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1 EXP Services Inc. 
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Project Number: LON-21002656-AO 

Date: April 2021 

1. Introduction and Background 

1.1 Introduction 

EXP Services Inc. (EXP) was retained by Brock Development Group Inc. to carry out a Slope Stability and Geotechnical 

Investigation and prepare a report relating to the proposed development to be located at municipal number 2624 

Woodhull Road in London, Ontario, hereinafter referred to as the ‘Site’. 

It is understood that the Client is proposing to construct a new residential house. As illustrated on Drawing 1, 

attached, the proposed development area is located at the top of a slope located east of the proposed building 

footprint. 

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 construction of the 

proposed residence, and an assessment of the stability of the slope, once construction is complete. 

The proposed development is within an area regulated by the Upper Thames River Conservation Authority (UTRCA). 

As a result, consent from the Conservation Authority is required prior to construction of the proposed development. 

1.2 Terms of Reference 

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

emailed proposal dated January 22, 2021. Authorization to proceed with this investigation was received from 

Ms. Michelle Doornbosch through email correspondence on February 8, 2021. 

The purpose of the assessment was to examine the subsoil and groundwater conditions at the Site, assess the slope 

stability along the onsite slope and determine the recommended development setback limit, in accordance with the 

Ontario Ministry of Natural Resources (MNR) Technical Guide – River & Streams Systems: Erosion Hazard Limit and 

the Upper Thames River Conservation Authority guidelines. 

Based on a site reconnaissance site visit, 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 geotechnical comments and 

recommendations on slope stability and Development Setback. 

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. 

Earth and Environmental Division - Geotechnical 
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Project Number: LON-21002656-AO 

Date: April 2021 

2. Methodology 

2.1 Site Reconnaissance 

A site reconnaissance survey was carried out on March 5, 2021. The purpose of the site visit was to examine the 

existing conditions of the site slopes which run along the east side of the property. The survey included detailed 

observations such as slope vegetation, old slump scars and seepage. 

During the site reconnaissance, the 'Slope Stability Rating Chart', which was developed by MNR, was utilized to score 

a number of site characteristics, to determine the potential for slope instability. Site conditions which were reviewed 

include: slope height and inclination, soil stratigraphy, the presence and location of seepage zones, vegetative cover, 

overland drainage, and evidence of previous instability or landslide activity. A rating chart was completed (indicated 

as Cross Section A-A’ on Drawing 1) throughout the existing slope profile at the site. The rating chart for the cross 

section examined is provided in Appendix B for review and consideration. Based on the values recorded on the Slope 

Stability Rating Chart, the existing site slope is considered to have a moderate potential for instability indicated by a 

Slope Instability Rating of 39. 

At the time of the investigation, the slope surface was typically well vegetated with heavy shrubs and mature trees. 

No previous surficial sliding failures or drainage over the slope were observed. Selected photos of the slope are 

presented in Appendix D. 

2.2 Field Work 

In addition to the site reconnaissance, two (2) boreholes were advanced by EXP on March 5, 2021 to provide 

information on the soil stratigraphy. 

In the boreholes, disturbed soil samples were recovered using conventional split spoon sampling equipment and 

Standard Penetration Test (SPT) methods. The boreholes were advanced depths of up to 20.3 m below existing grade. 

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

personnel. 

Short-term groundwater level observations within the open boreholes and observations pertaining to groundwater 

conditions at the test hole locations are recorded in the borehole logs found in Appendix A. Following the drilling, 

the water level was measured in the open boreholes. 

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 moisture content determinations with moisture content results presented on the 

borehole logs found in Appendix A. 

Borehole samples remaining after the classification testing will be stored for a period of three months following the 

date of this report. After this time, they will be discarded unless prior arrangements have been made for longer 

storage. 

The borehole elevations were interpreted from the topographical plan provided by Brock Development Group Inc. 

Earth and Environmental Division - Geotechnical 
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2.3 Review of Topographic Data 

Topographic mapping provided by Brock Development Group Inc. combined with a site elevation survey carried out 

by EXP was utilized to create the cross section for use in establishing the location of the Development Setback. Using 

engineering judgement and technical experience, the cross section (which is considered to be representative of 

typical site conditions) has been reviewed. 

3. Site and Subsurface Conditions 

3.1 Site Description 

The site for the proposed development (see Drawing 1) is located on the east side of Woodhull Road within the 

property of MN2624 in London, Ontario. The site is bounded by a slope on the east side, neighbouring residential 

properties on the north and south sides, and an agricultural field on the west side of Woodhull Road. A narrow side 

channel (~1.7 m width) of Dingman Creek is located beyond the base of the slope on the east side of the site. A map 

of the site location (taken from MNRF Maps March 2021) is provided below. 

The site currently contains some trees and bushes. Elevations range from 260.0 m near the front of the lot to 255.0 

m along the crest of the slope. The slope crest generally follows the tree line along the east edge of the table land. 

The slope has an overall inclination ranging between about 1.7 horizontal to 1 vertical (1.7H:1V) and 2.6 horizontal 

to 1 vertical (2.6H:1V). 

The slope has a height of approximately 16.0 m, is well vegetated throughout, and the mature trees do not show any 

signs of rotational movement or failure. There were also no signs of water seepage along the slope face. 

Earth and Environmental Division - Geotechnical 
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Project Number: LON-21002656-AO 

Date: April 2021 

The proximity of narrow side channel of Dingman Creek relative to the toe of slope was measured to be about 8.0 m 

as it traverses the site. 

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

3.2 Soil Stratigraphy 

The detailed stratigraphy encountered in each borehole 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 

Topsoil was penetrated at the ground surface at the location of each borehole, measuring about 300 mm in thickness. 

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

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. 

Silty Sand 

Underlying the topsoil, in borehole BH1 was a stratum of silty sand extending to a depth of about 4.6 m below ground 

surface (bgs). The silty sand was generally described as brown, dilatant, contained trace stiff clay layering, was 

compact in relative density (SPT N Values of 17 to 19) and wet (typical in situ moisture contents of 17 to 38 percent). 

Silty sand layering was also encountered within the clayey silt till (described below) in each borehole. In general, the 

silty sand layering was noted to be grey, fine-grained and has a compact to dense relative density (tactile observations 

and SPT N Values ranging from 11 to 40). The in situ moisture content of the silty sand ranges from 18 to 20 percent 

indicating wet conditions. 

Clayey Silt Till 

Underlying the silty sand in BH1 and the topsoil in BH2, a glacial till was encountered. The till predominantly 

comprised of clayey silt was brown to grey and contained trace to some sand. The clayey silt till was typically in a stiff 

to very stiff state based on SPT N Values of 9 to 21 blows per 300 mm split spoon sampler penetration. Laboratory 

testing of the clayey silt till yielded in situ moisture contents of 12 to 20 percent, indicative of moist conditions. 

Earth and Environmental Division - Geotechnical 
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5 EXP Services Inc. 
Project Name: 2624 Woodhull Road – London, ON 

Project Number: LON-21002656-AO 

Date: April 2021 

3.3 Groundwater Conditions 

Details of the groundwater conditions observed within the boreholes are provided on the attached borehole logs. 

Moisture contents of selected samples are also recorded on the attached borehole logs. Upon completion of drilling, 

the open borehole excavations were examined for the presence of groundwater and groundwater seepage. 

The boreholes were each unstable within the upper silty sand upon completion of drilling. Based on the observations 

during drilling the shallow groundwater at the site is generally expected to be within the upper silty sand and perched 

above the less permeable clayey silt till. 

It should be noted that insufficient time was available for the measurement of the depth to the stabilized 

groundwater table prior to backfilling the borehole. The depth to the groundwater table may vary in response to 

climatic or seasonal conditions, and, as such, may differ with high levels occurring in wet seasons. Capillary rise 

effects should also be anticipated in fine-grained soil deposits. 

Earth and Environmental Division - Geotechnical 



  
        

  

  

 

      

 
 

   

  

                   

                    

                  

     

                  

                

                 

          

                    

                   

   

    

                   

                

    

 
                          

 

6 EXP Services Inc. 
Project Name: 2624 Woodhull Road – London, ON 

Project Number: LON-21002656-AO 

Date: April 2021 

4. Slope Stability 

4.1 General 

The purpose of this investigation was to determine a safe setback distance from the existing slope profile along the 

south edge of the site using the information which is currently available. It is important to mention that specific 

details regarding the proposed development, layout and site grading have not been examined as part of the current 

scope of work. 

The slope was evaluated using the method prescribed by Ministry of Natural Resources in the Technical Guide for 

Assessing the Erosion Hazard Limit for River and Stream Systems. The overall Erosion Hazard Limit (Development 

Setback) for the site slope is determined by evaluating the slope stability, considering surficial seepage and shallow 

failures, allowance for potential flooding hazards, and an erosion allowance. 

A Slope Stability Rating Chart has been completed for the referenced cross section and is attached, see Appendix B. 

Based on the values recorded on the Slope Stability Rating Chart, the rating suggest that a moderate potential of 

slope instability exists. 

4.2 Erosion Hazard Limit 

As defined by the MNR Technical Guide, based on the type of river and stream system landform (confined or 

unconfined) the following figure provides guidance on which factors (hazard allowances) should be used in defining 

the erosion hazard limits. 

Figure obtained from page 35 of MNR Technical Guide – River and Stream Systems: Erosion Hazard Limit 

Earth and Environmental Division - Geotechnical 



  
        

  

  

 

      

 
 

                   

                    

              

                

     

    

   

                   

             

                   

                      

                    

                    

                     

 

 

 

 

 

 

 

 

 

 

 

 

 

7 EXP Services Inc. 
Project Name: 2624 Woodhull Road – London, ON 

Project Number: LON-21002656-AO 

Date: April 2021 

As defined by the MNR Technical Guide, confined river and stream systems are ones in which the physical presence 

of a valley corridor containing a river or stream channel, which may or may not contain flowing water, is visibly 

discernable from the surrounding landscape by either field investigations, aerial photography and or map 

interpretation. The Erosion Hazard Limit for a confined system consists of the following hazard allowances: 

• Toe Erosion Allowance 

• Stable Slope Allowance 

• Access Allowance 

Ultimately, the Erosion Hazard Limit also defines the development limit for the site. Additional setbacks may also be 

required based on local Municipal and Conservation Authority requirements. 

The setback distance from the slope crest varies slightly along the slope, based on the overall slope height and 

inclination, and the type and amount of toe erosion at the base of the slopes. A cross section (Cross Section A-A’) 

has been shown on Drawing 1 along the existing slope profile and was used for establishing the location of the 

Erosion Hazard Limit. Additionally, the inferred location of the Erosion Hazard Limit, top of slope line, top of stable 

slope line, toe of slope and toe erosion allowance are also provided on Drawing 1 and on cross sectional Drawing 2. 

Earth and Environmental Division - Geotechnical 



  
        

  

  

 

      

 
 

    

                    

                     

                     

                   

   

 
                         

                  

                   

                    

                    

                       

                     

                    

 

8 EXP Services Inc. 
Project Name: 2624 Woodhull Road – London, ON 

Project Number: LON-21002656-AO 

Date: April 2021 

4.2.1 Toe Erosion Allowance 

The extent of potential erosion damage is a function of the competence of the natural subgrade soils, the type and 

quality of vegetative cover, and the frequency with which the slope is subject to erosive forces. Active erosion of the 

soil on the face of the riverbank slope is most likely caused by normal or increased flow volumes and velocities moving 

through the creek. The figure below provides guidance on how to determine a minimum toe erosion allowance for 

a confined system. 

Figure obtained from page 38 of MNR Technical Guide – River and Stream Systems: Erosion Hazard Limit 

Where detailed slope stability analyses have not been carried out, the Natural Hazards Manual by Ministry of Natural 

Resources indicates that a minimum toe erosion allowance of 5 to 8 m is recommended where the bank materials 

are comprised of stiff clayey soils are exposed directly to stream flow under normal flow or flood conditions. Signs of 

active erosion along the watercourse are not present. It should be noted that the watercourse, a narrow side channel 

of Dingman Creek with a bankfull width of less than 5 m, is located approximately 8.0 m beyond the toe of the slope. 

As a conservative measure, a toe erosion allowance of 2 m was applied. As detailed in the cross section, the 

application of the stable slope line to the 2 m toe erosion allowance does not govern the erosion hazard setback. 

Earth and Environmental Division - Geotechnical 
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4.2.2 Stable Slope Geometry 

The stability of the slope was investigated for a number of conditions. The examinations involve an assessment of 

the section of slope with and without the influence of perched groundwater and the effects of possible construction 

in proximity to the site slopes. The various types of failures analyzed include shallow slumping failures, medium 

depth rotational failures, and deep rotational failures through the entire height of the slope. The analyses were 

undertaken by computer methods utilizing the Slope/W computer program. 

The soil parameters used were conservative to build in an added safety factor for the analyses. The following table 

summarizes the parameters for the predominant soils which were used in EXP’s evaluation of the stable slope 

configuration: 

Table 1 – Soil Parameters 

Soil Type Density Cohesion Angle of Internal Friction 

Silty Sand 20.5 kN/m3 0 kPa 33 o 

Clayey Silt Till 22.0 kN/m3 18 kPa 32 o 

  
        

  

  

 

      

 
 

    

                   

                  

                  

                  

           

                    

                 

 

     

        

        

         

 

                 

                 

                     

                   

                

        

 

                 

Minimum factors of safety are provided in the report “Geotechnical Principles for Stable Slopes” prepared for the 

Ministry of Natural Resources, for infrastructure and public use (Section 4.3.3.1 in the MNR Technical Guide). 

In order to determine a stable slope, a minimum factor of safety of 1.40 was used during the computerized for long 

term stable slope analyses. The following table from the MNR Technical Guide provides guidance on how to select 

a minimum factor of safety based on the intended land use above or below the slope. 

Table 2 – Design Minimum Factor of Safety 

Table obtained from page 60 of MNR Technical Guide – River and Stream Systems: Erosion Hazard Limit 

Earth and Environmental Division - Geotechnical 
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One cross section was assessed to provide adequate coverage of the slope at the site. The section evaluated was 

selected to represent the worst-case-scenario of the slope. The cross section location is shown on Drawing 1 and 

the profile is provided on Drawing 2. The information plotted in the cross section was based on EXP’s detailed slope 

survey and Callon Dietz Inc.’s topographic mapping with elevations assumed based on the topographic mapping. The 

toe and top of slope at the cross section are defined as the points of transition to an inclination of 4H:1V or shallower. 

The failures at the cross section consisted of shallow depth failures and deep rotational failures throughout the depth 

of the slope. After completing the computerized stable slope analysis on the cross section, the minimum calculated 

factor of safety (FOS) under the existing conditions at Cross Section A-A’ was 1.46. These FOS are an indication of 

long-term safe slope conditions. 

Both failure modes for the profile were above the recommended minimum FOS value of 1.40. Summarized results 

are provided in the following table: 

Table 2 - Summary of Pertinent Slope Stability Analyses 

Cross Section Condition Description of Failure Mode 
Computed Factor 

of Safety 

Slope Section, A-A’ Shallow Depth Failure (< 2 m deep) 1.46 

Slope Section, A-A’ Deep Rotational Failure (> 4 m deep) 1.68 

The findings were in general agreement with observations of the local slope (vegetated and treed slope which is 

beneficial for protection against shallow slides). The soil conditions encountered in the boreholes were generally 

found to comprise stiff to very stiff clayey silt till deposits with compact silty sand layering throughout. In determining 

suitable input soil and groundwater parameters, consideration has been given to incorporating the presence of 

groundwater within the subsurface soil strata. Local changes and variations in the groundwater level were also 

considered when carrying out the analyses, to examine possible post-development effects. Changes in the 

groundwater level may result from a number of causes, included (but not limited to) possible site grading activities, 

changes to site drainage, use of at-source infiltration, or types of surface cover. 

The average inclinations along the existing slope profile at the investigated cross section range between about 

1.7H:1V to 2.6H:1V. Based on the soil conditions encountered during the field investigation and based on the results 

of the computerized slope stability analysis a stable slope line of 2.0H:1V has been applied and should be considered 

suitable based on the results of the current geotechnical study. 

It should be noted that the theoretical calculations for FOS are conservative. Based on the site reconnaissance 

conducted by EXP, it was observed that the slope face is covered by vegetation (mature trees and heavy shrubs). The 

trees were generally in an upright state. The deep roots of mature trees assist to reinforce and to enhance the 

stabilization of slopes. 

In addition to the stable slope geometry, an emergency access allowance should also be applied. This is described in 

the following section. 

Earth and Environmental Division - Geotechnical 
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4.2.3 Erosion Access Allowance 

The Ontario Government provides planning guidelines for development adjacent to slopes. The 2005 Provincial 

Policy Statement (PPS Section 3.1.3) requires that an access allowance be included as part of the Erosion Hazard Limit. 

In accordance with PPS, 6 to 15 m setback is required in addition to the erosion and stability setbacks, which are 

discussed in the following sections. It is understood that this access allowance is required to ensure that there is a 

large enough safety zone for people and vehicles to enter and exit an area during an emergency, such as slope failure 

and flooding. 

Since the subsurface conditions within the study area are generally considered to be geologically stable, we 

recommend that at a minimum, a planning setback of 6 m be applied to existing slopes. 

4.2.4 Erosion Hazard Limit – Development Setback 

The Erosion Hazard Limit is defined by the sum of the Stable Safe Slope Line plus the Toe Erosion Component plus 

the Erosion Access Allowance. The table below summarizes the 3 components to the Recommended Development 

Limit Setback. 

Table 3 – Erosion Hazard Limit Components 

Cross 

Section 

Toe Erosion Allowance 

(m) 

Stable Slope 

Allowance (From 

Top of Slope, m) 

Emergency Access 

Allowance (m) 

Erosion Hazard Limit 

(From Top of Slope) 

  
        

  

  

 

      

 
 

    

               

                    

                     

                     

                     

  

                

                  

       

                     

                

  

       

 

 

   

 

  

  

    

  

  

   

    

 

 

    

   

   

                   

      

    

                

            

                

                

                  

                

     

              

                 

                     

                 

               

2 

(Does not govern. Refer 

to Section 4.2.1) 

3.4 6.0 9.4 A-A’ 

The Stable Slope Setback and Erosion Hazard Limit are shown on Drawing 1. Any proposed development should not 

encroach on the Erosion Hazard Limit. 

4.3 UTRCA Generic Regulation 

In May 2006, Ontario Regulation 157/06 came into effect in the Upper Thames River Conservation Authority 

(UTRCACA) watershed, which locally implements the Generic Regulation (Development, Interference with Wetlands 

and Alterations to Shoreline and Watercourses). This regulation replaces the former Fill, Construction and Alteration 

to Waterways regulations, and is intended to ensure public safety, prevent property damage and social disruption, 

due to natural hazards such as flooding and erosion. Ontario Regulation 157/06 is implemented by the local 

Conservation Authority, by means of permit issuance for works in or near watercourses, valleys, wetlands, or 

shorelines, when required. 

Property owners must obtain permission from the UTRCA before beginning any development, site alteration, 

construction, or placement of fill within the regulated area. Permits are also required for any wetland interference, 

or for altering, straightening, diverting or interfering in any way with the existing channel of a creek, stream or river. 

Proposed development within the study area will be subject to the above referenced Regulation. Consultation with 

the local Conservation Authority for review of site-specific development plans is recommended in this regard. 

Earth and Environmental Division - Geotechnical 
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4.4 General Comments for Site Works 

It is imperative that future development generally not occur within the Erosion Hazard Limit identified at the site. To 

this end, the following comments are provided and measures are recommended. 

1. The surficial soils on the face of the slope experience minor long-term erosion due to weathering (wetting/drying 

and freezing/thawing cycles). The extent of potential erosion damage is a function of the competence of the 

natural subgrade soils, the type and quality of vegetative cover, and the frequency with which the slope is subject 

to erosive forces. Surficial erosion of the soil on the face of the slope could be caused by run-off water washing 

over the face of the slope, such as tile drains or redirected surface water which is directed onto existing slopes. 

Where possible, uncontrolled surface water flows over the face of the slope should be minimized, to reduce the 

risk of surface erosion. Erosion control measures may be required during construction, to reduce the risk of 

surface water flows from washing out non-vegetated surfaces. 

2. Indiscriminate stockpiling of fill or construction materials should be avoided. In the event that stockpiling of 

material is proposed in the vicinity of the slope crest, a review by the Geotechnical consultant is required. 

3. Any buildings and permanent structures associated with the proposed site development must be located outside 

of the Erosion Hazard Limit, which is identified on the Site Plan. The Cross Section drawing helps identify the 

location of this line. 

4. Water from downspouts and perimeter weeping tile etc. must also be collected in a controlled manner and re-

directed away from the slope. 

5. Existing vegetation on the slope should be maintained. 

6. Building foundations should be founded on the competent soil, set below a line drawn from the erosion setback 

at the toe of the slope at 2.2H:1V. Review by the Geotechnical consultant is recommended to confirm that the 

geotechnical requirements for foundation design are satisfied. 

Final design drawings including building locations, services etc. should be reviewed by a geotechnical consultant to 

ensure that the Erosion Hazard Limit is properly interpreted. Geotechnical inspection and testing is recommended 

during construction to confirm that all recommendations set out will be followed. 

Earth and Environmental Division - Geotechnical 
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5. Geotechnical Discussion and Recommendations 

5.1 General 

It is understood that the proposed development will consist of a residential structure with a basement and/or slab-

on-grade floors. The following sections of this report provide geotechnical recommendations regarding site 

preparation, excavations, dewatering, foundations, bedding and backfill. 

5.2 Site Preparation 

Prior to placement of foundations and/or engineered fill, any surficial topsoil, vegetation and/or otherwise 

deleterious materials should be stripped. The surficial topsoil may be stockpiled on site for possible reuse for 

landscaping. 

Following the removal of the topsoil and building debris 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 grade will be raised, the fill material should comprise imported granular or approved 

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

in maximum 300 mm (12 inch) thick 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 3. 

The natural and inorganic fill 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 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 utilized 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. property. 

Earth and Environmental Division - Geotechnical 
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5.3 Excavation and Dewatering 

5.3.1 General 

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 soils encountered 

at the site are classified as Type 3 soils. It is anticipated that all excavations will extend through Type 3 soils. 

For reference, temporary excavation sidewalls which extend through and terminate 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. 

5.3.2 Excess Soil Management 

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 will be 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 volume of soil to be managed. 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. 

5.3.3 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, 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. 

Earth and Environmental Division - Geotechnical 
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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. 

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. 

Earth and Environmental Division - Geotechnical 
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5.3.4 Construction Dewatering 

As stated in Section 3.3, the shallow groundwater at the site is generally expected to be within the upper silty sand 

and perched above the less permeable clayey silt till. Based on the soil texture encountered during the investigation, 

groundwater infiltration may be anticipated within the building excavations depending on the depth of excavation. 

Any minor groundwater infiltration can likely be accommodated using conventional sump pumping techniques; 

however, if groundwater infiltration persists, more extensive dewatering measures may be required. EXP would be 

pleased to provide further information in this regard, upon request. 

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 

liters 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. It is noted that a standard geotechnical investigation will not determine all 

the groundwater parameters which may be required to support the application. Accordingly, a detailed 

hydrogeological assessment from a quantitative point of view may be required to estimate the quantity of water to 

be removed. EXP can assist if the need arises. 

5.4 Building Foundations 

5.4.1 Conventional Strip and Spread Footing 

The proposed structure can be constructed on conventional strip and spread footings with a basement or slab-on-

grade floor, in accordance with the general comments provided in the following paragraphs. 

Foundations for the proposed addition can be set on the natural, competent soils at a depth of approximately 1.2 m 

below existing grade. Founding levels may be affected by existing structures and services including abandoned ones. 

The following allowable bearing pressures (net stress increase) can be used on the natural, undisturbed soils in the 

area of the proposed addition: 

Bearing Resistance at Serviceability Limit States (SLS) 145 kPa (3,000 psf) 

Factored Bearing Resistance at Ultimate Limit States (ULS) 215 kPa (4,500 psf) 

If the grades are to be raised or restored, engineered fill can be used for foundation support. 

Earth and Environmental Division - Geotechnical 
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The geometric requirements for the fill placement are shown on Drawing 3, appended. The available SLS and ULS 

bearing capacities for the engineered fill is 145 kPa (3,000 psf) and 215 kPa (4,500 psf) respectively. 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. 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. 

In areas where wet silty sand is exposed following removal of the topsoil and/or otherwise deleterious material, the 

exposed subgrade will likely be susceptible to disturbance by construction traffic. It is recommended that, in these 

areas, construction traffic be minimized on the finished subgrade, and the subgrade be sloped to promote surface 

water drainage. Where sensitive subgrade soils are exposed, tracked hydraulic excavators may be required to move 

some of the fill material. 

5.4.2 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 



  
        

  

  

 

      

 
 

  

                   

           

      

             

               

            

                 

             

              

                 

                

          

                  

                        

              

              

                     

             

   

                 

                    

                 

                

                    

                    

                  

                  

  

                      

            

 

 

18 EXP Services Inc. 
Project Name: 2624 Woodhull Road – London, ON 

Project Number: LON-21002656-AO 

Date: April 2021 

5.5 Basement 

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 4. 

A minimum separation distance of 1 m is recommended between the basement floor slab, and the local groundwater 

level. In the event that less than 1 m is provided (at least 0.5 m above the shallow water level), then the basement 

design and foundation construction should include water-proofing measures such as installation of a water-stop 

between the footings and foundation walls, and foundation wall backfill using low-permeability soils, perimeter 

weeping tiles and underfloor drains, dedicated pumps and sumps to a positive outlet. If less than 0.5 m of separation 

distance is available, full water-proofing on the slab and would also be required. 

5.6 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 be comprised of 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. 

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. 

Earth and Environmental Division - Geotechnical 
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The installation and requirement of a vapor 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 25 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. 

No special underfloor drains are required provided that the exterior grades are lower than the floor slabs, and 

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

concrete be provided on the surface to minimize water infiltration. Drainage and backfill recommendations are 

provided in Drawing 4. 

5.7 Foundation Backfill 

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

wall backfill 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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5.8 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 prior to engineered fill placement, footing base evaluation; 

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

including soil sampling, laboratory testing (moisture contents and Standard Proctor density test on the 

engineered fill material), monitoring of fill placement, and in situ density testing; 

• Materials testing for concrete foundations, walls and floor slabs. 

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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6. 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 borehole 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 Brock Development Group 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 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 



  
        

  

  

 

      

 
 

 

  

22 EXP Services Inc. 
Project Name: 2624 Woodhull Road – London, ON 

Project Number: LON-21002656-AO 

Date: April 2021 

Drawings 
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1. The boundaries and soil types have been established only at test 

hole locations. Between test holes they are assumed and may be 

subject to considerable error. 

2. Soil samples will be retained in storage for 3 months and then 

destroyed unless client advises that an extended time period is 

required. 

3. Topsoil quantities should not be established from the information 

provided at the test hole locations. 

4. The site plan should be read in conjunction with EXP Geotechnical 

Report LON-21002656-AO. 

5. Topographical mapping provided by Callon-Dietz Inc. 
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25 EXP Services Inc. 
Project Name: 2624 Woodhull Road – London, ON 

Project Number: LON-21002656-AO 

Date: April 2021 

DRAWING 3 – DRAINAGE AND BACKFILL RECOMMENDATIONS 
(NOT TO SCALE) 

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 interior 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.) of 
pea gravel below drain. 20 mm (3/4 in.) clear stone may be used provided if it is covered by an 
approved porous geotextile fabric membrane (Terrafix 270R or equivalent). 

3. C.S.A. fine concrete aggregate to act as filter material. Minimum 300 mm (12 in.) top and side of 
drain. This may be replaced by an approved porous geotextile membrane (Terrafix 270R or 
equivalent). 

4. Impermeable backfill seal of compacted clay, clayey silt or equivalent. If original soil is free-draining, 
seal may be omitted. Compact backfill to 95 percent Standard Proctor Maximum Dry Density. 

5. The interior fill may be any clean, inorganic soil which may be compacted to at least 95 percent 
Standard Proctor density in this confined space. 

6. Do not use heavy compaction equipment within 450 mm (18 in.) of the wall. Do not fill or compact 
within 1.8 m (6 ft) of wall unless fill is placed on both sides simultaneously. 

7. Moisture barrier to be at least 200 mm (8 in.) of compacted 20 mm (3/4 in.) clear, crushed stone or 
equivalent free-draining material. 

8. If the 20 mm (3/4 in.) clear stone requires surface binding, use 60 mm (1/4 in.) clear stone chips. 
9. Slab on grade should not be structurally connected to wall or footing. 
10. Exterior grade to slope away from building. 

This system is not normally required if the floor is at least 300 mm (1 ft.) 
above exterior grade. 

Earth and Environmental Division - Geotechnical 
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DRAWING 4 – BACKFILL AND BASEMENT DRAINAGE DETAIL, 
(NOT TO SCALE) 

  
        

  

  

 

      

 
 

        
   

 

 
                  

                     
                         

                     
         

                    
               

 
                

                   
             

                 
      

                
                

            
      
        
             
                    

                         
                    

                
          
                    

            
                   

  

  

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.) of 

pea gravel below drain. 20 mm (3/4 in.) clear stone may be used provided if it is covered by an 
approved porous geotextile fabric membrane (Terrafix 270R or equivalent). 

3. C.S.A. fine concrete aggregate to act as filter material. Minimum 300 mm (12 in.) top and side of 
drain. This may be replaced by an approved porous geotextile membrane (Terrafix 270R or 
equivalent). 

4. Free-draining backfill - OPSS Granular B or equivalent compacted to 93 to 95 (maximum) percent 
Standard Proctor density. Do not compact closer than l.8 m (6 ft) from wall with heavy equipment. 
Use hand controlled light compaction equipment within 1.8 m (6 ft) of wall. 

5. Impermeable backfill seal of compacted clay, clayey silt or equivalent. If original soil is free-draining, 
seal may be omitted. 

6. Do not backfill until wall is supported by basement and floor slabs or adequate bracing. 
7. Moisture barrier to consist of compacted 20 mm (3/4 in.) clear, crushed stone or equivalent free-

draining material. Layer to be 200 mm (8 in.) minimum thickness. 
8. Basement walls to be damp-proofed. 
9. Exterior grade to slope away from wall. 
10. Slab on grade should not be structurally connected to wall or footing. 
11. Underfloor drain invert to be at least 300 mm (12 in.) below underside of floor slab. Drainage tile 

placed in parallel rows 6 to 8 m (20 to 25 ft.) centres one way. Place drain on 100 mm (4 in.) of pea 
gravel with 150 mm (6 in.) of pea gravel top and sides. CSA fine concrete aggregate to be provided 
as filter material or an approved porous geotextile membrane (as in 2 above) may be used. 

12. Do not connect the underfloor drains to perimeter drains. 
13. If the 20 mm (3/4 in.) clear stone requires surface binding, use 6 mm (1/4 in.) clear stone chips. 
Note: a) Underfloor drainage can be deleted where not required (see report). 

b) Free draining backfill, item 4 may be replaced by wall drains, as indicated, if more 
economical. 

Earth and Environmental Division - Geotechnical 
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Project Name: 2624 Woodhull Road – London, ON 

Project Number: LON-21002656-AO 
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Appendix A – Borehole Logs 

Earth and Environmental Division - Geotechnical 



  
        

  

  

 

      

 
 

    

                
              

                 
                  
                  

                
                 

      

 
                     

                  
                

                  
              

                
                 

                   
                
                  

                  
                 

                    
                 

                
                   

                 
               
         

 

                   
               

                
                    

               
                

                  
                

         
 

 

  

28 EXP Services Inc. 
Project Name: 2624 Woodhull Road – London, ON 

Project Number: LON-21002656-AO 

Date: April 2021 

NOTES ON SAMPLE DESCRIPTIONS 

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 designate the Unified Classification System as their source; a comparison of the two is shown 
for your information. Please note that, with the exception of those samples where the grain size analysis 
has been carried out, all samples are classified visually and the accuracy of the visual examination is not 
sufficient to differentiate between the classification systems or exact grain sizing. The M.I.T. system has 
been modified and the EXP classification includes a designation for cobbles above the 75 mm size and 
boulders above the 200 mm size. 

Fill: Where fill is designated on the borehole log, it is defined as indicated by the sample recovered during 
the boring process. The reader is cautioned that fills are heterogeneous in nature and variable in density 
or degree of compaction. The borehole description therefore, may not be applicable as a general 
description of the site fill material. All fills should be expected to contain obstructions such as large 
concrete pieces or subsurface basements, floors, tanks, even though none of these obstructions may 
have been encountered in the borehole. Since boreholes cannot accurately define the contents of the 
fill, test pits are recommended to provide supplementary information. Despite the use of test pits, the 
heterogeneous nature of fill will leave some ambiguity as to the exact and correct composition of the fill. 
Most fills contain pockets, seams, or layers of organically contaminated soil. This organic material can 
result in the generation of methane gas and/or significant ongoing and future settlements. The fill at this 
site has been monitored for the presence of methane gas and the results are recorded on the borehole 
logs. The monitoring process neither indicates the volume of gas that can be potentially generated or 
pinpoints the source of the gas. These readings are to advise of a potential or existing problem (if they 
exist) and a detailed study is recommended for sites where any explosive gas/methane is detected. Some 
fill material may be contaminated by toxic waste that renders the material unacceptable for deposition in 
any but designated land fill sites; unless specifically stated, the fill on the site has not been tested for 
contaminants that may be considered hazardous. This testing and a potential hazard study can be carried 
out if you so request. In most residential/commercial areas undergoing reconstruction, buried oil tanks 
are common, but not detectable using conventional geotechnical procedures. 

Glacial Till: The term till on the borehole logs indicates that the material originates from a geological 
process associated with glaciation. Because of this geological process, the till must be considered 
heterogeneous in composition and as such, may contain pockets and/or seams of material such as sand, 
gravel, silt or clay. Till often contains cobbles (75 to 200 mm in diameter) or boulders (greater than 200 
mm diameter) and therefore, contractors may encounter them during excavation, even if they are not 
indicated on the borehole logs. It should be appreciated that normal sampling equipment can not 
differentiate the size or type of obstruction. Because of the horizontal and vertical variability of till, the 
sample description may be applicable to a very limited area; therefore, caution is essential when dealing 
with sensitive excavations or dewatering programs in till material. 

Earth and Environmental Division - Geotechnical 



  

  

  

  

  

 

  

  

 

    

    

  

     

   

 

 

 

PROJECT NO. LON-21002656-AO

DATUM Geodetic

Water LevelMar 5/2021DATES: Boring

SHEAR STRENGTHE SAMPLESSL S Field Vane Test (#=Sensitivity)TE WD R Penetrometer TorvaneV EE A LA NP T VALUELT STRATA T UT AI Y MH DESCRIPTION Atterberg Limits and MoistureO L P BPN O E E WW WL P LG RO
T Dynamic ConeSPT N Value

BH1BOREHOLE LOG 
Sheet 1 of 1 

CLIENT Brock Development Group Inc. PROJECT NO. LON-21002656-AO 

PROJECT Slope Stability Assessment DATUM Geodetic 

LOCATION 2624 Woodhull Road, London, Ontario DATES: Boring Mar 5/2021 Water Level 

SHEAR STRENGTHE SAMPLESS M CL S Field Vane Test (#=Sensitivity)T O OE WD RR I N Penetrometer TorvaneV E NE EA S TLA NP CT T EVALUELT STRATA T 100 200 kPaUT OA U NI Y MH V R TDESCRIPTION Atterberg Limits and MoistureO L P B EP EN O E E W W WRL P LG R YO 
(m bgs) (~m) T SPT N Value Dynamic Cone 

256.0 (mm) (%)(blows) 10 20 30 40 
0 

255.7 TOPSOIL - 300 mm 
SILTY SAND , brown, dilatant, trace stiff clay 

SS S1 300 19 381 layering, compact, wet 

SS S2 400 17 17
2 

SS S3 450 18 22 
3 

SS S4 450 18 21 

4 -becoming grey with no clay layering at 3.8 m bgs 
251.4 

CLAYEY SILT TILL , grey, trace sand, stiff, SS S5 400 15 175 
moist 

6 
SS S6 450 10 19 

7 

-becoming very stiff at 7.6 m bgs SS S7 450 16 208 

9 
SS S8 450 19 18 

10 

11 

12 243.8 
SILTY SAND , grey, dilatant, compact, wet SS S9 410 28 18 

13 

14 SS S10 300 13 20 

15 

16 

239.2 
17 SS S11 400 16 18 

moist 

18 

19 

236.2 
20 

CLAYEY SILT TILL , grey, trace sand, very stiff, 

235.7 SS S12 400 40 20SILTY SAND , grey, fine-grained, dense, wet 
End of Borehole at 20.27 m bgs. 

21 
SAMPLE LEGEND 

AS Auger Sample SS Split Spoon ST Shelby TubeNOTES 
Rock Core (eg. BQ, NQ, etc.) VN Vane Sample 

1) Borehole Log interpretation requires assistance by EXP before use by others. 
Borehole Log must be read in conjunction with EXP Report LON-21002656-AO. OTHER TESTS 

G Specific Gravity C Consolidation2) Borehole open to 4.0 m bgs and dry upon completion of drilling. 
H Hydrometer CD Consolidated Drained Triaxial3) bgs denotes below ground surface. 

4) Ground surface elevation interrupted from topographic survey provided by Client. S Sieve Analysis CU Consolidated Undrained Triaxial 
5) No significant methane gas concentration was detected upon completion of drilling.  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) 



  

  

  

 

  

  

 

    

    

  

     

   

 

 

 

TOPSOIL - 300 mm 
CLAYEY SILT TILL , brown, weathered, trace to 
some sand, stiff, moist 

SILTY SAND , grey, fine-grained, compact, wet 

CLAYEY SILT TILL , grey, trace sand, very stiff, 
moist 
End of Borehole at 5.03 m bgs. 

9 

11 

11 

19 

21 

400 

450 

400 

450 

400 

SS 

SS 

SS 

SS 

SS 

12 

13 

20 

19 

15 

S1 

S2 

S3 

S4 

S5 

256.7 

254.7 

252.4 
252.0 

100 200 kPa 

1) Borehole Log interpretation requires assistance by EXP before use by others. 
Borehole Log must be read in conjunction with EXP Report LON-21002656-AO. 

2) Borehole open to 2.4 m bgs and dry upon completion of drilling. 
3) bgs denotes below ground surface. 
4) Ground surface elevation interrupted from topographic survey provided by Client. 
5) No significant methane gas concentration was detected upon completion of drilling. 

CU Consolidated Undrained Triaxial 
CD Consolidated Drained Triaxial 

K Lab Permeability 
P Field Permeability

 Unit Weight 

C Consolidation 

AS Auger Sample 

S Sieve Analysis 
H Hydrometer 
G Specific Gravity 

OTHER TESTS 

Rock Core (eg. BQ, NQ, etc.) 
ST Shelby TubeSS Split Spoon 

SAMPLE LEGEND 

Artesian (see Notes)MeasuredApparent 
WATER LEVELS 

DS Direct Shear 

VN Vane Sample 

UU Unconsolidated Undrained Triaxial 
UC Unconfined Compression 

NOTES 

L
(m bgs) 

Geodetic

LON-21002656-AO

DATES: Boring

PROJECT NO.

DESCRIPTION

Torvane
Field Vane Test (#=Sensitivity)

BH2 
Sheet 1 of 1 
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W

VALUEN
U
M
B
E
R

W

N 
U 
M 
B 
E 
R 

T
Y
P
E

Mar 5/2021
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Slope Stability Assessment 
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Appendix B – Slope Stability Rating Chart 

Earth and Environmental Division - Geotechnical 



      

     
                  

 

      

    

 

    

      

    

 

  

      

      

      

  

 

 

 

 

 
 

 

 

 

  

   

  

 

  

 

  

 

 

 

 

 

 

 

 

 

 
 

 

    

     

   

       

 

 

 

 

 

 

 
 

  

    

    

    

    

 

 

 

 

 

 

 

 

 
 

     

         

       

   

 

 

 

 

 

 
 

 

   

        

       

      

 

 

 

 

 

 
 

 

      

                    

                    

 

 

 

 

 
 

   

 

 

 

 

 

 

 
 

     

 
                         

                      
                   

 
 

                   
               

 

Slope Stability Rating Chart – A-A’ 

Geotechnical Principles for Stable Slopes 
Ontario Ministry of Natural Resources _______________________ 

Site Location: 2624 Woodhull Road 

Town/City: London, Ontario 

Project No.: LON-21002656-AO 

Inspection Date: March 5, 2021 

Weather: Sunny, 0 C 

Slope Inclination 

degrees or less (3H:1V or flatter) 

to 28 degrees (2H:1V to 3H:1V) 

degrees or more (steeper than 2H:1V) 

Rating Value 

0 

6 

16 

Slope 
Rating 

16 

Soil Stratigraphy 

shale / limestone 0 

sand, gravel 6 

till 9 9 

clay, silt 12 

fill 18 

leda clay 24 

Seepage from Slope Face 

none, or near bottom only 0 0 

near mid-slope only 6 

near crest only, or from several levels 12 

Slope Height 

2 m or less 0 

2.1 to 5 m 2 

5.1 to 10 m 4 

more than 10 m 8 8 

Vegetation Cover on Slope Face 

well vegetated: heavy shrubs or forested with mature trees 0 0 

light vegetation: grass, weeds, occasional trees, shrubs 4 

no vegetation: bare 8 

Table Land Drainage 

table land flat, no apparent drainage over slope 0 0 

minor drainage over slope, no active erosion 2 

drainage over slope, active erosion, gullies 4 

Proximity of Watercourse to Slope Toe 

15 m or more from slope toe 

Less than 15 m from slope toe 

0 

6 6 

Previous Landslide Activity 

No 

Yes 

0 

6 

0 

Slope Instability Rating 39 

Low Potential < 24 Site Inspection only, confirmation, report letter 
Slight Potential 25-35 Site Inspection and surveying, preliminary study, detailed report 
Moderate Potential > 35 BH Investigation, piezometers, lab tests, surveying, detailed report 

Notes: 
Is there is a water body (stream, creek, river, pond, bay, lake) at the toe of slope? No 
If YES - the potential for toe erosion and undercutting should be evaluated in detail. 
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Appendix C – Slope Stability Analyses 

Earth and Environmental Division - Geotechnical 
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Appendix D – Site Photos 

Earth and Environmental Division - Geotechnical 
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Photo 1 

Photo 2 

Earth and Environmental Division - Geotechnical 
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Photo 3 

Photo 4 

Earth and Environmental Division - Geotechnical 
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Appendix E – Limitations and Use of Report 

Earth and Environmental Division - Geotechnical 
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LIMITATIONS AND USE OF REPORT 

BASIS OF REPORT 

This report (“Report”) is based on site conditions known or inferred by the geotechnical investigation undertaken as 

of the date of the Report. Should changes occur which potentially impact the geotechnical condition of the site, or if 

construction is implemented more than one year following the date of the Report, the recommendations of EXP may 

require re-evaluation. 

The Report is provided solely for the guidance of design 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 

necessitate a review of the design by EXP. Additional field 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. Any reduction in the level of services recommended will result in EXP providing qualified opinions 

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 or to conduct field reviews during 

construction. 

Contractors contemplating work on the site are responsible for conducting an independent investigation and 

interpretation of the borehole results contained in the Report. The number of boreholes necessary to determine the 

localized underground conditions as they impact construction costs, techniques, sequencing, equipment and 

scheduling may be greater than those carried out for the purpose of the 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 

programs implemented with the appropriate equipment by experienced personnel may fail to locate some conditions. 

All investigations or building envelope descriptions involve an inherent risk that some conditions will not be detected. 

All documents or records summarizing investigations are based on assumptions of what exists between the actual 

points sampled. Actual conditions may vary significantly between the points investigated. Some conditions are 

subject to change over time. The Report presents the conditions at the sampled points at the time of sampling. 

Where special concerns exist, or the Client has special considerations or requirements, these should be disclosed to 

EXP to allow for additional or special investigations to be undertaken not otherwise within the scope of investigation 

conducted for the purpose of the Report. 

Earth and Environmental Division - Geotechnical 
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RELIANCE ON INFORMATION PROVIDED 

The evaluation and conclusions contained in the Report are based on conditions in evidence at the time of site 

inspections and information provided to EXP by the Client and others. The Report has been prepared for the specific 

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 any deficiency, misstatement or inaccuracy contained in the Report as a result of any misstatements, omissions, 

misrepresentation or fraudulent acts of persons providing information. Unless specifically stated otherwise, the 

applicability and reliability of the findings, recommendations, suggestions or opinions expressed in the Report are 

only valid to the extent that there has been no material alteration to or variation from any of the information 

provided to EXP. 

STANDARD OF CARE 

The Report has been prepared in a manner consistent with the degree of care and skill exercised by engineering 

consultants currently practicing under similar circumstances and locale. No other warranty, expressed or implied, is 

made. Unless specifically stated otherwise, the Report does not contain environmental consulting advice. 

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”), communications between EXP and the Client, other reports, proposals or documents prepared by EXP for 

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 must be made to the Report in its entirety. EXP 

is not responsible for use by any party of portions of the Report. 

USE OF REPORT 

The information and opinions expressed in the Report, or any document forming part of the Report, are for the sole 

benefit of the Client. No other party may use or rely upon the Report in whole or in part without the written consent 

of EXP. Any use of the Report, or any portion of the Report, by a third party are the sole responsibility of such third 

party. EXP is not responsible for damages suffered by any third party resulting from unauthorised use of the Report. 

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 

specific software and hardware systems. EXP makes no representation about the compatibility of these files with the 

Client’s current or future software and hardware systems. Regardless of format, the documents described herein are 

EXP’s instruments of professional service and shall not be altered without the written consent of EXP. 

Earth and Environmental Division - Geotechnical 
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Date: April 2021 

Legal Notification 

This report was prepared by EXP Services Inc. for the exclusive use of Brock Development Group Inc. and may not 

be reproduced in whole or in part, or used or relied upon in whole or in part by any party other than Brock 

Development Group Inc. for any purpose whatsoever without the express permission of Brock Development Group 

Inc.in 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 

third party as a result of decisions made or actions taken based on this report. 

Earth and Environmental Division - Geotechnical 
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	Figure
	1. Introduction and Background 
	1. Introduction and Background 
	1.1 Introduction 
	EXPServicesInc.(EXP)wasretainedbyBrock Development Group Inc. tocarryoutaSlopeStabilityandGeotechnical Investigation and prepare a report relating to the proposed development to be located at municipal number 2624 WoodhullRoadin London,Ontario,hereinafter referredto asthe ‘Site’. 
	It is understood that the Client is proposing to construct a new residential house. As illustrated on Drawing 1, attached, the proposed development area is located at the top of a slope located east of the proposed building footprint. 
	Based on an interpretation ofthe factual testhole data and areview of soil andgroundwater information from test holes advanced atthe site,EXPhas providedgeotechnical engineeringguidelines to supportthe construction ofthe proposed residence, and an assessmentofthestability oftheslope,onceconstruction iscomplete. 
	The proposeddevelopmentiswithin anarearegulatedbytheUpperThamesRiver Conservation Authority(UTRCA). Asaresult,consentfromtheConservationAuthorityisrequiredpriorto constructionoftheproposeddevelopment. 
	1.2 Terms of Reference 
	The geotechnical investigation was generally completed in accordance with the scope of work outlined in EXP’s emailed proposal dated January 22, 2021. Authorization to proceed with this investigation was received from Ms.MichelleDoornboschthrough email correspondence on February8,2021. 
	The purposeofthe assessmentwasto examinethe subsoil andgroundwater conditions atthe Site,assessthe slope stabilityalongtheonsiteslopeanddeterminetherecommendeddevelopmentsetbacklimit,inaccordancewiththe Ontario Ministry of NaturalResources (MNR) Technical Guide – River & Streams Systems: Erosion Hazard Limit and the UpperThames RiverConservation Authorityguidelines. 
	Based on a site reconnaissance site visit, 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 geotechnical comments and recommendationson slopestabilityandDevelopmentSetback. 
	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. 
	Figure

	2. Methodology 
	2. Methodology 
	2.1 Site Reconnaissance 
	A site reconnaissance survey was carried out on March 5, 2021. The purpose of the site visit was to examine the existing conditions of the site slopes which run along the east side of the property. The survey included detailed observations such asslopevegetation, oldslump scarsand seepage. 
	Duringthesitereconnaissance,the'SlopeStabilityRatingChart',whichwasdevelopedbyMNR,wasutilizedtoscore anumberofsitecharacteristics,todeterminethepotentialforslopeinstability. Siteconditionswhichwerereviewed include:slopeheightandinclination,soilstratigraphy,thepresenceandlocationofseepagezones,vegetativecover, overlanddrainage,andevidenceofpreviousinstabilityorlandslideactivity. Aratingchartwascompleted(indicated as Cross Section A-A’ on Drawing 1)throughout the existing slope profile at the site. The rating
	At the time ofthe investigation, the slope surface wastypically well vegetated withheavy shrubs and mature trees. No previous surficial sliding failures or drainage over the slope were observed. Selected photos of the slope are presentedinAppendix D. 
	2.2 Field Work 
	In addition to the site reconnaissance, two (2) boreholes were advanced by EXP on March 5, 2021 to provide informationon the soil stratigraphy. 
	In the boreholes, disturbed soil samples were recovered using conventional split spoon sampling equipment and StandardPenetrationTest(SPT)methods. Theboreholeswereadvanceddepthsofupto20.3mbelowexistinggrade. 
	During the sampling, the stratigraphy in the test holes was examined and logged in the field by EXP geotechnical personnel. 
	Short-term groundwater level observations within the open boreholes and observations pertaining to groundwater conditions at the test hole locations are recorded in the borehole logs found in Appendix A. Following the drilling, the water level wasmeasuredin theopen boreholes. 
	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 forthisinvestigationcomprisedofmoisturecontentdeterminationswithmoisturecontentresultspresentedonthe borehole logs foundin Appendix A. 
	Borehole samples remaining after the classification testing willbe storedfor aperiod ofthreemonths following the date of this report. After this time, they will be discarded unless prior arrangements have been made for longer storage. 
	The borehole elevationswere interpretedfrom thetopographicalplan providedbyBrockDevelopmentGroupInc. 
	Figure
	2.3 Review of Topographic Data 
	TopographicmappingprovidedbyBrockDevelopment GroupInc. combined with asite elevation survey carried out byEXPwasutilizedtocreatethecrosssectionforuseinestablishingthelocationoftheDevelopmentSetback. Using engineering judgement and technical experience, the cross section (which is considered to be representative of typical site conditions)hasbeen reviewed. 

	3. Site and Subsurface Conditions 
	3. Site and Subsurface Conditions 
	3.1 Site Description 
	The site for the proposed development (see Drawing 1) is located on the east side of Woodhull Road within the property of MN2624 in London, Ontario. The site is bounded by a slope on the east side, neighbouring residential propertieson the northand south sides, and an agriculturalfield onthewest side ofWoodhullRoad. Anarrowside channel(~1.7mwidth)ofDingmanCreekislocatedbeyondthebaseoftheslopeontheeastsideofthesite. Amap ofthesite location (taken from MNRFMapsMarch2021)is providedbelow. 
	Figure
	The sitecurrently containssome treesandbushes. Elevations range from 260.0mnearthe frontofthe lotto 255.0 malong the crest of the slope. The slope crest generallyfollows the tree line along the east edge of the table land. The slope has an overall inclination ranging between about 1.7 horizontal to 1 vertical (1.7H:1V) and 2.6 horizontal to 1vertical(2.6H:1V). 
	Theslopehasaheightofapproximately16.0m,iswellvegetatedthroughout,andthematuretreesdonotshowany signs of rotationalmovement or failure. Therewere also no signsof waterseepage alongthe slope face. 
	Figure
	TheproximityofnarrowsidechannelofDingmanCreekrelativeto thetoeofslopewasmeasuredto as ittraversesthe site. 
	beabout8.0m 

	The following sections provide asummaryofthe soil conditionsandgroundwaterconditions. 
	3.2 Soil Stratigraphy 
	The detailed stratigraphy encountered in each borehole 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 
	Topsoilwaspenetratedatthegroundsurfaceatthelocationofeachborehole,measuringabout300mminthickness. 
	It should be noted that topsoil quantities should not be established from the information provided at the borehole locations only. If required, a more detailed analysis (involving additional shallow test pits) is recommended to accuratelyquantifythe amountoftopsoilto be removedforconstruction purposes. 
	SiltySand 
	Underlyingthetopsoil,inboreholeBH1wasastratumofsiltysandextendingtoadepthofabout4.6mbelowground surface (bgs). The silty sand was generally described as brown, dilatant, contained trace stiff clay layering, was compactinrelativedensity(SPTNValuesof17to19)andwet(typicalin situ moisturecontentsof17to38percent). 
	Siltysandlayeringwasalsoencounteredwithintheclayeysilttill(describedbelow)ineachborehole.Ingeneral,the siltysandlayeringwasnotedtobegrey,fine-grainedandhasacompacttodenserelativedensity(tactileobservations andSPTNValuesrangingfrom11to40). Thein situ moisturecontentofthesiltysandrangesfrom18to20percent indicating wetconditions. 
	ClayeySilt Till 
	Underlying the silty sand in BH1 and the topsoil in BH2, a glacial till was encountered. The till predominantly comprisedofclayeysiltwasbrowntogreyandcontainedtracetosomesand.Theclayeysilttillwastypicallyinastiff to very stiff state based on SPTNValues of9to 21blows per 300 mm split spoon sampler penetration. Laboratory testingofthe clayeysilttillyielded in situ moisturecontentsof12to 20percent,indicativeofmoistconditions. 
	Figure
	3.3 Groundwater Conditions 
	Details of the groundwater conditions observed within the boreholes are provided on the attached borehole logs. Moisturecontentsofselectedsamplesarealsorecordedontheattachedboreholelogs. Uponcompletionofdrilling, the open borehole excavations wereexaminedforthepresenceofgroundwater andgroundwaterseepage. 
	Theboreholeswereeachunstablewithintheuppersiltysanduponcompletionofdrilling. Basedontheobservations duringdrillingtheshallowgroundwateratthesiteisgenerallyexpectedtobewithintheuppersiltysandandperched above thelesspermeableclayeysilttill. 
	It should be noted that insufficient time was available for the measurement of the depth to the stabilized groundwater table prior to backfilling the borehole. The depth to the groundwater table may vary in response to climatic or seasonal conditions, and, as such, may differ with high levels occurring in wet seasons. Capillary rise effectsshould also be anticipatedin fine-grained soildeposits. 
	Figure

	4. Slope Stability 
	4. Slope Stability 
	4.1 General 
	The purpose of this investigation was to determine asafe setback distance from the existing slope profile along the south edge of the site using the information which is currently available. It is important to mention that specific details regardingthe proposeddevelopment, layout and site gradinghave notbeen examinedas partofthecurrent scopeofwork. 
	The slope was evaluated using the method prescribed by Ministry of Natural Resources in the Technical Guide for Assessing the Erosion Hazard Limit for River and Stream Systems. The overall Erosion Hazard Limit (Development Setback)for the site slope is determined by evaluating the slope stability, considering surficial seepage and shallow failures, allowance for potentialfloodinghazards, andan erosion allowance. 
	ASlope StabilityRatingCharthas been completedfor the referenced cross section andis attached, see Appendix B. Based on the values recorded on the Slope Stability Rating Chart, the rating suggest that a moderate potential of slope instabilityexists. 
	4.2 Erosion Hazard Limit 
	As defined by the MNR Technical Guide, based on the type of river and stream system landform (confined or unconfined) the followingfigure provides guidance on whichfactors (hazard allowances) shouldbe usedin defining the erosion hazardlimits. 
	Figure
	Figure obtained from page 35 of MNR Technical Guide – River and Stream Systems: Erosion Hazard Limit 
	Figure
	As definedby theMNRTechnicalGuide, confined river and stream systems are ones in which the physicalpresence of a valley corridor containing a river or stream channel, which may or may not contain flowing water, is visibly discernable from the surrounding landscape by either field investigations, aerial photography and or map interpretation. The Erosion HazardLimitfor aconfined system consistsofthe followinghazard allowances: 
	• 
	• 
	• 
	ToeErosion Allowance 

	• 
	• 
	Stable SlopeAllowance 

	• 
	• 
	Access Allowance 


	Ultimately,theErosionHazardLimitalsodefinesthedevelopmentlimitforthesite. Additionalsetbacksmayalsobe requiredbasedon localMunicipal andConservation Authorityrequirements. 
	The setback distance from the slope crest varies slightly along the slope, based on the overall slope height and inclination, and the type and amount of toe erosion at the base of the slopes. A cross section (Cross Section A-A’) has been shown on Drawing 1 along the existing slope profile and was used for establishing the location of the Erosion HazardLimit. Additionally, the inferredlocation of the Erosion HazardLimit, top of slope line, top of stable slope line, toeofslope andtoeerosionallowancearealso pr
	Figure
	4.2.1 Toe Erosion Allowance 
	The extent of potential erosion damage is afunction of the competence of the natural subgrade soils, the type and qualityofvegetativecover,andthefrequencywithwhichtheslopeissubjecttoerosiveforces. Activeerosionofthe soilonthefaceoftheriverbankslopeismostlikelycausedbynormalorincreasedflowvolumesandvelocitiesmoving through the creek. The figure below provides guidance on how to determine aminimum toe erosion allowance for aconfinedsystem. 
	Figure
	Figure obtained from page 38 of MNR Technical Guide – River and Stream Systems: Erosion Hazard Limit 
	Wheredetailedslopestabilityanalyseshavenotbeencarriedout,theNaturalHazardsManualbyMinistryofNatural Resources indicates that a minimum toe erosion allowance of 5 to 8 m is recommended where the bank materials arecomprisedofstiffclayeysoilsareexposeddirectlytostreamflowundernormalfloworfloodconditions.Signsof activeerosionalongthewatercoursearenotpresent. Itshouldbenotedthatthewatercourse,anarrowsidechannel ofDingmanCreekwithabankfullwidthoflessthan5m,islocatedapproximately8.0mbeyondthetoeoftheslope. As a co
	Figure
	4.2.2 Stable Slope Geometry 
	The stability of the slope was investigated for a number of conditions. The examinations involve an assessment of thesectionofslopewithandwithouttheinfluenceofperchedgroundwaterandtheeffectsofpossibleconstruction in proximity to the site slopes. The various types of failures analyzed include shallow slumping failures, medium depth rotational failures, and deep rotational failures through the entire height of the slope. The analyses were undertaken bycomputermethods utilizingthe Slope/W computer program. 
	The soilparameters used were conservative to buildin an added safetyfactor for the analyses. The following table summarizes the parameters for the predominant soils which were used in EXP’s evaluation of the stable slope configuration: 
	Table 1 – Soil Parameters 
	Soil Type Density Cohesion Angle of Internal Friction Silty Sand 20.5 kN/m3 0 kPa 33o Clayey Silt Till 22.0 kN/m3 18 kPa 32o 
	Minimum factors of safety are provided in the report “Geotechnical Principles for Stable Slopes” prepared for the MinistryofNaturalResources, for infrastructureandpublic use (Section4.3.3.1in theMNRTechnicalGuide). 
	In order to determine astable slope, aminimum factor of safety of1.40 was usedduring the computerizedfor long term stable slope analyses. The following table from the MNR Technical Guide provides guidance on how to select aminimum factorof safetybased onthe intendedland use aboveorbelow the slope. 
	Table 2 – Design Minimum Factor of Safety 
	Figure
	Table obtainedfrom page 60 ofMNRTechnicalGuide –River andStream Systems:Erosion HazardLimit 
	Figure
	One cross section was assessed to provide adequate coverage of the slope at the site. The section evaluated was selected to represent the worst-case-scenario of the slope. The cross section location is shown on Drawing 1 and theprofileisprovidedonDrawing 2. TheinformationplottedinthecrosssectionwasbasedonEXP’sdetailedslope surveyandCallonDietzInc.’stopographicmappingwithelevationsassumedbasedonthetopographicmapping. The toeandtopofslopeatthecrosssectionaredefinedasthepointsoftransitiontoaninclinationof4H:1V
	Thefailuresatthecrosssectionconsistedofshallowdepthfailuresanddeeprotationalfailuresthroughoutthedepth ofthe slope. After completingthe computerized stable slopeanalysison thecross section, theminimum calculated factor of safety (FOS) under the existing conditions at Cross Section A-A’ was 1.46. These FOS are an indication of long-term safe slope conditions. 
	Both failure modes for the profile were above the recommended minimum FOS value of 1.40. Summarized results are providedinthe followingtable: 
	Table 2 -Summary of Pertinent Slope Stability Analyses 
	Cross Section Condition 
	Cross Section Condition 
	Cross Section Condition 
	Description of Failure Mode 
	Computed Factor of Safety 

	SlopeSection,A-A’ 
	SlopeSection,A-A’ 
	ShallowDepthFailure(<2mdeep) 
	1.46 

	SlopeSection,A-A’ 
	SlopeSection,A-A’ 
	DeepRotationalFailure(>4mdeep) 
	1.68 


	The findings were in general agreement with observations of the local slope (vegetated and treed slope which is beneficial for protection against shallow slides). The soil conditions encountered in the boreholes were generally foundtocomprisestifftoverystiffclayeysilttilldepositswithcompactsiltysandlayeringthroughout.Indetermining suitable input soil and groundwater parameters, consideration has been given to incorporating the presence of groundwater within the subsurface soil strata. Local changes and vari
	The average inclinations along the existing slope profile at the investigated cross section range between about 1.7H:1Vto2.6H:1V. Basedonthesoilconditionsencounteredduringthefieldinvestigationandbasedontheresults ofthecomputerizedslopestabilityanalysisastableslopelineof2.0H:1Vhasbeenappliedandshouldbeconsidered suitable basedon the results ofthecurrentgeotechnical study. 
	It should be noted that the theoretical calculations for FOS are conservative. Based on the site reconnaissance conductedbyEXP,itwasobservedthattheslopefaceiscoveredbyvegetation(maturetreesandheavyshrubs). The trees were generally in an upright state. The deep roots of mature trees assist to reinforce and to enhance the stabilizationof slopes. 
	Inadditiontothestableslopegeometry,anemergencyaccessallowanceshouldalsobeapplied. Thisisdescribedin the following section. 
	Figure
	4.2.3 Erosion Access Allowance 
	The Ontario Government provides planning guidelines for development adjacent to slopes. The 2005 Provincial PolicyStatement(PPSSection3.1.3)requiresthatanaccessallowancebeincludedaspartoftheErosionHazardLimit. In accordance with PPS, 6 to 15 m setback is required in addition to the erosion and stability setbacks, which are discussedin the following sections. It is understood that this access allowance is required to ensure that there is a largeenoughsafetyzoneforpeopleandvehiclestoenterandexitanareaduringan
	Since the subsurface conditions within the study area are generally considered to be geologically stable, we recommendthat ataminimum,aplanning setbackof6mbeappliedto existingslopes. 
	4.2.4 Erosion Hazard Limit – Development Setback 
	The Erosion Hazard Limit is defined by the sum of the Stable Safe Slope Line plus the Toe Erosion Component plus the Erosion Access Allowance. The table below summarizes the 3components to the RecommendedDevelopment LimitSetback. 
	Table 3 – Erosion Hazard Limit Components 
	Cross Section Toe Erosion Allowance (m) Stable Slope Allowance (From Top of Slope, m) Emergency Access Allowance (m) Erosion Hazard Limit (From Top of Slope) 
	2 (Does not govern. Refer to Section 4.2.1) 
	2 (Does not govern. Refer to Section 4.2.1) 
	2 (Does not govern. Refer to Section 4.2.1) 
	3.4 
	6.0 
	9.4 


	A-A’ 
	TheStableSlopeSetbackandErosionHazardLimitareshownonDrawing 1. Anyproposeddevelopmentshouldnot encroachonthe Erosion HazardLimit. 
	4.3 UTRCA Generic Regulation 
	In May 2006, Ontario Regulation 157/06 came into effect in the Upper Thames River Conservation Authority (UTRCACA)watershed,whichlocallyimplementstheGenericRegulation (Development,InterferencewithWetlands andAlterationstoShorelineandWatercourses). ThisregulationreplacestheformerFill,ConstructionandAlteration to Waterways regulations, and is intended to ensure public safety, prevent property damage and social disruption, due to natural hazards such as flooding and erosion. Ontario Regulation 157/06 is implem
	Property owners must obtain permission from the UTRCA before beginning any development, site alteration, construction, or placement of fill within the regulated area. Permits are also required for any wetland interference, orforaltering,straightening,divertingorinterferinginanywaywiththeexistingchannelofacreek,streamorriver. Proposeddevelopmentwithin the study areawillbe subjectto the above referencedRegulation. Consultation with the localConservation Authorityforreviewofsite-specific developmentplans isrec
	Figure
	4.4 General Comments for Site Works 
	ItisimperativethatfuturedevelopmentgenerallynotoccurwithintheErosionHazardLimitidentifiedatthesite. To this end, thefollowingcommentsare provided andmeasures are recommended. 
	1. 
	1. 
	1. 
	Thesurficialsoilsonthefaceoftheslopeexperienceminorlong-termerosionduetoweathering(wetting/drying and freezing/thawing cycles). The extent of potential erosion damage is a function of the competence of the naturalsubgradesoils,thetypeandqualityofvegetativecover,andthefrequencywithwhichtheslopeissubject to erosive forces. Surficial erosion ofthe soil on the face ofthe slope couldbe causedby run-offwater washing over the face of the slope, such as tile drains or redirected surface water whichis directed onto 

	2. 
	2. 
	Indiscriminate stockpiling of fill or construction materials should be avoided. In the event that stockpiling of materialis proposedin thevicinityoftheslopecrest, areview bythe Geotechnical consultantis required. 

	3. 
	3. 
	Anybuildingsandpermanentstructuresassociatedwiththeproposedsitedevelopmentmustbelocatedoutside of the Erosion Hazard Limit, which is identified on the Site Plan. The Cross Section drawing helps identify the locationofthis line. 

	4. 
	4. 
	Water from downspouts andperimeter weeping tile etc. must also be collectedin acontrolled manner and redirected awayfrom the slope. 
	-


	5. 
	5. 
	Existing vegetationonthe slope shouldbemaintained. 

	6. 
	6. 
	Buildingfoundationsshouldbefoundedonthecompetentsoil,setbelowalinedrawnfrom theerosionsetback at the toe of the slope at 2.2H:1V. Review by the Geotechnical consultant is recommended to confirm that the geotechnical requirementsfor foundation design aresatisfied. 


	Final design drawings including building locations, services etc. should be reviewed by a geotechnical consultant to ensure that the Erosion Hazard Limit is properly interpreted. Geotechnical inspection and testing is recommended during construction to confirm that all recommendations setoutwillbe followed. 
	Figure

	5. Geotechnical Discussion and Recommendations 
	5. Geotechnical Discussion and Recommendations 
	5.1 General 
	It is understood that the proposed development will consist of aresidential structure with a basement and/or slabon-grade floors. The following sections of this report provide geotechnical recommendations regarding site preparation,excavations, dewatering, foundations, bedding andbackfill. 
	-

	5.2 Site Preparation 
	Prior to placement of foundations and/or engineered fill, any surficial topsoil, vegetation and/or otherwise deleterious materials should be stripped. The surficial topsoil may be stockpiled on site for possible reuse for landscaping. 
	Followingtheremovalofthetopsoilandbuildingdebrisandpriorto fillplacement,theexposedsubgradeshouldbe inspectedbyaGeotechnicalEngineer. Anylooseorsoftzonesnotedintheinspectionshouldbeover-excavatedand replacedwith approvedfill. 
	Itisrecommendedthatconstructiontrafficbeminimizedonthefinishedsubgrade,andthatthesubgradebesloped to promote surface drainage and runoff. 
	Inthebuildingareaswherethegradewillberaised,thefillmaterialshouldcompriseimportedgranularorapproved onsite(excavated)material.ThefillmaterialshouldbeinspectedandapprovedbyaGeotechnicalEngineer,beplaced in maximum 300 mm (12 inch) thick lifts and uniformly compacted to 100 percent Standard Proctor Maximum Dry Density(SPMDD)within3percentofoptimummoisturecontent. Thegeometricrequirementsforengineeredfillare providedon Drawing 3. 
	Thenaturalandinorganicfillmaterialsonsitewouldbesuitableforreuseasengineeredfill. Thematerialshouldbe examined and approvedbyaGeotechnicalEngineerprior to reuse. 
	In situ compaction testing shouldbe carried out duringthe fillplacementto ensure that the specified compaction is being achieved. 
	If imported fill material is utilized 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,Conservation
	Figure
	5.3 Excavation and Dewatering 
	5.3.1 General 
	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 soils encountered atthesiteareclassified assoils. Itis anticipatedthat allexcavationswill extendthroughsoils. 
	Type3
	Type 3

	For reference, temporary excavation sidewalls which extend through and terminate within soil may be cut verticalinthebottom1.2m(4ft.),andcutbackataninclinationof1horizontalto1verticalabovethatlevel. Where excavations extendinto orthroughsoil, excavation sideslopesmustbe cutback at amaximum inclinationof about 1H:1Vfrom the base of the excavation. Shouldgroundwater egress loosen the side slopes ofor soils, slopesof3H:1Vor flatterwillberequired. 
	Type 2 
	Type 3
	Type 2
	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. 
	5.3.2 Excess Soil Management 
	Ontario Regulation 406/19 made under the Environmental Protection Act (November 28, 2019) was implemented on January1, 2021. The new regulation dictates the testingprotocolthat willbe requiredfor 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 volume of soil to be managed. The testing protocols are specific as to whether the soils are stockpiled or in-situ. In either scenario, the testing
	5.3.3 Excavation Support 
	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, 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 SafetyAct for Construction Projects and approvedby the Ministry of Labour. Excavations should conform to theguidelines setoutin the proceedingsection andtheSafetyAct. 
	Figure
	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. 
	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/m3maybeassumed; 
	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. 
	For longterm design, aKatrest(Ko)of aminimum of0.5 shouldbe considered. 
	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. 
	Figure
	5.3.4 Construction Dewatering 
	As stated in Section 3.3, the shallow groundwater at the site is generally expected to be within the upper silty sand andperchedabovethelesspermeableclayeysilttill. Basedonthesoiltextureencounteredduringtheinvestigation, groundwaterinfiltrationmaybe anticipatedwithin the building excavations depending on thedepthof excavation. 
	Any minor groundwater infiltration can likely be accommodated using conventional sump pumping techniques; however, ifgroundwater infiltration persists, more extensive dewatering measures maybe required. EXP wouldbe pleasedto providefurther information inthis regard,upon request. 
	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 literstolessthan400,000litersperday,anEnvironmentalActivityandSectorRegistry(EASR)willberequired. Permit to Take Water (PTTW) applications are required for removal rates more than 400,000 Lper day and will need to be approvedbytheMECPperSections34and98oftheOntarioWaterResourcesActR.S.O.1990andtheWaterTaking andTransfer Regulation O.Reg. 387/04. Itis notedthat astandardgeotechnicalinvestigation will notdetermi
	5.4 Building Foundations 
	5.4.1 Conventional Strip and Spread Footing 
	The proposed structure can be constructed on conventional strip and spread footings with a basement or slab-ongrade floor, in accordancewiththegeneralcomments providedin thefollowingparagraphs. 
	-

	Foundationsforthe proposed addition canbesetonthe belowexistinggrade. Foundinglevelsmaybeaffectedbyexistingstructuresandservicesincludingabandonedones. 
	natural,competentsoilsatadepthofapproximately1.2m 

	The following allowable bearing pressures (net stress increase) can be used on the natural, undisturbed soils in the areaoftheproposed addition: 
	BearingResistanceatServiceabilityLimitStates(SLS) 145kPa (3,000psf) 
	FactoredBearingResistance atUltimateLimitStates(ULS) 215kPa (4,500psf) 
	Ifthe gradesareto be raised or restored,engineeredfill can be usedforfoundation support. 
	Figure
	The geometric requirements for the fill placement are shown on Drawing 3, appended. The available SLS and ULS bearing capacities for the engineered fill is 145 kPa (3,000 psf) and 215 kPa (4,500 psf) respectively. 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. The engineered fill construction should be monitored on a full-time basis by qualified geotechnical personnel to examine and approve fi
	In areaswherewetsilty sandis exposedfollowing removalofthetopsoiland/orotherwise deleteriousmaterial, the exposed subgrade willlikelybe susceptible to disturbance by construction traffic. It is recommended that, in these areas, construction traffic be minimized on the finished subgrade, and the subgrade be sloped to promote surface waterdrainage. Wheresensitivesubgradesoilsareexposed,trackedhydraulicexcavatorsmayberequiredtomove someofthe fillmaterial. 
	5.4.2 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. 
	Servicetrench 7 
	Figure

	7 
	10 
	10 
	Lowerfooting 
	FOOTINGSNEARSERVICETRENCHESORAT 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 information for the designstage 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 theboreholesandtherecommendationsofthisreportmustthereforebecheckedthroughf
	Figure
	5.5 Basement 
	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/m3maybeassumed; 
	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 4. Aminimumseparationdistanceof1misrecommendedbetweenthebasementfloorslab,andthelocalgroundwater level. In the event that less than 1mis provided(at least 0.5 mabove the shallow water leve
	5.6 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 shouldbe used. It is recommendedthat structuralfillbe comprised ofgranular material, such as OP
	A moisture barrier, consisting of a 200 mm (8 in.) thick, compacted layer of 19 mm (3/4 in.) clear stone, should be then placedbetween the preparedgranular sub-baseandthe floorslab. 
	Figure
	The installation and requirement of a vapor 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 25MPa/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. 
	No special underfloor drains are required provided that the exterior grades are lower than the floor slabs, and positively sloped away from the slabs. It is recommended that an impermeable soil seal such as clay, asphalt or concrete be provided on the surface to minimize water infiltration. Drainage and backfill recommendations are providedinDrawing 4. 
	5.7 Foundation Backfill 
	In general, the existing natural soils excavatedfrom the foundation area shouldbe suitable for re-use as foundation wall backfill 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. sandysoils should notbemixedwithclayey soils. 
	If the weather conditions are very wet during construction, then imported granular material such as OPSS Granular 'B' shouldbe used. Site review bythegeotechnical consultantmaybe advised. 
	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
	5.8 Inspection and Testing Requirements 
	An effective inspection and testing program is an essential part of construction monitoring. The Inspection and TestingProgram typicallyincludes the followingitems: 
	• 
	• 
	• 
	Subgrade examination prior to engineeredfillplacement, footingbaseevaluation; 

	• 
	• 
	Inspection and Materials testing during engineered fill placement (full-time supervision is recommended), including soil sampling, laboratory testing (moisture contents and Standard Proctor density test on the engineeredfillmaterial),monitoringoffillplacement,and in situ densitytesting; 

	• 
	• 
	Materials testingfor concrete foundations, walls andfloorslabs. 


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

	6. General Comments 
	6. 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 of the factualborehole results, so that they
	EXPServicesInc.shouldberetainedforageneralreviewofthefinaldesignandspecificationstoverifythatthisreport hasbeenproperlyinterpretedandimplemented.Ifnotaffordedtheprivilegeofmakingthisreview,EXPServicesInc. will assume no responsibilityfor interpretationoftherecommendations inthis report. 
	This report was prepared for the exclusive use of Brock Development Group Inc. and may not be reproduced in wholeorinpart,withoutthepriorwrittenconsentofEXP,orusedorrelieduponinwholeorinpartbyotherparties 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 
	We trust this report is satisfactory for your purposes. Should you have any questions, please do not hesitate to contactthisoffice. 
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	1. 
	The boundaries and soil types have been established only at test hole locations. Between test holes they are assumed and may be subject to considerable error. 

	2. 
	2. 
	Soil samples will be retained in storage for 3 months and then destroyed unless client advises that an extended time period is required. 

	3. 
	3. 
	Topsoil quantities should not be established from the information provided at the test hole locations. 

	LI
	Annot
	4. 
	The site plan should be read in conjunction with EXP Geotechnical Report LON-21002656-AO. 

	LI
	Annot
	5. 
	Topographical mapping provided by Callon-Dietz Inc. 
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	Cross Section A - A' 
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	-NOTES1.  The cross section should be read in conjunction with EXP Report 
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	DRAWING 3 – DRAINAGE AND BACKFILL RECOMMENDATIONS (NOT TO SCALE) 
	DRAWING 3 – DRAINAGE AND BACKFILL RECOMMENDATIONS (NOT TO SCALE) 
	DRAWING 3 – DRAINAGE AND BACKFILL RECOMMENDATIONS (NOT TO SCALE) 
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	NOTES: 1. Drainagetiletoconsistof100mm(4in.)diameterweepingtileorequivalentperforatedpipeleading toapositivesumporoutlet. Inverttobeminimumof150mm(6in.)belowundersideofinteriorfloor slab. 2. Peagravel150mm(6in.)topandsidesofdrain. Ifdrainisnotonfooting,place100mm(4in.)of pea gravel below drain. 20 mm (3/4 in.) clear stone may be used provided if it is covered by an approvedporousgeotextilefabricmembrane(Terrafix270Rorequivalent). 3. C.S.A. fine concrete aggregate to act as filter material. Minimum 300 mm (1
	NOTES: 1. Drainagetiletoconsistof100mm(4in.)diameterweepingtileorequivalentperforatedpipeleading toapositivesumporoutlet. Inverttobeminimumof150mm(6in.)belowundersideofinteriorfloor slab. 2. Peagravel150mm(6in.)topandsidesofdrain. Ifdrainisnotonfooting,place100mm(4in.)of pea gravel below drain. 20 mm (3/4 in.) clear stone may be used provided if it is covered by an approvedporousgeotextilefabricmembrane(Terrafix270Rorequivalent). 3. C.S.A. fine concrete aggregate to act as filter material. Minimum 300 mm (1
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	DRAWING 4 – BACKFILL AND BASEMENT DRAINAGE DETAIL, (NOT TO SCALE) 
	DRAWING 4 – BACKFILL AND BASEMENT DRAINAGE DETAIL, (NOT TO SCALE) 
	DRAWING 4 – BACKFILL AND BASEMENT DRAINAGE DETAIL, (NOT TO SCALE) 
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	NOTES: 1. Drainagetiletoconsistof100mm(4in.)diameterweepingtileorequivalentperforatedpipeleading toapositivesumporoutlet. Inverttobeminimumof150mm(6in.)belowundersideoffloorslab. 2. Peagravel150mm (6in.)topandsides ofdrain. Ifdrainisnotonfooting,place100mm(4in.)of pea gravel below drain. 20 mm (3/4 in.) clear stone may be used provided if it is covered by an approvedporousgeotextilefabricmembrane(Terrafix270Rorequivalent). 3. C.S.A. fine concrete aggregate to act as filter material. Minimum 300 mm (12 in.) 
	NOTES: 1. Drainagetiletoconsistof100mm(4in.)diameterweepingtileorequivalentperforatedpipeleading toapositivesumporoutlet. Inverttobeminimumof150mm(6in.)belowundersideoffloorslab. 2. Peagravel150mm (6in.)topandsides ofdrain. Ifdrainisnotonfooting,place100mm(4in.)of pea gravel below drain. 20 mm (3/4 in.) clear stone may be used provided if it is covered by an approvedporousgeotextilefabricmembrane(Terrafix270Rorequivalent). 3. C.S.A. fine concrete aggregate to act as filter material. Minimum 300 mm (12 in.) 
	-
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	Appendix A–Borehole Logs 
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	Figure
	Table
	TR
	NOTES ON SAMPLE DESCRIPTIONS 

	1. 2. 3. 
	1. 2. 3. 
	Alldescriptionsincludedinthisreportfollowthe'modified'MassachusettsInstituteofTechnology(M.I.T.) soil classification system. The laboratory grain-size analysis also follows this classification system. OthersmaydesignatetheUnifiedClassificationSystemastheirsource;acomparisonofthetwoisshown foryourinformation. Pleasenotethat,withtheexceptionofthosesampleswherethegrainsizeanalysis hasbeencarriedout,allsamplesareclassifiedvisuallyandtheaccuracyofthevisualexaminationisnot sufficienttodifferentiatebetweentheclass
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	BOREHOLE LOG 
	Sheet 1 of1 
	CLIENT Brock Development Group Inc. PROJECT NO. LON-21002656-AO PROJECT Slope Stability Assessment DATUM Geodetic LOCATION 2624 Woodhull Road, London, Ontario DATES: Boring Mar 5/2021 Water Level 
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	0 
	255.7 
	TOPSOIL -300 mm SILTY SAND , brown, dilatant, trace stiff clay 
	SS 
	S1 
	300 
	19 
	38
	1 
	layering, compact, wet SS 
	S2 
	400 
	17 
	17
	2 SS 
	S3 
	450 
	18 
	22 3 
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	21 4 
	-becoming grey with no clay layering at 3.8 m bgs 
	251.4 CLAYEY SILT TILL , grey, trace sand, stiff, 
	SS 
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	19 7 -becoming very stiff at 7.6 m bgs 
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	243.8 SILTY SAND , grey, dilatant, compact, wet 
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	CLAYEY SILT TILL , grey, trace sand, very stiff, 
	235.7 
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	S12 
	400 
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	20
	SILTY SAND , grey, fine-grained, dense, wet 
	End of Borehole at 20.27 m bgs. 
	21 
	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. Borehole Log must be read in conjunction with EXP Report LON-21002656-AO. 
	OTHER TESTS 
	G Specific Gravity C Consolidation
	G Specific Gravity C Consolidation
	2) Borehole open to 4.0 m bgs and dry upon completion of drilling. 

	H Hydrometer CD Consolidated Drained Triaxial
	H Hydrometer CD Consolidated Drained Triaxial
	3) bgs denotes below ground surface. 

	4) Ground surface elevation interrupted from topographic survey provided by Client. 
	S Sieve Analysis CU Consolidated Undrained Triaxial 
	S Sieve Analysis CU Consolidated Undrained Triaxial 
	5) No significant methane gas concentration was detected upon completion of drilling.

	 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) 
	TOPSOIL -300 mm CLAYEY SILT TILL , brown, weathered, trace to some sand, stiff, moist SILTY SAND , grey, fine-grained, compact, wet CLAYEY SILT TILL , grey, trace sand, very stiff, moist End of Borehole at 5.03 m bgs. 9 11 11 19 21 400 450 400 450 400 SS SS SS SS SS 12 13 20 19 15 S1 S2 S3 S4 S5 256.7 254.7 252.4 252.0 100 200 kPa 1) Borehole Log interpretation requires assistance by EXP before use by others. Borehole Log must be read in conjunction with EXP Report LON-21002656-AO. 2) Borehole open to 2.4 m

	Appendix B–Slope Stability Rating Chart 
	Appendix B–Slope Stability Rating Chart 
	Figure
	Slope Stability RatingChart –A-A’ 
	GeotechnicalPrinciples for Stable Slopes Ontario Ministry ofNaturalResources _______________________ 
	Figure

	Site Location: 2624 Woodhull Road Town/City: London, Ontario 
	Site Location: 2624 Woodhull Road Town/City: London, Ontario 
	Site Location: 2624 Woodhull Road Town/City: London, Ontario 
	Project No.: LON-21002656-AO Inspection Date: March 5, 2021 Weather: Sunny,0 C 

	Slope Inclination degrees or less (3H:1V or flatter) to 28 degrees (2H:1V to 3H:1V) degrees or more (steeper than 2H:1V) 
	Slope Inclination degrees or less (3H:1V or flatter) to 28 degrees (2H:1V to 3H:1V) degrees or more (steeper than 2H:1V) 
	Rating Value 0 6 16 
	Slope Rating 16 

	Soil Stratigraphy 
	Soil Stratigraphy 

	shale / limestone 
	shale / limestone 
	0 

	sand, gravel 
	sand, gravel 
	6 

	till 
	till 
	9 
	9 

	clay, silt 
	clay, silt 
	12 

	fill 
	fill 
	18 

	leda clay 
	leda clay 
	24 

	Seepagefrom Slope Face 
	Seepagefrom Slope Face 

	none, or near bottom only 
	none, or near bottom only 
	0 
	0 

	near mid-slope only 
	near mid-slope only 
	6 

	near crest only, or from several levels 
	near crest only, or from several levels 
	12 

	Slope Height 
	Slope Height 

	2 m or less 
	2 m or less 
	0 

	2.1 to 5 m 
	2.1 to 5 m 
	2 

	5.1 to 10 m 
	5.1 to 10 m 
	4 

	more than 10 m 
	more than 10 m 
	8 
	8 

	Vegetation Cover on Slope Face 
	Vegetation Cover on Slope Face 

	well vegetated: heavy shrubs or forested with mature trees 
	well vegetated: heavy shrubs or forested with mature trees 
	0 
	0 

	light vegetation: grass, weeds, occasional trees, shrubs 
	light vegetation: grass, weeds, occasional trees, shrubs 
	4 

	no vegetation: bare 
	no vegetation: bare 
	8 

	Table Land Drainage 
	Table Land Drainage 

	table land flat, no apparent drainage over slope 
	table land flat, no apparent drainage over slope 
	0 
	0 

	minor drainage over slope, no active erosion 
	minor drainage over slope, no active erosion 
	2 

	drainage over slope, active erosion, gullies 
	drainage over slope, active erosion, gullies 
	4 

	Proximityof WatercoursetoSlope Toe 15 m or more from slope toe Less than 15 m from slope toe 
	Proximityof WatercoursetoSlope Toe 15 m or more from slope toe Less than 15 m from slope toe 
	0 6 
	6 

	PreviousLandslide Activity No Yes 
	PreviousLandslide Activity No Yes 
	0 6 
	0 

	Slope Instability Rating 
	Slope Instability Rating 
	39 

	Low Potential < 24 Site Inspection only, confirmation, report letter Slight Potential 25-35 Site Inspection and surveying, preliminary study, detailed report Moderate Potential > 35 BH Investigation, piezometers, lab tests, surveying, detailed report Notes: Is there is a water body (stream, creek, river, pond, bay, lake) at the toe of slope? No If YES -the potential for toe erosion and undercutting should be evaluated in detail. 
	Low Potential < 24 Site Inspection only, confirmation, report letter Slight Potential 25-35 Site Inspection and surveying, preliminary study, detailed report Moderate Potential > 35 BH Investigation, piezometers, lab tests, surveying, detailed report Notes: Is there is a water body (stream, creek, river, pond, bay, lake) at the toe of slope? No If YES -the potential for toe erosion and undercutting should be evaluated in detail. 



	Appendix C–Slope Stability Analyses 
	Appendix C–Slope Stability Analyses 
	Figure
	Cross Section A-A' 
	Cross Section A-A' 
	Elevation (m) 
	261 259 257 255 253 251 249 247 245 243 241 239 237 235 233 231 229 227 225 
	1.46 
	1.46 

	Color Name Unit Weight (kN/m³) Cohesion' (kPa) Phi' (°) Clayey Silt Till 22 18 31 Silty Sand 20.5 0 33 
	0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 
	Horizontal Distance (m) 

	Cross Section A-A' 
	Cross Section A-A' 
	Elevation (m) 
	261 259 257 255 253 251 249 247 245 243 241 239 237 235 233 231 229 227 225 
	1.68 
	1.68 

	Color Name Unit Weight (kN/m³) Cohesion' (kPa) Phi' (°) Clayey Silt Till 22 18 31 Silty Sand 20.5 0 33 
	0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 
	Horizontal Distance (m) 


	Appendix D–Site Photos 
	Appendix D–Site Photos 
	Figure
	Photo 1 
	Photo 2 
	Figure
	Photo 3 
	Photo 4 
	Figure

	Appendix E–Limitations and Use ofReport 
	Appendix E–Limitations and Use ofReport 
	Figure
	LIMITATIONS AND USE 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 
	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 
	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 
	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 
	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 unauthorised useofthe Report. 
	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 Brock Development Group Inc. and may not be reproduced in whole or in part, or used or relied upon in whole or in part by any party other than Brock Development Group Inc. foranypurposewhatsoeverwithouttheexpresspermissionofBrock Development Group Inc.in 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. 
	Figure






