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1 8t. Paul Street, Suite 702
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Attention: Mr. Vince Grande, P.Eng.

Dear Sir:

=3

RE: Foundation Investigation and Design Report, Proposed Watermain Installation, Highway 405
Encroachment at St. Paul Avenue, Town of Niagara-on-the-Lake, Ontario, Project No. 091854

—

Please find attached our Foundation Investigation and Design Report for the above mentioned project site.
This report addresses the geotechnical investigation undertaken and provides an evaluation and
assessment of the proposal to install, by open cut, a 300 mm diameter watermain. This watermain will be
encased in a 500 mm diameter steel pipe along St. Paul Avenue, and will be in close proximity to the
footing foundations of the west plers of the two Hwy 405 Overpass structures.

We trust that the foregoing information provided is satisfactory for your purpose. If you have any questions
or require any clarification, please do not hesitate to contact us.

For and on behalf of Cotfey Geotechnics Inc.

/

Vi
e

” Levent Ozcan, P.Eng./
1 Geotechnical Engineer

Aftachment:  Foundation Investigation and Design Report, Proposed Watermain Instaliation, Highway 405
Encroachment at St. Paul Avenue, Niagara-on- the-Lake, Ontario, Project No. 091854
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Testpit Investigation Report, Proposed Watermain Installation, Highway 405 Encroachment at St. Paul Avenue, Niagara - on - the
Lake, Ontario, Project No. 091854

FOUNDATION INVESTIGATION REPORT
PROPOSED WATERMAIN INSTALLATION
HIGHWAY 405 ENCROACHMENT AT ST. PAUL AVENUE
TOWN OF NIAGARA-ON-THE-LAKE, ONTARIO

1 INTRODUCTION

This report presents the results of a geotechnical investigation commissioned by R.V. Anderson Associates
Ltd. on behalf of the Town of Niagara-on-the-Lake and undertaken by Coffey Geotechnics Inc. (Coffey).
The purpose of the investigation was to obtain information about subsurface conditions at the site by means
of testpits and, based on the information obtained, to assess the engineering characteristics of the
subsurface soils. The proposed 300 mm diameter watermain is to be located along St. Paul Avenue in
close proximity to the west piers of the two Hwy 405 overpass structures carrying eastbound and
westbound traffic over St. Paul Avenue. Reference on drawings in this report to Four Mile Creek
Watermain, Four Mile Creek Road or St. Paul Avenue refers to the same location addressed in this report.

The findings of the investigation are presented in this report. It shouid be pointed out that this investigation
was undertaken for design assistance only and not for contract purposes, and contractors should,
therefore, not rely solely upon this information in planning and/or executing their construction work.

2 SITE DESCRIPTION AND GEOLOGICAL SETTING

The site is located at the intersection of the Hwy 405 overpasses and St. Paul Avenue between the Niagara
Town Line and Steele Road as shown in Drawing 1 in Appendix B. The section between the Niagara Town
Line and Steele Road is within the Hwy 405 right-of-way and within the lowlands adjacent to the Niagara
Escarpment. Within this section of the overall project limits, St. Paul Avenue is a 2-lane asphalt paved
roadway with gravel shoulders. The piers of the Hwy 405 overpasses are located to the outside shoulders
of St. Paul Avenue. The location of the proposed watermain is also shown on Drawing 1, both in plan and
section. The existing pier footing is shown in Section A of Drawing 1.

The site is located broadly between the Niagara Escarpment and Lake Erie in the physiographic regions of
Southern Ontario, comprising the Haldimand Clay Plain and the Iroguois Plain. The geologic setting of the
site consists, according to the text “Physiography of Southern Ontario” by Chapman and Putnam, bedrock
of the Salina Formation of Upper Silurian Age. Based on the location of the project site and the map
outlining the Physiography of Southern Ontario, the site appears to be situated within a sand plain or a till
moraine plain.

Coffey Geotechnics Inc.
Project No. GEOTBURLD1244AA
August 6, 2010
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3 INVESTIGATION METHODOLOGY

3.1 General

The field work was carried out on May 21, 2010. The geotechnical investigation was undertaken by
testpitting rather than the use of conventional drill holes since it was desirable to mimic the proposed
installation by open cut. It was also felt that testpits rather than boreholes would allow for better
observations to be made of the subsurface ground conditions and their behaviour when subjected to the
excavation process.

The investigation consisted of digging a total of three Testpits (Testpits 1, 2 and 3) along the South Bound
(SBL) shoulder of St. Paul Avenue, underneath the Highway 405 overpasses and adjacent to the existing
foundations of the piers of the Highway 405 bridges. Testpits were dug using a 310 FG rubber tire backhoe
equipped with an approximately 1 m wide flat bottomed bucket. This backhoe was provided to Coffey by
DeRose Bros. General Contracting on behalf of the Town of Niagara-on-the-Lake. During the excavations
of the Testpits, Mike Kowalcyzk, a representative of R.V. Anderson and Associates Ltd., was on the site
along with Coffey's Engineering Staff — Vishnu Diyaljee, Levent Ozcan (Geotechnical Engineers) and Vince
Hicks (Senior Technician).

The depths of the testpits varied between 2.1 m and 3.1 m. The locations of these testpits are shown on
Drawing No. 1, Appendix B with relevant photographs taken during the testpitting included in Appendix E.

It should be noted that the geotechnical investigation was limited to within the Highway 405 underpass
darea.

4 SOIL LABORATORY TESTING

The soil samples recovered from the testpits were sealed and transferred to Coffey's Soil Laboratory in
Burlington for further verification and classification testing. Four soil samples were tested for grain size
distribution. Two samples were taken from Testpit 1, from depths of 0-240 mm and 300-800 mm, the third
sample was taken from Testpit 2, from depths of 0-300 mm, and the last sample was taken from Testpit 3,
from depths of 900 mm-1.2 m.

The laboratory test results are summarized on the Record of Testpits in Appendix C.

5 SUBSURFACE CONDITIONS

5.1 General

Generalized descriptions of the subsurface conditions encountered in the testpits are provided in
Subsections 5.1.1 to 5.1.4, while the Record of Testpits are provided in Appendix C. The testpit records
indicate the subsurface conditions only at the testpit locations and include textural descriptions of the
subsails in accordance with MTQO Soil Classification Manual and indicate the soil boundaries inferred from
non-continuous sampling and observations during the testpit advancement. These boundaries typically
represent approximate transition zones from one material type to another and should not be regarded as
exact planes of geological change. It should also be noted that the subsurface conditions may vary across
Coffey Geotechnics Inc.
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Testpit Investigation Report, Proposed Watermain Installation, Highway 405 Encroachment at St. Paul Avenue, Niagara - on - the
Lake, Ontario, Project No. 091854

this site. When reading this report the Explanation of Terms and Symbols provided in Appendix C should be
referenced.

In general, the site consisted of predominantly of varying size granular materials ranging from gravel to silt
to the depths of investigation in each testpit.

A summary of the soil types and groundwater conditions encountered in the testpits is provided in the sub-
sections below.
511 Granular Base/Subbase

A granular base/subbase layer below the ground surface was encountered in the three testpits. The
thickness of this base/subbase layer was about 240 mm and consisted of gravelly sand, some silt and clay
or sand and gravel, some silt and clay. A sample of this material was recovered from Testpit 1 from
between a depth of 0 to 240 mm below the ground surface. This sample was subjected to laboratory testing
for water content and grain size distribution. The results of these tests are presented in the corresponding
Record of Testpits in Appendix C.

The test results are summarized as follows:
Water Content

e 10%
Grain Size Distribution

s 20% gravel;

e 61% sand;

e 19% silt and clay

The grain size distribution curve of this granular base/subbase material is presented in Figure 1 in Appendix
D.

Another sample of the base course/subbase material was recovered from Testpit 2 between 0 to 300 mm
below the ground surface. This sample was subjected to laboratory testing for water content and grain size
distribution. The results of these tests are presented in the corresponding testpit log in Appendix C.

The test results are summarized as follows:
Water Content
s 47%
Grain Size Distribution
o 30% gravel,
e 55% sand;
Coffey Geotechnics Inc.
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e 15% silt and clay

The grain size distribution of this granular base/subbase material is presented in Figure 2 in Appendix D.

5.1.2 Granular Fill Layer

Underneath the granular base/subbase layer, a thick layer of gravel and sand (fill) was encountered in the
testpits. A sample of the granular fill material was recovered from Testpit 1 from depths between 300 to
900 mm. This sample was subjected to laboratory testing for water content and grain size distribution. The
results of these tests are presented in the corresponding Record of Testpit in Appendix C.

Water Content
e 84%
Grain size distribution
s 40% gravel;
o 50% sand;
e 10% silt; and clay

The grain size distribution curve of this granular fill is presented in Figure 3 in Appendix D. The material is
considered a granular {non-cohesive) sail type.

At the Testpit 2 location, the granular fill, which was found underneath the old pavement layer, continued to
the termination elevation of the testpit, which was about 3.1 m below the ground surface.

5.1.3 Pavement Layer

At the bottom of the granular fill, an old asphalt pavement layer was encountered in the three testpits. In the
absence of any factual data, this layer was reasoned to represent a previous roadway, presumably one that
existed prior to the construction of the Hwy 405 overpasses. This roadway surface elevation was about
900 mm to 1.5 m lower than the existing shoulder (top) elevation. While digging Testpit 1, a high tar like
smell was noted. This smell was observed to come from the pavement layer and appeared to be a tack
coat. However, on closer examination and reasoning this material was thought to be a constituent of the
pavement layer, which was likely of macadam construction. It should be noted that the tar like odour was
not noticed when this layer was penetrated in the other testpits. The pavement layer at those locations
appeared to be of asphaltic concrete compasition. It should be noted that Testpit 1 was the furthest from
the roadway and close to the apron of the bridge headslope fill. It is also likely that this tar product might be
isolated.

5.1.4 Gravelly Sand Fill Layer

Below the granular base/subbase layer of the old pavement layer in Testpits 1 and 3, a predominantly
gravelly sand fill was encountered. The gravelly sand fill started at about 1.5 to 1.6 m below the ground
surface. It was mixed with 50 mm Crusher Run Limestone (CRL) in Testpit 1 and contained traces of wood

Coffey Geotechnics Inc.
Project No. GEOTBURLD1244AA
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pieces in Testpits 2 and 3. Testpit 1 was terminated at about 2.1 m, Testpit 2 at about 3.1 m and Testpit 3
at about 2.4 m depth below the ground surface.

A sample of the gravelly sand mixed with 50 mm CRL material was recovered from Testpit 3 from depths
between 0.9 m to 1.2 m. This sample was subjected to laboratory testing for water content and grain size
distribution. The results of these tests are presented in the corresponding testpit log in Appendix C.

The test results are as follows:
Water Content
7%
Grain size distribution
o 37 % gravel;
e 53 % sand;
e 10 % silt and clay

The grain size distribution curve of this granular fill is presented in Figure 4 in Appendix D. It is a granular
(i.e. non-cohesive) soil type.

In Test Pit 1, below a depth of 1.6 m, the fill was found mixed with some clayey silt.

6 STRATIGRAPHIC PROFILE

An approximate stratigraphic profile of the subsurface linking the sails encountered in the testpits is shown
in Drawing 2, Appendix B in relation to the ground profile.

7 GROUNDWATER CONDITIONS

Visual observations of groundwater were made during and after the digging of each of the testpits. The
testpits were not backfilled on completion but left open until the final testpit was undertaken. During this
period, which lasted for about 4 hours, periodic checks were made on each pit and at each time interval
groundwater measurements were taken. Seepage was observed in the three testpits during the excavation
and when the excavation was below the old pavement layer. Above the old pavement layer, fairly dry
conditions were encountered.

Testpit 1 had only 100 mm of standing water just after the initial excavation, seepage was noted and water
level was measured to be approximately 1.3 m below the top of the existing ground level after about 3.5
hrs. The depth of water in the testpit was approximately 800 mm.

In Testpit 2, while the standing water was only 50 mm at the end of the excavation, the water level was
measured to be about 2.7 m below the ground level after 4 hours, with an approximate 400 mm depth of
water in the testpit.

Coffey Geotechnics Inc.
Project No. GEOTBURLO1244AA
August 6, 2010
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In Teslpit 3, seepage noted at approximately 1.9 m below the ground level during the excavation, with
waler level at approximately 2.5 m below ground level after approximately 2.5 hours. The depth of water in
the testpit was less than about 100 mm.

8 HISTORIC SUBSURFACE INFORMATION

Historic information on the subsurface conditions at this site was determined from the foundation report for
the Hwy 405 Overpass Structures. This investigation was undertaken in January 1961 for the geotechnical
design of the foundations for the present Hwy 405 Overpasses. At the time of the investigation St. Paul
Avenue/Four Mile Creek roadways was known as Hwy B. A copy of this report, obtained from the MTO
project files, is provided in Appendix F for reference.

As shown cn the Hwy No. 8 Overpass, General Plan, Drawing 6, Appendix B, several boraholes wers put
down to facilitate the understanding of the subsurface conditions at this site. Of these, Borgholes 2, 7 and
8 are relevant to the present project since these were drilled the closest to the location of the east piers.
These boreholes show that the subsurface materials below the topsoil depth to consist essentially of clayey
silt and sandy silt materials within a depth of 3 m below the topsoll layer. Below this depth, essentially
granular materials were encountered to the depth of sandstone and red shale bedrock, which was
contacted at around 20 m below the ground surface.

Artesian conditions were encountered at around 8 -10 m below ground level. This artesian condition
preduced a head of water about 3 m above the ground level. Stationary water table measurements in these
boreholes showed dry conditions in Borehole 2 and groundwater levels at approximately 1.2 m and 1.5 m
below ground level. The Standard Penetration ‘N’ values within the top 3 m at averaged 30 in Borehale 2,
20 in Borehole 7, and 8 in Borehole B. For construction of the spread footings, recommended for the
foundations of the overpass structures, the existing ground was stripped of the crganics and compacted
gravel fill used to bring the existing ground to about 1 m or slightly higher in the vicinity of the east piers.

There was no pavement layer recorded in these or any of the other boreholes as noted in the borehole logs
of the “Report from the 1361 Geotechnical Design of Foundations for The Present Hwy 405 Overpasses” in
Appendix F. It should be noted that at the time of the geotechnical investigation, Hwy 8 was in existence
and would likely have had a paved surface/hard surface. Following the overpass construction, this roadway
would likely have been buried by the compactad granular fill used to raise the grade of the ex|st P4
prior to the construction of the overpasses.

For and on behalf of Cof‘:‘y Geotechnics Inc.

Geotechnical Engineer Senior Geotechnical Engineer
/

=A< 0 0

Zuhtu Ozden, P.Eng.

Senior Principal

Designated MTO Contactk
Coffey Geotechnics Inc.

Project No. GEOTBURLO1244AA
August 5, 2010
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FOUNDATION DESIGN REPORT
PROPOSED WATERMAIN INSTALLATION
HIGHWAY 405 ENCROACHMENT AT ST. PAUL AVENUE
TOWN OF NIAGARA-ON-THE-LAKE, ONTARIO

9 DISCUSSION

The purpose of the Design Report is to provide an evaluation and assessment of the proposed location and
method of installation of the watermain. In the following sections we present and discuss our findings to
demonstrate whether the concept as proposed is feasible without impacting the existing pier foundations.

9.1 Features of Proposed Watermain Location

The location of the watermain and relevant plan-profile, sections and testpit locations are shown in Drawing
1 in Appendix B. Essentially, the purpose of the investigation was to determine whether the proposed
location and the open cut method of installing the watermain would have any detrimental impact on the
integrity of the existing piers of Hwy 405 Overpass Structures. Section A in Drawing 1 illustrates typical
details of the proposed watermain location from the SBL piers and the proposed depth of installation. As
shown, the location of the watermain is to be offset approximately 6.5 m from the centreline of the piers and
at a depth of 2 m below the ground surface at the centreline of the proposed installation. The excavation of
the watermain is shown as an open cut with a sloping section to a depth of 1 m after which the excavation
is shown with vertical sides to below the depth of the watermain. Based on the above, the top edge of the
excavation will be approximately 4.0 m east of the inside face of the SBL pier footings and with the
centreline of the proposed watermain approximately 5.28 m east of the inside face of the SBL pier footings.
These measurements are illustrated in Drawing 3, Appendix B.

As shown on Drawing 4, Appendix B, the proposed watermain will be located above stress/pressure
distribution lines 1:1, 1.43:1, and 3:1 from the underside of the SBL pier footing foundation. Typically, a 2:1
pressure distribution line is used as a benchmark in deciding on a suitable distance of a new structure to be
constructed adjacent to an existing one or for an open excavation to be made adjacent to an existing
structure. It is quite clear from tis drawing that the offset of the proposed installation will not be influenced
by stresses from the existing footing, nor will the existing footings be influenced by the new installation from
a load associated perspective.

9.2 Features of Existing Watermain Location

Also shown in Drawing 3, Appendix B is the existing 500 mm diameter watermain, encased with a 700 mm
diameter steel liner. This watermain, from discussions with Vince Grande of R.V Anderson Associates Ltd.,
was installed some 20 years ago by the open cut method. According to the as-built drawings provided by
the Engineer of Record at the time and as well that the MTO pravided a permit for this installation. This
watermain is offset 5.34 m east of the centreline of the pier and offset approximately 4.12 m east of the
inside face of the SBL pier footing. The depth of installation was approximately 3.85 m below the ground
surface. In relation to the various pressure distribution lines, it is noted that the location of this existing

Coffey Geatechnics Inc.
Project No. GEOTBURL01244AA
August B, 2010
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watermain was not influenced by the footing pressure nor was the footing area influenced by the pressure
of the installed watermain structure.

9.3 Features of Testpit Excavations

As discussed in Part 1, the three testpits were put down along the alignment of the SBL piers or within a
metre east of the face of the piers. The photographs in Appendix E show that the testpits remained open
during the period of testpitting which varied from 4 to 4.5 hours. It should be noted that there was about an
hour time lag between the completion of Testpit 3 and the start of Testpit 2 as a result of the need to
change the flat bottom bucket of the backhoe to one with teeth to facilitate the excavation of the old
pavement layer encountered with depth.

Observations were made of each testpit during and following its completion while excavation was in
progress at another pit location.

Asphaltic concrete was encountered in all testpits between 0.9 to 1.6 m below ground at the testpit
locations. This indicated the existence of an old road below the present roadway which was likely buried by
a grade raise to construct the existing roadway. There was no evidence of this roadway when the drilling
was undertaken in 1961 for the design and construction of the Hwy 405 overpasses, details of which are
provided in Section 8, Part 1 of this report. It would appear, that this roadway was initially constructed after
the overpass was constructed, and with a subsequent reconstruction of the roadway showing its present
surface.

The important aspects from the testpit investigation that are pertinent to decision making are as follows:

1. Testpits were excavated to depths below the proposed depth of excavation for the watermain
installation without any caving of the sidewalls even over a period of 3 to 4 hours for Testpits 1 and
2.

2. Seepage was observed in all testpits at around a depth of 1.9 m in Testpit 3 and 2.1 m in Testpit 2.
Seepage in Testpit 1 was encountered at around 1.3 m below ground surface.

3. A tar based pavement layer was encountered in Testpit 1. This pavement layer produced a high
smell which was assumed to be from a tar based product. This appeared to be isolated and
occurred only in the vicinity of Testpit 3.

4. Compared with the proposed watermain, the testpits were excavated closer to the SBL pier
foundations, although outside of the location of the piers, and did not collapse over a period of 4
hours.

5. The soils encountered were essentially granular in nature consisting of varying sizes ranging from
sand to large sized gravels.

6. Actual digging of the testpits to the depth of the proposed excavation with a rubber tired back hoe
took about 1 to-1.5 hours, with most of the time spent in digging through the old pavement layer.
The longer time that was reported for Testpit 2 was due to stoppage of digging due to the inability
to dig through the pavement layer with a flat bottom bucket, and changing of the backhoe bucket
when the same condition was encountered in Testpit 3.

Coffey Geotechnics Inc.
Project No. GEOTBURLO1244AA
August 6, 2010
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7. The amount of seepage collected in the testpits varied from 100 mm in Testpit 3 to 400 mm at
Testpit 2 to about 900 mm in Testpit 3.

9.4 Inferences from Testpits and Existing Installation on Proposed Installation

While theoretical or semi-empirical approaches can be used to determine whether the offset of the
proposed excavation for the proposed watermain installation is sufficient to prevent any impact on the
existing foundations, the field observations from the testpit program have, in many ways, substantiated that
there should be no problems with the intended installation. Based on information provided, the existing
watermain, which is closer to the piers than the proposed, by at least 1 m, and reportedly installed by open
cut, did not result in construction problems or any reported impacts on the pier foundations. However, there
is also no evidence to completely support that the excavation for the existing watermain was not braced or
a trench box used. No photographs of the existing watermain installation are available.

The deduction from the exercise and information that open cut was used in the previous installation
suggests that, with the proposed watermain being further away from the piers, there should be no
detrimental impact on the existing foundations of the Overpasses. Had the sides of the testpits undertaken
shown collapse, this could have questioned the method of installation of the existing watermain and further
question the likely behaviour of the proposed installation by the open cut approach.

While the information provided that the existing watermain was installed by open cut, this information can
be considered to be somewhat questionable for the section of watermain that was installed in proximity to
the SBL piers. This watermain was installed some 20 years ago to a depth of 3.85 m below the ground
surface at a location slightly west of the proposed installation as shown in Drawing 3, Appendix B.

To determine if the existing installation was undertaken as reported at this location, we show in Drawing 4
the open cut likely to have been undertaken. This is shown as an excavation to ground surface with vertical
sidewalls. Since the depth of installation was deeper than which a worker can enter unprotected, we have
also shown possible sloped sidewalls of the excavation to allow for a safe excavation for a worker to enter
such an excavation. With granular bedding used below the existing watermain, it is feasible that workers
would have been required to enter the excavation. With sloped sidewalls, the excavation would be close to
the pier and this wouid likely not have been allowed. It is feasible also that the section of open cut along St.
Paul Avenue parallel to the SBL pier footing of the east bound Hwy 405 overpass could have been shored
with a trench box. This would have assured that the excavation remained intact for the duration of
installation of the watermain.

9.4.1 Evaluation of the Safe Setback Distance of Watermain from Pier Footings

As shown in Drawing 3, Appendix B, it is proposed to slope the excavation within the top 1 m, which is
desirable from a worker safety viewpaint, as well to ensure that sloughing of the surface layers that can
possibly occur will not result in soil entering the excavation prior to the bedding for the watermain being
properly placed. The adequacy of the offset of the excavation from the pier footings is examined below in
relation to empirical and theoretical approaches.

Coffey Geotechnics Inc.
Project No. GEQTBURLQ1244AA
August 6, 2010
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9.42 Empirical Approach

One of the empirical approaches used in determining a safe offset distance of placing a new shallow
foundation/structure near an existing one is to use a distance away from the existing foundation equal to
the larger of the width of the proposed or the existing foundation. In this case, the minimum offset width
would be 2.44 m from the inside face (roadway side) of the footing foundation. The offset distance from the
top edge of the proposed excavation is 4 m and hence can be considered satisfactory. The proposed offset
distance is shown on Drawing 3, Appendix B.

9.43 Theoretical Approach

A theoretical approach in determining the safe offset distance is based on the preservation of the soil within
the zone that will be mobilized in determining the soil bearing resistance at the Ultimate Limit State
remaining intact during excavation. This is achieved by evaluating the distance of the theoretical rupture
surface from the inside face of the existing footing foundation. In preserving the integrity of this zone,
excavation should not be made within this established distance. The concept utilizes the determination of
the rupture surface as shown in Drawing 5, Appendix B. If a friction angle of zero degrees is used, then this
offset distance would be about 2.2 m from the inside face of the pier footing.

However, if we use an angle of friction of about 32 degrees, which would be more realistic since the
material below the footing is granular in nature, then the horizontal distance from the edge of the footing to
the theoretical line of rupture would be about 4 m. The distance from the outside edge of the proposed
open cut toward the outside of footing would be about 4 m as well. It is to be noted that the soil above the
footing base is not considered to contribute to the ultimate bearing resistance of the footing. This suggests
that the proposed excavation as shown in Drawing 5, Appendix B will not have any negative impact on the
integrity of the existing footings.

While excavations for buried utilities can be undertaken closer than the theoretical offset, these are often
done in short sections of about 3 m so that backfilling can be done quickly following excavation. This
method may be suitable for this site.

10 INSTALLATION BY TRENCHLESS METHODS

The jack and bore approach used for installation of watermains and other utilities crossing highways would
eliminate the need for the open cut method and is attractive where disruption to the normal flow of traffic
cannot be tolerated such as on major highway series and on roadways that deep utility installations are to
be undertaken. Directional drilling is also a preferred approach. In the situation in question, this approach
with the soils encountered may be problematic and hence would be an overall costlier approach than the
open cut approach. While both trenchless and open cut installation methods are acceptable from a
reliability point of view, from a cost consideration the proposed open cut method would be the more
economical one.

11 GROUND SETTLEMENT CONCERNS

Seepage is always a sign of concern that has to be addressed in any construction operation. The seepage
observed was slow and hence can be removed by sump pumping. However, with possible sand seams
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within the excavation depth, pumping has to be done through a coarser aggregate blanket at the base of
the excavation so that fines are not removed during pumping. If this is not recognized pumping can result in
the development of cavities beyond the excavation walls due to loss of ground. For this reason, we
recommend that when the excavation for the watermain proceeds to near the pier locations, the trench
should be opened in relatively short sections and backfilled as rapidly as practical.

As an alternative to avoid a sloped open cut excavation, a trench box is recommended, which will not only
assist in maintaining vertical trench walls, but also provide protection to workers working in or adjacent to
the excavation.

We have discussed with R.V Anderson Associates Ltd. previously that the watermain installation can,
perhaps, be located at approximately 1.2 m below the existing ground level to make use of the old
pavement structure as a base for the new installation. This depth however, may not allow for acceptable
structural cover over the top of the pipe. This location provides a condition with no interference from
seepage zones and hence reduces the possibility of intersecting water. However, with the nature of
granular material, it is not expected that minor pumping will result in settlement of the soils below the
footings. This proposed location may require protection of the watermain from freezing. This can be offset
by the use of rigid insulation around the pipe. This approach and insulation installation procedures are well
documented by Manufacturers such as Dow Chemical, for example.

In the event that that the decision is install the pipe to the design depth as shown in Drawing 1, there is
always the potential for ground settiement when dewatering of any site is undertaken. For this site, with
essentially granular soils and seepage to be encountered within the proposed depth of installation of the
watermain, any likely ground settlement will occur more or less simultaneously with drawdown. The
concern of settlement at this site would be its impact, if any, on the footing foundations of the existing Hwy
405 structures. This impact has been examined by determining the magnitude of settlement that would
likely occur during dewatering from the proposed trench excavation.

Drawing 6 shows the drawdown curve that would likely result due to pumping. This curve shows the radius
of influence being a distance of about 9 m from the source of pumping. As shown also in Drawing 6, this
drawdown would result in an approximately 0.5 m drop in water level below the centre of the footings. The
likely movement of the pier foundations of the bridges due to the 0.5 m drop in water level has been
determined to be less than 1 mm. If we assume that the drawdown below the pier is to the maximum depth
of excavation say 2 m, then the likely settlement would be around 3 mm. This settlement has been
determined using the allowable bearing pressure of 2 tons/ft® (217 kPa) recommended for the design of the
pier foundations (See Foundation Report in Appendix F).

12 RECOMMENDATIONS AND CONCLUSIONS

While from a practical viewpoint we have deduced that the proposed open cut as proposed and as shown
in the Drawings in Appendix B would be satisfactory and result in no adverse impacts on the existing SBL
pier foundations, we also recognize that the risk factor for a bridge structure is refatively high if there are
problems associated with the satisfactory performance of its foundations.

We, therefore, recognize the MTO'’s concern that open cut unsupported excavations within close proximity
of major bridge structures resting on spread footings could lead to instability and/or serviceability problems

Coffey Geotechnics Inc.
Project No. GEOTBURLO1244AA
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of the existing footings through loss of bearing resistance and excessive seltlement. Both of these could
occur if the bearing resistance of the ground below the footings is compromised.

This study has shown that these problems should not occur and is based on our understanding, as well,
that the previous installation, which was much closer to the pier foundations, was carried out by open cut
construction. To alleviate any doubts and to make the recommendations of accepting the proposed
installations unequivocal, it would be of value to obtain the records of the conditions of permit issued by
MTO for the installation of the existing watermain. This opinion is strengthened by our observations of the
testpits standing with vertical sidewalls despite some seepage within or close to the proposed depth of
excavation for the watermain installation. This is further reinforced by the empirical and theoretical setback
distances from the footings of the piers which are exceeded by the proposed location of the watermain
installation.

In summary, we have examined the proposed installation of the 300 mm PVC watermain to be encased in a
500 mm diameter steel casing, which will be situated approximately at an offset distance of 6.5 m from the
centreline of the SBL piers of the Hwy 405 overpasses. Based on our observations made during the
testpitting, subsurface soils encountered, evaluation and assessment of location and depth of the proposed
watermain installation, with respect to practical and theoretically derived offset distances, we anticipate no
effects on the foundations of the existing SBL piers during or after the duration of this work.

We caution, however, that the short term observations and deductions made from the testpits can often
differ when full scale excavation and installation is undertaken. Ground conditions that may be different to
that encountered in the testpits may require changes to be made. Construction activity and weather
conditions may also result in conditions warranting changes to be made. In this respect, there is a need to
provide full time inspection of this operation by a Geotechnical Engineer who is familiar with the findings of
this report and who will be able to recognize problems that could increase the level of risk during the
excavation and installation phase of the watermain and to evaluate and decide what needs to be done, if
such occurs. The removal and disposal of the tar based pavement sections that will be encountered during
the open cut method will also require monitoring to ensure its proper disposal and this will require the full
time inspection by an Environmental Officer. Consideration can also be given to the monitoring of the
affected bridge piers, immediately before, during and several weeks after the construction of the watermain.
A suggested monitoring program for the bridge piers during is provided below in Section 13 below.

13 MONITORING PROGRAM FOR BRIDGE PIER FOUNDATIONS

To guard against possible collapsing ground that could occur during excavation, which, however, is not
anticipated; it is proposed to undertake monitoring of the site through visual and survey methods. The
visual approach will entail monitoring by Coffey's site representative on a continuous basis during the
excavation, installation and backfilling of the watermain during the period of construction from its inception
to completion.

In addition to visual observation, surface movement markers will be installed prior to construction as shown
in Drawing 8. These markers will consist of 20 mm rebar driven into the ground adjacent to the footing
foundations on the west side of St. Paul Avenue. Four markers are proposed adjacent to the footings of
each of the eastbound and westbound overpasses. These will be situated about 1 m east of the outside

Coffey Geotechnics Inc.
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(roadside) edge of the footing and 1 m to the west from the west face of the excavation in the array shown
in Drawing 8.

These markers will be installed to a minimum depth of 750 mm below ground and the tops spray painted for
identification. These markers wili be surveyed by an Ontario Legal Surveyor in relation to coordinates
{(Northings and Eastings), and slevation. The survey will be referenced to established permanent survey
monuments, These markers will be initialized prior to excavation, rechecked on the day excavation is to
start and surveyed during the period of excavation, installation and backfill of the watermain over the period
of the construction. Frequent survey checks will be made at approximately one hour intervals or shorter.
Both Cotfey and the Survey company representatives will be onsite full time during the entire construction

operation.

The survey data will be evaluated on site to determine if any ground movements are occurring. If
movements are found o be occurring, the excavation or installation operation will be stopped and the
situation evaluated. However, with the proposal for using trench boxes as the excavation progresses, 1t is
not expected that lateral movement will be of a concern. Survey monitoring will be done once a day for a
period of week following the backfilling of the excavation.

In terms of vertical settlement, this should nat be allowed to exceed 25 mm. If the movement accumulates
to about 8 mm in a progressive manner, this would signal that the dewatering may be creating a prablem. In
that case, the dewatering by pumping will be ceased. However, it is not anticipated that this situation will
arise basad on the calculated settlements. Photographs will be taken prior to the excavation and during the
course of the installation, as well as other tape measurement field checks will be made to ensure that
sufficient redundancy is incorporated in the monitoring.

O ==
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14 CLOSURE

We trust that the information centained in this report is satisfactory. Shauld you have any questions, please
do not hesitate to contact this office. g

For and on behalf of Coffey Geotechnics inc.
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important information about your Coffey Report

As a client of Coffey you should know that site subsurface conditions cause more construction
problems than any other factor. These notes have been prepared by Coffey to help you
interpret and understand the limitations of your report.

Your report is based on project specific criteria

Your report has been developad on the basis of your
unique project specific requirements as understood
by Coffey and applies only to the site investigated.
Project criteria typically include the general nature of
the project; its size and configuration; the location of
any structures on the sile; other site improvements;
the presence of undarground utilities; and the additional
risk imposed by scope-of-service limitations impased
by the client. Your report should not be used if there
are any changes to the project without first asking
Coffey to assess how factors that changed subsequent
to the date of the report affect the report's
recommendations. Coffey cannot accept responsibility
for problems that may occur due to changed factors
if they are not consulted.

Subsurface conditions can change

Subsurface conditions are created by natural processes
and the activity of man. For example, water levels
can vary with time, fill may be placed on a site and
poliutants may migrate with time. Because a report
is based on conditions which existed at the time of
subsurface exploration, decisions should not be based
on a report whose adequacy may have been affected
by time. Consult Coffey to be advised how time may
have impacted on the project.

Interpretation of factual data

Site assessment identifies actual subsurface conditions
only at those points where samples are taken and
when they are taken. Data derived from literature
and external data source review, sampling and
subsequent labaratory testing are interprated by
geologists, engineers or scientists to provide an
opinion about overall site conditions, their likely
impact on the proposed development and recommended
actions. Actual conditions may differ from those inferred
to exist, because no professional, no matter how
qualified, can reveal what is hidden by

earth, rock and time. The actual interface betwsen
materials may be far more gradual or abrupt than
assumed based on the facts obtained. Nothing can
be done to change the actual site conditions which
exist, but steps can be taken to reduce the impact of
unexpected conditions. For this reason, owners
should retaln the services of Coffey through the
development stage, lo identify variances, conduct
additional tests if required, and recommend solutions
to problems encountered on site.

Your report will only give
preliminary recommendations

Your report is based on the assumption that the
site conditions as revealed through selective
point sampling are indicative of actual conditions
throughout an area. This assumption cannot be
substantiated until project implementation has
commenced and therefore your report recommendations
can only be regarded as preliminary. Only Coffey,
who prepared the report, is fully familiar with the
background Information needed to assess whether
or not the repert's recommendations are valid and
whether or not changes should be considared as
the project develops. If another party undertakes
the implementation of the recommendations of this
report there is a risk that the report will be misinterpreted
and Coffey cannot be held responsible for such
misinterpretation.

Your report is prepared for

specific purposes and persons

To avoid misuse of the information contained in your
report it is recommended that you confer with Coffey
before passing your report on to another party who
may not be familiar with the background and the
purpose of the report. Your repart should not be
applied to any project other than that originally
specified at the time the report was issued.
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Important information about your Coffey Report

Interpretation by other design professionals

Rely on Coffey for additional assistance

Costly problems can occur when ather design professicnals
develop their plans based an misinterpretations
of a report. To help avoid misinterpretations, retain
Coffey to work with ather project design professionals
who are affected by the report. Have Coffey explain
tha report Implications to design professionals affected
by them and then review plans and specifications
produced to see how they incorporate the report
findings.

Data should not be separated from the report

The report as a whole presents the findings of the site
assessment and the report should not be copied In
part or altered in any way.

Logs, figures, drawings, etc. are customarily included
in our reports and are developed by scientists,
engineers or geologists based on their interpretation
of field logs (assembled by field personnel) and
laboratory evaluation of field samples. These logs stc.
should not under any circumstances be redrawn for
inclusion in other documents or separated from the
report in any way.

Geocenvironmental concerns are not at issue

Your report is not likely to relate any findings,
conclusions, or recommendations about the potential
for hazardous materials existing at the site unless
specifically reguired to do so by the client. Specialist
equipment, technigues, and personnel are used to
perform a geoenvironmental assessment.
Contarmination ecan create major heaith, safety and
environmental risks. |f vou have no information about
the potential for your site to be contaminated or create
an environmental hazard, you are advised to contact
Coffey for information relating to gecenvironmental
issues.

Coffey is familiar with a variety of techniques and
approaches that can be used to help reduce risks for
all parties to a project, from design to construction. It
is commeon that not all approaches will be necessarily
dealt with in your site assessment repart due to
concepts proposed at that time. As the project
progresses through design towards construction,
speak with Coffay to develop alternative approaches
lo problems that may be of genuine bensfit both in
tima and cost.

Responsibility

Reporting relies on interpretation of factual information
based on judgement and opinion and has a level of
uncartainty attached to it, which is far less exact than
the design disciplines. This has often resulted in claims
being lodged against consultants, which are unfounded.
To help prevent this problem, a number of clauses
have been developed for use in contracts, reports and
other documents. Responsibility clauses do not transfer
appropriate liabilities from Coffey to other parties but
are included to identify where Coffey's responsibilities
begin and end. Their use is intencled to help all parties
involved to recognise their individual responsibilities.
Read all documents from Coffey closely and do not
hesitate to ask any questions you may have.
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Appendix B

Testpit Location Plan (Drawing 1)
Stratigraphic Profile (Drawing 2)
Partial Section A (Drawing 3)

Section A (Drawing 4)
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Theoretical Approach to Determine Setback Distance (Drawing 5)
Hwy 8 Overpass General Plan (Drawing 6)

Partial Section A — Drawdown Curve (Drawing 7)
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Surface Monitoring Points (Drawing 8)
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Explanation of Terms and Symbols
Notes on Sample Descriptions
Compactness and Consistency Tables

Record of Testpits
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EXPLANATION OF TERMS AND SYMBOLS

N VALUE - SANDARD PENETRATION TEST (SPT) N VALUE IS THE NUMBER OF BLOWS REQUIRED TO DRIVE A STANDARD 5)-mm O D SPLIT SPOON SAMPLER 03 m INTO
UNDISTURDBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HMNNER WITH A MASS OF 63 5 ky FALLING FREELY A DISTANCE OF 076 m  FOR PENETRATION LESS
THAN 0 3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION ACHIEVED AVERAGE N VALUE IS DENOTED AS N

DYNAMIC CONE PENETRATION TEST - CONTINUOUS PENETRATION OF A CONICAL STEEL POINT (Simm O 0 60 CONE ANGLE) DRIVEN BY 475 J IMPACT ENERGY ON A
125 DRILL RODS THE RESISTANCE TO CONE PENETRATION IS MEASURED AS THE NUMBER OF BLOWS FOR EACH 03m ADVANCE OF THE CONICAL POINT INTO T E
UNDISTURBED GROUND

$0IL.S ARE DESCRIBED BY TIER COMPOSITION AND CONSISTENCY OR COMPACTNESS

CONSISTENCY COHESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH (C .) AS FOLLOWS
[ CulsPa) 0-12 123 2550 50-100 100-200 >0
VERYSOFT SOFT FIRM STIFF VERY STIFF TIARD
COMPACTNESS C0JESIONLESS SOMLS ARE PR RIDED ON 11[E BASES FACTNISBAS [NDICATED BY ST VALIUS AS FOLLOWS
[ N (BLOWS /0 3m) U-§ $-10 10-30 £ 30
VERY LOOSE, TOOSE COMPACT DENSE VERY DENSE

ROCKS ARE DESCRIBED BY THER COMPOSITION AND STRUCTURAL FEATURES AND / OR STRENGTFI

RECOVERY

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

MODIFIED RECOVERY.  SUM OF THOSE INTACT CORE PECES 100mm + [N LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN THE ROCK
QUALITY DESIGNATION (RQD). FOR MODIFIED RECOVERY . IS

JOINTIN

FEELD SAMPLING

©

o

~ o a

GO

T

z0m

| RQDI%) 035 75-50 56-73 7590 50-100
TER FOOT TR wn GOon EXCELLENT
ND BEDOL
SPACING S0mm 30 - 300mm 03m-Im Im-3m >3m
TOINTING TER) (LORE CTSE WD CLOSE VIDE TERT NIDF
BEOOING VERY THIN THIN WEDIAT THICK TTRT THICK
ABBREVIATIONS AND SYMEOLS
VECHAN|CAL PROPERTIES O SOM.
SPLIT SPOON TP THINWALL BISTON
WASH SAMPLE OS  OSTERBERGSAMPLE m Pul COEFFICIENT OF VOLUME CHANGE
SLOTTED TUBE SAMPLE RC  ROCK CORE c o COMPRESSION INDEX
BLOCK SAMPLE B TW ADVANCED HYDRAULICALLY G ot SWELLING INDEX.
CHUNK SAMP! E oM™ TW ADVANCED MANUALLY C ! COEFFICIENT OF SECONDARY CONSOLIDATION
THINWALL OPEN FS  FOILSAMPLE C, a2 COEFFICIENT OF CONSOLIDATION
H om DRAMAGE PATH
T TIME FACTOR
Al u % DEGRFE OF CONSOLIDATION
PORE WATER PRESSURF 0. kPa EFFECTIVE OVERBURDEN PRESSURE
l POIR: PRESSURE RATIO o W PRECONSOLIDATION PRESSURE
&Pa TOTAL NORMAL STRESS w kPa SHEAR STRENGTH
P EFFECTIVE NORMAL STRESS ¢ kR EFFECTIVE COHESION INTERCEPT
kPa SHEAR STRESS v EFFECTIVE ANGLE OF INTERNAL FRICTION
vPa PRINCIPAL. STRESSES o K APPARENT COHESION INTERCEPT
% LINEAR STRAIN N ° APPARENT ANGLE OF INTERNAL FRICTION
% PRINCIPAL STRAINS w W IDUAL SHEAR STRENGTH
1 POISSONS RATIO o kPa DED SHEAR STRENGTH
KPa MODULLS OF LINEAR DEFOKMATION
kPa MODULUS OF SIEAR DEFORMATION s 1 SENSIVITY= S8
1 COEFFICIENT OF ERICTION o

gind DENSITY OF SOLID PARTICLES
UN{T WEIGHT OF SOLID PARTICLES

kg/m®  DENS(TY Of WATER

kym'  UNIT WEIGHT OF WATFR

kg/m'  DENSITY OF SOIL

Ky BULK UNIT WEIGHT OF SOIL
kg/m'  DENSITY OF DRY SOIL

ky/m'  UNIT WEIGHT OF DRY SOIL
kyia'  DENSITY OF SATURATED SQIL

ky/m'  UNIT WEIGHT OF SATURATED SOIL

DENSITY OF SUBMERGED SOIl.
UNEF-WEIGHT OF SUBMERGED SOt

PHYSICAL PROPERTIES OF SOIL

e VOID RATIO

n POROSITY

w Yo WATER CONTENT

S, %  DEGREE OF SATURATION
w %  LIQUID LIMIT

wp %  PLASTIC LIMIT

we %  SHRINKAGE LIMIT

o h PLASTICITY INDEX = W - w,

1 %  LIQUIDITY INDEX = 22
« % CONSISTENCYINDEX =&
Cnn %  VOIO RATIQ [N LOOSEST S FATE

Yo VOID RATIO PN MOST DENSE STATE

2mox— €

1 DENSITYINDEX = ’

mun— Cmin
mm GRAIN DIAMETER
mm  PERCENT - DIAMETER
1 UNIFORMITY COEFFICIENT
m I(YDRAULIC HEAD OR POTENTIAL
ms RATE OF DISCHARGE
mws DISCHARGE VELOCITY
1 HYDRAULID GRADIENT
s HYDRAULIC CONDUCTIVLIY
kNfay SEEPAGE FORCE



——
B

B3

Coffey geotechnics

SPECIALISTS MANAGING THE EARTH

A

Notes on Sample Descriptions

Sample descriptions included in this report follow the Canadian Foundation Engineering Manual Soil
Classification System, in general. This system follows the standard proposed by the International Society for Soil
Mechanics and Foundation Engineering (ISSMFE). Laboratory grain size analyses provided by Coffey
Geotechnics Inc. also follow the same system. Different classification systems may be used by others; one such
system is the Unified Soil Ciassification. Please note that, with the exception of those samples where a grain size
analysis has been made, the samples were classified visually. Visual classification is, however, not sufficiently
accurate to provide exact grain sizing or precise differentiation between size classification systems.

| el ]

i
L

ISSMFE SOIL CLASSIFICATION
CLAY SILT I SAND |
FINE WEOLM | COARSE | FINE__ | MEDRUM | COARSE | FINE

0.002 002 0.08 02 06 20 6.0 20

| 1 ] | ] 1 ] ] ]
EQUIVALENT GRAIN DIAMETER IN MILLIMETRES

CLAY (PLASTIC) TO 1 FINE [ MEBIUM [crs. | FINE COARSE
SILT {NONPLASTIC) | SAND 1 GRAVEL

UNIFIED SOIL CLASSIFICATION

|8
~
e
a

2. Fill: Where fill is designated on the borehole log, it is defined as indicated by the samples recovered during the
boring process. The consistency or compactness of the fill material has been based on the description of the
collected samples i.e. cohesive or cohesionless materials. The reader is cautioned that fills are heterogeneous in
nature and variable in gradation, density and degree of compaction. The borehole description may, therefore, not
be applicable as a general description of on site fill materials. All non-engineered fills should be expected to
contain obstructions such as wood, large concrete pieces or subsurface basements, floors, tanks, etc. None of
these may have been encountered in the boreholes unless noted. Since boreholes cannot accurately define the
contents of the fill, test pits are recommended to provide supplementary information. Despite the use of test pits,
the heterogeneous nature of fill will leave some ambiguity as to the exact composition of the fill. Most fills contain

: pockets, seams, or layers of organically contaminated soil. This organic material can result in the generation of

methane gas and/or significant ongoing and future settlements. Fill at this site may have been monitored for the

presence of methane gas during the exploration program and, if so, the results are given on the borehole logs.

The monitoring process does not indicate the volume of gas that can be potentially generated nor does it pinpoint

the source of the gas. These readings may suggest the presence of gas only, and a detailed study is

recommended for sites where any explosive gas/methane is detected. Some fill material may be contaminated by
toxic/hazardous waste that renders it unacceptable for deposition in any but designated landfill sites. Unless
specifically stated, the fill on this site has not been tested for contaminants that may be considered toxic or
hazardous. This testing and a potential hazard study can be undertaken, if requested. In most
residential/commercial areas undergoing reconstruction, buried oil tanks are common and are generally not
E detected in a conventional geotechnical site investigation.

- b &5

3 Till: The term till on the borehole logs indicates that the material originates from a geological process associated
o with glaciations. Because of this geological process the till must be considered heterogeneous in composition,
{ and as such, may contain pockets and/or seams of material such as sand, gravel, silt or clay. Till often contains
= cobbles (60 to 200mm) or boulders (over 200mm). Contractors may, therefore, encounter cobbles and boulders
during excavation, even if they are not indicated by the borings. It should be appreciated that normal sampling
equipment cannot differentiate the size or type of any obstruction. Because of the horizontal and vertical
variability of till, the sample description may be applicable to a very limited zone; caution is, therefore, essential
when dealing with sensitive excavations or dewatering programs in till materials. Note glacial till deposits
frequently contain isolated pockets of water bearing sands and gravel which may be encountered during
construction.
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TABLE 3.1 Compaciness Condiiion of Sanddy from Standard £

TABLE 3.2 Approxvimaic Consistenc) af Conestve Sous

Consistency Field ldentification

Very soft ,
Soft
Ftrm
Suft
Very sufl
Hard

Compactness
Condition

Very louse
Loose
Compact
Dense

Very dease

SPT N-INDEX
{blows per 0.3 m}

-4

l 4-10
| 10 30
30 50
Over 50

Lasily penetrated several cent meters by the fist

Fasily penetrated several centumeters by the thumb

Can be penetrated several

enetration Tests

centimetzrs by the thumb with moderate effort

Readily indented by the thumb but penetated only with great effort

Readils indeated by the thumb natl
Tndented with difficulty by the thurnbnasi

TABLE 3.3 Consistency and Undrained Shear Strength of Cohesive Soils

Undrained Shear Strength

(kPa)

Spt N-index
(blowsi0.3m)

Very soft
Seft
Firm
Suff

Very stitt

Hard

50 - 100
100 - 200

> 200

24
4-8
813
15-30
<30

Source: CANADIAN FOUNDATION ENGINEERING MANUAL
4™ EDITION 2006, Canadian Geotechnical Society
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RECORD OF TESTPIT No. 1 1001 METRIC
GWP GEOTBURL01244AA LOCATION Sta. 0+470 HWY 405 ORIGINATED BY _V.H.
DIST N.O.T.L. Hwy 405 TESTPIT TYPE RUBBER TIRE BACKHOE COMPILED BY _L.O.
DATUM Geodetic DATE MAY 21, 2010 CHECKED BY __V.D.
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES E%’ a RESISTANCE PLOT mmn oo «
5 . @ ;g 20 40 60 80 100 "‘uusrrc CONTENT  LIMIT EE &
3 FEN-] z w S
ol oecneron 8|8 ]3| 82| E [smammeem e | BN | PR o
DEPTH 512 F 1> [ 28] £ |oUNCONFINED ~ + FIELD VANE |wATER CONTENT (%) | 7y o
= = . | © G |« quex TRMxaL x LB vane
141.20 Ground Surface z w 20 40 60 B8O 100 20 40 60 i/ |GR SA(S! cL)
tgravelly -]
sand,some silt and clay 1 |{GRAB 20 61 (19)
Compact Brown 141
GRANULAR FILL:sand and
gravel,some silt and clay
Compact Brown
2 |GRAB o 40 50 (10)
140. 30/ seeping between 800-900mm
140.20] Asphaltic Concrete 100mm
FILL:crusher run limestone
50mm with sandy silt,
139.90 some clay v 140
* Compact Reddish Brown =
seeping at 1.3m *
139.60 3 |[GrAB O
FILL:clayey silt/sand,
mixed with 50mm crusher
run limestone
Compact Light Brown
1 0
End of testpit 2.1m
No Detectable Gas 139
138
137
136
* GROUNDWATER CONDITIONS
GROUNDWATER
DATE ELEVATION (m}
on completion 139.80
11:10 am 139.40 135
12:27 pm 139.90
134
20
47, x5 Numbers refer to 5 5 () STRAN AT FALURE
10
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] Ministry of
\ Transportation
L] Ontarlo
M RECORD OF TESTPIT No. 2 1001 METRIC
L ‘! GWP GEOTBURLO1244AA LOCATION Sta. 0+440 HWY 405 ORIGINATED BY Vv.H.
DiST _N.0.T.L. wHwy _40° TESTPIT TYPE BUERER TR COMPILED BY _L.0.
j DATUM Geodetic DATE MAY 21, 2010 CHECKED 8Y V.D.
|
DYNAMIC CONE PENETRATION
3 SOIL PROALE SAMPLES Eo ‘g RESISTANCE PLOT = __ NATURAL S
= @a 5| @ 20 40 60 80 100 HASTC MoSTURE T | & &
RMEIEEE e % w w |5 GRAIN SIZE
] | ELEV. | S| B2 22| 2 |sHEAR STRENGTH (kPa) o DISTRIBUTION
i DEFTH DESCRIPTION 13| F |7 88| % |ounconFINED  + FELD VANE |wATER CONTENT (%) )
| z . |G § e QUICK TRIAXIAL X LAB VANE Y
i 1420 | GFound Surface @ Z 20 40 60 80 100 20 40 60 yv/m® JOR SA (S CL)
G! F :sand an
gravel, some silt and clay 1 |GRAB S 30 55 (15)

GRANULAR FILL:gravel and
sand, trace of clay

=
>
g
9

Compact Brown

2 |GraB °
141

wet between 1.3-1.5m

Asphaltic Concrete 100mm

FILL:sand and gravel,
trace of clay, trace silt

Compact Brown
140
_J seeping below 2.1m 3 lcrAB A
P 39.30 A
e
|
139
38.9
] End of testpit
No Detectable Gas
1
138

”

%  GROUNDWATER CONDITIONS

U
‘ GROUNDWATER

DATE ELEVATION (m)

on completion 1359.90 136

u 11:25 am 139.30

20
7 5. Numbers refer to
HxT s ity 15-?0-5 (%) STRAIN AT FAILURE
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Ontario
‘ RECORD OF TESTPIT No. 3 1o 1 METRIC
d ¢ W p_CEOTBURLO1244AA LOCATION Sta. 0+410 HWY 405 ORIGINATED BY _.E.
piST _N.O.T.L. pwy _405 TESTPIT TYPE RUBBER TIRE BACKHOE COMPILED BY _L:O-
[_'\ DATUM Geodetic DATE MAY 21, 2010 CHECKED BY __V.D.
|
[ DYNAMIC CONE PENETRATION
{ SAM [
. SOIL_PROFLE PLES 23] RESISTANCE PLOT = NATURAL
<z PLASTIC MOISTURE LIQUID REMARKS
§ ;g 20 40 60 80 100 UM CONTENT UM E§ &
& 3\1e z w E
| as 518 ¢ |2 25| B [ommommem o || P8 | e
. DEPTH DESCRIPTION w|Z2| 213 138| £ |ounconrneD  + FELD vANE % :
| K3 e WATER CONTENT (%) Y (%)
d = = ., | © E e QUICK TRIAXIAL X LAB VANE
142. 60 Ground Surface z 20 40 60 80 100 20 40 60 hN/m’ GR SA(SI CL)
GRANULAR EffL:sanay ~
- gravel,granular base/subbase 1 |IGRAB
| Compact Brown
{ GRANULAR FILL:gravel and sand,
ftrace to some silt, trace
- wood pieces, trace clay 2 |GRAB
[Compact, Brown 42 [
i
ﬁ -
) 3 |GRAB
141.20 wet between 1.3-1.5m 37 53 (10)
b FILL: gravelly sand, some
e silt and clay, trace wood o
L ] pieces 141
Compact Dark Brown
4 |GRAB
D seeping below 1.9m
-
End of testpit 2.4m i
No Detectable Gas
] 140
|
d
l
\
139
138
* GROUNDWATER CONDITIONS
B i3
GROUNDWATER
DATE ELEVATION {(m}
on completion 140.70
U 10:25 am 140.20
136

20
7 5. Numbers refer to
+ X7 Sensitivity 15'3)‘5 (%) STRAIN AT FAILURE
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Appendix D

Soil Laboratory Test Results (Figures 1-4)
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Appendix E

Photographs
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TEST PIT 1 (May 21, 2010)

Photograph 1, Time: 7:31 AM. Photograph 2, Time: 7:58 A.M.

Photograph 5, Time: 10:28.AM. g  Photograph 6, Time: 11:.03 AM.

coffey geotechnics
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TEST PIT 2 (May 21, 2010)

s 4

Photograph 5, Time: 11:06 A.M. Photograph 6, Time: 11:09 AM.
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E TEST PIT 3 (May 21, 2010)

Photograph 6, Time: 11:07 AM.

Photograph 5, Time: 7:50 A.M.

eotechnics
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Appendix F

Report from January 1961 Geotechnical Design of the Foundations

for the present HWY 405 Overpasses
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[1 ¥r. 4. M. Toye, Maren 28, 1961.

| :

! Bridge Jngineer. D H.0. FOUXDATION INVESTIGATEON .

REPORT - : : :
E Materials & Researeh Seetiom. Ww.J. 61-F-6 ~-- d.P. 285-59,
Attentions Mr. 8. MeCombie.
Re: Overpass at Bwy. 8 ang Q.B.W. Bxtensien
(Bwy 505) Twp. of Stamford, Cty. of Welland,

Attaehed hereto, We are forwerding to you the
['\ S8o0il Investigation Report foy the sbove mentiened lesatiom.
|
8

The recommendatiens and sSunmary contained in this
report are self-explanatery, and we trust they will prov2 '
D adequate for your future design work,

Should any gueries arise im connection with this
projeet, please do net hesitate to cemtact o 0ffice. .

e G. Soderman,
PRINCIFPAL FOUNDATICH BHGR.
Per:

AGS /MdeF (A. G. Stermac, ,

Attach. o SUPERVISING FOUNDATION ENGR.
ces Messrs. A. M. Toye ()«

P H. A. Tregaskes

- H., D. ¥eMillan

T, C. Campbell

) J. ¢. Thatcher

{_ 7. 3. Fovich

A, Watt

E Foundations O0ffiee

Gen,. Flles.
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FOUNDATION INVESTIGATION
For

Overpass at Hwy. 8 and Q.E.W. Extension (Hwy. 405)
Twp. of Stamford, County of Welland, District Fo.k
w.J. 61-F-6 -—e— W.PQ 285.59.

1, INTRODUCTION:
A bridge structnre is planned to carry the proposed

Bwy. %05 over Highway No. 8, epproximately 2 miles Scuth of
junction of Hwy. 8 and 84, in St. David {Sta. 46 + 36.53, .
Plan E'3952-l)-. . At this location, the proposed.new Line 'CYt
of Hwy, 8 passes between Lots 3 and &, and approximately 23 ft.
east of the present Ewy. 8. .

" A subgeil investigation was egrried eut at the site and

this report contains the field and laberatery findings and recem-

mendations eene_efning the foundatioms of the strueture.

2., DESCRIP?ION OF SITE:
Highway No. 8 runs in the North-South directisn at the
There are a few buildings on the west side

investigated sites
'read, the area is

of the hiyhway, while on the east side of the
than the 'su:s:i'eunaing lang, and is mestly
The ground

generally siightly lower
wasteland, overgrown with weeds and smaller trees.
ijs slightly undulating end there are small ereeks running in the

area.

The proposed hr-i-ﬁgef site is part of the 1
to the Niagara Escarpment.

cont¥d, /2 e
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3. FIELD AND LABORATORY WORK:

Field work consisted of nine samplea boreholes with
Bynamie Cone Peretration ﬁest adjacent te each berghole. These
boreholes were located by the Surveying Crew of the Loecation
Section, fiom an available sketeh prepared by the Bridge Planning
Section.

The exploration programﬁe was carried out by a standard
coredrill machine adaepted for seil sampling. Conventional wash
bering precedure was followved. Samples.yere recovered at depths
required by means of a 2-inch 0.D., split spoon sampler. The
dimensien of this spoon sampler and the energy used in driving
it, conform to the requirements of the Standerd Pemetration Test.
& 2" I.D. thin-walled Bhelby sampler was alse used at rare times,
when the subsoil cenditions permitted, to obbtain an nndisturbgd :
sample, Use of AXT core-barrel had to be made for recovering
rock samples. It may be‘meﬁtioned that bering 5 was drilléd.only
to a depth of 25 ft. to verify the strength ef the upper strata )
in this region. .

Samples were visually examined and identifled in the
field befere being transported te thé'laboratory. Upon recelpt
in the laboratory, necessary tests were carried out on a selectien
of both disturbed and undisturbed samples for the determination
of moisture ¢ontent, grain size distribution curves, Atterberg

limits, and undrained triaxial compression tests.

Laboratory and field test results.have been summarizéd
and are included in this fep@rt under Appendix I.

Drawing No. 61-F-6A shows the borehole loeatiens, their

respective elevations ard the estimated subsoil stratigraphy.
conttde /3 ecee
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. SUBSOIL CONDITIGES: (cont'd.) ...
4.3} Silty Sand and Gravel:

The thickness of this layer also varies over the
investigated area from approximatal; 35 feet in Borehole 7
to about 75 feet in Borehole 4. The composition of the layer
is not uniform because some sandy silt layers and gravel seams
were encountered st different and irregular intervals.

During the investigation, artesian water pressures
were encountered in this layer causing the loosening up o. the
material. Because of this, many penetration tests had to be
ruled out and discarded. However, all the reliable tests in-

dicate that the layer is dense to very dense.

%,it) Sandy Till with Boulders:

In Boreholes %, 6 and 9, a layer of sandy till with
boulders was encountered. I%f is hard to establish any pertinent
property of this layer due toc the presence of relatively large
toulders. The avem ge thickness of this layer overlying bedrock
is ¢ feet. In Borehole 6, it was not quite definite whether the
borehole was terminated irn bedrock or whether the recovered rock
core was still part of seme large boulders. Assuming that all of
it are boulders, the thickness of the layer at this particular

lecation, is at least 17 feet,

%,5) Bedroek:
Except in Borehole %, which was a shallow one, and in
Borehcle 6, bedrock was found and proved in all the other bore-

holes. In Borehcole &, underlying the bouldery till, the boring

cont'd. /5 ...
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. SUBSOIL CONDITIONS:
k.1) General:

The field investigation and the subsequent laboratory
testing have shown the general strasification of the subsoil to
De basically regular. The main soil strata encountered were a
thin surface layer of topscil, a clayey silt and sandy silt layer,
2 layer of sandy silt and silty sand with sporadic sandy and
gravelly seams generally increasing in amount with depth, and a
layer of sandy beuldery till overlying bedrock, All these layers
with the exception of bouldery till and bedrock, were encountered
in all boreholes, but their respsctive thicknesses were not egual
in the different locations. A more detailed description of these

layers, with the exception of the surface layer, is given below:-

L,2) Clayey Silt & Sandy Sijt:

This layer was encountered in all boreholes but its
thickness varied from approx. 9 feet in Borehole 8, to about
25 feet in Borehole 7. In most cases, the boundary between the
clayey silt and the sandy silt could not have besn clearly defined,
put sometimes there was a clear separation of the cohesive from
the non-cohesive material. Decause of these conditions, the
recorded 'Kf values are somewhat erratic. However, it can be
concluded that on the average, this layer is in a medium dense
state. The average moisture content of the layer is 18%, and the
average Atterberg limits of the cohesive part are 25.5% and 15.0%,
thus giving a liguidity index of 0.29. The shear strength as
determined on one sample is 1,200 p.s.f. This valus 1s certainly

rnct wholly representative, but it can be considered as indicative.

cont'd. M ...



[ '3
-5 -

%, SUBSOIL CONDITIONS: {cont'd.) ...
4.9} Bedrock: (cont'd.) ...

revealed sandstone and red shale. It could not be positively
i established whether this is bedrock or boulders.

As mentioned above, bedrock was proven in all the other

|
=

boreholes, and below are given the respective bedrock elevations:-

Borehale Bedrock Elevation (ft,)
T 391.8

3%2.0
372.%
350.7
396.2
395.%
391.8

Em B

—/

|
O N F WM

| e |

It can he seen that there is a difference in bedrock

surface elevations of up to 45 feet over the investigated area.

m
L

Bedrock that was found was identified either as light

grey sandstone or as red shale.

Y. GCGROUED WATER COBDITIONS:
During the investigation, observations and measurements

[} were carried out to determine the ground water conditions. In
soma of the boreholes, 2 stationary ground water level could be
L? observed, and this was recorded. At greater depth, invariably
: artesian water was encountered and pressures corresponding to a
:ﬁ water level of about 10 feet above ground level, were recorded.

All this indicates that a perched water layer exists in the upper

| cont'de /6 .e.
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. GROUND WATER CONDITIONS: (cont'd.) ...

soil material, while ir the underlying material, artesian
conditions prevail.

Given below, are elevations at which a static water
level v 2s first encountered and also elevations at which an

artesian pressure was first ohserved:-

- Elevations -
Borehole No. Ground Water Artesian Water
1 - 432,3
2 - 425,.C
3 Li6.7 426.0
L 21,7 L15.7
= - 429,0
6 - 432.5
7 ETORE 440,0
8 W57.7 433,k
9 Lc2. 0 438.¢%

The difference in artesian water elevations - i.e., where

artesian conditions were first noticed - is most preobadbly due to
certain permeability differences of the material in question. Due
to more perseatle seams and interbedded layers, the detectible

artesian condition may vary gquite consideratbtly.

6. DISCTSSICH AND RECCHMENDATICHNS:

In the preceding paragraph, a quite detailed description
of the materials and their most important properties was glven.
From this description, it can be seen that the subsoil is fairly

good and that the str.cture can be bui 1t at the preposed location

Cont'do Il7 eew
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6. DISCUSSION AND RECOMMENDATIONS: {cont'd.) ...

without undue effort or expense. The density ond strength of
the pertinent layers are sucn that spread footings can be used.
A cafe maximum load of 2.C tons per square foot is recommended
for footings of an aversge width of 6 - 8 feet. The footings
should be placed at least 5 feet below the existing ground level
to provide for frost protection and to assure that no tepsoil is -
left under the footings. Due to the predominantly granular
character of the subseil, settlements will be of short duration.
As it was pointed out earlier, the depth of the different layers
varies throughout the investigated area, and it is most likely
that the settlements will be non-uniform. It is therefore recom-.
mended that simply supported beams be used in the design of the
malti-span structure.
The investigation has shown that there is most probadly
a percheéd water table in the upper layer. It is impessible to
predict what the weter conditions will be aufing construction, and
it is therefore recommended that measures be taken te de-water
the foundation excavations if such a necessity should arise. In
such a case, it is recommended to drive sheet piles around and
below the bottom > the excavation for a distance equal to the
distance of the ground water level above the bottom of the ex-
cavation. It is believed that the amount of water entering the:
excavation could be handled with ordinary sump pumps.
The alternative of founding the structure on frictien

piles was discarded because of the encountered artesian water

econditions at greater depth. The cost of eand-bearing piles

conttd., /8 ...
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6. DISCUSSION AND RECOMMERDATIONS: (cont'd.) ...
becemes prohibitive because the length of the piles in places
would be more than 100 feet.

Yo stability problems are foreseen in connection with
the construction of the approach fills. If stage comstruction is
feasible, it is strongly recommended. The influence of the
approach fills on the bridge footings would thus be greatly de-

creased if not even completely eliminated.

7. SUMMARY:

1., The stratification ef the subsoil is, in general,
uniform although the thickness of the different layers varies
throughout the investigated area. The layers and their properties
are deserlbed in detail in the report.

2., Spread footings, 6 - 8 ft. wide, placed at a minimum
of 5 feet below the present ground surface, and with a maximum

load of 2.0 T/sq. ft., are recommended.

3. Simply supported beams are recommended for the

multi-span structure because of the possible non-unifeorm settlements:

L, Stage construction, approach embankments being
placed at least 6 months ahead, is recommended in order to eliminate
the influence of the approach fills on the structure!s footings.

5. In case of a high ground water table. recommendations
pertaining to the sheet piling as given in the report, should be

followed.
6. No stability problems for the approach fills are

anticipated.
cont'd. /9 ...
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8, MISCELLANEOUS:

The field work was commenced on Janmary 23, 1961, and
completed by February 28, 1961, under the supervision ef
Mr. B, Ghadiall snd Mr. M, Devata, of the Foundatien Sub-section.
Equipment_uas owned and operated by D.H.O. drilling

Crew,

March 1961. REPORT PREPARED BY:

REPORT APPROVED BY:

.5;&. ’OM%.’.~..I.'...;!
B, hégiali,
PROJECT FOUNDATION ENGR.

Cgteenrtew., -

oo-.ovcoo..o.o._ﬁ'o..ldq...y&

A. Gn Sterme "':‘
SUPERVISING FOUNDATION ENGR:
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