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1. INTRODUCTION

Shaheen & Peaker Limited (S&P) was retained by UMA/AECOM Engineering Limited (UMA)
to conduct a foundation investigation for detail design of the proposed culvert replacements
on Highway 6 from 1.1 km south of Grey County Road 9 (North Junction) at Station 21+100
northerly through the Village of Varney to Township of Durham South Limits at
Station 11+887 in Grey County, Ontario.

The Highway 6 project includes pavement rehabilitation throughout, vertical grade revisions
in some areas, construction of a new northbound (NB) passing lane and replacement
extension of several culverts (C1 through C11) within the project limits. The Terms of
Reference (TOR) for this investigation was outlined in the Request for Proposals (RFP) by
the Ministry of Transportation (MTO) under Purchase Order Number 3004-E-0042 dated
January 2005 and subsequent S&P proposal P07413. The work was performed in
accordance with Consultant Agreement No. 3004-E-0042.

This report presents the findings of the geotechnical investigation for the proposed
replacement of six non-structural culverts (C1 through C4, C7 and C8) at the following
locations:

Culvert No Station
C1 21+204
C2 21+809
C3 23+793
Cc4 24+482
Cc7 27+065
C8 28+299

The geotechnical investigation results for the replacement of three structural culverts were
presented in separate reports under SPT1174C (for Culvert C9), 1174D (for Culvert C10)
and 1174E (for culvert C11). The findings of the geotechnical investigation for replacement
of the other non-structural culverts (C2A, C3A, C5, C6) will be presented under a separate
report (SPT1174B).
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2. PHYSIOGRAPHY

According to the Physiography of Southern Ontario (by Putnam & Chapman) and the
Ontario Geological Survey Map P.2715, the study area lies in the Physiographic Region
known as the Horseshoe Moraines. The Horseshoe Moraines Physiographic Region has
two main distinguishing features; i.e., irregular sand and gravel knobs and ridges (sand
plain and kame moraine), and gravel or swamp-covered valleys. These granular deposits
constitute aquifers associated primarily with kame deposits at or near the ground surface
within a larger more extensive regional till plain. The existing gravel pit in Durham is part of
the moraine spillway.

Geological information indicates that the overburden (glacial drift), in this general area, may
be underlain by bedrock at relatively shallow depths. Some areas may be located near the
interface of Upper Silurian Salina and Middle Silurian Guelph Formations, which are
approximately 420 million years old. The Salina Formation (the younger of the two) consists
of dolostone, shale, gypsum and salt while the Guelph Formation consists of dolostone.

3. INVESTIGATION PROCEDURES

In the current geotechnical report, the subsurface conditions for the proposed culvert
replacement at six sites (C1 through C4, C7 and C8) were investigated for replacements, as
per the original TOR in the RFP document and the S&P proposal.

At each culvert site, three boreholes were drilled, one at each end of the culvert and one at
the crest of the embankment for culvert replacement. Therefore, a total of eighteen
boreholes were drilled for the replacement of six culverts to different depths (typically a
minimum of 6 m below the culvert invert).

The fieldwork was carried out during several periods from August 10 to 22, 2006,
September 21-29, 2006, October 2 to 16, 2006, Oct. 16 to 19, 2006, November 8 to 14, and
December 5 to 8, 2006

All the boreholes were advanced using solid stem, or hollow stem augers run by truck and
track mounted drill rigs owned and operated by Walker Drilling Limited, except for
Borehole C2-1 which had to be put down using manual methods (due to inaccessibility with
a conventional drill rig). All the boreholes were drilled under the full time supervision of
geotechnical engineers from S&P.

Sampling in the boreholes (except Borehole C2-1) was conducted at frequent intervals of
depth by the Standard Penetration Test (SPT) method, as specified in ASTM D1586. This
consists of freely dropping a 63.5 kg hammer a vertical distance of 0.76 m to drive a 51 mm
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0O.D. split-barrel (split-spoon) sampler into the ground. The number of blows of the hammer
required to drive the sampler into the relatively undisturbed ground by a vertical distance of
0.30 m is recorded as the Standard Penetration Resistance or the N-value of the soil and
this gives an indication of the consistency or the compactness condition of the soil deposit.

Manual drilling (in Borehole C2-1) consisted of driving a conventional 51 mm O.D. split-
spoon sampler into the ground using a 31.8 kg hammer (instead of the conventional 63.6 kg
hammer). The number of blows required to advance the sampler into the undisturbed
ground was counted and recorded. After 0.6 m penetration, the sampler was withdrawn and
sample which was retrieved was examined and logged. The sampler was then put back into
the hole and driven another 0.6 m. This was continued until the termination of the borehole
or refusal to penetration at 3.0 m below the ground surface. The number of blows of the
hammer to drive the sampler by 0.3 m into the ground was divided by two (since the weight
of the hammer is one-half of the conventional hammer) in order to obtain a resistance value
approximately equivalent to the N-value obtained in the Standard Penetration test. These
values are shown on the Record of Borehole as “equivalent” N-values.

Water level observations in the open boreholes were made during drilling and at the
completion of each borehole. In addition, piezometers were installed in selected boreholes.
These piezometers allow monitoring of groundwater levels over time without undue
interference/impact from surface water.

At the completion of drilling, all boreholes drilled were grouted and sealed using a
cement/bentonite mixture. The boreholes with piezometers were sealed with bentonite and
grout above the slotted portion of the pipes and at ground surface.

The borehole locations were measured approximately by S&P field staff with reference to
the local features, which were converted to station and offset measurements. The
corresponding geodetic elevations and coordinates for all the borehole were provided to us
by UMA.

A laboratory testing program consisting of natural moisture content, grain-size analyses
(sieve and hydrometer), was performed on selected soil samples.

The results of drilling, in-situ testing and water level measurements, as well as laboratory
soil testing are summarized on the Record of Borehole Sheets in Appendix Al through A6.
The locations of the boreholes and the inferred subsurface stratigraphy are also shown in
the same Appendices (i.e. Appendix Al through A6).

The results of the laboratory tests are also presented in Appendices B1 through B6.
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4, SUBSURFACE CONDITIONS

The soil conditions at the location of each individual culvert are discussed in the following
sections. Details of the stratigraphy encountered in the boreholes are presented on the
Record of Borehole Sheets and on the soil strata drawings in Appendix Al through A6. The
following paragraphs are only meant to complement and amplify these data.

4.1 CULVERT REPLACEMENT AT STATION 21+204 (C1)

At this location, the existing culvert is a corrugated steel pipe (CSP) about 0.76 m in
diameter and approximately 22 m in length with the culvert invert elevation at 375.99 to
376.16 m.

Three boreholes were drilled for this culvert replacement. Boreholes C1-1 and C1-3 were
put down near the existing culvert ends on the left (west) and right (east) sides of highway,
respectively, while Borehole C1-2 was advanced on the left shoulder of the highway, as
shown on Drawings No. 1A and 1B.

Borehole C1-2 was located on the shoulder of the highway and contacted fill materials
which extend to a depth of about 1.5 m below the ground surface, underlain by a 0.3 m thick
topsoil layer to El. 376.0 m. Boreholes C1-1 and C1-3, which were put down beyond the
bottom of the existing highway embankment, contacted topsoil and organic silt to 0.7 m
below the ground surface or to E1.375.4 and 375.8 m, respectively.

In general below the fill and organic soils, the boreholes contacted, a major deposit of sand
and gravel, changing to relatively finer granular soils below about 5 m depth or below
El. 371-370 m.

4.1.1 GRANULAR FILL

Borehole C1-2, drilled from the left shoulder of the highway, contacted a 0.8 m thick
granular shoulder fill which consisted of sand and gravel to a depth of 0.25 m, changing to
sand with some gravel below this depth.

4.1.2 SILT AND CLAYEY SILT FILL

The granular shoulder fill in Borehole C1-2 is underlain by a 0.7 m thick fill layer which
consists of silt with some sand and traces of gravel. This basically fine-grained granular
(i.e. non-cohesive) soil extends to 1.5 m below the ground surface or to El. 376.3 m and is
underlain by a 0.3 m thick organic topsoil layer to a depth of 1.8 m (El. 376.0 m). The
topsoil is in turn underlain by a 0.4 m cohesive deposit (clayey silt with traces of gravel and
organics) which was identified as possible fill.

SHAHEEN & PEAKER LIMITED 4
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4.1.3 TOPSOIL AND ORGANIC SILT

In Borehole C1-2, the embankment fill is underlain at 1.5 m depth by a 0.3 m thick topsoil
layer.

Boreholes C1-1 and C1-3, which were drilled from the bottom (i.e. beyond the toe) of the
highway embankments, contacted a topsoil layer extending to about 0.5 m and 0.2 m,
respectively. In these two boreholes, the topsoil is underlain by organic silt (floodplain
deposit) to a depth of 0.7 m below the ground surface, or to El. 375.4 m and 375.8 m,
respectively.

Standard Penetration tests performed in these organic deposits yielded N-values which are
6 and 7 blows/0.3 m, respectively, indicating a loose condition of this basically granular
(non-cohesive) soail.

It should be pointed out that the thickness of topsoil and organic soils can be expected to be
variable in between and beyond borehole locations, especially near water courses.

4.1.4 SAND & GRAVEL

Underlying the surficial soils described in the preceding paragraphs, all three boreholes
contacted a coarse granular deposit consisting of sand & gravel with some silt and
occasional cobbles and boulders. This deposit was contacted at depths 0.7 to 2.2 m below
the ground surface or at El. 375.8 to 375.4 m and extended to depths ranging between
5.0 m (El. 371.0 m) in Borehole C1-1 and 6.0 m (El. 370.6 m) in Borehole C1-3. Borehole
C1-2 was terminated in this deposit at 6.9 m or at El. 371.0 m. In Borehole C1-3, it attained
at El. 370.6 m a somewhat finer texture, changing to sand to sand with some gravel.

The grain-size distribution of three samples from the sand & gravel is presented in Figure
B1-1 in Appendix B1. The following grain-size distribution is indicated:

Gravel: 31 -48%
Sand: 36 -57%
Silt and clay: 11 - 20%

The measured N-values in the sand & gravel and in the underlying sand deposit range from
28 to in excess of 100 blows/0.3 m, indicating a compact but generally dense to very dense
condition. The measured natural moisture contents range from 6 to 17% but generally
between 5 and 11%.

From the grain-size distribution curves, the deposit is considered to be a relatively pervious
material.

SHAHEEN & PEAKER LIMITED 5
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415 SILTY SAND TO SANDY SILT TILL

Borehole C1-1 contacted underlying the sand & gravel at 5.2 m depth (El. 371.0 m)
relatively finer granular soils ranging from silty sand to sandy silt till to the full depth of the
borehole at 7.9 m depth or EIl. 368.1 m.

N-values recorded in these basically granular soil deposit range from 51 blows/0.3 m to
50 blows/0.08 m which indicate a very dense condition.

416 SILT TILL

Underlying the sand & gravel and sand in Borehole C1-3, a glacial till deposit was contacted
at a depth of 6.8 m (El. 369.7 m). The deposit consists of mainly silt size particles with
some sand and clay content. The borehole was terminated at 7.3 m (El. 369.2 m) after
penetrating this basically granular soil by a vertical distance of 0.5 m.

The natural moisture content of the sample recovered from this deposit was measured to
9% and based on a recorded N-value of 50 blows/0.15 m, its relative density is described as
very dense.

4.1.7 GROUNDWATER CONDITIONS

Groundwater levels in the open boreholes were observed during the drilling and at the
completion of each borehole. In addition, a piezometer was installed in Borehole C1-3 to
allow ground monitoring over a prolonged period of time, without interference from surface
water. The observations and recorded values are shown on the individual Record of
Borehole sheets.

The results indicate that at the time of our investigation, in Borehole C1-1 the soil became
wet at 1.1 m and on completion free-standing water was recorded at about 1.2 m or at
about El. 374.9 m. In the piezometer installed in Borehole C1-3, water level was recorded
at a depth of 0.9 m below the ground surface or at El. 375.6 m. From these observations,
the groundwater level at the time of our investigation was at about 1 m below the ground
surface or between Elevations 375.6 and 375.0 m.

It should also be pointed out that the groundwater is subject to seasonal fluctuations and
fluctuations in response to major weather events. In addition, the water table at the site will
be influenced by the water level in the water course.

SHAHEEN & PEAKER LIMITED 6
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4.2 CULVERT REPLACEMENT AT STATION 21+809 (C2)

The existing culvert at Station 21+807 is a 0.914 m diameter, 25 m long CSP (corrugated
steel pipe) culvert, with an invert at El. 382.0 m (on the east side) to 379.7 m (on the west
side). The new culvert will be located at Station 21+809.5 m (immediately adjacent to the
existing culvert).

The field investigation for the new culvert consisted of three sampled boreholes put down at
the locations shown on the Borehole Location Plan, Drawing Nos. 2A and 2B in
Appendix A2. Borehole C2-2 was drilled from the left shoulder of the highway, while
Boreholes C2-1 and C2-3 were put down from the bottom of the highway embankment
immediately adjacent to the toe, from the original ground (0.g.) levels on the left and right
sides, respectively. Records of Borehole Sheets are presented in Appendix A2.

Boreholes C2-2 and C2-3 were advanced using truck-mounted and track-mounted drilling
rigs, respectively while Borehole C2-1 had to be put down using manual drilling methods
due to inaccessibility with a conventional drill rig. Manual drilling consisted of driving a
conventional 51 mm O.D. split-spoon sampler into the ground using a 31.8 kg hammer
(instead of the conventional 63.56 kg hammer). The number of blows required to advance
the sampler into the undisturbed ground was counted and recorded. After 0.6 m
penetration, the sampler was withdrawn and sample which was retrieved was examined and
logged. The sampler was then put back into the hole and driven another 0.6 m. This was
continued until refusal to penetration at 3.0 m below the ground surface. The number of
blows of the hammer to drive the sampler by 0.3 m into the ground was divided by two
(since the weight of the hammer is one-half of the conventional hammer) in order to obtain a
resistance value approximately equivalent to the N-value obtained in the Standard
Penetration test. These values are shown on the Record of Borehole C2-1, as equivalent
N-values.

Borehole C2-2 which was put down from the shoulder of the highway, contacted a granular
embankment fill to a depth of 3.4 m. Between 3.4 and 4.3 m, the material changed to silty
sand to sandy silt with clayey silt zones. Due to the presence of some topsoil and wood
below about 4.0 m depth, this material was identified as probable fill.

Underlying the fill and material identified as possible fill in Borehole C2-2 and surficial
topsoil in Boreholes C2-1 and C2-3, the boreholes contacted glacial till deposits with some
silt and gravelly sand layers.

421 EMBANKMENT FILL

Borehole C2-2 was drilled from the shoulder of the highway from near the existing culvert
and this borehole encountered a granular fill to a depth of 3.4 m. The granular fill consists
of sand & gravel at top and primarily sand with some gravel below. A 0.1 m thick asphaltic

SHAHEEN & PEAKER LIMITED 7
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concrete layer/slab was contacted at 0.45 m depth. The presence of occasional topsoil
inclusions was also noted below about 3.0 m depth.

Standard Penetration tests, performed in the granular fill deposit below 1.5 m depth, yielded
N-values of between 21 and 64 blows for 0.3 m penetration and based on this, the fill
appears to have received systematic compaction when it was first placed. The N-values
indicate a compact to very dense density.

Underlying the granular fill, in Borehole C2-2, mixed soil conditions were encountered from
3.4 to 4.3 m below the ground surface or between El. 381.1 and 380.2 m, where the soil
consists of primarily silty sand to sandy silt with traces of gravel and some clayey silt zones.
In addition a topsoil layer/pocket was contacted at 4.0 m depth. From this and from its dark
brown to brown colour, the soil in this zone is described as probable fill material. The
deposit is considered to be a basically granular soil with cohesive zones. Based on an
N-value of 8 blows/0.3 m, it is described as loose to firm. The grain-size distribution of a
sample from this deposit is given in Figure B2-1 of Appendix B2.

422 TOPSOIL

Boreholes C2-1 and C2-3, drilled from the o0.g. levels near the toe of the highway
embankment, contacted a 0.1 m to 0.3 m thick topsoil layer.

It should be pointed out that in our experience the thickness of topsoil and organic rich soils
can be variable in between and beyond the borehole locations, especially near water
courses and low-lying areas.

4.2.3 CLAYEY SILT TO SILTY CLAY TILL

In Borehole C2-3, the topsoil is underlain by a 1.6 m thick layer of cohesive glacial deposit,
consisting of clayey silt to silty clay till. This deposit was found to extend to 1.7 m depth or
to El. 381.3 m. The material consists of a heterogeneous mixture of clayey silt to silty clay
with traces to some sand and gravel. The grain-size distribution of a sample from this
deposit was determined in the laboratory and the resulting curve is given in Figure B2-2 in
Appendix B2. The following grain-size distribution is indicated.

Gravel: 2%

Sand: 12%
Silt: 49%
Clay: 37%

Based on this and a visual examination of the soil samples, the deposit can be expected to
be practically impervious. Due to their mode of deposition the presence of cobbles and
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boulders can be expected in the glacial deposits. From the recorded N-values of 9 and
14 blows/0.3 m, the consistency of this cohesive soil is described as stiff.

424 SILT

The cohesive till contacted in Borehole C2-3, described the preceding section of this report,
is underlain by a 1.3 m thick silt layer. The silt was encountered at a depth of 1.7 m
(El. 381.3 m) and was found to extend to 3.0 m or El. 380.0 m. This deposit is a borderline
material between a fine-grained granular soil and a cohesive soil, but more akin to a
cohesive material. In addition, it contains occasional very thin clay interbeds. N-values of
10 and 47 blows/0.3 m were recorded and from this the consistency of deposit is described
as stiff near the top, changing to hard with increased depth.

4.25 SILTY SAND TO SANDY SILT TILL

Underlying the topsoil in Borehole C2-1, embankment fill in C2-2 and clayey till and silt
deposits in Borehole C2-3, all three boreholes contacted a glacial deposit consisting of silty
sand to sandy silt till, at depths 0.3 m to 4.3 m below the ground surface or below Elevations
ranging from 380.2 m to 379.4 m. This deposit extends to the full depth of all three
boreholes. The till consists of a heterogeneous mixture of silty sand to sandy silt with some
gravel and traces of clay size particles. The presence of cobbles and boulders was also
inferred during drilling. In any event, the presence of cobbles and boulders should always
be anticipated in the glacial till deposits due to their mode of deposition. The presence of
gravelly sand and sand seams/layers was noted. The grain-size distribution of a sample is
given in Figure No. B2-3 and B2-4 in Appendix B2.

The deposit is a basically granular (non-cohesive) material. Natural moisture contents
measured on samples from the deposit typically range from 6 to 12%.

Standard Penetration tests performed in this deposit in Boreholes C2-2 and C2-3 yielded N-
values which ranged from 30 blows/0.3 m to typically in excess of 50 blows/0.15 m
penetration. These results indicate a dense to very dense but generally very dense relative
density.

In Borehole C2-1 in the upper 2+ metres of the deposit the recorded equivalent N-values
range from 8 to 28 blows/0.3 m. These values indicate a loose to compact relative density.
Below about 2.3 m depth, however, an equivalent N-value of 110 blows/0.3 m was recorded
which indicates a very dense condition near the bottom of borehole (i.e. from a depth of
about 2.5 m to 3.0 m or between El. 377.2 and 376.7 m). This manually drilled borehole
was terminated at 3.0 m depth due to spoon refusal, probably on a cobble or boulder.
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4.2.6 GROUNDWATER CONDITIONS

A free-standing water level was recorded in Borehole C2-1 at a depth of 0.8 m (El. 378.9 m)
upon completion. In Borehole C2-2 which was drilled from the shoulder of the highway, no
free standing water was recorded upon its completion. However, this is a short-term
condition and does not represent stabilized conditions. A piezometer was installed in
Borehole C2-3 and in this borehole the groundwater was recorded at a depth of 2.4 m below
the ground surface or at El. 380.9 m, about six weeks after completion.

Based on these observations, the groundwater level at the site is likely to range from about
El. 381. m on the east side to about 379 m on the west side of the road and would be
influenced by the level of water in the water course. As well, seasonal fluctuations in the
groundwater level can be anticipated, including fluctuations in response to major weather
events.
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4.3 CULVERT REPLACEMENT AT STATION 23+793 (C3)

Based on the information provided to us by UMA, the existing culvert is a corrugated steel
pipe arch (CSPA), approximately 1.5 m wide, 1.2 m high (inside dimensions) and 22.8 m
long. The existing culvert invert is at El. 373.41 m (upstream) and at El. 373.32 m
(downstream).

The original TOR in the RFP contemplated the replacement of the existing CSPA culvert at
Sta. 23+793 with a new culvert. Based on the latest UMA 30% Design Drawings, the new
culvert will be significantly larger, 3.0 m wide and 1.8 m high. It will be installed at
approximately the same invert elevations as the existing culvert.

For design of the proposed culvert replacement, three boreholes (C3-1, C3-2 and C3-3)
were drilled at this site along the existing culvert. Borehole C3-1 was advanced on the left
(west) side of Highway 6 near the downstream-end of the existing culvert, as shown on the
Site Plan and profile (Drawing Nos. 3A and 3B in Appendix A3). Boreholes C3-2 and C3-3
were drilled on the right (east) side of the highway, on the east shoulder and close to the
upstream end of the culvert, respectively.

Details of the subsurface conditions encountered in the boreholes are shown on the Record
of Borehole Sheets presented in Appendix A3. The following paragraphs are only meant to
complement and amplify these data.

Below the embankment fill and topsoil/organic silt, these boreholes encountered native
gravelly sand to silty sand and/or silty sand to sandy silt till with intermittent sand & gravel
seam extending to the termination of the boreholes (up to a maximum depth of 9.2 m or
El. 366.1 m in Borehole C 3-2).

4.3.1 TOPSOIL/PEATY ORGANIC SILT

At the locations of Borehole C3-1 and C3-3 near downstream and upstream ends of the
existing culvert, a topsoil/peaty organic silt layer was contacted at the ground surface. The
thickness of this organic layer was about 0.3 and 0.15 m, respectively. In addition, an
organic silt layer (about 0.2 m in thickness) was contacted below the embankment fill in
Borehole C 3-2.

The natural moisture content of a surficial sample of topsoil/organic silt was measured at
38%.
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4.3.2 EMBANKMENT GRANULAR FILL

Borehole C3-2, drilled on the right shoulder of the highway, contacted 2.1 m granular fill
material extending to about El. 373.2 m. The embankment fill primarily consist of sand and
gravel.

Standard Penetration test performed in the fill material below 1.5 m depth yielded a N-value
of 15 blows/0.3 m, indicating compact condition.

The measured moisture contents of the embankment fill material range from 2 to 6%.
4.3.3 GRAVELLY SAND TO SILTY SAND

Underlying the surficial soils (topsoil or embankment fill and organic silt materials) described
in the preceding paragraphs, Boreholes C3-2 and C3-3 contacted a granular deposit
consisting of gravelly sand to silty sand. This deposit was found to extend to depths of
about 2.1 m (El. 371.5 m) and 5.2 m (El. 370.1 m), in Boreholes C3-3 and C3-2,
respectively. This deposit was generally grey and moist to wet.

Grain size analysis tests performed on two samples of the upper portion of this deposit
(C3-2/SS4 and C3-3/SS2) vyielded the following grain-size distribution, as shown in
Figure B3-1 in Appendix B3.

Gravel: 28 and 32%
Sand: 70 and 55%
Silt and Clay: 2 and 13%:;

Therefore, the tested material is described as gravelly sand, a coarse-grained granular
(i.,e. non-cohesive) deposit. It may be of interest that the tested sample from
Borehole C3-3/SS2 meets the gradation requirements for Granular ‘B’.

The measured natural moisture contents of this granular deposit range from 12 to 13%.

Standard Penetration tests performed in this granular deposit yielded N-values ranging from
11 to 34 blows/0.3 m, indicating a compact to dense but generally compact condition.

4.3.4 SILTY SAND TO SANDY SILT TILL

Below surficial topsoil in Borehole C 3-1 and embankment fill and gravelly sand to silty sand
deposit in Boreholes C 3-2 and C3-3, a glacial silty sand to sandy silt till deposit with
occasional cobbles/boulders was encountered extending to the termination of all three
boreholes (i.e., to 7.8 to 9.2 m depth or El. 366.1 to 365.4 m and possibly beyond). The
presence of some clayey or silty seams was noted in the upper part of this deposit (e.qg., in
Borehole C 3-2 and C 3-3 up to about EIl. 369.5 m).
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In addition, occasional wet sand/sand & gravel seams were found in this glacial till deposit in
the boreholes. For example, a significant water bearing sand and gravel layer (about 1.9 m
in thickness) was found in Borehole C3-1, as described in Section 4.3.5.

Standard penetration tests performed in this granular deposit yielded N-values ranging from
16 blows/0.3 m to 80 blows/0.25 m, indicating a compact to very dense but a typically dense
to very dense condition.

The measured natural moisture contents of soil samples recovered from this deposit range
from 8 to 21% but generally from 8 to 14%. It should be noted that higher measured natural
moisture contents ranging from 17 to 21% generally correspond to more silty/clayey seams.

4.3.5 SAND & GRAVEL

At the location of Borehole C3-1, a water bearing (wet) sand and gravel layer was
encountered within the glacial till deposit at about 5.2 m depth (El. 368.3 m) extending to
about 7.1 m depth (El. 366.4 m).

Standard penetration tests performed in this deposit yielded N-values of 42 blows/0.3 m and
50 blows/0.14 m, indicating dense to very dense condition.

4.3.6 GROUNDWATER CONDITIONS

Groundwater levels in the open boreholes were observed during the drilling and at the
completion of each borehole. In addition, piezometers were installed in Boreholes C3-1 and
C3-3 to allow ground monitoring over prolonged period of time. The groundwater
observations during our investigation are presented on the individual Record of Borehole
sheets in Appendix A3.

The results indicate that at the time of our investigation the groundwater level in sealed
piezometers in Boreholes C3-1 and C3-3 (adjacent to the existing culvert) was recorded at
0.4 and 0.5 m below the ground surface, or at El. 373.6 and 373.2 m, respectively. The
observed water level during drilling in Borehole C3-2 (through the highway embankment)
was found to be lower at about El. 371.6 m. However, this water level does not represent a
stabilized condition.

Based on these observations at the time of our investigation, the groundwater level at the
site was at about 0.4 to 0.5 m below o.g. levels or at about EIl. 373.6 to 373.2 m.

It should also be pointed out that the groundwater is subject to seasonal fluctuations and
fluctuations in response to major weather events. In addition, the water table at the site will
be influenced by the water level in the water course.
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4.4 CULVERT REPLACEMENT AT STATION 24+482 (C4)

The existing CSP culvert at Station 24+482 is 914 mm in diameter and about 23 m in length
with the culvert invert elevation at 381.86 to 381.90 m.

At this location, three boreholes were drilled for the proposed culvert replacement.
Borehole C4-1 was put down near the west-end (downstream) of the existing culvert, while
Boreholes C4-2 and C 4-3 were drilled on the west shoulder of the highway and near the
east-end (upstream) of the existing culvert, respectively, as shown on Drawing Nos. 4A and
4B in Appendix A4.

Below some granular embankment fill (Borehole C4-2) and surficial topsoil and slightly
organic silt, the boreholes show, in general, the presence of sandy silt to silty sand glacial till
with some sand layers.

Details of the stratigraphy encountered in the boreholes are given on the Record of
Boreholes in Appendix A4. The following paragraphs are only meant to amplify and
complement these data.

4.4.1 GRANULAR FILL

Borehole C4-2, which was put down on the left shoulder of Highway 6, contacted a 0.4 m
thick layer of sand & gravel pavement fill underlain by sand fill with some gravel to a depth
of 2.2 m.

A Standard Penetration test, performed at a depth of 1.5 m below the ground surface,
yielded an N-value of 23 blows/0.3 m. Based on this, the relative density of the lower
portion of the granular embankment fill is described as compact.

442 TOPSOIL

Boreholes C4-1 and C4-3, drilled from beyond the toe of the highway embankment
(i.e. from the o0.g. level), contacted a 0.2 m to 0.13 m thick topsoil layer, respectively.

It should be pointed out that, in our experience, the thickness of topsoil and other organic
soils can be expected to be variable, especially in low-lying areas and near water courses.

An approximately 0.2 to 0.3 m thick organic rich layer of soil (possibly original topsoil) was
also encountered in Borehole C4-2 below the granular embankment fill at depth of 2.2 m
(El. 381.9 m).
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443 SILT

Underneath the topsoil described in the preceding paragraph, Boreholes C4-1 and C4-3
contacted a surficial alluvial silt layer which extended to a depth of 0.7 m below the ground
surface at both borehole locations (El. 382.2 and 381.7 m, respectively). From its darkish
colour, relatively high natural moisture contents of 22 to 32%, this surficial fine-grained
granular deposit is believed to have a slight organic content.

N-values recorded in this surficial unit are 7 and 13 blows/0.3 m which indicates a loose to
compact condition.

444 SAND

Underlying the granular pavement fill and a possible original organic rich soil layer,
Borehole C4-2 contacted a sand to silty sand deposit at a depth of about 2.2 m below the
ground surface or at about El. 381.9 m. This is a granular soil and was identified as a
possible till deposit. Based on the recorded N-values its relative density is described as
compact to dense.

In Borehole C4-3, sand with some gravel and traces of silt was encountered underlying
glacial till at 7.1 m below the ground surface or below El. 375.3 m. This borehole was
terminated in this sand deposit after penetrating it a vertical distance of 0.8 m. An N-value
of 50 blows per 8 cm penetration was recorded on this granular (non-cohesive) deposit,
indicating a very dense condition.

4.45 SANDY SILT TO SILTY SAND TILL

At a depth of 0.7 m in Boreholes C4-1 and C4-3 (at Elevations 382.2 and 381.7 m,
respectively) and at 4.0 m depth (El. 380.1 m) all three boreholes contacted a relatively fine-
grained granular till deposit which consists of a heterogeneous mixture of sandy silt to silty
sand with traces of gravel and clay size particles. This is the predominant soil unit
underlying the site and extends to the full depth of Boreholes C4-2 and C4-1 (i.e. to depths
of 6.3 and 7.8 m or El. 377.9 and 375.1 m, respectively). In Borehole C4-3, the glacial till
extends to 7.1 m depth (El. 375.3 m) and is underlain by a relatively coarser sand deposit to
the full depth of the borehole.

The grain-size distribution of two samples from the glacial till deposit is given in Figure B4-1,
in Appendix B4. These show the following grain-size distribution:

Gravel: 5-12%
Sand: 41-46%
Silt: 34-53%
Clay: 1-8%
SHAHEEN & PEAKER LIMITED 15
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Due to their mode of deposition, the presence of cobbles and boulders should always be
anticipated in the glacial till deposits.

The measured natural moisture contents of the deposit range from 7 to 24% indicating a
damp to wet condition. Standard Penetration tests performed in the deposit yielded N-
values which range from 7 blows/0.3 m to in excess of 50 blows/0.15 m. These results
indicate a loose to very dense material. The relatively low N-values were generally recorded
in the upper portions of the deposit, while the lower portions appear to be typically very
dense.

446 GROUNDWATER CONDITIONS

The groundwater level observations and recorded water levels in the open boreholes as well
as in the piezometers installed in Boreholes C4-1 and C4-3 are given on the individual
Record of Borehole sheets in Appendix A4.

Upon its completion in Borehole C4-3, no free-standing water was recorded in the open
hole. Subsequent observations showed no groundwater in the piezometer installed. This
shows that the groundwater level in this borehole was below a depth of 7.9 m or below
El. 374.4 m. In Borehole C4-1, a water level was recorded at 7.3 m (El. 375.5 m) and water
level remained at approximately this level in the piezometer installed. In Borehole C4-2 a
free-standing water level was recorded at 4.1 m below the road shoulder level or at
El. 380.1 m upon the completion of the borehole.

From these observations, it our opinion that the groundwater level at the time of our
investigation was at between El. 375 and 376 m, but from the short-term observations made
in Borehole C4-2 and the moisture contents of the samples, it is our opinion that a perched
groundwater level existed due to the accumulation of surface water in the relatively more
pervious embankment fill and the underlying sandy deposit in Borehole C4-2. Relatively
higher natural moisture contents of the near surface samples in the other two boreholes
lead us to believe that perched water conditions are likely to have existed in the past at the
other borehole locations, as well.

In summary, therefore, in our opinion that at the time of our investigation the groundwater
level at the site was between El. 374 and 376 m, but perched water conditions can be
expected. In addition, the groundwater table would be subject to seasonal fluctuations and
variations in response to major weather events as well as the water levels in the water
course.
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4.5 CULVERT REPLACEMENT AT STATION 27+065 (C7)

At Station 27+065, the existing culvert is a corrugated steel pipe (CSP) about 1.5 m in
diameter and approximately 22 m in length. Its invert is at El. 357.46m at its east end and
357.55 m at its west end.

Three boreholes were drilled for this culvert replacement. Boreholes C7-1 and C7-3 were
put down near the existing culvert ends on the left (west) and right (east) sides of highway
respectively, while Borehole C7-2 was advanced on the left shoulder of the highway, as
shown on Drawing Nos. 7A and 7B, in Appendix Ab.

Borehole C7-2 was located on the shoulder of the highway and contacted fill material which
extends to a depth of approximately 2.8 m below the ground surface to El. 356.4 m.
Boreholes C7-1 and C7-3, which were put down beyond the bottom of the existing highway
embankment at the o.g. levels, contacted topsoil which extended 0.3 m and 0.6 m
respectively below the ground surface.

In general below the fill and topsoil, the boreholes contacted silty sand to sandy silt till and
silty sand to sandy silt deposits.

45.1 GRANULAR EMBANKMENT FILL

Borehole C7-2, which was drilled from the left shoulder of the highway, contacted
embankment fill which extended to 2.2 m below the top of the shoulder or to El. 357.0 m.
The embankment fill at this location was found to consist of sand and gravel with traces to
some silt near the top and bottom of the embankment and sand with some gravel and silt
within the middle portion.

The grain-size distribution of a sample obtained from the bottom portion of the fill is
presented in Figure B7-1, in Appendix B5. The following grain-size distribution is indicated.

Gravel 43%
Sand 40%
Silt and Clay 17%

This particular sample was found to emit a hydrocarbon odour. A Standard Penetration test
performed on this bottom section of the embankment fill, yielded an N-value of
9 blows /0.3 m which indicates that the embankment fill at this depth at the borehole
location is in a loose condition.

The measured natural moisture contents of the removed samples ranged from 4% near the
top and middle to 11% in the lower portion.
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From 2.2 m to 2.8 m below the ground surface (i.e. from El. 357.0 to 356.4 m) the soil
encountered in Borehole C7-2 was identified as a granular material (i.e. primarily a gravelly
sand soil) and as a probabile fill.

452 TOPSOIL

Boreholes C7-1 and C7-3, which were put down from the bottom of the highway
embankment, contacted a topsoil layer of a depth approximately 0.3 m and 0.6 m
respectively below the ground surface or to El. 357.9 and 357.3m. The topsoil layer in
Borehole C7-3 was found to be a peaty material.

4.5.3 SURFICIAL SILTY SAND TO SANDY SILT

The topsoil in Borehole C7-1 is underlain by a 1.2 m thick layer of fine-grained granular soil
which consists of fine sand and silt with traces of gravel and organics. Because of its
organic content and relatively disturbed condition it was identified as possible fill or an
alluvial soil. This layer extends to 1.5 m below the ground surface or to El. 356.7 m.

N-values recorded in this unit are 7 and 9 blows /0.3 m which indicate a loose condition.

4.5.4 SILTY SAND TO SANDY SILT TILL

Underlying the surficial soils encountered in the preceding paragraphs, all three boreholes
contacted a glacial deposit which consists of a heterogeneous mixture of sand and silt with
some gravel and traces of clay size particles. This deposit was contacted at depths of
0.6 m (Borehole C7-3) to 2.8 m (Borehole C7-2) below the ground surface or at El. 357.3 to
356.4 m and extended to depths of 3.0 to 5.5 m or to El. 354.9 m (Borehole C7-3) to
353.7 m (Boreholes C7-1 and C7-2), where it is underlain an interglacial deposit of silty
sand to sandy silt. A lower till layer was contacted in Borehole C7-3 at 6.9 m (El. 351.0 m)
and extended to the termination of the borehole at 8.1 m depth.

The grain-size distribution of a sample from the upper zones of this basically granular
glacial deposit is given in Figure B7-2 in Appendix B5. The curve indicates the following
grain-size distribution.

Gravel 36%
Sand 40%
Silt 20%
Clay 5%

N-values recorded in the deposit range from 4 blows/0.3 m to 50 blows/0.14 m. These
results indicate a very loose to very dense but generally compact to dense relative density.
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455 SILTY SAND TO SANDY SILT

Underlying the upper glacial till deposit all three boreholes contacted a fine grained granular
interglacial deposit which consists of silty sand to sandy silt. This deposit was contacted at
depths ranging from 3.0 to 5.5 m below the ground surface or at El. 354.9 to 353.7 m and
extended to the full depth of Boreholes C7-1 and C7-2 (i.e. 8.1 and 9.6 m respectively) and
to a depth of 6.9 m (El. 351.0 m in Borehole C7-2, where it is underlain by glacial till.

The grain-size distribution curve for a sample from the deposit is given in Figure B7-3 in
Appendix B5, which shows the following particle sizes.

Gravel 2%
Sand 35%
Silt 57%
Clay 6%

The natural moisture contents of the samples from the deposits are typically 15-18% as
opposed to the overlying glacial till which are typically 8-10%.

From the recorded N-values which range from 28 blows for 0.3 m penetration to 50 blows
for 0.15 m penetration, the relative density of the deposit is described as compact to very
dense but generally dense to very dense.

456 GROUNDWATER CONDITIONS

Groundwater levels in the open boreholes were observed during the drilling and at the
completion of each borehole. In addition piezometers were installed in Boreholes C7-1 and
C7-3 to allow ground monitoring over a prolonged period of time, without interference from
surface water. The observations and recorded values are shown on the individual Record
of Boreholes sheets presented in Appendix A5.

The observations indicate that at the completion of Boreholes C7-1 and C7-3 the water level
was recorded at 0.5m below the ground surface. Approximately five weeks thereafter the
water levels in the piezometers rose to 0.2 m below the ground surface or El. 358.0 m and
357.7m respectively. From these observations, the groundwater level at the time of our
investigation was at approximately 0.2 m below the ground surface or between EIl. 358.0
and 357.7 m.

It should however be pointed out that the groundwater is subject to seasonal fluctuations
and fluctuations in response to major weather events. In addition, the water table at the site
will be influenced by the water level in the water course.
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4.6 CULVERT REPLACEMENT AT STATION 28+299 (C8)

At this location, the existing culvert is a corrugated steel pipe (CSP) about 0.9 m in diameter
and approximately 40 m in length. The invert elevation of the existing culvert is at
El. 334.14 m (upstream) and El. 334.13 m (downstream).

For this culvert replacement, three boreholes (C8-1, C8-2 and C8-3) were drilled through
the existing embankment. The boreholes were put down on or near the shoulder of the
highway both on the left (west) and right (east) sides of highway, as shown on
Drawings No. 8A and 8B. Boreholes C8-1 and C8-3 could not be located closer to the inlet
and outlet of the existing culvert due to access restrictions.

As shown on the Record of Borehole Sheets in Appendix A6, all three boreholes contacted
embankment fill materials extending to depths ranging from about 2.1 to 2.9 m below the
ground surface (down to El. 333.4 m in Borehole C8-3). Below the embankment fill, the
boreholes contacted native granular deposits consisting of primarily sand and gravel (except
for the upper 1.8 m of silty sand in Borehole C8-3) to the termination of all the boreholes.

4.6.1 TOPSOIL

Borehole C8-3 put down beyond the gravel shoulder of the existing highway contacted
0.3 m topsoil at the ground surface to EI.336.0 m.

It should be pointed out that the thickness of topsoil and organic soils can be expected to be
variable in between and beyond borehole locations, especially near water courses.

4.6.2 EMBANKMENT FILL

All three boreholes contacted embankment fill materials extending to depths ranging from
about 2.1 to 2.9 m below the ground surface or to El. 334.1 and 334.2 m in Boreholes C8-2
and C8-1 and to El. 333.4 m in Borehole C8-3. The fill is essentially granular and its
composition at the borehole locations ranges from silty sand to sandy silt with traces of
gravel and topsoil inclusions (Borehole C8-3 from 0.3 to 1.4 m), silty sand to sand with
traces of gravel, clay and topsoil (BH C8-1 from 1.4 to 2.6 m and BH C8-2 from 0.3t0 2.1 m
depth) to sand & gravel (BH C8-1 from ground surface to 1.4 m below and BH C8-3 from
1.4 to 2.9 m). The presence of occasional asphalt inclusions was also noted in the sand &
gravel fill in BH C8-3. As well, the material in this borehole was found to have some organic
soil mixture.

The grain-size distribution curves for two tested samples of the sand & gravel fill are
presented in Figure B8-1 in Appendix B6. The following grain-size distribution is indicated:
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Gravel: 47 — 54%
Sand: 45 - 53%
Silt and Clay: 0-1%

From the grain-size distribution curves, the sand & gravel fill is considered a relatively
pervious material.

Standard Penetration tests performed in the fill materials yielded N-values ranging from 5 to
36 blows/0.3 m, indicating loose to dense but generally loose to compact condition.

4.6.3 SILTY SAND

Borehole C8-3 contacted underlying the sand & gravel fill at 2.9 depth (El. 333.4 m), a
natural soil deposit consisting of silty sand with traces of gravel and occasional silt pockets
extending to 4.7 m depth or El. 331.6 m.

Standard Penetration tests, performed in this basically granular deposit, yielded N-values of
21 and 35 blows/0.3 m, indicating compact to dense condition.

The measured natural moisture contents of the recovered samples from this deposit were
18 and 21%.

4.6.4 SAND & GRAVEL

Underlying the embankment fill and silty sand (in Borehole C8-3 only) described in the
preceding paragraphs, all three boreholes contacted a coarse granular deposit consisting of
sand & gravel with occasional cobbles and boulders. This deposit was contacted at depths
of 2.1 to 4.7 m below the ground surface or at El. 334.2 to 331.6 m and extended to the
termination of all boreholes at depths of 5.0 to 7.9 m or to EIl. 331.3 to 328.4 m.

The measured N-values in this deposit range from 32 blows/0.3m to 100 blows/0.1 m,
indicating a dense to very dense but generally very dense condition.

The measured natural moisture contents of samples from the deposit range from 8 to 18%
but generally between 8 and 14%.

This deposit was in a wet condition (i.e. water-bearing) and based on a visual examination
of the soil samples, it is considered to be a relatively pervious soil. Boreholes C8-1 and C8-
2 were terminated in this deposit at depths/elevation of 5.0 m/331.3 m and 6.3 m/330.5 m
due to auger refusal possibly owing to the presence of boulders, while Borehole C8-3 was
extended to fill borehole depth of 7.9 m (El. 328.4 m) without encountering refusal to
augering.
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46.5 GROUNDWATER CONDITIONS

Groundwater levels in the open boreholes were observed during the drilling and at the
completion of each borehole. In addition, a piezometer was installed in Borehole C8-3 to
allow ground monitoring over a prolonged period of time, without interference from surface
water. The observations and recorded values are shown on the individual Record of
Borehole sheets in Appendix A6.

The results indicate that at the time of our investigation, the soil in the boreholes became
wet at about 2 m depth or at about El. 334.0 to 334.5 m. Upon completion of drilling, free-
standing water was recorded in the sealed piezometer in Borehole C8-3 at 1.8 m or at
El. 334.6 m. Subsequent readings in this piezometer over the following two weeks recorded
a water level of 1.7 m below the ground surface, or at El. 334.7 m. From these
observations, the groundwater level at the time of our investigation was about 1.7 to 2.0 m
below the ground surface, or at about El. 334.5 to El. 334.7 m.

It should also be pointed out that the groundwater is subject to seasonal fluctuations and
fluctuations in response to major weather events. In addition, the water table at the site will
be influenced by the water level in the water course.
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» @ gl 2 ; P ] GRAIN SIZE
. Sle w3 |25] 8 [SAEAR STRENGTH kPa e L T E | petRBUTION
LELEV. DESCRIPTION Eisl = | 2|52 &
DEPTH EIS1 F | 2 |88 £ |0 UNCONFINED 4 FIELD VANE ¥ %)
£ Z # |EY] & [e POCKETPENETR x LaBvANE | WATER GONTENT (%)
379.7 GROUND SURFACE } v 20 40 60 80 100 102 30 wm? [GR SA 81 GL
3789 &3m TOPSOIL o
s 17 88 6
931 SILTY SAND to SANDY SILT TILL ’?'L)
some sand and gravelly sand seams ] v 179
brown, moist 16 wet 'i‘j! 121 ss 28 r o 0 55 @1
| |
| {? 3| 88 8 S§83: no recovery
,I,,i. 378 -
M
ioose lo -_?7' 4, 83| 11 i
compact | |z
very dense iﬂE 50 881 110 377
_ 378.7 (1"5 ’ ) spoon refusal @
3G End of borehole. 3.0 m, probably
* Water level in open borehale at 0.8 m on a boulder.

(EL. 378.9 m) upon completion
(not stabilized).

Borehole caved al 2.3 m deplh.
** Note: A 31.8 kg hammer was used lo

obtain N- values. Blow counts were divided
by two to obtain an equivalent N- value.

20
+3 5 3. Numbers refer o )
P Sensivity 154519 STRAIN AT FAILURE



Ministry of = i
Transportation Foundation Design

Onlaric
SPT1174
RECORD OF BOREHOLE No C2-2 10F 1 METRIC
GWP 338-97-00 LOCATION Hwy 8, Durham - Sta. 24+807, 4.1m L1, C/L CRIGINATED BY L
DIST HWY 6 BOREHOLE TYPE _ Hollow Stem Augers COMPILEDBY _ x§
DATUM _Geodelic DATE 8/2472006 CHECKEDBY _ Fs
CYNARMIC CONE PENETRATION
SOIL PROFILE SAMPLES w .l-‘Uj RESISTANCE PLOT WATURR
W z «2_‘__ PLASTIC uoxsmn‘% uewd | E REMARKS
E o |23 3 20 40 80 BO 100 Lo coMEnT Sl IR T &
Gl w !l ¥ IaE] 2 e —— S wp w wi| 28 | oramsize
ELEV. DESSRIPTION t g o Zlzg g SHEAR STRENGTH kPa o O " DISTRIBUTION
DEPTH < | 5132381 & |o unconFNED + FIELD VANE o
¥ |2 f QQr = 5 4 (%)
2= 2 | 59| § [e POCKETPENETR, X LABVANE | WATER CONTENT {%}
@ 20 4 80 80 1 3
3845 GROUND SURFACE o0 L KNm S JGR SA St GL
3890, FILL: Sand & Gravet 1] AS | o
03 0.1 m thick asghall @ 0.45 m dspth 384
FiLL: Sand
with some gravel & silt 2| AS | - o
rown, damp
383
very dense; 3 88 84 b
dense to| i
compacl 4 88 37 88z o
3811 occasional lepsoi inclusions 5 ss 24 w0 o 8 42 37 13
34 SILTY SAND to SANDY SILT !
{possibie FILL}
with clayoy sitt zones, trace gravel .
380.2 brown to dark brown, moist 6 S8 8 o topsoil @ 4.0 m
4-3 ; loose / firm e
) ‘E I 380
some gravelly sand layers '{gl' 71 88 30 © 23 B3 (14)
frequent clayey sillf-, |-
to silly clay till layars ‘i_]‘
compact to very sliff i F 379
.l,,i.
1y
'T'jb 8| 85 {50010 o
! ol 378
SILTY SAND to SANDY SILT TILL ‘é-"
some sand and gravelly sand seams 3 [,9
brown, moist to damg BN
very dense .it}:lv 377
Jr| 9 | 8§ i 50A3 o
| g
lai
frequent dolomilic gravel, '4 + 376
cobbles & boulders balow 7 m i B
o
| {30185 1 508 °
l']’ 375
3744 _!"'I_ TS5 T 508
103 Eng of borshole.
Borehele dry upon completion.

3, Numbers refer ¢

20
KT Sensivity 5SS () STRAIN AT FAILURE



Ministry of ) )
Transportation Faundation Design

Onitario
SPT1174
RECORD OF BOREHOLE No C2-3 10F 1 METRIC
GWP  338-97.00 LOCATION Hwy B, Durham - Sla. 214806, 9.5m Rt G/t ORIGINATED BY NH
DIST HWY s BOREHOLE TYPE _ Hoilow Stem Augars COMPILED BY __HL -
DATUM  Geodstic DATE 1011172008 CHECKED BY 8 -
! DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES [ W |RESISTANGE PLOT ——
Wi = PLASTIC vaup = REMARKS
Ea S o g MOISTURE wii b 5 5 &
" @ %: 51 8 20 40 8¢ 80 100 conTenr zQ
2% S iae] 2 L . L ‘ L wp w wi| B8 | oramsize
eV o Slei g | 2|28 8 [sHearsTRENGTH KPS L . , DS TRIBUTION
DEPTH SCRIPTION SI2| £ 1 5 |28 § |0 UNCONFINED  + FIELD VANE v %)
ElZ 2 JECL & e POCKETPENETR. X LABVANE | WATER CONTENT (%)
383.0 GROUND SURFACE oo R T kwim® [GR SA s CL
—35@0:1‘—\ 0.1 m TOPSOIL A"; i ss | 1
CLAYEY SILT to SILTY CLAY TIEL ¢
brown, stiff
]zfss| s 362 212 49 37
381.3
T7 SILT 3l ss| 10 g
stiff] 381
hard x
with some thin clay interbeds 4 83 47 o
brown, wel, ditatant
380.0
3.0 SILTY SAND to SANDY SILT TILL ES) 30
oceasional cobbles & boulders i bl 5] ss| 18 °
brown, damp, very dense '!di'
‘;ilF, 6| ss 378 - inferred cobbies
g 7! ss [ soms) o
A g : 378
ol
_}.l- .
i) 8| 38 | sosf ©
7,
G b 377
,45 2 inferred cobbles
l .I. 9| §S | s015]).
i =
'|0!' S S
1
214 50/
375.4 S 2
7.8 End of borehole.
Pigzometer installed to depth of 7.0 m. Water
level in piezometer:
Oct. 11, 2008 4.0 m (€], 379.4 m}
Nov, 22, 2008 2.4 m (E}, 380.8 m)
3 3, Numbers referto Y
XD gansitviy ISP (04) STRAIN AT FAILURE



Project: SPT1174A Foundation Investigation Report
UMA Engineering Limited Proposed Culvert Replacements (C1, C2, C3, C4, C7 & C8)
Highway 6 From 1.1 km South of Grey County Road 9

Northerly to Durham South Limits, Ontario

G.W.P. 338-97-00

Appendix A3

Drawings & Record of Borehole Sheets
for Culvert C3

SHAHEEN & PEAKER LIMITED
JANUARY 24, 2008



METRIC | o sanorco

DIMENSIONS ARE IN METRES

Highway 6, Durham

NOTES:

FOR DETAILED SUBSURFACE CONDITIONS AND/OR MILLIMETRES UNLESS

REFER TO RECORD OF BOREHOLE SHEETS. OTHERWISE SHOWN. STATIONS Culvert C3 @ Sta. 23+793
ARE IN KILOMETRES + METRES. BOREHOLE LOCATIONS

SHAHEEN & PEAKER LIMITED

are assumed from geological evidence.

NOTE: This drawing is for subsurface information only. Surface
details and features are for conceptual illustration.

NOTE: The complete foundation investigation and design report
for this project and other related documents may be examined at

) i
4\% the Materials Engineering and Research Office, Downsview.
< Information contained in this report and related documents are

specifically excluded in accordance with the conditions of Section
GC 2.01 of OPS Gen. Cond.

— o
—County uf. o {E}_’ " |
"‘":-..--.._ = — - \ l /" | —
/ — ownship of i
\ /4 G Southgate |\
Q — —
\\ < PﬁECI’ LM‘{S%_
O\ \
PO\
o 3 8
= % \\ G
) " M
o~ ™~ ~N
B W\
669 RIB
ELEV. 373.777 \ \,:
O 3 | KEY PLAN
| | N.T.S
Hon £"§P-1359€35 n N .L P-1869-6
3
/ HeP C3-1 | LEGEND
h
_______ _}l -$— Borehole
CO-ORDINATES
, , I , m Noo [ELEV. | o S
R12 ®10 Ua-2
1 % e e e e o —— T C3-1 373.5 4 8B4 976.8 200 426.0
i N [ _}
457 ¥ 11.01 CSP \N o IoxE C3-2 375.3 4 B84 971.9 200 4441
A ’ = ——— _ p = C3-3 373.7 4 884 971.3 200 451.8
'JL ! cLost * |
»
; 3 25 g
| § L gg 2 g
e
o §3
l a
l — |
| © / - -~ %
. : P =NOTE=
| _—2 The boundaries between soil strata have been established only
™ at Bore Hole locations. Between Bore Holes the boundaries

*tli | }

S OO0

~
———-TI"—_

]

]

;
/

~

AN

o\ /&
AVE
BhES

SCALE
e 5 RAMON MIRANDA L{ 2.5.0ZDEN B |,
. ﬂﬁw I"-. “F} gﬁ:“}:‘:““‘;} 3 @ . DATE BY DESCRIPTION
PL AN ey, o v;—\oh w (ﬁ__ﬁ, eocres No. 41A-193
-£ OF O;ﬂ N TeorOF SPT 1174 DIST
s _ SUBM'D CHECKED DATE Jan., 2008 | SITE
DRAWN SM [ CHECKED RM | APPROVED zO | DWG 3A




METRIC

NOTES: DIMENSIONS ARE IN METRES
FOR DETAILED SUBSURFACE CONDITIONS ANDIORINEBIMETRES LN ESS)
REFER TO RECORD OF BOREHOLE SHEETS. OTHERWISE SHOWN. STATIONS
ARE IN KILOMETRES + METRES.
C3-1 C3-2 C3-3
378 378
377 — N 377
& )
800 o~ PROPOSED CULVERT PROPOSED CULVERT g _
~— M —3000%1800 mm CONCRETE BOX 3000x1800 mm CONCRETE BOX—, PR 376
e o™ T — | fov
MYysT I~ — ™~
o~ Ne—™
—
375 — - EXISTING 375
1 FILL: Sand & Gravel 1520x1200+22.73 mm CSPSA
compact INV. U
ISTING CULVERT il
374 1520+1200-22.73mm CSPSA - D 374
ok _INV. g4§ % 0.15 m PEATY ORGANIE SILT oy
2 NV, 1 ol
£t ORGANIC Sl ¥ dense =5
373 SILTY SAND TILL 15 T[T | Compact
trace organics near top - -Pl- I GRAVELLY SAND to SILTY SAND- ] } GRAVELLY SAND to " a0
compact i 1 ] I‘ occ. till seams / lenses = | L SILTY SAND . I I 1
372 s £ e compact to dense o I 1 occ. till seams/Tenses - 14 a7z
: r _-: ] i) 1
cal [ I SILTY SAND to 43 l‘l. -
37t 1 | 1 SANDY SILT TILL 411
i 15 } some clayey interbeds 40 "
L L occ. cobble / boulder 4ang bl
e SILTY SAND to SANDY SILTTIL Yol aa [P ok v. dens : &
de;stl 44 -l.lbl silty sand seams}} 77 |41,
V. densg! PII, b bl |
369 il'i wztj'lj_ sotT1e] 289
Wikodtfl ik
368 —SAND & GRAV Laol—o h l_i; 0/1% _ oS
occ. till seams / lenseg o .11_ ’ 2|
dense to v. dense | ke ¥ o B |J 5011411
Forg | 1}4]! ' 367
387 M PILI
[} * l &
il - o P
siLTY sanDto S [¥7] 1 h I
366 SANDY SILT TILL-! . = 4 366
trace clay ! i (-
v. dense AR
365 f } } } } 365

SCALE
1im 0 1 2m  VERT
= —
im 0 1 2m  HOR

RA

¢

MON MIRANDA

CONT No.
GWP: 338-97-00

Highway 6, Durham
Culvert C3 @ Sta. 23+793

Water Level at Time of Investigation
(W. L. NOT STABILIZED)

Water Level in Piezometer

— e - &

Blows/0.3m (Std. Pen. Test, 475 J/btow)

SOIL STRATA
SHAHEEN & PEAKER LIMITED
cunty of 4
Ourhy Gre!
ownship of
Southgate
= PROUECT LUWTS
Varney 5
‘SITE
= !
2 = =l —
KEY PLAN
N.T.S
LEGEND
Borehole

Piezometer
CO-ORDINATES
No. ELEV.
NORTH EAST
C3-1 373.5 4 BB4 976.8 200 426.0
C3-2 375.3 4 BB4 971.9 200 4441
C3-3 373.7 4 BB4 971.3 200 451.8

=NOTE=
The boundaries between soil strata have been established
at Bore Hole locations. Between Bore Holes the boundaries

NOTE: This drawing is for subsurface information only. Surface
details and features are for conceptual illustration.

NOTE: The complete foundation investigation and design report
for this project and other related documents may be examined at
the Materials Engineering and Research Office,Downsview.
Information contained in this report and related documents are
specifically excluded in accordance with the conditions of Section

GC 2.01 of OPS Gen. Cond.

E DATE BY DESCRIPTION
Geocres No. 41A-193
SPT 1174 pisT
SUBM'D CHECKED DATE Jan., 2008 | SITE
DRAWN SM | CHECKED RM | APPROVED ZO | DWG 38




%?;Est;%ﬁfalion Foundation Design
Ontario
SPT1174
RECORD OF BOREHOLE No C3-1 10FA1 METRIC
GWP __ 33s8-97.00 LOCATION Hwy 6, Durham ~ Sta, 23+800, 11.4m Lt, C/L ORIGINATED BY L
DIST _ HWY s BOREHOLE TYPE  Hollow Stem Augers COMPLEDBY 1w
DATUM _Geodetic DATE 10/12/2006 CHECKED BY FS oo
DYNAMIC GONE PENE TRA TION
SOIL PROFILE SAMPLES 4 4 |RESISTANCE PLOT ~—. [ -
¥ 4 PLASHIG uo:s'runts vaue | bt REMARKS
3'0‘ « @ § % 8 2P 4E0 6]0 B‘U 1(])0 LT CONTENT LT % o GRAI:!(S}ZE
oy =
ELEY AR REREE £ |SHEAR STRENGTH kPa L S 2 DISTRIBUTION
DEPTH BESCRIPTIGN 151 F [ 3158] & |o unconrneD  + FELDvaNe ¥ %)
= 2 |5 2] U |® POCKETPENETR X LABVANE | WATERCONTENT (%)
5735 GROUND SURFACE w @ 40 B0 80 w00 10020 20 Mum? |GR SA 8f CL
2729 0.3 m TOPSOIL { GRGANIC SILT ik s
- Q
6.3 SILTY SAND to SANDY $iLT TiLL o 373
lrace organics near top | !9
dark brown to brown | 0}-
compact ‘li 2} ss [t
;F ar2
ot e | s o
moist 1[;
wal f P
.;a_l, 4] 88 a1 L
i
J'Jt;
.’ {51 ss
Fol
el 370
wet sand seam jf i
“Fl s ss | 8o
b
o) 68
3.5 2 8
1B 7| ss sonaf o
368.3 .mL i
52 SAND & GRAVEL © .
occasional till seams / fenses o 51 ss 42 368
brown, weat o
dense to very dense [
o -
ol @1 55 |senaf o
o 367
Rl
366.4 o
7 SILTY SANDto SANDY SILT TIEL 13
trace clay '| %0
brown, wet . f”l 368
very dense RN
3556 l! 0] S8 | 73 o o
8.1 End of borehole.
Piezomatar installed Lo depth of 7.0 m. Water
level in piezometer:
Oct. 12, 2008 6.7 m (E). 367.3 m)
Nov. 22, 2008 --0.4 m (£, 373.6 m)
3 3. Numbers refer to 2@
UL ‘5“:-%5 (%) STRAIN AT FAILURE

Sensitivily



Minislry of ) .
Transp%r(aﬁon Foundation Design

Ontario
SPT1174
RECORD OF BOREHOLE No C3-2 10F 1 METRIC
GWP _ 338.87-00 LOCATION Hwy 8, Dutham - Sta, 23+7§2, 5.5m Rt GIL ORIGINATED BY gL
DIST HWY 8§ BOREHOLE TYPE _Hellow Stem Augers COMPILEDBY _ x5
DATUM _Geodetic DATE 107812006  CHECKEDBY __ f8
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x ﬁ RESISTANCE PLOT e MR = REMARKS
— = " 1 - o
= o [£8] 8 20 40 60 s 100 |wn ey wef 5§ &
9l a1z El =z L ; L L ‘ we w wi | 29 | GRAINSEZE
Eiwiw | 3 5{ & |SHEAR STRENGTH kPa T £
ELEY. DESCRIPTION - o i 2 lzaol = ' - : DISTRIBUTION
DEPTH 15| 2| 3|38 £ | ¢ UNCONFNED  + FIELD VANE } v %)
8 Z | &9 L |e POCKETPENETR. % LABVANE | WATER CONTENT (%)
375.3 GROUND SURFACE w 26 40 80 80 100 L km? |GR sA 81 cL
0.0 FILL: Sand & Gravel
brown, damp (o moisl 1, AS 375 o
compact
2| AS — e
374
3 8% 15 I3}
373 5
K -
I ORGANIC SILT B i 373l
3723 trate rootlets, black, meiser./ l i
' GRAVELLY SAND to SILTYSAND |+ + | % | S8 | & o 2 (@)
occasional il seams / lenses [ _
grey, compact to dense -
i' 61 881 11 arz s NS F———
moist [ | Y.
wel | B
] I 61 85 ¢ 31 o
E ] n
I 7l ss ]| ous
3701 1
£ . § B 370 ]~
lb 8 58 44 a
dense _'ga!
very dense ,l -
[ Pz g ] 3S |sors 369|- :
Igi.
SILTY SAND to SANDY SILT TILL % |
grey, wel T 103 88 [ 5013 o
5 368
i"-i‘ ]
el 4] ss | soms o
o
Io‘i 367
1
366.1 1.1 12] $5 |soro o
9.2 End of borehole.
* Water igvel in open borehole al 3.7 m
{E1. 371.6 m) upon completion
{not siabilized).
+3 5% Numbers referto 1521:5

Sensitivity 127 {%) STRAIN AT FAILURE



iinistry of
Transportation

Foundation Design

Sensitivity 10

Ontario
SPT1174
RECORD OF BOREHOLE No C3-3 METRIC
GWpP 338-97-00 Hwy 6, Durham - Sta. 23+790 13m R, G/L ORIGINATED BY H___
DIST HWY & BOREHOLE TYPE _ Hollow Stem Augers COMPILEDBY _ t
DATUM _Geodetic CHECKED BY _ F§
SOIL PROFILE SAMPLES | o | w [CTHANIC CONE CENETRATION
a |2 - ke REMARKS
[
= o [£3 3 20 40 B0 80 100 i 25 &
o I I I O - e e wel B4 | oramsize
ELEV. DESCRIPTION e Z| & g {28 2 |SHEAR STRENGTH «Pa A - DISTRIBUTION
DEPTH 215 = < | © UNCONFINED + FIELD VANE ¥ %)
== £ 15 °| O | POCKETPENETR. X LABVANE | WATER CONTENT (%)
i 20 40 o 80 0
3737 GROUND SURFAGE ¢ " 80 km® |GR SA 81 oL
a—e 0.15 m PEATY ORGANIC SILT At
- [ 8S | 34
dense|
........ " wel spoon
compact ! 373
GRAVELLY SAND to SILTY SAND { 55| 0® 32 85 (13)
occasional thl seams { enses g
grey, moist to wet [ |
l $8 | 24 372
371.6 3
23 SANDY SILT to SILTY SAND TILL > L
some clayey interbeds 1 k) 43
occasional cchhls/boulder 1 371
grey, moist to wel
SS | 40
dense:
véry dense({ | srg
silly sand seamst P 55 77
88 | 59 368
S8 | 50/13
: 368
ss | so
367
365.9) EEM K] 366 -
7.8 End of horehole.
Piezometer installed to depth of 7. 6m. Waler
tevel in piszometer:
Nov. 10, 2006 —-3.4m (EL. 370.3m)
Nov. 22, 2006 --0.5m (EI. 373.2m)
3 3. Numbers refer to by
IR 155 (o) STRAIN AT FAILURE



Project: SPT1174A Foundation Investigation Report
UMA Engineering Limited Proposed Culvert Replacements (C1, C2, C3, C4, C7 & C8)
Highway 6 From 1.1 km South of Grey County Road 9

Northerly to Durham South Limits, Ontario

G.W.P. 338-97-00

Appendix A4

Drawings & Record of Borehole Sheets
for Culvert C4

SHAHEEN & PEAKER LIMITED
JANUARY 24, 2008



CONT No.

METRIC

GWP: 338-97-00

DIMENSIONS ARE IN METRES
AND/OR MILLIMETRES UNLESS
OTHERWISE SHOWN. STATIONS
ARE IN KILOMETRES + METRES.

NOTES:
FOR DETAILED SUBSURFACE CONDITIONS
REFER TO RECORD OF BOREHOLE SHEETS.

Highway 6, Durham
Culvert C4 @ Sta. 24+482

BOREHOLE LOCATIONS

SHAHEEN & PEAKER LIMITED

ounty of
Durh Gre |
‘ownship of
Southgate
PROJECT LIMITS
Varney
SITE
9 -
KEY PLAN
N.T.S
LEGEND
-¢- Borehole
No ELEV CO-ORDINATES
i ’ NORTH EAST
C4-1 382.9 4 885 655.7 200 318.1
C4-2 384.2 4 885 651.4 200 323.9
C4-3 382.4 4 885 651.7 200 341.9

= 24+379.947

sc

SCALE
0 10 20m

10m
=== —— ]

PLAN

| RA”ON MIRANDA

AR

Jﬁu 2 |0?

a-a'l'w AT R,

e ?‘e@

L TR e -.-1-\-1)

A “% &0 6.--""- 0

*“m...- e o~

.\“ ey op U; 8
“w

=NOTE=
The boundaries between soil sirata have been established only
at Bore Hole locations. Between Bore Holes the boundaries
are assumed from geological evidence.

m"‘nh
ﬁ'“““‘ '!‘.?'. ‘:“
X

Z. 8. OZDEN :J

NOTE: This drawing is for subsurface information only. Surface
details and features are for conceptual illustration.

NOTE: The compiete foundation investigation and design report
for this project and other related documents may be examined at
the Materials Engineering and Research Office,Downsview.
Information contained in this report and related documents are
specifically excluded in accordance with the conditions of Section

GC 2.01 of OPS Gen. Cond.

E DATE BY DESCRIPTION
Geocres No. 41A-193
SPT 1174 DIST
SUBM'D CHECKED DATE Jan,, 2008 | SITE
DRAWN SM | CHECKED RM | APPROVED ZO | DWG 4A




METRIC

NOTES: DIMENSIONS ARE IN METRES
FOR DETAILED SUBSURFACE CONDITIONS ANCVORTMLMEETRES G ES3
REFER TO RECORD OF BOREHOLE SHEETS. OTHERWISE SHOWN. STATIONS
ARE IN KILOMETRES + METRES.
C4-1 C4-2 C4-3
i)
FILL: SAND & GRAVEL > a5
385 ~ (0.4 m) — © o
~ PROPOSED CULVERT <+ W
o M T i
g ity g 1400 mm CSPﬂ .4 ;: =1 Q S
S = - = R
~ I_| e // \ \ m|
383 - FILL: SAND B 0.1 mJOPSOIL 383
snj“m& gravel, compact wcrgfng;i‘;e' 2 el
- — T+t et 382
EXISTING CULVERT| & 4 b} ) 12 ‘mixed with organics E’I"‘ST;E' CCUS?’WRJ _Lu:I_
914 mm CSP  °. | oy 58 SAND ne” NV, u/-s |
INV. U/S i‘l 'Pl"' frace gravel (poss. TILL) INV. D/S loose
) —N ] 045_,*_[4 1240 pactto-dense————— |corjpact 381
SANDY SILT to- Irl 1 S IT
SILTY SAND TILL |' i e l,
5Ed some slightly . =T ; i a0
cohesive seams., SANDY SILT to SILTY . | | SANDY SILT to SILTY - i
SAND TILL 1421 SAND TILL ik
brown, wet . } brown, moist to damp - < }
378 Compact I3 I L 379
. den?e | I ; | _: se
378 — T - T ! i j_ 378
6.
}
377 ! l } 377
378 ; | -!’ 376
1
SAND  TIT [T
375 some gravel, trace St~ - o 375
v.dense . o ponp-
374 374

—10

o
Jj’?}.?/ifs b

{ L‘J
) :. z. S. OZDEN

e e
L)

CONT No.
GWP: 338-97-00

Highway 6, Durham
Culvert C4 @ Sta. 24+482
SOIL STRATA

SHAHEEN & PEAKER LIMITED

ounty of 4
Durl Gr

ownship of
Southgate

Vi
ey 5

SITE
A9}

ol

\

KEY PLAN
N.T.S

LEGEND

Borehole
Blows/0.3m (Std. Pen. Test, 475 J/blow)

Water Level at Time of Investigation
( W. L. NOT STABILIZED)

N
X
_i_ Water Level in Piezometer

Piezometer

at

ﬂnbmuidmbehnmsoistmhlnvebemmndaiy

are assumed from geological evidence.

CO-ORDINATES
No ELEV. NORTH EAST
C4-1 382.9 4 885 655.7 200 318.1
C4-2 3B4.2 4 885 651.4 200 323.9
C4-3 382.4 4 885 651.7 200 341.9
=NOTE=

Bore Hole locations. Between Bore Holes the boundaries

NOTE: This drawing is for subsurface information only. Surface
details and features are for conceptual illustration.

NOTE: The complete foundation investigation and design report

for

the Materials Engineering and Research Office, Downsview.
Information contained in this report and related documents are
specifically excluded in accordance with the conditions of Section
GC 2.01 of OPS Gen. Cond.

3

this project and other related documents may be examined at

DATE BY DESCRIPTION

Geocres No. 41A-193

SPT 1174 DIST

SUBM'D CHECKED

DATE Jan., 2008 | SITE

DRAWN SM | CHECKED RM | APPROVED ZO | DWG 4B




‘“Eqri:riassl;%ﬁralim Foundation Design

Ontario
SPT1174
RECORD OF BOREHOLE No C4-1 1 0F 1 METRIC
GWP _ 338-97.00 _ LOCATION Huwy 8, Durham - Sta, 24+486, 12m Lt GIL ORIGINATED BY NE
DIST HWY BOREHOLE TYPE _ Holow Slem Augsrs COMPILEDBY _xs
DATUM Geodelic DATE 10/13/2006 CHECKEDBY __Fs
CYNAMIE CONE PENE TRATION
SOIL PROFILE SAMPLES x Y |RESISTANCE PLOT ——v. ——
T ) ll‘l—} o g e PLASTIC HMOISTURE vauio [ '1_2 REMARKS
= w |E2 3 0 4 80 8 100 W wenr  WWT] BB &
SlE e |85 3 SHEAR STRENGTHkPa v N WL T E ] SRANSEE
o & a
_ELEY e 2o 2 {28] = S — DISTRIBUTION
BEPTH DESCRIPTION 13161 5|22 § |0 unconFNED -+ FIELD vANE ] y )
ElZ 2 189 W | POCKEYPENETR. X LagvANE | WATER CONTENT (%)
4 B0 100 3
GROUND SURFACE « 20 80 w20 30 kwm 3 |ar sa s ol
0.2 m TOPSOIL L .
— O
ST TS
__382.21 __some gravel, dark brown, damp, compac!
" IR S
0.7 SANDY SILT to SILTY SAND TILL ¢ ) 382
some slighlly cohesive seams e 2} ss @ 5 41 53 1
brown, moist to damp '!di'
SEA
i
If} 3} ss s o
J 5 I S
ioosetof.F..] 4] 8§ o
compaci | |0
............... 0{ 380
very dense | -l' B
-E_L-]- 51 85| 66 q
-i !0 =
-ldi- ST s
-%.I 6 85 lsons| | |- °
-l o
_[_1_ 7 1SS |sons|l.
R :
i
-iq!- 8| 55 |s0ms °
i
'§¢|’ ¢ | ss |sonms| - °
'T. - —
(M
i
N
RILN) bl ss 505 o
"8 End of borehole,
Water level @ 7.3 m and hole caved-in @74
m upen completion,
Pigzometer installed to depth of 7.8 m. Water
ievel in piezometer:
Oct. 13, 2005 --7.3 m {El. 375.5 m)
Nov. 22, 2006 «~-7.4 m (El. 375.4 m)
20
43, %3, Numbers refer fo 155

Sensitivly T (%) STRAINAT FAILLRE



Ministry of ) . .
Transportation Foundation Design

Onlario
SPT1174
RECORD OF BOREHOLE No C4-2 10F 1 METRIC
GWP _ 338-97-00 v LOCATION HwyG, Durham - Sla. q+dfz. 6munGa ORIGINATED BY ).
st HWY _ 8 BOREHOLE TYPE Holiow Stem Augers COMPILEDBY _ x5
DATUM _Geodeiic DATE _ 812212006 . CHECKEDBY___fs
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES & ; RESISTANCE PLOT g SRR - REMARKS
- o 1521 3 20 40 60 wa e werf B 5 &
21 4igel 2z ! . ! ! : vy w wo| 2% | GRANSRZE
ELEY BESERIFTIO el & | z (28| 2 |SHEARSTRENGTHkKPa e — DISTRIBUTION
BEPTI = N =5 5| 5|38 £ §O UNCONFINED  + FIELD VANE . ¥ (%)
E1E | EY| & |e POCKETPENETR. % LABVANE | WATER CONTENT (%)
384.2 GROUND SURFACE w 2040 60 80 100 122 30 kNin 3 |GR sA S1oCL
0.0 FILL: Sand & Gravet (0.4 m) 11 AS 384]— o
ElLL: Sand s
some gravet
brown, damp
compact b 2, AS 383
31 88 23 <]
381.9] e 482 _
22 mixed with organics ol ss 55.’28. M- value not
"""""""""""""""""""" ) refiable; sampler
SAND . on a cobble.
trace gravel {possible TILL) .
brown, mois! o wet : 5| 85 3 ©
compacl o dense B
__380.1 - ¥
a0 P - 380
SANDY ST to SILTY SAND TILL i i&
brown, wet '3055 ......
] fi6] ssi 21 g
[ EF JRSSR: K S 379
compact [Di'
veryjdense .| i
T
379 I A o 378
83 End of borchole.
* Waler level in open borehole at 4.1 m
(El. 380.1 m) upon compielion
{(nol slabilized).
3 w3, Numbers referto

20
* Sensilivity 155 (01) STRAIN AT FAILURE



‘wg:wsslg)%um Foundation Design
Ontaric
SPT1174
RECORD OF BOREHOLE No C4-3 10F 1 METRIC
GWP _ 33897-00 LOCATION Hwy 6, Burham - Sta. 24+483, 12m Rt GIL ORIGINATED BY 1
DIST _HWY s BOREHOLE TYPE _Holiow Stem Augers COMPILED BY _ m.
DATUM _Geodelic OATE 1013/2006 CHECKEDBY __Fs _
SOIL PROFILE SAMPLES | | w |DYHAMIC CONEPERETRATION
. i T HATURAL o REMARKS
B T, R — LSS ostare W} B
b @ % (ZD & 20 40 60 80 100 b conteny Rl N &
Gl e w =1 o= 1 . L 1 ; wp w wi | D g GRAIN 5128
Frey Sle ¥ 2|85 2 [SHEAR STRENGTH kPa A DISTRIGUTION
BEPTH DESCRIPTION IR R EE: £ | UNCONFINED  + FIELD vaNE v (4)
ElE £ 1G] @ | e POCKETPENETR. X LABVANE | WATER CONTENT (%)
o 20 0 B0 80 100 3
382.4 GROUNE SURFAGE N 4 W o KNim * [GR SA &1 <L
s 0.1 m TOPSON.
. 7 o]
. SIET 352
2817 trace gravei, dark brown, damp, fogse -
a7 VE] GBI brown, damp, lovse | I
8 12 45 34 8
ioase
-------- RS 381
compact S
’ 25 g
SANDY SILT to SILTY SAND TILL 3804—
brown, maist to damp 23 P
20 379} ©
very donsel.
1y 72 [
378
50/15 o
: 377
50710 o
50710 37s L]
375.3 K
A SAND ‘L
some gravel, lrace sl 5
brown, damp :
3744 wv_e‘ry dense 101 8S | 5013 | o 3
79 End of borghole.
Borehole dry upon compialion.
Piezomeler installed Io depth of 7.6 m, Water
levei in piezometar:
Oct. 13, 2008 ---dry.
Oct. 18, 2006 ---dry.
Nov. 22, 2006 -—dry

20
+3, % ¥, Numbers refar to

Sensitivily

‘5%5 {%) STRAIN AT FAILURE



Project: SPT1174A Foundation Investigation Report
UMA Engineering Limited Proposed Culvert Replacements (C1, C2, C3, C4, C7 & C8)
Highway 6 From 1.1 km South of Grey County Road 9

Northerly to Durham South Limits, Ontario

G.W.P. 338-97-00

Appendix A5

Drawings & Record of Borehole Sheets
for Culvert C7

SHAHEEN & PEAKER LIMITED
JANUARY 24, 2008



NOTES:

FOR DETAILED SUBSURFACE CONDITIONS
REFER TO RECORD OF BOREHOLE SHEETS.

METRIC

DIMENSIONS ARE IN METRES
AND/OR MILLIMETRES UNLESS
OTHERWISE SHOWN. STATIONS
ARE IN KILOMETRES + METRES.

fsu'zz x 00TL X DTS LMIAIND ONUSIA

J

¢ 19.75 CSP

SCALE
1%%
PLAN

ROFESSigy )

2 .
& ﬁﬂ [
e
!’l, G e

oy

w Z.8. OZDEN _J

i‘_- . .'h‘_'f.mq L
\ < ﬁ‘\_ t{ (R
\

g g
O ™ )
o Vi

L

o oF OF

CONT No.
GWP: 338-97-00
Highway 6, Durham
Culvert C7 @ Sta. 27+065
BOREHOLE LOCATIONS
ounty of 4
D i
ownship of
Southgate
PROJECT LIWITS
Vérney 3
SITE g
9
KEY PLAN
N.T.S
LEGEND
-¢- Borehole
CO-ORDINATES
No. e NORTH EAST
Cc7-1 358.2 | 4 888 178.8 | 200 167.8
Cc7-2 359.2 | 4 888 180.6 | 200 177.7
c7-3 357.9 | 4 888 184.1 200 196.3
=NOTE=
The boundaries between soil strata have been established only
at Bore Hole locations. Betwseen Bore Holes the boundaries
are assumed from geoclogical evidence.

NOTE: This drawing is for subsurface information only. Surface
details and features are for conceptual illustration.

NOTE: The complete foundation investigation and design report
for this project and other related documents may be examined at
the Materials Engineering and Research Office, Downsview.
Information contained in this report and related documents are
specifically excluded in accordance with the conditions of Section
GC 2.01 of OPS Gen. Cond.

e
& |"DATE BY DESCRIPTION
Geocres No. 41A-193
SPT 1174 DIST
SUBM'D CHECKED DATE Jan., 2008 | SITE

DRAWN SM | CHECKED RM | APPROVED ZO | DWG 7A




NOTES:

FOR DETAILED SUBSURFACE CONDITIONS
REFER TO RECORD OF BOREHOLE SHEETS.

METRIC

DIMENSIONS ARE IN METRES
AND/OR MILLIMETRES UNLESS
OTHERWISE SHOWN. STATIONS
ARE IN KILOMETRES + METRES.

C7-1 C7-2 C7-3
361 361
360
e PROPOSED CULVERT FILL: Sand & Gravel PROPOSED CULVERT
1800x1200 mm CONCRETE\ (0.25m) 1800%1200 mm CONCRETE—\
0 E—0:6m PEAT‘.’ FOPSOI-— 359
359 vl
i} N I & SEE N ® trace gravel
n FILL: Sand [Ts}
Q=0 some gravel & silt © ©
AN ofmwn =] I e 58
8- A f P % = -
* 7 BTTSILTY SAND to ——— N =6 % g e T, e
ANDY SILT (poss. FILL) ™ ¢xisting corvert —San vl 5 ol e 55
o 9 tracelto some gravel, trace organic 1.5:,20f.12~00 mm CSPA gome silt & odorous near top Eélzsgjr:gogli:\'/nERgsm .L.;.PJ {T]‘ -
k loose INV. U/S ¥ g
PRt ‘ Kelese WV, b/s  GRAVELLY s;;m)e (S;i;hoss, FILL) e R Ni4 i
‘”1? e SILTY saNDto 1A 1} iy,
v.logsel ® | 17'I" SILTY SAND to ' SANDY SILTTILL [} il ggi)d .0
356¢5ip [#7 T SANDY SILT TILLC SArsH ) 1 dense o v. dense _ | i
to U{ 2 (Ll |’W|th some silty sand layers |g| ] ; V{ Wy
Y ERES |- i collnpact o1 38 'all
o 1l SILTY sANDto 44| [ gems— 216 3 i 0
Al P2 BrsER SANDY SILTTILL -1 ¢ AN7ZH e o) il
.'Ia A 10“4 with some silty sand layers |0 1 Ia]a{ [ 33 l .
2 i I}1 Ll & EE
3541 R EXEE 7 AR SILTYSANDto'_l ['58'.l i
- =T = |" e SANDY SILT '
[ “f2s] ] SILTY SANDto | i densetov.denss.| [| [. [
2 SANDY SLT ., [ L ! | fee! | - o3
d .
| |'?f2$-{ | SILTY SAND to Ui t | t t I'f ['|
¥ " SANDY SILT b 55/ I
1 of .
| |, sl ot i
352 : o o
L | 6o | | ) l | l : occ. thin ['rson"[ I
l . { " [ ol I J clayey silt interbeds . r 4 |
351 —adt _f 73l | : | - _|' i J— 351
| L t B | A l’ siLTY sanpto -*u 11 (4T
1 ofons'| | i saNDY SILTTILL .| I 1Y)
k = Gl v. dense o) o1
350 - L] } 76| | : ey
-L-—' L
f } f }
-15 —-10 —5 5 10

O MIRAND

STRATIGRAPHIC SECTION ALONG CULVERT C7 @ STA. 27+065

z, S. O/_’DEN B

S ATA PR R LD

CONT No.
GWP: 338-97-00

Highway 6, Durham
Culvert C7 @ Sta. 27+065
SOIL STRATA

SHAHEEN & PEAKER LIMITED

ounly 4
Durh Gre
ownship of ]
Southgate
PROJECT LIMITS
Varnay 3
—
- SITE B
]
KEY PLAN
N.T.S
LEGEND
Borehole

Blows/0.3m (Std. Pen. Test, 475 J/blow)

Water Level at Time of Investigation
(W. L. NOT STABILIZED)

Water Level in Piezometer

_— e

Piezometer
CO-ORDINATES
N =N NORTH EAST
c7-1 3582 | 4 888 178.8 | 200 167.8
c7-2 359.2 | 4 888 180.6 | 200 177.7
c7-3 357.9 | 4 888 184.1 | 200 196.3

=NOTE=
The boundaries between soil strata have been established only
at Bore Hole locations. Between Bore Holes the boundaries
are assumed from geological evidence.

NOTE: This drawing is for subsurface information only. Surface
details and features are for conceptual illustration.

) NOTE: The complete foundation investigation and design report

for this project and other related documents may be examined at

| the Materials Engineering and Research Office,Downsview.
;' Information contained in this report and related documents are

specifically excluded in accordance with the conditions of Section
GC 2.01 of OPS Gen. Cond.

=
- DATE BY DESCRIPTION
Geocres No. 41A-193

SPT 1174 DIST
SUBM'D CHECKED DATE Jan,, 2008 | SITE

DRAWN SM | CHECKED RM | APPROVED ZO DWG 78




Ministry of

End of borehole.

Piezometer installed to depth of 7.6 m, Water
level in piezometer:

Oct. 16, 2006 ---0.5 m (Et. 357.7 m)

Naov. 22, 2006 ---0.2 m {£1. 358.0 m)

Transportalion Foundalion Design
Ontario
SPT1174
RECORD OF BOREHOQLE No C7-1 10F 1 METRIC
Gwp 338-97-00 LOCATION Hwy 6, Durham - Sta, 27+067, 16m Lt C/L ORIGINATEDBY gL
DIST HwWY 8 BOREHOLE TYPE  Hollow Stem Augers COMPILEDBY __xs
DATUM Geodetic DATE 10/16/2008 _CHECKEDBY __ F$
SOIL PROFILE SAMPLES | o | w |BENAMIC ZONE FENETRATION N
[ e - PLASTIG J;qum: QU = REMARKS
16 w é g 8 20 40 60 LT CONTENT Lowr % Q &
o uf = zZ . g L ! oW GRAIN $iZE
: ld Wl 2125 & |SHEAR STRENGTH kPa LA S B
_ELEY. DESCRIPTION bl - I £ ' ) ‘ DISTRIBUTION
DEPTH <2 31388 £ | O UNCONFINED + FIELD VANE ¥ (%)
== Z |£C] O {e POCKETPENETR. X LABVANE | WATER CONTENT (%)
358.2 GROUND SURFACE . 0N fgos o WA 8 Jkwm3 Jer sa S oL
' 35948 0.3m TOPSOIL, with rootiets wle st s Y 258 a
0.3 SILTY SAND to SANDY SILT g
{possible FILL) -
trace to some gravel
Irace organic
light brown to grey, moist 2| 88 9 357 - e
356.7] loose —
1.5 0
LE b 3] 85| ¢
very foose \”l
compact] i: —] 356
lo d
o qensey g4 ss| 2 g
SILTY SAND to SANDY SILT TiLL :OF
with some silly sand fayers -
greyish brown 1 19 5| 8% 29 335 o
I
,Eoi_
-g-l- 61 S8 | 36 ¢
| |y 354
..353.7 |
4.5 ! b .
3 7] 8§ 28 o
compact E
-------------- . 353
very dense| -
i \ 8 88 | 71129 o o
SILTY SAND to SANDY SILT g i
greyish brown, wel, diatant [ 1 s | 6o [ 352 —
. ] o
3 E 0] 88 ?3 r,: ) 151 =}
3504 MG o
8.1

+ 7. X

Numbers refer to
Sensilivily

20
53 (0) STRAIN AT FAILURE



Ministry of . N
Transpy:)rlalion Foundalicn Design
Ontaric

SPT1174
RECORD OF BOREHOLE No C7-2 1 0OF 1 METRIC
GWP _ 338.97-00 _ LOCATION Hwy8 Dutham- Sla. 27v067.6mugct ORIGINATED BY 4.
bist BOREHQIE TYPE_ Hollow Stem Augers . COMPILED BY _xs
DATUM _Geodelic DATE 8/21/12006 CHECKEDBY ___Ffg .
DYNAMIC CONE PENETRATION
SOl PROFILE SAMPLES o W [RESISTANCE PLOT AR
E o a e PLASTC nms‘#um' e fm E REMARKS
51, o |E3] 5 2040 o0 @ w00 | v ol B &SIZE
= - e ! GRAIN
aldl w| 3195| & [SHEAR STRENGTHKPa RAE L B
FLEV. NESCRIFTION =g e = £ = + < 1 DISTRIBUTION
DEPTH {21 £ | 5 188] & |o UNCONFINED  + FIELD VANE v %)
£l= E|EO] © |e POCKETPENETR. X LABVANE | WATER CONTENT (%)
359.2 GROUND SURFACE = 20 40 80 80 100 WO W | wwm3 jor sa s oL
0.0 FILL: Sand & Gravel {0.25 m) 11 A3 359 °
FILL: Sand 4
some gravel & silt el
brown, moist 21 AS
a
358} -
357.7 o <]
5 FILL: Sand & Gravel
some silt & odorous near top 3| 88 9 Y 43 40 (17)
367.0 dark brown to black, wet, lcose
- : 357
22 GRAVELLY SAND {possible FiLL) ¢
some silt
3564 grey, wet PO 4 55 24 . ¢
23 e Y
SILTY SAND to SANDY SILT TILL i{/ -
with some siity sand layers | 366 |-
greyish brown, wef ffjl 51 88 13 G
|
o]
compact if
very dense | iar- 355 f—-
| .
7 -
| Pl ei ss| 73 o
ol
f 354
3587 JE2S
59 SILTY SAND 1o SANDY SILT 1
greyish brown 3
very dense to dense, wet, dilatant { |
i |7 58 7?7 353 a
l : 352
s o a
i 351|-
1 : 350
i 9 58 7 o
349.6) 1
96 End of borehole,
* Water level in open borehote at 3.0 m
{El. 356.2 m} upon completion
{not stabilized).

3

, A

Numbers refer to
Sensilivily

20
5B (54) STRAIN AT FAILURE



%drgrnlssl;%gfa!m Foundation Design

Ontaric
SPT1174
RECORD OF BOREHOLE No C7-3 10F 1 METRIC
GWP __338-97.00 LOCATION Hwy 6, Durham - Sta. 27+067, 13m RLCIL . ORIGINATEDBY .
DIST HWY 5 BOREHOLE TYPE__Hollow Stem Augers e COMPILEDBY x5
DATUM _Geodelic DATE 10/16/2006 CHECKEDBY,_ _FS
SOIL. PROFILE SAMPLES | o | w [RYNAMIC GONE TENETRATION .
R =S I - _— PASTIC \:‘t;lsliuﬁr e I [ REMARKS
51, @ 23 g 20 4 60 80 100 o om0 53 &
2l 2 : 3 W | GRAINSIZE
ELEY ld| w i 3|25 & [SAEARSTRENGTH kPa e S T E e murion
e DESCRIPTION = = > < 3 = =
DEPTH s3] F > 1g8] £ |o unconFineo + FIELD VANE ¥ (%)
= #1&EC] b |e POCKETPENETR. x LABVANE | WATER CONTENT (%)
3579 GROUND SURFAGE . X 40 60 e 100 W wm3d f6R SA 51 CL
09 0.6 m PEATY TOPSOIL. il i Ny )
black, lrace gravel, wel to moisl , o 1] S8 ]
357.3 o
0.8 SILTY SAND to SANDY SILT TIEL '
greyish brown i b 3574~
dense to very dense, wet, dilatan| 1 2] 88 33 o
"7;.
E'F 3] 85 68 356 Q 35 40 20 5
T
I
?}’J 4| 851 38 =
354.9 iai 355 e
3.0 SILTY SAND to SANDY SIL.T [ ‘
greyish brown, wet dilatant E 5 8S 33 o
dense to very dense 1
RS
1 354
} 61 85| 58 o 2 35 57 6
J ‘ 7 88 66 _:_ 253 [
s s s | o
______________________ b o 352} -
occasional thin I i - iy
clayey sift interbeds| g1 ss |somsl - o
351.9) - ! -] 251
6.9 SHTY SAND to SANDY SILT TILL $r
greyish brown, very dense i }9
" :
.
3498 f'!/,. 1] S5 | 5014 3501 o v
81 gng of borehole.
Piezometer inslalled lo deplh of 7.0 m. Water
igvel in piezometer:
Oct. 16, 2008 0.5 m (EL 357.4 m}
Nov. 22, 2008 ---0.2 m (El. 357.7 m)
3 .. %, Numbers refer to Y
0 15405

Sensitivity 7 (%) STRAIN AT FAILURE



Project: SPT1174A Foundation Investigation Report
UMA Engineering Limited Proposed Culvert Replacements (C1, C2, C3, C4, C7 & C8)
Highway 6 From 1.1 km South of Grey County Road 9

Northerly to Durham South Limits, Ontario

G.W.P. 338-97-00

Appendix A6

Drawings & Record of Borehole Sheets
for Culvert C8

SHAHEEN & PEAKER LIMITED
JANUARY 24, 2008



O

METRIC

DIMENSIONS ARE IN METRES

NOTES:
FOR DETAILED SUBSURFACE CONDITIONS AND/OR MILLIMETRES UNLESS
REFER TO RECORD OF BOREHOLE SHEETS.  OTHERWISE SHOWN. STATIONS

ARE IN KILOMETRES + METRES.

i |oF

STA.| 9+

28+g,d’?10 HIGHWAY &

/ H/T,D,(ooo 000 VARNE-ROAD

gROFESSIgy,

@ ""‘"l\ %
(N

CONT No.
GWP: 338-97-00

Highway 6, Durham
Culvert C8 @ Sta. 28+299

BOREHOLE LOCATIONS

SHAHEEN & PEAKER LIMITED

KEY PLAN
N.T.S

LEGEND

-$— Borehole

CO-ORDINATES

N

- — NORTH EAST
C8-1 336.3 | 4 889 391.5 199 950.2
C3-2 3364 | 4 B89 393.9 199 963.5

C8-3 3363 | 4 B89 401.2 199 964.2

=NOTE=
The boundaries betwaen soil strata have been established only
at Bore Hole locations. Between Bore Holes the boundaries

are assumed from geological evidence.

NOTE: This drawing is for subsurface information only. Surface
details and features are for conceptual illustration.

NOTE: The complete foundation investigation and design report
for this project and other related documents may be examined at
the Materials Engineering and Research Office,Downsview.
Information contained in this report and related documents are
specifically excluded in accordance with the conditions of Section
GC 2.01 of OPS Gen. Cond.

>
& DATE BY DESCRIPTION
Geocres No. 41A-193
SPT 1174 DIST
SUBM'D CHECKED DATE Jan., 2008 | SITE
DRAWN SM | CHECKED RM | APPROVED ZO DWG 8A




NOTES:

FOR DETAILED SUBSURFACE CONDITIONS

METRIC

DIMENSIONS ARE IN METRES
AND/OR MILLIMETRES UNLESS

REFER TO RECORD OF BOREHOLE SHEETS. OTHERWISE SHOWN. STATIONS

ARE IN KILOMETRES + METRES.

C8-1 C8-2 C8-3
339 339
338 338
. PROPOSED CULVERT PROPOSED | C_ULMEB;;..._.}”
D ,—1400 mm CSP - —0.3m TOPSOIL 1400 mm CSP ‘\ B e
¥ - — ; i r ——— bl
36— = FiLSanih EiLL: Sand & Grave {0:3m) e ——— s
P / / with some organics near top FILL: Sand Flmm'sm‘_‘}\ \ B=n
/ TomTpaCt Ty SOme gravel, irace 1opsol, compac 10 dense + race gravel & topsoll, [oose \ _
SO B : S FILL: Silty Sand =
FILL: Silty Sand o : Silty 10 FILL: Sand & Gravel \
1 trace gravel, some topsoil trace clay, gravel & lopsoil, loose to compact 5 N T —
RO e e m SAND & GRAVEL o|%| o g D i S
o ol hdiesisiad A L - P FET siTy sanD . B2 333
333 SAND & GRAVEL z I [ p— LI 17} | lrace gravel
v. dense P i s'pg::e"ts asle” 1 dcompact to dense
2 i [ o j ! 35 ote. silt pockets 332
sand pockets ° a2 || e L L.
56 5. BOULDERC2, =2 ° 48 [o
t e g o ‘o SAND & GRAVEL =1
331 o ol Por% v. dense
Q . 0' . U.
3% 5655, BOULDER 004t s1s31s- 330
o +]
329 L L 329
5 o
—B0/13
328 t 1 } t t + 328
-20 -15 -10 -5 0 5 10 15 20
ot
: :f‘m
. Gy
Esneiaind bl
RAMON MIRAKDA
C /( )
oA
O
SCALE % OL? = &
1m 0 1 2m  VERT ,%&f- OF on, >
im o 1 2m HOR v misadt

STRATIGRAPHIC SECTION ALONG CULVERT C8 @ STA. 28+299

CONT No.
GWP: 338-97-00

Highway 6, Durham
Culvert C8 @ Sta. 28+299
SOIL STRATA

SHAHEEN & PEAKER LIMITED

S “'Counly of

=

wf\
/\Vowns hip of
J Suulhgate

\/«—r_

KEY PLAN

N.T.S

LEGEND

Borehole

Piezometer

Blows/0.3m (Std. Pen. Test, 475 J/blow)

Water Level at Time of Investigation
( W. L. NOT STABILIZED)

N
<
—i— Water Level in Piezometer

No. ELEV. CO-ORDINATES
NORTH EAST
C8-1 336.3 | 4 889 391.5 199 950.2
C8-2 336.4 | 4 889 393.9 199 963.5
C8-3 336.3 | 4 889 401.2 199 964.2

=NOTE=

The boundaries between soil strata have been established only
at Bore Hole locations. Between Bore Holes the boundaries
are assumed from geological evidence.

NOTE: This drawing is for subsurface information only. Surface
details and features are for conceptual itlustration.

! NOTE: The complete foundation investigation and design report

for this project and other related documents may be examined at

i the Materials Engineering and Research Office, Downsview.
¢ Information contained in this report and related documents are
specifically excluded in accordance with the conditions of Section

/ GC 2.01 of OPS Gen. Cond.
>
w
® [ pate BY DESCRIPTION
Geocres No. 41A-193
SPT 1174 DIST
SUBM'D CHECKED DATE Jan., 2008 SITE
DRAWN SM | CHECKED RM | APPROVED ZO | DWG 8B




Ministry of ; :
Transp%nauon Foundation Design
Ontario

SPT1174
RECORD OF BOREHOLE No C8-1 1 OF 1 METRIC
Gwp 338-97-00 LOCATION _Hwy 8, Durham - Sta. 28+299, 12m Lt, CIL ORIGINATED BY | :
DIST HWY 6 BOREHOLE TYPE_ Hollow Stemn Augers COMPILEDBY _ x5
DATUM _Gegdelic DATE 8/16/2006 . CHECKED®BY _Fs
DYNAMIC CONE PENETRATION
SOIl. PROFILE SAMPLES | ¢ " 4 |RESISTANCE PLOT st RO = [ REMARKS
[ . g et
5 o 152| 8 20 40 en 80 o e G ow| £ o &
= - i 1. ! =
s g w! 5|25 3 [shearstrenciiie " Mo Tz | CRAMSIE
ELEV. DESCRIPTION el2l e Zi28) & b g DISTRIBUTION
DEPTH o8 = < G UNCONFINED + FIELD VANE o
o | = = A 99 = T 9% ¥ (%)
s F (&Y U }e POCKETPENETR. x LABVANE | WATER CONTENT (%)
3367 GROUND SURFACE w 20 40 60 80 10 10 20 30 kNim® [GR SA I oL
6.0 FiLL: Sand & Gravel
wilh some organics near fop S8 14 o
brown, moist
compact PO — 336
§8 4 19 @ 54 45 (1)
R T « e e anmt s -
14 FILL: Siity Sand
trace gravel, some topsoil ss 8 335 )
brown to dark brown, moisl to wet
loose to compact -
334. 53 19| ¥ :
29 compact o 34— a
- . e ]
SAND & GRAVEL "ol 51 85 64
greyish brown to brown, wet o -
very dense o 333
............... 4
somesilly sand | @
pockels |o
.6l ss| s e A
© - e
o
o]
0
331 -
O
o]
330.5) 7188 1100/ - possible boulder.
6.3 £nd of sorenole.
Auger refusal on a possible boulder or
bedrock at 6.3 m.
* Water level in open borehole at 2.6 m
(Ei. 332.2 m) upon completion
{not stabilized),
3 Numbers refer to 2
X BS (4) STRAIN AT FAILURE

Sensilivity



%ghsggég;“m Foundation Design

Onlario
SPT1174
RECORD OF BOREHOLE No C8-2 10F 1 METRIC
GWP _ 338-97.00 .. LOCATION thwy 8, Duriam - Sta. 284299, 5.5m Rt G/ ORIGINATED BY 21
DIST . hHwy e BOREHGLE TYPE _ Hollow Stem Augers . COMPILEDBY _xg
DATUM _Geodetic _ DATE 8/17/2008 .. CHECKEDBY rs
OYNAMIC CONE PENETRATION
SCIL PROFILE SAMPLES . ; - 4 [RESISTANCE PLOT - s AR e | REMARKS
— MHOISTURE
= . “ %( Cz) 2 29 49 50 8|0 100 L c(o]m[m Canats % % E3 3
i = : o 5 GRAIN 817
18w 3 25| & [SAEARSTRENGTH kPa P M Al o
ELEV. DESCRIPTION -l2l e 2 [28] 8 I Qe DISTRIBUTION
DEPTH é 5 & > o5 § O UNCONFINED + FIELD VANE ¥ (%)
£z # |65 ¥ [e POCKETPENETR. x tABVANE | WATER CONTENT (%)
3364 GROUND SURFACE w 2040 &0 &0 100 1020 30 kim® [GR SA 81 CL
484 FiLL; Sand & Gravel {0.3 m) 3 s | s
I ez 1 [e)
03 FILL: Sand 336
some gravel, trace topsoil -
brown, dry to moist
compact to dense 21 85| 36 o
N . o 335
: FILL: Siity Sand
trace clay, gravet & lopsoil 3] ss 10 i
brown, moist » .
3342 loose to compac! N 6 h 4 "
& SAND & GRAVEL O@ 334l splil spoon
occasional cobbles 4| 851 58 bounced en
brown, wet o . .
very dense to dense o possible cobble
o 5 95 100/19
@ 33| !
with silly sand o
pockeis '
o 55 45 o
af-. WO
5 332
)
7i 88 32 Q
33 possible boulder.
S0 Eng of berehole.

Auger refusal at 5.0 m on possible boulder
or bedrock.
* Waler level in open borebole al 2.1 m
{E1. 334.3 m) upon comptetion
{not stabifized).

Hole caved at 2.3 m.

20
3. Numbers refer to g
T sensiivity 5PS (9) STRAIN AT FAILURE



_Iﬁﬁrigéssl%gfaﬂm Foundalion Design

Onlario
SPT1174
RECORD OF BOREHOLE No C8-3 10F1 METRIC
GWP __azs.9700 LOCATION _Hwy 8, Ducham - Sta. 28+308, 7.5m Rt G/L _ ORIGINATEDBY 73
DisT e HWY BOREHOLE TYPE _ Holiow Slem Augers COMPILEDBY _xs
DATUM _Geodelic _ DATE _ 11/8/2008 CHECKEDBY__ F8
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o § RESISTANCE PLOT pastie MMURR L | REMARKS
. oo S : ! T
6 @ g g 8 20 a0 60 80 190 Linsit 22’5’:;’::? LM % tu'? &
4 o S oz |t . ! . =] GRAIN SIZE
ELEy S 8l e | 3 (25| B [SHEAR STRENGTH kPa e S T E  srmimorny
DEFTH DESCRIPTION SI21 213122 % o Unconrmned  + FiELD vaNe
gls: "1 2 |88y 3 WATER CONTENT (%) | ! (%}
= E =4 g © & & POCKET PENETR. X LAB VANE ¢
336.3 GROUND SURFACE w 20 40 60 80 100 020 30 kNim 3 IGR SA 81 GL
: 0.3m TOPSOM., with rooliets L
- 33§'§ 1] ss| 7 23| o
FILL: Silty Sand to Sandy Silt
lrace gravel & topsoil
brown, moeist, loose
2] s8] 7 °
ECCR ety 335 “
1.4 FILL: Sand & Gravel 5 '
SOme organic soil P
black lo dark grey, wet 3188 s
loose to compact -
—- 334
occasional asphalt wet spoon
inclusions 41 88| 4 ) 47 83 (0)
333.41 _______ . £
23 SILTY SAND 1
trace gravet E 51 gg 333] -
brown, wet 1 E
compact to dense
occasional silf pockets [
6| 88 9]
] 332} -
3316 L
a0 G174 88 o
dense | Gl
-------------- <] 3341
very dense §+ o 8| ss o
o - :
[s]
SAND & GRAVEL o
greyish drown, wet ol 81 5% 330 o
o |—
[a]
o
o - 329
o -
3284 " 1 10| ss |soms
79 Epg of borghole.
Piezometer instatied 1o depth of 7.6 m.
Water leval in piezometer;
Nov. 8, 2006 ---1.8 m (El, 334.6 m)
Nov. 14, 2006 ---1.7 m {El. 334.7 mj
Nov. 22, 2006 ---1.7 m (€], 334,7 m)
3 3. Numbers referto 0
+Ux 15445

Sensitivity 0 1%)STRAIN AT FAILURE



Project: SPT1174A Foundation Investigation Report
UMA Engineering Limited Proposed Culvert Replacements (C1, C2, C3, C4, C7 & C8)
Highway 6 From 1.1 km South of Grey County Road 9

Northerly to Durham South Limits, Ontario

G.W.P. 338-97-00

Appendix B1

Laboratory Test Results for Culvert C1

SHAHEEN & PEAKER LIMITED
JANUARY 24, 2008



UNIFIED SOIL CLASSIFICATION SYSTEM
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FIGURE No. B1-1

G. W. P. 338-97-00

REF. No. SPT 1174

GRAIN SIZE DISTRIBUTION

SAND & GRAVEL, some silt

SHAHEEN & PEAKER LIMITED




Project: SPT1174A Foundation Investigation Report
UMA Engineering Limited Proposed Culvert Replacements (C1, C2, C3, C4, C7 & C8)
Highway 6 From 1.1 km South of Grey County Road 9

Northerly to Durham South Limits, Ontario

G.W.P. 338-97-00

Appendix B2

Laboratory Test Results for Culvert C2

SHAHEEN & PEAKER LIMITED
JANUARY 24, 2008



UNIFIED SOIL CLASSIFICATION SYSTEM

GRAVEL
|
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Fine

SAND
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CLAY AND SILT
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FIGURE No. B2-1

G. W. P. 338-97-00

REF. No. SPT 1174

GRAIN SIZE DISTRIBUTION
SILTY SAND to SANDY SILT, traces of clay & gravel (possible FILL)

SHAHEEN & PEAKER LIMITED




UNIFIED SOIL CLASSIFICATION SYSTEM

GRAVEL
|

Coarse

Fine

SAND
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Medium

CLAY AND SILT

GRAIN SIZE IN MICROMETERS

3/8" 12" 34 1"
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FIGURE No. B2-2

G. W. P. 338-97-00

REF. No. SPT 1174

GRAIN SIZE DISTRIBUTION
CLAYEY SILT to SILTY CLAY TILL

SHAHEEN & PEAKER LIMITED




UNIFIED SOIL CLASSIFICATION SYSTEM

GRAVEL

| Coarse

Fine

SAND

| Coarse

Medium

Fine

CLAY AND SILT

GRAIN SIZE IN MICROMETERS
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FIGURE No.

G. W. P. 338-97-00
REF. No. SPT 1174

GRAIN SIZE DISTRIBUTION
SILTY SAND TILL with gravelly sand layers

SHAHEEN & PEAKER LIMITED




UNIFIED SOIL CLASSIFICATION SYSTEM

GRAVEL
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Coarse

Fine

SAND
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Fine
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FIGURE No. B2-4

G. W. P. 338-97-00

REF. No. SPT 1174

GRAIN SIZE DISTRIBUTION

GRAVELLY SAND with Silt

SHAHEEN & PEAKER LIMITED




Project: SPT1174A Foundation Investigation Report
UMA Engineering Limited Proposed Culvert Replacements (C1, C2, C3, C4, C7 & C8)
Highway 6 From 1.1 km South of Grey County Road 9

Northerly to Durham South Limits, Ontario

G.W.P. 338-97-00

Appendix B3

Laboratory Test Results for Culvert C3

SHAHEEN & PEAKER LIMITED
JANUARY 24, 2008
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Project: SPT1174A Foundation Investigation Report
UMA Engineering Limited Proposed Culvert Replacements (C1, C2, C3, C4, C7 & C8)
Highway 6 From 1.1 km South of Grey County Road 9

Northerly to Durham South Limits, Ontario

G.W.P. 338-97-00

Appendix B4

Laboratory Test Results for Culvert C4

SHAHEEN & PEAKER LIMITED
JANUARY 24, 2008



UNIFIED SOIL CLASSIFICATION SYSTEM
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REF. No. SPT 1174

GRAIN SIZE DISTRIBUTION
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SHAHEEN & PEAKER LIMITED




Project: SPT1174A Foundation Investigation Report
UMA Engineering Limited Proposed Culvert Replacements (C1, C2, C3, C4, C7 & C8)
Highway 6 From 1.1 km South of Grey County Road 9

Northerly to Durham South Limits, Ontario

G.W.P. 338-97-00

Appendix B5

Laboratory Test Results for Culvert C7

SHAHEEN & PEAKER LIMITED
JANUARY 24, 2008
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SHAHEEN & PEAKER LIMITED




UNIFIED SOIL CLASSIFICATION SYSTEM
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Appendix B6

Laboratory Test Results for Culvert C8

SHAHEEN & PEAKER LIMITED
JANUARY 24, 2008
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Explanation of Terms Used in Report
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EXPLANATION OF TERMS USED IN REPORT

N-VALUE: THE STANDARD PENETRATION TEST (SPT) N-VALUE IS THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD 51mm O.D SPLIT BARREL SAMPLER
TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63.5kg, FALLING FREELY A DISTANCE OF 0.76m.

FOR PENETRATIONS OF LESS THAN 0.3m N-VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION ACHIEVED. AVERAGE N-VALUE IS
DENOTED THUS N.

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT (51mm O.D. 60" CONE ANGLE) DRIVEN BY 475J IMPACT ENERGY ON
‘A’ SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION IS MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m ADVANCE OF THE CONICAL POINT
INTO THE UNDISTURBED GROUND.

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

CONSISTENCY: COHESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH (c,) AS FOLLOWS:

[ C, (kPa) | 0-12 [ 12-25 [ 25 - 50 [ 50 — 100 [ 100 — 200 [ >200 |
| VERYSOFT | SOFT | FIRM | STIFF | VERYSTIFF__| HARD |
DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:
[ N (BLOWS/0.3m) [ 0-5 [ 5-10 [ 10-30 | 30 - 50 [ >50
| VERYLOOSE | LOOSE | COMPACT | DENSE | VERYDENSE |

ROCKS ARE DESCRIBED BY THEIR COMPOSION AND STRUCUTRAL FEATURES AND/OR STRENGTH.

RECOVERY:
CORING RUN.

SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE

MODIFIED RECOVERY: SUM OF THOSE INTACT CORE PIECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROCK QUALITY DESIGNATION (RQD), FOR MODIFIED RECOVERY IS:

[ RQD (%) [ 0-25 [ 25 - 50 [ 50-75 [ 75 — 90 [ 90 — 100 |
[ VERY POOR | POOR | FAIR | GOOD | EXCELLENT |
JOINT AND BEDDING:
SPACING 50mm 50 — 300mm 0.3m-1m im—3m >3m
JOINTING VERY CLOSE CLOSE MOD. CLOSE WIDE VERY WIDE
BEDDING VERY THIN THIN MEDIUM THICK VERY THICK

SS  SPLIT SPOON TP THINWALL PISTON m, kPal  COEFFICIENT OF VOLUME CHANGE
WS WASH SAMPLE OS  OSTERBERG SAMPLE c 1 COMPRESSION INDEX
ST SLOTTED TUBE SAMPLE RC  ROCK CORE cs 1 SWELLING INDEX
BS  BLOCK SAMPLE PH  TW ADVANCED HYDRAULICALLY Ca 1 RATE OF SECONDARY CONSOLIDATION
CS  CHUNK SAMPLE PM  TW ADVANCED MANUALLY c m¥s  COEFFICIENT OF CONSOLIDATION
TW  THINWALL OPEN FS  FOIL SAMPLE H m DRAINAGE PATH
T 1 TIME FACTOR
STRESS AND STRAIN u % DEGREE OF CONSOLIDATION
U kPa PORE WATER PRESSURE sy  kPa EFFECTIVE OVERBURDEN PRESSURE
u 1 PORE PRESSURE RATIO s, kpPa PRECONSOLIDATION PRESSURE
s kPa TOTAL NORMAL STRESS ty kPa SHEAR STRENGTH
s’ kPa EFFECTIVE NORMAL STRESS c kPa EFFECTIVE COHESION INTERCEPT
t kPa SHEAR STRESS f -° EFFECTIVE ANGLE OF INTERNAL FRICTION
Si, S2, S3 kPa PRINCIPAL STRESSES cu kPa APPARENT COHESION INTERCEPT
e % LINEAR STRAIN fo - APPARENT ANGLE OF INTERNAL FRICTION
e e 6 % PRINCIPAL STRAINS tr kPa RESIDUAL SHEAR STRENGTH
E kPa MODULUS OF LINEAR DEFORMATION t, kPa REMOULDED SHEAR STRENGTH
G kPa MODULUS OF SHEAR DEFORMATION S, 1 SENSITIVITY = ¢,/ t,
m 1 COEFFICIENT OF FRICTION
PHYSICAL PROPERTIES OF SOIL
P,  kg/m®  DENSITY OF SOLID PARTICLES e 1%  VOID RATIO emn 1% VOID RATIO IN DENSEST STATE
is  kN/m*  UNIT WEIGHT OF SOLID PARTICLES ~ n 1% POROSITY I 1 DENSITY INDEX = —2”"‘* ‘ee
Po  kg/m®>  DENSITY OF WATER w 1%  WATER CONTENT D mm GRAIN DIAMETER
iw  kN/m*  UNIT WEIGHT OF WATER s % DEGREE OF SATURATION Dy mm N PERCENT — DIAMETER
P kg/m®  DENSITY OF SOIL w, % LIQUID LIMIT C, 1 UNIFORMITY COEFFICIENT
i kN/m®  UNIT WEIGHT OF SOIL We % PLASTIC LIMIT h m HYDRAULIC HEAD OR POTENTIAL
Ps  kg/m®  DENSITY OF DRY SOIL ws % SHRINKAGE LIMIT q m¥s  RATE OF DISCHARGE
ia  kN/m*  UNIT WEIGHT OF DRY SOIL Ip % PLASTICITY INDEX = (W, —W,) v mis DISCHARGE VELOCITY
Pt kg/m®  DENSITY OF SATURATED SOIL IL 1 LIQUIDITY INDEX = (W —Wp)/ Ip i 1 HYDAULIC GRADIENT
i kN/M®  UNIT WEIGHT OF SATURATED SOIL [ 1 CONSISTENCY INDEX = (W, — W) / 1p k mis HYDRAULIC CONDUCTIVITY
P kg/m®>  DENSITY OF SUBMERED SOIL emx 1%  VOID RATIO IN LOOSEST STATE j kN/m®  SEEPAGE FORCE
i’ kN/m*  UNIT WEIGHT OF SUBMERGED SOIL

FIELD SAMPLING

ABBREVIATIONS AND SYMBOLS

MECHANICALL PROPERTIES OF SOIL




