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 INTRODUCTION 1.0

Terraprobe Inc. was retained by Green Propeller Design to carry out a geotechnical investigation at 2254 
Orchard Road in Burlington, Ontario.  A site location plan is provided as Figure 1. A proposal and cost 
estimate to carry out the investigation were provided in our letter of July 7, 2018. Authorization to 
proceed with the work was provided by Green Propeller Design on July 17, 2018. 

The purpose of the work was to investigate and report on the subsurface soil and ground water conditions 
in a series of boreholes drilled at the site and a single excavated test pit. Based on this information, advice 
is provided on the geotechnical aspects of the proposed development, including the design of foundations, 
floor slabs-on-grade and pavements. The anticipated construction conditions pertaining to excavation, 
backfill and temporary ground water control are discussed also, but only with regard to how these might 
influence the design. 

 SITE AND PROJECT DESCRIPTION 2.0

2.1 Existing Site Conditions 

The property is located on the southwest corner of Orchard Road and Dryden Avenue, and covers an area 
of approximately 0.38 hectares. The Site Plan, Figure 2, presents the general arrangement of the property, 
as derived from a topographic survey of the site prepared by S.D. McLaren Limited, dated September 15, 
2015.     

At the time of this investigation, the property was occupied by an existing residential brick dwelling, a 
detached garage and a shed.  An asphalt driveway exists at the site extending from Orchard Road to the 
detached garage at the rear of the property.  Mature trees exist at the rear of the property along with a mild 
slope leading to a small creek.  Towards the western portion of the property there exists a grassed open 
space with a treeline.   

2.2 Site Geology 

Based on published geological information for the general area of the site, the near surface overburden 
soil at and in the vicinity of the subject property consists of the Halton Till (clay or silt till)1. The Halton 
Till is underlain by bedrock of the Queenston Formation2. The Queenston Formation consists of reddish 
brown shale, interbedded with limestone and calcareous sandstone. The regional well records indicated 
that the bedrock beneath the site is about 2 to 4 m BGS. 

                                                           
1  Quaternary Geology of the Hamilton Area, Southern Ontario; Ontario Division of Mines; Map No. 2509; 1986. 
2  Paleozoic Geology, Hamilton Area, Southern Ontario; Ontario Division of Mines; Map No. 2336; 1976. 



Green Propeller Design September 7, 2018 
2254 Orchard Road, Burlington File No. 7-18-0104-01 
 

 
 Terraprobe  Page No. 2 

  
 
 

2.3 Proposed Development 

The proposed development features are shown on Figure 3, as derived from a Site Plan drawing SP-1, 
prepared by Green Propeller Design, dated May 18, 2018. In this plan, it is proposed to re-develop the 
property and construct a new 2-storey high school over a single level partial basement.  Consideration is 
also being given to rehabilitating the existing detached garage in the plan.  

 PROCEDURE 3.0

The field work for this investigation was carried out on August 15 and 16, 2018, during which time four 
(4) boreholes and one (1) test pit were explored to depths varying from 1.4 to 5.5 metres below the 
existing ground surface (m BGS). The locations of the boreholes and test pit are shown on the Borehole 
and Test Pit Location Plan, Figure 2. The detailed results of the boreholes and test pit are shown on the 
accompanying Borehole Logs and Test Pit Logs in Appendix A.  

The field work was observed throughout by members of our engineering staff who located the boreholes 
and test pit, arranged for the underground utility clearances at the borehole and test pit locations and cared 
for the samples obtained.  The boreholes and test pit were located in the field with respect to the existing 
site features shown on a topographic survey prepared by A.T. McLaren Limited, dated September 15, 
2015. The ground surface elevations at the boreholes and test pit were inferred from spot elevations 
shown on the plan and were understood to have been referred to the Canadian Geodetic Datum. 

The borehole drilling and sampling was carried out using a track mounted drill rig supplied and operated 
by a specialist drill contractor.  The boreholes were advanced using conventional interval augering and 
sampling techniques and soil samples were recovered at regular intervals of depth by split barrel sampling 
in accordance with ASTM Standard D1586.  

The test pit was excavated using a rubber tire tractor backhoe supplied and operated by a local contractor.  
The test pit was backfilled with the excavated soil and nominally compacted using the excavation 
equipment after sampling and logging. 

Ground water observations were made in each borehole during and upon completion of drilling and 
sampling.  There was no provision for long term ground water monitoring at this site. All of the boreholes 
were decommissioned and sealed with bentonite pellets in accordance with Ontario Regulation 903. The 
pavement surface at one borehole location was restored using a commercial grade cold mix asphaltic 
concrete. 

All of the samples recovered in the course of the investigation were brought to our Stoney Creek 
laboratory for further examination and water content determinations.  The results of moisture content tests 
are plotted on the Log of Borehole sheets in Appendix A. Grain size distribution analyses were also 



Green Propeller Design September 7, 2018 
2254 Orchard Road, Burlington File No. 7-18-0104-01 
 

 
 Terraprobe  Page No. 3 

  
 
 

completed on two (2) select samples in accordance with ASTM Standards. The results of the grain size 
analysis tests are presented on the Log of Borehole sheets in Appendix A.  

Five (5) soil samples obtained from the boreholes were submitted to AGAT Laboratories Limited (a 
CALA accredited laboratory using MOECP approved methods) for general soil quality analysis (metals 
and inorganics). One sample was also submitted for corrosivity testing.  The Certificate of Analysis for 
the chemical testing is included in Appendix B and the results of the testing are discussed in Section 5.0 
of this report. 

 SUBSURFACE CONDITIONS 4.0

The subsurface soil, rock and ground water conditions encountered in the boreholes, and the results of the 
field and laboratory testing, are shown on the Log of Borehole sheets in Appendix A. A list of 
abbreviations and symbols are provided to assist in the interpretation of the borehole logs. It should be 
noted that the boundaries between the strata have been inferred from drilling observations and non-
continuous samples. These boundaries should be interpreted as transition zones from one soil type to 
another rather than exact planes of geological change. Further, the subsurface conditions will vary 
between and beyond the boreholes. 

4.1 Soil Conditions 

The following discussion has been simplified in terms of the major soil strata for the purposes of 
geotechnical design.  In general, the boreholes penetrated asphalt pavement, topsoil and fill overlying 
clayey silt till, shaley till and weathered shale bedrock.     

4.1.1 Topsoil 

A layer of topsoil was encountered at the ground surface at the location of boreholes 2 to 4 and test pit 1, 
and generally varied in thickness between about 200 and 300 mm.  

4.1.2 Existing Pavement 

Borehole 1 was drilled in the existing front driveway and penetrated about 50mm of asphaltic concrete. 
The asphalt was underlain by about 250mm of granular base.  

4.1.3 Fill 

Boreholes 1 and 3, and test pit 1 encountered fill to depths of about 1.1 m BGS. The fill was variable in 
nature but generally consisted of silty clay to clayey silt, trace traces of gravel, shale fragments and 
rootlets. The N values, as determined in the Standard Penetration testing carried out within the fill, ranged 
from 8 to 9 blows per 0.3m, inferring a loose state of packing. The in-situ water content of the samples of 
fill recovered from the standard penetration testing ranged from about 15 to 23 percent.    
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4.1.4 Clayey Silt Till 

All of the boreholes penetrated strata of clayey silt till beneath the pavement structure and fill.  The N 
values determined in the clayey silt till ranged from 31 to greater than 100 blows per 0.3m, with an 
average N value of about 58 blows per 0.3m inferring a typically hard consistency. The natural water 
content of the clayey silt till ranged from about 10 to 12 percent with an average water content of about 
11 percent.  Grain size distribution curves for selected samples of the clayey silt till are presented in 
Appendix A.     

It should be noted that larger particle sizes (i.e. cobbles and boulders) are commonly encountered in 
glacial till deposits and are also likely to be present in the clayey silt till deposit at this site. The high N 
values (i.e. > 100 blows per 0.3m) indicated at some locations may be an indication that such particles 
exist however the sampling equipment used is not of sufficient size to capture such particles. The 
presence of cobbles and boulders and their frequency can be best assessed, if needed, by excavating a 
series of test pits.    

4.1.5 Shaley Till and Shale 

The augering and interval sampling method used to explore the overburden at the site is conventionally 
accepted investigative practice. However, this method does not define the bedrock surface with precision 
particularly in instances where the overlying soil consists of a hard glacial till possibly containing cobbles 
and boulders, and where the surficial zone of the bedrock is typically highly weathered. All of the 
boreholes penetrated shaley till and/or the underlying typically weathered shale at depths in the range of 
about of about 1.4 to 2.3 m BGS.   

Shaley till can generally be described, in geological terms, as an imbricate embedment of fragments of 
shale bedrock in a till matrix, and is thought to have been formed by glacial overriding of the parent 
bedrock.  It is often difficult to distinguish the shaley till from the underlying weathered shale bedrock 
and this unit is often interpreted as a highly weathered zone of the bedrock formation.   

N values of greater than 100 blows per 0.3 m, were determined in the shaley till and shale. The natural 
water content of the shaley till and shale was generally in the range of about 6 to 9 percent.   

Rock coring was not carried out to determine the rock mass characteristics of the shale bedrock 
encountered in the boreholes, however based on the samples recovered from the penetration testing the 
bedrock encountered at the site generally belongs to the Queenston Formation and  predominantly 
consists of thinly bedded reddish brown calcareous shale with grey green bands of interbedded 
argillaceous limestone. The shale has been characterized as relatively low strength and the harder 
limestone layers are of medium strength. A summary of relevant background information with respect to 
these formations can be found in the Ontario Ministry of Transportation and Communication publication 
RR229 - Evaluation of Shales for Construction Projects- An Ontario Shale Rating System, March 1983. 
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4.2 Ground Water Conditions 

Unstabilized ground water level observations were made in each of the boreholes as they were drilled and 
after completion of drilling, as noted on the enclosed borehole logs. All of the boreholes were dry during 
and upon completion of drilling.   Ground water levels may fluctuate with time, depending on the amount 
of precipitation and surface run off. Long-term ground water monitoring was beyond the scope of work at 
the site and not considered necessary for design purposes. 

 TEST PIT OBSERVATIONS 5.0

The test pit was examined by a geotechnical engineer from our staff on August 15, 2018. A total of one 
(1) test pit was excavated by a local excavating contractor with a rubber tire tractor backhoe to a depth 
necessary to expose the footings and/or the subgrade bearing stratum. The location of the test pit is shown 
on Figure 2. The results of the test pit are detailed on Figure 4. Photographs illustrating the visual 
appearance of the test pit are also presented on Figure 4.  
 
Based on the observations made in the test pit the exterior foundation walls were found to consist of 
concrete block masonry. A single block was measured to be 300 mm in length and 200 mm in height.  
This concrete block masonry wall was supported on conventional strip footings. The width of the concrete 
block foundation wall could not be measured, but was assumed to be approximately 200 to 250 mm wide.  
The thickness of the concrete strip footing was about 150 mm.  The projection of the footing, as measured 
from the face of the foundation wall was approximately 200 mm.  
 
The soil exposed at the base of the footing location consisted of brown clayey silt till. Manual probing, 
utilizing a steel probe indicated that the bearing stratum was hard throughout. The excavation observed in 
the test pits was dry at the time of our inspection. Based on the results of our inspection, it is our opinion 
that the excavations for the existing foundation were constructed on competent bearing strata, capable of 
sustaining a factored bearing resistance at Ultimate Limit States (ULS) of 225 kPa and a bearing reaction 
of 150 kPa at Serviceability Limit States (SLS). A foundation drainage system was encountered during 
our inspection. 

 CHEMICAL ANALYSES - SOIL 6.0

6.1 Soil Quality Analyses 

Five (5) soil samples recovered from the boreholes drilled at the site (BH1 SA2, BH1 SA4, BH2 SA3, 
BH3 SA2, and BH4 SA3) were submitted to AGAT Laboratories (a CALA certified laboratory) to 
provide general information regarding the soil quality. The samples generally consisted of clayey silt till 
and shaley till. 
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The analysis was conducted for the following parameters groups, as specified in Ministry of Environment 
and Parks (MOECP) ‘Protocol for Analytical Methods Used in the Assessment of Properties under Part 
XV.1 of the Environmental Protection Act’, July 1, 2011. 

Inorganic Parameter Groups  
• Metals 
• Metals, Hydride-Forming As, Se and Sb 
• Other Regulated Parameters: hot water soluble (HWS) boron, cyanide, electrical conductivity, 
 hexavalent chromium, mercury, PH and sodium adsorption ratio (SAR) 

The results of the chemical analysis were compared to the MOECP Standards as found in the “Soil, 
Ground Water and Sediment Standards for Use Under Part XV.1 of the Environmental Protection Act”, 
April 15, 2011.  The results were compared with the following standards:  

• Table 1 - Full Depth Background Site Condition Standards (Table 1); and   

• Table 3 ICC - Full Depth Generic Site Condition Standards in a Non-Potable Ground Water 
Condition for Industrial, Commercial and Community Land Use (Table 3 ICC) 

The Standards were chosen for the following reasons: 

• Table 1 – The results were compared to the Table 1 Standards in order to determine if the soil 
material was suitable as clean fill for reuse by any potential receiving site. 

• Table 3 ICC – The results were compared to the Table 3 ICC Standards in order to determine if 
the soil material should be considered a waste.  

The results of the analyses are shown together with the corresponding MOECP Table 1 and Table 3 
standards in Appendix B. The results of the analysis indicated that all samples were in compliance with 
the MOECP Table 1. The results of these analyses indicated that within the context of soil management, 
the soil at the site would not need to be managed as waste.  

In all cases, a copy of the analytical data must be provided to the receiver for review.  Further analyses 
may be needed to confirm that the excavated soil meets site specific acceptance standards since the 
acceptance standards for each site may vary. Further information on soil management practices is 
provided in the Ontario Ministry of the Environment (Central Region) publication entitled ‘Management 
of Excess Soil – A Guide for Best Management Practices’, dated January 2014.  

The above conclusions were based on limited analytical data. The actual quality of the excavated soils 
will vary and additional sampling and analyses may be warranted during construction, if dissimilar 
materials are encountered or if aesthetic impact (staining or odours) is observed.  Additional sampling and 
analysis of the soil may also be required by the receiver based on the volume of soil to be received. 
Qualitative monitoring of the excavated soil should be considered part of the inspection tasks during 
construction. 



Green Propeller Design September 7, 2018 
2254 Orchard Road, Burlington File No. 7-18-0104-01 
 

 
 Terraprobe  Page No. 7 

  
 
 

6.2 Soil Corrosivity Testing 

To assess the aggressiveness of the subsurface environment to underground plant, a suite of parameters 
including pH, Resistivity, Electrical Conductivity, Redox (oxygen reduction potential), Sulphate, 
Sulphide and Chloride were carried out on one (1) subgrade sample (BH3 SA4), recovered from a depth 
approximately corresponding to the expected invert elevations.  A copy of the Certificate of Analysis for 
the testing is provided in Appendix B.   
 
The soil resistivity, in combination with other parameters and environmental factors, provides an 
indication of the potential for corrosion of buried metal pipe.  Application of the AWWA soil evaluation 
criteria to the results of the testing indicated a rating of 0 for the sample.  A rating of greater than 10 is 
considered to represent a potentially corrosive environment. A more recent study suggested that soil with 
a resistivity of less than about 2000 ohm-cm should be considered aggressive. A soil resistivity value of 
about 6990ohm-cm was reported for the sample tested, suggesting that the risk for corrosion of buried 
metal pipe would be minimal. 
 
The laboratory values reported for the corrosivity related parameters suggest that the subsurface 
environment is not aggressive to gray or ductile iron pipe and the minimum requirements for corrosion 
protection may therefore be considered appropriate.  Irrespective of the laboratory test results, if a high 
incidence of corrosion related failure has been reported in this area, additional measures may be prudent. 

 
The tests revealed that the sulphate concentration in the soil sample was 15 μg/g or 0.0015%.  Based on 
this, ordinary Type 10 Portland Cement could be used for the design of the concrete mix as far as soil 
exposure to sulphate attack is concerned. In general, the results of sulphate ion content analysis indicate 
the soil samples contain low levels of sulphate ion that are below the class of exposure levels outlined in 
CSA A23.1-14.  No additional precautions are required to provide protection against sulphate attack such 
as special cements or mixtures.     

 DISCUSSION 7.0

The following discussion is based on our interpretation of the factual data obtained during this 
investigation and is intended for the use of the design engineer only. Comments made regarding the 
construction aspects are provided only in as much as they may impact on design considerations. 
Contractors bidding on or undertaking any work at the site should examine the factual results of the 
investigation, satisfy themselves as to the adequacy of the information for construction and make their 
own interpretation of the factual data as it affects their proposed construction techniques, schedule, 
equipment capabilities, costs, sequencing and the like. 

The proposed development features are shown on Figure 3, as derived from a Site Plan drawing SP-1, 
prepared by Green Propeller Design, dated May 18, 2018.  It is proposed to re-develop the property and 
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construct a new 2-storey high school over a single level partial basement.  Consideration is also being 
given to rehabilitating the existing detached garage in the plan.  The comments provided in the following 
sections are to be considered preliminary since details regarding final design grades, founding elevations, 
and the like are not known at this time. 

7.1 Subgrade Preparatory Work   

Based on the results of the boreholes and subject to favourable weather conditions being encountered 
during construction, re-use of some of the excavated soil, which will primarily consist of clayey silt till, 
may be feasible. The soil should be selectively excavated to separate topsoil, rubble and any frozen or 
excessively wet soil from suitable soil.  Imported soil for use as engineered fill could consist of Granular 
B Type II or Granular A (OPSS 1010).     

The engineered fill must be placed in 300 mm thick lifts with each lift uniformly compacted to at least 98 
per cent of standard Proctor maximum dry density. For optimal performance, the placement water content 
of the fill should be within about 2 percent of the laboratory optimum water content for compaction. All 
aspects of the engineered fill construction should be verified by the geotechnical engineer including the 
final excavation, compacting of the native subgrade, and placement and compaction of the engineered fill. 
In-situ density testing should be carried out during construction to confirm that each lift has been 
compacted to the specified degree. Source acceptance testing of materials imported for use as engineered 
fill must be carried out prior to the importation to the site. 

The quality of imported soil should be consistent with the applicable property use standards of the 
MOECP’s document entitled, ‘Soil, Ground Water and Sediment Standards for Use Under Part XV. I of 
the Environmental Protection Act’, dated April 15, 2011.  

7.2 Building Foundations 

7.2.1 Conventional Spread Footings 

Boreholes 1 to 4 were located within the approximate envelope of the proposed building.  The boreholes 
penetrated fill materials to depths of 0.8 m BGS overlying clayey silt till strata. The existing fill and the 
disturbed/weathered native soil are not suitable for the support of foundations. Based on the results of the 
boreholes, it is considered feasible to support the building foundations on the undisturbed clayey silt till 
or engineered fill. 

Conventional spread footings must be founded at least 0.3 m into the clayey silt till. The following table 
summarizes the bearing resistance at serviceability limit states (SLS) and factored geotechnical resistance 
at ultimate limit states (ULS) for design purposes possible for conventional spread footing foundations by 
borehole location at the highest permissible elevations. 
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Bearing Pressure Possible for Spread Footing Foundations 

Borehole 
No. 

Minimum Depth 
below existing 

grade (m) 

Geodetic 
Elevation 

(m) 

Allowable Bearing 
Pressure  
SLS (kPa) 

Factored Bearing 
Capacity at 
ULS (kPa) 

Bearing Stratum 

BH 1 1.1 146.8 200 300 Clayey Silt Till 

BH 2 0.6 147.6 200 300 Clayey Silt Till 

BH 3 1.1 147.1 200 300 Clayey Silt Till 

BH 4 0.5 147.2 200 300 Clayey Silt Till 
 

Higher design bearing resistances are feasible on the bedrock; however any change to the design bearing 
resistance given above should be discussed with our office.  

A minimum footing width of 450 mm is recommended for strip footings and a minimum footing width of 
900 mm should be considered for spread footings. The total and differential settlement (short term and 
long term) of spread footings established on the competent silty clay strata at the above design bearing 
pressures is expected to be less than 25 mm.    

Some variability in the consistency and depth of the native undisturbed strata is expected. For this reason, 
it is important that all of the foundation excavations be inspected by Terraprobe to confirm that the soft 
surficial strata have been fully penetrated and to identify any preparatory work required prior to placing 
the footing concrete. Where deeper excavations are required, the footings should be lowered in a series of 
steps with maximum vertical increments of 0.6 m and with a rise to run ratio of 1:2.   

All footings in unheated areas must be provided with at least 1.2 metres of earth cover for frost protection 
or equivalent insulation. If construction proceeds during freezing weather conditions, adequate temporary 
frost protection for the footing bases and concrete must be provided. 

7.2.2 Foundations on Engineered Fill 

Based on the existing site grades, it is likely that some portions of the site will require substantial filling. 
Recommendations for the construction of engineered fill are provided in Section 7.1 of this report. A 
maximum net allowable bearing pressure of up to 150 kPa for SLS design and 225 kPa for a factored 
ULS design can be used for foundations placed within the engineered fill area. 

7.3 Seismic Design Parameters 

The Ontario Building Code (2012) stipulates the methodology for seismic design analysis, as set out in 
Subsection 4.1.8.7. The determination of the type of analysis is predicated on the importance of the 
structure, the spectral response acceleration and the site classification. The parameters for determination 
of Site Classification for Seismic Site Response are set out in Table 4.1.8.4A of the Ontario Building 
Code (2012). The classification is based on the determination of the average shear wave velocity in the 
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top 30 meters of the site stratigraphy, where shear wave velocity (vs) measurements have been taken. 
Alternatively, the classification is estimated on the basis of rational analysis of undrained shear strength 
(su) or penetration resistance (N-values). 
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Based on the above noted information, it is recommended that the site designation for seismic analysis be 
‘Site Class C’, as per Table 4.1.8.4.A of the Ontario Building Code (2012). Tables 4.1.8.4.B and 
4.1.8.4.C. of the same code provide the applicable acceleration and velocity based site coefficients. 

Seismic Design Parameters   

Site Class Values of Fa 

Sa(0.2) ≤ 0.25 Sa(0.2) = 0.50 Sa(0.2) = 0.75 Sa(0.2) = 1.00 Sa(0.2)≥ 1.25 

C 1.0 1.0 1.0 1.0 1.0 

Site Class Values of Fv 

Sa(1.0) ≤ 0.1 Sa(1.0) = 0.20 Sa(1.0) = 0.30 Sa(1.0) = 0.40 Sa(1.0)≥ 0.50 

C 1.0 1.0 1.0 1.0 1.0 

It should be noted that the seismic site designation above is estimated on the basis of rational analysis of 
penetration resistance (N-Values) observed in the boreholes (assuming the consistency for the deeper soil 
stratigraphy beyond the investigation depth was similar to that of the lowest soil strata penetrated within 
the investigation depth). 

7.4 Earth Pressure Design Considerations 

The parameters used in the determination of earth pressures acting on foundation walls are defined below. 

Earth Pressure Parameters   

Parameter Definition Units 

ϕ internal angle of friction degrees 

γ bulk unit weight of soil kN/m3 

Ka active earth pressure coefficient (Rankin) dimensionless 

Ko at-rest earth pressure coefficient (Rankin) dimensionless 

Kp passive earth pressure coefficient (Rankin) dimensionless 
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The appropriate values for use in the design of structures subject to unbalanced earth pressures at this site 
are tabulated as follows: 

Stratum/Parameter  φ γ Ka Ko Kp 

Compact Granular Fill 
Granular ‘B’ (OPSS 1010) 

32 21.0 0.31 0.47 3.25 

Clayey Silt Till or Similar Fill 30 19.0 0.33 0.50 3.00 

Walls subject to unbalanced earth pressures must be designed to resist a pressure that can be 
calculated based on the following equation: 

   P = K [γ (h-hw) + γ’hw + q] + γwhw 
 where,  P  =  the horizontal pressure at depth, h (m) 
   K  =  the earth pressure coefficient (depends on the rigidity of the wall) 
   hw = the depth below the ground water level (m) 
   γ  =  the bulk unit weight of soil, ( kN/m3 ) 
   γ’  =  the submerged unit weight of the exterior soil, ( γ - 9.8 kN/m3 ) 
   q =  the complete surcharge loading (kPa) 
 

Where the wall backfill can be drained effectively to eliminate hydrostatic pressures on the wall, acting in 
conjunction with the earth pressure, this equation can be simplified to: 

    P = K[γh + q]  

The selection of the earth pressure coefficient depends on the rigidity of the foundation wall.  In cases 
where the structure is perfectly rigid, Ko (at rest conditions) should be used for the earth pressure 
coefficient.  In cases where local yielding occurs, Ka  (active case) should be used.    

The factored geotechnical resistance to sliding of earth retaining structures is developed by friction 
between the base of the footing and the soil. This friction (R) depends on the normal load on the soil 
contact (N) and the frictional resistance of the soil (tan ϕ) expressed as: R = N tan ϕ.  This is an un-
factored resistance. The factored resistance at ULS is Rf = 0.8 N tan ϕ.  A friction angle of 32 degrees 
may be considered for the sand and gravel stratum (i.e. the foundation bearing stratum).   

7.5 Floor Slabs on Grade  

The subsurface conditions within the investigated area are expected to comprise of existing fill and/or the 
disturbed/weathered native soil materials.  Based on the findings of the investigation, the upper portion 
the earth fill layer is not considered suitable for construction of a slab-on-grade structure and should be 
sub-excavated to an appropriate depth equivalent to a minimum of one half of the existing fill thickness 
and replaced with suitably compacted engineered fill. Test pits may be required in the slab on grade area 
to determine the existing fill thickness and to assess the sub-excavation requirements.  Also, some 
localized weak zones of native or unsuitable fill soils may be encountered at the design subgrade for the 
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slab that should be sub-excavated and removed prior to backfilling for construction and replaced with 
suitable fill materials compacted to a minimum of 98 percent of SPMDD.   

Final construction beneath slabs on grade should consist of 200 mm of uniformly compacted Granular A 
(OPSS 1010) uniformly compacted to 98 percent of standard Proctor maximum dry density. For a slab on 
grade founded on silty clay soils, engineered fill, or approved existing fill, the moduli of subgrade 
reaction appropriate for slab on grade design on the aforementioned soils are as follows: 

• Proof-rolled Earth Fill:    18,000 kPa/m 
• Engineered fill:     25,000 kPa/m 
• Clayey Silt Till:     30,000 kPa/m 

If moisture sensitive floor finishes are proposed, a capillary moisture barrier will be required beneath the 
slab. The capillary moisture barrier may consist of a layer of suitably graded clear crushed stone rather 
than the Granular A as outlined above. If a clear stone capillary moisture barrier is selected for the 
underfloor design, this material has poor stability under wheel loading and can be an impediment to other 
site activities such as steel and mechanical erection. If this is the case, substitution of the upper 50 mm 
with compacted Granular A to provide a travel surface, constitutes no technical compromise to the 
capillary barrier effect intended. The placement of a polyethylene vapour barrier is to be at the discretion 
of the design engineer and architect, as this may have implications on slab curing and certain floor 
finishes are more sensitive to moisture diffusion through the slab than others. 

All slabs on grade should be structurally separate from foundation walls and columns. Saw cut control 
joints should be incorporated into the slabs along column lines and at regular intervals. Interior load 
bearing walls should not be founded on the slab but on spread footings as outlined above. 

The soil at this site is susceptible to frost effects which would have the potential to deform hard 
landscaping adjacent to the building. At locations where buildings are expected to have flush entrances, 
care must be taken in detailing the exterior slabs / sidewalks, providing insulation / drainage / non-frost 
susceptible backfill to maintain the flush threshold during freezing weather conditions. 

7.6 Site Servicing 

Considering the relatively shallow depth of the fill material at the Site, underground service lines will 
generally be installed on undisturbed native soils or on a prepared fill subgrade. The native deposits in the 
area provide adequate support for buried services.  However, suitability of the material must be verified 
on site, during excavation and installation, by qualified geotechnical personnel experienced in such 
works. Comments on excavation are provided in Section 8.1 of this report.    

It is possible that the excavation for some services would terminate in the fill. In this event, it will be 
necessary to sub-excavate all fill and replace it with engineered fill to ensure the service is properly 
supported and to minimize the potential of settlement. Engineered fill should consist of OPSS 1010 
Granular A or Granular B Type II material placed and uniformly compacted to 98 percent of standard 
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Proctor maximum dry density.  Consideration could also be given to the use of lean concrete to restore the 
grade to the proposed invert elevation. 

7.6.1 Bedding 

The bedding materials should be adequately compacted to provide support and protection to the service 
pipes. Provided the base area for the sewer pipes and watermain are free of all soft and deleterious 
materials, the pipe bedding should comply with a Class B bedding configuration as per the requirements 
of OPSD 802.030 (rigid pipe) and/or OPSD 802.010 (flexible pipe). Where disturbance of the trench base 
has occurred, due to the presence of soft fine-grained soils, ground water seepage and the like, the 
disturbed soils should be sub-excavated and replaced with suitably compacted granular fill. If standing 
water is present in the base of the service and watermain trenches then High Performance Bedding (HPB) 
and/or HL6 clear stone wrapped in geo-textile may be adopted as bedding material below the pipe to 
provide stabilization. 

7.6.2 Backfill 

Service trench backfill should consist of clean earth, free of topsoil, rubble and excessively wet or frozen 
soil and should be placed in lifts of 300mm thickness or less with each lift uniformly compacted to a 
minimum of 95 percent of standard Proctor maximum dry density.  The upper 1m of the backfill zone in 
areas to be developed as pavement should be uniformly compacted to 98 percent of standard Proctor 
maximum dry density.  For optimal performance the placement water content of the backfill should be 
within about 2 percent of laboratory optimum water content for compaction.  Subject to confirmation by 
the geotechnical engineer during construction, selective re-use of the excavated soil for trench backfill 
may be feasible.   

7.7 Stormwater Infiltration  

Section SG 6 of the Supplementary Guidelines for the Ontario Building Code 1997 (August 2003 update), 
provides guidance for the selection of a rates of hydraulic conductivity on the basis of soil type as 
outlined in the Unified Soil Classification System. Based on the results of sieve and hydrometer analyses, 
the order of magnitude of soil permeability to be used for any surficial stormwater infiltration system is 
estimated to be between 10-5 to 10-6 cm/sec which is in medium to low range of soil permeability values.  
It is recommended that a hydraulic conductivity of no greater than 10-5 cm/sec be used in the design of 
any surficial stormwater infiltration system.  

7.8 Pavement Design Considerations 

It is assumed that all areas requiring new fill will be restored as outlined in Section 7.1 and service 
trenches backfilled as outlined in Section 7.7. The subgrade for new and reconstructed pavements must be 
exposed by the removal of all existing pavement, including the removal and replacement of the existing 
granular base. It is recommended that this topsoil be subexcavated and replaced with approved fill 
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material. The extent of subexcavation required to remove all topsoil can be reviewed at the time of 
construction.  

The final subgrade surface beneath all pavements should be proof-rolled under the direction of the 
geotechnical engineer to delineate any weak areas requiring remedial work prior to pavement 
construction.  

Continuous pavement subdrains should be provided along both sides of the access routes. The subdrain 
invert elevation should be maintained at least 0.3 metres below subgrade level. Subdrains should also be 
provided at all catch-basins within the parking areas. 

Control of surface water is a significant factor in achieving good pavement life. Grading of adjacent 
pavement areas must be designed so that water is not allowed to pond adjacent to the outside edges of the 
pavement or curb. The subgrade must be free of depressions and sloped (preferably at a minimum grade 
of two percent) to provide effective drainage toward catch basins. 

The industry pavement design methods are based on a design life of 15 to 20 years for typical weather 
conditions and for the design traffic loadings. On this basis, the following pavement component 
thicknesses are recommended for flexible pavements which will be subjected to “heavy duty” use (ie 
main site accesses and service accesses) and “light duty” use (ie car parking) constructed on a properly 
prepared subgrade. 

Minimum Asphaltic Concrete Pavement Structure 

Pavement Layer Compaction 
Requirements 

Light Duty 
Minimum Component 

Thickness 

Heavy Duty 
Minimum Component 

Thickness 

Surface Course Asphaltic Concrete 
HL3 (OPSS 1150) 92-96.5% MRD 40 mm 40 mm 

 
Base Course Asphaltic Concrete 
HL8 ( OPSS 1150 )  
 

92-96.5% MRD 50 mm 60 mm 

 
Base Course: 
Granular A ( OPSS 1010 ) or 
19mm Crusher Run Limestone 
 

98% standard Proctor 
Maximum Dry Density 

( ASTM-D1557 ) 
150 mm 150 mm 

 
Subbase Course: 
Granular B Type II ( OPSS 1010 ) 
or 50mm Crusher Run Limestone 
 

98% standard Proctor 
Maximum Dry Density 

( ASTM-D1557 ) 
300 mm 350 mm 

 
Some adjustment to the thickness of the granular base component may be required depending on the 
condition of the subgrade at the time of the pavement construction. The need for such adjustments can be 
best assessed by the geotechnical engineer during construction.   
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It is recommended that the placement of the wearing surface be delayed for at least one year after 
construction of the binder course to minimize the effects of post construction settlement of subgrade fill. 
Prior to placing the wearing surface, the binder course should be evaluated and remedial work carried out 
as required in preparation for final construction. 

 DESIGN CONSIDERATIONS FOR CONSTRUCTABILITY 8.0

8.1 Excavations 

8.1.1 Overburden soil 

Excavations must be carried out in accordance with the Occupational Health and Safety Act and 
Regulations for Construction Projects, November 1993 (Part III - Excavations, Section 222 through 242). 
These regulations designate four (4) broad classifications of soils to stipulate appropriate measures for 
excavation safety. For practical purposes, the fill materials beneath this site are Type 3 soils and the 
undisturbed native clayey silt till beneath the fill is a Type 2 soil.   

Where workmen must enter a trench or excavation deeper than 1.2 m, the soil must be suitably sloped 
and/or braced in accordance with the regulation requirements. The regulation stipulates safe excavation 
slopes by soil type as follows: 

Soil Type Base of Slope Steepest Slope Inclination 

1 within 1.2 metres of bottom of trench 1 horizontal to 1 vertical 

2 within 1.2 metres of bottom of trench 1 horizontal to 1 vertical 

3 from bottom of trench 1 horizontal to 1 vertical  

4 from bottom of trench 3 horizontal to 1 vertical 

 

Minimum support system requirements for steeper excavations are stipulated in Sections 235 through 238 
and 241 of the Act and Regulations and include provisions for timbering, shoring and moveable trench 
boxes. 

The need for shoring to support adjacent property will depend on the proximity of the building footprint 
to the property lines and adjacent structures. For preliminary consideration temporary unsupported 
excavations should be cut to an overall inclination of 1 horizontal to 1 vertical or flatter and a buffer of 2 
to 3m should be provided between the top of the excavation and the property lines. If this minimum 
geometry cannot be achieved then consideration will need to be given to the use of shoring. The 
requirement for shoring will need to be examined when the actual building footprints and the number of 
basement levels have been finalized.     
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It is possible that larger size particles (cobbles and boulders) that are not specifically identified in the 
boreholes may be present in the underlying native soils. The size and distribution of such obstructions 
cannot be predicted with boreholes, as the sampler size is insufficient to secure representative samples of 
particles of this size. Provision must be made in excavation contracts to allocate risks associated with the 
time spent and equipment utilized to remove or penetrate such obstructions when encountered. 

Although ground water was not encountered in the boreholes, depending on the actual ground water 
conditions at the time of construction, seepage from surface drainage and seepage from any preferentially 
permeable features in the soil should be expected.  For the range in excavation depths expected, the 
volume of water anticipated is such that temporary pumping from properly filtered sumps located as 
required in the excavations should suffice to control ground water. 

8.1.2 Shaley Till / Shale Bedrock 

Past experience in bedrock belonging to the Queenston Formation indicates that the till-shale transition 
zone and the underlying rock can be removed without blasting. The upper weathered portion of the shale 
bedrock can be removed with powerful excavators equipped with rock teeth. The removal of the 
underlying bedrock and the interbedded limestone and siltstone layers, however, will be more arduous 
and time consuming, and will require specialized rock buckets, with the assistance of hoe rams and other 
similar tools. Line drilling may be required, but likely only in sensitive areas such as where excavations 
are in close proximity to existing structures where it is necessary to limit over-break and vibrations. The 
relative ease/difficulty in excavation of bedrock will also depend on the size (width) and depth of the 
excavation. For example, excavation of narrow trenches into the shale will obviously be more difficult 
than forming large open cuts for structures in which excavators can operate from the base of the cut to 
‘pry’ up hard layers. Some of the thicker “hard” layers may require additional hoe-ramming effort to 
remove, but this is not considered unusual for rock excavations in this area. The risk and responsibility for 
these issues must be addressed in the contract documents for foundations, excavation, and shoring 
contractors. 

Excavations into the shale bedrock can be vertical to near-vertical, but not overhanging. The face of the 
excavation must be scaled of any loose rock to protect the workers working in the excavation. Where this 
is not possible, protective mesh can be draped over the rock face when work is required in the area 
immediately beside the cut rock face. The shale (as well as the limestone, sandstone and siltstone 
interbeds) are transected by sub-vertical fractures, typically oriented at right angles to one another, and 
these fractures may preferentially cause the formation of slabs, wedges or blocks of loose unstable rock 
which will require removal and can often lead to ‘over-break’ beyond the intended excavation ‘cut line’. 

In the bedrock, ground water seepage is expected to occur continuously through bedding planes, fractures, 
and along the more pervious sandstone and limestone interbeds. It should be possible to handle the 
infiltration by means of ditches and filtered sumps, fitted with appropriately sized pumps within the base 
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of the excavation, as the excavation progresses. Be aware that fouling of pumps by powdery shale fines is 
sometimes a problem as is accumulation of suspended soil and rock fine particles in the ponded seepage 
water. 

8.2 Depth of Frost Penetration 

The design frost penetration depth for the general area is 1.2 m.  Therefore, a permanent soil cover of 
1.2m or its thermal equivalent insulation is required for frost protection of foundations. All exterior 
footings, footings beneath unheated areas and foundations exposed to freezing temperatures should have 
at least such earth cover or equivalent synthetic insulation for frost protection.  During winter construction 
exposed surfaces to support foundations must be protected against freezing by means of loose straw and 
tarpaulins, heating, etc.   

For buried utility lines, variations from the above noted depth of frost penetration might be considered, 
depending on various factors such as the type of backfilling materials or the temperature and moisture 
exposure of the area (prevailing winds, drifting snow, etc.).  However, these variations do not generally 
represent a concern unless special equipment and/or buried utilities have specific requirements regarding 
the subsurface temperature and moisture regime (i.e., water lines or sensitive electrical utilities etc.).  In 
such special situations further tests and analysis should be conducted on a case-by-case basis. 

The depth of frost penetration is also defined as the zone of active weathering where sizeable variations in 
the moisture content accompany the yearly temperature fluctuations.  Therefore, the foundation grades 
should be established at or below this depth.  For the light poles and other light structures that are to be 
installed on a single footing, if some frost heave (25 mm to 50 mm) cannot be tolerated, the foundation 
elements should also be provided with the above noted minimum depth of soil cover or equivalent 
exterior-grade insulation. 

8.3 Site Work 

The soil at this site is fine-grained and will become weakened when subjected to traffic particularly when 
wet.  If site work is carried out during periods of wet weather, then it can be expected that the subgrade 
will be disturbed unless an adequate granular working surface is provided to protect the integrity of the 
subgrade soils from construction traffic. Subgrade preparation works cannot be adequately accomplished 
during wet weather and the project should be scheduled accordingly. The disturbance caused by the traffic 
can result in the removal of disturbed soil and use of fill material for site restoration or underfloor fill that 
is not intrinsic to the project requirements. Attempting to build pavements at this site during wet weather 
could significantly increase pavement construction costs. 

The most severe loading conditions on the subgrade may occur during construction. Consequently, 
special provisions such as end dumping and forward spreading of earth and aggregate fills, restricted 
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construction lanes, and half-loads during paving and other work are required, especially if construction is 
carried out during unfavourable weather. 

If construction proceeds during freezing weather conditions, adequate temporary frost protection for the 
founding subgrade and concrete must be provided.  The soil at this site is frost susceptible.  Consideration 
must be given to frost effects, such as heave or loosening of exposed soil surfaces in the context of this 
project.  

8.4 Quality Control 

The foundation construction must be field reviewed by the geotechnical engineer to ensure that the 
resistance of the founding soil exposed is consistent with the intents of the design.  The on-site review of 
the condition of the foundation soil is an integral part of the geotechnical design function and is required 
by Section 4.2.2.2 of the Ontario Building Code 2012.  

The long term performance of the pavement structure and any slab-on-grade structures are highly 
dependent upon the subgrade support conditions. Stringent construction control procedures should be 
maintained to ensure that uniform subgrade moisture and density conditions are achieved as much as 
practically possible. The design advice in this report is based on an assessment of the subgrade support 
capabilities as indicated by the boreholes. These conditions may vary across the site depending on the 
final design grades and therefore, the preparation of the subgrade and the compaction of all fill should be 
monitored by Terraprobe at the time of construction to confirm material quality, thickness, and to ensure 
adequate compaction. 

The requirements for fill placement on this project have been stipulated relative to standard Proctor 
Maximum Dry Density. In situ determinations of density during fill and asphaltic placement on site are 
required to demonstrate that the specified placement density is achieved.  

Concrete will be specified in accordance with the requirements of CAN3 - CSA A23.1-14. Terraprobe 
maintains a CSA certified concrete laboratory and can provide concrete sampling and testing services for 
the project as necessary. 

 LIMITATIONS AND USE OF REPORT 9.0

9.1 Procedures 

This investigation has been carried out using investigation techniques and engineering analysis methods 
consistent with those ordinarily exercised by Terraprobe and other engineering practitioners, working 
under similar conditions and subject to the time, financial and physical constraints applicable to this 
project. The discussions and recommendations that have been presented are based on the factual data 
obtained from this investigation. 
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The drilling work was carried out by a specialist drilling contractor. The boreholes were made by a 
continuous flight power auger machine. A Terraprobe technician logged the boreholes and examined all 
of the recovered samples.  The samples obtained were sealed in clean, air-tight containers and transferred 
to Terraprobe’s Stoney Creek laboratory, where they were reviewed for consistency of description by a 
geotechnical engineer. Ground water observations were made in the borehole as drilling proceeded. 

The samples of the strata penetrated were obtained using the Split-Barrel Method technique (ASTM 
D1586).  The samples were taken at regular intervals of depth. The sampling procedure used for this 
investigation does not recover continuous samples of soil. Consequently there is some interpolation of the 
borehole layering between samples and indications of changes in stratigraphy as shown on the borehole 
logs are approximate. 

It must be recognized that there are special risks whenever engineering or related disciplines are applied 
to identify subsurface conditions. A comprehensive sampling and testing programme implemented in 
accordance with the most stringent level of care may fail to detect certain conditions. Terraprobe has 
assumed for the purposes of providing design parameters and advice, that the conditions that exist 
between sampling points are similar to those found at the sample locations. 

It may not be possible to drill a sufficient number of boreholes and/or sample and report them in a way 
that would provide all the subsurface information and geotechnical advice to completely identify all 
aspects of the site and works that could affect construction costs, techniques, equipment and scheduling.  
Contractors bidding on or undertaking work on the project must be directed to draw their own 
conclusions as to how the subsurface conditions may affect them, based on their own investigations and 
their own interpretations of the factual investigation results, and their approach to the construction works, 
cognizant of the risks implicit in the subsurface investigation activities. 

9.2 Changes in Site and Scope 

The subsurface conditions may potentially be altered with passage of time, natural occurrences, and direct 
or indirect human intervention at or near the site. Caution should be exercised in the consideration of 
contractual responsibilities as they relate to control of seepage, disturbance of soils, and frost protection. 

The design parameters provided and the engineering advice offered in this report are based on the factual 
data obtained from this investigation made at the site by Terraprobe and are intended for use by the owner 
and its retained design consultants in the design phase of the project. If there are changes to the project 
scope and development features, the interpretations made of the subsurface information, the geotechnical 
design parameters, advice and comments relating to constructability issues and quality control may not be 
relevant or complete for the project. Terraprobe should be retained to review the implications of such 
changes with respect to the contents of this report. 
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9.3 Use of Report 

This report was prepared for the express use of Green Propeller Design and their retained design 
consultants. It is not for use by others. This report is copyright of Terraprobe Inc., and no part of this 
report may be reproduced by any means, in any form, without the prior written permission of Terraprobe 
Inc.  Green Propeller Design and their retained design consultants are authorized users.  

It is recognized that the City of Burlington, in its capacity as the planning and building authority under 
Provincial statues, will make use of and rely upon this report, cognizant of the limitations thereof, both as 
are expressed and implied. 

Terraprobe Inc. 
 

 

 

 

 

 

 

 

 
 
Anthony Felice, P. Eng,      Patrick Cannon, P. Eng. 
Project Manager, Geotechnical     Principal, Branch Manager 
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SAMPLING METHODS 
 
AS   auger sample 
CORE   cored sample 
DP   direct push  
FV   field vane  
GS   grab sample  
SS   split spoon  
ST   shelby tube  
WS   wash sample  
     

PENETRATION RESISTANCE   
          
Standard Penetration Test (SPT) resistance ('N' values) is defined as the number of 
blows by a hammer weighing 63.6 kg (140 lb.) falling freely for a distance of 0.76 m (30 
in.) required to advance a standard 50 mm (2 in.) diameter split spoon sampler for a 
distance of 0.3 m (12 in.). 
 
Dynamic Cone Test (DCT) resistance is defined as the number of blows by a hammer 
weighing 63.6 kg (140 lb.) falling freely for a distance of 0.76 m (30 in.) required to 
advance a conical steel point of 50 mm (2 in.) diameter and with 60° sides on 'A' size 
drill rods for a distance of 0.3 m (12 in.)."  

 
COHESIONLESS SOILS
  

Compactness ‘N’ value 

  
very loose < 4 
loose 4 – 10 
compact 10 – 30 
dense 30 – 50 
very dense > 50 

 

COHESIVE SOILS  
 

Consistency ‘N’ value Undrained Shear 
Strength (kPa) 

   
very soft < 2 < 12 
soft 2 – 4 12 – 25 
firm 4 – 8 25 – 50 
stiff 8 – 15 50 – 100 
very stiff 15 – 30 100 – 200 
hard > 30 > 200 

 

COMPOSITION 
 
Term (e.g) % by weight 
  
trace silt < 10 
some silt 10 – 20 
silty 20 – 35 
sand and silt > 35 

 

 
 
TESTS AND SYMBOLS 
 

MH mechanical sieve and  hydrometer     
 analysis   

w, wc water content   

wL, LL liquid limit    

wP, PL plastic limit    

IP, PI plasticity index 

k coefficient of permeability     

γ soil unit weight, bulk 

φ’ internal friction angle 

c’ effective cohesion 

cu undrained shear strength 

 
  Unstabilized water level 

 1st water level measurement 

 2nd water level measurement 

 Most recent water level measurement 

 Undrained shear strength from field vane (with sensitivity) 

Cc compression index 

cv coefficient of consolidation 

mv coefficient of compressibility 

e void ratio 

FIELD MOISTURE DESCRIPTIONS         
Damp  refers to a soil sample that does not exhibit any observable pore water from field/hand inspection. 

Moist  refers to a soil sample that exhibits evidence of existing pore water (e.g. sample feels cool, cohesive soil is at plastic 
limit) but does not have visible pore water 

Wet refers to a soil sample that has visible pore water 
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50mm  ASPHALTIC CONCRETE

FILL, granular base

FILL, clayey silt, trace gravel, trace
rootlets, firm, brown

CLAYEY SILT, trace shale fragments,
with embedded sand and gravel, very
stiff, brown
(GLACIAL TILL)

SHALEY TILL, hard, reddish brown
(GLACIAL TILL)

WEATHERED SHALE, hard, reddish
brown
(QUEENSTON FORMATION)

END OF BOREHOLE

Borehole was dry and open upon
completion of drilling.
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300mm  TOPSOIL

CLAYEY SILT, trace shale fragments,
with embedded sand and gravel, very
stiff, brown to reddish brown
(GLACIAL TILL)

WEATHERED SHALE, hard, reddish
brown
(QUEENSTON FORMATION)

END OF BOREHOLE

Borehole was dry and open upon
completion of drilling.
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250mm  TOPSOIL

FILL, clayey silt, trace gravel, stiff,
brown

CLAYEY SILT, trace shale fragments,
with embedded sand and gravel, very
stiff, brown to reddish brown
(GLACIAL TILL)

WEATHERED SHALE, hard, reddish
brown
(QUEENSTON FORMATION)

END OF BOREHOLE

Borehole was dry and open upon
completion of drilling.
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200mm  TOPSOIL

CLAYEY SILT, trace shale fragments,
with embedded sand and gravel, stiff to
hard, brown to reddish brown
(GLACIAL TILL)

WEATHERED SHALE, hard, reddish
brown
(QUEENSTON FORMATION)

END OF BOREHOLE

Borehole was dry and open upon
completion of drilling.

1

2

3

4

5

6

147.5
0.2

145.4
2.3

142.2
5.5

11

61

50 /
125mm

50 /
100mm

50 /
100mm

50 /
100mm

U
ns

ta
bi

liz
ed

W
at

er
 L

ev
el

147.7

GRAIN SIZE
DISTRIBUTION (%)

(MIT)

G
ra

ph
ic

 L
og

T
yp

e

Description
     Unconfined

N
um

be
r

E
le

va
tio

n
 S

ca
le

(m
)

147

146

145

144

143

     Pocket Penetrometer
     Field Vane

SOIL PROFILE

GROUND SURFACE

SAMPLES

    Dynamic Cone
Moisture / Plasticity

10 20 30

PL LLMC

Plastic
Limit

Natural
Water Content

Liquid
Limit

H
ea

ds
pa

ce
V

ap
ou

r
(p

pm
)

Lab Data
and

Comments

In
st

ru
m

en
t

D
et

ai
ls

D
ep

th
 S

ca
le

 (
m

)

0

1

2

3

4

5

     Lab Vane

Undrained Shear Strength (kPa)

40 80 120 160

  Elev
Depth

(m)

S
P

T
 'N

' V
al

ue

SAGR SI   CL

Position : E: 597615, N: 4806386 (UTM 17T) Elevation Datum :  Geodetic

LOG OF BOREHOLE 4
Originated by  :

Compiled by  :

Checked by  :

KI

AF

PC

Drilling Method :  Solid stem augersRig type :  Mini Mole

Project No. : 7-18-0104-01

Date started : August 16, 2018

Sheet No. : 1  of  1

Client : Green Propeller Design

Project : 2254 Orchard Road

Location : Burlington, Ontario

fi
le

: 
7-

18
-0

10
4-

01
 -

 2
25

4 
or

ch
ar

d 
ro

ad
.g

pj

Penetration Test Values
(Blows / 0.3m)

10 20 30 40



0

10

20

30

40

50

60

70

80

90

100

0.00010.0010.010.1110100

P
ercent R

etained
 (%

)

Grain Size (mm)

0

10

20

30

40

50

60

70

80

90

100

Depth (m) Elev. (m) Sand (%) Silt (%) Clay (%)SampleHole ID

P
er

ce
nt

 P
as

si
ng

 (
%

)

(Fines, %)Gravel (%)

1

3

SS2

SS3

1.0

1.8

146.9

146.4

10

8

21

18

41

48

28

26

Title:

7-18-0104-01File No.:11 Indell Lane, Brampton Ontario L6T 3Y3
(905) 796-2650

GRAIN SIZE DISTRIBUTION

75µm425µm2mm4.75mm

GRAVEL SAND

19mm75mm

COARSE FINE COARSE MEDIUM FINE
COBBLES CLAYSILT

2µm

M
T

O



0.3

1.1

1.4

300mm  TOPSOIL

FILL, silty clay to clayey silt, trace
gravel, trace shale fragments, brown

...perimeter drain at 0.95m depth

CLAYEY SILT, trace shale fragments,
with embedded sand and gravel, brown
(GLACIAL TILL)

END OF TEST PIT

Test pit was dry and open upon
completion of excavation.
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CERTIFICATES OF ANALYSES AND
QUALITY ASSURANCE REPORT - SOIL

        

APPENDIX B

    Terraprobe Inc.



SUMMARY OF SOIL QUALITY ANALYSIS - O. REG 153/04 
2254 Orchard Road, 
Burlington, Ontario

File No.: 7-18-0104-01

Terraprobe Sample ID BH1 SA2 BH1 SA4 BH2 SA3 BH3 SA2 BH4 SA3
O.Reg. 
153/04

O.Reg. 
153/04

Date Sampled 08/16/2018 08/16/2018 08/16/2018 08/16/2018 08/16/2018 Table 1 Table 3
Parameter Clayey Silt Till Shaley Till Clayey Silt Till Clayey Silt Till Clayey Silt Till R/P/I/I/C/C I/C/C

Antimony µg/g 0.8 <0.8 <0.8 <0.8 <0.8 <0.8 1.3 50
Arsenic µg/g 1 5 5 5 5 5 18 18
Barium µg/g 2 98 128 189 103 123 220 670
Beryllium µg/g 0.5 0.6 0.6 0.6 0.7 0.6 2.5 10
Boron µg/g 5 10 18 11 10 10 36 120
Boron (Hot Water Soluble) µg/g 0.10 0.10 0.45 0.13 0.23 0.25 na 2
Cadmium µg/g 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 1.2 1.9
Chromium µg/g 2 19 26 18 23 25 70 160
Chromium VI µg/g 0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.66 10
Cobalt µg/g 0.5 11.0 12.4 10.9 12.7 12.1 21.0 100
Copper µg/g 1 24 12 22 29 28 92 300
Cyanide µg/g 0.040 <0.040 <0.040 <0.040 <0.040 <0.040 0.051 0.051
Electrical Conductivity mS/cm 0.005 0.551 0.323 0.133 0.134 0.144 0.570 1.4
Lead µg/g 1 12 10 10 13 13 120 120
Mercury µg/g 0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.27 20
Molybdenum µg/g 0.5 0.5 0.8 0.5 0.5 0.6 2 40
Nickel µg/g 1 24 27 24 28 27 82 340
Selenium µg/g 0.4 <0.4 <0.4 <0.4 <0.4 <0.4 1.5 5.5
Silver µg/g 0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.5 50
Sodium Adsorption Ratio NA NA 0.738 0.538 0.168 0.269 0.258 2.40 12
Thallium µg/g 0.4 <0.4 <0.4 <0.4 <0.4 <0.4 1 3.3
Uranium µg/g 0.5 0.5 0.5 0.6 0.5 0.6 2.5 33
Vanadium µg/g 1 29 31 28 33 31 86 86
Zinc µg/g 5 63 60 59 67 63 290 340
pH, 2:1 CaCl2 Extraction pH Units NA 7.25 7.59 7.55 7.38 7.54 see note 8 see note 8

RDL = Reportable Detection Limit nv ‐ no derived standard

Notes:

1.  MOECC Soil, Ground Water and Sediment Standards for Use Under Part XV.1 of the Environmental Protection Act; April 15, 2011

2.  Table 1 criteria for residential/park/institutional/industrial/commercial/community property use, medium and fine textured soils

3.  Table 3 criteria for industrial/commercial/community property use, medium and fine textured soils

4. Table 1 R/P/I/I/C/C exceedances are in bold type with a box border (interpretation by Terraprobe Inc.)

5. Table 3 I/C/C exceedances are in bold white type with a box border and black background (interpretation by Terraprobe Inc.)

6.  This table presents a summary of the data presented in the Certificate of Analysis - for convenience purposes only.

7.  This table is to be used in conjunction with, not as a replacement for the  laboratory C of A, which also includes laboratory QA/QC information.

8.  pH should be between 5 and 9 for surface soils and 5 and 11 for subsurface soils

Unit RDL



CLIENT NAME: TERRAPROBE INC
903 Barton Street
Stoney Creek, ON   L8E5P5    
(905) 643-7560

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

Amanjot Bhela, Inorganic SupervisorSOIL ANALYSIS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 7

Aug 24, 2018

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (905) 712-5100

18H374687AGAT WORK ORDER:

ATTENTION TO: Anthony Felice

PROJECT: 2254 Orchard Rd

Laboratories (V1) Page 1 of 7

All samples will be disposed of within 30 days following analysis. Please contact the lab if you require additional sample storage time.

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation.

Association of Professional Engineers and Geoscientists of Alberta 
(APEGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:

*NOTES

Results relate only to the items tested and to all the items tested
All reportable information as specified by ISO 17025:2005 is available from AGAT Laboratories upon request



BH3 SA4SAMPLE DESCRIPTION:

SoilSAMPLE TYPE:

2018-08-16DATE SAMPLED:

9480242G / S RDLUnitParameter

6Chloride (2:1) 2NAµg/g

0.143Electrical Conductivity (2:1) 0.0050.57mS/cm

179Redox Potential (2:1) 5mV

6990Resistivity (2:1) 1ohm.cm

<0.05Sulfide (S2-) 0.05%

15Sulphate (2:1) 2µg/g

8.11pH (2:1) NApH Units

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard: Refers to Table 1: Full Depth Background Site Condition Standards - Soil - 
Residential/Parkland/Institutional/Industrial/Commercial/Community Property Use
Guideline values are for general reference only. The guidelines provided may or may not be relevant for the intended use. Refer directly to the applicable standard for regulatory interpretation.

9480242 EC/Resistivity, pH, Chloride, Sulphate and Redox Potential were determined on the extract obtained from the 2:1 leaching procedure (2 parts DI water: 1 part soil).
*Sulphide analyzed at AGAT 5623 McAdam

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2018-08-17

Certificate of Analysis

ATTENTION TO: Anthony FeliceCLIENT NAME: TERRAPROBE INC

AGAT WORK ORDER: 18H374687

DATE REPORTED: 2018-08-24

PROJECT: 2254 Orchard Rd

Corrosivity Package

SAMPLED BY:Karam IshakSAMPLING SITE:Burlington, ON

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 7



BH1 SA4BH1 SA2 BH2 SA3 BH3 SA2 BH4 SA3SAMPLE DESCRIPTION:

SoilSoilSoil Soil SoilSAMPLE TYPE:

2018-08-162018-08-16 2018-08-16 2018-08-162018-08-16DATE SAMPLED:

9480237 9480239 9480240 9480241 9480244G / S RDLUnitParameter

<0.8 <0.8 <0.8 <0.8 <0.8Antimony 0.81.3µg/g

5 5 5 5 5Arsenic 118µg/g

98 128 189 103 123Barium 2220µg/g

0.6 0.6 0.6 0.7 0.6Beryllium 0.52.5µg/g

10 18 11 10 10Boron 536µg/g

0.10 0.45 0.13 0.23 0.25Boron (Hot Water Soluble) 0.10NAµg/g

<0.5 <0.5 <0.5 <0.5 <0.5Cadmium 0.51.2µg/g

19 26 18 23 25Chromium 270µg/g

<0.2 <0.2 <0.2 <0.2 <0.2Chromium VI 0.20.66µg/g

11.0 12.4 10.9 12.7 12.1Cobalt 0.521µg/g

24 12 22 29 28Copper 192µg/g

<0.040 <0.040 <0.040 <0.040 <0.040Cyanide 0.0400.051µg/g

0.551 0.323 0.133 0.134 0.144Electrical Conductivity 0.0050.57mS/cm

12 10 10 13 13Lead 1120µg/g

<0.10 <0.10 <0.10 <0.10 <0.10Mercury 0.100.27µg/g

0.5 0.8 0.5 0.5 0.6Molybdenum 0.52µg/g

24 27 24 28 27Nickel 182µg/g

<0.4 <0.4 <0.4 <0.4 <0.4Selenium 0.41.5µg/g

<0.2 <0.2 <0.2 <0.2 <0.2Silver 0.20.5µg/g

0.738 0.538 0.168 0.269 0.258Sodium Adsorption Ratio NA2.4NA

<0.4 <0.4 <0.4 <0.4 <0.4Thallium 0.41µg/g

0.5 0.5 0.6 0.5 0.6Uranium 0.52.5µg/g

29 31 28 33 31Vanadium 186µg/g

63 60 59 67 63Zinc 5290µg/g

7.25 7.59 7.55 7.38 7.54pH, 2:1 CaCl2 Extraction NApH Units

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard: Refers to Table 1: Full Depth Background Site Condition Standards - Soil - 
Residential/Parkland/Institutional/Industrial/Commercial/Community Property Use
Guideline values are for general reference only. The guidelines provided may or may not be relevant for the intended use. Refer directly to the applicable standard for regulatory interpretation.

9480237-9480244 EC & SAR were determined on the DI water extract obtained from the 2:1 leaching procedure (2 parts DI water:1 part soil). pH was determined on the 0.01M CaCl2 extract prepared at 2:1 ratio.

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2018-08-17

Certificate of Analysis

ATTENTION TO: Anthony FeliceCLIENT NAME: TERRAPROBE INC

AGAT WORK ORDER: 18H374687

DATE REPORTED: 2018-08-24

PROJECT: 2254 Orchard Rd

O. Reg. 153(511) - Metals & Inorganics (Soil)

SAMPLED BY:Karam IshakSAMPLING SITE:Burlington, ON

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 3 of 7



O. Reg. 153(511) - Metals & Inorganics (Soil)

Antimony 9480751 <0.8 <0.8 NA < 0.8 118% 70% 130% 98% 80% 120% 81% 70% 130%

Arsenic 9480751 3 3 NA < 1 110% 70% 130% 95% 80% 120% 101% 70% 130%

Barium 9480751 44 43 2.3% < 2 102% 70% 130% 98% 80% 120% 109% 70% 130%

Beryllium 9480751 <0.5 <0.5 NA < 0.5 91% 70% 130% 108% 80% 120% 105% 70% 130%

Boron
 

9480751 6 5 NA < 5 74% 70% 130% 103% 80% 120% 101% 70% 130%

Boron (Hot Water Soluble) 9484082 0.22 0.30 NA < 0.10 102% 60% 140% 88% 70% 130% 86% 60% 140%

Cadmium 9480751 <0.5 <0.5 NA < 0.5 110% 70% 130% 100% 80% 120% 104% 70% 130%

Chromium 9480751 13 13 0.0% < 2 95% 70% 130% 100% 80% 120% 101% 70% 130%

Chromium VI 9481498 <0.2 <0.2 NA < 0.2 73% 70% 130% 97% 80% 120% 95% 70% 130%

Cobalt
 

9480751 4.9 4.9 0.0% < 0.5 102% 70% 130% 101% 80% 120% 105% 70% 130%

Copper 9480751 13 12 8.0% < 1 96% 70% 130% 104% 80% 120% 100% 70% 130%

Cyanide 9481519 <0.040 <0.040 NA < 0.040 95% 70% 130% 103% 80% 120% 101% 70% 130%

Electrical Conductivity 9480751 0.187 0.193 3.2% < 0.005 94% 90% 110% NA NA

Lead 9480751 12 12 0.0% < 1 107% 70% 130% 105% 80% 120% 105% 70% 130%

Mercury
 

9480751 <0.10 <0.10 NA < 0.10 108% 70% 130% 105% 80% 120% 97% 70% 130%

Molybdenum 9480751 <0.5 <0.5 NA < 0.5 104% 70% 130% 106% 80% 120% 99% 70% 130%

Nickel 9480751 11 10 9.5% < 1 112% 70% 130% 105% 80% 120% 103% 70% 130%

Selenium 9480751 <0.4 <0.4 NA < 0.4 120% 70% 130% 92% 80% 120% 100% 70% 130%

Silver 9480751 <0.2 <0.2 NA < 0.2 87% 70% 130% 89% 80% 120% 99% 70% 130%

Sodium Adsorption Ratio
 

9480751 0.354 0.373 5.2% NA NA NA NA

Thallium 9480751 <0.4 <0.4 NA < 0.4 104% 70% 130% 100% 80% 120% 102% 70% 130%

Uranium 9480751 <0.5 <0.5 NA < 0.5 100% 70% 130% 104% 80% 120% 91% 70% 130%

Vanadium 9480751 23 23 0.0% < 1 108% 70% 130% 103% 80% 120% 104% 70% 130%

Zinc 9480751 63 59 6.6% < 5 99% 70% 130% 106% 80% 120% 112% 70% 130%

pH, 2:1 CaCl2 Extraction
 

9473758 11.8 11.8 0.0% NA 101% 80% 120% NA NA

Corrosivity Package

Chloride (2:1) 9475629 406 389 4.3% < 2 101% 80% 120% 98% 80% 120% 99% 70% 130%

Electrical Conductivity (2:1) 9480751 0.187 0.193 3.2% < 0.005 94% 90% 110% NA NA

Redox Potential (2:1) 9481819 213 211 0.9% < 5 104% 70% 130% NA NA

Sulfide (S2-) 9480242 9480242 < 0.05 <0.05 NA < 0.05 98% 80% 120%

Sulphate (2:1)
 

9475629 16200 16100 0.6% < 2 103% 80% 120% 102% 80% 120% 105% 70% 130%

pH (2:1) 9481819 8.34 8.28 0.7% NA 100% 90% 110% NA NA

 
Comments: NA signifies Not Applicable.
Duplicate Qualifier: As the measured result approaches the RL, the uncertainty associated with the value increases dramatically, thus duplicate acceptance limits apply only 
where the average of the two duplicates is greater than five times the RL
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Soil Analysis

Chloride (2:1) INOR-93-6004 McKeague 4.12 & SM 4110 B ION CHROMATOGRAPH

Electrical Conductivity (2:1) INOR-93-6036 McKeague 4.12, SM 2510 B EC METER

Redox Potential (2:1) McKeague 4.12 & SM 2510 B REDOX POTENTIAL ELECTRODE

Resistivity (2:1) INOR-93-6036
McKeague 4.12, SM 2510 B,SSA #5 
Part 3

CALCULATION

Sulfide (S2-) MIN-200-12025 ASTM E1915-09 GRAVIMETRIC

Sulphate (2:1) INOR-93-6004 McKeague 4.12 & SM 4110 B ION CHROMATOGRAPH

pH (2:1) INOR 93-6031 MSA part 3 & SM 4500-H+ B PH METER

Antimony MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

Arsenic MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

Barium MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

Beryllium MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

Boron MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

Boron (Hot Water Soluble) MET-93-6104
EPA SW 846 6010C; MSA, Part 3, 
Ch.21

ICP/OES

Cadmium MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

Chromium MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

Chromium VI INOR-93-6029 SM 3500 B; MSA Part 3, Ch. 25 SPECTROPHOTOMETER

Cobalt MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

Copper MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

Cyanide INOR-93-6052
MOE CN-3015 & E 3009 A;SM 4500 
CN

TECHNICON AUTO ANALYZER

Electrical Conductivity INOR-93-6036 McKeague 4.12, SM 2510 B EC METER

Lead MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

Mercury MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

Molybdenum MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

Nickel MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

Selenium MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

Silver MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

Sodium Adsorption Ratio INOR-93-6007
McKeague 4.12 & 3.26 & EPA 
SW-846 6010C

ICP/OES

Thallium MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

Uranium MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

Vanadium MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

Zinc MET-93-6103 EPA SW-846 3050B & 6020A ICP-MS

pH, 2:1 CaCl2 Extraction INOR-93-6031 MSA part 3 & SM 4500-H+ B PH METER
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