RYN M SONE PENETRATION
gl —— pLasTic WATRRC  Laup| | & REMARKS
= n |23 3 20 40 60 80 100 |UMT - content  LMT) Z O &
Sy w|z2| z e We w w [ 5 | cransizE
ELEV o|lgp| ¥ 2 |25| © |SHEAR STRENGTH kPa
DESCRIPTION == & z zg = —_—— DISTRIBUTION
DEPTH <[3] | 5 [338]| £ [o unconrneD  + FiELD vANE Y %)
el = z [£°]| @ |e QuckTRIAXIAL x REmouLpEp| WATER CONTENT (%)
186.0 GROUND SURFACE w 20 40 60 80 100 15 30 45 kN/m®* |GR SA SI CL
0.0 Fine to medium SAND with roots and
some silt and gravel 1 sS 2
Very loose to compact
Grey
Wet
2 SS 18 185 o
3 SS 14
184
4 SS 14 D
183.6
24 Granite (BEDROCK)
Fresh
Medium strong
Grey 183
182.6 Bedrock cored from 2.4m to 3.45m
3.5 depth.
For coring details, refer to Record of
Drillhole C3-2.
End of Borehole
NOTE:
1. Spoon refusal at 2.44m depth.
2. Culvert #3 (Sta. 8+215)
+3,%3; Numbersreferto 3% grpa AT FAILURE

Sensitivity
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MISS-ROCK-2 0211103AARCK.GPJ GAL-CANADA.GDT 12/4/05

PROJECT: 021-1103 RECORD OF DRILLHOLE: C3-2 SHEET 1 OF 1
LOCATION: Culvert #3 (Sta. 8+215) DRILLING DATE: Nov. 18, 2003 DATUM: Geodetic
DRILL RIG: HILTI Manual Portable Ri
INCLINATION: -90° AZIMUTH: — 9 -
DRILLING CONTRACTOR: Marathon Drilling
[a} w z| JN - Joint BD- Bedding PL - Planar PO- Polished BR - Broken Rock
w [ o = |S[Z| FLT - Fault FO- Foliation CU- Curved K -Slickensided | (oo b0 o
4 Q o % |9|F| SHR- Shear CO- Contact UN- Undulating SM- Smooth reuiations refor o list
6 %) 8 — S |z -|olg] YN -Vein OR- Orthogonal ST - Stepped Ro - Rough of abbreviations & NOTES
oY | x © | ELEV. | Z |OE|dl¢| CJ - Conjugate CL - Cleavage IR - Irregular MB- Mechanical Brealeymbols.
4 DESCRIPTION 5 Z [FE|T® WATER LEVELS
T im Q Q |pEPTH| S | Ef RECOVERY FRACT| DISCONTINUITY DATA HYDRAULIC [Diametral INSTRUMENTATION
o= | 5 s (m) 2157 = o Tsom R-E}D» INDEX D wiT ONDUCTIVITYPoint LoadRrmc|
u i > Z | B |coren|coren| ™ [PER tm| Bange | CORE [ TYPE AND SURFACE G cmisec (',[‘4‘;8:) &
o & | @ |zges|ss9s|s8ss|ces| o888 ogrg|  PESCRPTON Sl NS
Refer to previous page 183.56
- Fresh, massive structure, grey, medium 244 1 : N, [ B
R grained, medium strong, slight ]
B effervescence, GRANITE ]
o o FR,
B [} [~ JN,, -
— 3 2 —
- ®) FR, 1
[ FR., ]
B 182.55 || . IN,, - ]
- End of Drillhole 3.45 ]
— ]
— ]
Y ]
L, ]
Y ]
Y ]
Y ]
I ]
[ ]
DEPTH SCALE LOGGED: SB
1:50 CHECKED: CAB
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MISS_MTO 0211103AAMTO.GPJ ON_MOT.GDT 12/4/05

%Goldcr
Associates

Foundation Design

PROJECT  021-1103 RECORD OF BOREHOLE No C3-3 10F 1  METRIC
W.P. 370-00-00 LOCATION N 4967159.5 ;E 285769.3 ORIGINATED BY _sB
DIST 52 HWY BOREHOLE TYPE _ HILTI Manual Portable Rig; Continuous Split Spoon Sampling COMPILED BY DD
DATUM _Geodetic DATE Nov. 17, 2003 CHECKED BY CAB
DYNAMIC CONE PENETRATION
Hol 2 = pLasTic AR Laun| | &
= o |<8| @ 20 40 60 80 100 |UMT - content  LMT) Z O &
=N I A I = - . L . — " w w | 5% [ oransize
ELEV "3_— ol| o 2 25 8 SHEAR STRENGTH kPa o DISTRIBUTION
DEPTH DESCRIPTION g S|l e|>1|238 < | © UNCONFINED ~ + FIELD VANE Y (%)
el = z [£°]| @ |e QuckTRIAXIAL x REmouLpEp| WATER CONTENT (%)
185.1 GROUND SURFACE w 20 40 60 80 100 15 30 45 kN/m®* |GR SA SI CL
0.0 Medium to coarse SAND, trace 185
gravel 1| ss 1
184.5 Very loose
06 Grey
. Wet .
Silty SAND with gravel, trace roots ¥ 2 RN 6 9
183.9 Loose 184
12 Grey
Wet I
Silty CLAY, trace to some sand 8 S8 " !
Stiff
Brown and grey to grey
Moist 4| ss| 15 183 i i
182.7
24 Coarse SAND, trace gravel
Very loose 5| ss 2
Grey
183'1 Wet 182
. Silty SAND, trace gravel :
Compact T[] 6 | ss | 15 o
181.4 Grey
37 Wet
Granite (BEDROCK)
Fresh 181
Medium strong to strong
Salt and pepper
Bedrock cored from 3.7m to 5.4m
depth.
For coring details, refer to Record of 180
179.7 Drillhole C3-3.
54 End of Borehole
NOTE:
1. Spoon refusal at 3.7m depth.
2. Culvert #3 (Sta. 8+210, 12 m
EAST)
+3,%3; Numbersreferto 3% grpa AT FAILURE

Sensitivity
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MISS-ROCK-2 0211103AARCK.GPJ GAL-CANADA.GDT 12/4/05

PROJECT: 021-1103 RECORD OF DRILLHOLE C3-3 SHEET 1 OF 1
LOCATION: Culvert #3 (Sta. 8+210, 12 m EAST) DRILLING DATE: Nov. 18,2003 DATUM: Geodetic
DRILL RIG: HILTI Manual Portable Ri
INCLINATION: -90° AZIMUTH: — 9 .
DRILLING CONTRACTOR: Marathon Drilling
[a} w z| JN - Joint BD- Bedding PL - Planar PO- Polished BR - Broken Rock
w [ o = |S[Z| FLT - Fault FO- Foliation CU- Curved K -Slickensided | (oo b0 o
4 Q o % |9|F| SHR- Shear CO- Contact UN- Undulating SM- Smooth reuiations refor o list
6 %) 8 — S |z -|olg] YN -Vein OR- Orthogonal ST - Stepped Ro - Rough of abbreviations & NOTES
or | x DESCRIPTION © | ELEV. [ 2 OFE|Cle| CJ -Conjugate L - Cleavage IR - Irregular MB- Mechanical Brealeymbols. WATER LEVELS
T im Q Q |pEPTH s H RECOVERY FRACT| DISCONTINUITY DATA HYDRAULIC [Diametral INSTRUMENTATION
o= | 5 s (m) 2157 = o Tsom R-E}D» INDEX D wiT ONDUCTIVITYPoint LoadRrmc|
u 4 > Z | & |coren|corew| ™ [PER tm| BAnge | CORE | TvPE AND SURFACE | CTIsee (',[‘4‘;8:) &
o & | @ |zges|ss9s|s8ss|ces| o888 ogrg|  PESCRPTON Sl NS
Refer to previous page 181.44
R Fresh, banded, salt and pepper, medium 3.66 ]
B to fine grained, medium strong to strong, 1 L IN,, i
— GRANITE || ]
R 2 FR, ]
B R ]
N g 1 FR, ] ]
i @ [—JN,, .
R 3 o N, ]
L 5 ]
B | || 1] R | ] ]
- 179.73 1
B End of Drillhole 5.37 ]
Y ]
I ]
— ]
- ]
Y ]
I ]
— ]
— ]
DEPTH SCALE LOGGED: SB
1:50 CHECKED: CAB
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MISS_MTO 0211103AAMTO.GPJ ON_MOT.GDT 12/4/05

%Goldcr
Associates

Foundation Design

PROJECT  021-1103 RECORD OF BOREHOLE No C4-1 10F 1  METRIC
W.P. 370-00-00 LOCATION N 4968749.2 ;E 285434.6 ORIGINATED BY _sB
DIST 52 HWY BOREHOLE TYPE _ HILTI Manual Portable Rig; Continuous Split Spoon Sampling COMPILED BY DD
DATUM _Geodetic DATE Nov. 19, 2003 CHECKED BY CAB
SOIL PROFILE SAMPLES | o w |BYN M SONE PENETRATION
NATURAL = REMARKS
ol X & PLASTIC o crire  Liaup| &
= o |<8| @ 20 40 60 80 100 |UMT - content  LMT) Z O &
Sy w|z2| z e We w w [ 5 | cransizE
ELEV o|lgp| ¥ 3125 O |SHEAR STRENGTH kPa
DESCRIPTION == & z zg = —_—— DISTRIBUTION
DEPTH HEIRE > 8 8 <>( O UNCONFINED + FIELD VANE ‘Y (%)
el = z [£°]| @ |e QuckTRIAXIAL x REmouLpEp| WATER CONTENT (%)
188.0 GROUND SURFACE w 20 40 60 80 100 15 30 45 kN/m®* |GR SA SI CL
0.0 Silty CLAY, trace sand and gravel
Soft to stiff 1 sS 3
Brown and grey
Moist
2| ss | 12 I |
186.8 187
Fine SAND, some silt, trace gravel 3 [ SS [50/02
14 Very dense
Grey
Wet
Granite (BEDROCK) 186
Fresh
185.6 Medium strong to strong
24 Grey
Bedrock cored from 1.4m to 2.4m
depth.
For coring details, refer to Record of
Drillhole C4-1.
End of Borehole
NOTE:
1. Culvert #4 (Sta. 9+850, 17.5 m
WEST)
+3,%3; Numbersreferto 3% grpa AT FAILURE

Sensitivity
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MISS-ROCK-2 0211103AARCK.GPJ GAL-CANADA.GDT 12/4/05

PROJECT: 021-1103 RECORD OF DRILLHOLE: C4-1 SHEET 1 OF 1
LOCATION: Culvert #4 (Sta. 9+850, 17.5 m WEST) DRILLING DATE: Nov. 20, 2003 DATUM: Geodetic
DRILL RIG: HILTI Manual Portable Ri
INCLINATION: -90° AZIMUTH: — 9 -
DRILLING CONTRACTOR: Marathon Drilling
[a] w z| JN - Joint BD- Bedding PL - Planar PO- Polished BR - Broken Rock
w ox (O] = % % FLT - Fault FO- Foliation CU- Curved K - Slickensided NOTE: For additional
4 Q o % |9|F| SHR- Shear CO- Contact UN- Undulating SM- Smooth ore.iators rofor i list
6 %) 8 — S |z -|olg] YN -Vein OR- Orthogonal ST - Stepped Ro - Rough of abbreviations & NOTES
or | x DESCRIPTION (:,) ELEV. | = SE Ole| CJ - Conjugate CL - Cleavage IR - Irregular MB- Mechanical Brealeymbols. WATER LEVELS
T i Q Q |pEPTH B H RECOVERY FRACT| DISCONTINUITY DATA HYDRAULIC [Diametral INSTRUMENTATION
o= | 5 s (m) 2157 = o Tsom R-E}D» INDEX D wiT ONDUCTIVITYPoint LoadRrmc|
a z b Z | 8 [corew|corew| " [PER1m| BAnge | CORE] TYPE AND SURFACE | o | DMex A
S & | @ |zges|ss9s|s8ss|ces| o888 ogrg|  PESCRPTON Sl NS
Refer to previous page 186.65
B Fresh, banded, grey with salt and 135 ] FR,, ]
B pepper, medium to fine grained, medium - JIN,, 7]
L strong to strong, GRANITE FR,, 1
B g 4 q N, ]
—_— FR, ]
B R, ]
B — FR” -
B R ]
s 185.56 NN AREE NAN | | .
B End of Drillhole 244 1
I ]
I ]
L 5 ]
Y ]
— ]
I ]
I ]
L 0 ]
— ]
DEPTH SCALE LOGGED: SB
1:50 CHECKED: CAB
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MISS_MTO 0211103AAMTO.GPJ ON_MOT.GDT 12/4/05

%Goldcr
Associates

Foundation Design

PROJECT 0711108 RECORD OF BOREHOLE No C4-2 10F 1 METRIC
W.P. 370-00-00 LOCATION N 4968744.1 ;E 285454.3 ORIGINATED BY _sB
DIST 52 HWY BOREHOLE TYPE _ HILTI Manual Portable Rig; Continuous Split Spoon Sampling COMPILED BY DD
DATUM _Geodetic DATE Nov. 19, 2003 CHECKED BY CAB
SOIL PROFILE SAMPLES | o w |EYN M SONE PENETRATION
gl = pLasTic WATRRC  Laup| | & REMARKS
= n |23 3 20 40 60 80 100 |UMT - content  LMT) Z O &
9y w|z2| z L L L L " w w | 35 | cransizE
ELEV 2|8 w| 3 |25] © [SHEARSTRENGTH kPa s
DESCRIPTION == z zg = —_—— DISTRIBUTION
DEPTH <[3] | 5 [338]| £ [o unconrneD  + FiELD vANE Y %)
el = z [£°]| @ |e QuckTRIAXIAL x REmouLpEp| WATER CONTENT (%)
188.0 GROUND SURFACE w 20 40 60 80 100 15 30 45 kN/m®* |GR SA SI CL
0.0 PEAT with roots
Loose 1 sS 4
187.4 Black
06 et
. Silty CLAY, trace sand
Stiff 2 SS 13 187 o
Brown and grey
Moist
3| ss | 14 I | o
185.9 4 | ss 150/0.23 186 o
21 Granite (BEDROCK)
Fresh
Medium strong to strong
Grey
Bedrock cored from 2.1m to 3.35m 185
184.7 depth.
3' 7 For coring details, refer to Record of

Drillhole C4-2.

End of Borehole

NOTE:
1. Spoon refusal at 2.1m depth.
2. Culvert #4 (Sta. 9+840)

+3,x

3. Numbers refer to
Sensitivity

o3% STRAIN AT FAILURE
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MISS-ROCK-2 0211103AARCK.GPJ GAL-CANADA.GDT 12/4/05

PROJECT: 021-1103 RECORD OF DRILLHOLE C4-2 SHEET 1 OF 1
LOCATION: Culvert #4 (Sta. 9+840) DRILLING DATE: Nov. 20, 2003 DATUM: Geodetic
DRILL RIG: HILTI Manual Portable Ri
INCLINATION: -90° AZIMUTH: — 9 »
DRILLING CONTRACTOR: Marathon Drilling
[a] w z| JN - Joint BD- Bedding PL - Planar PO- Polished BR - Broken Rock
w ox (O] = % % FLT - Fault FO- Foliation CU- Curved K - Slickensided NOTE: For additional
] Q o 5 |oR| sHR- shear CO- Contact UN- Undulating SM- Smooth o o i
z Is) b} R QD N abbreviations refer to list
S & b ° S |z ~|olx| YN -Vein OR- Orthogonal ST - Stepped Ro-Rough of abbreviations & NOTES
D x DESCRIPTION s ELEV. | 2 SE Ole| CJ - Conjugate CL - Cleavage IR - Irregular MB- Mechanical Brealsymbols. WATER LEVELS
T i Q Q |pEPTH B3 RECOVERY FRACT| DISCONTINUITY DATA HYDRAULIC [Diametral INSTRUMENTATION
o= | 5 s (m) T i o T som RQD. [ \NDEX D wiT ONDUCTIVITYPoint LoadRrmc|
a ;‘ P Z | S |core %|core % % |PER 1m| B Angle CORE | TYPE AND SURFACE G cmisec (',[‘4‘;8;) &
a o | 2 |ggos|sses|ggos | oes| o928 Loss DESCRIPTION obb% 1
288898 [ 8898 | w228 [ o825 | o888 e |aveo
Refer to previous page 185.94 |
R Fresh, massive, grey with salt and 2.06 o N, ]
R pepper, medium to fine grained, medium [—FR. ]
B strong to strong, GRANITE R ™ ]
i FR, ]
R g 1 ]
B FR ]
B l_FR ]
= FR ]
— 3 FR, ]
- 184.65 | | | ] g
B End of Drillhole 3.35 1
— ]
L 5 ]
L 6 ]
I ]
_— ]
L 9 ]
L 10 ]
I ]
— ]
DEPTH SCALE LOGGED: SB
1:50 CHECKED: CAB
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MISS_MTO 0211103AAMTO.GPJ ON_MOT.GDT 12/4/05

%Goldcr
Associates

Foundation Design

PROJECT 011108 RECORD OF BOREHOLE No C4-3 10F 1  METRIC
W.P. 370-00-00 LOCATION Culvert #4 (Sta. 9+830, 15 m EAST) ORIGINATED BY _sB
DIST 52 HWY BOREHOLE TYPE _ HILTI Manual Portable Rig; Continuous Split Spoon Sampling COMPILED BY DD
DATUM _Geodetic DATE Nov. 19, 2003 CHECKED BY CAB
SOIL PROFILE SAMPLES | o w  |BYN M SONE PENETRATION
NATURAL = REMARKS
Hol 2 = pLasTic AR Laun| | &
= o |<8| @ 20 40 60 80 100 |UMT - content  LMT) Z O &
Sy w|z2| z e We w w [ 5 | cransizE
ELEV o|lgp| ¥ 2 |25| © |SHEAR STRENGTH kPa
DESCRIPTION == & z zg = —_—— DISTRIBUTION
DEPTH s|3| 7| 5|38 £ |o unconFNeD  + FIELD VANE Y %)
el = z [£°]| @ |e QuckTRIAXIAL x REmouLpEp| WATER CONTENT (%)
189.0 GROUND SURFACE y w 20 40 60 80 100 15 30 45 kN/m®* |GR SA SI CL
188:9 TOPSOIL ; s .
Silty CLAY, trace sand and gravel
188.4 Soft
Brown and grey 2 | SS [50/0.20) 9
0.8 oist
Silty SAND, trace gravel
Very dense
Brown and grey to grey
Moist to wet
End of Borehole
NOTE:
1. Water level in open borehole at
ground surface.
2. Spoon refusal at 0.8 m depth.
+3,%3; Numbersreferto 3% grpa AT FAILURE

Sensitivity
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October 2004 021-1103

APPENDIX A
LABORATORY TEST RESULTS

Golder Associates
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GRAIN SIZE DISTRIBUTION

Sand
U.S.8. Sieve size, meshes/inch Size of openings, inches
200 100 6050 40 30 20 16 10 8 4 3 3/8"/2"3/4"1" 1% 3" 4% 6"
100 i ! | i l):/‘ L1 -
90
|8
1
80 /
70 3
=
<
|j_: 60
/
i 50
!..-
=
O a0
: 7
]
o
30 /
20 /./
' €
10
O.%OO? 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT AND CLAY SIZES FINE MEDIUM COARSE FINE COARSE  |COBBLE
FINE GRAINED SAND SIZE GRAVEL SIZE SIZE
LEGEND
SYMBOL BOREHOLE SAMPLE DEPTH (m)
® C3-2 3 1.2-1.8

Date 7/30/2004
Project 021-1103

Golder Associates

Prepared by LG
Checked by A
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GRAIN SIZE DISTRIBUTION

Silty Clay
U.S.S. Sieve size, meshes/inch Size of openings, inches
200 100 BOS50 40 30 20 16 10 8 4 3 3/8"/2"3/4°1" 1%" 3" 4%" 6"
100 TR O T T N Lottt -
o ||
,4./
90
¥
80 / -
70 y.d
P
<
E 60
o
L
£ 50 /./
L
1/
&
O 40
o
i
o.
30
20
10
O.%OO‘i 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT AND CLAY SIZES FINE MEDIUM COARSE FINE COARSE |COBBLE
FINE GRAINED SAND SIZE GRAVEL SIZE SIZE
LEGEND
SYMBOL BOREHOLE SAMPLE DEPTH (m)
® C3-3 4 1.8-2.4

Date 7/30/2004
Project 021-1103

Golder Associates

Prepared by LG
Checked by 3 3F
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GRAIN SIZE DISTRIBUTION
Silty Sand

FIGURE A-4

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

Size of openings, inches

200 100 6050 40 30 20 16 10 8 4 3 3/8"1/2"3/4"1" 1%" 3" 4%" 6"
100 i I | | i V 1 i | i
o7
90
o//t
80 /'/
70
=
T
= 60|~
o
z
T 50 /
i..
&
O 40 /
i
a 2
30 /
20
10
O%OOi 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT AND CLAY SIZES FINE MEDIUM COARSE FINE COARSE  |COBBLE
FINE GRAINED SAND SIZE GRAVEL SIZE SIZE
LEGEND
SYMBOL BOREHOLE SAMPLE DEPTH (m)
e C2-1 2 0.6-1.1

Date 7/30/2004

Project 021

-1103

Golder Associates

Prepared by LG

Checked by A%/
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GRAIN SIZE DISTRIBUTION FIGURE A5

Clay
U.S.8. Sieve size, meshes/inch Size of openings, inches
200 100 6050 40 30 20 16 10 8 43 3/8M/273/4"1" 1% 3 4%" 6"
i ! ! ! 1 1 1 1 i i i
100 /t'_,,
/I
20 2
rd A
|
80 s
[
70 /
=
T
- 60} /‘
o
L
Z
i 50
|_..
5
O 40—
o
Ll
a.
30
20
10
090607 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT AND CLAY SIZES FINE MEDIUM COARSE FINE CoARst  |COBBLE
FINE GRAINED SAND SIZE GRAVEL SIZE SIZE

Date 7/30/2004
Project 021-1103

LEGEND
SYMBOL BOREHOLE SAMPLE DEPTH (m)
® Cc2-2 2 0.6-1.2
i Prepared by LG
Golder Associates Checked by B3

Page 44 of 46



GRAIN SIZE DISTRIBUTION EIEURE A5
Sand
U.S.8. Sieve size, meshes/inch Size of openings, inches
200 100 6050 40 30 20 16 10 8 4 3 3/8"1/273/14"1" 1%t 3" 4%° 6"
100 i { i ! ! i R | H P . | ! i |
] e
90 //
&
80|
70
=
<
E’. 60
o
]
p=d
i 50
'_
pd
& a0
o
L
n— /
30
@
20
10}~
O.%OO‘] 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT AND CLAY SIZES FINE MEDIUM COARSE FINE coarse  |COBBLE
FINE GRAINED SAND SIZE GRAVEL SIZE SIZE
LEGEND
SYMBOL BOREHOLE SAMPLE DEPTH (m)
® C4-1 3 1.2-1.4
Date 7/30/2004 Prepared by LG
Project 021-1103 Golder Associates Checked by {78~
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GRAIN SIZE DISTRIBUTION FIGURE A-7

Silty Clay
U.S.S. Sieve size, meshes/inch Size of openings, inches
200 100 B0BO 40 30 20 16 10 8 4 3 3/8"J2°3/4"1" 1%" 3" 4%" 8"
100 ! ! i - | O T D (.
L
80
@
) 1 al
80
70 /‘
=z
z /
E 60
&
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GRAIN SIZE, mm
SILT AND CLAY SIZES FINE MEDIUM COARSE FINE CoARse |COBBLE
FINE GRAINED SAND SIZE GRAVEL SIZE SIZE
LEGEND

Date 7/30/2004
Project 021-1103

SYMBOL BOREHOLE SAMPLE DEPTH (m)

@ C4-2 3 1.2-1.8
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