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1.0

INTRODUCTION

This report presents the results of the desktop geotechnical study associated with the Oliver Farms and Heritage
Estates Hydrologic/Hydraulic Analysis and Oliver Farms Preliminary Design, located in the Town of LaSalle (the
Town), Ontario. The location of the site is shown on the Key Plan, Figure 1. It is understood that as part of the
preliminary design for the Oliver Farms Subdivision, it is proposed to replace the existing watermain and storm
sewers and reconstruct the roadways.
The purpose of the desktop study was to assess the subsurface soil and groundwater conditions at the site from
previous boreholes and test pits completed near the site and to provide geotechnical engineering
recommendations for the preliminary design of the proposed works. Available subsurface soil and groundwater
conditions were also included to aid in the hydrologic/hydraulic analysis for both Oliver Farms and Heritage
Estates.
Confirmation of authorization to proceed with the investigation in accordance with our November 10, 2015 proposal
was provided by Mr. Alain Michaud of Stantec Consulting Ltd. (Stantec) on February 17, 2016.
Important information on the limitations of this report is attached.

2.0

BACKGROUND

Based on the information provided to Golder Associates Ltd. (Golder), the proposed works at this time consist of
replacing the watermains and storm sewers and reconstructing the roadways within the Oliver Farms Subdivision.
Golder has carried out a number of subsurface explorations in the vicinity of Oliver Farms and Heritage Estates.
The results of these previous investigations were reported in:



Golder Report Number 881-4002 titled “Geotechnical Investigation, Provincial Sewage Works Programme,
Contract No. 11, Township of Sandwich West, County of Essex, Ontario”, dated January 1988 which included
borehole logs 736, 737 and 739 to 753 from Report No. 754139;



Golder Report Number 754139/3 titled “Geotechnical Investigation, Proposed Provincial Sewage Works
Programme, Township of Sandwich West, Essex County, Ontario”, dated August 1976;



Golder Report Number 754139/2 titled “Geotechnical Investigation, Proposed Provincial Sewage Works
Programme, Township of Sandwich West, Essex County, Ontario”, dated December 1975;

The information for the boreholes, test pits and laboratory testing from the above reports is included in
Appendix A. The approximate locations of the previously advanced boreholes and test pits are shown on
Figure 1. In addition, many boreholes and cone penetration tests, advanced in conjunction with investigations for
the Rt. Hon. Herb Gray Parkway, were reviewed as part of this study and are also shown on Figure 1.
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3.0

SITE DESCRIPTION

Heritage Estates and Oliver Farms subdivisions are located in LaSalle and consist of mainly residential
developments, although there is some commercial development in the west section of Heritage Estates. The site
is located immediately south of the Rt. Hon. Herb Gray Parkway. Land use to the east and west of the site is
generally residential, south of the site is mainly agricultural.

4.0

SITE GEOLOGY

The site is located in the physiographic region of southwestern Ontario known as the St. Clair Clay Plains. The
clay strata are of lacustrine origin and were laid down during inundations from a series of glacial lakes which
formed during the retreat of the last ice sheets. The clay deposits found in the majority of the Windsor area consist
of a stiff silty clay to clayey silt deposited without significant stratification and possessing a distinctively till-like
structure with a small fraction of sand and gravel sized particles distributed randomly throughout. This stratum is
considered to have been deposited under an ice sheet floating in a lake which prevented the full weight of the ice
sheet from consolidating the deposit to the stiff to hard consistency of glacial till normally encountered in other
parts of Southwestern Ontario. These strata are underlain by a thin stratum of glacial till or granular deposits
overlying bedrock of the Detroit River Group. The reported bedrock elevations range from about elevation 149 to
157 metres (m).1 Drift thickness ranges from about 22 to 34 m in the vicinity of the site. 2

5.0

SUBSURFACE CONDITIONS

The subsurface conditions encountered in the boreholes and test pits previously advanced at the site are shown
in detail on the attached Records of Boreholes and Records of Test Pits in Appendix A. The following discussion
has been simplified in terms of major soil strata for the purposes of geotechnical design. The soil boundaries
indicated are inferred from non-continuous samples and observations of drilling resistance. They may represent
a transition from one soil type to another and should not necessarily be interpreted to represent exact planes of
geological change. Further, subsurface conditions may vary significantly between and beyond the borehole
locations.
Post-investigation construction activities may have altered the subsurface conditions in the previous boreholes
and test pits from those shown on the Records of Boreholes and Records of Test Pits.

5.1

Soil Conditions

The following discussion is based on the boreholes from Golder Project No.’s 754139, 881-4002 and the nearby
boreholes associated with the Rt. Hon. Herb Gray Parkway project. The soil conditions encountered in the
boreholes generally consisted of topsoil or the pavement structure over fill, topsoil and/or sand, overlying clayey
silt, silty clay, clayey silt till and silty clay till.

1

Morris, T.F. and Cousineau, G.R. 1994: Bedrock topography, Essex County area (west half), southern Ontario; Ontario Geological Survey, Preliminary Map P.3255, scale 1:50,000.

2

Morris, T.F. and Cousineau, G.R. 1994: Drift thickness, Essex County area (west half), southern Ontario; Ontario Geological Survey, Preliminary Map P.3257, scale 1:50,000.
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All of the boreholes drilled for Golder Project Nos. 881-4002 and 754139 were advanced through the pavement or
the shoulder of the road, with the exception of boreholes 743, 911, 914, 915 and 916. At the time the boreholes
were drilled through the existing road surface they encountered 25 to 150 millimetres (mm) of asphaltic concrete
or asphaltic surface treatment. The asphaltic materials were underlain by crushed granular materials. Boreholes
drilled through the shoulder of the road encountered crushed granular materials from the ground surface. The
crushed granular materials varied in thickness from 0.1 to 1.0 m at the borehole locations with a typical thickness
of 0.3 m. The measured N3 values within the crushed granular materials ranged from 10 to 52 blows per 0.3 m
and water contents were typically 8 per cent. Since the time these boreholes were drilled, however, the pavements
may have been repaired or otherwise altered and the aforementioned thickness may have been changed.
Granular fill materials consisting of sand to sand and gravel were encountered beneath the crushed granular
materials in borehole 737 and 913. Cohesive fill materials (silty clay to clayey silt) were encountered beneath the
crushed granular materials in boreholes 2 and 736, the granular fill in borehole 737, beneath the topsoil in
boreholes 748 and 752 and at the ground surface in boreholes 109 and 406. Cinder fill materials were encountered
beneath the crushed granulars in borehole 912. The thickness of these fill materials ranged from 0.3 to 1.2 m.
Measured N values, as determined from standard penetration tests carried out within the fill materials varied from
4 to 14 blows per 0.3 m and the natural water contents varied from 8 to 34 per cent.
Topsoil and/or organic material varying in thickness from 0.03 to 1.2 m were encountered underlying the crushed
granular materials in boreholes 740, 743, 744, 745, 746, 748, 749, 750, 752 and 17 and from the ground surface
in boreholes 105, 107, 109, 112, 113, 115, 116, 301, 305, 308 to 311, 314, 406, 743 and 1 and test pits 313, 314
and 316. Materials designated as topsoil in this report were classified solely based on visual and textural evidence.
Testing of organic content or for other nutrients was not carried out. Therefore, the use of materials classified as
topsoil cannot be relied upon for support and growth of landscaping vegetation.
At the ground surface in boreholes 914, 915, 916, and 104 and 105 (07-1130-207-0) and beneath the topsoil in
test pits 313 and 314, layers of surficial native granular soils were encountered. The surficial native granular soil
ranged in gradation from silty sand to sand and gravel, and varied in thickness from about 0.2 to 1.4 m. Measured
N values within these granular soils were 6 and 7 blows per 0.3 m and the natural water contents were 15 and
17 per cent. Relatively thin layers of native granular soils were also encountered at depths greater than 7 m within
the extensive clayey silt and silty clay stratum, and immediately above the bedrock.
The major soil stratum in the study area consists primarily of clayey silt and silty clay and exhibits a till-like structure
exemplified by a random distribution of coarser particles within the primarily fine-grained silt and clay deposit and
the near-surface clayey soils are generally stiff to hard and brown. These brown and grey-brown native clay soils
were generally encountered beneath the topsoil, native granular soils, fill materials or pavement structure. The
average thickness of the brown and grey-brown clayey soils was about 3.4 m with a standard deviation of
0.6 m. Standard penetrating test N values ranged from 2 to 65 blows per 0.3 m and water contents ranged from
10 to 31 per cent. Below frost-depth, the N values ranged from 7 to 65 blows per 0.3 m with an average of about
31 blows per 0.3 m and water contents ranged from 10 to 26 per cent with an average of about 14 per cent.
Underlying this stiff to hard “crust”, the clay soils become grey-brown and firm to stiff in consistency. Below the
static groundwater level, the clay becomes grey and is soft to firm.

3 The SPT N value is defined as the number of blows required by a 63.5 kilogram hammer dropped from a height of 760 mm to drive a split spoon sampler a distance of 300 mm into the
soil after having first penetrated 150 mm.
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Beneath the clay “crust”, grey soft to firm clay soils were encountered. These soils typically extend for as much
as of 20 m before encountering bedrock or layers of granular soils above the bedrock. Standard penetration test
N values ranged from 4 to 32 blows per 0.3 m, with an average of about 15 blows per 0.3 m. Water contents
ranged from 10 to 35 per cent with an average of about 17 per cent. Field vane shear testing and cone penetration
testing indicated that the grey clay deposit has undrained shear strengths ranging from about 40 to over 144 kPa,
however most values were between 50 and 80 kPa within the depths of construction presently contemplated for
this project. Cobbles and boulders should be anticipated in the native deposits.
Existing utilities throughout the subdivisions were likely constructed in trenches that were provided with a granular
bedding material and then backfilled. Details regarding the type of backfill materials or dimensions of the
temporary trenches were not available at the time of this report. In the absence of specific information, it is
appropriate to assume that two cases could exist at any location along existing utility lines whereby the bedding
and backfill consisted of highly permeable granular soils that will likely be saturated or where the backfill consisted
of native clayey soils with poorly draining bedding. Based on typical construction practices, the zone of backfill
likely extends at least 0.5 m perpendicular from the outside edges of any pipe and that any pipes less than about
2 m deep may have been placed in open trenches with side slopes on the order of 45 degrees (1 horizontal to
1 vertical) measured from the base of bedding elevation.

5.2

Groundwater Conditions

Groundwater seepage levels were observed in the boreholes during and upon completion of drilling. Following
completion of drilling and sampling, standpipe piezometers were installed in boreholes 1, 17, 234, 736, 739, 744,
746, 748, 751, 911 and 915. The encountered and measured groundwater levels, together with the installation
details, are shown on the Records of Boreholes and Records of Test Pits in Appendix A, and are summarized in
Table I.
Groundwater seepage was encountered in the boreholes and test pits at depths ranging between 0.6 and 4.6 m
below existing ground surface or between elevations 177.8 and 183.3 m. Groundwater seepage levels were also
compared to the more recent data from the adjacent Rt. Hon. Herb Gray Parkway and these observations are
generally consistent. It is estimated that the long-term lowest groundwater level will coincide with the interface
between the brown and grey zones of the silty clay till. Groundwater levels identified during previous drilling and
subsequent observations in standpipe piezometers identify a highly variable elevation at which water is first
encountered and subsequently measured. Since the soil conditions largely consist of an extensive deposit of
clayey silt and silty clay, precipitation infiltrates through the ground surface and becomes “perched” within the
native surficial sand, any granular fill and within the fissures of the native silty clay in the weathering zone (above
frost depth) above the underlying low permeability soils. Groundwater observations during drilling are influenced
by the presence of permeable soils, the overall relatively low permeability of the native clayey silt and silty clay
soils, the rate of drilling and seasonal conditions. Therefore, groundwater levels should be expected to fluctuate
seasonally and in response to significant precipitation and snowmelt events.
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6.0

DISCUSSION

This section of the report provides our interpretation of the factual geotechnical data obtained during the
investigation and it is intended for the guidance of the design engineer. Where comments are made on
construction, they are provided only to highlight those aspects which could affect the design of the project.
Contractors bidding on or undertaking the work should make their own interpretation of the subsurface information
provided as it affects their proposed construction methods, equipment selection, scheduling and the like.
Based on the information provided to Golder, the proposed work will consist of replacement of sections of the
existing storm sewer system and road reconstruction. A stormwater detention facility will also be constructed at
Heritage Park.

6.1

Excavations

The subsurface conditions along the route of the sewer replacements are considered satisfactory for installation
using conventional open cut and supported excavation techniques. Depending on the timing of construction,
seasonal variation in precipitation can potentially result in groundwater levels higher than those encountered during
previous subsurface explorations.
Based on the results of the previous work in the area, the excavations for the proposed sewers will encounter the
existing pavement structures, granular fill, native sand, cohesive soils and glacial till. For classification purposes,
existing fill would generally be classified as Type 3 soils. Any saturated granular materials, including silts, below
the water level would be classified as Type 4 soils (flowing). The glacial till and any native granular material above
the groundwater level would be classified as Type 2 soils. Depending on final excavation depths, the native grey
silty clay can behave as Type 4 squeezing ground, though in this vicinity such conditions would only likely occur
below depths on the order of 8 to 10 m.
It is considered that the sewers can be installed using conventional open cut trenches and/or vertically shored
trenches using properly designed trench liner boxes. All unsupported excavations should be carried out in
accordance with the current Occupational Health and Safety Act (OHSA). Unsupported excavation side slopes
should not exceed an inclination of 1 horizontal to 1 vertical. In some areas, it may be necessary to flatten and/or
blanket the excavation side slopes with clear stone for stability or in areas with perched water. Care will be required
to ensure that adequate support is provided for all existing utilities located within the zone of influence of the
excavation as defined by a line drawn upwards and outwards from the base of the excavation at an inclination of
1 horizontal to 1 vertical.
Should a trench liner box be used to minimize the extent of the excavations, it should be noted that the box only
provides protection for the workmen once in place. The liner box does not restrict movement of the excavation
walls or prevent granular soils from flowing under the influence of groundwater. Any voids between the excavation
wall and the trench liner box should be filled immediately to minimize the potential for loss of ground and support
of adjacent utilities, roadway pavements and the like. Furthermore, it is suggested that the trench excavation be
carried out in short sections with the support system installed immediately upon completion of excavation.
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Where groundwater becomes “perched” or pools in granular fill or native granular soils above underlying low
permeability soils, the groundwater conditions can result in rapidly degrading conditions such that the granular
materials flow into excavations and destabilize overlying soils. While total flow rates may be readily managed by
conventional sump pits and pumps, controlling seepage and flowing soils may be difficult in the bottom 0.5 m of
granular soils above the underlying interface with the clayey silt to silty clay. Localized sheeting and/or closely
spaced (less than 10 m) pre-drilled sumps on both sides of the excavations may be necessary to assist controlling
ground stability.
To provide adequate space for pipe assembly and the mechanical compaction of bedding materials, the trench
width should exceed the outside diameter of the pipe by at least 500 mm on each side. In areas where the
excavations extend below the groundwater level, the length of open trench should be kept to the minimum required
to facilitate the construction activity to minimize seepage and basal disturbance.
It is recommended that a trial excavation (i.e., “public dig”) be carried out at the tender stage of the project so that
the interested contractors may observe the soil and groundwater conditions prior to submission of tenders. Such
“public digs” should be planned after detailed explorations and testing are completed during final design and
located in areas most subject to perched groundwater conditions. Otherwise, if the “public digs” are located in
areas without granular soils and groundwater concerns, contractors may be led to believe that ground water control
and excavation side support conditions are more favourable than will be encountered on the overall project.

6.2

Pipe Bedding

Careful monitoring during excavation should be carried out so that any deleterious materials are subexcavated
and replaced with properly compacted materials prior to placement of the bedding materials. Bedding for the
sewers should consist of properly graded granular material consistent with the size, type and class of pipe and the
Ontario Provincial Standard Specifications (OPSS).
Where groundwater seepage volumes are such that the bedding material cannot be adequately compacted, it may
be necessary to use 12 to 19 mm “clear” stone fully surrounded by a non-woven geotextile. Complete
encapsulation by the geotextile is considered critical for the clear stone bedding to prevent migration of fines into
the bedding and the subsequent loss of support for the pipe. The clear stone bedding would also facilitate pumping
from sumps as a groundwater control method. All bedding materials should be placed in loose lifts not exceeding
300 mm and uniformly compacted to at least 95 per cent of SPMDD. Should a trench liner box be utilized, care
should be taken to ensure that the compacted pipe bedding is not disturbed when the liner box is moved. Design
of the trenches should consider that any granular bedding materials and “clear” stone will provide a conduit for
subsurface accumulation and transport of water. Therefore, it may be necessary to include appropriately spaced
“trench plugs”, composed of either concrete or compacted clay soils, at regular intervals along the alignment of
new utilities to minimize the potential for future problems associated with such conditions.
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6.3

Trench Backfill

Based on the results of the previous investigations, the excavated materials will generally consist of the surficial
asphaltic materials, topsoil, fill, sand and clay soils. Provided that all deleterious materials such as the existing
asphalt, topsoil, uncontrolled fill and any excessively wet materials are removed, the remaining drier portions of
the excavated native and brown soils may be suitable for use as trench backfill provided that some post
construction settlements can be tolerated. Some of the native granular soils and all of the native grey soils are
considered to be wet of optimum for compaction. Therefore, difficulty achieving the specified degree of compaction
with these materials should be expected. Control of water content to within about 2 to 4 per cent of the optimum
compaction water content will be necessary for re-use of the existing soils. Any shortfall in trench backfill should
be addressed with imported OPSS Granular B or C. As noted above, trench plugs may be required to control
future flow of subsurface water through bedding and backfill materials.
Care will be required to ensure that sufficient effort and workmanship is put into placement and compaction of the
trench backfill in order to minimize settlement, especially if a trench liner box is utilized. The general trench backfill
should be placed in maximum 300 mm thick lifts and uniformly compacted to at least 95 per cent of SPMDD. The
upper one metre of the backfill that forms the pavement subgrade should be placed in maximum 200 mm lifts and
uniformly compacted to at least 98 per cent of SPMDD.

6.4

Stormwater Detention Facility

Based on the information provided, the proposed stormwater detention facility (pond) is to be located in Heritage
Park, east of Heritage Drive and south of Rushwood Crescent. The proposed dry pond bottom will be at about
elevation 183.1 m in the clay soils, or about 1.2 m below the existing ground surface.
Based on the measured and encountered groundwater levels, the excavation may extend below groundwater
levels in any native or imported granular fill soils in the pond area. For preliminary design, we recommend that
the pond design be based on an assumption that the top one metre of soils consist of native or imported granular
materials with the bottom 0.5 m being saturated. Seasonal, intermittent and long-term seepage through this zone
should also be assumed and appropriate design precautions are included at this stage of the project to control
such seepage. Uncontrolled seepage at this level could result in progressive and premature erosion of the nearsurface pond perimeter. Use of vegetated and flat slopes, on the order of 4 horizontal to 1 vertical or flatter, erosion
blankets and, in some cases use of geotextile filter fabric and light rip rap will assist in controlling such seepage.
In some cases, if deeper granular soils are identified at the detention pond site, a compacted clay cut-off system
may be needed to meet guidelines as required by the Ministry of the Environment and Climate Change policies
with respect to groundwater infiltration into such ponds.
Should a clay cut-off wall be required, the excavated onsite clay soil is considered to be appropriate for use as fill.
The new fill materials should be placed in maximum 300 mm thick loose lifts and uniformly compacted to at least
98 per cent of SPMDD. Compaction equipment appropriate for cohesive soils should be used (e.g., “pegfoot” or
“sheepsfoot” vibratory roller). The silty clay should be placed at a water content about 2 per cent above optimum.
While the wetter soils will be more difficult to compact, the higher water content and use of appropriate compaction
equipment should result in a lower and more uniform permeability. Full-time geotechnical inspections and testing
will be required during construction of the clay cut-off wall to ensure that the subgrade is properly prepared, that
suitable materials are utilized and that an adequate degree of compaction is consistently achieved.
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6.5

Stormwater Management Chambers

It is understood that as an addition to the proposed stormwater detention facility and proposed storm sewer system
upgrades, a series of subsurface stormwater management chambers are to be installed in order to add
supplementary storage. A series of StormTech MC-4500 stormwater management chambers are to be installed
within the “greenway” area which extends from the east side of Heritage Park to Montgomery Drive. It was reported
that in general the basements of the surrounding residences are located at an approximate elevation of 183.0 m,
and that the chambers to be installed within the Oliver Farms area are to have inverts in the 182.5 m to 183.0 m
range, while chambers in the Heritage area are to have inverts of 181.5 m, and approximately 1.0 m of soil is to
be placed atop the installations at all locations. The StormTech MC-4500 system consists of a polypropylene and
polyethylene arch which is installed within the designed excavation and surrounded by clear stone. The chambers
are approximately 2.5 m in width and 1.5 m in height and supported on a granular base. The chambers and are
open on the bottom to allow for infiltration into the subgrade. The chambers are designed to be modular and the
proposed length was not provided at this time. Due to the fine grained nature of the clayey silt and silty clay
subgrade anticipated to be encountered at this location, significant infiltration into the native soils should not be
expected from the chambers at this site. In order to prevent the migration of fine soil particles into the clear stone,
a non-woven geotextile, should be used to wrap the entire chamber installation. Should the excavations for the
installation of the chambers encounter any granular trench backfill, these areas should be sub-excavated back
about 1.0 m to 1.5 m, and backfilled with compacted, fine-grained, low-permeability (clay) soils in order to minimize
migration of any water that may collect in the clear stone backfill from connecting to the nearby residences. To
minimize the influence of excavation for the stormwater management chambers on nearby infrastructure, the
chambers and their surrounding backfill should be above a line with a 1 to 1 slope projected down and away from
any structures (homes, pools, recreational equipment, etc.). Historically the groundwater surface elevation was
found to range from 177.8 m to 183.3 m. Based on these groundwater elevations and the generally lowpermeability character of the native soils, installation of the chambers should not induce significant drawdown of
the groundwater in the vicinity. However, should the groundwater at the time of installation be found to be at
elevations above the historical levels, and if significant deposits of native granular soils or granular fill (silt, sand
and/or gravel) there is the potential for drawdown of the adjacent groundwater level to occur. While buoyancy
forces on the chambers should be checked on any fully enclosed elements of the system, it is understood that the
chambers are not sealed and are sufficiently porous that hydrostatic pressures should equalize within and around
these chambers.
In general, site-specific geotechnical explorations should be undertaken at the planned location of the proposed
stormwater management chamber installation, in order to estimate local bearing conditions for the chamber
arches, hydraulic conductivity, excavation base stability and identify the immediately surrounding native soil or fill
conditions to confirm the recommendations provided above or provide appropriate modifications to these.

6.6

Recommended Subsurface Investigations

In order to supplement the existing borehole data and to obtain current pavement component thicknesses, it is
recommended that about ten new boreholes be drilled along the future pipe alignment. One to two boreholes
should also be drilled in the area of the stormwater detention facility to a depth of about 5.5 m. Two of the ten
boreholes should be drilled along the planned alignment east of the stormwater facility and the remainder of the
boreholes would be drilled to depths of 5 to 6 m at various locations on the existing roadways where the new storm
sewer is to be installed. Any headwalls associated with the stormwater detention facility would require a 6 m
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borehole in order to provide recommendations for foundations. The primary purpose of the boreholes would be to
identify the range of thicknesses of near-surface granular soils, groundwater conditions within these granular soils
and range of soil strength characteristics near the base of excavations. Based on our knowledge of the area, the
recommended future explorations and testing will likely not result in significant alterations to designs but would
provide better information to prospective bidders for subsequent construction. In general, the boreholes should
be located, to the extent possible, at major changes in sewer or water line alignment and near associated
maintenance holes. If pumping stations or manholes might be deeper than 4 to 5 m, explorations at these locations
should be planned once final depths are available in order to provide information for subsequent bidding and
construction.

6.7

Pavements

An assessment of the existing pavements was carried out on May 20, 2016 by a member of our engineering staff.
It was noted that in general much of the pavement surface contained transverse and longitudinal cracking with
localized areas of alligator cracking. In several areas the pavement surface had been patched. It was also noted
that cracking ran along the edge of previous trenches that had been excavated since the original paving of the
road (i.e. watermain installed since initial paving). In general, the pavements appear to have performed
adequately; however, it is considered that they have surpassed their initial intended design life span.
The pavement recommendations provided in this report reflect residential roadway pavements that are expected
to accommodate typical passenger vehicles. Following excavation to subgrade level and removal of topsoil or
other deleterious materials, the subgrade should be proofrolled under the direction of the geotechnical engineer.
Any poorly performing areas should be subexcavated and reinstated with compacted OPSS Granular B. The
pavement structure should consist of 50 mm HL3 surface asphalt, 60 mm HL 8 binder asphalt, 150 mm of OPSS
Granular A base and 350 mm of OPSS Granular B subbase placed on a competent, properly shaped and prepared
subgrade. The base and subbase should be uniformly compacted to 100 per cent and 98 per cent of SPMDD,
respectively.
The asphalt should be produced, placed and compacted in accordance with the current OPSS requirements for
medium duty pavements. Milled notches 50 mm deep by 500 mm wide should be provided where new construction
abuts existing pavements and care should be taken to properly tack coat all milled surfaces and butt joints.
Perforated and appropriately filtered stub drains should be provided at all catchbasin locations.
Construction activities should be coordinated to minimize the amount of construction traffic over the exposed
subgrade soils and to minimize the impact of construction and/or through traffic on the pavement granular materials
and placement of the asphaltic materials.
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6.8

Geotechnical Inspections and Testing

After final design and once construction commences, a regular program of geotechnical inspections and testing
should be carried out during construction to confirm that the conditions encountered are consistent with the results
of the boreholes, to ensure that the intent of the design recommendations provided are being met and that the
various project and material specifications are being consistently achieved. In addition, it is recommended that a
supplementary geotechnical investigation be undertaken in order to provide detailed geotechnical
recommendations.
We trust that this report provides all of the geotechnical information presently required. Should any point require
clarification, or should you have any comments on this report, please contact this office.
GOLDER ASSOCIATES LTD.

Daniel W. Hyland, EIT

Storer J. Boone, Ph.D., P.Eng.
Principal

DH/SJB/NC/dh/sjo
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IMPORTANT INFORMATION AND LIMITATIONS OF THIS REPORT
Standard of Care: Golder Associates Ltd. (Golder) has prepared this report in a manner consistent with that
level of care and skill ordinarily exercised by members of the engineering and science professions currently
practising under similar conditions in the jurisdiction in which the services are provided, subject to the time limits
and physical constraints applicable to this report. No other warranty, expressed or implied is made.
Basis and Use of the Report: This report has been prepared for the specific site, design objective,
development and purpose described to Golder by the Client. The factual data, interpretations and
recommendations pertain to a specific project as described in this report and are not applicable to any other
project or site location. Any change of site conditions, purpose, development plans or if the project is not initiated
within eighteen months of the date of the report may alter the validity of the report. Golder can not be
responsible for use of this report, or portions thereof, unless Golder is requested to review and, if necessary,
revise the report.
The information, recommendations and opinions expressed in this report are for the sole benefit of the Client. No
other party may use or rely on this report or any portion thereof without Golder’s express written consent. If the
report was prepared to be included for a specific permit application process, then upon the reasonable request
of the client, Golder may authorize in writing the use of this report by the regulatory agency as an Approved User
for the specific and identified purpose of the applicable permit review process. Any other use of this report by
others is prohibited and is without responsibility to Golder. The report, all plans, data, drawings and other
documents as well as all electronic media prepared by Golder are considered its professional work product and
shall remain the copyright property of Golder, who authorizes only the Client and Approved Users to make
copies of the report, but only in such quantities as are reasonably necessary for the use of the report by those
parties. The Client and Approved Users may not give, lend, sell, or otherwise make available the report or any
portion thereof to any other party without the express written permission of Golder. The Client acknowledges that
electronic media is susceptible to unauthorized modification, deterioration and incompatibility and therefore the
Client can not rely upon the electronic media versions of Golder’s report or other work products.
The report is of a summary nature and is not intended to stand alone without reference to the instructions given
to Golder by the Client, communications between Golder and the Client, and to any other reports prepared by
Golder for the Client relative to the specific site described in the report. In order to properly understand the
suggestions, recommendations and opinions expressed in this report, reference must be made to the whole of
the report. Golder can not be responsible for use of portions of the report without reference to the entire report.
Unless otherwise stated, the suggestions, recommendations and opinions given in this report are intended only
for the guidance of the Client in the design of the specific project. The extent and detail of investigations,
including the number of test holes, necessary to determine all of the relevant conditions which may affect
construction costs would normally be greater than has been carried out for design purposes. Contractors bidding
on, or undertaking the work, should rely on their own investigations, as well as their own interpretations of the
factual data presented in the report, as to how subsurface conditions may affect their work, including but not
limited to proposed construction techniques, schedule, safety and equipment capabilities.
Soil, Rock and Groundwater Conditions: Classification and identification of soils, rocks, and geologic units
have been based on commonly accepted methods employed in the practice of geotechnical engineering and
related disciplines. Classification and identification of the type and condition of these materials or units involves
judgment, and boundaries between different soil, rock or geologic types or units may be transitional rather than
abrupt. Accordingly, Golder does not warrant or guarantee the exactness of the descriptions.
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IMPORTANT INFORMATION AND LIMITATIONS OF THIS REPORT
Special risks occur whenever engineering or related disciplines are applied to identify subsurface conditions and
even a comprehensive investigation, sampling and testing program may fail to detect all or certain subsurface
conditions. The environmental, geologic, geotechnical, geochemical and hydrogeologic conditions that Golder
interprets to exist between and beyond sampling points may differ from those that actually exist. In addition to
soil variability, fill of variable physical and chemical composition can be present over portions of the site or on
adjacent properties. The professional services retained for this project include only the geotechnical aspects of
the subsurface conditions at the site, unless otherwise specifically stated and identified in the report. The
presence or implication(s) of possible surface and/or subsurface contamination resulting from previous activities
or uses of the site and/or resulting from the introduction onto the site of materials from off-site sources are
outside the terms of reference for this project and have not been investigated or addressed.
Soil and groundwater conditions shown in the factual data and described in the report are the observed
conditions at the time of their determination or measurement. Unless otherwise noted, those conditions form the
basis of the recommendations in the report. Groundwater conditions may vary between and beyond reported
locations and can be affected by annual, seasonal and meteorological conditions. The condition of the soil, rock
and groundwater may be significantly altered by construction activities (traffic, excavation, groundwater level
lowering, pile driving, blasting, etc.) on the site or on adjacent sites. Excavation may expose the soils to changes
due to wetting, drying or frost. Unless otherwise indicated the soil must be protected from these changes during
construction.
Sample Disposal: Golder will dispose of all uncontaminated soil and/or rock samples 90 days following issue of
this report or, upon written request of the Client, will store uncontaminated samples and materials at the Client’s
expense. In the event that actual contaminated soils, fills or groundwater are encountered or are inferred to be
present, all contaminated samples shall remain the property and responsibility of the Client for proper disposal.
Follow-Up and Construction Services: All details of the design were not known at the time of submission of
Golder’s report. Golder should be retained to review the final design, project plans and documents prior to
construction, to confirm that they are consistent with the intent of Golder’s report.
During construction, Golder should be retained to perform sufficient and timely observations of encountered
conditions to confirm and document that the subsurface conditions do not materially differ from those interpreted
conditions considered in the preparation of Golder’s report and to confirm and document that construction
activities do not adversely affect the suggestions, recommendations and opinions contained in Golder’s report.
Adequate field review, observation and testing during construction are necessary for Golder to be able to provide
letters of assurance, in accordance with the requirements of many regulatory authorities. In cases where this
recommendation is not followed, Golder’s responsibility is limited to interpreting accurately the information
encountered at the borehole locations, at the time of their initial determination or measurement during the
preparation of the Report.
Changed Conditions and Drainage: Where conditions encountered at the site differ significantly from those
anticipated in this report, either due to natural variability of subsurface conditions or construction activities, it is a
condition of this report that Golder be notified of any changes and be provided with an opportunity to review or
revise the recommendations within this report. Recognition of changed soil and rock conditions requires
experience and it is recommended that Golder be employed to visit the site with sufficient frequency to detect if
conditions have changed significantly.
Drainage of subsurface water is commonly required either for temporary or permanent installations for the
project. Improper design or construction of drainage or dewatering can have serious consequences. Golder
takes no responsibility for the effects of drainage unless specifically involved in the detailed design and
construction monitoring of the system.
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TABLE I

SUMMARY OF GROUNDWATER LEVELS
Preliminary Geotechnical Evaluation Report
Oliver Farms and Heritage Estates
Town of LaSalle, Ontario

BOREHOLE/
TEST PIT

GROUND
SURFACE

GROUNDWATER LEVEL (m)

DRILL/DIG
3

ELEVATION
(m)

DATE

Installation

Encountered

881-4002
911
912
913
914
915
916

182.76
181.48
181.39
179.74
179.37
179.65

January 19, 1988
January 20, 1988
January 20, 1988
January 21, 1988
January 21, 1988
January 21, 1988

Standpipe
Standpipe
-

178.19
178.77
179.04

-

-

754139/3
234
313
314
316

181.60
179.34
180.44
182.76

March 15, 1976
May 18, 1976
May 18, 1976
May 18, 1976

Standpipe
-

177.82
179.22
181.23

-

754139/2
1
2
17

185.20
183.34
186.02

October 29, 1975
October 29, 1975
October 29, 1975

Standpipe
Standpipe

-

754139
736

181.05

April 30, 1979

737
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753

181.48
181.42
182.82
183.55
183.76
185.04
185.26
185.71
185.93
185.41
185.65
185.96
185.35
185.84
185.53
186.14

May 10, 1979
May 10, 1979
May 10, 1979
May 10, 1979
May 1, 1979
May 15, 1979
May 10, 1979
May 15, 1979
May 15, 1979
May 10, 1979
May 11, 1979
May 15, 1979
May 11, 1979
May 11, 1979
May 11, 1979
May 11, 1979

Standpipe
Piezometer
Standpipe
Standpipe
Standpipe
Standpipe
Standpipe
-

183.28
-

NOTES:

Nov. 1
1975

Nov. 25 Mar. 23
1975
1976

Apr. 6
1976

Dec. 5
1979

-

-

-

-

181.11
-

180.84
-

-

174.83
185.07

182.76
185.11

-

-

-

-

-

-

-

179.04
178.49
180.56
184.04
185.59
184.37
184.65
-

1. For installation details, see Record of Borehole sheets in Appendix A.
2. For borehole locations, see Location Plan, Figure 1.
3. Unless otherwise noted, the groundwater level was not encountered during drilling .
4. Table to be read in conjunction with accompanying report.
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APPENDIX A
Information from Previous Investigations
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LIST OF ABBREVIATIONS
The abbreviations commonly employed on Records of Boreholes, on figures and in the text of the report are as follows:
I.

SAMPLE TYPE

AS
BS
CS
SS
DS
FS
RC
SC
ST
TO
TP
WS

Auger sample
Block sample
Chunk sample
Split-spoon
Denison type sample
Foil sample
Rock core
Soil core
Slotted tube
Thin-walled, open
Thin-walled, piston
Wash sample

II.

PENETRATION RESISTANCE

III.

SOIL DESCRIPTION
(a)

Cohesionless Soils

Density Index
(Relative Density)

N
Blows/300 mm or Blows/ft.

Very loose
Loose
Compact
Dense
Very dense

0
4
10
30
over

(b)

to 4
to 10
to 30
to 50
50

Cohesive Soils

Consistency
cu,su

Standard Penetration Resistance (SPT), N:
The number of blows by a 63.5 kg. (140 lb.)
hammer dropped 760 mm (30 in.) required to drive
a 50 mm (2 in.) split spoon sampler for a distance
of 300 mm (12 in.)

Dynamic Cone Penetration Resistance; Nd:
The number of blows by a 63.5 kg (140 lb.)
hammer dropped 760 mm (30 in.) to drive uncased
a 50 mm (2 in.) diameter, 60º cone attached to “A”
size drill rods for a distance of 300 mm (12 in.).
PH:
PM:
WH:
WR:

Sampler advanced by hydraulic pressure
Sampler advanced by manual pressure
Sampler advanced by static weight of hammer
Sampler advanced by weight of sampler and rod

Piezo-Cone Penetration Test (CPT)
A electronic cone penetrometer with a 60° conical
tip and a project end area of 10 cm2 pushed through
ground at a penetration rate of 2 cm/s.
Measurements of tip resistance (Qt), porewater
pressure (PWP) and friction along a sleeve are
recorded electronically at 25 mm penetration
intervals.

Very soft
Soft
Firm
Stiff
Very stiff
Hard

IV.
w
wp
wl
C
CHEM
CID
CIU
DR
DS
M
MH
MPC
SPC
OC
SO4
UC
UU
V
γ
Note: 1

0
12
25
50
100
over

kPa
to 12
to 25
to 50
to 100
to 200
200

0
250
500
1,000
2,000
over

psf
to 250
to 500
to 1,000
to 2,000
to 4,000
4,000

SOIL TESTS
water content
plastic limit
liquid limit
consolidation (oedometer) test
chemical analysis (refer to text)
consolidated isotropically drained triaxial test1
consolidated isotropically undrained triaxial test
with porewater pressure measurement1
relative density (specific gravity, Gs)
direct shear test
sieve analysis for particle size
combined sieve and hydrometer (H) analysis
Modified Proctor compaction test
Standard Proctor compaction test
organic content test
concentration of water-soluble sulphates
unconfined compression test
unconsolidated undrained triaxial test
field vane (LV-laboratory vane test)
unit weight
Tests which are anisotropically consolidated prior to
shear are shown as CAD, CAU.

Golder Associates

LIST OF SYMBOLS
Unless otherwise stated, the symbols employed in the report are as follows:
I.

General

(a) Index Properties (continued)

π
ln x,
log10
g
t
F
V
W

3.1416
natural logarithm of x
x or log x, logarithm of x to base 10
acceleration due to gravity
time
factor of safety
volume
weight

II.

STRESS AND STRAIN

γ
∆
ε
εv
η
v
σ
σ′
σ′vo
σ1, σ2, σ3
σoct
τ
u
E
G
K

shear strain
change in, e.g. in stress: ∆ σ
linear strain
volumetric strain
coefficient of viscosity
poisson’s ratio
total stress
effective stress (σ′ = σ-u)
initial effective overburden stress
principal stress (major, intermediate, minor)
mean stress or octahedral stress
= (σ1+σ2+σ3)/3
shear stress
porewater pressure
modulus of deformation
shear modulus of deformation
bulk modulus of compressibility

III.

SOIL PROPERTIES

w
w1
wp
lp
ws
IL
IC
emax
emin
ID

h
q
v
i
k
j

water content
liquid limit
plastic limit
plasticity index = (w1 – wp)
shrinkage limit
liquidity index = (w – wp)/Ip
consistency index = (w1 – w) /Ip
void ratio in loosest state
void ratio in densest state
density index = (emax – e) / (emax - emin)
(formerly relative density)
(b) Hydraulic Properties
hydraulic head or potential
rate of flow
velocity of flow
hydraulic gradient
hydraulic conductivity (coefficient of permeability)
seepage force per unit volume
(c) Consolidation (one-dimensional)

Cc
Cr
Cs
Ca
mv
cv
Tv
U
σ′p
OCR

compression index (normally consolidated range)
recompression index (over-consolidated range)
swelling index
coefficient of secondary consolidation
coefficient of volume change
coefficient of consolidation
time factor (vertical direction)
degree of consolidation
pre-consolidation pressure
over-consolidation ratio = σ′p/σ′vo

(a) Index Properties
(d) Shear Strength
ρ(γ)
ρd(γd)
ρw(γw)
ρs(γs)
γ′
DR
e
n
S

bulk density (bulk unit weight*)
dry density (dry unit weight)
density (unit weight) of water
density (unit weight) of solid particles
unit weight of submerged soil (γ′ = γ- γw))
relative density (specific gravity) of solid
particles (DR = ρs/ ρw) (formerly Gs)
void ratio
porosity
degree of saturation

τp, τr
φ′
δ
µ
c′
cu,su
p
p′
q
qu
St
Notes: 1
2
*

peak and residual shear strength
effective angle of internal friction
angle of interface friction
coefficient of friction = tan δ
effective cohesion
undrained shear strength (φ = 0 analysis)
mean total stress (σ1 + σ3)/2
mean effective stress (σ′1 + σ′3)/2
(σ1 + σ3)/2 or (σ′1 + σ′3)/2
compressive strength (σ1 + σ3)
sensitivity
τ = c′ + σ′ tan φ′
shear strength = (compressive strength)/2
density symbol is ρ. Unit weight symbol is γ where
γ = ρg (i.e. mass density x acceleration due
to gravity)
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Golder Report No. 754139/2
Boreholes 1, 2 and 17
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Golder Report No. 754139
Boreholes 736, 737, 739 to 753
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