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1.1  Introduction  

EXP Services Inc. (EXP) was retained by 2411061 Ontario Inc. to carry out a geotechnical investigation and prepare a 

geotechnical report relating to the proposed new development at 1210 – 1240 Wharncliffe Road South in London, 

Ontario, hereinafter referred to as the ‘Site’. 

It is our understanding that the proposed project will consist of townhouse blocks having a total of 54 units (proposed 

stacked townhomes) and a stormwater management facility. The residential development is expected to have 

complete municipal servicing and will have paved access roads. 

Based on an interpretation of the factual test hole data and a review of soil and groundwater information from test 

holes advanced at the site, EXP has provided geotechnical engineering guidelines to support the proposed Site 

development. 

1.2  Terms of Reference  

The geotechnical investigation was generally completed in accordance with the scope of work outlined in EXP’s 

proposal P22-460 dated January 17, 2023. Authorization to proceed with this investigation was received from 

Mr. Sam Rattazzi on behalf of 2411061 Ontario Inc. 

The purpose of the investigation was to examine the subsoil and groundwater conditions at the Site by advancing a 

series of boreholes at the locations chosen by EXP and shown on the attached Borehole Location Plan (Drawing 1). 

Based on an interpretation of the factual borehole data, and a review of soil and groundwater information from test 

holes excavated at the Site, EXP has provided engineering guidelines for the geotechnical design and construction of 

the proposed development. More specifically, this report provides comments on excavations, dewatering, site 

preparation, foundations, slab-on-grade construction, bedding and backfill, stormwater management facility 

construction, earthquake design considerations, pavement recommendations, and curbs and sidewalks. 

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 applicable codes and standards. If there are any changes in the design features relevant 

to the geotechnical analyses, or if any questions arise concerning geotechnical aspects of the codes and standards, 

this office should be contacted to review the design. 

The information in this report in no way reflects on the environmental aspects of the soil. Should specific information 

in this regard be needed, additional testing may be required. 

Reference is made to Appendix C of this report, which contains further information necessary for the proper 

interpretation and use of this report. 

Earth and Environmental Division - Geotechnical 
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2. Methodology 

The fieldwork was carried out between February 16th and 17th , 2023. In general, the geotechnical investigation 

consisted of the advancement of eight (8) boreholes at the locations shown on Drawing 1 as BH1 to BH8, inclusive. 

MW was suffixed to the borehole symbol (BH) where groundwater monitoring wells were installed. A nested well 

set was installed at BH8A/MW and BH8B/MW. 

Prior to drilling, buried service clearances were obtained for the test hole locations by EXP. 

The boreholes were completed by a specialist drilling subcontractor under the full-time supervision of EXP 

geotechnical staff. The boreholes were advanced using a track-mounted drill rig equipped with continuous flight 

solid and hollow stem augers, soil sampling and soil testing equipment. In each borehole, disturbed soil samples 

were recovered at depth intervals of 0.75 m and 1.5 m using conventional split spoon sampling equipment and 

Standard Penetration Test (SPT) methods or auger samples. 

During the drilling, the stratigraphy in the test holes was examined and logged in the field by EXP geotechnical 

personnel. 

Short-term groundwater levels within the open boreholes were observed. These observations pertaining to 

groundwater conditions at the test hole locations are recorded in the borehole logs found in Appendix A. 

Groundwater monitoring well consisting of 50 mm diameter PVC pipe were installed in Boreholes BH1, BH6, BH7, 

and BH8. Details of the monitoring well construction are provided on the attached Borehole Logs. Following the 

drilling, the remaining boreholes were backfilled with the excavated materials and bentonite, to satisfy the 

requirements of O.Reg. 903 

Representative samples of the various soil strata encountered at the test locations were taken to our laboratory in 

London for further examination by a Geotechnical Engineer and laboratory classification testing. Laboratory testing 

for this investigation comprised of routine moisture content determinations and grain size analysis, with results 

presented on the borehole logs found in Appendix A. 

Samples remaining after the classification testing will be stored for a period of three months following the issuance 

of this report (i.e., until May 2023). After this time, they will be discarded unless prior arrangements have been made 

for longer storage. 

The location of each test hole was established in the field in conjunction with a site plan provided by the Client. The 

ground surface is provided by the Government of Ontario Digital Terrain Model (Lidar-Derived) available on the 

Ontario GeoHub website (0.5m Resolution). 

Earth and Environmental Division - Geotechnical 
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3. Site and Subsurface Conditions 

3.1 Site Description 

The subject Site is currently occupied by an existing commercial building and paved parking lots. The Site is bound 

to the west by Wharncliffe Road South with commercial development beyond. To the south, the Site is a part of 

adjacent agricultural land. To the east, the Site is bound by a commercial business and residential development. 

There is an old concrete pad at the central section of the Site, west of the wetland. In general, the Site is relatively 

flat with a grade difference of about 3.5 m across the borehole locations. 

Additionally, a wetland/pond area was identified and located towards the center of the investigation area. The size 

of the standing water area and depth of standing water will increase and decrease depending on the time of year 

and rain events. Further information regarding the wetland will be available within the Hydrogeological Assessment 

report. 

The following sections provide a summary of the soil and groundwater conditions. 

3.2 Soil Stratigraphy 

The detailed stratigraphy encountered in each test hole is shown on the borehole logs found in Appendix A and 

summarized in the following paragraphs. It must be noted that the boundaries of the soil indicated on the borehole 

logs are inferred from non-continuous sampling and observations during drilling. These boundaries are intended to 

reflect transition zones for geotechnical design and should not be interpreted as exact planes of geological change. 

Topsoil 

Each borehole was surfaced with a layer of topsoil that is about 120 to 620 mm thick. 

In cultivated areas, it should be anticipated that surficial topsoil has been blended into the underlying subgrade soils. 

In treed areas, the topsoil may be thicker, and contain areas with significant roots. 

It should be noted that topsoil quantities should not be established from the information provided at the test hole 

locations only. If required, a more detailed analysis (involving additional shallow test pits) is recommended to 

accurately quantify the amount of topsoil to be removed for construction purposes. 

Fill 

Beneath the topsoil, a layer of clayey silt fill was encountered and extended to depths ranging from about 1.5 to 

3.1 m below existing grade, corresponding to a range in Elevation of 267.8 to 271.2 m. No fill was encountered 

within Boreholes BH5 and BH7. 

The fill material was generally noted to be brown/grey and contains trace topsoil, trace sand and gravel, with some 

wet layering, and is soft to stiff (based on SPT N Values ranging between 3 and 10 blows). Based on laboratory 

testing, the in situ moisture content of the fill material ranges between 13 and 29 percent, generally indicative of 

moist conditions. 

Earth and Environmental Division - Geotechnical 
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Clayey Silt 

Underlying the topsoil and fill material, clayey silt was encountered. In general, the clayey silt is brown, becoming 

grey with depth, with some trace sand and gravel, and is stiff to very stiff, based on SPT N Values ranging between 

11 and 20 blows. Based on laboratory testing, the in situ moisture content of the clayey silt ranges between 14 and 

23 percent, generally indicative of moist conditions. 

Glacial Till 

With the exception of Borehole BH8, each borehole was terminated in a stratum of glacial till. The till predominantly 

consists of grey clayey silt. The till contains trace sand and gravel and is typically stiff to very stiff in consistency 

(typical SPT N Values of 10 to 30). The in situ moisture content of the till is 11 to 22 percent, indicating moist 

conditions. 

Table 1 – Grain Size Summary 

Borehole 
Elevation 

(m) 
Gravel Sand Silt Clay 

BH6/MW SA3 

BH7/MW SA5 

BH8/MWB SA1 

 
 

 
     

       

       

       

       

BH1/MW SA5 ~268.2 12% 11% 57% 30% 

~267.4 1% 11% 57% 31% 

~264.6 1% 5% 55% 39% 

~265.3 2% 9% 52% 37% 

  
          

  

  

 

      

 
 

   

                   

                      

                      

        

   

                    

                      

                        

 

       

   

                      

                        

           

 

 

 

 

 

 

 

 

 

Sandy Silt 

Borehole BH8 was terminated in a stratum of sandy silt below the glacial till, encountered at 7.9 m bgs. The sandy 

silt was generally noted to be grey and compact, based on a SPT N Value of 25 blows. The in situ moisture content 

of the sandy silt was 21 percent, indicating wet conditions. 

Earth and Environmental Division - Geotechnical 
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3.3 Groundwater Conditions 

To allow for long-term monitoring of the water levels, monitoring wells were installed in BH1/MW, BH6/MW, 

BH7/MW and BH8/MW. Of these, a nested well set was installed in BH8A/MW and BH8B/MW, with details shown 

on the Borehole Logs. The wells were installed to depths ranging between about 2.7 and 9.1 m below ground surface 

(bgs). The summary of well construction details and measured groundwater levels are presented in the tables below. 

Table 2 – Monitoring Well Construction Details 

Borehole ID 
Completion Depth 

(m bgs) 

Screen Length 

(m) 

Ground Surface 

Elevation 

(m ASML) 

Bottom of Well 

Elevation 

(m AMSL) 

Screened Strata 

BH1/MW 6.1 1.5 272.75 266.52 Clayey Silt Till 

6.1 1.5 269.74 263.66 Clayey Silt Till BH6/MW 

BH7/MW 

BH8A/MW 

BH8B/MW 

6.1 1.5 269.19 262.79 Clayey Silt Till 

7.6 1.5 269.90 261.94 Clayey Silt Till 

5.5 1.5 269.90 264.3 Clayey Silt Till 

Table 3 – Monitoring Well and Groundwater Depth and Elevation 

Borehole ID 
Ground Surface 

Elevation (m) 

Groundwater Depth 

Below Existing 

Grade (m) 

Feb 23, 2023 

Groundwater 

Elevation (m) 

Feb 23, 2023 

BH1/MW 272.75 5.97 266.78 

269.74 0.97 268.77 

269.19 5.85 263.34 

BH6/MW 

BH7/MW 

BH8A/MW 

BH8B/MW 

269.90 5.37 264.53 

269.90 0.64 269.26 

Note: Groundwater levels may not reflect static conditions and groundwater monitoring is on-going as part of the 

Hydrogeological Assessment. 

The monitoring wells have been registered with the Ministry of the Environment, Conservation and Parks (MECP), in 

accordance with Ontario Regulation 903, and remain intact for the purposes of ongoing monitoring of stabilized 

groundwater conditions, as required. 

Based on the ongoing monitoring of the observation wells, the groundwater levels range from relative Elevation 

263.34 to 269.26 m. Further information regarding groundwater conditions will be available within the 

Hydrogeological Assessment report. 

Earth and Environmental Division - Geotechnical 
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Details of the groundwater conditions observed within the test holes advanced as part of the geotechnical 

investigation are provided on the attached borehole logs. Upon completion of drilling, the open boreholes were 

examined for the presence of groundwater and groundwater seepage. Borehole BH5 was dry at completion. 

It is noted that insufficient time was available for the measurement of the depth to the stabilized groundwater table 

prior to backfilling the test holes without monitoring wells installed. 

It is also noted that the depth to the groundwater table may vary in response to climatic or seasonal conditions, and, 

as such, may differ at the time of construction, with higher levels in wet seasons. Capillary rise effects should also 

be anticipated in fine-grained soil deposits. 

3.4 Methane Gas 

No methane gas producing materials or significant organic matter was encountered at the borehole locations, except 

a thin veneer of topsoil in some of the boreholes. 

An RKI Gx-2003 Gas Detector was used in the upper levels of the open boreholes. The unit measures LEL 

combustibles, methane gas, oxygen content, carbon monoxide and hydrogen sulfide in standard confined space 

gases. No significant methane gas concentration was detected in the boreholes. 

4. Discussion and Recommendations 

Based on available project drawings, the proposed project will consist of 54 units (proposed stacked townhomes) 

and a stormwater management facility. The residential development is expected to have complete municipal 

servicing and will have paved access roads. 

The following sections of this report provide geotechnical comments and recommendations regarding excavations, 

dewatering, site preparation, foundations, slab-on-grade construction, bedding and backfill, stormwater 

management facility construction, earthquake design considerations, pavement recommendations, and curbs and 

sidewalks. 

4.1 Site Preparation 

Prior to the placement of foundations, pipe bedding and/or engineered fill, all surficial topsoil, vegetation and/or 

otherwise deleterious materials should be stripped. Thicker areas of topsoil may be anticipated in areas with trees 

and/or heavy vegetative cover. The surficial topsoil may be stockpiled on site for possible reuse for landscaping fill. 

Any existing wells onsite must be properly decommissioned by a licensed well contractor to protect the aquifer from 

surface contamination, prevent vertical movement of water between aquifers, or between an aquifer and the ground 

surface, and eliminate a potential safety hazard. The well decommissioning requirements and standards from 

Ontario Regulation 903 must be adhered to. EXP can provide this service upon request. 

The present condition of the area would require that all surface water, topsoil, trees, organics, cat tails and otherwise 

unsuitable fill materials to be removed from the pond area prior to construction and/or placement of engineered fill. 

It should be anticipated that the soil underlying the existing pond, and within the immediate vicinity of the existing 

pond, is presently in a wet to saturated condition and considered unsuitable for placement of any engineered fill. 

Earth and Environmental Division - Geotechnical 



  
          

  

  

 

      

 
 

                  

                   

               

                 

                   

          

                  

      

                    

                 

                   

                

        

                   

          

                   

                     

                 

          

                   

    

                     

                

                   

                   

                 

                 

                 

 

 

 

 

 

 

7 EXP Services Inc. 
Project Name: Residential Development- 1210-1240 Wharncliffe Rd. S., London, ON 

Project Number: LON-23001016-A0 

Date: March 2023 

As mentioned previously, the pond area should be cleared and the subgrade properly prepared and approved, by a 

Geotechnical Engineer, prior to fill placement to restore grades in the ponded area. Soil and sediment sampling and 

testing from the pond area may be required to classify the material for disposal purposes. 

Following the removal of the topsoil and unsuitable materials described above and prior to fill placement, the 

exposed subgrade should be inspected by a Geotechnical Engineer. Any loose or soft zones noted in the inspection 

should be over-excavated and replaced with approved fill. 

It is recommended that construction traffic be minimized on the finished subgrade, and that the subgrade be sloped 

to promote surface drainage and runoff. 

In the building areas where the grades will be raised, the fill material should consist of imported granular or approved 

onsite (excavated) material. The fill material should be inspected and approved by a Geotechnical Engineer and 

should be placed in maximum 300 mm (12 inch) thick loose lifts and uniformly compacted to 100 percent Standard 

Proctor Maximum Dry Density (SPMDD) within 3 percent of optimum moisture content. The geometric requirements 

for engineered fill are provided on Drawing 2. 

The natural inorganic materials on site would be suitable for reuse as engineered fill. The material should be 

examined and approved by a Geotechnical Engineer prior to reuse. 

In areas along the proposed roadways, fill material used to raise grades may also consist of on-site excavated soils, 

or imported granular fill approved by an Engineer. The fill should be placed in maximum 300 mm (12 inch) thick 

loose lifts and uniformly compacted to 95/98 percent SPMDD, depending on depth, within 3 percent of optimum 

moisture content to provide adequate stability for the new pavements. 

In situ compaction testing should be carried out during the fill placement to ensure that the specified compaction is 

being achieved. 

If imported fill material is used at the site, verification of the suitability of the fill may be required from an 

environmental standpoint. Conventional geotechnical testing will not determine the suitability of the material in this 

regard. Analytical testing and environmental site assessment may be required at the source. This will best be 

assessed prior to the selection of the material source. A quality assurance program should be implemented to ensure 

that the fill material will comply with the current Ministry of Environment, Conservation and Parks (MECP) standards 

for placement and transportation. The disposal of excavated materials must also conform to the MECP Guidelines 

and requirements. EXP can be of assistance if an assessment of the materials is required. 

Earth and Environmental Division - Geotechnical 
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4.2 Excavation and Groundwater Control 

Excess Soil Management 

It should be noted that the Geotechnical Investigation does not include any testing for off-site disposal according to 

the new Regulation O. Reg. 406/19. 

Ontario Regulation 406/19 made under the Environmental Protection Act (November 28, 2019) was implemented 

on January 1, 2021. The new regulation dictates the testing protocol that is required for the management and 

disposal of Excess Soils. As set forth in the Regulation, specific analytical testing protocols will need to be 

implemented and followed based on the quality and quantity of soil to be managed. The testing protocols were fully 

implemented on January 1, 2022, however, effective March 14, 2022, the MECP Policy Branch confirmed the delay 

of the implementation phase of the regulation. It is understood, however, that effective January 1, 2023, the pause 

will be lifted and the regulation will resume in full implementation. 

The quality of soils is assessed through an Assessment of Past Uses (APU) including the provision of an Ecolog ERIS 

data base report to determine if there are any Areas of Potential Environmental Concern (APEC). The parameters to 

be tested will be determined by the APU results. 

The testing protocols are specific as to whether the soils are stockpiled or in situ. In either scenario, the testing 

protocols are far more onerous than have been historically carried out as part of standard industry practices. These 

decisions should be factored in and accounted for prior to the initiation of the project-defined scope of work. EXP 

would be pleased to assist with the implementation of a soil management and testing program that would satisfy 

the requirements of Ontario Regulation 406/19. 

Soil sampling requirements for Areas of Potential Environmental Concern (APEC) related to the new standard 

effective January 1, 2022 are provided below. 

Table 4 – Ex-Situ (e.g., Stockpiles) 

Soil Volume Sampling Frequency 

<130 m3 Minimum of 3 

>130 - 220 m3 4 

>220 - 5000 m3 5-32* 

>5000 m3 N = 32 + (Volume – 5000) / 300 

  
          

  

  

 

      

 
 

     

    

                  

        

              

                   

                   

                    

                 

                  

           

                    

                   

           

                     

                   

                    

                  

      

               

       

      

     

     

     

     

           

                   

  

 

 

 

 

*refer to stockpile sampling frequency in O.Reg. 153/04 for specifics. Essentially, one sample for every 150 m3 after 

800 m3 

Earth and Environmental Division - Geotechnical 
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Table 5 – In Situ 

Soil Volume Sampling Frequency 

<600 m3 Minimum of 3 

>600 m3 - 10,000 m3 1 sample per every additional 200 m3 

>10,000 m3 – 40,000 m3 1 sample per every additional 450 m3 

>40,000 m3 1 sample per every additional 2000 m3 

  
          

  

  

 

      

 
 

     

    

     

            

            

         

                     

           

                  

     

    

                 

             

      

                 

 

                  

               

       

           

           

            

                

        

               

  

 

 

 

 

 

 

In areas where no APECs have been identified, the sampling frequency in the tables noted above, do not need to be 

followed and can be determined at the discretion of the QP. 

In addition to the above tables, one field duplicate should be submitted for approximately every 10 samples taken 

for quality control/quality assurance purposes. 

Soil Analytical Testing Requirements: 

• Samples to be tested for a minimum of Petroleum Hydrocarbons (PHCs) – Fractions F1-F4, Benzene, Toluene, 

Ethylbenzene & Xylenes (BTEX), Metals & Inorganics, including Electrical Conductivity (EC) and Sodium 

Absorption Ration (SAR). 

• Any additional potential Contaminant of Concern identified in past uses report (comes into effect January 1, 

2022) 

• mSPLP Leachate testing (metals and VOCs) (not required for volumes under 350 m3: between 350 m3 and 

600 m3 (minimum of 3); greater than 600 m3 (10 % of samples). 

Other components of the new regulation include: 

• the Sampling and Analysis Plan (SAP) which follows the APU 

• the Soil Characterization Report (SCR) which follows the sampling program 

• the Excess Soil Destination Assessment Report (ESDAR) which follows the SCR 

• Notice of Project on the Resource Productivity and Recovery Authority (RPRA) which is usually the 

responsibility of the Contractor during the construction phase 

• Tracking Requirements on the RPRA, again, usually the responsibility of the Contractor during the 

construction phase 

Earth and Environmental Division - Geotechnical 
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Excavations 

All work associated with design and construction relative to excavations must be carried out in accordance with 

Part III of Ontario Regulation 213/91 under the Occupational Health and Safety Act. Based on the results of the 

geotechnical investigation and in accordance with Section 226 of Ontario Regulation 213/91, the very stiff clayey silt 

till is classified as Type 2 soils, while the fill, clayey silt, sandy silt and stiff till are classified as Type 3 soils. 

Temporary excavation sidewalls which extend through and terminate solely within Type 2 soil, may be cut vertical in 

the bottom 1.2 m (4 ft.), and cut back at an inclination of 1 horizontal to 1 vertical above that level. Where 

excavations extend into or through Type 3 soil, excavation side slopes must be cut back at a maximum inclination of 

about 1H:1V from the base of the excavation. Should groundwater egress loosen the side slopes of Type 2 or Type 3 

soils, slopes of 3H:1V or flatter will be required. 

Geotechnical inspection at the time of excavation can confirm the soil type present. 

It should be noted that the presence of cobbles and boulders in natural glacial deposits may influence the progress 

of excavation and construction. 

Excavation Support 

The recommendations for side slopes given in the above section would apply to most of the conventional excavations 

expected for the proposed development. However, in areas adjacent to buried services that are located above the 

base of the excavations, side slopes may require support to prevent possible disturbance or distress to these 

structures. This concept also applies to connections to existing services. In granular soils above the groundwater 

and in cohesive natural soils, bracing will not normally be required if the structures are behind a 45-degree line drawn 

up from the toe of the excavation. In wet sandy or silty soils, the setback should be about 3H to 1V if bracing is to be 

avoided. 

For support of excavations such as for any deep manholes or as required for space restrictions, shoring such as 

sheeting or soldier piles and lagging can be considered. The design and use of the support system should conform 

to the requirements set out in the most recent version of the Occupational Health and Safety Act for Construction 

Projects and approved by the Ministry of Labour. Excavations should conform to the guidelines set out in the 

proceeding section and the Safety Act. 

The shoring should also be designed in accordance with the guidelines set out in the Canadian Foundation 

Engineering Manual, 4th Edition. Soil-related parameters considered appropriate for a soldier pile and lagging 

system are shown below. 

Earth and Environmental Division - Geotechnical 
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Where applicable, the lateral earth pressure acting on the excavation shoring walls may be calculated from the 

following equation: 

P = K (γh+q) 

where, P = lateral earth pressure in kPa acting at depth h; 

γ = natural unit weight, a value of 20.4 kN/m3 may be assumed; 

h = depth of point of interest in m; 

q = equivalent value of any surcharge on the ground surface in kPa. 

The earth pressure coefficient (K) may be taken as 0.25 where small movements are acceptable and adjacent footing 

or movement sensitive services are not above a line extending at 45 degrees from the bottom edge of the excavation; 

0.35 where utilities, roads, sidewalks must be protected from significant movement; and 0.45 where adjacent 

building footings or movement sensitive services (gas and water mains) are above a line of 60 degrees from the 

horizontal extending from the bottom edge of the excavation. 

For long term design, a K at rest (Ko) of a minimum of 0.5 should be considered. 

The above expression assumes that no hydrostatic pressure will be applied against the shoring system. It should be 

recognized that the final shoring design will be prepared by the shoring contractor. It is not possible to comment 

further on specific design details until this design is completed. 

If the shoring is exposed to freezing temperatures, appropriate insulation may be provided to prevent outward 

movement. 

The performance of the shoring must be checked through monitoring for lateral movement of the walls of the 

excavation to ensure that the shoring movements remain within design limits. The most effective method for 

monitoring the shoring movements can best be devised by this office when the shoring plans become available. The 

shoring designer should however assess the specific site requirements and submit the shoring plans to the engineer 

for review and comment. 

Construction Dewatering 

Wet sand and silt lenses were noted within the upper clayey silt and lower clayey silt till deposits at the location of 

several of the boreholes. Based on the soil texture encountered during the investigation, minor groundwater 

infiltration may be anticipated within the building and service trench excavations depending on the depth of 

excavation and stratigraphy encountered. 

In areas where excavations extend through and terminate in clayey silt and glacial till soils, only minor groundwater 

infiltration is expected and can most likely be accommodated using conventional sump pumping techniques; 

provided that the sump pits are lined with a suitable geotextile filter fabric and pump inlet is set in a clear stone, 

which must fill the sump pit completely. 

Earth and Environmental Division - Geotechnical 
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The variance in water levels is attributed to the various wet sand and silt lenses noted within the glacial till deposits 

at the location of several of the boreholes, causing water to perch at different elevations. Depending on the final 

grades, a dewatering plan may be required to control the water ingress. Ongoing liaison from this office will be 

required. 

For excavations extending below the groundwater table in sandy soils, suitable groundwater control measures will 

be required to maintain a dry and stable excavation base and sides. 

The collected water should be discharged a sufficient distance away from the excavated area to prevent the discharge 

water from returning to the excavation. Sediment control measures should be provided at the discharge point of 

the dewatering system. Caution should also be taken to avoid any adverse impacts to the environment. 

It is important to mention that for any projects requiring positive groundwater control with a removal rate of 50,000 

litres to less than 400,000 liters per day, an Environmental Activity and Sector Registry (EASR) will be required. Permit 

to take Water (PTTW) applications are required for removal rates more than 400,000 L per day and will need to be 

approved by the MECP per Sections 34 and 98 of the Ontario Water Resources Act R.S.O. 1990 and the Water Taking 

and Transfer Regulation O. Reg. 387/04. 

4.3 Foundations 

Conventional Strip and Spread Footings 

The low-rise residential buildings can be supported on conventional spread and strip footings founded below the 

topsoil or unsuitable soils on the natural competent subgrade soils, or on approved engineered fill. Based on the 

borehole findings, conventional foundations on the natural subgrade or engineered fill are practical for the Site. 

Bearing pressures and approximate elevations are provided in the table below for the design of strip and spread 

footings founded on the natural soils at the borehole locations. 

Table 6 – Recommended Bearing Levels at the BH Locations 

Test 

Location 

Ground 

Surface 

Elevation 

(m) 

Minimum Depth 

(m bgs) 

Elevation 

(m) 

Bearing Resistance at 

Serviceability Limit 

States SLS 

(kPa) 

Factored Bearing 

Resistance at Ultimate 

Limit State ULS 

(kPa) 

BH1 272.7 1.6 271.1 145 215 

BH2 272.4 2.3 270.1 145 215 

BH3 269.9 2.3 267.6 145 215 

BH4 270.8 3.1 267.7 145 215 

BH5 269.8 1.5 268.3 145 215 
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The depths to the competent natural subgrade soils for some boreholes are deeper than others because of the 

presence of the loose and/or unsuitable materials. 
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If the grades are to be raised or restored, engineered fill can be used for foundation support. If the thickness of fill 

is more than 3 m, imported granular soil should be considered, especially if the foundation is constructed 

immediately after the engineered fill placement. The geometric requirements for the fill placement are shown on 

Drawing 2, appended. The available SLS bearing capacity for the engineered fill is 145 kPa (3,000 psf). 

For footings placed on engineered fill, it is recommended that the strip footings be widened to 500 mm (20 inches) 

and contain nominal concrete reinforcing steel. Verification of the soil conditions and the extent of reinforcement 

are best determined by the Geotechnical Engineer at the time of excavation. The engineered fill construction should 

be monitored on a full-time basis by qualified geotechnical personnel to examine and approve fill materials, to 

evaluate placement operations, and to verify that the specified degree of compaction is being achieved uniformly 

throughout the fill. 

Foundations - General 

Footings at different elevations should be located such that the higher footings are set below a line drawn up at 

10 horizontal to 7 vertical from the near edge of the lower footing. This concept should also be applied to service 

excavation, etc. to ensure that undermining is not a problem. 

Service trench 

7 
7 

10 
10 

Lower footing 

FOOTINGS NEAR SERVICE TRENCHES OR AT DIFFERENT ELEVATIONS 

Provided that the footing bases are not disturbed due to construction activity, precipitation, freezing and thawing 

action, etc., and the aforementioned bearing pressures are not exceeded, the total and differential settlements of 

footings designed in accordance with the recommendations of this report and with careful attention to construction 

detail are expected to be less than 25 mm and 20 mm (1 and ¾ inch) respectively. 

All footings exposed to seasonal freezing conditions should be protected from frost action by at least 1.2 m (4 ft) of 

soil cover or equivalent insulation. 

It should be noted that the recommended bearing capacities have been calculated by EXP from the borehole 

information for the design stage only. The investigation and comments are necessarily on-going as new information 

of underground conditions becomes available. For example, if more specific information becomes available with 

respect to conditions between boreholes when foundation construction is underway. The interpretation between 

the boreholes and the recommendations of this report must therefore be checked through field inspections provided 

by EXP to validate the information for use during the construction stage. 

Earth and Environmental Division - Geotechnical 
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4.4 Basements 

If the development includes buildings with basements, the basement floors can be constructed using cast 

slab- on- grade techniques provided that the subgrade is stripped of all topsoil, fill, and other obviously objectionable 

material. The subgrade should then be proof-rolled thoroughly. Any soft zones detected should be dug out and 

replaced with compactable excavated material placed in accordance with the requirements outlined in the previous 

Section 5.1. 

A 200 mm (8 inch) compacted layer of 19 mm (¾ inch) clear stone should be placed between the prepared subgrade 

and the floor slabs to serve as a moisture barrier. An alternative option would be to place 300 mm of OPSS 

Granular ‘A’ material compacted to 100 percent SPMDD. 

The installation and requirement of a vapour barrier under the floor slab, where applicable, should conform to the 

flooring manufacturer’s and designer’s requirements. Moisture emission testing is recommended to determine the 

concrete condition prior to flooring installation. 

All basement walls should be damp-proofed and must be designed to resist a horizontal earth pressure ‘p’ at any 

depth ‘h’ below the surface as given by the following expression: 

p = K (γh+q) 

where: 

p = lateral earth pressure in kPa acting at a depth h: 

K = earth pressure coefficient, assumed to be 0.4; 

γ = unit weight of backfill, a value of 20.4 kN/m3 may be assumed; 

h = depth to point of interest in m and, 

q = equivalent value of any surcharge on the ground surface. 

If basements are planned, installation of perimeter drains is required. The above expression assumes that the 

perimeter drainage system prevents the build-up of any hydrostatic pressure behind the wall. Suggestions for 

permanent perimeter drainage are given on Drawing 3. 

4.5 Slab-on -grade Construction 

Preparation of the subgrade should include the removal of all topsoil and/or deleterious material from the proposed 

building area. The entire floor slab area should then be thoroughly proof-rolled with a heavy roller and examined by 

a Geotechnical Engineer. Any excessively soft or loose areas should be sub-excavated and replaced with suitable 

compacted fill. Where the exposed subgrade requires reconstruction to achieve the design elevations, structural fill 

should be used. It is recommended that structural fill comprises granular material, such as OPSS Granular ‘B’, or 

approved alternative material. The fill should be placed in maximum 300 mm thick lifts and compacted to a minimum 

of 98 percent Standard Proctor Maximum Dry Density (SPMDD). For best compaction results, the in situ moisture 

content of the fill should be within about three percent of optimum, as determined by Standard Proctor density 

testing. 

Earth and Environmental Division - Geotechnical 
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No special underfloor drains are required provided that the exterior grades are lower than the floor slab, and 

positively sloped away from the slab. It is recommended that an impermeable soil seal such as clay, asphalt or 

concrete be provided on the surface to minimize water infiltration from the exterior of the building. See Drawing 4 

for Drainage and Backfill recommendations for slab-on-grade construction. 

A moisture barrier, consisting of a 200 mm (8 in.) thick, compacted layer of 19 mm (3/4 in.) clear stone, should be 

then placed between the prepared granular sub-base and the floor slab. An alternative option would be to place 

300 mm of OPSS Granular ‘A’ material compacted to 100 percent SPMDD. 

The installation and requirement of a vapour barrier under a concrete slab should conform to the flooring 

manufacturer’s and designer’s requirements. Moisture emission testing will be required to determine the concrete 

condition prior to flooring installation. In order to minimize the potential for excess moisture in the floor slab at the 

time of the flooring installation, a concrete mixture with a low water-to-cement ratio (i.e., 0.45 to 0.55) should be 

used. Chemical additives may be required at the time of placement to make the concrete workable, and should be 

used in place of additional water at the point of placement. Ongoing liaison from this office will be required. 

For slab on grade design, the modulus of subgrade reaction (k) can be taken as 20 MPa/m for the compacted stone 

layer over the compacted granular subbase. 

The water-to-cement ratio and slump of concrete used in the floor slabs should be strictly controlled to minimize 

shrinkage of the slabs. Adequate joints should be provided in the floor slab to further control cracking. During 

placement of concrete at the construction site, testing should be performed on the concrete. 

4.6 Foundation Backfill 

In general, the existing natural soils excavated from the foundation area should be suitable for re-use as foundation 

wall backfill exterior to the foundation wall drainage system if the work is carried out during relatively dry weather. 

The materials to be re-used should be within three percent of optimum moisture for best compaction results. 

Materials should be stockpiled per their composition (i.e. sandy soils should not be mixed with clayey soils). 

If the weather conditions are very wet during construction, then imported granular material such as OPSS 

Granular 'B' should be used. Site review by the geotechnical consultant may be advised. 

The backfill must be brought up evenly on both sides of walls not designed to resist lateral earth pressures. 

During construction, the fill surface around the perimeter of structures should be sloped in such a way that the 

surface runoff water does not accumulate around the structure. 

Earth and Environmental Division - Geotechnical 
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4.7 Site Servicing 

The subgrade soils beneath the water and sewer pipes which will service the Site are generally expected to consist 

of clayey silt and glacial till. For services constructed on these natural soils or on engineered fill, the bedding should 

conform to City of London and OPS Standards. The bedding course may be thickened if portions of the subgrade 

become wet during excavation. Bedding aggregate should be placed around the pipe to at least 300 mm (12 inch) 

above the pipe and be compacted to a minimum 95 percent SPMDD. 

Water and sewer lines installed outside of heated areas should be provided with a minimum 1.2 m (4 ft.) of soil cover 

for frost protection. 

The bases of excavations which cut into and terminate in competent natural soils are expected to remain stable for 

the short construction period. For bases terminated in wet silty layers, localized improvement will be required. Base 

improvement may also be required if work is carried out in wet weather seasons. The extent of base improvement 

or stabilization is best determined in the field during construction, with consultation from a Geotechnical Engineer. 

To minimize disturbance to the base, pipe laying should be carried out in short sections, with backfilling following 

closely after laying and no section of trench should be left open overnight. 

The trenches above the specified pipe bedding should be backfilled with inorganic on-site soils placed in 300 mm 

thick lifts and uniformly compacted to at least 95% SPMDD. For trench backfill within 1 metre below the roadway 

subbase, the fill should be uniformly compacted to at least 98% SPMDD. A program of in situ density testing should 

be set up to ensure that satisfactory levels of compaction are achieved. 

Requirements for backfill in service trenches, etc. should also have regard for OPS requirements. A summary of the 

general recommendations for trench backfill is presented on Drawings 4 and 5. A program of in situ density testing 

should be set up to ensure that satisfactory levels of compaction are achieved. 

Based on the results of this investigation, the majority of the excavated natural soil may be used for construction 

backfill provided that reasonable care is exercised in handling. In this regard, the material should be within 3 percent 

of the optimum moisture as determined in the Standard Proctor density test, and stockpiling of material for 

prolonged periods of time should be avoided. This is particularly important if construction is carried out in wet or 

otherwise adverse weather. 

Soils excavated from below the stabilized groundwater table may be too wet for reuse as backfill unless adequate 

time is allowed for drying, or if the material is blended with approved dry fill; otherwise, it may be stockpiled onsite 

for reuse as landscape fill. 

As noted previously, disposal of excavated materials off site should conform to current MECP guidelines. 

Earth and Environmental Division - Geotechnical 
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4.8 Seismic Design Considerations 

The recommendations for the geotechnical aspects to determine the earthquake loading for design using the OBC 

2020 are presented below. 

The subsoil and groundwater information at this Site have been examined in relation to Section 4.1.8.4 of the OBC 

2020. The subsoils at the Site generally consist of topsoil underlain by layers of clayey silt, sandy silt, and glacial till 

deposits. It is anticipated that the proposed structures will be founded on the natural deposits, below any loose or 

soft zones. 

Table 4.1.8.4.A. Site Classification for Seismic Site Response in OBC 2020 indicated that to determine the Site 

Classification, the average properties in the top 30 m (below the lowest basement level) are to be used. The 

boreholes advanced at this Site were to a maximum depth of 9.6 m below existing grade. Therefore, the Site 

Classification recommendation would be based on the available information as well as our interpretation of 

conditions below the boreholes based on our knowledge of the soil conditions in the area. 

Based on the above assumptions, interpretations in combination with the known local geological conditions, the Site 

Class for the proposed development is “D” as per Table 4.1.8.4.A, Site Classification for Seismic Site Response, OBC 

2020. Additional depth drilling or geophysical methods may be advised to determine if the soil conditions below the 

current depth of exploration can support a higher Site Classification. 

4.9 Stormwater Management (SWM) Pond Construction 

It is understood that a potential location for the Stormwater Management Facility is in the area of BH7/MW. 

Borehole BH7/MW was drilled to a depth of 6.6 m bgs and based on the results of the investigation, it is anticipated 

that clayey silt soils will be encountered through the upper 1.5 m with clayey silt till below this depth and to at least 

6.6 m bgs. No information on the depth of the pond has been provided at the time of writing this report. 

If the entire pond is constructed within the upper 6.6 m, the subsurface is expected to consist of clayey silt, which 

should yield sufficiently low permeability characteristics for water retention purposes and should not require a liner. 

However, during excavation of the pond, attention should be paid to the presence of any localized wet sand seams 

or silt layering. Where encountered, the localized seams should be sub-excavated an additional 0.3 m and replaced 

with properly compacted clay (impervious) soils. The excavated clayey silt is generally considered suitable for use as 

liner material. 

Prior to the installation of the liner in any localized sub-excavated areas, the base and/or side slopes of the 

excavations that terminate in the clayey silt should be scoured and thoroughly proof-rolled. This exercise is carried 

out in attempts to seal the water producing sand and silt seams naturally occurring in the clayey silt stratum and 

protect the integrity of the SWM facility. 

Where sub-excavation is required, the clay liner should be placed in lifts not exceeding 200 mm in thickness and 

compacted to a Standard Proctor Maximum Dry Density (SPMDD) of 95 percent within 3 percent on the wet side of 

the optimum moisture content. Sheepsfoot rollers should be used to compact the liner to reduce the permeability 

of the clay material. Careful subgrade preparation and stringent control of the clay material and the compaction are 

required. The finished surface of the natural clayey silt and/or clay fill liner is normally hand rolled and to prevent 

the development of shrinkage cracks it should be kept moist until the pond is filled. It must also be protected from 

erosion and/or scouring action of the pond waves. 

Earth and Environmental Division - Geotechnical 
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Sediment build-up will need to be removed from the base of the forebay at regular intervals. It is therefore 

recommended that a 200 mm Granular ‘A’ layer be placed over the base and compacted to 100% SPMDD. Following 

the granular placement, a turf-stone mat should be placed and cover the entire base of the forebay. 

It is recommended that the SWM facility slopes be constructed with an inclination of about 3.0 horizontal to 1 vertical 

or flatter. If the soil is subject to erosion of inundation from water, then the slopes should be lined with concrete or 

riprap. 

Where required, the riprap material should consist of sound limestone, free of inclusions. The limestone should be 

blasted or crushed, with an average size of 150 to 200 mm. When the source of the riprap is known, then EXP should 

be notified so that a site visit may be conducted at the quarry, to verify the source and quality of the material. 

The slopes of the entire detention facility, after shaping, should be lightly scarified and a 150 mm thick layer of organic 

topsoil should be placed on the surface to assist in establishing grass-type vegetation which will inhibit erosion. A 

synthetic erosion blanket can be considered to assist the growth of vegetation. Some routine maintenance of the 

slope surfaces will likely be required to address minor long-term weathering and erosion. 

During the construction of the SWM Pond, it is recommended that inspection and in situ density testing be conducted 

as well as soil sampling, laboratory testing and monitoring of fill placement. Full-time geotechnical supervision is 

recommended. 

If other alternatives are considered and our assumptions are not valid, EXP should be requested to review the 

proposed system for applicable geotechnical considerations. 

4.10 Inlet/Outlet Structures 

In the vicinity of the proposed inlet/outlet structures, culverts and/or pipes should be carefully backfilled with 

excavated clayey silt soils. No bearing problems are anticipated for flexible or rigid pipes founded on the natural 

deposits or compacted on site soils. The backfill should be in intimate contact with the complete circumference of 

the pipe. 

Any headwall should be embedded sufficiently to permit minimum liner thickness up to the headwall inlet. A 

vibratory hoe-pack or approved device will likely be required to compact the clayey soils around the headwall. In 

places where proper compaction may be difficult to achieve, lean concrete backfill should be used. 

The support for inlet and outlet structures must be derived from the natural soils or engineered fill. An allowable 

bearing pressure of 145 kPa (3000 psf) is available in these soils. Any headwalls should be backfilled using free-

draining granular material and may be designed using an active earth pressure coefficient of 0.4 and a unit weight of 

20.4 kN/m3. Any footing must be protected with a minimum of 1.2 m (4 ft) of earth cover or equivalent insulation to 

provide protection against potential frost damage. 

If minor grade changes must be accommodated for the footings of the headwall, the levels can be raised by the 

placement of lean mix concrete on the natural subgrade soils. 

During the construction of the SWM Pond and associated infrastructure, it is recommended that inspection and in 

situ density testing be conducted as well as soil sampling, laboratory testing and monitoring of fill placement. Full-

time geotechnical supervision is recommended. 

Earth and Environmental Division - Geotechnical 



  
   

  

  

  

      

      

                     

    

                            

                           

92% MRD1 or 40 mm HL-3 
Asphaltic Concrete 

97% BRD1 50 mm HL-8 

Granular ‘A’ (Base) 100% SPMDD1 150 mm 

Granular ‘B’ (Sub-Base) 100% SPMDD1 300 mm 

*Notes: 1) SPMDD denotes Standard Proctor Maximum Dry Density, MRD denotes Maximum Relative Density, BRD 

denotes Bulk Relative Density. 

2) The subgrade must be compacted to 98% SPMDD. 

3) The above recommendations are minimum requirements. 
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4.11 Site Pavement Design 

Areas to be paved should be stripped of all topsoil, organics and other obviously unsuitable material. The exposed 

subgrade must then be thoroughly proof-rolled. Any soft areas revealed by this or any other observations must be 

over-excavated and backfilled with approved material. All fill required to backfill service trenches or to raise the 

subgrade to design levels must conform to requirements outlined previously. Preferably, the natural inorganic 

excavated soils should be used to maintain uniform subgrade conditions, provided adequate compaction can be 

achieved. 

Provided that the preceding recommendations are followed, the pavement thickness design requirements given in 

the following table are recommended for the anticipated specified classification and subgrade conditions. 

Table 7 – Recommended Pavement Structure Thicknesses 

Pavement Layer Compaction Requirements Local Road 

  
          

  

  

 

      

 
 

    

                   

                   

                  

               

               

  

              

              

       

      

                

               

              

                

              

           

              

                

                       

       

                      

                  

                   

                    

     

 

The recommended pavement structures provided in the above table are based on the existing subgrade soil 

properties determined from visual examination and textural classification of the soil samples. Consequently, the 

recommended pavement structures should be considered for preliminary design purposes only. Other granular 

configurations may also be possible provided the granular base equivalency (GBE) thickness is maintained. These 

recommendations on thickness design are not intended to support heavy and concentrated construction traffic, 

particularly where only a portion of the pavement section is installed. 

If construction is undertaken under adverse weather conditions (i.e., wet or freezing conditions) subgrade 

preparation and granular sub-base requirements should be reviewed by the Geotechnical Engineer. If the sub-base 

is set on wet or dilatant silty soils, a geotextile will be required. A woven type geotextile such as Terrafix 200W or 

equivalent would be suitable for this application. 

If only a portion of the pavement will be in place during construction, the granular subbase may have to be thickened. 

This is best determined in the field during the site servicing stage of construction, prior to road construction. 

Samples of both the Granular 'A' and Granular 'B' aggregate should be checked for conformance to OPSS 1010 prior 

to use on Site, and during construction. The Granular 'B' sub-base and the Granular 'A' base courses must be 

compacted to 100 percent SPMDD. 
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Date: March 2023 

The asphaltic concrete paving materials should conform to the requirements of OPSS MUNI 1150. The asphalt should 

be placed in accordance with OPSS 310 and compacted to at least 97 percent of the Marshall mix design bulk relative 

density or 92% of maximum relative density. A tack coat should be applied between the surface and binder asphalt 

courses. 

Good drainage provisions will optimize pavement performance. The finished pavement surface should be free of 

depressions and should be sloped (preferably at a minimum grade of two percent) to provide effective surface 

drainage toward catch basins. Surface water should not be allowed to pond adjacent to the outside edges of 

pavement areas. In low areas, sub-drains should be installed to intercept excess subsurface moisture and prevent 

subgrade softening, as shown on Drawing 6. This is particularly important in heavier traffic areas at the site entrances. 

The locations and extent of sub-drainage required within the paved areas should be reviewed by this office in 

conjunction with the proposed grading. 

A program of in situ density testing must be carried out to verify that satisfactory levels of compaction are being 

achieved. 

To minimize the effects of differential settlements of service trench fill, it is recommended that wherever practical, 

placement of binder asphalt be delayed for approximately six months after the granular sub-base is put down. The 

surface course asphalt should be delayed for a further one year. Prior to the surface asphalt being placed, it is 

recommended that a pavement evaluation be carried out on the base asphalt to identify repair areas or areas 

requiring remedial works prior to surface asphalt being placed. 

4.12 Curbs and Sidewalks 

It is recommended that the concrete for curb and gutter and sidewalks should be proportioned, mixed, placed, and 

cured in accordance with the requirements of OPSS 353, OPSS 1350 and Municipal Standards. 

During cold weather, the freshly placed concrete must be covered with insulating blankets to protect against freezing. 

Three cylinders from each day's pour should be taken for compressive strength testing. Air entrainment, 

temperature, and slump tests should be made from the same batch of concrete from which test cylinders are made. 

The subgrade for the sidewalks should comprise undisturbed natural competent soil of well-compacted fill. A 

minimum 150 mm thick layer of compacted Granular 'A' type aggregate should be placed beneath the sidewalk slabs. 

It is recommended that the Granular 'A' be compacted to a minimum 100 percent SPMDD, to provide adequate 

support for the concrete sidewalk. Construction traffic should be kept off the placed curbs and sidewalks as they are 

not designed to withstand heavy traffic load. 

4.13 Methane Gas Testing 

No methane gas producing materials or significant organic matter was encountered at the borehole locations, except 

a thin veneer of topsoil in some of the boreholes. 

An RKI Gx-2003 Gas Detector was used in the upper levels of the open boreholes. The unit measures LEL 

combustibles, methane gas, oxygen content, carbon monoxide and hydrogen sulfide in standard confined space 

gases. No significant methane gas was detected in any of the boreholes. 

Based on the present information, no special methane gas abatement measures are indicated at this Site. 

Earth and Environmental Division - Geotechnical 
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4.14 Inspection and Testing Requirements 

An effective inspection and testing program is an essential part of construction monitoring. The Inspection and 

Testing Program typically includes the following items: 

• Subgrade examination following removal of existing (if any), fill and organics, prior to foundation installation 

and engineered fill placement (if required); 

• Inspection and Materials testing during engineered fill placement (full-time supervision is recommended) 

and site servicing works, including soil sampling, laboratory testing (moisture contents and Standard Proctor 

density test on the pipe bedding, trench backfill and engineered fill material), monitoring of fill placement, 

and in situ density testing; 

• Footing base examinations to confirm suitability to support the design bearing pressures; 

• Visual examination of concrete reinforcing steel placement; 

• Materials testing for concrete foundations, floor slab, curbs and sidewalks; 

• Inspection and Materials testing during paved area construction, including subgrade examination of the 

paved area subgrade soils following site servicing, laboratory testing (grain size analyses and Standard 

Proctor density tests on the Granular ‘A’ and ‘B’ material placed on site roadways), and in situ density testing; 

• Inspection and Materials testing for base and surface asphalt, including laboratory testing on asphalt 

sampling to confirm conformance to project specifications and standards. 

EXP would be pleased to prepare an inspection and testing work program prior to construction, incorporating the 

above items. 

Earth and Environmental Division - Geotechnical 
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5. General Comments 

The information presented in this report is based on a limited investigation designed to provide information to 

support an assessment of the current geotechnical conditions within the subject property. The conclusions and 

recommendations presented in this report reflect site conditions existing at the time of the investigation. 

Consequently, during the future development of the property, conditions not observed during this investigation may 

become apparent. Should this occur, EXP Services Inc. should be contacted to assess the situation, and the need for 

additional testing and reporting. EXP has qualified personnel to provide assistance in regards to any future 

geotechnical and environmental issues related to this property. 

Our undertaking at EXP, therefore, is to perform our work within limits prescribed by our clients, with the usual 

thoroughness and competence of the engineering profession. 

The comments given in this report are intended only for the guidance of design engineers. The number of test holes 

required to determine the localized underground conditions between test holes affecting construction costs, 

techniques, sequencing, equipment, scheduling, etc. would be much greater than has been carried out for design 

purposes. Contractors bidding on or undertaking the works should in this light, decide on their own investigations, 

as well as their own interpretations of the factual test pit results, so that they may draw their own conclusions as to 

how the subsurface conditions may affect them. 

EXP Services Inc. should be retained for a general review of the final design and specifications to verify that this report 

has been properly interpreted and implemented. If not afforded the privilege of making this review, EXP Services Inc. 

will assume no responsibility for interpretation of the recommendations in this report. 

This report was prepared for the exclusive use of 2411061 Ontario Inc. and may not be reproduced in whole or in 

part, without the prior written consent of EXP, or used or relied upon in whole or in part by other parties for any 

purposes whatsoever. Any use which a third party makes of this report, or any part thereof, or any reliance on or 

decisions to be made based on it, are the responsibility of such third parties. EXP Services 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 trust that this report is satisfactory for your purposes. Should you have any questions, please do not hesitate to 

contact this office. 

Earth and Environmental Division - Geotechnical 
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	1. Introduction and Background 
	1. Introduction and Background 
	1.1 Introduction 
	1.1 Introduction 
	EXPServicesInc.(EXP)wasretainedby2411061 Ontario Inc. to carryoutageotechnicalinvestigationandpreparea geotechnical report relating to the proposed new development at 1210 – 1240 Wharncliffe Road South in London, Ontario,hereinafter referredto asthe ‘Site’. 
	Itisourunderstandingthattheproposedprojectwillconsistoftownhouseblockshavingatotalof54units(proposed stacked townhomes) and a stormwater management facility. The residential development is expected to have completemunicipal servicing and willhave paved access roads. 
	Based on an interpretation ofthe factual testhole data and areview of soil andgroundwater information from test holes advanced at the site, EXP has provided geotechnical engineering guidelines to support the proposed Site development. 

	1.2 TermsofReference 
	1.2 TermsofReference 
	The geotechnical investigation was generally completed in accordance with the scope of work outlined in EXP’s proposal P22-460 dated January 17, 2023. Authorization to proceed with this investigation was received from Mr. Sam Rattazzion behalfof2411061 Ontario Inc. 
	The purpose of the investigation was to examine the subsoil andgroundwater conditions at the Site by advancing a seriesofboreholesatthe locations chosenbyEXP and shownon the attachedBoreholeLocation Plan(Drawing 1). 
	Basedonaninterpretationofthefactualboreholedata,andareviewofsoilandgroundwaterinformationfromtest holesexcavatedattheSite,EXPhasprovidedengineeringguidelinesforthegeotechnicaldesignandconstructionof the proposed development. More specifically, this report provides comments on excavations, dewatering, site preparation, foundations, slab-on-grade construction, bedding and backfill, stormwater management facility construction,earthquake design considerations, pavementrecommendations, and curbs and sidewalks. 
	Thisreportisprovidedonthebasisofthetermsofreferencepresentedabove,andontheassumptionthatthedesign willbe in accordance with applicable codes and standards. If there are any changes in the design features relevant to the geotechnical analyses, or if any questions arise concerning geotechnical aspects of the codes and standards, this office shouldbe contactedto review the design. 
	Theinformationinthisreportinnowayreflectsontheenvironmentalaspectsofthesoil. Shouldspecificinformation in this regardbeneeded,additionaltestingmaybe required. 
	Reference is made to Appendix C of this report, which contains further information necessary for the proper interpretation and useofthis report. 
	Figure


	2. Methodology 
	2. Methodology 
	The fieldwork was carried out between February 16and 17, 2023. In general, the geotechnical investigation consisted of the advancement of eight (8)boreholes at the locations shown on Drawing 1 as BH1 to BH8, inclusive. MW was suffixed to the borehole symbol (BH) where groundwater monitoring wells were installed. A nested well setwas installed atBH8A/MW andBH8B/MW. 
	th 
	th 

	Priorto drilling, buried service clearanceswereobtainedforthetesthole locations byEXP. 
	The boreholes were completed by a specialist drilling subcontractor under the full-time supervision of EXP geotechnical staff. The boreholes were advanced using a track-mounted drill rig equipped with continuous flight solid and hollow stem augers, soil sampling and soil testing equipment. In each borehole, disturbed soil samples were recovered at depth intervals of 0.75 m and 1.5 m using conventional split spoon sampling equipment and StandardPenetration Test(SPT)methodsorauger samples. 
	During the drilling, the stratigraphy in the test holes was examined and logged in the field by EXP geotechnical personnel. 
	Short-term groundwater levels within the open boreholes were observed. These observations pertaining to groundwater conditions at the test hole locations are recorded in the borehole logs found in Appendix A. Groundwater monitoring well consisting of 50 mm diameter PVC pipe were installed in Boreholes BH1, BH6, BH7, and BH8. Details of the monitoring well construction are provided on the attached Borehole Logs. Following the drilling, the remaining boreholes were backfilled with the excavated materials and 
	Representative samples of the various soil strata encountered at the test locations were taken to our laboratory in London for furtherexamination by aGeotechnicalEngineer andlaboratory classification testing. Laboratorytesting for this investigation comprised of routine moisture content determinations and grain size analysis, with results presentedon the boreholelogs foundin Appendix A. 
	Samples remaining after the classification testing willbe storedfor a period of three months following the issuance ofthisreport(i.e.,untilMay2023). Afterthistime,theywillbediscardedunlesspriorarrangementshavebeenmade for longer storage. 
	The locationofeachtestholewasestablishedin the fieldinconjunctionwithasite planprovidedbytheClient. The ground surface is provided by the Government of Ontario Digital Terrain Model (Lidar-Derived) available on the Ontario GeoHub website (0.5m Resolution). 
	Figure

	3. Site and Subsurface Conditions 
	3. Site and Subsurface Conditions 
	3.1 Site Description 
	3.1 Site Description 
	The subject Site is currently occupied by an existing commercial building and paved parking lots. The Site is bound to the west by Wharncliffe Road South with commercial development beyond. To the south, the Site is a part of adjacent agricultural land. To the east, the Site is bound by a commercial business and residential development. There is an old concrete pad at the central section of the Site, west of the wetland. In general, the Site is relatively flat withagrade differenceof about3.5macross thebore
	Additionally, awetland/pond area was identified andlocated towards the center ofthe investigation area. The size of the standing water area and depth of standing water will increase and decrease depending on the time of year andrainevents. FurtherinformationregardingthewetlandwillbeavailablewithintheHydrogeologicalAssessment report. 
	The following sections provide asummaryofthe soil andgroundwaterconditions. 

	3.2 SoilStratigraphy 
	3.2 SoilStratigraphy 
	The detailed stratigraphy encountered in each test hole is shown on the borehole logs found in Appendix A and summarizedinthefollowingparagraphs. Itmustbenotedthatthe boundariesofthesoilindicatedontheborehole logs are inferredfrom non-continuous sampling and observations duringdrilling. These boundaries are intended to reflecttransition zones forgeotechnicaldesign and should notbe interpreted asexactplanesofgeological change. 
	Topsoil 
	Figure

	Eachboreholewassurfaced with alayeroftopsoilthatis about120to 620mm thick. 
	Incultivatedareas,itshouldbeanticipatedthatsurficialtopsoilhasbeenblendedintotheunderlyingsubgradesoils. In treed areas,the topsoilmaybe thicker,and contain areaswith significant roots. 
	It should be noted that topsoil quantities should not be established from the information provided at the test hole locations only. If required, a more detailed analysis (involving additional shallow test pits) is recommended to accuratelyquantify the amount of topsoil toberemovedfor construction purposes. 
	Fill 
	Figure

	Beneath the topsoil, a layer of clayey silt fill was encountered and extended to depths ranging from about 1.5 to 
	3.1 m below existing grade, corresponding to a range in Elevation of 267.8 to 271.2 m. No fill was encountered within Boreholes BH5 andBH7. 
	The fill material was generally noted to be brown/grey and contains trace topsoil, trace sand andgravel, with some wet layering, and is soft to stiff (based on SPT N Values ranging between 3 and 10 blows). Based on laboratory testing, the in situ moisture content of the fill material ranges between 13 and 29 percent, generally indicative of moist conditions. 
	Figure
	Figure
	ClayeySilt 
	Underlying the topsoil and fill material, clayey silt was encountered. In general, the clayey silt is brown, becoming grey with depth, with some trace sand and gravel, and is stiff to very stiff, based on SPT N Values ranging between 11 and20blows. Based on laboratorytesting, the in situ moisture contentofthe clayey silt ranges between 14 and 23 percent, generallyindicativeofmoistconditions. 
	Figure
	GlacialTill 
	WiththeexceptionofBoreholeBH8,eachboreholewasterminatedinastratumofglacialtill. Thetillpredominantly consists of grey clayey silt. The till contains trace sand and gravel and is typically stiff to very stiff in consistency (typical SPT N Values of 10 to 30). The in situ moisture content of the till is 11 to 22 percent, indicating moist conditions. 
	Table 1 – Grain Size Summary 
	Borehole Elevation (m) Gravel Sand Silt Clay BH6/MW SA3 BH7/MW SA5 BH8/MWB SA1 
	BH1/MW SA5 
	~268.2 
	~268.2 
	~268.2 
	12% 
	11% 
	57% 
	30% 

	~267.4 
	~267.4 
	1% 
	11% 
	57% 
	31% 

	~264.6 
	~264.6 
	1% 
	5% 
	55% 
	39% 

	~265.3 
	~265.3 
	2% 
	9% 
	52% 
	37% 


	Figure
	SandySilt 
	Borehole BH8 was terminatedin astratum of sandy silt below the glacial till, encountered at 7.9 mbgs. The sandy silt was generally noted to be grey and compact, based on aSPTNValue of25blows. The in situ moisture content ofthesandysiltwas21percent, indicatingwetconditions. 
	Figure

	3.3 Groundwater Conditions 
	3.3 Groundwater Conditions 
	To allow for long-term monitoring of the water levels, monitoring wells were installed in BH1/MW, BH6/MW, BH7/MW andBH8/MW. Of these, anested well set was installedin BH8A/MW andBH8B/MW, withdetails shown ontheBoreholeLogs. Thewellswereinstalledtodepthsrangingbetweenabout2.7and9.1mbelowgroundsurface (bgs). Thesummaryofwellconstructiondetailsandmeasuredgroundwaterlevelsarepresentedinthetablesbelow. 
	Table 2 – Monitoring Well Construction Details 
	BoreholeID CompletionDepth (mbgs) ScreenLength (m) GroundSurface Elevation (mASML) BottomofWell Elevation (mAMSL) ScreenedStrata BH1/MW 6.1 1.5 272.75 266.52 Clayey SiltTill 6.1 1.5 269.74 263.66 Clayey SiltTill BH6/MW BH7/MW BH8A/MW BH8B/MW 6.1 1.5 269.19 262.79 Clayey SiltTill 7.6 1.5 269.90 261.94 Clayey SiltTill 5.5 1.5 269.90 264.3 Clayey SiltTill 
	Table 3 – Monitoring Well and Groundwater Depth and Elevation 
	BoreholeID GroundSurface Elevation(m) GroundwaterDepth BelowExisting Grade(m) Feb23,2023 Groundwater Elevation(m) Feb23,2023 BH1/MW 272.75 5.97 266.78 269.74 0.97 268.77 269.19 5.85 263.34 BH6/MW BH7/MW BH8A/MW BH8B/MW 269.90 5.37 264.53 269.90 0.64 269.26 
	Note: Groundwater levels may not reflect static conditions and groundwater monitoring is on-going as part of the HydrogeologicalAssessment. 
	ThemonitoringwellshavebeenregisteredwiththeMinistryoftheEnvironment,ConservationandParks(MECP),in accordance with Ontario Regulation 903, and remain intact for the purposes of ongoing monitoring of stabilized groundwaterconditions,asrequired. 
	Based on the ongoing monitoring of the observation wells, the groundwater levels range from relative Elevation 
	263.34 to 269.26 m. Further information regarding groundwater conditions will be available within the HydrogeologicalAssessment report. 
	Figure
	Details of the groundwater conditions observed within the test holes advanced as part of the geotechnical investigation are provided on the attached borehole logs. Upon completion of drilling, the open boreholes were examinedfor thepresenceofgroundwaterandgroundwaterseepage. BoreholeBH5 was dryat completion. 
	Itisnotedthatinsufficienttimewasavailableforthemeasurementofthedepthto thestabilizedgroundwatertable prior to backfillingthe testholeswithoutmonitoringwells installed. 
	Itisalsonotedthatthedepthtothegroundwatertablemayvaryinresponsetoclimaticorseasonalconditions,and, as such, may differ at the time of construction, with higher levels in wet seasons. Capillary rise effects should also be anticipatedin fine-grained soildeposits. 

	3.4 MethaneGas 
	3.4 MethaneGas 
	Nomethanegasproducingmaterialsorsignificantorganicmatterwasencounteredattheboreholelocations,except athin veneeroftopsoilin someofthe boreholes. 
	An RKI Gx-2003 Gas Detector was used in the upper levels of the open boreholes. The unit measures LEL combustibles, methane gas, oxygen content, carbon monoxide and hydrogen sulfide in standard confined space gases. No significantmethane gas concentrationwasdetectedin the boreholes. 


	4. Discussion and Recommendations 
	4. Discussion and Recommendations 
	Based on available project drawings, the proposed project will consist of 54 units (proposed stacked townhomes) and a stormwater management facility. The residential development is expected to have complete municipal servicing andwillhave paved access roads. 
	The following sections of this report provide geotechnical comments and recommendations regarding excavations, dewatering, site preparation, foundations, slab-on-grade construction, bedding and backfill, stormwater management facility construction, earthquake design considerations, pavement recommendations, and curbs and sidewalks. 
	4.1 Site Preparation 
	4.1 Site Preparation 
	Prior to the placement of foundations, pipe bedding and/or engineered fill, all surficial topsoil, vegetation and/or otherwise deleterious materials shouldbe stripped. Thicker areas of topsoil maybe anticipatedin areas with trees and/or heavy vegetative cover. The surficialtopsoil maybe stockpiled on site for possible reuse for landscapingfill. Anyexistingwellsonsitemustbeproperlydecommissionedbyalicensedwellcontractortoprotecttheaquiferfrom surfacecontamination,preventverticalmovementofwaterbetweenaquifers
	Thepresentconditionoftheareawouldrequirethatallsurfacewater,topsoil,trees,organics,cattailsandotherwise unsuitablefillmaterialstoberemovedfromthepondareapriortoconstructionand/orplacementofengineeredfill. It should be anticipated that the soil underlying the existing pond, and within the immediate vicinity of the existing pond, is presentlyin awetto saturatedcondition andconsideredunsuitable for placementof any engineeredfill. 
	Figure
	As mentioned previously, the pond area shouldbe cleared and the subgrade properly prepared and approved, by a GeotechnicalEngineer,priorto fillplacementto restoregradesinthepondedarea. Soilandsedimentsamplingand testingfrom thepond areamaybe requiredto classifythematerialfordisposalpurposes. 
	Following the removal of the topsoil and unsuitable materials described above and prior to fill placement, the exposed subgrade shouldbe inspectedby aGeotechnicalEngineer. Anyloose or soft zones notedin the inspection shouldbeover-excavated and replaced with approvedfill. 
	Itisrecommendedthatconstructiontrafficbeminimizedonthefinishedsubgrade,andthatthesubgradebesloped to promote surface drainage and runoff. 
	Inthebuildingareaswherethegradeswillberaised,thefillmaterialshouldconsistofimportedgranularorapproved onsite (excavated) material. The fill material should be inspected and approved by a Geotechnical Engineer and should be placed in maximum 300 mm (12 inch) thickloose lifts and uniformly compacted to 100 percent Standard ProctorMaximumDryDensity(SPMDD)within3percentofoptimummoisturecontent. Thegeometricrequirements for engineeredfill are provided on Drawing 2. 
	The natural inorganic materials on site would be suitable for reuse as engineered fill. The material should be examined and approvedbyaGeotechnicalEngineerprior to reuse. 
	In areas along the proposed roadways, fill material used to raise grades may also consist of on-site excavated soils, or imported granular fill approved by an Engineer. The fill should be placed in maximum 300 mm (12 inch) thick loose lifts and uniformly compacted to 95/98 percent SPMDD, depending on depth, within 3 percent of optimum moisturecontentto provide adequatestabilityfor thenew pavements. 
	In situ compaction testing shouldbe carried out duringthe fillplacementto ensure that the specified compaction is being achieved. 
	If imported fill material is used at the site, verification of the suitability of the fill may be required from an environmentalstandpoint. Conventionalgeotechnicaltestingwillnotdeterminethesuitabilityofthematerialinthis regard. Analytical testing and environmental site assessment may be required at the source. This will best be assessedpriortotheselectionofthematerialsource. Aqualityassuranceprogramshouldbeimplementedtoensure thatthefillmaterialwillcomplywiththecurrentMinistryofEnvironment,ConservationandP
	Figure

	4.2 ExcavationandGroundwater Control 
	4.2 ExcavationandGroundwater Control 
	ExcessSoilManagement 
	Figure

	It shouldbe notedthattheGeotechnicalInvestigation does notinclude anytestingfor off-site disposal accordingto the newRegulation O.Reg.406/19. 
	Ontario Regulation 406/19 made under the Environmental Protection Act (November 28, 2019) was implemented on January 1, 2021. The new regulation dictates the testing protocol that is required for the management and disposal of Excess Soils. As set forth in the Regulation, specific analytical testing protocols will need to be implementedandfollowedbasedonthequalityandquantityofsoiltobemanaged. Thetestingprotocolswerefully implemented on January 1, 2022, however, effective March 14, 2022, the MECP Policy Bran
	The quality of soils is assessed through an Assessment of Past Uses (APU) including the provision of an Ecolog ERIS databasereportto determineifthereareanyAreasofPotentialEnvironmentalConcern(APEC). Theparametersto be testedwillbe determinedbythe APU results. 
	The testing protocols are specific as to whether the soils are stockpiled or in situ. In either scenario, the testing protocolsarefarmoreonerous than havebeenhistorically carriedout aspartofstandardindustrypractices. These decisions should be factored in and accounted for prior to the initiation of the project-defined scope of work. EXP would be pleased to assist with the implementation of a soil management and testing program that would satisfy the requirementsofOntario Regulation406/19. 
	Soil sampling requirements for Areas of Potential Environmental Concern (APEC) related to the new standard effectiveJanuary1, 2022 are providedbelow. 
	Table 4 – Ex-Situ (e.g., Stockpiles) 
	Soil Volume Sampling Frequency <130m3 Minimum of3 >130 -220m3 4 >220 -5000m3 5-32* >5000m3 N = 32 +(Volume–5000)/ 300 
	*referto stockpile samplingfrequencyinO.Reg.153/04for specifics. Essentially, onesample for every150mafter 800m
	3
	3 

	Figure
	Table 5 – In Situ 
	Soil Volume Sampling Frequency <600m3 Minimum of3 >600m3 -10,000m3 1 sample per every additional 200m3 >10,000m3 –40,000m3 1 sample per every additional 450m3 >40,000m3 1 sample per every additional 2000m3 
	In areas where no APECs have been identified, the samplingfrequencyin thetables noted above,do not needto be followed and can be determined atthediscretionofthe QP. 
	In addition to the above tables, one field duplicate should be submitted for approximately every 10 samples taken for qualitycontrol/qualityassurance purposes. 
	SoilAnalyticalTestingRequirements: 
	• SamplestobetestedforaminimumofPetroleumHydrocarbons(PHCs)–FractionsF1-F4,Benzene,Toluene, Ethylbenzene & Xylenes (BTEX), Metals & Inorganics, including Electrical Conductivity (EC) and Sodium AbsorptionRation (SAR). 
	• 
	• 
	• 
	Any additionalpotentialContaminantofConcernidentifiedinpastusesreport(comesintoeffectJanuary1, 2022) 

	• 
	• 
	mSPLP Leachate testing (metals and VOCs) (not required for volumes under 350 m: between 350 mand 600m(minimum of3);greaterthan 600m(10%ofsamples). 
	3
	3 
	3
	3



	Other componentsofthe new regulation include: 
	• 
	• 
	• 
	the Sampling andAnalysisPlan (SAP) whichfollowsthe APU 

	• 
	• 
	the SoilCharacterizationReport(SCR)whichfollows the samplingprogram 

	• 
	• 
	the ExcessSoilDestinationAssessmentReport(ESDAR) whichfollowsthe SCR 

	• 
	• 
	Notice of Project on the Resource Productivity and Recovery Authority (RPRA) which is usually the responsibility oftheContractor duringthe construction phase 

	• 
	• 
	Tracking Requirements on the RPRA, again, usually the responsibility of the Contractor during the construction phase 


	Figure
	Excavations 
	Figure

	All work associated with design and construction relative to excavations must be carried out in accordance with Part III of Ontario Regulation 213/91 under the Occupational Health and Safety Act. Based on the results of the geotechnicalinvestigationandinaccordancewithSection226ofOntario Regulation213/91,theverystiffclayeysilt tillis classified assoils, whilethe fill,clayeysilt,sandy siltand stifftill areclassified assoils. 
	Type2
	Type3

	Temporaryexcavationsidewallswhichextendthroughandterminatesolelywithinsoil,maybecutverticalin the bottom 1.2 m (4 ft.), and cut back at an inclination of 1 horizontal to 1 vertical above that level. Where excavations extendinto orthroughsoil, excavation sideslopesmustbe cutback at amaximum inclinationof about1H:1Vfromthebaseoftheexcavation. Shouldgroundwateregressloosenthesideslopesoforsoils, slopesof3H:1Vor flatterwillbe required. 
	Type2
	Type 3
	Type2
	Type 3 

	Geotechnicalinspection atthe timeofexcavation canconfirm thesoiltype present. 
	It should be noted that the presence of cobbles and boulders in natural glacial deposits may influence the progress of excavation and construction. 
	ExcavationSupport 
	Figure

	Therecommendationsforsideslopesgivenintheabovesectionwouldapplytomostoftheconventionalexcavations expectedfor the proposeddevelopment. However, in areas adjacent to buried services that are located above the base of the excavations, side slopes may require support to prevent possible disturbance or distress to these structures. This concept also applies to connections to existing services. In granular soils above the groundwater andincohesivenaturalsoils,bracingwillnotnormallyberequiredifthestructuresarebeh
	For support of excavations such as for any deep manholes or as required for space restrictions, shoring such as sheeting or soldier piles and lagging can be considered. The design and use of the support system should conform to the requirements set out in the most recent version of the Occupational Health and Safety Act for Construction Projects and approved by the Ministry of Labour. Excavations should conform to the guidelines set out in the proceeding section andtheSafetyAct. 
	The shoring should also be designed in accordance with the guidelines set out in the Canadian Foundation Engineering Manual, 4th Edition. Soil-related parameters considered appropriate for a soldier pile and lagging system are shownbelow. 
	Figure
	Where applicable, the lateral earth pressure acting on the excavation shoring walls may be calculated from the following equation: 
	P=K(γh+q) 
	where, P =lateralearthpressurein kPa acting atdepthh; 
	γ =natural unitweight,avalue of20.4kN/mmaybeassumed; 
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	h =depthofpointofinterestin m; 
	q =equivalentvalueof any surcharge onthe ground surface in kPa. 
	Theearthpressurecoefficient(K)maybetakenas0.25wheresmallmovementsareacceptableandadjacentfooting ormovementsensitiveservicesarenotabovealineextendingat45degreesfromthebottomedgeoftheexcavation; 
	0.35 where utilities, roads, sidewalks must be protected from significant movement; and 0.45 where adjacent building footings or movement sensitive services (gas and water mains) are above a line of 60 degrees from the horizontalextendingfrom the bottom edgeoftheexcavation. 
	o)ofaminimum of0.5 shouldbe considered. 
	For longterm design, aKatrest(K

	The above expression assumes that no hydrostatic pressure willbe applied against the shoring system. It shouldbe recognized that the final shoring design will be prepared by the shoring contractor. It is not possible to comment further onspecificdesign details untilthis design iscompleted. 
	If the shoring is exposed to freezing temperatures, appropriate insulation may be provided to prevent outward movement. 
	The performance of the shoring must be checked through monitoring for lateral movement of the walls of the excavation to ensure that the shoring movements remain within design limits. The most effective method for monitoringtheshoringmovementscanbestbedevisedbythisofficewhentheshoringplansbecomeavailable. The shoringdesigner shouldhowever assessthe specific site requirements and submitthe shoringplans to theengineer for review and comment. 
	ConstructionDewatering 
	Figure

	Wet sand and silt lenses were noted within the upper clayey silt and lower clayey silt till deposits at the location of several of the boreholes. Based on the soil texture encountered during the investigation, minor groundwater infiltration may be anticipated within the building and service trench excavations depending on the depth of excavation and stratigraphy encountered. 
	In areas where excavations extend through andterminate in clayey silt andglacial till soils,only minor groundwater infiltration is expected and can most likely be accommodated using conventional sump pumping techniques; provided that the sump pits are lined with a suitable geotextile filter fabric and pump inlet is set in a clear stone, which mustfillthe sumppit completely. 
	Figure
	The variance in water levels is attributedto the various wet sand and silt lenses noted within the glacialtilldeposits at the location of several of the boreholes, causing water to perch at different elevations. Depending on the final grades, a dewatering plan may be required to control the water ingress. Ongoing liaison from this office will be required. 
	For excavations extending below the groundwater table in sandy soils, suitable groundwater control measures will be requiredto maintainadry and stable excavationbase and sides. 
	Thecollectedwatershouldbedischargedasufficientdistanceawayfromtheexcavatedareatopreventthedischarge water from returning to the excavation. Sediment control measures should be provided at the discharge point of the dewatering system. Caution should also be takento avoid any adverse impacts to theenvironment. 
	Itisimportanttomentionthatforanyprojectsrequiringpositivegroundwatercontrolwitharemovalrateof50,000 litrestolessthan400,000litersperday,anEnvironmentalActivityandSectorRegistry(EASR)willberequired. Permit to take Water (PTTW) applications are required for removal rates more than 400,000 L per day and will need to be approvedbytheMECPperSections34and98oftheOntarioWaterResourcesActR.S.O.1990andtheWaterTaking andTransfer RegulationO.Reg. 387/04. 

	4.3 Foundations 
	4.3 Foundations 
	ConventionalStrip andSpreadFootings 
	Figure

	The low-rise residential buildings can be supported on conventional spread and strip footings founded below the topsoil or unsuitable soils on the natural competent subgrade soils, or on approved engineered fill. Based on the borehole findings, conventionalfoundationson the natural subgrade orengineeredfill are practicalfortheSite. 
	Bearing pressures and approximate elevations are provided in the table below for the design of strip and spread footings foundedon the natural soilsatthe borehole locations. 
	Table 6 – Recommended Bearing Levels at the BH Locations 
	Test Location Ground Surface Elevation (m) MinimumDepth (mbgs) Elevation (m) BearingResistanceat ServiceabilityLimit States SLS (kPa) FactoredBearing ResistanceatUltimate LimitState ULS (kPa) BH1 272.7 1.6 271.1 145 215 BH2 272.4 2.3 270.1 145 215 BH3 269.9 2.3 267.6 145 215 BH4 270.8 3.1 267.7 145 215 BH5 269.8 1.5 268.3 145 215 
	The depths to the competent natural subgrade soils for some boreholes are deeper than others because of the presenceofthe loose and/or unsuitablematerials. 
	Figure
	If the grades are to be raised or restored, engineeredfill can be usedfor foundation support. If the thickness offill is more than 3 m, imported granular soil should be considered, especially if the foundation is constructed immediately after the engineered fill placement. The geometric requirements for the fill placement are shown on Drawing 2,appended. TheavailableSLSbearingcapacityforthe engineeredfillis 145kPa(3,000psf). 
	For footings placed on engineered fill, it is recommended that the stripfootings be widened to 500 mm (20inches) and contain nominal concrete reinforcing steel. Verification of the soil conditions and the extent of reinforcement arebestdeterminedbytheGeotechnicalEngineeratthetimeofexcavation. Theengineeredfillconstructionshould be monitored on a full-time basis by qualified geotechnical personnel to examine and approve fill materials, to evaluate placement operations, and to verify that the specified degree
	Figure
	Foundations -General 
	Footings at different elevations should be located such that the higher footings are set below a line drawn up at 10 horizontal to 7 vertical from the near edge of the lower footing. This concept should also be applied to service excavation, etc. to ensure that underminingis not aproblem. 
	Service trench 7 
	Figure

	7 
	10 
	10 
	Lower footing 
	FOOTINGS NEAR SERVICE TRENCHES OR AT DIFFERENT ELEVATIONS 
	Provided that the footing bases are not disturbed due to construction activity, precipitation, freezing and thawing action, etc., and the aforementioned bearing pressures are not exceeded, the total and differential settlements of footingsdesignedinaccordancewiththerecommendationsofthisreportandwithcarefulattentionto construction detail areexpectedto be less than 25mm and20mm (1 and¾inch)respectively. 
	Allfootings exposed to seasonalfreezing conditions shouldbe protectedfrom frost action by at least1.2 m(4ft) of soil coverorequivalentinsulation. 
	It should be noted that the recommended bearing capacities have been calculated by EXP from the borehole informationforthedesignstageonly. Theinvestigationandcommentsarenecessarilyon-goingasnewinformation of underground conditions becomes available. For example, if more specific information becomes available with respect to conditions between boreholes when foundation construction is underway. The interpretation between theboreholesandtherecommendationsofthisreportmustthereforebecheckedthroughfieldinspectio
	Figure

	4.4 Basements 
	4.4 Basements 
	If the development includes buildings with basements, the basement floors can be constructed using cast slab-on-gradetechniquesprovidedthatthesubgradeisstrippedofalltopsoil,fill,andotherobviouslyobjectionable material. The subgrade should then be proof-rolled thoroughly. Any soft zones detected should be dug out and replacedwith compactableexcavatedmaterialplacedin accordancewiththe requirementsoutlinedintheprevious Section5.1. 
	A200mm (8inch)compactedlayerof19mm (¾inch)clearstoneshouldbeplacedbetweenthepreparedsubgrade and the floor slabs to serve as a moisture barrier. An alternative option would be to place 300 mm of OPSS Granular ‘A’materialcompactedto 100percentSPMDD. 
	The installation and requirement of a vapour barrier under the floor slab, where applicable, should conform to the flooring manufacturer’s anddesigner’s requirements. Moisture emission testingis recommendedto determine the concretecondition priorto flooringinstallation. 
	All basement walls should be damp-proofed and must be designed to resist a horizontal earth pressure ‘p’ at any depth ‘h’ belowthe surfaceas given bythe following expression: 
	p = K(γh+q) 
	where: 
	p = lateral earthpressure in kPa acting atadepthh: 
	K = earthpressure coefficient,assumedto be0.4; 
	γ = unit weightofbackfill, avalue of20.4kN/mmaybeassumed; 
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	h = depthto pointofinterestin mand, 
	q = equivalentvalueofany surcharge onthe ground surface. 
	If basements are planned, installation of perimeter drains is required. The above expression assumes that the perimeter drainage system prevents the build-up of any hydrostatic pressure behind the wall. Suggestions for permanentperimeter drainage are givenon Drawing 3. 

	4.5 Slab-on -grade Construction 
	4.5 Slab-on -grade Construction 
	Preparationofthesubgradeshouldincludetheremovalofalltopsoiland/ordeleteriousmaterialfromtheproposed buildingarea. Theentirefloorslabareashouldthenbethoroughlyproof-rolledwithaheavyrollerandexaminedby a Geotechnical Engineer. Any excessively soft or loose areas should be sub-excavated and replaced with suitable compactedfill. Wheretheexposedsubgraderequiresreconstructionto achievethedesignelevations,structuralfill should be used. It is recommended that structural fill comprises granular material, such as OPS
	Figure
	No special underfloor drains are required provided that the exterior grades are lower than the floor slab, and positively sloped away from the slab. It is recommended that an impermeable soil seal such as clay, asphalt or concrete be provided on the surface to minimize water infiltration from the exterior ofthe building. See Drawing 4 forDrainage andBackfill recommendationsforslab-on-grade construction. 
	A moisture barrier, consisting of a 200 mm (8 in.) thick, compacted layer of 19 mm (3/4 in.) clear stone, should be then placed between the prepared granular sub-base and the floor slab. An alternative option would be to place 300mm ofOPSSGranular ‘A’ material compactedto 100percentSPMDD. 
	The installation and requirement of a vapour barrier under a concrete slab should conform to the flooring manufacturer’s anddesigner’s requirements. Moisture emission testing willbe required to determine theconcrete conditionpriorto flooringinstallation. Inordertominimizethepotentialforexcessmoistureinthe floorslab atthe time of the flooring installation, a concrete mixture with a low water-to-cement ratio (i.e., 0.45 to 0.55) should be used. Chemical additives maybe required at the time ofplacement to make
	For slab on grade design, the modulus of subgrade reaction (k) can be taken as 20MPa/m for the compacted stone layeroverthe compactedgranular subbase. 
	The water-to-cement ratio and slump of concrete used in the floor slabs should be strictly controlled to minimize shrinkage of the slabs. Adequate joints should be provided in the floor slab to further control cracking. During placementof concrete atthe construction site, testing shouldbe performedon the concrete. 

	4.6 Foundation Backfill 
	4.6 Foundation Backfill 
	In general, the existing natural soils excavatedfrom the foundation area shouldbe suitable for re-use as foundation wallbackfill exterior to the foundation walldrainage system ifthe workis carried out during relativelydry weather. The materials to be re-used should be within three percent of optimum moisture for best compaction results. Materials shouldbe stockpiledper their composition (i.e. sandy soils should notbe mixedwith clayey soils). 
	If the weather conditions are very wet during construction, then imported granular material such as OPSS Granular 'B' shouldbeused. Site review bythegeotechnical consultantmaybeadvised. 
	The backfillmustbe brought up evenlyon both sidesof walls notdesignedto resistlateral earthpressures. 
	During construction, the fill surface around the perimeter of structures should be sloped in such a way that the surface runoffwater doesnot accumulate aroundthestructure. 
	Figure

	4.7 Site Servicing 
	4.7 Site Servicing 
	The subgrade soils beneath the water and sewer pipes which will service the Site are generally expected to consist of clayey siltandglacialtill. Forservicesconstructed on these natural soilsoronengineeredfill,the bedding should conform to City of London and OPS Standards. The bedding course may be thickened if portions of the subgrade become wet during excavation. Bedding aggregate should be placed around the pipe to at least 300 mm (12 inch) above thepipe andbecompactedto aminimum 95percentSPMDD. 
	Waterandsewerlinesinstalledoutsideofheatedareasshouldbeprovidedwithaminimum1.2m(4ft.)ofsoilcover for frostprotection. 
	The bases of excavations which cut into and terminate in competent natural soils are expected to remain stable for theshortconstructionperiod. Forbasesterminatedinwetsiltylayers,localizedimprovementwillberequired. Base improvement may also be requiredif workis carried out in wet weather seasons. The extent ofbase improvement or stabilization is bestdeterminedin the fieldduring construction,with consultation from aGeotechnicalEngineer. 
	To minimize disturbance to the base, pipe laying should be carried out in short sections, with backfilling following closely after laying and nosection oftrench shouldbeleftopenovernight. 
	The trenches above the specified pipe bedding should be backfilled with inorganic on-site soils placed in 300 mm thick lifts and uniformly compacted to at least 95% SPMDD. For trench backfill within 1 metre below the roadway subbase, the fill shouldbeuniformly compactedto atleast98%SPMDD. Aprogram of in situ densitytesting should be setupto ensurethatsatisfactorylevelsof compaction areachieved. 
	Requirements for backfillin service trenches, etc. should also have regardfor OPS requirements. Asummary ofthe general recommendations for trenchbackfillis presented on Drawings 4 and 5. Aprogram of in situ density testing shouldbe set upto ensurethat satisfactorylevelsof compactionare achieved. 
	Based on the results of this investigation, the majority of the excavated natural soil may be used for construction backfillprovidedthatreasonablecareisexercisedinhandling. Inthisregard,thematerialshouldbewithin3percent of the optimum moisture as determined in the Standard Proctor density test, and stockpiling of material for prolonged periods of time should be avoided. This is particularly important if construction is carried out in wet or otherwiseadverseweather. 
	Soils excavated from below the stabilized groundwater table may be too wet for reuse as backfill unless adequate time is allowedfor drying,or ifthematerialis blended with approveddryfill; otherwise, itmaybe stockpiled onsite for reuse aslandscape fill. 
	As notedpreviously, disposal ofexcavatedmaterialsoff siteshould conform to currentMECPguidelines. 
	Figure

	4.8 SeismicDesign Considerations 
	4.8 SeismicDesign Considerations 
	The recommendations for the geotechnical aspects to determine the earthquake loading for design using the OBC 2020are presentedbelow. 
	The subsoil and groundwater information at this Site have been examined in relation to Section 4.1.8.4 of the OBC 2020. The subsoils at the Site generally consist of topsoil underlain bylayers of clayey silt, sandy silt, andglacial till deposits. It is anticipated that the proposed structures willbe founded on the naturaldeposits, below anyloose or soft zones. 
	Table 4.1.8.4.A. Site Classification for Seismic Site Response in OBC 2020 indicated that to determine the Site Classification, the average properties in the top 30 m (below the lowest basement level) are to be used. The boreholes advanced at this Site were to a maximum depth of 9.6 m below existing grade. Therefore, the Site Classification recommendation would be based on the available information as well as our interpretation of conditionsbelowthe boreholes based onourknowledge ofthe soil conditions in th
	Basedontheaboveassumptions,interpretationsincombinationwiththeknownlocalgeologicalconditions,theSite Class for the proposed development is “D” as per Table 4.1.8.4.A, Site Classification for Seismic Site Response, OBC 2020. Additionaldepthdrillingorgeophysicalmethodsmaybeadvisedto determineifthesoilconditionsbelowthe currentdepthofexploration can supportahigher SiteClassification. 

	4.9 StormwaterManagement(SWM)PondConstruction 
	4.9 StormwaterManagement(SWM)PondConstruction 
	It is understood that a potential location for the Stormwater Management Facility is in the area of BH7/MW. Borehole BH7/MWwas drilledto adepthof6.6mbgsandbased on theresultsofthe investigation, itisanticipated that clayeysilt soils willbeencounteredthroughthe upper 1.5mwith clayey silttillbelow this depth andto atleast 6.6mbgs. No informationon thedepthofthepondhas been provided atthe timeofwritingthisreport. 
	If the entire pond is constructed within the upper 6.6 m, the subsurface is expected to consist of clayey silt, which shouldyieldsufficientlylowpermeabilitycharacteristicsforwaterretentionpurposesandshouldnotrequirealiner. However, during excavation of the pond, attention should be paid to the presence of any localized wet sand seams or silt layering. Where encountered, the localized seams shouldbe sub-excavated an additional0.3mand replaced withproperlycompactedclay(impervious)soils. Theexcavatedclayeysilt
	Prior to the installation of the liner in any localized sub-excavated areas, the base and/or side slopes of the excavations that terminate in the clayey silt shouldbe scoured and thoroughlyproof-rolled. This exercise is carried out in attempts to seal the water producing sand and silt seams naturally occurring in the clayey silt stratum and protectthe integrityoftheSWMfacility. 
	Where sub-excavation is required, the clay liner should be placed in lifts not exceeding 200 mm in thickness and compactedto aStandardProctor Maximum DryDensity(SPMDD) of95percent within 3percent on the wet side of the optimum moisture content. Sheepsfoot rollers shouldbe used to compact the liner to reduce the permeability oftheclaymaterial. Carefulsubgradepreparationandstringentcontroloftheclaymaterialandthecompactionare required. The finished surface of the natural clayey silt and/or clay fill liner is n
	Figure
	Sediment build-up will need to be removed from the base of the forebay at regular intervals. It is therefore recommendedthata200mmGranular‘A’layerbeplacedoverthebaseandcompactedto100%SPMDD. Following the granular placement, aturf-stonemat shouldbe placed and cover the entire baseoftheforebay. 
	ItisrecommendedthattheSWMfacilityslopesbeconstructedwithaninclinationofabout3.0horizontalto1vertical or flatter. Ifthesoilissubjectto erosionofinundation from water,thentheslopes shouldbelinedwithconcreteor riprap. 
	Where required, the riprap material should consist of soundlimestone, free ofinclusions. The limestone shouldbe blastedorcrushed,withanaveragesizeof150to200mm. Whenthesourceoftheriprapisknown,thenEXPshould be notified so thatasitevisit maybeconducted atthequarry, to verifythesourceandqualityofthematerial. 
	Theslopesoftheentiredetentionfacility,aftershaping,shouldbelightlyscarifiedanda150mmthicklayeroforganic topsoil should be placed on the surface to assist in establishing grass-type vegetation which will inhibit erosion. A synthetic erosion blanket can be considered to assist the growth of vegetation. Some routine maintenance of the slope surfaceswilllikelyberequiredto addressminorlong-term weatheringand erosion. 
	DuringtheconstructionoftheSWMPond,itisrecommendedthatinspectionandinsitudensitytestingbeconducted as well as soil sampling, laboratory testing and monitoring of fill placement. Full-time geotechnical supervision is recommended. 
	If other alternatives are considered and our assumptions are not valid, EXP should be requested to review the proposed system for applicable geotechnicalconsiderations. 
	4.10Inlet/OutletStructures 
	In the vicinity of the proposed inlet/outlet structures, culverts and/or pipes should be carefully backfilled with excavated clayey silt soils. No bearing problems are anticipated for flexible or rigid pipes founded on the natural deposits or compacted on site soils. The backfill should be in intimate contact with the complete circumference of the pipe. 
	Any headwall should be embedded sufficiently to permit minimum liner thickness up to the headwall inlet. A vibratory hoe-pack or approved device will likely be required to compact the clayey soils around the headwall. In places where propercompactionmaybe difficultto achieve, leanconcretebackfill shouldbe used. 
	The support for inlet and outlet structures must be derived from the natural soils or engineered fill. An allowable bearing pressure of 145 kPa (3000 psf) is available in these soils. Any headwalls should be backfilled using freedraininggranularmaterialandmaybedesignedusinganactiveearthpressurecoefficientof0.4andaunitweightof 20.4kN/m. Anyfootingmustbeprotectedwithaminimumof1.2m(4ft)ofearthcoverorequivalentinsulationto provideprotection againstpotentialfrostdamage. 
	-
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	If minor grade changes must be accommodated for the footings of the headwall, the levels can be raised by the placementofleanmix concreteon the natural subgrade soils. 
	During the construction of the SWM Pond and associated infrastructure, it is recommended that inspection and in situ density testing be conducted as well as soil sampling, laboratory testing and monitoring of fill placement. Fulltimegeotechnicalsupervision is recommended. 
	-

	Figure
	4.11Site PavementDesign 
	Areas to be paved shouldbe stripped of all topsoil, organics and other obviously unsuitable material. The exposed subgrade must then be thoroughlyproof-rolled. Any soft areas revealedby this or any other observations must be over-excavated and backfilled with approved material. All fill required to backfill service trenches or to raise the subgrade to design levels must conform to requirements outlined previously. Preferably, the natural inorganic excavated soils should be used to maintain uniform subgrade 
	Provided that the preceding recommendations are followed, the pavement thickness design requirements given in the followingtable are recommendedfortheanticipated specified classificationand subgrade conditions. 
	Table 7 – Recommended Pavement Structure Thicknesses 
	PavementLayer CompactionRequirements LocalRoad 
	92% MRD1 or 40 mm HL-3 Asphaltic Concrete 97% BRD1 50 mm HL-8 Granular ‘A’ (Base) 100% SPMDD1 150 mm Granular ‘B’ (Sub-Base) 100% SPMDD1 300 mm *Notes: 1) SPMDD denotes Standard Proctor Maximum Dry Density, MRD denotes Maximum Relative Density, BRD denotes Bulk Relative Density. 2) The subgrade must be compacted to 98% SPMDD. 3) The above recommendations are minimum requirements. 
	92% MRD1 or 40 mm HL-3 Asphaltic Concrete 97% BRD1 50 mm HL-8 Granular ‘A’ (Base) 100% SPMDD1 150 mm Granular ‘B’ (Sub-Base) 100% SPMDD1 300 mm *Notes: 1) SPMDD denotes Standard Proctor Maximum Dry Density, MRD denotes Maximum Relative Density, BRD denotes Bulk Relative Density. 2) The subgrade must be compacted to 98% SPMDD. 3) The above recommendations are minimum requirements. 
	92% MRD1 or 40 mm HL-3 Asphaltic Concrete 97% BRD1 50 mm HL-8 Granular ‘A’ (Base) 100% SPMDD1 150 mm Granular ‘B’ (Sub-Base) 100% SPMDD1 300 mm *Notes: 1) SPMDD denotes Standard Proctor Maximum Dry Density, MRD denotes Maximum Relative Density, BRD denotes Bulk Relative Density. 2) The subgrade must be compacted to 98% SPMDD. 3) The above recommendations are minimum requirements. 


	The recommended pavement structures provided in the above table are based on the existing subgrade soil properties determined from visual examination and textural classification of the soil samples. Consequently, the recommended pavement structures should be considered for preliminary design purposes only. Other granular configurations may also be possible provided the granular base equivalency (GBE) thickness is maintained. These recommendations on thickness design are not intended to support heavy and con
	If construction is undertaken under adverse weather conditions (i.e., wet or freezing conditions) subgrade preparation andgranular sub-base requirements shouldbe reviewedby the GeotechnicalEngineer. Ifthesub-base is set on wet or dilatant silty soils, a geotextile will be required. A woven type geotextile such as Terrafix 200W or equivalentwouldbe suitable forthis application. 
	Ifonlyaportionofthepavementwillbeinplaceduringconstruction,thegranularsubbasemayhavetobethickened. This is bestdeterminedin the fieldduringthesiteservicing stageof construction,prior to road construction. 
	Samples ofboththe Granular 'A' andGranular 'B' aggregate shouldbe checkedfor conformance to OPSS1010prior to use on Site, and during construction. The Granular 'B' sub-base and the Granular 'A' base courses must be compactedto 100percentSPMDD. 
	Figure
	TheasphalticconcretepavingmaterialsshouldconformtotherequirementsofOPSSMUNI1150. Theasphaltshould beplacedinaccordancewithOPSS310andcompactedtoatleast97percentoftheMarshallmixdesignbulkrelative density or92% ofmaximum relative density. Atack coat shouldbe appliedbetween the surface andbinder asphalt courses. 
	Good drainage provisions will optimize pavement performance. The finished pavement surface should be free of depressions and should be sloped (preferably at a minimum grade of two percent) to provide effective surface drainage toward catch basins. Surface water should not be allowed to pond adjacent to the outside edges of pavement areas. In low areas, sub-drains should be installed to intercept excess subsurface moisture and prevent subgradesoftening,asshownonDrawing 6. Thisisparticularlyimportantinheavier
	A program of in situ density testing must be carried out to verify that satisfactory levels of compaction are being achieved. 
	To minimize the effects ofdifferential settlements of service trench fill, it is recommended that wherever practical, placement ofbinder asphalt be delayedfor approximately six months after the granular sub-base is put down. The surface course asphalt should be delayed for a further one year. Prior to the surface asphalt being placed, it is recommended that a pavement evaluation be carried out on the base asphalt to identify repair areas or areas requiring remedial worksprior to surface asphaltbeingplaced. 
	4.12Curbs andSidewalks 
	It is recommended that the concrete for curb andgutter and sidewalks shouldbe proportioned, mixed, placed, and curedin accordancewiththe requirementsofOPSS353,OPSS1350 andMunicipalStandards. 
	Duringcoldweather,thefreshlyplacedconcretemustbecoveredwithinsulatingblanketstoprotectagainstfreezing. Three cylinders from each day's pour should be taken for compressive strength testing. Air entrainment, temperature,andslumptestsshouldbemadefrom thesamebatchofconcretefromwhichtestcylindersaremade. 
	The subgrade for the sidewalks should comprise undisturbed natural competent soil of well-compacted fill. A minimum150mmthicklayerofcompactedGranular'A'typeaggregateshouldbeplacedbeneaththesidewalkslabs. It is recommended that the Granular 'A' be compacted to a minimum 100 percent SPMDD, to provide adequate supportfortheconcretesidewalk. Constructiontrafficshouldbekeptofftheplacedcurbsandsidewalksastheyare notdesignedto withstandheavytrafficload. 
	4.13MethaneGasTesting 
	Nomethanegasproducingmaterialsorsignificantorganicmatterwasencounteredattheboreholelocations,except athin veneeroftopsoilin someofthe boreholes. 
	An RKI Gx-2003 Gas Detector was used in the upper levels of the open boreholes. The unit measures LEL combustibles, methane gas, oxygen content, carbon monoxide and hydrogen sulfide in standard confined space gases. No significantmethane gas was detectedin any oftheboreholes. 
	Basedon the presentinformation, no specialmethane gas abatementmeasuresare indicatedatthisSite. 
	Figure
	4.14Inspection andTestingRequirements 
	An effective inspection and testing program is an essential part of construction monitoring. The Inspection and TestingProgram typicallyincludes the followingitems: 
	• 
	• 
	• 
	Subgradeexaminationfollowingremovalofexisting(ifany),fillandorganics,priortofoundationinstallation and engineeredfillplacement(if required); 

	• 
	• 
	Inspection and Materials testing during engineered fill placement (full-time supervision is recommended) andsiteservicingworks,includingsoilsampling,laboratorytesting(moisturecontentsandStandardProctor density test on the pipe bedding, trench backfill and engineered fill material), monitoring of fill placement, and in situ densitytesting; 

	• 
	• 
	Footingbaseexaminationsto confirm suitabilityto supportthedesign bearingpressures; 

	• 
	• 
	Visual examination ofconcrete reinforcing steelplacement; 

	• 
	• 
	Materials testingfor concrete foundations, floorslab,curbs and sidewalks; 

	• 
	• 
	Inspection and Materials testing during paved area construction, including subgrade examination of the paved area subgrade soils following site servicing, laboratory testing (grain size analyses and Standard ProctordensitytestsontheGranular‘A’and‘B’materialplacedonsiteroadways),andinsitudensitytesting; 

	• 
	• 
	Inspection and Materials testing for base and surface asphalt, including laboratory testing on asphalt samplingto confirm conformanceto projectspecifications and standards. 


	EXP would be pleased to prepare an inspection and testing work program prior to construction, incorporating the above items. 
	Figure


	5. General Comments 
	5. General Comments 
	The information presented in this report is based on a limited investigation designed to provide information to support an assessment of the current geotechnical conditions within the subject property. The conclusions and recommendations presented in this report reflect site conditions existing at the time of the investigation. Consequently,duringthefuturedevelopmentoftheproperty,conditionsnotobservedduringthisinvestigationmay becomeapparent. Shouldthisoccur,EXPServices Inc.shouldbecontactedto assessthesitu
	Our undertaking at EXP, therefore, is to perform our work within limits prescribed by our clients, with the usual thoroughness and competenceofthe engineeringprofession. 
	Thecommentsgiveninthisreportareintendedonlyfortheguidanceofdesignengineers. Thenumberoftestholes required to determine the localized underground conditions between test holes affecting construction costs, techniques, sequencing, equipment, scheduling, etc. would be much greater than has been carried out for design purposes. Contractors bidding on or undertaking the works shouldin this light, decide on their own investigations, as well as their own interpretations ofthe factualtestpit results, so thattheymay
	EXPServicesInc.shouldberetainedforageneralreviewofthefinaldesignandspecificationstoverifythatthisreport hasbeenproperlyinterpretedandimplemented.Ifnotaffordedtheprivilegeofmakingthisreview,EXPServicesInc. will assume no responsibilityfor interpretationoftherecommendations inthis report. 
	This report was prepared for the exclusive use of 2411061 Ontario Inc. and may not be reproduced in whole or in part, without the prior written consent of EXP, or used or relied upon in whole or in part by other parties for any purposes whatsoever. Any use which a third party makes of this report, or any part thereof, or any reliance on or decisions to be made based on it, are the responsibility of such third parties. EXP Services Inc. accepts no responsibility for damages, if any, suffered by any third par
	Wetrustthatthis reportissatisfactoryforyourpurposes. Shouldyou haveanyquestions,please do nothesitateto contactthisoffice. 
	Figure
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	DRAWING 2 – BACKFILL AND BASEMENT DRAINAGE DETAIL (NOT TO SCALE) 
	DRAWING 2 – BACKFILL AND BASEMENT DRAINAGE DETAIL (NOT TO SCALE) 
	DRAWING 2 – BACKFILL AND BASEMENT DRAINAGE DETAIL (NOT TO SCALE) 

	TR
	TH
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	NOTES: 1. Drainage tile to consist of 100 mm (4 in.) diameter weeping tile or equivalent perforated pipe leading to a positive sump or outlet. Invert to be minimum of 150 mm (6 in.) below underside of floor slab. 2. Pea gravel 150 mm (6 in.) top and sides of drain. If drain is not on footing, place 100 mm (4 in.) ofpea gravel belowdrain. 20mm(3/4in.)clearstonemaybeusedprovidedifitiscoveredbyanapprovedporousgeotextile fabric membrane (Terrafix 270R or equivalent). 3. C.S.A. fine concrete aggregate to act as 
	NOTES: 1. Drainage tile to consist of 100 mm (4 in.) diameter weeping tile or equivalent perforated pipe leading to a positive sump or outlet. Invert to be minimum of 150 mm (6 in.) below underside of floor slab. 2. Pea gravel 150 mm (6 in.) top and sides of drain. If drain is not on footing, place 100 mm (4 in.) ofpea gravel belowdrain. 20mm(3/4in.)clearstonemaybeusedprovidedifitiscoveredbyanapprovedporousgeotextile fabric membrane (Terrafix 270R or equivalent). 3. C.S.A. fine concrete aggregate to act as 


	Figure
	DRAWING 3 – TYPICAL BACKFILL DETAIL STORM AND SANITARY SEWER (COMMON TRENCH) 
	DRAWING 3 – TYPICAL BACKFILL DETAIL STORM AND SANITARY SEWER (COMMON TRENCH) 
	DRAWING 3 – TYPICAL BACKFILL DETAIL STORM AND SANITARY SEWER (COMMON TRENCH) 

	SECTION VIEW 
	SECTION VIEW 

	NOTES: ZONE A GranularbeddingsatisfyingcurrentCityofLondonStandardscompactedto95%StandardProctor maximum dry density. ZONE A-l To becompactedto 95% Standard Proctormaximumdry density. ZONE B To becompactedto 95% Standard Proctormaximumdry density. ZONE C To becompactedto 98% Standard Proctormaximumdry density. The excavations shown above are for Type 1 or 2 soils. Where excavations extend through Type 3soils,thesidewallsshouldbeslopedbackatamaximum inclinationof1horizontalto1vertical from thebase (Reference
	NOTES: ZONE A GranularbeddingsatisfyingcurrentCityofLondonStandardscompactedto95%StandardProctor maximum dry density. ZONE A-l To becompactedto 95% Standard Proctormaximumdry density. ZONE B To becompactedto 95% Standard Proctormaximumdry density. ZONE C To becompactedto 98% Standard Proctormaximumdry density. The excavations shown above are for Type 1 or 2 soils. Where excavations extend through Type 3soils,thesidewallsshouldbeslopedbackatamaximum inclinationof1horizontalto1vertical from thebase (Reference


	Figure
	DRAWING 4 – TRENCH BACKFILL REQUIREMENTS 
	DRAWING 4 – TRENCH BACKFILL REQUIREMENTS 
	DRAWING 4 – TRENCH BACKFILL REQUIREMENTS 

	Requirementsforbackfillinservicetrenches,etc.shouldconformtocurrentCityofLondonand OPSS requirements. A summary of the general recommendations for trench backfill is presentedon Drawing 4. The bedding materials for the services designated as Zone A on the attached drawings should consistofapprovedgranularmaterialsatisfyingthecurrentCityofLondonminimumstandards and specifications. (Class B bedding should provide adequate support for the pipes). These materialsshould be uniformlycompactedto 95 percentof stand
	Requirementsforbackfillinservicetrenches,etc.shouldconformtocurrentCityofLondonand OPSS requirements. A summary of the general recommendations for trench backfill is presentedon Drawing 4. The bedding materials for the services designated as Zone A on the attached drawings should consistofapprovedgranularmaterialsatisfyingthecurrentCityofLondonminimumstandards and specifications. (Class B bedding should provide adequate support for the pipes). These materialsshould be uniformlycompactedto 95 percentof stand
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	DRAWING 5 – PAVEMENT SUBDRAIN DETAIL 
	DRAWING 5 – PAVEMENT SUBDRAIN DETAIL 
	DRAWING 5 – PAVEMENT SUBDRAIN DETAIL 
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	NOTES: 1. All dimensions in millimetres. 2. All sub drains to be set on at least 1% grade draining to a positive outlet. 3. Subgrade soil conditions should be verified onsite, during subgrade preparation works, following site servicing installations. Scale: NTS 
	NOTES: 1. All dimensions in millimetres. 2. All sub drains to be set on at least 1% grade draining to a positive outlet. 3. Subgrade soil conditions should be verified onsite, during subgrade preparation works, following site servicing installations. Scale: NTS 
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	Appendix A – Borehole Logs and Grain Size Analysis 
	Appendix A – Borehole Logs and Grain Size Analysis 
	Figure
	Table
	TR
	NOTES ON SAMPLE DESCRIPTIONS 

	1. 2. 3. 
	1. 2. 3. 
	All descriptions included in this report follow the 'modified' Massachusetts Institute of Technology (M.I.T.) soil classification system. The laboratory grain-size analysis also follows this classification system. Others may designatetheUnifiedClassificationSystemastheirsource;acomparisonofthetwoisshownforyourinformation. Please note that, with the exception of those samples where the grain size analysis has been carried out, all samplesareclassifiedvisuallyandtheaccuracyofthevisualexaminationisnotsufficien


	Figure
	BH1/MW
	BH1/MW
	BOREHOLE LOG 
	Sheet 1 of1 
	CLIENT 2411061 Ontario Inc. PROJECT NO. LON-23001016-A0 PROJECT Proposed Residential Development DATUM Geodetic LOCATION 1210-1240 Wharncliffe Road South, London, ON DATES: Boring Feburary 16, 2023 Water Level Feb 23/23 
	D E P T H 
	D E P T H 
	D E P T H 
	E L E V A T I O N 
	STRATA DESCRIPTION 
	S T R A T A P L O 
	W E L L L O G 
	T Y P E 

	(m bgs) 
	(m bgs) 
	(~m) 
	T 

	0 
	0 
	272.8 272.5 
	TOPSOIL - 285 mm 

	TR
	FILL -CLAYEY SILT , grey/brown, trace topsoil, 

	TR
	trace sand and gravel, firm, moist 

	1 
	1 
	SS 


	271.2 CLAYEY SILT , brown, trace sand and gravel, 
	271.2 CLAYEY SILT , brown, trace sand and gravel, 
	SS stiff, moist
	2 270.5 CLAYEY SILT TILL , brown, trace sand and 
	SS 
	SS 
	gravel, very stiff, moist 

	3 
	SS -becoming grey near 3.4 m bgs 
	4 
	-becoming stiff near 4.6 m bgs 
	SS 5 
	6 
	SS
	266.2 
	End of borehole at 6.6 m bgs. 
	7 
	8 
	9 
	10 
	NOTES 
	1) Borehole Log interpretation requires assistance by EXP before use by others and must be read in conjunction with EXP Report LON-23001016-A0. 
	2) bgs denotes below ground surface. 
	3) No significant methane gas concentration was detected upon completion. 
	4) Ground surface provided by Government of Ontario Digital Terrain Model (Lidar-Derived). 
	5) Water level, February 23, 2023: 5.97 m bgs (Elevation 266.78 m) 
	SHEAR STRENGTH
	SAMPLES 
	MC 
	S Field Vane Test (#=Sensitivity)R 
	OO 
	IN 
	Penetrometer 
	Torvane
	N
	E 
	ST
	N 
	C 
	TE
	VALUE 
	200 kPa
	U 
	U 
	O 

	UN
	M 
	V 
	RT 
	Atterberg Limits and Moisture
	B 
	B 
	E 

	E
	E 

	W WW
	W WW
	R 
	PL
	R 
	Y SPT N Value Dynamic Cone (mm) 
	(%)
	(blows) 
	10 
	20 
	30 
	40 
	S1 
	300 
	6 
	15 
	S2 
	450 
	14 
	22 
	S3 
	450 
	25 
	16 
	S4 
	450 
	28 
	18 
	S5 
	450 
	10 
	21 
	S6 
	450 
	10 
	21 
	SAMPLE LEGEND AS Auger Sample 
	SS Split Spoon 
	ST Shelby Tube Rock Core (eg. BQ, NQ, etc.) 
	VN Vane Sample OTHER TESTS G Specific Gravity C Consolidation H Hydrometer CD Consolidated Drained Triaxial S Sieve Analysis CU Consolidated Undrained Triaxial Unit Weight UU Unconsolidated Undrained Triaxial P Field Permeability UC Unconfined Compression K Lab Permeability DS Direct Shear WATER LEVELS Apparent Measured Artesian (see Notes) 
	Figure
	BH2


	BOREHOLE LOG 
	BOREHOLE LOG 
	Sheet 1 of1 
	CLIENT 
	CLIENT 
	CLIENT 
	2411061 Ontario Inc. 
	PROJECT NO. 
	LON-23001016-A0 

	PROJECT 
	PROJECT 
	Proposed Residential Development 
	DATUM 
	Geodetic 

	LOCATION 
	LOCATION 
	1210-1240 Wharncliffe Road South, London, ON DATES: Boring 
	Feburary 16, 2023 
	Water Level 


	TOPSOIL - 260 mm FILL -CLAYEY SILT , grey/brown, trace topsoil, trace sand and gravel, firm, moist -some wet seams near 2.0 m bgs CLAYEY SILT , brown, trace sand and gravel, very stiff, moist CLAYEY SILT TILL , brown, trace sand and gravel, very stiff, moist -becoming grey and stiff near 4.6 m bgs End of borehole at 5.0 m bgs. 7 7 20 26 15 400 425 450 450 450 SS SS SS SS SS 18 23 14 16 22 S1 S2 S3 S4 S5 272.2 270.1 269.3 267.4 100 200 kPa 1) Borehole Log interpretation requires assistance by EXP before use 
	TOPSOIL - 180 mm FILL -CLAYEY SILT , grey/brown, trace topsoil, trace sand and gravel, firm, moist - saturated sand and gravel seam near 1.4 m bgs CLAYEY SILT , brown, trace sand and gravel, firm, moist CLAYEY SILT TILL , brown, trace sand and gravel, stiff to very stiff, moist -becoming grey near 3.1 m bgs End of borehole at 5. m bgs. 4 5 15 18 16 375 450 450 450 450 SS SS SS SS SS 29 23 16 18 14 S1 S2 S3 S4 S5 269.7 268.2 267.6 264.9 100 200 kPa 1) Borehole Log interpretation requires assistance by EXP be
	TOPSOIL - 320 mm FILL -CLAYEY SILT , grey/brown, trace topsoil, trace sand and gravel, firm to soft, moist -becoming wet at fill/clayey silt interface CLAYEY SILT , brown, trace sand and gravel, stiff, moist CLAYEY SILT TILL , brown/grey, trace sand and gravel, very stiff, moist End of borehole at 5.0 m bgs. 5 3 3 11 26 400 450 450 450 450 SS SS SS SS SS 13 18 25 20 18 S1 S2 S3 S4 S5 270.6 267.8 266.3 265.8 100 200 kPa 1) Borehole Log interpretation requires assistance by EXP before use by others and must b
	Figure
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	BOREHOLE LOG 
	BOREHOLE LOG 
	Sheet 1 of1 
	CLIENT 
	CLIENT 
	CLIENT 
	2411061 Ontario Inc. 
	PROJECT NO. 
	LON-23001016-A0 

	PROJECT 
	PROJECT 
	Proposed Residential Development 
	DATUM 
	Geodetic 

	LOCATION 
	LOCATION 
	1210-1240 Wharncliffe Road South, London, ON DATES: Boring 
	Feburary 16, 2023 
	Water Level 


	TOPSOIL - 215 mm CLAYEY SILT , brown, trace sand and gravel, stiff to very stiff, moist CLAYEY SILT TILL , brown, trace sand and gravel, very stiff, moist -becoming grey near 3.1 m bgs End of borehole at 5.0 m bgs. 11 20 24 13 14 450 450 450 450 450 SS SS SS SS SS 19 17 17 18 20 S1 S2 S3 S4 S5 269.6 267.6 264.8 100 200 kPa 1) Borehole Log interpretation requires assistance by EXP before use by others and must be read in conjunction with EXP Report LON-23001016-A0. 2) bgs denotes below ground surface. 3) Bor

	BH6/MW
	BH6/MW
	BOREHOLE LOG 
	Sheet 1 of1 
	CLIENT 2411061 Ontario Inc. PROJECT NO. LON-23001016-A0 PROJECT Proposed Residential Development DATUM Geodetic LOCATION 1210-1240 Wharncliffe Road South, London, ON DATES: Boring Feburary 17, 2023 Water Level Feb 23/23 
	D E P T H 
	D E P T H 
	D E P T H 
	E L E V A T I O N 
	STRATA DESCRIPTION 
	S T R A T A P L O 
	W E L L L O G 
	T Y P E 

	(m bgs) 
	(m bgs) 
	(~m) 
	T 

	0 
	0 
	269.7 269.6 
	TOPSOIL - 120 mm 

	TR
	FILL -CLAYEY SILT , grey/brown, trace topsoil, 

	TR
	trace sand and gravel, stiff, moist 

	TR
	-200 mm thick saturated gravel layer encountered 

	1 
	1 
	at 0.3 m bgs 
	SS 

	TR
	268.2 

	TR
	CLAYEY SILT , brown, trace sand and gravel, stiff, moist 
	SS 

	2 
	2 

	TR
	267.4 

	TR
	CLAYEY SILT TILL , brown, trace sand and gravel, very stiff, moist 
	SS 

	3 
	3 

	TR
	-becoming grey near 3.1 m bgs 
	SS 


	4 
	SS 5 
	6 
	SS
	263.2 
	End of borehole at 6.6 m bgs. 
	7 
	8 
	9 
	10 
	NOTES 
	1) Borehole Log interpretation requires assistance by EXP before use by others and must be read in conjunction with EXP Report LON-23001016-A0. 
	2) bgs denotes below ground surface. 
	3) No significant methane gas concentration was detected upon completion. 
	4) Ground surface provided by Government of Ontario Digital Terrain Model (Lidar-Derived). 
	5) Water level, February 23, 2023: 0.97 m bgs (Elevation 268.77 m) 
	SHEAR STRENGTH
	SAMPLES 
	MC 
	S Field Vane Test (#=Sensitivity)R 
	OO 
	IN 
	Penetrometer 
	Torvane
	N
	E 
	ST
	N 
	C 
	TE
	VALUE 
	200 kPa
	U 
	U 
	O 

	UN
	M 
	V 
	RT 
	Atterberg Limits and Moisture
	B 
	B 
	E 

	E
	E 
	W WW
	W WW
	R 
	PL
	R 
	Y SPT N Value Dynamic Cone (mm) 
	(%)
	(blows) 
	10 
	20 
	30 
	40 
	S1 
	450 
	10 
	14 
	S2 
	450 
	13 
	18 
	S3 
	450 
	29 
	19 
	S4 
	450 
	19 
	19 
	S5 
	450 
	17 
	15 
	S6 
	450 
	15 
	16 
	SAMPLE LEGEND AS Auger Sample 
	SS Split Spoon 
	ST Shelby Tube Rock Core (eg. BQ, NQ, etc.) 
	VN Vane Sample OTHER TESTS G Specific Gravity C Consolidation H Hydrometer CD Consolidated Drained Triaxial S Sieve Analysis CU Consolidated Undrained Triaxial Unit Weight UU Unconsolidated Undrained Triaxial P Field Permeability UC Unconfined Compression K Lab Permeability DS Direct Shear WATER LEVELS Apparent Measured Artesian (see Notes) 


	BH7/MW
	BH7/MW
	BOREHOLE LOG 
	Sheet 1 of1 
	CLIENT 2411061 Ontario Inc. PROJECT NO. LON-23001016-A0 PROJECT Proposed Residential Development DATUM Geodetic LOCATION 1210-1240 Wharncliffe Road South, London, ON DATES: Boring Feburary 16, 2023 Water Level Feb 23/23 
	D E P T H 
	D E P T H 
	D E P T H 
	E L E V A T I O N 
	STRATA DESCRIPTION 
	S T R A T A P L O 
	W E L L L O G 
	T Y P E 

	(m bgs) 
	(m bgs) 
	(~m) 
	T 

	0 
	0 
	269.2 269.0 
	TOPSOIL - 220 mm 

	TR
	CLAYEY SILT , brown, trace sand and gravel, 

	TR
	very stiff, moist 

	1 
	1 
	SS 

	TR
	267.7 

	TR
	CLAYEY SILT TILL , brown, trace sand and gravel, occasional cobbles, very stiff, moist 
	SS 

	2 
	2 


	SS 
	3 -becoming grey near 3.1 m bgs 
	3 -becoming grey near 3.1 m bgs 
	SS 

	4 
	SS 5 
	6 
	SS
	262.6 
	End of borehole at 6.6 m bgs. 
	7 
	8 
	9 
	10 
	NOTES 
	1) Borehole Log interpretation requires assistance by EXP before use by others and must be read in conjunction with EXP Report LON-23001016-A0. 
	2) bgs denotes below ground surface. 
	3) No significant methane gas concentration was detected upon completion. 
	4) Ground surface provided by Government of Ontario Digital Terrain Model (Lidar-Derived). 
	5) Water level, February 23, 2023: 5.85 m bgs (Elevation 263.34 m) 
	SHEAR STRENGTH
	SAMPLES 
	MC 
	S Field Vane Test (#=Sensitivity)R 
	OO 
	IN 
	Penetrometer 
	Torvane
	N
	E 
	ST
	N 
	C 
	TE
	VALUE 
	200 kPa
	U 
	U 
	O 

	UN
	M 
	V 
	RT 
	Atterberg Limits and Moisture
	B 
	B 
	E 

	E
	E 
	W WW
	W WW
	R 
	PL
	R 
	Y SPT N Value Dynamic Cone (mm) 
	(%)
	(blows) 
	10 
	20 
	30 
	40 
	S1 
	450 
	17 
	16 
	S2 
	450 
	22 
	17 
	S3 
	450 
	16 
	18 
	S4 
	400 
	12 
	18 
	S5 
	450 
	12 
	19 
	S6 
	450 
	17 
	19 
	SAMPLE LEGEND AS Auger Sample 
	SS Split Spoon 
	ST Shelby Tube Rock Core (eg. BQ, NQ, etc.) 
	VN Vane Sample OTHER TESTS G Specific Gravity C Consolidation H Hydrometer CD Consolidated Drained Triaxial S Sieve Analysis CU Consolidated Undrained Triaxial Unit Weight UU Unconsolidated Undrained Triaxial P Field Permeability UC Unconfined Compression K Lab Permeability DS Direct Shear WATER LEVELS Apparent Measured Artesian (see Notes) 


	BH8A/MW
	BH8A/MW
	BOREHOLE LOG 
	Sheet 1 of1 
	CLIENT 2411061 Ontario Inc. PROJECT NO. LON-23001016-A0 PROJECT Proposed Residential Development DATUM Geodetic LOCATION 1210-1240 Wharncliffe Road South, London, ON DATES: Boring Feburary 17, 2023 Water Level Feb 23/23 
	D E P T H 
	D E P T H 
	D E P T H 
	E L E V A T I O N 
	STRATA DESCRIPTION 
	S T R A T A P L O 
	W E L L L O G 
	T Y P E 

	(m bgs) 
	(m bgs) 
	(~m) 
	T 

	0 
	0 
	269.9 
	TOPSOIL - 620 mm 

	TR
	269.3 

	TR
	FILL -CLAYEY SILT , brown, weathered, trace 

	1 
	1 
	topsoil, trace sand, stiff, moist 
	SS 

	TR
	268.4 

	TR
	CLAYEY SILT , brown, trace sand and gravel, very stiff, moist 
	SS 

	2 
	2 


	SS 
	266.8 CLAYEY SILT TILL , brown, trace sand and 
	266.8 CLAYEY SILT TILL , brown, trace sand and 
	3 
	SS 
	SS 
	gravel, very stiff, moist -becoming grey near 3.3 m bgs 

	4 
	-becoming stiff near 4.6 m bgs 
	SS 5 
	6 
	SS 
	7 
	SS 
	262.0 8 
	262.0 8 
	SANDY SILT , grey, compact, wet 

	9 
	SS
	260.3 
	End of borehole at 9.6 m bgs. 
	10 
	NOTES 
	1) Borehole Log interpretation requires assistance by EXP before use by others and must be read in conjunction with EXP Report LON-23001016-A0. 
	2) bgs denotes below ground surface. 
	3) No significant methane gas concentration was detected upon completion. 
	4) Ground surface provided by Government of Ontario Digital Terrain Model (Lidar-Derived). 
	5) Water level, February 23, 2023: 5.37 m bgs (Elevation 264.53 m) 
	SHEAR STRENGTH
	SHEAR STRENGTH
	SAMPLES 
	MC 
	S Field Vane Test (#=Sensitivity)
	OO 

	N U M B E R 
	N U M B E R 
	N U M B E R 
	R E C O V E R Y 
	N VALUE 
	I N S T T E U N R T E 
	Penetrometer Torvane 100 200 kPa Atterberg Limits and Moisture W W WP L 

	TR
	SPT N Value 
	Dynamic Cone 

	TR
	(mm) (blows) 
	(%) 
	10 
	20 
	30 
	40 


	S1 
	450 
	10 
	16 
	S2 
	450 
	18 
	15 
	S3 
	450 
	18 
	16 
	S4 
	450 
	19 
	19 
	S5 
	450 
	10 
	19 
	S6 
	450 
	12 
	20 
	S7 
	450 
	30 
	11 
	S8 
	450 
	25 
	21 
	SAMPLE LEGEND AS Auger Sample 
	SS Split Spoon 
	ST Shelby Tube Rock Core (eg. BQ, NQ, etc.) 
	VN Vane Sample OTHER TESTS G Specific Gravity C Consolidation H Hydrometer CD Consolidated Drained Triaxial S Sieve Analysis CU Consolidated Undrained Triaxial Unit Weight UU Unconsolidated Undrained Triaxial P Field Permeability UC Unconfined Compression K Lab Permeability DS Direct Shear WATER LEVELS Apparent Measured Artesian (see Notes) 


	BH8B/MW
	BH8B/MW
	BOREHOLE LOG 
	Sheet 1 of1 
	CLIENT 2411061 Ontario Inc. PROJECT NO. LON-23001016-A0 
	CLIENT 2411061 Ontario Inc. PROJECT NO. LON-23001016-A0 
	PROJECT Proposed Residential Development DATUM Geodetic 

	LOCATION 1210-1240 Wharncliffe Road South, London, ON DATES: Boring Feburary 17, 2023 Water Level Feb 23/23 
	LOCATION 1210-1240 Wharncliffe Road South, London, ON DATES: Boring Feburary 17, 2023 Water Level Feb 23/23 
	SHEAR STRENGTH
	SHEAR STRENGTH
	E 
	SAMPLES
	S 
	MC

	L 
	S Field Vane Test (#=Sensitivity)
	S Field Vane Test (#=Sensitivity)
	T 
	OO
	E 

	W
	D 
	D 
	R
	R 
	IN 
	Penetrometer 
	Torvane

	V 
	E 
	N
	E 
	E 
	E
	A 
	ST

	L
	A 
	A 
	N
	P 

	C
	T 
	T 
	TE

	VALUE
	L
	T 
	T 
	STRATA 

	T 
	100 
	200 kPa
	U
	U
	T 
	O
	A 
	UN

	I 
	Y 
	M
	M
	H 

	V 
	RT
	RT
	DESCRIPTION 
	Atterberg Limits and Moisture
	O 

	L 
	P 
	B 
	B 
	E
	P 
	E
	N 

	O 
	O 
	E 

	E 
	W WW
	W WW
	R
	L 
	PL
	G 
	R 
	R 
	Y
	O 

	(m bgs) 
	(m bgs) 
	(~m) 

	T 
	SPT N Value Dynamic Cone 269.9 
	(mm) 
	(mm) 
	(%)
	(blows) 

	10 
	10 
	20 
	30 
	40 

	0 
	TOPSOIL - 620 mm 
	269.3 FILL -CLAYEY SILT , brown, weathered, trace topsoil, trace sand, stiff, moist
	1 
	268.4 CLAYEY SILT , brown, trace sand and gravel, very stiff, moist 2 
	266.8 CLAYEY SILT TILL , brown, trace sand and gravel, very stiff, moist -becoming grey near 3.3 m bgs 
	3 
	4 
	-becoming stiff near 4.6 m bgs 
	SS 
	S1 
	450 
	450 
	8 

	21 5 
	6 
	7 
	262.0 8 
	SANDY SILT , grey, compact, wet 
	9 
	260.3 
	End of borehole at 9.6 m bgs. 
	10 
	SAMPLE LEGEND AS Auger Sample 
	SS Split Spoon 
	ST Shelby Tube
	NOTES 
	Rock Core (eg. BQ, NQ, etc.) 
	VN Vane Sample 
	1) Borehole Log interpretation requires assistance by EXP before use by others and must be read in conjunction with EXP Report LON-23001016-A0. 
	OTHER TESTS 
	G Specific Gravity C Consolidation
	G Specific Gravity C Consolidation
	2) bgs denotes below ground surface. 

	H Hydrometer CD Consolidated Drained Triaxial
	H Hydrometer CD Consolidated Drained Triaxial
	3) No significant methane gas concentration was detected upon completion. 

	4) Ground surface provided by Government of Ontario Digital Terrain Model 
	S Sieve Analysis CU Consolidated Undrained Triaxial (Lidar-Derived).
	 Unit Weight UU Unconsolidated Undrained Triaxial 
	 Unit Weight UU Unconsolidated Undrained Triaxial 
	5) Water level, February 23, 2023: 0.64 m bgs (Elevation 269.26 m) 

	P Field Permeability UC Unconfined Compression K Lab Permeability DS Direct Shear WATER LEVELS Apparent Measured Artesian (see Notes) 
	P E R C E N T 
	P A S S I N G 
	100 90 80 70 60 50 40 30 20 10 
	0 
	0.0001 0.001 0.01 0.1 1 10 100 GRAINSIZEDIAMETER(mm) ClayeySiltTill,somesand,tracegravel Gravel-2% Sand-11% Silt-57% Clay-30% EstimatedHydraulic Conductivity: ~1x10-9 m/s 
	SILT SAND GRAVEL FINE MEDIUM COARSE FINE MEDIUM COARSE FINE MEDIUM COARSE CLAY MODIFIEDM.I.T.CLASSIFICATION SampleDescription:BH1/MWSA5 4.6mto5.0mbgs Figure1Project:LON-23001016-A0 
	P E R C E N T 
	P A S S I N G 
	100 90 80 70 60 50 40 30 20 10 
	0 
	0.0001 0.001 0.01 0.1 1 10 100 GRAINSIZEDIAMETER(mm) ClayeySiltTill,somesand,tracegravel Gravel-1% Sand-11% Silt-57% Clay-31% EstimatedHydraulic Conductivity: ~9x10-10 m/s 
	SILT SAND GRAVEL FINE MEDIUM COARSE FINE MEDIUM COARSE FINE MEDIUM COARSE CLAY MODIFIEDM.I.T.CLASSIFICATION SampleDescription:BH6/MWSA3 2.3mto2.7mbgs Figure2Project:LON-23001016-A0 
	P E R C E N T 
	P A S S I N G 
	100 90 80 70 60 50 40 30 20 10 
	0 
	0.0001 0.001 0.01 0.1 1 10 100 GRAINSIZEDIAMETER(mm) ClayeySiltTill,somesand,tracegravel Gravel-1% Sand-5% Silt-55% Clay-39% EstimatedHydraulic Conductivity: ~2x10-10 m/s 
	SILT SAND GRAVEL FINE MEDIUM COARSE FINE MEDIUM COARSE FINE MEDIUM COARSE CLAY MODIFIEDM.I.T.CLASSIFICATION SampleDescription:BH7/MWSA5 4.6mto5.0mbgs Figure3Project:LON-23001016-A0 
	P E R C E N T 
	P A S S I N G 
	100 90 80 70 60 50 40 30 20 10 
	0 
	0.0001 0.001 0.01 0.1 1 10 100 GRAINSIZEDIAMETER(mm) ClayeySiltTill,somesand,tracegravel Gravel-2% Sand-9% Silt-52% Clay-37% EstimatedHydraulic Conductivity: ~3x10-10 m/s 
	SILT SAND GRAVEL FINE MEDIUM COARSE FINE MEDIUM COARSE FINE MEDIUM COARSE CLAY MODIFIEDM.I.T.CLASSIFICATION SampleDescription:BH8/MWBSA1 4.6to5.0mbgs Figure4Project:LON-23001016-A0 




	Appendix B – Inspection and Testing Schedule 
	Appendix B – Inspection and Testing Schedule 
	Appendix B – Inspection and Testing Schedule 

	Sect
	Figure

	INSPECTION & TESTING SCHEDULE 
	INSPECTION & TESTING SCHEDULE 
	INSPECTION & TESTING SCHEDULE 

	Thefollowingprogram outlinessuggestedminimum testingrequirementsduringbackfillingofservicetrenches and construction of pavements. In adverse weather conditions (wet/freezing), increased testing will be required. The testing frequencies are general requirements and may be adjusted at the discretion of the engineer based on test resultsandprevailing construction conditions. 
	I TRENCH BACKFILL 
	I TRENCH BACKFILL 
	I TRENCH BACKFILL 
	I TRENCH BACKFILL 


	ZONE A -one insitudensitytestper 100 cubic meters or 50linear metres of trench whichever is less -one laboratorygrain size andProctor densitytest per 50density tests or 4000 cubic metres oron change of material(source, visual) ZONE A1 -one insitudensitytestper 75 cubic metres of material or 25linear metres of eachlift offill 
	-one laboratorygrain size andProctor densitytest per each50 densitytests or4000 cubic metres of materialplaced or asdirected bythe engineer 
	ZONESB&C -one insitudensitytestper 150 cubic metres of material or 50 linear metres or eachlift whichever is less 
	ZONESB&C -one insitudensitytestper 150 cubic metres of material or 50 linear metres or eachlift whichever is less 

	-one laboratorygrain size andProctor densitytest per 50density tests or 4000 cubic metres of materialplaced or asdirectedbythe engineer 

	II PAVEMENT MATERIALS 
	II PAVEMENT MATERIALS 
	II PAVEMENT MATERIALS 
	II PAVEMENT MATERIALS 

	GRANULAR SUBBASE -one insitudensitytestper 50linear metres of road 

	-one laboratorygrain size and standardProctor test per50density tests or 4000 cubic metres oreach change of material(visual, source), as determinedbythe engineer 
	GRANULAR BASE -one insitudensitytestper 50linear metres of road 
	GRANULAR BASE -one insitudensitytestper 50linear metres of road 

	-one laboratorygrain size andProctor per 50densitytests or 8000 cubic metres or change in material(visual, source), as determined bythe engineer 
	-Benkelman beam testing at 10metre intervals per lane, after final grading and compaction. Asphaltic concrete should notbe placed until rebound criteriahave been satisfied. 
	ASPHALTIC CONCRETE -one insitudensitytestper 25linear metres of roadway 
	ASPHALTIC CONCRETE -one insitudensitytestper 25linear metres of roadway 

	-one complete MarshallCompliance test including stabilityflow, etc. for eachmix type to checkmix acceptability. One extraction andgradation testper eachdayofpavingto be comparedto job mix formula 
	NOTES: Where testingindicates inadequate compaction, additionalfill should notbe placed untilthe area is recompacted and retested atthe discretion ofthe engineer. 
	Sect
	Figure
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	Figure
	LIMITATIONS AND USE OF REPORT 
	LIMITATIONS AND USE OF REPORT 
	BASIS OF REPORT 
	BASIS OF REPORT 
	This report(“Report”)isbasedon siteconditionsknownor inferredbythe geotechnicalinvestigation undertakenas ofthedateoftheReport.Shouldchangesoccurwhichpotentiallyimpactthegeotechnicalconditionofthesite,orif constructionisimplementedmorethanoneyearfollowingthedateoftheReport,therecommendationsofEXPmay require re-evaluation. 
	The Report is provided solely for the guidance ofdesign engineers and on the assumption that the design will be in accordance with applicable codes and standards. Any changes in the design features which potentially impact the geotechnical analyses or issues concerning the geotechnical aspects of applicable codes and standards will necessitateareviewofthedesign byEXP. Additionalfield work and reporting may also be required. 
	Where applicable, recommended field services are the minimum necessary to ascertain that construction is being carried out in general conformity with building code guidelines, generally accepted practices and EXP’s recommendations.AnyreductioninthelevelofservicesrecommendedwillresultinEXPprovidingqualifiedopinions regarding the adequacy of the work. EXP can assist design professionals or contractors retained by the Client to review applicable plans, drawings, and specifications as they relate to the Report 
	Contractors contemplating work on the site are responsible for conducting an independent investigation and interpretationoftheboreholeresultscontainedintheReport.Thenumberofboreholesnecessarytodeterminethe localized underground conditions as they impact construction costs, techniques, sequencing, equipment and scheduling maybe greaterthan those carried outfor the purposeofthe Report. 
	Classification and identification of soils, rocks, geological units, contaminant materials, building envelopment assessments, and engineering estimates are based on investigations performed in accordance with the standard of care set out below and require the exercise of judgment. As a result, even comprehensive sampling and testing programsimplementedwiththeappropriateequipmentbyexperiencedpersonnelmayfailtolocatesomeconditions. Allinvestigationsorbuildingenvelopedescriptionsinvolveaninherentriskthatsomeco
	Figure

	RELIANCE ON INFORMATION PROVIDED 
	RELIANCE ON INFORMATION PROVIDED 
	The evaluation and conclusions contained in the Report are based on conditions in evidence at the time of site inspectionsandinformationprovidedtoEXPbytheClientandothers.TheReporthasbeenpreparedforthespecific site, development, building, design or building assessment objectives and purpose as communicated by the Client. EXP has relied in good faith upon such representations, information and instructions and accepts no responsibility for anydeficiency,misstatement or inaccuracy containedin the Report as ares

	STANDARD OF CARE 
	STANDARD OF CARE 
	The Report has been prepared in a manner consistent with the degree of care and skill exercised by engineering consultantscurrentlypracticing under similarcircumstances andlocale. No otherwarranty,expressedor implied, is made. Unless specificallystatedotherwise,the Reportdoesnotcontain environmentalconsulting advice. 

	COMPLETE REPORT 
	COMPLETE REPORT 
	All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment form part of the Report. This material includes, but is not limited to, the terms of reference given to EXP by its client (“Client”),communicationsbetweenEXP andtheClient,otherreports,proposalsor documentspreparedbyEXPfor the Client in connection with the site described in the Report. In order to properly understand the suggestions, recommendations and opinions expressed in the Report, reference mus

	USE OF REPORT 
	USE OF REPORT 
	The information andopinions expressedin the Report,or anydocumentformingpart oftheReport, are for the sole benefitoftheClient.NootherpartymayuseorrelyupontheReportinwholeorinpartwithoutthewrittenconsent of EXP. Any use of the Report, or anyportion of the Report, by athird party are the sole responsibility of such third party. EXPisnotresponsible for damagessufferedbyanythirdpartyresultingfrom unauthorizeduseofthe Report. 

	REPORT FORMAT 
	REPORT FORMAT 
	Where EXP has submitted both electronic file and a hard copy of the Report, or any document forming part of the Report, only the signed and sealed hard copy shall be the original documents for record and working purposes. In the event of a dispute or discrepancy, the hard copy shall govern. Electronic files transmitted by EXP have utilize specificsoftwareandhardwaresystems.EXPmakesnorepresentationaboutthecompatibilityofthesefileswiththe Client’scurrentorfuturesoftwareandhardwaresystems.Regardlessofformat,th
	Figure



	Legal Notification 
	Legal Notification 
	This report was prepared by EXP Services Inc. for the exclusive use of 2411061 Ontario Inc. and may not be reproducedin whole or in part, or used or relied upon in whole or in part by anyparty other than 2411061 Ontario Inc. for anypurposewhatsoeverwithouttheexpresspermissionofEXPin writing. 
	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. EXP Services Inc. accepts no responsibility for damages, if any, suffered by any thirdparty as aresultofdecisionsmadeoractions taken basedon this report. 
	Sect
	Figure
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