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1 INTRODUCTION
WSP Canada Inc. (WSP) was retained by Mr. J. MacDonald of DeMac Properties Inc. (DeMac), to undertake a
Geotechnical Investigation and Slope Stability Assessment for the proposed Memory Care facility at 92 Raglan
Street (Property), Collingwood, Ontario.
The property is situated on the east side of Raglan Street immediately west of an overflow dike sited on the west
side of the Pretty River. The location of the proposed development is shown on the attached Site Location Plan –
Figure 1.
The scope of this geotechnical investigation was to obtain information about the subsurface conditions through the
advancement of ten boreholes and based upon the findings of the boreholes ultimately provide recommendations
herein pertaining to the following:
—
—
—
—
—
—
—
—

General soil stratigraphy,
Site preparation and grading;
Appropriate foundation type, geotechnical resistances (ULS and SLS) and founding depth;
Floor slab design and construction;
General excavation, backfill and bedding requirements, and groundwater control;
Preliminary infiltration rates based on laboratory testing;
A preliminary driveway/parking design, and
An assessment of global stability of the existing dike.

This report deals with geotechnical issues only.
The dike assessment with regard to the proposed development included a visual inspection of the slope, an appraisal
of the existing profile and the advancement of three boreholes along the top of dike to reveal the subsurface
conditions near the dike core and adjacent to the slope. Four boreholes were advanced in the general location of the
proposed structure and three in the parking/driveway areas to reveal the subsurface conditions and provide
information related to implications of construction.
This report is provided on the basis of the terms of reference presented above and on the assumption that the design
will be in accordance with the applicable codes and standards. If there are any changes in the design features
relevant to the geotechnical analyses, or if any questions arise concerning the geotechnical aspects of the codes and
standards, this office should be contacted to review the design.
The site investigation and recommendations follow generally accepted practice for Geotechnical Consultants in
Ontario. The format and contents are guided by client specific needs and economics and do not conform to
generalized standards for services. Laboratory testing follows ASTM or CSA Standards or modifications of these
standards that have become standard practice.
This report has been prepared for Mr. McDonald of DeMac Properties Inc. Third party use of this report without
WSP consent is prohibited.
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2 SITE BACKGROUND AND PROJECT
DESCRIPTION
Based upon the Preliminary Conceptual Site Plan provided, the development will include a single structure centrally
located on the property with a driveway surrounding the structure and scattered parking areas. The driveway on the
south and east sides of the property will be situated to the west of a strip of Town of Collingwood land that is
located west of the existing top of dike.
At the time of the investigation, the general site development area was heavily forested with several mature trees and
scrub. The dike was also vegetated with scrub and some younger trees. Based on the topographic survey point
drawing the NVCA provided on January 9, 2018, the height of the dike, at representative sections is approximately
3.5 meters and has a current inclination of about 3.1 to 4.6 Horizontal to 1 Vertical (3.1-4.6H:1V). A copy of the
NVCA Topographic Grid Survey is attached as Appendix A. The existing slopes were noted to be well vegetated
with no evidence of groundwater seeps or surface sloughing.
The NVCA also provided a Typical Cross Section of the Pretty River Flood Control dike, which we understand
fairly represents the dike adjacent to the subject property. The Typical Cross Section of the dike, designed by Ainley
and Associates Ltd. (Ainley) and dated December 1975 is attached as Appendix B. The drawing identifies that the
dike was constructed on bedrock with an impervious core, earth filled embankment slopes, and a rip rap protected
river side slope. Also the river side slope was designed to be at an inclination of 1.75H: 1V; while the opposite side
was inclined at 2H: 1V.
It is understood that the proposed development will ultimately include one structure with associated driveways and
parking which will add fill on the developed site of the dike; the proposed development is not anticipated to
encroach on the dike slope.
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3 INVESTIGATION METHODOLOGY
The field investigation consisted of drilling ten boreholes (BH17-1 to BH17-10) at the site on November 7 and
December 8, 2017, as shown on the attached Borehole Location Plan – Figure 2. As quoted, four boreholes were
drilled to shallow auger refusal on presumed bedrock within the proposed structure area, three boreholes were
drilled to shallow auger refusal on presumed bedrock within the proposed driveway/parking areas and three
boreholes were drilled to auger refusal on presumed bedrock along the walking path coincident with the top of the
dike. The boreholes within the development area were drilled to depths between 0.9 and meters below existing
ground surface (mbgs) to 1.7 mbgs; while those along the dike were drilled to depths between 3.8 mbgs and
4.0 mbgs.
Drilling equipment was supplied and operated by drilling sub-contractors under the direction and supervision of
WSP personnel. Samples were retrieved at regular intervals with a 50 mm O.D. split-barrel sampler driven with a
hammer in accordance with the Standard Penetration Test (ASTM D 1586) method. This sampling method recovers
samples from the soil strata, and the number of blows required to drive the sampler a 0.3 m depth into the
undisturbed soil (SPT ‘N’ values) gives an indication of the compactness condition or consistency of the sampled
soil material. The SPT ‘N’ values are indicated on the Borehole Logs - Enclosures 1 - 10.
Soil samples were visually classified in the field and re-evaluated by a senior engineer in our laboratory. All soil
samples were tested for moisture contents.
Water level observations were made during the drilling and in the open boreholes upon the completion of drilling
operations. As all boreholes were dry on completion groundwater standpipes were not installed for this
investigation.
The surface elevation at each borehole location was referenced from the NVCA Topographic Survey Plan provided
and should therefore be considered approximate. The resulting elevations of each borehole are shown on the
Borehole Plan and each borehole log.
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4 SITE AND SUBSURFACE
CONDITIONS
Details of the subsurface conditions encountered are presented on the Borehole Logs and summarized in the
following sections. It is noted that subsurface conditions can change between boreholes and the details provided
below refer to soil conditions that were encountered at the borehole locations only.

4.1 GENERAL SUBSURFACE CONDITIONS
Based on the results of the field investigation, the subsurface conditions in the proposed development portion of the
property differed from the filled dike area.
The subsurface conditions in the portion to be developed consisted of topsoil overlying a discontinuous layer of silty
sand fill with gravel and occasional cobbles, boulders and organic matter. The topsoil and fill were underlain by
layers of non-cohesive sandy silt, silty sand and sandy gravel. A deposit of cohesive silty clay to clayey silt was
encountered in the southwest area of the property.
The subsurface conditions along the dike consisted of limestone screening fill overlying a fill comprised of sandy
silt to silt and sand with trace to some clay, gravel and occasional cobbles, boulders and organic matter. The fill was
overlying layers of silt, sand and gravel and silt and clay.
Groundwater was not encountered in any of the boreholes.

4.1.1 SURFACE COVER
The surface cover at Boreholes BH17-01 to BH17-07 included between 30 cm and 40 cm of topsoil. The topsoil is
generally dark brown in colour and moist to wet (BH17-07). Topsoil is compressible under loads; therefore, the
topsoil should not be re-used as structural fill but can be used for general landscaping purposes.
The surface cover at Boreholes BH17-08 to BH17-10 comprised a thin layer of limestone screenings overlying sand
and gravel fill which was approximately 15 cm to 20 cm in thickness. The screenings were grey in colour while the
sand gravel was brown and moist.
It should be noted that topsoil and fill quantities should not be calculated from the borehole information, as large
variations in depth may exist between boreholes. A detailed topsoil/fill thickness survey is required to determine an
accurate evaluation of quantity.

4.1.2 FILL
AREA TO BE DEVELOPED

A layer of fill predominantly comprised of silt with some sand and trace gravel, clay and occasional organic matter
was encountered at Boreholes BH17-01, BH17-03 and BH17-04. The fill often resembled reworked soil local to
area or subject property and its presence is substantiated by the undulating nature of the site. The fill layer was
brown, moist and extended to an approximate depth of 0.8 mbgs at the borehole locations encountered.
The measured SPT ‘N’ values in the fill ranged from 6 to 7 blows per 0.3 m of penetration, indicating that the fill
was loose and likely did not receive uniform compaction during placement.
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AREA OF DIKE

Fill comprised of material ranging from silt and sand with trace to some gravel and clay as well as occasional
cobbles, boulders and organic inclusions through gravelly sandy silt with trace to some clay to clayey silt with some
sand and trace organic matter was encountered at Boreholes BH-17-08, BH-17-09 and BH-17-10. As with the
general site area, the fill often resembled reworked soil local to area or subject property. The fill was dark brown to
grey in colour, moist to wet and extended to approximate depths of between 3.1 mbgs and 3.5 mbgs at the borehole
locations.
The measured SPT ‘N’ values in the fill ranged from 2 to 37 blows per 0.3 m of penetration, indicating that the fill
varied from loose to dense and likely did not receive uniform compaction during placement.
The moisture content of the samples of fill recovered ranged from 8% to 21% indicating a generally moist condition.
It should be noted that fill quantities should not be calculated from the borehole information, as large variations in
depth may exist between boreholes. A detailed fill thickness and composition survey is required with test pits to
determine an accurate evaluation of quantity and content.

4.1.3 NON-COHESIVE DEPOSITS
A non-cohesive deposit was encountered in each of the boreholes underlying the surface cover and fill(s). The noncohesive deposits ranged from a gravelly silt and sand to a silty sand to sandy gravel. The non-cohesive deposits
contained minor cohesive silt layers in areas; in addition, cobbles are inferred to be present in this deposit due to
auger grinding. The non-cohesive deposits were brown to grey in colour.
At the time of the investigation, the non-cohesive deposits were observed to be moist to wet with natural moisture
contents of these soil samples ranging between 2% and 12%.
The measured SPT ‘N’ values in this deposit ranged from 30 blows to over 100 blows per 0.3 m, indicating that the
non-cohesive deposits were dense to very dense.

4.1.4 COHESIVE DEPOSITS
Seams of silt with some clay to silty clay were encountered in Boreholes BH17-06 BH17-07, BH17-08 and BH1709 interlayered with the layers of non-cohesive deposits. The seams contain varying percentages of silt and clay and
were generally grey in colour. The cohesive soil was encountered below the surface cover and fill in the area to be
developed extending to a depth of 0.8 mbgs at the borehole locations. In the dike area, the silt and clay was
encountered in Borehole BH17-08 at a depth of 3.1 mbgs and extended to 3.2 mbgs, while the silt encountered at
Borehole BH17-09 extended between 3.1 mbgs and refusal to augering at 3.9 mbgs.
At the time of the investigation, the cohesive soil was observed to be drier than the plastic limit (DTPL).
The measured SPT ‘N’ values in this deposit varied between 6 and 16 blows per 0.3 m of penetration, indicating that
the consistency of the cohesive soil varied from firm to very stiff.

4.1.5 BEDROCK
All boreholes were extended to refusal to augering on presumed bedrock at depths of between 0.9 mbgs and
1.7 mbgs in the area to be developed and at depths of between 3.8 mbgs and 4.0 mbgs along the dike. Based on
published literature the bedrock in the area belongs to the Ottawa Group; Simcoe Group; Shadow Lake Formation of
Upper Ordovician.
Based upon our experience in the area, bedrock will be comprised of shallow weathered brown limestone over fresh,
hard grey limestone of the Ottawa Group; Simcoe Group; Shadow Lake Formation of Upper Ordovician formation.
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4.1.6 GROUNDWATER
Each of the boreholes was open and dry on completion of drilling. In addition, groundwater seepage was not
apparent on the slope surface or at the toe during drilling or on the return visit to the site.
It should be noted that the groundwater levels can vary and are subject to seasonal fluctuations in response to
major weather events
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5 DISCUSSION AND
RECOMMENDATIONS
5.1 GENERAL
The following recommendations for the proposed site development are based on the information obtained from the
borehole investigation and laboratory testing, which we believe fairly represents the subsurface conditions of the
site. These recommendations are intended for the guidance of the design engineer to establish constructability and
should not be construed as instructions to contractors. If significant differences in the subsurface conditions
described above are found, we request to be contacted immediately to review and revise our findings and
recommendations, if necessary.
The construction methods described in this report must not be considered as being specifications or
recommendations to the prospective contractors, or as being the only suitable methods. Prospective contractors
should evaluate all of the factual information, obtain additional subsurface information as they might deem
necessary and should select their construction methods, sequencing and equipment based on their own experience in
similar ground conditions. The readers of this report are also reminded that the conditions are known only at the
borehole locations and in view of the generally wide spacing of the boreholes, conditions (in particular the inferred
depth to bedrock) may vary significantly between boreholes.
It is noted that, as no detailed design information was available at the time of this investigation, the information and
recommendations provided below should be considered preliminary in nature only.

5.2 SITE BACKGROUND
Based on information provided by DeMac, it is our understanding that the site is to be developed for a single multiunit Memory Care facility, centrally located within the property and as depicted on the DeMac Properties Inc.
Conceptual Site Plan attached as Appendix C. As the drawing depicts, the structure is surrounded by a laneway and
a Town of Collingwood property buffer area between the developed area and the existing Pretty River Dike.
Based on the NVCA Topographic survey, provided January 9, 2018, the elevation of the area to be developed with
the structure ranges from approximately 183 m to 184 m, the top of the dike ranges from approximately 184 m to
186 m and the river at the toe of the slopes is approximately 181 m to 182 m. The dike slopes in the steepest section
from 185.29 to 181.9 m at a shallow inclination. The existing slope was noted to be well vegetated with no evidence
of groundwater seeps.
Based on the results of the field investigation, the subsurface conditions at the site consisted of topsoil overlying fill,
predominantly non-cohesive and localized cohesive deposits and bedrock. Seepage of groundwater was not
encountered in the soil deposits and the boreholes were dry on completion of drilling.
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5.3 SITE STRIPPING AND GRADING
Removal of all topsoil and fill will be required to facilitate the proposed development on the site. It is recommended
that a topsoil and/or fill test pit program be completed at the site by WSP prior to construction to refine the
topsoil/fill thicknesses. Regarding the reuse of the site topsoil and fill, they may be reused in landscaping
applications or other non-structural fill applications. WSP should be contacted to review all proposed topsoil/fill
reuse on site.
Subsequent to the completion of the required stripping and removal of unsuitable materials (topsoil/fill), the subgrade should be proof-rolled and inspected by experienced WSP geotechnical engineering personnel. The proofrolling and compaction of the exposed sub-grade is recommended to be conducted using a vibratory compactor with
a minimum static weight of 10 tonnes. The proof-rolling program should consist of a minimum of six (6) passes per
unit area and be tested to confirm that the sub-grade is compacted to a minimum of 100% of the exposed material’s
Standard Proctor Maximum Dry Density (SPMDD). Any loose/soft or wet areas identified at the time of proofrolling that cannot be uniformly compacted are recommended to be sub-excavated and backfilled with approved
material.

5.4 FOUNDATIONS
Details of the proposed development such as underside of footing elevations were not available at the time of this
report preparation. When this information is available, the recommendations provided below should be reviewed by
WSP to confirm that the recommendations are still valid based on the design information. In discussion with the
project team it is anticipated that the footings will extend down to bedrock.
Boreholes BH17-02, BH17-03, BH17-05 and BH17-06 were drilled within the proposed building area. Based upon
field testing and observations, the proposed structure may be supported on conventional spread and strip footings
founded on the bedrock expected at depths between 1.0 mbgs and 1.7 mbgs.
Based on the conditions encountered in the boreholes and provided that the site is prepared in accordance with the
recommendations presented in this report, footings that are founded on sound bedrock may be designed based on a
preliminary factored ultimate geotechnical resistance at Ultimate Limit States (ULS) of 375 kPa. A preliminary
serviceability geotechnical resistance at Serviceability Limit States (SLS) of 250 kPa may be used in the design of
the foundations. The values provided above have been determined for conventionally sized shallow footings about
0.5 m wide, if footing dimensions vary from this value, WSP should be provided the design widths to re-calculate
the ULS and SLS resistances.
Footings designed to the SLS Bearing Resistance provided are expected to settle less than 25 mm total and 13 mm
differential.
Due to the fractured nature of the limestone bedrock in the area, we advise that all footings exposed to seasonal
freezing conditions must have at least 1.4 meters of soil cover (or equivalent with insulation) for frost protection.
Furthermore, in the vicinity of any existing buried utilities all footings must be lowered to undisturbed native soils or
alternatively the services must be structurally bridged.
Where it is necessary to place footings at different levels, the upper footing must be founded below an imaginary 10
horizontal to 7 vertical line drawn up from the base of the lower footing. The lower footing must be installed first to
help minimize the risk of undermining the upper footing.
It should be noted that the recommended bearing resistance have been calculated by WSP from the borehole
information for the design stage only. The investigation and comments are necessarily on-going as new information
of the underground conditions becomes available. For example, more specific information is available with respect
to conditions between boreholes when foundation construction is underway. The interpretation between boreholes
and the recommendations of this report must therefore be checked through field inspections provided by WSP to
validate the information for use during the construction stage.

Page 8

5.5 FLOOR SLAB AND DRAINAGE
The basement floor slabs may be supported on the exposed native subgrade provided the subgrade is thoroughly
proof rolled and any soft and unstable areas detected are sub-excavated and replaced with compacted fill materials.
Fill required to raise the grade can consist of inorganic soil, placed in shallow lifts and compacted to at least 98%of
the SPMDD.
A moisture barrier consisting of at least 200 mm of 19 mm clear crushed stone should be installed under the floor
slab. This moisture barrier has been proven to be effective for conventional floor surfaces such as carpet, vinyl tile
and ceramic tile. However, if special floor coverings such as sheet P.V.C. with heat sealed seams is considered,
either a high efficiency vapour barrier or venting may be required to prevent moisture accumulating between the
concrete floor and the P.V.C. flooring.

5.6 LATERAL EARTH PRESSURES
The lateral earth pressure for the design of retaining walls, foundation walls, shoring, or trench boxes can be
estimated from the following expressions:
Above groundwater table: p = K (z + q)
Below groundwater table:

p = K {h1 + 1(z - h1) + q} + pw

Where:
p

= Lateral earth and water pressure in kPa acting at depth z;

z

= Depth below ground surface, in meters;

K

= Active earth pressure coefficient, (Ka);



= Unit weight of soil above groundwater table, in kN/m3;

1

=

h

= Thickness of soil above groundwater table, in meters;

q

= Value of Surcharge (kPa);

Submerged unit weight of soil below water table;

pw = Hydrostatic water pressure
The suggested soil parameters (unfactored) for the retaining wall design and/or ground support systems are
summarized below.
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Table 1

Parameters

SOIL TYPE

UNIT
WEIGHT 
(KN/M3)

COEFFICIENT OF EARTH
EFFECTIVE
PRESSURE
ANGLE OF
INTERNAL
ACTIVE AT REST PASSIVE
FRICTION (Φ’)
KA
KO
KP

Granular A

22

35

0.27

0.43

3.69

Granular B

21

32

0.31

0.47

3.25

Native Compact to Dense Non-Cohesive
Deposits

20

32

0.31

0.47

3.25

Native Loose Non-Cohesive Deposits

18

24

0.42

0.59

2.37

Native Soft to Firm Cohesive Deposits

19

32

0.31

0.47

3.25

Imported free-draining OPSS Granular ‘B’ type fill be used as backfill against foundation walls. Backfilling of the
footing wall excavations is recommended to be placed in 200 mm thick lifts, uniformly compacted to 100% SPMDD
to proposed sub-grade elevations.

5.7 BACKFILLING OF EXCAVATIONS/TRENCHES
The details for the proposed services installations are not available at the time of preparing this report. The
recommendations provided below assume that conventional depths for services will be carried out (approximately
3 mbgs).
Based upon the subsurface conditions at the borehole locations, excavations must be carried out with heavy
hydraulic back-hoes equipped with rock ripping equipment. As such and depending upon the depth of services, it is
recommended that provision be carried in the contract for the blasting of bedrock. It is recommended that at the
detailed design stage, a supplementary geotechnical investigation be completed at the site which would include an
allowance for rock coring; the rock coring would be used to provide input toward the anticipated excavation
requirements (i.e. rock ripping equipment, pneumatic hammer, blasting, etc.).
All temporary excavations must be carried out in accordance with the Occupational Health and Safety Act (OHSA).
In accordance with OHSA, the non-cohesive deposits would be classified as a Type 2 soil. All excavated spoil
should be placed at least the depth of the trench away from the edge of the trench for safety reasons.
Approved excavated soil can be used as construction backfill provided their moisture content at the time of
placement is within 2% of the optimum moisture content. Some moisture conditioning may be required as excess
pore air and pore water pressures are generated during compaction process. If bulking is noted, delaying the
placement of subsequent lifts may be necessary, to allow for the dissipation of such induced excess pressures.
It is preferable that the native soils be re-used from approximately the position at which they are excavated so that
frost response characteristics of the soils after construction remain essentially similar. If the native materials are
unable to be utilized (for example if they contain organic material), consideration may also be given to backfilling
trenches with a well graded, compacted granular soil such as Granular ‘B’ material. The use of such material, if
thoroughly compacted, would reduce the post construction settlements and may also expedite the compaction
process.
For the granular soils, smooth drum type vibratory rollers are recommended; while soil exhibiting cohesive traits
will best be compacted with sheep foot type vibratory compactors. Loose lifts of soil, which are to be compacted,
should not exceed 200mm.
It should be noted that the excavated soils are subject to moisture content increase during wet weather which would
make these materials too wet for adequate compaction. Stockpiles should therefore be compacted at the surface or
be covered with tarpaulins to help minimize moisture uptake.
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The degree of compaction of the trench backfill under the driveway or other areas where future settlements would be
of concern should be at least 98% SPMDD within one meter of the paved surface. The granular pavement base
materials should be compacted to 100% of the SPMDD.
Each of the boreholes drilled at the site were dry on completion. In this regard, significant groundwater is not
anticipated to be encountered and any localized dewatering can be completed with conventional sump pumps.

5.8 PIPE BEDDING AND COVER
The soils above the groundwater level, or properly dewatered if localized groundwater is encountered, will provide
adequate support for the sewer pipes and allow the use of normal Class B type bedding. The recommended
minimum thickness of granular bedding below the invert of the pipes is 150 mm. The thickness of the bedding may,
however, have to be increased depending on the pipe diameter or in accordance with local standards or if wet or
weak subgrade conditions are encountered, especially when the soil at the trench base level consists of wet, dilatant
silt. The bedding material should consist of well graded granular material such as Granular ‘A’ or equivalent. After
installing the pipe on the bedding, a granular surround of approved bedding material, which extends at least 300 mm
above the obvert of the pipe, or as set out by the local authority or municipality, should be placed. It is
recommended that WSP be on site during excavations to assess the suitability of the subgrade materials to
support the pipes.
If localized wet trench conditions are encountered, a uniformly graded clear stone may be used provided a suitable,
approved filter fabric (geotextile) is placed in conjunction with the clear stone. The geotextile must extend
underneath the clear stone, along the sides of the trench, and wrapped on top of the clear stone such that the clear
stone is fully wrapped by the geotextile. A minimum geotextile overlap of 1 m is required; alternatively stitching
of the geotextile could be considered.
Where the sewer pipe is placed in water bearing bedrock below the water table, the joints connecting the sewer
sections should be very well sealed to prevent piping of fines into the sewer pipe and manhole catch basin risers.

5.9 PRELIMINARY DRIVEWAY PARKING DESIGN
The investigation has shown that the predominant subgrade soils encountered at the site, after stripping any topsoil
and fill will be compact to dense non-cohesive deposits or firm cohesive soil.
Prior to the placement of granular materials as part of the pavement structure, the subgrade should be prepared and
heavily proof-rolled under the supervision of WSP. Any poorly performing areas should be sub-excavated and
replaced with either granular earth fill approved by WSP or imported Granular B, Type I material conforming to the
requirements of OPSS.
Based on the above and assuming that traffic usage will be typical of that for an industrial parking lot, the following
minimum pavement thickness is recommended:

Page 11

Table 2

Pavement Section

HEAVY DUTY
PAVEMENT
(DELIVERY TRUCKS)

PAVEMENT LAYER

COMPACTION
REQUIREMENTS

LIGHT DUTY PARKING
(CARS)
50 mm OPSS HL3 or HL4

Asphaltic Concrete

92.0% to 96.5%
Maximum Relative Density
(MRD)

40 mm OPSS HL3 or
HL 4

--

80 mm OPSS HL8

OPSS Granular A Base

100% SPMDD

150 mm

150 mm

OPSS Granular B
Subbase

100% SPMDD

300 mm

300 mm

We note that the pavement design noted above should be considered preliminary only. If required, a more refined
pavement structure design can be performed based on specific traffic data and design life requirements and will
involve specific laboratory tests to determine frost susceptibility and strength characteristics of the subgrade soils, as
well as specific data input from the client.

5.10 DIKE AND SLOPE STABILITY ASSESSMENT
A requested site specific stability assessment of the dike was carried out for the existing slopes within the proposed
development area.
The slope stability assessment was completed based on:
—
—
—
—

information obtained from the boreholes drilled along the top of the dike;
a visual inspection of the dike within the study area to assess existing dike conditions with respect to any
obvious signs of instability;
the effect of fill placed within the developed area of the site; and,
a slope stability analysis of a selected slope cross-section.

5.10.1 SLOPE DESCRIPTION
A visual inspection of the subject site and dike was conducted by a Senior Engineer from WSP in July 2017.
General information pertaining to existing dike features such as slope profile, slope drainage, watercourse features,
vegetation cover, structures in the vicinity of the slope, as well as erosion and slope slide features was obtained
during the inspection.
As noted above, the subject lot does not include any structures. The slopes on both sides of the dike were heavily
vegetated with trees and forest floor cover. The old growth trees on the slope included trees with straight trunks but
also inclined and toppled trees. The presence of old straight trees would suggest that the integrity of the overall slope
has not been compromised over the lifetime of the trees. However, the presence of toppled trees on the west side of
the dike suggest activities that may have pushed the trees towards the dike. There was no visible evidence of
groundwater seepage from the slope surfaces on either side of the dike. Photographs of the upper plateau and slope
are appended (Appendix D).
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5.10.2 SLOPE GEOMETRY
The overall dike slope was analyzed as part of this project in the vicinity of Boreholes BH17-08 and BH-17-10
corresponding to Cross Sections A and B, as depicted on the Cross Section Plan, Figure 3. The Cross Sections A
and B, Figures 4 and 5, were created from the topographic information provided and our field observations to
assess the inclination of the slope and determine the slope stability analysis parameters. The cross-section locations
were selected on the basis of the slope height and inclination to represent the overall and critical slope condition
present within the study area.
Details regarding the existing slope geometry are shown below; we note that the referenced datum elevations of the
Top and Bottom of the Slope within the subject property have been taken from the NVCA Topographic survey
provided to WSP; therefore these elevations should be considered approximate.
Table 3

Slope Section Details
TOP OF
DIKE
ELEVATION
(M)

TOE OF
SLOPE
ELEVATION
(M)

HEIGHT
(M)

Horizontal

Vertical

Slope

A

185.30

181.90

3.4

10.4 m

3.4 m

3.1 H:1 V

B

185.29

181.58

3.7

17.2 m

3.7 m

4.6 H:1 V

CROSS SECTION

INCLINATION OF SLOPE

5.10.3 SLOPE STABILITY ASSESSMENT
The geotechnical investigation has established that the core of the dike is comprised predominantly of material
ranging from silt and sand with trace to some gravel and clay as well as occasional cobbles, boulders and organic
inclusions through gravelly, sandy silt with trace to some clay to clayey silt with some sand and trace organic matter.
As with the general site area, the fill often resembled reworked soil local to area or subject property. The fill
extended to approximate depths of between 3.1 mbgs and 3.5 mbgs at the borehole locations and was overlying
native soil layers of silt, silt and clay and sand and gravel. The fill was considered loose to dense and likely did not
receive uniform compaction during placement; while the native soil was compact to very dense.
Groundwater was not observed to be seeping from the dike slopes during the field visual assessment. Minor wetness
at the interface with the bedrock is considered to be perched above the relatively impermeable rock.
Similar to the differing dike core composition from that depicted in the Ainley - Typical Cross Section drawing; the
slope generated from the elevations recovered from topographic surveying established that the inclination of the dike
river side slope was flatter than that proposed in the design.
Slope stability analyses at Slope A, the critical slope, was carried out using SLIDE Version 5.0. The subsurface
conditions from boreholes were used to assess the relevant soil parameters in proximity to the slope. Soil
parameters were estimated from our experience, the results of in situ Standard Penetration Tests (SPT), our visual
classification / analysis and the results of laboratory testing on select samples of the soils.
In addition although fill cannot be placed adjacent to the dike due to the presence of a buffer zone, the model was
assessed as the NVCA survey points have established the existing topographic conditions; as well as with new fill
placed against the developed side of the dike.
As per Table 4.3 in the Ministry of Natural Resources Technical Guide – River and Stream Systems: Erosion Hazard
Limit (Technical Guide), a Factor of Safety of 1.3-1.5 was deemed appropriate when compared to the proposed
development.

Page 13

Based on a review of the global stability analyses completed at Slope A under both the existing condition and an
additional fill loaded condition, a minimum Factor of Safety (FoS) of 1.9 was identified on the river side dike slope
surface (Appendix E). Therefore the location of the proposed development as shown on the DeMac Conceptual
Site Plan and defined by top of dike shown on the NVCA Topographic survey is considered stable and not affected
by the development.

5.10.4 TOE EROSION
Pretty River is located at the toe of the dike slope. Based on the Ainley Typical Cross Section of the Pretty River
Flood Control Dike, the slope surface is protected from erosion by hand placed Rip Rap. Moreover, the dike has not
shown any sign of toe erosion in the last 40 years. In fact, the lower slope inclination of the dike is shallower than
the proposed inclination. It can therefore be deduced that Toe Erosion is not a consideration of the proposed
development.

5.10.5 EROSION ACCESS ALLOWANCE
The Technical Guideline requires a six meter allowance for Emergency Access at the top of the stable slope
allowance which would be accommodated in the Town of Collingwood property buffer land.

5.10.6 CONCLUSIONS
Based on the subsurface conditions encountered in the boreholes and the existing slope inclination, as well as the
analyses completed, the existing dike slopes would be considered stable in terms of long term stability, provided
additional comments mentioned below are followed.
—

—
—
—

Site development and construction activities should be conducted in a manner which does not result in surface
erosion of the slope. In particular, site grading and drainage should be designed to prevent direct concentrated
or channelized surface runoff from flowing directly over the slope.
As the dike is separated by buffer land, the existing slope vegetation should not be affected. Any slope areas
disturbed by construction should be restored with suitable native vegetation.
The configuration of the dike must not be altered without prior consultation.
A sediment control fence must be erected and maintained during construction to isolate work areas from the
nearby dike.

It is recommended that the ultimate location of the structure and configuration as well as site grading be reviewed by
a representative of WSP in order to verify they are consistent with the recommendations provided. Finally, all
footing founding levels must be approved by a representative of WSP or a qualified building inspector prior to the
placement of concrete.

5.11 DESIGN REVIEW, TESTING AND INSPECTIONS
WSP requests to be afforded the opportunity to complete a final review of the proposed development discussed in
this report to verify that geotechnical recommendations are appropriate. If not given this opportunity, we cannot
assume liability for omissions, misinterpretations or deficiencies in our recommendations.
WSP should be contacted to provide geotechnical testing and inspections during construction operations. Exposed
subgrade soils and/or bedrock for all structures are to be inspected to confirm the material is stable and competent.
Inspections of seepage and groundwater conditions during construction are also required, as discussed in this report.
Testing and inspections for general QA/QC are to include sampling and laboratory testing of fill materials and
compaction testing for the placement of fill materials.
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6 LIMITATIONS OF REPORT
This report is intended solely for the Client named. The material in it reflects our best judgment in light of the
information available to WSP Canada Inc. at the time of preparation. Unless otherwise agreed in writing by WSP
Canada Inc., it shall not be used to express or imply warranty as to the fitness of the property for a particular
purpose. No portion of this report may be used as a separate entity, it is written to be read in its entirety.
The conclusions and recommendations given in this report are based on information determined at the test hole
locations. The information contained herein in no way reflects on the environment aspects of the project, unless
otherwise stated. Subsurface and groundwater conditions between and beyond the test holes may differ from those
encountered at the test hole locations, and conditions may become apparent during construction, which could not be
detected or anticipated at the time of the site investigation. The benchmark and elevations used in this report are
primarily to establish relative elevation differences between the test hole locations and should not be used for other
purposes, such as grading, excavating, planning, development, etc.
The design recommendations given in this report are applicable only to the project described in the text and then
only if constructed substantially in accordance with the details stated in this report.
The comments made in this report on potential construction problems and possible methods are intended only for the
guidance of the designer. The number of test holes may not be sufficient to determine all the factors that may affect
construction methods and costs. For example, the thickness of surficial topsoil or fill layers may vary markedly and
unpredictably. The contractors bidding on this project or undertaking the construction should, therefore, make their
own interpretation of the factual information presented and draw their own conclusions as to how the subsurface
conditions may affect their work. This work has been undertaken in accordance with normally accepted geotechnical
engineering practices.
Any use which a third party makes of this report, or any reliance on or decisions to be made based on it, are the
responsibility of such third parties. WSP Canada Inc. accepts no responsibility for damages, if any, suffered by
any third party as a result of decisions made or actions based on this report.
We accept no responsibility for any decisions made or actions taken as a result of this report unless we are
specifically advised of and participate in such action, in which case our responsibility will be as agreed to at that
time.
We trust that the information contained in this report is satisfactory. Should you have any questions, please do not
hesitate to contact this office.
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AUGER REFUSAL ON ASSUMED
BEDROCK:
-Borehole was caved to 3.2 mbg
and was dry upon completion.
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181
SILT AND CLAY: some sand, trace
gravel, some organics, grey, very
stiff to hard
SAND AND GRAVEL: some silt,
cobbles and boulders, grey, wet,
compact to dense
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"N" BLOWS
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184.0 Ground Surface
0.0 GRANULAR BASE 20cm, sand
and gravel, trace silt, brown, moist
183.8
0.2 FILL: sandy silt, trace to some clay,
trace gravel, cobbles and boulders,
trace organic rootlets, brown, moist,
loose
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LOG OF BOREHOLE BH17-09

1 OF 1

PROJECT: Geotechnical Investigation
CLIENT: Demac Properties c/o Ian S. Architects

Method: Solid Stem Auger

PROJECT LOCATION: 92 Raglan Street, Collingwood

Diameter: 150mm

REF. NO.: 171-13557-00

DATUM: Geodetic

Date: Dec/08/2017

ENCL NO.: 9
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2

clayey silt, some sand, trace
organics, brown, very soft to soft
2

182

3

181.6
3.1

SILT: some clay, some sand, some
gravel, trace organics, grey, moist to
wet, compact
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180.7
3.9

weathered bedrock pieces, very
dense
AUGER REFUSAL ON ASSUMED
BEDROCK:
-Borehole was caved to 3.5 mbg
and was dry upon completion.
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2nd

3rd

4th
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184
silt, some sand, trace to some
gravel, trace to some clay, brown,
moist, compact to loose
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1

GROUND WATER
CONDITIONS

"N" BLOWS
0.3 m

184.6 Ground Surface
0.0 GRANULAR BASE 20cm, sand
and gravel, some silt, brown, moist
184.4
0.2 FILL: sand and silt, trace clay,
trace gravel, trace organic rootlets,
brown, moist, loose

TYPE

DESCRIPTION

NUMBER

(m)
ELEV
DEPTH

STANDARD PENETRATION TEST
RESISTANCE PLOT

SAMPLES
STRATA PLOT
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BH LOCATION: See Figure 1 N 4927777 E 563746
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LOG OF BOREHOLE BH17-10
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PROJECT: Geotechnical Investigation
CLIENT: Demac Properties c/o Ian S. Architects

Method: Solid Stem Auger

PROJECT LOCATION: 92 Raglan Street, Collingwood

Diameter: 150mm

REF. NO.: 171-13557-00

DATUM: Geodetic

Date: Dec/08/2017

ENCL NO.: 10
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gravelly, sandy silt, trace to some
clay, brown, moist
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SS
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2

sandy silt, trace to some clay, trace
gravel, some organics, dark brown,
moist

182

14

3

silt and sand, some gravel, trace
clay, trace organics, dark brown,
moist
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6
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180.5
4.0

16

GRAVELLY SAND: trace to some
silt, light brown, moist to wet, very
dense

AUGER REFUSAL ON ASSUMED
BEDROCK:
-Borehole was caved to 2.7 mbg
and was dry upon completion.

GROUNDWATER ELEVATIONS
1st

Measurement

2nd

3rd

4th
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50/ Initial 80mm
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184

silt, some sand, some clay, trace
gravel, cobbles and boulders,
brown, moist, compact
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1

GROUND WATER
CONDITIONS

"N" BLOWS
0.3 m

184.5 Ground Surface
0.0 GRANULAR BASE 15cm, sand
184.4 and gravel, trace silt, brown, moist
0.2 FILL: sandy silt, some gravel, trace
to some clay, trace organic rootlets,
brown, moist, loose
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NUMBER

(m)
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DEPTH

STANDARD PENETRATION TEST
RESISTANCE PLOT

SAMPLES
STRATA PLOT
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BH LOCATION: See Figure 1 N 4927829 E 563740
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APPENDIX

A

NVCA TOPOGRAPHIC
SURVEY

APPENDIX

B

NVCA – PRETTY
RIVER FLOOD
CONTROL TYPICAL
SECTION

APPENDIX

C

DEMAC –
CONCEPTUAL SITE
PLAN

APPENDIX

D

PHOTOS

Picture 1 – Top of dike July

Picture 2 – River slope with vegetation summer
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Picture 3 – River side slope July
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Picture 4 – River side slop with vegetation summer
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Picture 5 – Low develop side slope with vegetation summer
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Picture 6 – BH8 Vegetation on develop side
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Picture 7 – BH8 Vegetation on both sides of dike
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Picture 8 – VH9 Vegetation on develop side and low slope
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Picture 9 – BH9 Vegetation on river side of dike
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Picture 10 – BH10 Vegetation on river side of dike
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Picture 11 – BH10 Vegetation on river side of dike
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Picture 12 – BH10 Vegetation on develop side and low slop
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APPENDIX

E

SLIDE MODEL

195

Safety Factor
0.000
0.500
1.000

192.5

1.500
2.000

171-13557 DeMac Properties Inc.
92 Raglan Street
Dike Stablity Model

2.500

190

3.000
3.500

Material Properties
Material: Heterogeneous Fill
Strength Type: Mohr-Coulomb
Unit Weight: 20 kN/m3
Cohesion: 10 kPa
Friction Angle: 32 degrees
Water Surface: None

4.000
4.500

187.5

5.000
5.500
6.000+

Material Properties
Material: Earth Fill
Strength Type: Mohr-Coulomb
Unit Weight: 20 kN/m3
Cohesion: 1 kPa
Friction Angle: 32 degrees
Water Surface: Water Table
Custom Hu value: 1

1.916

185

(1.000,(2.000,
185.290)
185.290)

(6.200, 183.440)

W

(-4.046, 182.336)

(1.278,
182.147)
(1.713,
182.131)

(-10.000, 181.858)

(8.437, 181.893)

(12.400, 181.900) (15.000, 181.800)

(-10.000, 180.000)

(15.000, 180.000)

Material Properties
Material: Limestone
Strength Type: Mohr-Coulomb
Unit Weight: 22.5 kN/m3
Cohesion: 1 kPa
Friction Angle: 55 degrees

Material Properties
Material: Silt, Sand, Gravel
Strength Type: Mohr-Coulomb
Unit Weight: 20 kN/m3
Cohesion: 1 kPa
Friction Angle: 32 degrees

Material Properties
Material: Sandy Silt Fill
Strength Type: Mohr-Coulomb
Unit Weight: 18 kN/m3
Cohesion: 1 kPa
Friction Angle: 24 degrees
Water Surface: None

175

177.5

180

182.5

(-5.000, 183.500)
(-10.000, 183.000)
(-10.000, 182.547)

-12.5

-10

-7.5

-5

-2.5

0

2.5

5

7.5

10

12.5

15

17.5

Safety Factor
0.000
195

0.500
1.000
1.500
2.000
2.500

171-13557 DeMac Properties Inc.
92 Raglan Street
Dike Stability Model with Added Fill

3.000

190

3.500
4.000
4.500
5.000

Material Properties
Material: Sandy Silt Fill
Strength Type: Mohr-Coulomb
Unit Weight: 18 kN/m3
Cohesion: 1 kPa
Friction Angle: 24 degrees
Water Surface: None

5.500

1.916

(1.000,(2.000,
185.290)
185.290)

185

6.000+

(-5.000, 183.500)
(-10.000, 183.000)
(-10.000, 182.547)

(6.200, 183.440)

W

(-4.046, 182.336)

(1.278,
182.147)
(1.713,
182.131)

(-10.000, 181.858)

(8.437, 181.893)

(12.400, 181.900)(15.000, 181.800)

(15.000, 180.000)
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(-10.000, 180.000)

-12.5

-10

-7.5

-5

-2.5

0

2.5

5

7.5

10

12.5

15

17.5

