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FOUNDATION INVESTIGATION REPORT 

NOISE MITIGATION UPGRADE 

HIGHWAY 406 TWINNING 

ONTARIO 

AGREEMENT No. 2008-E-0016, W.P. 280-99-00 

GEOCRES NO. 30M3-267 

 

PART 1: FACTUAL INFORMATION 

 

1 INTRODUCTION 

This report presents the factual findings obtained from a foundation investigation conducted at a 

site where noise attenuation is required for residential properties in the vicinity of the Merritt Road 

interchange.   

The purpose of this investigation was to explore the subsurface conditions at the site and based on 

the data obtained, to provide borehole and test pit location plans, records of boreholes, test pit logs, 

a stratigraphic profile, laboratory test results and a description of the subsurface conditions.  A 

model of the subsurface conditions was developed from the data obtained.   

Terraprobe conducted the investigation as a sub-consultant to Giffels Associates Ltd./IBI Group, 

under the Ministry of Transportation Ontario (MTO) Agreement Number 2008-E-0016.   

2 SITE DESCRIPTION & PHYSIOGRAPHY 

The site is located on the east side of Highway 406 between the Merritt Road Interchange and the 

Old Welland Canal in the City of Thorold, Regional Municipality of Niagara.  The alignment is 

adjacent to the proposed Highway 406 NBL (Sta. 14+175 to 14+434) and Ramp 406N-Merritt E/W 

(Sta. 10+000 to Sta. 10+125).   

A noise berm was aligned parallel to and approximately 70 m west of the present Highway 406.  

The berm was approximately 395 m long with variable heights ranging from 3 m to 7.5 m.  The 

berm’s geometry was altered in the Advance Contract (Contract 2) to accommodate the proposed 

406 NBL and the 406 S - Merritt Road E/W ramp.  The adjustments included moving the toe of 

slope laterally to the east and regrading the berm’s west slope to 3H:1V thereby resulting in a 

reduction in the berm height.   

The topography in the area is generally flat to undulating with scattered man-made high ground 

areas.  Vegetation at this site consists primarily of deciduous trees and wild bush.  The area is a 

construction site.   

The site is located between the Niagara Escarpment and Lake Erie in the physiographic region of 

Southern Ontario referred to as the Haldimand Clay Plain.  The Haldimand Clay Plain is best 

described as falling into a series of parallel belts with the highest ground adjacent to the 
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Escarpment.  Generally this region is flat and poorly drained although it includes several distinctive 

landforms such as dunes, cobble, clay and sand beaches, limestone pavements and back-shore 

wetland basins1.   

The Niagara Region is underlain by a sequence of very gently south-dipping dolostones, 

limestones, shales and sandstones overlying Precambrian basement rock.  The key elements in the 

bedrock geology of the region are the multiple layers of softer sedimentary limestones, shale, 

sandstone and dolostone.   

The bedrock units within the project limits consist of the Salina Formation and Guelph Formation 

of Upper Silurian Age2.  The Salina Formation consists essentially of easily weathered, grey, very 

finely crystalline, laminated argillaceous dolostone with grey, calcareous shale partings and 

gypsum veins and lenses of varying thicknesses.  The Guelph Formation consists essentially of 

unweathered, grey, laminated argillaceous dolostone.   

3 SITE INVESTIGATION AND FIELD TESTING 

The site investigation and field testing for this project were carried out between 

September 25, 2010 and October 03, 2010 and consisted of drilling and sampling five boreholes to 

depths ranging from 11.2 m to 15.1 m.  Seven test pits were also dug to depths ranging from 4.4 m 

to 5.7 m on December 16, 2009 prior to the commencement of the Advance Contract (Contract 2).  

The approximate borehole and test pit locations are shown on the attached Borehole Locations and 

Soil Strata Drawing in Appendix D.  Test pit photographs are provided in Appendix C. 

The borehole locations were marked in the field by surveyors from Callon Dietz Inc. who also 

provided Terraprobe with their coordinates and geodetic elevations.  Test pit locations were 

established by referring to the staked centre line of Hwy. 406 NBL.   

Access to the desired borehole locations was difficult due to the recently cut and relatively steep 

slopes.  The boreholes were therefore relocated to be as close as feasible to the staked location 

while allowing safe operation of the drill rig.  Utility clearances and permits were obtained by 

Terraprobe prior to drilling.   

At the time of the field investigation the site was occupied by Dufferin Construction Company 

under MTO Contract No. 2010-2022.  Therefore, the field work was undertaken on weekends to 

avoid interference with Dufferin’s work and to ensure compliance with the Ministry of Labour 

requirements.   

Samples of the overburden soils were obtained at selected intervals using a split spoon sampler in 

conjunction with Standard Penetration Testing (SPT), as specified in ASTM Method D1586.  In the 

cohesive (clayey) deposits the undrained shear strength of the soil was measured in-situ by means 

of field vane tests using an MTO type field vane.  Relatively undisturbed soil samples were also 

collected with thin-walled Shelby Tube samplers.   

                                            
1 Chapman and Putnam, “The Physiography of South Ontario”, 3rd Edition, 1984. 
2 Ontario Division of Mines, “Quaternary Geology Of The Welland Area”, Preliminary Map P.796, 1972. 
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Ground water conditions in the open boreholes were observed throughout the drilling operations 

and standpipe piezometers consisting of 19 mm diameter PVC pipe with a slotted screen enclosed 

in sand were installed in selected boreholes to permit longer term ground water level monitoring.  

The remaining boreholes were abandoned in accordance with MOE Regulation 903 by 

sealing/grouting with a clay slurry mixture after drilling was complete.   

The locations and completion details of the piezometers are shown in Table 3.1. 

Table 3.1 – Piezometer Installation Details 

Piezometer 
Location 

Piezometer Details 

Tip Depth/ 
Elevation 

(m) 
Completion Details 

1 10.7/166.5 
Piezometer with 3.0 m slotted screen installed with filter sand to 7.1 m, 
bentonite seal from 7.1 m to 6.4 m, silty clay cuttings from 6.4 m to 0.6 m 
and bentonite seal from 0.6 m to ground surface. 

3 9.1/168.2 

Hole sealed to 9.1 m with bentonite, piezometer with 3.0 m slotted screen 
installed with filter sand to 5.5 m, bentonite seal from 5.5 m to 4.9 m, silty 
clay cuttings from 4.9 m to 0.6 m and bentonite seal from 0.6 m to ground 
surface. 

5 12.2/168.4 

Hole sealed to 12.2 m with bentonite, piezometer with 3.0 m slotted 
screen installed with filter sand to 7.9 m, bentonite seal from 7.9 m to 
7.3 m, silty clay cuttings from 7.3 m to 0.6 m and bentonite seal from 
0.6 m to ground surface. 

The drilling, sampling and in-situ testing operations were observed on a full time basis by members 

of Terraprobe’s technical staff who logged the boreholes and processed the recovered soil samples 

for transport to Terraprobe’s Brampton laboratory for further examination and testing.   

4 LABORATORY TESTING 

The recovered soil samples were subjected to Visual Identification (VI) and natural moisture 

content determination.  Select samples were also subjected to a laboratory testing programme 

consisting of gradation analysis, Atterberg Limits tests, unit weight and undrained shear strength 

testing with a laboratory vane.  The results of this testing program are shown on the Record of 

Borehole sheets in Appendix A and the Figures in Appendix B.   

5 DESCRIPTION OF SUBSURFACE CONDITIONS 

Reference is made to the Record of Borehole sheets and test pit logs in Appendix A.  Details of the 

encountered soil stratigraphy are presented in this appendix and on the “Borehole Locations and 

Soil Strata” drawing in Appendix D.  An overall description of the stratigraphy is given in the 

following paragraphs.  However, the factual data presented in the Record of Borehole Sheets and 

test pit logs governs any interpretation of the site conditions. 

In general, the site is underlain by topsoil, silty clay fill and native overburden deposits of silty clay 

and silt.   
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5.1 Topsoil 

An 80 mm thick layer of topsoil was encountered in Boreholes 4 and 5.  Topsoil thickness may 

vary between and beyond the boreholes.   

5.2 Fill – Silty Clay 

Some of the boreholes encountered silty clay fill material extending to depths ranging from 0.7 m 

(Elev. 179.9 m) to 1.8 m (Elev. 175.4 m) below ground surface.  The test pits encountered fill that 

extended to depths ranging from 4.1 m to 5.4 m below grade.   

Samples of this fill were subjected to grain size analysis and the results are illustrated in Figure B1.  

These results show a grain size distribution consisting of 0% gravel, 3-14% sand, 40-55% silt and 

31-57% clay size particles.   

The fill material was also subjected to Atterberg Limits tests and the results are plotted on the 

plasticity chart, Figure B2.  The index values from these tests are summarized below: 

   Liquid Limit:      32-46% 

   Plastic Limit:      21-22% 

   Plasticity Index:     12-24% 

   Natural Moisture Content:  25-27% 

These values are characteristic of clayey soils of low to intermediate plasticity.   

Standard Penetration tests in the silty clay fill gave ‘N’ values that ranged from 3 to 14 blows for 

0.3 m penetration.  Based on these results the fill is considered to have a soft to stiff consistency.  

The moisture content of samples of this fill ranged from 15% to 27% by weight. 

5.3 Silty Clay 

A silty clay deposit was encountered at this site in all of the boreholes extending at least to 

borehole termination depths ranging from 11.2 m (Elev. 166.0 m) to 15.1 m (Elev. 165.0 m).  In 

Boreholes 1 and 4 the silty clay is divided by a layer of silt.  The test pits encountered silty clay at 

depths ranging from 4.1 m to 5.4 m below grade and this silty clay extended at least to the depths 

of excavation i.e. 4.4 m to 5.7 m below grade.   

The grain size distribution curves of tested samples of the silty clay are presented in Figures B3 to 

B5 inclusive.  These results show a grain size distribution consisting of 0-7% gravel, 0-13% sand, 

31-81% silt and 18-68% clay size particles.   
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Samples of the silty clay were also subjected to Atterberg Limits tests and the results are illustrated 

on the plasticity chart, Figures B6 to B8 inclusive.  The index values from these tests are 

summarized below: 

   Liquid Limit:     22-52% 

   Plastic Limit:     15-25% 

   Plasticity Index:      5-27% 

   Natural Moisture Content: 16-37% 

These values indicate that the silty clay has a generally low to intermediate plasticity with clayey 

silt inclusions and infrequent zones of high plasticity.   

Standard Penetration tests in this stratum gave ‘N’ values that ranged from 1 to 27 blows for 0.3 m 

penetration.  Field vane tests gave in-situ undrained shear strengths ranging from 24 kPa to in 

excess of 100 kPa and laboratory vane tests on relatively undisturbed Shelby tube samples gave 

undrained shear strengths ranging from 22 kPa to 56 kPa.  These values indicate that the 

consistency of the silty clay is generally firm to very stiff with infrequent soft zones.  The moisture 

content of samples of the silty clay ranged from 16% to 37% by weight and the unit weight of 

selected samples ranged from 18.8 to 22.9 kN/m3. 

5.4 Silt 

Boreholes 1 and 4 encountered a silt deposit.  This stratum is approximately 1.6 m to 3.1 m thick 

and extends to depths ranging from 5.6 m (Elev. 171.6 m) to 11.7 m (Elev. 168.4 m) below ground 

surface.   

The grain size distribution plots of tested samples of the silt are presented in Figure B9.  These 

results show a grain size distribution consisting of 0% gravel, 1-2% sand, 92% silt and 6-7% clay 

size particles.   

The deposit is considered to have a loose to dense relative density based on SPT ‘N’ values that 

ranged from 7 to 47 blows for 0.3 m penetration.  The moisture content of samples from this 

deposit ranged from 21% to 25% by weight.   
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5.5 Water Levels 

A standpipe piezometer was installed in selected boreholes.  The water level readings measured on 

separate visits made after the completion of drilling are presented in Table 5.1. 

Table 5.1 – Water Level Measurements 

Borehole Date 
Water Levels 

Depth (m) Elevation (m) 

1 
October 03, 2010 
October 14, 2010 
October 20, 2010 

6.9 
2.7 
2.6

170.3 
174.5 
174.6 

3 
October 03, 2010 
October 14, 2010 
October 20, 2010 

1.9 
1.7 
1.8 

175.4 
175.6 
175.5 

5 

September 25, 2010 
October 03, 2010 
October 14, 2010 
October 20, 2010 

4.5 
4.1 
4.0 
4.0 

176.1 
176.5 
176.6 
176.6 

The ground water table was estimated based on the recorded water levels in the standpipe 

piezometers and our review of moisture contents of the retrieved samples.  This interpretation 

indicates a phreatic surface that generally follows the ground surface topography.  The water level 

exists at Elev. ±174.6 m at BH1 (Sta. 14+175) rising gently to Elev. ±175.5 m at BH3 

(Sta. 14+300).  The water level continues to rise northwards to BH5 (Sta. 14+475) where the 

recorded water level is Elev. ±176.6 m.   

All groundwater observations at this site are short term and the levels are expected to fluctuate 

seasonally and after severe weather events.   

5.6 Miscellaneous 

The drilling, sampling and in-situ testing operations were conducted with track-mounted drill rigs 

owned and operated by DBW Drilling Limited of Ajax, Ontario and Determination Drilling & Soil 

Investigations of Hamilton, Ontario.  The test pits were excavated with a 9010 Case Excavator 

owned and operated by R & D Construction of Thorold, Ontario.  The boreholes were advanced 

using solid stem auger drilling techniques.   

Mr. Marc Paoliello, E.I.T. and Mr. Bob Racher, C.E.T, carried out the field work and the 

laboratory testing was performed at Terraprobe’s Brampton laboratory.  The report was written by 

Rehman Abdul, P.Eng. and reviewed by Michael Tanos, P.Eng.   
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