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1. INTRODUCTION 

Peto MacCallum Ltd. (PML) prepared this report for the Ministry of Transportation of Ontario 

(MTO) as the Retainer Assignment task No. 2013-E-0039-010. 

This assignment includes the preparation of the following five separate reports. 

PML 
 REF. No. 

FIR AND FIDR DESCRIPTION 

15TF020-1 Highway 400 Upgrading Median Sewers Northern Part from Mapleview Drive to Essa Road 

15TF020-2 Highway 400 Upgrading Lateral Sewers Northern Part from Mapleview Drive to Essa Road 

15TF020-3 Highway 400 Upgrading Median Sewers Southern Part from Innisfil Beach Road to Mapleview Drive 

15TF020-4 Highway 400 Upgrading Lateral Sewers Southern Part from Innisfil Beach Road to Mapleview Drive 

15TF020-5 Highway 400 Culvert Headwalls for Culvert 96 and Inlet Headwall for Culvert 107 

This report summarizes the results of a foundation investigation carried out along Highway 400 

approximately from Mapleview Drive to Essa Road for the upgrading of the median sewer and 

including new lateral sewers. 

The project involves the proposed installation of new lateral and longitudinal sewer pipes and 

replacement of existing sewer sections and inspection holes (manholes). This report provides 

details of the northern part of the assignment. The southern part from Innisfil Beach Road to 

Mapleview Drive is provided under separate cover.  

The purpose of this investigation report is to summarize the subsurface stratigraphy and 

groundwater conditions encountered in the boreholes drilled along the Highway 400 within 
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northern part of the project. The boreholes are applicable to both the longitudinal and lateral 

sewers. 

It should be noted that the window for carrying out the field work for this investigation was limited.  

As a result, ten (10) boreholes were strategically located to obtain an approximate model of 

subsurface conditions along Highway 400 Sta. 26+297 to 28+905 (North Part).  The Contractor 

shall be advised to carry out additional field investigation, such as additional boreholes and/or test 

pits to confirm the stratigraphy.  Depth of the fill will be deeper than shown in the boreholes, 

especially in the areas near where there are existing storm sewer lines where boreholes were not 

drilled in the trenches.   

2. SITE DESCRIPTION AND GEOLOGY 

The project site is located in the Simcoe Lowlands Physiographic Region of Southern Ontario, the 

Simcoe lowland plain sloping gently toward the southwest and terminating against the Niagara 

Escarpment. Although the slope of the surface and the dip of the underlying Ordovician strata are 

both generally southwest-ward, the dip of the strata is steeper than the slope of the surface. The 

soil deposits are either deltaic or lacustrine in origin. The Simcoe lowlands consist of two lobes of 

sand plain which include shores of Kempenfelt Bay, the Nottawasaga River and Innisfil Creek.  

The surficial soils of these sections of the Simcoe lowlands consist primarily of sand although silt, 

clay or peat may be found on low-lying areas. 

The topography of the project area is generally flat to gently undulating, except for the highway 

embankments.  The interchange of Highway 400 and Mapleview Drive is in a commercial and 

industrial area and was modified to the present condition by cutting approximately 6.0 m below the 

present grade of highway 400.  The site is generally lined by farmland and heavily wooded area 

along Highway 400. Discontinuous sections contain commercial developments are also located 

from the Mapleview Drive interchange northerly and a residential community is located on the 

north side of the Essa Road interchange.  
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3. INVESTIGATION PROCEDURES 

The borehole drilling for this study was carried out during the period from February 23 to 27, 2016.  

The investigation included ten (10) boreholes numbered 11 to 20 drilled to depths of 5.0 to 5.2 m 

and located as shown on the attached Drawings 17/25 to 25/25.   

The borehole locations were cleared of underground services and then established in the field by 

portable GPS device and were strategically located to provide a minimum safe distance between 

the drilling equipment and the existing sewer pipe.  The borehole locations and elevations were 

surveyed by PML in MTM NAD 83 northing and easting coordinates.  All elevations in this report 

are expressed in metres. 

All of the boreholes were advanced from the shoulder adjoining the median of the Highway 400 

NBL, with the exception of Borehole 13 that was drilled on the S-E/W ramp at Mapleview Drive. 

Boreholes were advanced using continuous flight solid stem augers, powered by a track-mounted 

CME-75 drill rig. The drill rig used for drilling was owned and operated by Tri-Phase of 

Mississauga, Ontario.  Tri-Phase is a specialist drilling contractor, was working under the full-time 

supervision of a member of PML’s engineering staff.   

Representative soil samples were recovered from the boreholes at regular 0.75 or 1.5 m depth 

intervals using a conventional split spoon sampler during drilling. Standard penetration tests were 

conducted simultaneously with the sampling operation to assess the strength characteristics of 

the substrata.  

The groundwater conditions at the borehole locations were assessed during drilling by visual 

examination of the soil, the sampler and drill rods as the samples were retrieved and, when 

appropriate by measurement of the water level in the open borehole. Total of four (4) piezometer 

were installed at strategic borehole locations (Borehole 11, 15, 17 and 20) to record the water 

level in the long term.  
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Upon completion of drilling the boreholes were backfilled with bentonite/cement grout in 

accordance with the MTO guidelines and MOE Regulation 903 for borehole abandonment 

procedures. The piezometer were not decommissioned to provide update groundwater data at the 

time of construction.   

Soils were identified in the field accordance with the MTO Soil Classification procedures. The 

recovered soil samples were returned to our laboratory for detailed visual examination, classification 

and routine moisture content determination in addition, the laboratory testing program included the 

following: 

 Natural moisture content determinations (63) 

 Grain size distribution analyses (17) 

 Atterberg Limits Testing (4) 

The results of the laboratory grain size distribution analyses and Atterberg Limits Testing are 

presented in Figures SR-GS-1 to SR-GS-3 and SR-PC-1, respectively.  All of the test results are 

summarized on the Record of Borehole sheets. 

4. SUMMARISED SUBSURFACE CONDITIONS 

Reference is made to the appended Record of Borehole sheets for details of the subsurface 

conditions including soil classifications, inferred stratigraphy, boundary elevations, standard 

penetration test data and groundwater observations.  The results of laboratory Atterberg limits 

testing, grain size distribution analyses and natural moisture content determinations are also 

shown on the Record of Borehole sheets. 

A Key Plan of the project is provided in Drawing 400WM-A.  The borehole locations and 

stratigraphic profile prepared from the borehole data are shown on Drawings 17/25 to 25/25.  The 

boundaries between soil strata have been established at the borehole locations only.  Between 

and beyond the boreholes, the boundaries are assumed and may vary. 
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The subsurface stratigraphy revealed in the boreholes drilled at the site generally comprised 

pavement structure over fill underlain by sand / silty sand and sand till deposits at depth.  Cobbles 

and boulders were encountered in boreholes SR-BH 12 and SR-BH 15.  It is noted that the level 

of the fill in the existing sewer trenches is deeper than shown on the borehole logs.  In particular, 

Borehole SR-BH 13 was terminated at 5.2 m (El. 284.9) in native soils, whereas the nearby 

existing pipe was likely installed with a cut and cover technique and the depth of fill material could 

extend below the existing pipe to El. 284.5.  

The groundwater level was at elevation 292.4 at borehole SR-BH 12.  Four piezometers were 

installed in borehole SR-BH 11, SR-BH 15, SR-BH 17 and SR-BH 20. The water levels in the 

piezometers were recorded at depth of 3.25 to 3.72 m, elevation 294.1 to 267.2 m, except for 

borehole SR-BH-20 that remained dry. 

The strata encountered are summarised below. 

4.1 Pavement Structure 

Asphalt layer ranging in thickness from 100 mm to 200 mm was encountered in all the boreholes.  

Pavement structure consists of compact to very dense sand with varying proportions of gravel.  

This granular base layer ranges in thickness from 300 mm to 670 mm and extends to a depth of 

300 mm to 800 mm (El. 297.1 to El. 258.3).     The moisture content of the granular base layer 

ranged from 2% to 8%.  

4.2 Fill 

The pavement structure is immediately followed by sand to silty sand fill layer in all of the boreholes 

located on the median, with the exception of SR-BH-16.  This fill layer ranges in thickness from 

400 mm to as high as 3.6 m and extends to a depth ranging from 900 mm to 4.1 m (El. 294. 7 to El. 

256.1) below the asphalt surface.  The SPT values in this fill layer varies widely and range from as low 

as 2 blows/300 mm to 31 blows/300 mm, indicating very loose to dense state of compaction. 
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The moisture content of this fill material varies from 1% to as high as 17%. The results of the grain 

size distribution analyses of four representative samples from this fill layer are shown on Figure 

SR-GS-1 in Appendix --. The test results reveal that the sand to silty sand fill consists of 1% to 5% 

gravel, 61% to 77% sand, 20% to 25% silt and 2% to 10% clay.   

This fill layer was also found in Borehole SR-BH-13 that was located on the S-E/W ramp at Mapleview 

Drive.  The thickness of fill in SR-BH-13 was about 3.2 m and extend to a maximum depth of 4.0 m 

(El. 286.1).  The SPT values in this fill vary from 5 blows/300 mm to 31 blows/300 mm, indicating loose 

to dense state of compaction.  The moisture content of the samples from this fill varies 2% to 18%.  The 

high moisture content value of 18% corresponds to the sample with a blow count of 5/300 mm.    

The results of grain size distribution analyses performed on 3 samples of the sand fill are 

presented in Figure SR-GS-1. 

4.3 Sand to Silty Sand  

The embankment fill in all of the boreholes, with the exception of SR-BH-13 and SR-BH-15, is 

underlain by sand to silty sand deposit at a depth ranging from 0.8 m to 4.1 m (El.256.1 to El. 294.7) 

below the asphalt surface. In SR-BH-13 and 15, the embankment fill is underlain by gravelly sand.  

This sandy deposit extends to the maximum depth of investigation of 5.2 m (El. 253.9). Occasional 

cobble layers were encountered in SR-BH-12 and SR-BH-15, which is reflected by the high SPT 

values.  In general, SPT values in this deposit range from 14 blows/300 mm to as high as 56 

blows/300 mm, indicating compact to very dense state of compaction.   

Moisture content of this deposit, with the exception of Sample SS6 from SR-BH-11 (Silt) varies 

from 3% to 19%.  The sand and silt contents of this deposit vary widely.  The results of the sieve 

analysis test performed on ten representative samples from this deposit are provided on Figure 

SR-GS-2. The test results indicate that the sand to silty sand deposit consists of 0% to 12% 

gravel, 54% to 90% sand, 9% to 36% silt and 1% to 13% clay.  However, the Sample SS6 from 

SR-BH-11 consisted of 9% sand, 83% silt and 8 % clay.       
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4.4 Gravelly Sand  

The sandy fill in Boreholes SR-BH-13 and SR-BH-15 are immediately followed by gravelly sand 

layer, which extends to the maximum depth of investigation of 5.2 m (El. 283.0).  The SPT values 

in this layer vary from 26 blows/300 mm to as high as 56 blows/300 mm, indicating compact to 

very dense state of compaction.  . 

The moisture content of the gravelly sand deposit varied from 2 to 8%.  Grain size distribution 

analysis was performed on three representative samples from this layer and the results are 

provide on Figure SR-GS-3.  The test results indicate that this layer consists of 245 to 33% gravel, 

51% to 59% sand, 6% to 17% silt, and 2% to 6% clay.  

4.5 Groundwater 

In BH-12, groundwater was observed at a depth of 1.7 m (El. 293.1) while advancing the 

borehole.  Upon completion of drilling, groundwater level was measured at a depth of 2.4 m 

(El. 292.4), which indicates the existence of a perched groundwater.  Groundwater was not 

observed in any of the boreholes other than BH-12 during or upon completion of drilling. 

The groundwater levels was monitored from February 24 to April 19, 2016.  The groundwater 

levels measured in the piezometers installed in Boreholes BH-11, BH-15, BH-17 and BH-20 are 

provided in the Table 4.5. 

Table 4.5 – Piezometer Water Level 

Borehole No. 
February 24 – 27, 2016 April 14, 2016 

Depth (m) Elevation (m) Depth (m) Elevation (m) 

11 Dry Dry 3.6 294.1 

15 Dry Dry 3.7 284.5 

17 Dry Dry 3.2 267.3 

20 Dry Dry Dry Dry 

 The groundwater levels at the site are subject to seasonal fluctuations and precipitation patterns. 
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100mm asphalt over
sand and gravel
Compact    Brown

(PAVEMENT FILL)

Sand to silty sand

Compact    Brown    Moist
(FILL)

Sand to silty sand
trace clay, trace gravel

Compact    Brown/   Moist
to dense   grey     to wet

End of borehole
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Borehole dry

Upon completion of
augering, no cave-in
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150mm asphalt over
gravelly sand

Compact    Grey/
           brown

(PAVEMENT FILL)

Gravelly sand, some silt

Compact    Brown    Moist
(FILL)

Gravelly sand, trace to some
silt, trace clay

Compact to Brown/   Moist
very dense grey

cobbles

End of borehole

Piezometer Readings:

Date      Depth   Elev.
           (m)

Feb. 27/'16 Dry   -----
Apr. 19/'16 3.7   284.5

Piezometer Legend:

1

2

3

4

5

6

18
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44

45

55

26

Borehole dry

Water level measured
in piezometer

Upon completion of
augering, no cave-in

Flush cover and
concrete
Bentonite seal

Filter sand

Screen

Backfill
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180mm asphalt over
gravelly sand

Dense      Grey/
           brown

(PAVEMENT FILL)

Sand to silty sand
trace clay, trace gravel

Compact    Brown/    Moist
to dense   grey

End of borehole
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40

Borehole dry.

Upon completion of
augering, no cave-in
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DYNAMIC CONE PENETRATION
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Foundation Design
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Continuous Flight Solid Stem Augers
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150mm asphalt over
gravelly sand

Compact
(PAVEMENT FILL)

Silty sand
trace gravel, trace clay

Compact    Grey/    Moist
           brown

(FILL)

Sand to silty sand
trace clay, trace gravel

Compact    Brown/   Moist
to dense   grey

End of borehole

Piezometer Readings:

Date      Depth   Elev.
           (m)

Feb. 27/'16 Dry   -------
Apr .19/'16 3.3    267.2

Piezometer Legend:

1
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4
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26
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32

33

42

44

Borehole dry

Water level measured
in piezometer

Upon completion of
augering, no cave-in

Flush cover and
concrete
Bentonite seal

Filter sand

Screen

Backfill
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Foundation Design
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Continuous Flight Solid Stem Augers
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130mm asphalt over
sand and gravel

Compact    Brown
(PAVEMENT FILL)

Sand to silty sand,
some gravel
organic inclusions

Compact to Brown    Moist
very loose          to wet

(FILL)

Sand to silty sand
trace clay, some gravel

Compact    Brown/   Moist
to dense   grey

End of borehole
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Borehole dry

Upon completion of
augering, no cave-in
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Foundation Design
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Continuous Flight Solid Stem Augers
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200mm asphalt over
sand and gravel

Very dense Brown
(PAVEMENT FILL)

Sand to silty sand
trace clay, trace gravel

Compact    Brown    Moist
to loose

(FILL)

silty sand layer

Silty sand
trace clay, trace gravel

Compact    Brown/   Moist
           grey

End of borehole
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Borehole dry

Upon completion of
augering, no cave-in
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Foundation Design

Co-ords: 4 913 306.3 N;  289 295.9 E

Continuous Flight Solid Stem Augers
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130mm asphalt over
sand, some gravel
to silty sand

Compact    Brown
(PAVEMENT FILL)

Silty sand
trace clay, trace gravel

Compact    Brown    Moist
to dense

(FILL)

Silty sand
trace gravel, trace clay

Very loose          Wet
to compact

           Brown/   Moist
           grey

End of borehole

Piezometer Readings:

Date      Depth   Elev.
           (m)

Feb. 26/'16 Dry -------
Apr. 19/'16 Dry -------

Piezometer Legend:

1

2

3

4

5

6

7

22

22

31

19

3

9

22

Borehole dry

Upon completion of
augering, no cave-in

Flush cover and
concrete
Bentonite seal

Filter sand

Screen

Backfill
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