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FOUNDATION INVESTIGATION REPORT 

NEW BRIDGE OVER NORTH SCHOMBERG RIVER 

FILL EMBANKMENTS AND SUCKER CREEK CULVERT 

HIGHWAY 400 AND LINE 5 INTERCHANGE RECONSTRUCTION 

BRADFORD WEST GWILLIMBURY, ONTARIO 

TBWG WP P13-03 

MTO GWP 2122-10-00 

 

GEOCRES No. 31D-605 

 

PART 1: FACTUAL INFORMATION 

1 INTRODUCTION 

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

design and reconstruction of the Highway 400 and Line 5 interchange in the Town of Bradford 

West Gwillimbury, Ontario.  This report includes geotechnical recommendations for the following 

design components: new bridge structure at Sideroad 5, Sucker Creek culvert extensions, high fills 

at the new Ramps N-EW and ES. 

The purpose of this investigation was to explore the subsurface conditions at the specific location 

of each of the proposed project component and, based on the data obtained, to provide borehole 

location plans and soil strata drawings with stratigraphic profiles and cross-sections (where 

required), records of boreholes, laboratory test results and written descriptions of the subsurface 

conditions.  A model of the subsurface conditions was developed for the site based on the data 

obtained from the present investigation. 

Thurber Engineering Ltd. (Thurber) carried out the investigation as a foundation sub-consultant to 

AECOM, ultimately for the Town of Bradford West Gwillimbury (TBWG). 

2 PROJECT AND SITE DESCRIPTION 

The site is located at the existing Highway 400 and Line 5 interchange; approximately 2.5 km 

south of Highway 400 and Simcoe Road 88 (former Highway 88) interchange in the Town of 

Bradford West Gwillimbury, Ontario. 

This report presents subsurface data for the high fills and ancillary structures of the proposed 

interchange reconstruction.  Foundation information of the main Highway 400 Line 5 underpass 

bridge and its immediate approaches are presented in Thurber report titled “Foundation 

Investigation Report, Highway 400 Line 5 Underpass and Interchange Reconstruction, Bradford 

West Gwillimbury, Ontario”, TBWG WP P13-03, MTO GWP 2122-10-00, dated January 16, 2015.  
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Details of the major project components covered by this report are summarized in the following 

table.  

Project Component Location 

New bridge  
- Realigned Sideroad 5 over the North Schomberg   

  River (approximately 700 m west of Highway 400) 

High fill embankments 

(higher than 4.5 m) 

- Line 5 (near Station 9+740)  

- Ramps N-EW, E-S and W-N (near Line 5)  

Low embankments   

(lower than 4.5 m) 
- Ramps S-EW and W-S, and Coffey Road 

Sucker Creek culvert extension 
- East and west extensions to Sucker Creek culvert under  

  Highway 400 (approximately 450 m north of Line 5) 

 

The lands surrounding the interchange are relatively flat and primarily used for agricultural 

purposes.  The existing Sideroad 5 and Coffey Road run alongside Highway 400 at the southwest 

and southeast quadrants, respectively.  The North Schomberg River meanders on the west side of 

Highway 400 and flows under the highway through a culvert to the north of Line 5.  Within the 

project area, vegetation cover largely consists of grass with some shrubs and small trees along the 

highway and Line 5.  On the west side of Highway 400, the land is relatively flat. 

Within the area of the new bridge at the proposed religned Sideroad 5, the land is relatively flat and 

covered with grass and shrubs, some residential dwellings are located approximately150 m north of 

the Line 5 and Sideroad 5 crossing. 

From published geological information, the site is located within the physiographic region known 

as the Schomberg Clay Plains which consists of deep deposits of stratified clay and silt overlying a 

drumlinized till plain.  Depending on their sizes, the drumlins are completely or partially buried by 

the clays and silt deposits.  The clay and silt deposits have average thicknesses of about 5 m 

although thicker deposits have also been identified.   

 

3 SITE INVESTIGATION AND FIELD TESTING 

Details of the site investigation and field testing for each project component are presented in    

Table 3.1.  Some of the boreholes were supplemented by dynamic cone penetration testing (DCPT) 

conducted from the base of the sampled borehole and extended to practical refusal or adequate 

depth below the foundations. 
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Table 3.1 – Borehole Designations and Details 

 

Design component 
Date 

(2014) 

Borehole 

Sampled 

borehole 

termination 

depth* (m) 

Sampled 

borehole 

termination 

elevation*      

(m) 

Appendi

x 

New Bridge 

New bridge at realigned 

Sideroad 5 over the North 

Schomberg River 

November 

6, 7, 10, 27, 

28, 

December 1 

14-43, 14-44 

14-45, 14-46 

14-47, 14-48 

9.4 to 15.7 
203.4 to 

212.0 
A 

High Fills 

 

High fill for Ramp N-EW 

(max. height 9.0 m) 

 

January 29 

and 30, 

October 27 

to 30,  

December 4, 

5 and 8 

 

14-01, 14-05, 

14-06, 14-07, 

14-08, 14-09, 

14-15, 14-52, 

13-24, 13-25, 

13-26 

8.2 to 22.2 

199.6 to 

215.2 

 

B 

High fill for Ramp E-S 

(max. height 10.0 m) 

 

October 23, 

28, 29, 

November 3 

and 4, 

December 2 

14-11, 14-12, 

14-14, 14-17, 

14-18 

10.2 to 22.2 
199.9 to 

211.1 
B 

High fill for Ramp W-N 

(max. height 6.0 m) 

 

November 

11 
14-31 8.2 217.0 B 

High fill for Line 5 

(max. height 6.0 m) 

 

November 

18 
14-23 8.2 215.2 B 

High fill and culvert 

 

October 23, 

24, 29, 30, 

November 4 

and 5 

14-15, 14-16, 

14-17, 14-51 
12.6 to  20.1 

202.1 to 

208.9 
B 

High fill and culvert 

October 27, 

28, 

November 

4, December 

3 

14-10, 14-12, 

14-13 
9.8 to 13.3 

208.3 to 

211.8 
B 

Low Fills 

Ramps S-EW and W-S, 

and Coffey Road 

(embankments less than 

4.5 m high) 

 

November 

14, 17 and 

19 

14-32 

14-38 

14-42 

6.7 to 8.2 
217.6 to 

219.5 
C 
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Design component 
Date 

(2014) 

Borehole 

Sampled 

Borehole 

termination 

depth* (m) 

Sampled 

Borehole 

termination 

elevation*      

(m) 

Appendix 

Culvert Extension 

Sucker Creek Culvert 

extension under  

Highway 400 

January 16, 

31,  

October 28, 

November 24 

14-01, 14-02, 

14-03, 14-04 
9.8 to 24.7 

202.8 to 

216.2 
D 

 

* Borehole termination depths include termination depth of DCPT 

 

The approximate locations of the boreholes drilled during the investigation are shown on the 

attached Borehole Locations and Soil Strata Drawings in Appendices A to D.  The coordinates and 

elevations of the boreholes are given on the drawings and on the individual Record of Borehole 

Sheets in Appendices A to D.   

The borehole locations were marked in the field and utility clearances were obtained prior to 

drilling.   

During this investigation, track mounted D90, D56 and D6 drill rigs were used at this site. A truck-

mounted drill rig was used for boreholes drilled on the existing Highway 400, Line 5 and Sideroad 

5 platforms.  A combination of solid and hollow-stem augers were used to advance the boreholes.  

Wash-boring methods with casing and tripod were employed at five borehole locations, where drill 

rig access was not possible, within the northwest quadrant of the Highway 400 and Line 5 

interchange.  Soils samples were obtained at selected intervals using a split spoon sampler in 

conjunction with Standard Penetration Testing (SPT).  The in situ shear strength of the soft to firm 

cohesive soils was also assessed using the MTO shear vane. 

The drilling and sampling operations were supervised on a full time basis by a member of 

Thurber’s technical staff.  The supervisor logged the boreholes and processed the recovered soil 

samples for transport to Thurber’s laboratory for further examination and testing. 

Groundwater conditions were observed in the open boreholes during and upon completion of the 

drilling operations.  Standpipe piezometers consisting of a 19 mm diameter Schedule 40 PVC pipe 

with a 3.0 m long slotted screen, were installed and enclosed in filter sand in selected boreholes to 

permit longer term groundwater level monitoring.  The completion details of the boreholes with 

piezometer installations are summarized in Table 3.2.  Boreholes without piezometer installations 

were backfilled with bentonite holeplug and drill cuttings, except for Borehole 14-52 where 

methane gas was encountered during drilling (see Section 3.1 for details). 
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Table 3.2 – Piezometer and Borehole Completion Details 

 

 

Design 

Component 

Borehole 

Number 

Piezometer 

Tip Depth / 

Elevation (m) 

Completion Details 

New bridge at 

realigned 

Sideroad 5 over 

the North 

Schomberg River 

14-45 15.4/206.4 

Backfilled with filter sand from 15.4 to 

12.9m, bentonite holeplug from 12.9 to 6.7 m, 

then bentonite holeplug and auger cuttings 

from 6.7 m to ground surface. 

14-47 15.2/203.7 

Backfilled with filter sand from 15.5 to     

11.6 m, bentonite holeplug from 11.6 to 9.4m, 

bentonite holeplug and auger cuttings from 

9.4 to 0.9 m, then bentonite holeplug to 

ground surface. 

 

High fill for 

Ramp N-EW 

 

14-01 9.1/213.4 

Backfilled with filter sand from 9.8 to 5.8 m, 

bentonite holeplug from 5.8 to 4.0 m, 

bentonite holeplug and auger cuttings from 

4.0 to 0.15 m, then cement to ground surface. 

14-06 9.1/213.6 

Backfilled with filter sand from 9.1 to 6.7 m, 

bentonite holeplug from 6.7 m to ground 

surface. 

14-08 9.1/212.3 

Backfilled with filter sand from 9.8 to 5.5 m, 

bentonite holeplug from 5.5 to 3.0 m, 

bentonite holeplug and auger cuttings from 

3.0 to 0.15 m, then cement to ground surface. 

13-24 7.6/215.8 

Backfilled with filter sand from 8.2 to 4.3 m, 

bentonite holeplug and auger cuttings from 

4.3 m to ground surface. 

13/25 10.7/213.5 

Backfilled with filter sand from 11.3 to 7.3 m, 

bentonite holeplug and auger cuttings from 

7.3 m to ground surface. 

13-26 10.6/215.2 

Backfilled with filter sand from 11.3 to 7.3 m, 

bentonite holeplug and auger cuttings from 

7.3 m to ground surface. 

High fill for 

Ramp W-N 
14-31 7.6/217.7 

Backfilled with filter sand from 8.2 to 3.9 m, 

bentonite holeplug and auger cuttings from 

3.9 m to ground surface. 

High fill and 

culvert 

14-16 12.8/208.4 

Backfilled with filter sand from 13.3 to 9.4 m, 

bentonite holeplug from 9.4 m to ground 

surface. 

14-17 12.5/209.0 

Backfilled with filter sand from 13.3 to 8.9 m, 

bentonite holeplug from 8.9 to 5.2 m, then 

bentonite holeplug and auger cuttings to 

ground surface. 

High fill and 

culvert 
14-10 9.1/212.3 

Backfilled with filter sand from 9.8 to 6.5 m, 

bentonite holeplug from 6.5 m to ground 

surface. 
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Design 

Component 

Borehole 

Number 

Piezometer 

Tip Depth / 

Elevation (m) 

Completion Details 

14-13 

9.4/212.4 

Deep Piezometer 

Backfilled with filter sand from 9.8 to 5.8 m, 

bentonite holeplug and auger cuttings from 

5.8 to 0.15 m, then cement to ground surface. 

3.0/218.5 

Shallow piezometer 

Backfilled with filter sand from 3.6 to 1.4 m, 

bentonite holeplug and auger cuttings from       

1.4 to 0.15 m, then cement to ground surface. 

Sucker Creek 

Culvert extension 

(north of Line 5) 

14-04 10.7/211.6 

Backfilled with filter sand from 11.3 to 7.3 m, 

then bentonite holeplug and auger cuttings 

from 7.3 m to ground surface. 

 

Once groundwater monitoring is completed, all piezometer installations will be decommissioned in 

accordance with Ministry of the Environment Regulation 903 and its Amendments (the water well 

regulation under the OWRA).   

3.1 Methane Gas  

The following summarizes factual information associated with the encountering and 

handling of methane gas in Borehole 14-52.  

● On October 30, 2014, methane gas was encountered while conducting drilling 

operations in Borehole 14-52.  This borehole is located approximately 50 m north 

of Line 5 and 125 m west of Highway 400 in an open field.  As the drilling 

advanced to 18.1 m depth (Elevation 203.8 m) within the native silty clay, the drill 

rig was slightly shifted.  While augers were being removed, water gushed out from 

the borehole and then settled down at 0.9 m depth.  Bubbling sound was heard in 

the borehole and the augers were vibrating.  Drilling operations were ceased with 

deployment of safety measures (e.g. shut off drill rig, advise fire department, use 

of gas mask) and gas monitoring commencing immediately. 

● On October 31, a gas detector indicated that hydrogen sulphide gas (H2S) was 

emitting from the borehole.  An area of approximately 9 m in radius surrounding 

the borehole and the drill rig was cordoned off.    

● On November 1, methane gas (CH4) was detected with a concentration of 

30,000ppm inside the borehole. 

● On November 2, the methane readings were 40,000 ppm inside and 500 ppm 

outside of the borehole. 
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● On November 3, the augers in the ground were lifted up for about 0.9 m using a 

mechanical jack.  Before the augers were lifted, the methane reading inside the 

borehole was 50,000 ppm and 1,000 ppm outside.  As the augers were removed, 

the methane gas concentration inside the borehole dropped from 50,000 ppm to 

30,000 ppm.  Readings in the atmosphere above the borehole decreased from 1,000 

ppm to 0 ppm. 

● On November 4 and 5, the borehole was grouted and backfilled using pumped 

cement, concrete and peltonite.  Methane readings decreased from 40,000 ppm to 

1,200 ppm inside the borehole (as the level of grout rose) and from 1,200 ppm to 

below 600 ppm immediately above the borehole (after the grout reached ground 

surface).  The methane readings above the borehole eventually dropped to 0 ppm. 

● On November 6 and 7, methane readings remained at 0 ppm above the borehole. 

It is noted that the local residents indicated that methane gas has occasionally been 

encountered in the existing wells in the vicinity and the sound of bubbling gas is not 

uncommon. 

4 LABORATORY TESTING 

All recovered soil samples were subjected to visual identification and to natural moisture content 

determination.  At least 25% of the recovered soil samples were subjected to grain size distribution 

analysis.  Atterberg Limits tests were carried out on selected samples of native silty clay and silty 

clay till to determine the plasticity characteristics.  The results of the laboratory testing are 

summarized on the Record of Borehole sheets and also presented on the figures included in 

Appendices A to F. 

5 DESCRIPTION OF SUBSURFACE CONDITIONS 

Reference is made to the Record of Borehole sheets included in Appendices A to F.  Details of the 

encountered soil stratigraphy are presented in these appendices and on the “Borehole Locations and 

Soil Strata” drawings also in Appendices A to F.  An overall description of the stratigraphy for 

each design component is given in the following paragraphs.  However, the factual data presented 

in the Record of Borehole Sheets governs any interpretation of the site conditions.   

In general, the subsurface stratigraphy at the location of each of the project components consists of 

surficial topsoil, asphalt or fill overlying native silty clay.  The silty clay is generally firm to very 

stiff within the upper 4 to 6 m, firm to soft to approximately 11 to 12 m depth, then becomes stiff to 

hard with depth.  Very stiff to hard silty clay till was contacted below the silty clay.  The till is 

underlain by a dense to very dense layer of sands and silts.  The groundwater level within the 

cohesive deposits is at, or less than 2 m depth below, existing ground surface.   
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5.1 New Bridge at realigned Sideroad 5 over the North Schomberg River 

                 

A total of six boreholes, numbered 14-43 to 14-48, were drilled near the location of the 

proposed bridge at the realigned Sideroad 5, located approximately 640 m west of 

Highway 400.  Boreholes 14-44, 14-45, 14-47 and 14-48 were drilled at the proposed 

abutments, and Boreholes 14-43 and 14-46 at the proposed approach embankments.  

Records of boreholes, laboratory testing results and stratigraphic drawings are contained in 

Appendix A.  

5.1.1 Topsoil 

Topsoil was encountered at ground surface in Boreholes 14-43, 14-45, 14-46 and 14-48, 

with a thickness varying from 25 to 125 mm. 

The topsoil thickness may vary between and beyond the borehole locations, and the limited 

data presented in this report should not be used for quantity estimation purposes. 

5.1.2 Silty clay 

A deposit of native silty clay was encountered below topsoil in Boreholes 14-43, 14-45, 

14-46 and 14-48 and surficially in Boreholes 14-44 and 14-47.  The silty clay contained 

trace sand and gravel and occasional roots and rootlets.  It was generally brown to grey in 

colour.  The thickness of the silty clay ranged from 5.7 to 8.7 m.  The base of this deposit 

varied between 5.7 and 8.8 m depths (Elevations 212.9 to 214.8 m). 

In situ vane testing in the silty clay indicated that the undrained shear strength typically 

ranges from 44 to 100 kPa.  SPT ‘N’ values typically ranged from 3 to 15 blows per 0.3 m 

of penetration indicating a firm to stiff consistency.  An SPT ‘N’ value of 19 blows per 0.3 

m of penetration was measured in Borehole 14-46 indicating a very stiff zone near 

Elevation 220.8 m.  The moisture contents ranged from 14% to 35%. 

Samples of silty clay were subjected to gradation analysis and Atterberg Limits testing.  

Grain size distribution curves for samples of silty clay tested are presented on the Record 

of Borehole sheets and on Figures A1 and A2 in Appendix A.  Atterberg Limit test results 

are presented on Figures A6 and A7 of Appendix A.  The results of the laboratory test are 

summarized as follows: 

Soil Particles Percentage (%) 

Gravel 0  

Sand 0 to 13 

Silt 45 to 68 

Clay 32 to 53 
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Soil Particles Percentage (%) 

Liquid Limit 28 to 37 

Plasticity Index 8 to 17 

 

The results indicate that the silty clay typically has low to medium plasticity (CL to CI). 

5.1.3 Sandy silt, Sand and Silt to Silty Sand 

A layer of sandy silt, sand and silt to silty sand containing trace gravel, trace to some clay 

and occasional clay pockets was contacted below the silty clay in all the boreholes, except 

in Borehole 14-46 at depths ranging from 5.7 to 8.8 m.  The thickness of these cohesionless 

soils ranged from 3.0 to 6.2 m in Boreholes 14-44, 14-45 and 14-48.  Boreholes 14-43 and 

14-47 were terminated within the sand and silt layers at 9.4 and 15.5 m depths (Elevations 

210.7 to 203.4 m), respectively.  Where fully penetrated, the base of these soils were at 8.8 

to 13.2 m depths (Elevations 211.7 to 208.5 m). 

SPT ‘N’ values recorded in the sands and silts ranged from 18 blows for 0.3 m penetration 

to greater than 100 blows for less than 0.3 m of penetration indicating a compact to very 

dense condition.   

The moisture contents generally ranged from 4% to 13%.  Moisture contents of 20% were 

measured in Boreholes 14-44 and 14-48. 

Samples of sandy silt, sand and silt, and silty sand were subjected to gradation analysis.  

Grain size distribution results are presented on the Record of Borehole sheets and on 

Figure A3 of Appendix A.  The results of the laboratory test are summarized as follows: 

Soil Particles Percentage (%) 

Gravel 0 to 13 

Sand 17 to 57 

Silt 20 to 58 

Clay 8 to 25 

 

5.1.4 Sand and Gravel 

A layer of sand and gravel was encountered below the silty sand at 8.8 m depth in Borehole 

14-44.  The thickness of the sand and gravel layer was 1.4 m.  The base of the layer was at 

10.2 m depth (Elevation 210.3 m). 

An SPT ‘N’ value recorded in the sand and gravel was 100 blows for less than 0.3 m of 

penetration indicating a very dense state. 

The moisture content of the sand and gravel was 9%. 
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5.1.5 Silty Clay Till 

Grey silty clay till containing some sand and trace to some gravel was contacted below the 

sands and silts at 10.2 m depth in Borehole 14-44, at 11.8 m depth in Borehole 14-45, 

below the silty clay at 8.5 m depth in Borehole 14-46, and at 13.2 m depth in Borehole 14-

48.  The thickness of the silty clay till was 2.0 m where fully penetrated in Borehole 14-44.  

The base of the silty clay till was at 12.2 m depth (Elevations 208.3 m) in Borehole 14-44.  

Boreholes 14-45, 14-46 and 14-48 were terminated within the silty clay till at 9.8 to 15.7 m 

depths (Elevation 206.0 to 212.0 m). 

Where measured, SPT ‘N’ values were greater than 100 blows for less than 0.3 m of 

penetration indicating a hard consistency.  An ‘N’ value of 23 blows per 0.3 m of 

penetration indicating a very stiff consistency was measured in the silty clay till in 

Borehole 14-46.   

The measured moisture content of samples of the silty clay till ranged from 9% to 13%. 

Two samples of the silty clay till were subjected to gradation analysis.  Grain size 

distribution results are presented on the Record of Borehole sheets and on Figure A4 of 

Appendix A.  The results of the laboratory test are summarized as follows: 

Soil Particles Percentage (%) 

Gravel 3 to 7 

Sand 27 to 30 

Silt 41 to 45 

Clay 21 to 26 

 

Glacial tills inherently contain cobbles and boulders. 

5.1.6 Sand 

A layer of sand containing trace silt and trace gravel was contacted below the silty clay till 

in Borehole 14-44 at 12.2 m depth.  Boreholes 14-44 was terminated within the sand layer 

at 13.9 m depth (Elevation 206.6 m). 

SPT ‘N’ values recorded in the sand were 100 blows for less than 0.3 m of penetration 

indicating very dense condition. 

The measured moisture contents of samples of the sand were between 8% and 9%. 

A sample of sand was subjected to gradation analysis.  Grain size distribution curve for the 

sand sample tested is presented on the Record of Borehole sheets and on Figure A5 of 

Appendix A.  The results of the laboratory test are summarized as follows: 
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Soil Particles Percentage (%) 

Gravel 9 

Sand 56 

Silt 26 

Clay 9 

 

5.1.7 Groundwater Levels 

Water levels were observed in the open boreholes upon completion of drilling operations.  

Standpipe piezometers were installed in two boreholes to monitor water levels after 

completion of drilling.  The water levels measured in the piezometers along with the 

measurements recorded in the open boreholes upon completion of drilling are summarized 

in Table 5.1. 

Table 5.1 – Water Level Measurements 

Borehole 

Number Date 

Water Levels 

Comment Depth 

(m) 

Elevation 

(m) 

14-43 November 7, 2014 1.1 219.0 Open borehole 

14-44 November 6, 2014 1.3 219.2 Open borehole 

14-45 
December 8, 2014 

January 6, 2015 

0.7 

0.9 

221.1 

220.9 

Piezometer 

Piezometer 

14-46 November 27, 2014 2.6 219.2 Open borehole 

14-47 
December 8, 2014 

January 6, 2015 

0.9 

0.5 

218.0 

218.4 

Piezometer 

Piezometer 

14-48 November 28, 2014 1.9 219.8 Open borehole 

 

The piezometric readings indicate that water level at this site ranges from 0.5 to 0.9 m 

depths below ground surface (Elevations 218.4 to 220.9 m).   

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

fluctuate seasonally and after severe weather events. 

 

5.2 High Fills for Ramps N-EW, E-S and W-N, and Line 5 (near Station 9+740)  

                 

A total of twenty two boreholes (numbered 14-01, 14-05 to 14-18, 14-23, 13-24, 13-25, 13-

26, 14-31, 14-51, 14-52) were drilled at the northwest quadrant of the Highway 400 and 

Line 5 interchange, where two ramps (high fills) and two new culverts are proposed.  The 

high fills are approximately 9 to 10 m high.  Selected boreholes were positioned along the 

alignments of Ramps N-EW and E-S, and Culverts 1E and 1H.  Two of these boreholes 

were drilled along alignments of Ramp W-N and Line 5 (Station 9+740), respectively, 

where embankments are between 4.5 and 6.0 m high.  Dynamic cone penetration testing 
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(DCPT) was conducted from the base of Boreholes 14-09 and 14-14 which extended to 

22.2 m depth. 

5.2.1 Topsoil 

Topsoil was encountered surficially in all the boreholes drilled for the high fills and 

Culverts 1E and 1H, except in Boreholes 14-05 and 14-23.  The topsoil thickness typically 

ranged from 150 to 800 mm, except in Boreholes 14-06, 14-14, 14-16 and 13-25 where the 

topsoil thickness varied from 25 to 100 mm.  

The topsoil thickness may vary between and beyond the borehole locations, and the limited 

data presented in this report should not be used for quantity estimation purposes. 

5.2.2 Fill 

A layer of brown to grey silty clay fill with sand, trace to some gravel with occasional 

rootlets and wood fibres was contacted below the topsoil in Boreholes 13-25 and 13-26.  

The thickness of the silty clay fill was 2.8 to 2.9 m.  A 0.6 m thick layer of brown clayey 

silt fill with sand, trace gravel was encountered below the topsoil in Borehole 13-24.  A 

layer of brown sand fill containing trace gravel was encountered at ground surface in 

Borehole 14-23.  The thickness of the sand fill was 1.1 m.  The depth to the base of these 

fill deposits ranged between 0.8 and 3.0 m (Elevations 221.1 to 222.9 m). 

SPT ‘N’ values recorded in the silty clay/clayey silt fill ranged from 8 to 20 blows per 

0.3m penetration indicating a stiff to very stiff consistency.  An SPT ‘N’ value in the sand 

fill was 9 blows per 0.3 m of penetration, indicating a loose state. 

The measured moisture content of samples of the silty clay/clayey silt fill ranged from 14% 

to 24%.  A moisture content in the sand fill was measured at 13%. 

Samples of silty clay/clayey silt fill were subjected to gradation analysis and Atterberg 

Limits testing.  Grain size distribution curves for samples of silty clay/clayey silt fill tested 

are presented on the Record of Borehole sheets and on Figure B1 in Appendix B.  

Atterberg Limit test results are presented on Figures B13 of Appendix B.  The results of 

the laboratory test are summarized as follows: 

Soil Particles Percentage (%) 

Gravel 0 to 11 

Sand 21 to 38 

Silt 31 to 53 

Clay 19 to 26 
 

Soil Particles Percentage (%) 

Liquid Limit 38 

Plasticity Index 16 
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The results indicate that the silty clay fill has a medium plasticity (CI). 

5.2.3 Sand, Sandy Silt to Silty Sand 

Layers of sand, sandy silt and silty sand containing trace gravel and clay were contacted 

below the topsoil or interbedded within the silty clay in Boreholes 14-05 to 14-11, 14-13, 

14-15, 14-17, 14-23 and 14-51 at depths ranging from 0.6 to 2.4 m. Some clay to clayey 

zones were noted in Boreholes 14-13 and 14-15.  Gravelly sand was noted in Boreholes 14-

05, 14-09, 14-10 and 14-11.  The thickness of the sands and silts ranged from 0.4 to 1.8 m.  

The depth to the base of these cohesionless soils ranges from 1.4 to 4.1 m (Elevations 

217.3 to 220.8 m). 

SPT ‘N’ values recorded in these layers ranged from 5 to 20 blows for 0.3 m penetration 

indicating loose to compact conditions.  

The measured moisture contents of samples of the sands and silts ranged from 5 to 20%. 

Two samples of sand and silt were subjected to gradation analysis testing.  The results of 

these tests are summarized in the table below as well as on the Record of Borehole sheets 

included in Appendix B.  Figure B2 in Appendix B presents the grain size distribution 

curves for these samples. 

 

Soil Particles Sand/Silt 

Gravel 0 

Sand  41 to 42 

Silt  36 to 39 

Clay  20 to 22 

 

A pocket of clay encountered within the sand layer in Borehole 14-13 was tested for 

Atterberg Limits and the results indicated a plasticity index of 10% and a liquid limit of 

25%.  This clay has a low plasticity (CL).  Test results are presented in Figure B14. 

5.2.4 Sand and gravel 

A 1.1 m thick layer of sand and gravel was contacted below the sand and silt at 1.4 m depth 

in Borehole 14-13.  The depth to the base of this layer was 2.5 m (Elevation 219.0 m). 

SPT ‘N’ value recorded in the sand and gravel was 35 blows for 0.3 m penetration, 

indicating a dense condition. 

The measured moisture content in the sand and gravel was 6%. 
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5.2.5 Silty clay 

An extensive deposit of native brown to grey silty clay containing trace to some sand, and 

occasionally with sand, trace gravel was encountered typically below topsoil and the 

surficial cohesionless soils in all boreholes, except for Borehole 14-05 where the silty clay 

was contacted at ground surface.  The boreholes were terminated within the silty clay at 

depths ranging from 8.2 to 20.1 m (Elevations 202.1 to 215.2 m). 

Imeediately underlying the topsoil or exposed at ground surface, a silty clay layer up to 

600mm in thickness is mixed with topsoil and roots, and has higher water contents and 

lower SPT ‘N’ values.  This softer layer has likely resulted from previous farming activites 

and free-thaw effects.      

Within the silty clay, a weathered crust in the order of 3 to 4 m thick, transitioning to a 

lightly over-consolidated zone of between 4 m to 10 m thick, was encountered in most of 

the boreholes.  In Boreholes 14-01, 14-05 to 14-07, 13-23 to 13-26 and 14-31, the crust 

was apparently thicker and measured up to about 7 m.  The silty clay generally becomes 

stiff to very stiff with depth below the lightly over-consolidated zone. 

Within the weathered crust, the SPT ‘N’ values recorded in the silty clay typically ranged 

from 4 to 22 blows per 0.3 m of penetration indicating a firm to very stiff consistency.  

Field vane shear strengths measured in the crust in Borehole 14-01 ranged from 55 to 90 

kPa.  There were occasional soft zones at shallow depths as indicated by ‘N’ values of 3 

blows.   

In the underlying lightly over-consolidated zone, the SPT ‘N’ values generally varied from 

1 to 8 blows per 0.3 m of penetration.  In conjunction with field vane shear values 

generally ranging between 20 and 50 kPa, this zone has a soft to firm consistency.  

Occasional values up to 60 kPa indicate the presence of stiff layers.   

The measured moisture content of samples of the silty clay ranged from 9% to 38%.  A 

moisture content of 50% was measured in Borehole 14-06 at about 8 m depth. 

Samples of silty clay were subjected to gradation analysis and Atterberg Limits testing.  

Grain size distribution curves for samples of silty clay tested are presented on the Record 

of Borehole sheets and on Figures B3 to B12 in Appendix B.  Atterberg Limit test results 

are presented on Figures B15 to B21 of Appendix B.  The results of the laboratory test are 

summarized as follows: 

Soil Particles Percentage (%) 

Gravel 0 to 5 

Sand 0 to 40 

Silt 26 to 72 

Clay 21 to 59 
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Soil Particles Percentage (%) 

Liquid Limit 21 to 38  

Plasticity Index 9 to 19 

 

The results indicate that the silty clay typically has low plasticity (CL).  Two samples of 

the silty clay from Borehole 13-24 and one sample from Borehole 13-25 showed medium 

plasticity (CI). 

5.2.6 Silt 

A layer of grey silt containing trace sand and clay was contacted at 16.9 m depth in 

Borehole 14-14.  The thickness of the silt layer was 1.4 m.  The depth to the base of the silt 

was at 18.3 m (Elevation 203.8 m). 

An SPT ‘N’ value of 14 blows per 0.3 m of penetration indicating a compact state was 

measured. 

The measured moisture content of a sample of the silt was 22%.  

5.2.7 Groundwater Levels 

Water levels were observed in the open boreholes upon completion of drilling operations.  

Standpipe piezometers were installed in twelve boreholes to monitor water levels after 

completion of drilling.  The water levels measured in the piezometers along with the 

measurements recorded in the open boreholes upon completion of drilling are summarized 

in Table 5.2.   

Table 5.2 – Water Level Measurements 

Borehole 

Number Date 

Water Levels 

Comment Depth 

(m) 

Elevation 

(m) 

14-01 

November 7, 2014 

December 8, 2014 

January 6, 2015 

1.4 

1.2 

1.4 

221.1 

221.3 

221.1 

Piezometer 

Piezometer 

Piezometer 

14-05 December 8, 2014 1.1 221.1 Open borehole 

14-06 
December 8, 2014 

January 6, 2015 

1.0 

1.0 

221.7 

221.7 

Piezometer 

Piezometer 

14-07 December 4, 2014 1.6 220.0 Open borehole 

14-08 

November 7, 2014 

December 8, 2014 

January 6, 2015 

2.5 

2.4 

2.7 

219.0 

219.1 

218.8 

Piezometer 

Piezometer 

Piezometer 

14-09 October 29, 2014 2.1 219.7 Open borehole 

14-10 
December 8, 2014 

January 6, 2015 

1.4 

2.1 

220.0 

219.3 

Piezometer 

Piezometer 

14-11 December 2, 2014 1.4 219.9 Open borehole 

14-12 November 4, 2014 1.9 219.7 Open borehole 
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14-13 

December 8, 2014 

January 6, 2015 

1.2* 

1.3* 

220.3 

220.2 

Piezometer 

Piezometer 

December 8, 2014 

January 6, 2015 

1.2 

1.4 

220.3 

220.1 

Piezometer 

Piezometer 

14-14 October 29, 2014 2.5 219.6 Open borehole 

14-15 October 30, 2014 1.9 220.3 Open borehole 

14-16 

November 7, 2014 

December 8, 2014 

January 6, 2015 

1.6 

1.4 

2.0 

219.6 

219.8 

219.2 

Piezometer 

Piezometer 

Piezometer 

14-17 

November 7, 2014 

December 8, 2014 

January 6, 2015 

1.9 

1.7 

1.7 

219.6 

219.8 

219.8 

Piezometer 

Piezometer 

Piezometer 

14-18 November 3, 2014 2.0 219.9 Open borehole 

13-24 February 26, 2014 2.5 220.9 Piezometer 

13-25 February 26, 2014 2.5 221.7 Piezometer 

13-26 February 26, 2014 4.7 221.2 Piezometer 

14-31 
December 8, 2014 

January 6, 2015 

0.3 

0.4 

225.0 

224.9 

Piezometer 

Piezometer 

14-51 October 24, 2014 1.7 219.8 Open borehole 

14-52 October 30, 2014 1.0 220.9 Open borehole 

                
* Shallow piezometer 

The piezometric readings indicate that the water level to the west of Highway 400 ranges 

from 1.0 to 2.7 m depth below ground surface (Elevations 218.8 to 221.7 m).  On the east 

side of Highway 400, Borehole 14-31 recorded a water level very close to ground surface 

at 0.4 m depth, or Elevation 224.9 m.   

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

fluctuate seasonally and after severe weather events. 

5.3 Ramps S-EW and W-S, and Coffey Road - Fills lower than 4.5 m  

                   

Boreholes 14-32, 14-38 and 14-42 were drilled at selected locations within the alignments 

of the proposed Ramps S-EW and W-S, and Coffey Road (Station 10+890), respectively, 

where the embankments are lower than 4.5 m.  

5.3.1 Topsoil 

Topsoil of 0.8 m in thickness was contacted surficially in Borehole 14-42.  

The topsoil thickness may vary between and beyond the borehole locations, and the limited 

data presented in this report should not be used for quantity estimation purposes. 

5.3.2 Asphalt 

Pavement structure consisting of asphalt overlying granular fill materials (road base) was 

encountered in Boreholes 14-32 and 14-38.  The thickness of the asphalt was 25 to 100mm. 
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5.3.3 Fill 

A layer of brown to dark brown sand fill containing some gravel to gravelly was contacted 

below the asphalt in Boreholes 14-32 and 14-38. The thickness of the sand fill was 0.8 and 

1.1 m in Boreholes 14-32 and 14-38, respectively.  The depth to the base of the sand fill 

was 0.9 to 1.1 m (Elevations 226.8 to 224.2 m). 

An SPT ‘N’ value for the sand fill of 12 blows per 0.3 m indicated a compact condition.   

Moisture contents measured in this fill ranged from 4% to 7%. 

5.3.4 Sandy silt 

A 0.6 m thick layer of native brown sandy silt was encountered below the sand fill at 0.9 m 

depth in Borehole 14-32.  The depth to the base of the sandy silt was 1.5 m (Elevation 

226.2 m). 

An SPT ‘N’ value of 19 blows per 0.3 m of penetration was measured in the sandy silt 

indicating a compact condition.   

A moisture content measured in the sandy silt was 19%. 

5.3.5 Silty clay 

Native brown to grey silty clay containing trace sand and gravel was encountered below 

the topsoil, sand fill and sandy silt layers.  Cobbles were inferred in Borehole 14-42 near 

Elevation 220.4 m.   

Boreholes 14-32, 14-38 and 14-42 were terminated within the silty clay at depths ranging 

from 6.7 to 8.2 m (Elevations 217.6 to 219.5 m). 

SPT ‘N’ values recorded in the silty clay typically ranged from 11 to 27 blows per 0.3 m of 

penetration indicating a stiff to very stiff consistency.  An SPT ‘N’ value of 49 blows per 

0.3 m of penetration, indicating a hard consistency, was measured in Borehole 14-42 near 

Elevation 221 m.  The measured moisture content ranged from 15% to 29%. 

Samples of silty clay were subjected to gradation analysis and Atterberg Limits testing.  

Grain size distribution curves for samples of silty clay tested are presented on the Record 

of Borehole sheets and on Figure C1 of Appendix C.  Atterberg Limit test results are 

presented on Figure C2 of Appendix C.  The results of the laboratory test are summarized 

as follows: 

Soil Particles Percentage (%) 

Gravel 0  

Sand 0 to 4 

Silt 55 to 63 

Clay 37 to 45 
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Soil Particles Percentage (%) 

Liquid Limit 28 to 37 

Plasticity Index 12 to 17 

 

The results indicate that the silty clay typically has low plasticity (CL) with occasional 

zones of medium plasticity (CI). 

5.3.6 Groundwater Levels 

The water levels measured in the open boreholes upon completion of drilling are 

summarized in Table 5.3.  No piezometer was installed in any of these three boreholes.   

Table 5.3 – Water Level Measurements 

Borehole 

Number 
Date 

Water Levels 

Comment Depth 

(m) 

Elevation 

(m) 

14-38 November 17, 2014 1.9 223.4 Open borehole 

14-42 November 14, 2014 3.4 220.9 Open borehole 

 

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

fluctuate seasonally and after severe weather events. 

 

5.4 Sucker Creek Culvert Extension - Highway 400 north of Line 5 

                 

Four boreholes, numbered 14-01 to 14-04, were drilled near the culvert extension 

footprints at the west and east ends of the existing Sucker Creek Culvert.  A dynamic cone 

penetration test was conducted in Borehole 14-02 which extended to 24.7 m depth 

(Elevation 202.8 m). 

5.4.1 Topsoil 

Topsoil was encountered surficially in Boreholes 14-01 and 14-04, drilled at both ends of 

the culvert.  The topsoil thickness was 800 mm and 125 mm on the west and east sides of 

the existing culvert, respectively. 

The topsoil thickness may vary between and beyond the borehole locations, and the limited 

data presented in this report should not be used for quantity estimation purposes. 

5.4.2 Asphalt 

Pavement structure consisting of asphalt overlying granular fill materials (road base) was 

encountered in Boreholes 14-02 and 14-03, drilled on the shoulders of Highway 400.  The 

thickness of the asphalt was 75 to 125 mm. 



Highway 400 and Line 5 Interchange  Page 19 

High Fills and Ancillary Structures 

_______________________________________________________________________________

  

                                                              

5.4.3 Fill 

A layer of granular fill consisting of brown sand and gravel, some silt, was encountered 

below the asphalt in Boreholes 14-02 and 14-03.  The thickness of the granular fill was 1.1 

m and 0.7 m in Boreholes 14-02 and 14-03, respectively.    

A layer of brown silty clay fill containing trace to some sand and trace gravel was 

contacted below the sand and gravel fill at 0.8 m depth in Borehole 14-03.  The thickness 

of the silty clay fill was 3.8 m.  The depths to the base of the granular fill varied between 

1.2 and 0.8 m (Elevations 226.3 and 226.7 m).  The depth to the base of the silty clay fill 

was 4.6 m (Elevation 222.8 m).   

SPT ‘N’ values recorded in the granular fill were 17 and 29 blows for 0.3 m penetration, 

indicating a compact condition.  The SPT ‘N’ values of the silty clay fill ranged from 17 to 

26 blows per 0.3 m of penetration indicating a very stiff consistency.   

Moisture contents of the sand and gravel fill were 3% to 4%, and those measured for the 

silty clay fill were 7% to 21%. 

One sample of the sand and gravel fill, and one sample of the silty clay fill, were subjected 

to laboratory gradation analysis.   

Grain size distribution results for these tests are presented on the Record of Borehole sheets 

included in Appendix D and on Figures D1 and D2 of Appendix D.  The results of the 

laboratory test are summarized as follows: 

 

 

 

 

 

 

 

A sample of the silty clay fill was tested for Atterberg Limits and the results revealed a 

plasticity index of 11% and a liquid limit of 26% indicating a low plasticity (CL).  The 

results of the Atterberg Limits are presented in Figure D5 of Appendix D. 

5.4.4 Silty Clay 

A deposit of native brown to grey silty clay was encountered below the topsoil and fill.  

The silty clay typically contained trace gravel and trace to some sand, except in Borehole 

14-02 where the clay contains a higher proportion of sand.   

Soil Particles 
Percentage (%) 

Granular Fill 

Percentage (%) 

Silty Clay Fill 

Gravel 39 0 

Sand 50 0 

Silt - 48 

Clay - 52 

Silt and Clay 11 - 
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Borehole sampling was terminated within the silty clay at depths ranging from 9.8 m to     

13.1 m (Elevations 211.0 to 216.2 m). 

Within the upper crust, SPT ‘N’ values recorded in the silty clay typically ranged from 6 to 

19 blows for 0.3 m of penetration indicating a firm to very stiff consistency.  Below the 

crust, a firm to stiff zone was generally encountered as indicated by SPT ‘N’ values 

ranging from 4 to 9 blows per 0.3 m of penetration.  In situ vane shear strengths in the silty 

clay ranged from 88 to 40 kPa.  In Borehole 14-03, the silty clay was very stiff to stiff 

throughout the investigated depth.  

The measured moisture contents of samples of the silty clay ranged from 9% to 26%.  

Moisture contents of 35% and 44% were measured at shallower depths in Borehole 14-04 

indicating a layer of wet, softer clay just below the topsoil. 

Samples of silty clay were subjected to gradation analysis and Atterberg Limits testing.  

Grain size distribution results are presented on the Record of Borehole sheets in Appendix 

D and on Figures D3 and D4.  Atterberg Limit test results are presented on Figures D6 and 

D7 of Appendix D.  The results of the laboratory test are summarized as follows: 

 

Soil Particles Percentage (%) 

Gravel 0 to 5 

Sand 0 to 24 

Silt 40 to 61 

Clay 30 to 50 

 

Soil Particles Percentage (%) 

Liquid Limit 22 to 34 

Plasticity Index 11 to 15 

 

The results indicate that the silty clay has low plasticity (CL). 

5.4.5 Groundwater Levels 

Water levels were observed in the open boreholes upon completion of drilling operations.  

Standpipe piezometers were installed in two boreholes to monitor water levels after 

completion of drilling.  The water levels measured in the piezometers along with 

measurements recorded in the open boreholes upon completion of drilling are summarized 

in Table 5.4.   
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Table 5.4 – Water Level Measurements 

Borehole 

Number Date 

Water Levels 

Comment Depth 

(m) 

Elevation 

(m) 

14-01 

November 7, 2013 

December 8, 2014 

January 6, 2015 

1.4 

1.2 

1.4 

221.1 

221.3 

221.1 

Piezometer 

Piezometer 

Piezometer 

14-02 November 24, 2014 5.9 221.6 Open borehole 

14-03 January 16, 2014 9.4 218.1 Open borehole 

14-04 January 21, 2014 1.3 221.0 Piezometer 

 

The piezometric readings indicate that water level at this site ranges from 1.2 m to 1.4 m 

(Elevations 221.1 to 221.3 m) depth below ground surface.   

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

fluctuate seasonally and after severe weather events. 

 

6 MISCELLANEOUS 

Borehole locations were established in the field based on information provided by URS.  The 

ground surface elevation and coordinates at all as-drilled borehole locations were established by 

Thurber upon completion of drilling.  Underground utility clearances were obtained for the 

borehole locations prior to drilling. 

Walker Drilling Inc. of Utopia, Ontario supplied track-mounted and truck-mounted drill rigs, as 

well as a portable rig mounted on a tripod, and conducted the drilling, sampling and in-situ testing 

operations.   

The field investigation was supervised by Mr. George Azzopardi, C.E.T. and Ms. Eckie Siu of 

Thurber.  Geotechnical laboratory testing was carried out in Thurber’s Toronto Area laboratory.  

Planning and co-ordination of the field program was conducted by Mr. Lukasz Gilarski, P.Eng.  

Overall direction of the program was provided by Mr. Sydney Pang, P.Eng.  Interpretation of the 

data and preparation of this report was carried out by Mr. Sydney Pang, P.Eng. and                      

Ms. R. Palomeque Reyna, P.Eng. 

The report was reviewed by Mr. P.K. Chatterji, P.Eng., who is a Designated Principal Contact for 

MTO Foundations Projects.   
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Appendix A 

 

New Bridge at Sideroad 5, over the North Schomberg River 

 

Boreholes 14-43 to 14-48 

 

 

 

 Record of Borehole Sheets  

 Laboratory Test Results 

 Drawing titled “Borehole Locations and Soil Strata” 
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BENTONITE HOLEPLUG AND
AUGER CUTTINGS TO SURFACE.
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Silty CLAY, trace sand, occasional
roots and rootlets
Firm
Brown
Moist

Brown to Grey

Trace sand
Grey
Wet

Stiff

Silty SAND, some clay, trace gravel
Compact
Grey
Wet

Very Dense

SAND and GRAVEL
Very Dense
Grey
Wet
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Silty CLAY, some sand, trace gravel
Hard
Grey
Moist
(TILL)

SAND, trace silt, trace gravel
Very Dense
Grey
Wet

END OF BOREHOLE AT 13.9m.
WATER LEVEL IN OPEN BOREHOLE
AT 1.3m UPON COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG AND
AUGER CUTTINGS TO SURFACE.
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TOPSOIL: (75mm)

Silty CLAY, trace sand, trace gravel,
occasional roots and organics
Firm to Stiff
Dark Brown to Brown
Moist

Grey
Moist

Some sand
Wet

Wet to Moist

Sandy SILT, trace gravel
Compact
Grey
Moist
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Sandy SILT, trace gravel
Very Dense
Grey
Moist

Occasional cobble

Silty CLAY, with sand, trace gravel
Hard
Grey
Moist
(TILL)

END OF BOREHOLE AT 15.4m.
Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with a 1.52m slotted screen.

WATER LEVEL READINGS:
DATE          DEPTH (m)       ELEV. (m)
Dec 08/ 14       0.7                221.1
Jan 06/ 15        0.9                220.9
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TOPSOIL: (100mm)

Silty CLAY, trace sand, occasional
roots
Very Stiff to Stiff
Dark Brown to Brown
Moist

Trace gravel

Firm

Grey
Moist

Firm

Silty CLAY, some sand, trace gravel
Very Stiff
Grey
Moist
(TILL)

END OF BOREHOLE AT 9.8m.
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WATER LEVEL IN OPEN BOREHOLE
AT 2.6m UPON COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG AND
AUGER CUTTINGS TO SURFACE.
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Silty CLAY, trace sand, occasional
roots and rootlets
Firm to Stiff
Dark Brown
Moist

Occasional wood fibres

Grey

Sandy SILT, some clay, occasional
clay pockets
Very Dense
Grey
Wet

Moist

SAND and SILT, some clay, trace
gravel
Very Dense
Grey
Moist
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Sandy SILT, some clay, trace gravel
Very Dense
Grey
Moist

Wet sand layer (125mm) at 10.9m

Occasional sand layers

Silty SAND, trace clay, trace gravel
Very Dense
Grey
Moist

END OF BOREHOLE AT 15.5m.
Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with a 1.52m slotted screen.

WATER LEVEL READINGS:
DATE          DEPTH (m)       ELEV. (m)
Dec 08/ 14       0.9                218.0
Jan 06/ 15        0.5                218.4
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Appendix B 

 

High Fill for Ramps N-EW, E-S and W-N and Line 5 (station 9+740) 

 

Boreholes 14-01, 13-05 to 14-18, 14-23, 13-24, 13-25, 13-26, 14-31, 14-51, 14-52 

 

 

 

 

 Record of Borehole Sheets  

 Laboratory Test Results 

 Drawing titled “Borehole Locations and Soil Strata” 
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Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with a 1.52m slotted screen.

WATER LEVEL READINGS:
DATE          DEPTH (m)       ELEV. (m)
Nov 07/ 14       1.4                221.1
Dec 08/ 14       1.2                221.3
Jan 06/ 15        1.4                221.1

NOTE: Field vane shear values were
measured in a separate hole located
adjacent to the original sampled
borehole.
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Silty CLAY, trace sand, trace gravel,
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Gravelly SAND
Loose
Brown
Wet

Silty CLAY, trace to some sand, trace
gravel, occasional black sand layer
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WATER LEVEL AT 1.1m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO
SURFACE.
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TOPSOIL: (75mm)

Silty CLAY, some sand, trace gravel,
occasional rootlets, occasional oxide
staining
Firm to Very Stiff
Brown
Moist

SAND, trace silt, trace gravel
Loose
Brown
Wet

Silty CLAY, trace sand, trace gravel
Stiff
Brown to Grey
Moist

Grey

Wet

END OF BOREHOLE AT 9.8m.
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Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with a 1.52m slotted screen.

WATER LEVEL READINGS:
DATE          DEPTH (m)       ELEV. (m)
Dec 08/ 14       1.0                221.7
Jan 06/ 15        1.0                221.7
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TOPSOIL, trace roots and rootlets
Loose
Dark Brown
Moist

Silty CLAY, some sand, trace gravel
Firm
Brown
Moist

SAND, trace gravel
Compact to Loose
Brown
Wet

Silty CLAY, trace sand, trace gravel
Stiff
Grey
Moist

Wet

END OF BOREHOLE AT 9.8m.
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WATER LEVEL AT 1.6m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO
SURFACE.
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TOPSOIL: (175mm)

Silty CLAY, trace sand, occasional
organics, occasional rootlets
Stiff
Brown
Moist

SAND, trace silt, trace gravel
Loose
Grey
Wet

Silty CLAY, trace sand
Stiff
Grey
Moist

Wet

Firm

END OF BOREHOLE AT 9.8m.
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Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with a 3.05m slotted screen.

WATER LEVEL READINGS:
DATE          DEPTH (m)       ELEV. (m)
Nov 07/ 14       2.5                219.0
Dec 08/ 14       2.4                219.1
Jan 06/ 15        2.7                218.8
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TOPSOIL: (175mm)

Silty CLAY, trace to some sand,
mixed with organics, occasional roots
and rootlets
Firm to Stiff
Brown to Grey

Occasional sand seams, occasional
oxide staining

Gravelly SAND
Compact
Brown
Wet

Silty CLAY, trace to some sand, trace
gravel
Stiff
Grey
Moist

Firm
Wet
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Silty CLAY, trace sand
Firm to Stiff
Grey
Wet

Very Stiff

End of sampling at 17.4m and start of
DCPT
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END OF BOREHOLE AT 22.2m
UPON DCPT REFUSAL.
WATER LEVEL AT 2.1m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG AND
AUGER CUTTINGS TO SURFACE.
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TOPSOIL, occasional roots and
rootlets
Compact
Dark Brown
Moist

Silty CLAY, trace sand, trace gravel,
occasional organics
Firm
Brown to Grey
Moist

Gravelly SAND
Compact
Brown
Wet

Silty CLAY, trace sand
Firm
Grey
Wet
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Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with a 1.52m slotted screen.

WATER LEVEL READINGS:
DATE          DEPTH (m)       ELEV. (m)
Dec 08/ 14       1.4                220.0
Jan 06/ 15        2.1                219.3
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TOPSOIL, clayey, occasional roots
Loose
Dark Brown
Moist

Silty CLAY, mixed with organics,
some sand, trace gravel
Firm
Brown
Moist

Occasional roots and rootlets
Dark Brown

Gravelly SAND
Compact
Grey
Wet

Silty CLAY, trace sand
Firm to Stiff
Grey
Moist

Very Stiff

Wet
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END OF BOREHOLE AT 10.2m.
WATER LEVEL AT 1.4m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO
SURFACE.
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TOPSOIL, occasional roots and
rootlets
Loose
Dark Brown
Moist

Silty CLAY, trace sand, occasional
rootlets
Soft
Brown
Moist

Stiff to Very Stiff

Grey
Wet

Soft to Firm
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Silty CLAY
Firm
Grey
Wet

END OF BOREHOLE AT 13.3m.
WATER LEVEL AT 1.9m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG AND
AUGER CUTTINGS TO SURFACE.
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TOPSOIL, occasional roots and
rootlets
Loose
Dark Brown
Moist

SAND and SILT, some clay to clayey,
pockets of clay
Loose
Brown
Moist

SAND and GRAVEL
Dense
Brown
Wet

Silty CLAY, trace to some sand, trace
gravel
Stiff to Very Stiff
Grey
Moist

Firm to Soft
Wet

END OF BOREHOLE AT 9.8m.
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WATER LEVEL AT 1.7m UPON
COMPLETION.
Piezometers installation consists of two
19mm diameter Schedule 40 PVC
pipes with a 1.52m and 3.05m slotted
screen.

NOTE: A separate hole was drilled for
installing the shallow piezometer.

WATER LEVEL READINGS (DEEP
PIEZOMETER):
DATE          DEPTH (m)       ELEV. (m)
Dec 08/ 14       1.2                220.3
Jan 06/ 15        1.4                220.1

WATER LEVEL READINGS
(SHALLOW PIEZOMETER):
DATE          DEPTH (m)       ELEV. (m)
Dec 08/ 14       1.2                220.3
Jan 06/ 15        1.3                220.2
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TOPSOIL: (100mm)

Silty CLAY, trace to some sand,
occasional organics, occasional roots
and rootlets
Firm to Soft
Brown and Grey
Moist

Trace gravel, occasional sand layer

Stiff to Very Stiff
Grey

Firm to Soft
Wet
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Silty CLAY, trace sand, trace gravel
Firm
Grey
Wet

SILT, trace sand, trace clay
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Wet

Silty CLAY, some sand
Stiff
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Wet
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END OF BOREHOLE AT 22.2m
UPON DCPT REFUSAL.
WATER LEVEL AT 2.5m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG AND
AUGER CUTTINGS TO SURFACE.
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TOPSOIL, trace roots and rootlets,
trace sand
Loose
Dark Brown
Moist

SAND and SILT, some clay
Compact
Brown
Moist

Silty CLAY, trace sand, trace gravel
Stiff
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Moist
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Silty CLAY
Firm to Stiff
Grey
Wet

Trace sand

Some sand, trace gravel
Moist

Sandy
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END OF BOREHOLE AT 20.1m.
WATER LEVEL AT 1.9m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG AND
CUTTINGS TO SURFACE.
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TOPSOIL: (25mm)

Silty CLAY, trace sand, occasional
roots, occasional organics
Stiff to Firm
Brown to Dark Brown
Moist

Very Stiff
Brown to Grey
Moist

Firm to Soft
Grey
Wet
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Silty CLAY
Soft to Firm
Grey
Wet

END OF BOREHOLE AT 13.3m.
Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with a 3.0m slotted screen.

WATER LEVEL READINGS:
DATE          DEPTH (m)       ELEV. (m)
Nov 07/ 14       1.6                219.6
Dec 08/ 14       1.4                219.8
Jan 06/ 15        2.0                219.2
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TOPSOIL, some sand, occasional
roots and rootlets
Loose
Dark Brown
Moist

Sandy SILT, occasional sand seams
Loose
Brown
Moist

SAND, trace silt
Compact
Brown
Wet

Silty CLAY, trace to some sand
Stiff to Very Stiff
Grey
Moist

Trace gravel

Wet
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Silty CLAY, occasional sand seams
Firm
Grey
Wet

END OF BOREHOLE AT 13.3m.
Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with a 3.05m slotted screen.

WATER LEVEL READINGS:
DATE          DEPTH (m)       ELEV. (m)
Nov 07/ 14       1.9                219.6
Dec 08/ 14       1.7                219.8
Jan 06/ 15        1.7                219.8
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TOPSOIL, trace roots and rootlets
Loose
Dark Brown
(Frozen)

Silty CLAY, trace sand, occasional
rootlets
Firm
Brown to Grey

Stiff
Grey
Moist

Trace sand
Wet

Stiff
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Silty CLAY, trace sand, occasional silt
seams
Firm
Grey
Wet

END OF BOREHOLE AT 13.3m.
WATER LEVEL AT 2.0m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG AND
AUGER CUTTINGS TO SURFACE.
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SAND, trace gravel
Loose
Brown
Moist
(FILL)

Silty CLAY, some sand, trace gravel
Stiff
Brown
Moist

SAND, some gravel, trace clay
Compact
Brown
Moist

Silty CLAY, trace sand, trace gravel
Stiff to Very Stiff
Brown to Grey
Moist

END OF BOREHOLE AT 8.2m.
BOREHOLE DRY UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG AND
AUGER CUTTINGS TO SURFACE.
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TOPSOIL: (150 mm)

Clayey SILT, with sand, trace gravel,
occasional rootlets
Stiff
Brown
Moist
(FILL)

Silty CLAY, trace sand
Stiff to Very Stiff
Brown
Moist

Grey
Wet

Firm

END OF BOREHOLE AT 8.2 m.
BOREHOLE OPEN TO 8.2 m AND
WATER LEVEL AT 8.2m.
Piezometer installation consists of 19
mm diameter Schedule 40 PVC pipe
with a 3.0 m slotted screen.

WATER LEVEL READINGS:
DATE          DEPTH (m)       ELEV. (m)
Feb 26/ 14       2.5                220.9
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TOPSOIL: (50 mm)

Silty CLAY, with sand, trace gravel
Very Stiff to Stiff
Brown
Moist
(FILL)

Occasional rootlets
Grey

Silty CLAY, trace sand, trace gravel
Firm to Stiff
Grey
Moist

Very Stiff
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Silty CLAY
Firm
Grey
Wet

END OF BOREHOLE AT 11.3 m.
BOREHOLE OPEN TO 10.6 m AND
WATER LEVEL AT 7.1 m.
Piezometer installation consists of 19
mm diameter Schedule 40 PVC pipe
with a 3.0 m slotted screen.

WATER LEVEL READINGS:
DATE          DEPTH (m)       ELEV. (m)
Feb 26/ 14       2.5                221.7
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TOPSOIL: (175 mm)

Silty CLAY, with sand, trace to some
gravel, occasional rootlets
Stiff to Very Stiff
Brown
Moist
(FILL)

Occasional wood fibres
Grey

Silty CLAY, with sand, trace gravel,
occasional rootlets
Stiff
Grey
Moist

Occasional rootlets, occasional wood
fibres
Dark Grey to Dark Brown
Moist

Very Stiff

Firm
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Silty CLAY, some sand
Firm
Grey
Wet

END OF BOREHOLE AT 11.3 m.
BOREHOLE OPEN TO 10.6 m AND
WATER LEVEL AT 7.8 m.
Piezometer installation consists of 19
mm diameter Schedule 40 PVC pipe
with a 3.0 m slotted screen.

WATER LEVEL READINGS:
DATE          DEPTH (m)       ELEV. (m)
Feb 26/ 14       4.7                221.2
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TOPSOIL, occasional roots
Firm
Dark Brown
Moist

Silty CLAY, trace sand, trace gravel
Firm
Brown
Moist

Very Stiff

Grey

END OF BOREHOLE AT 8.2m
Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with a 3.0m slotted screen.

WATER LEVEL READINGS:
DATE          DEPTH (m)       ELEV. (m)
Dec 08/ 14       0.3                225.0
Jan 06/ 15        0.4                224.9
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Silty CLAY
Stiff
Grey
Wet

END OF BOREHOLE AT 12.6m.
WATER LEVEL AT 1.7m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG AND
AUGER CUTTINGS TO SURFACE.
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TOPSOIL, some clay, occasional
roots and rootlets
Loose
Dark Brown
Moist

Silty CLAY, with sand, occasional
roots
Soft to Firm
Brown
Moist

Occasional sand layer
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Silty CLAY, trace sand
Firm
Grey
Wet

With sand, trace gravel
Very Stiff
Grey
Moist

BOREHOLE STARTED BUBBLING
AT 18.1m.
Methane gas detected in the borehole.
Monitoring of the methane gas was
conducted during and after removel of
augers.
Borehole was grouted / sealed on
November 5, 2014. Gas readings
outside of borehole dropped to 0ppm.
WATER LEVEL AT 1.0m BELOW
SURFACE.
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FIGURE  B12
Foundation Engineering, Hwy. 400 and 5th Line
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FIGURE  B13
Foundation Engineering, Hwy. 400 and 5th Line
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FIGURE  B14
Foundation Engineering, Hwy. 400 and 5th Line
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FIGURE  B15
Foundation Engineering, Hwy. 400 and 5th Line
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FIGURE  B16
Foundation Engineering, Hwy. 400 and 5th Line
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FIGURE  B17
Foundation Engineering, Hwy. 400 and 5th Line
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FIGURE  B18
Foundation Engineering, Hwy. 400 and 5th Line
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FIGURE  B19
Foundation Engineering, Hwy. 400 and 5th Line
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FIGURE  B20
Foundation Engineering, Hwy. 400 and 5th Line
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Foundation Engineering, Hwy. 400 and 5th Line
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Appendix C 

 

Ramps S-EW and W-S and Coffey Rd. - Embankments less than 4.5 m high, 

Boreholes 14-32, 14-38 and 14-42 

 

 

 

 Record of Borehole Sheets  

 Laboratory Test Results 

 Drawing titled “Borehole Locations and Soil Strata” 
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Appendix D 

 

Culvert extensions at Sucker Creek Culvert, Highway 400 

 

Boreholes 14-01 to 14-04 

 

 

 

 Record of Borehole Sheets  

 Laboratory Test Results 

 Drawing titled “Borehole Locations and Soil Strata” 
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Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with a 1.52m slotted screen.

WATER LEVEL READINGS:
DATE          DEPTH (m)       ELEV. (m)

Nov 07/ 14       1.4                221.1
Dec 08/ 14       1.2                221.3
Jan 06/ 15        1.4                221.1

NOTE: Field vane shear values were
measured in a separate hole located
adjacent to the original sampled
borehole.
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END OF BOREHOLE AT 24.7m.
WATER LEVEL IN OPEN BOREHOLE
AT 5.9m UPON COMPLETION.

BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG AND
AUGER CUTTINGS TO 0.2m, THEN
ASPHALT TO SURFACE.
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11 SS 13

Silty CLAY, trace sand
Stiff
Grey
Wet

END OF BOREHOLE AT 11.3m.
BOREHOLE OPEN TO 11.3m AND
WATER LEVEL AT 9.4m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG AND
AUGER CUTTINGS TO 0.3m,
CONCRETE TO 0.1m THEN
ASPHALT PATCH TO SURFACE.
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TOPSOIL: (125 mm)

Silty CLAY, trace sand, occasional
rootlets
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11 SS 6

Silty CLAY
Firm to Stiff
Grey
Wet

END OF BOREHOLE AT 11.3 m.
BOREHOLE OPEN TO 11.3 m AND
WATER LEVEL AT 1.5 m.
Piezometer installation consists of 19
mm diameter Schedule 40 PVC pipe
with a 3.0 m slotted screen.

WATER LEVEL READINGS:
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FIGURE  D5
Foundation Engineering, Hwy. 400 and 5th Line
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FIGURE  D6
Foundation Engineering, Hwy. 400 and 5th Line



0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80

CL

CL-ML

ML

CL

CI

OL

MI-OI

CH

MH-OH

P
LA

S
T

IC
IT

Y
 I

N
D

E
X

LIQUID LIMIT

 SILTY CLAY

ATTERBERG LIMITS TEST RESULTS

219.71
215.90
211.33

2.59
6.40

10.97

LEGEND

14-04
14-04
14-04

BOREHOLE ELEV. (m)DEPTH (m)SYMBOL

T
H

U
R

B
A

LT
  0

61
5.

G
P

J 
 2

/1
3/

1
5

Date

Chkd.

Prep'd AN

RPRW.P.

February 2015

P-13-03

FIGURE  D7
Foundation Engineering, Hwy. 400 and 5th Line






