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PART A

PRELIMINARY FOUNDATION INVESTIGATION REPORT

for
High Fills and Embankment Over Swamps 

Highway 17 Sudbury Southwest Bypass Four-Laning

From Sudbury Municipal Road 55 (Middle Junction)

to Highway 69 for 13.3 Km

GWP 5825-05-00

District 54, Sudbury

1. INTRODUCTION

This report summarizes the results of the preliminary foundation investigation carried out for the four-laning of the Highway 17 Southwest Bypass in the City of Greater Sudbury that extends from Sudbury Road 55 (Middle Junction - SMR 55) for 13.3 km to Highway 69.  The study was carried out by Peto MacCallum Ltd. (PML) for the Ministry of Transportation of Ontario (MTO) on behalf of Stantec Consulting Ltd.

The preferred corridor extends from about Sta. 15+220 Township of Waters (at SMR 55) to Sta. 19+260 Township of Broder (at Highway 69).  A chainage equation of the existing highway alignment occurs at the following Stations:

Sta. 19+258.827 Twp Waters = Sta. 10+000.000 Twp Broder

The proposed work will involve the construction of new embankments, interchanges and grade‑separation structures.  The investigations were carried out along the following sections of mainline high embankment fill and swamp crossings:

	PML 
Swamp Designation
	Location

	L3
	Sta. 17+775 to 18+450, Township of Waters 

	L4
	Sta. 10+125 to 10+475, Township of Broder

	HL
	Sta. 12+650 to 12+950, Township of Broder

	L6
	Sta. 13+220 to 13+320, Township of Broder

	ML
	Sta. 14+300 to 14+500, Township of Broder

	L7
	Sta. 14+575 to 14+750, Township of Broder

	L8
	Sta. 14+840 to 14+875, Township of Broder

	L9
	Sta. 14+940 to 15+125, Township of Broder


The preferred alternative also includes new service roads, a possible interchange at Southview Drive and the extension of Moxam Landing Road (renamed Southview Drive) along the south of the existing Highway 17.  Investigation of swamps on these alignments was not in the scope of this preliminary investigation.

MTO has previously studied, approved and designed the new interchange at Long Lake Road (SMR 80) located at about Sta. 15+750 Twp Broder, new S-E ramp at Highway 69 and the north twinning of the Highway 17 section between Sta. 14+890 and Highway 69 and therefore this interchange and section of the highway were not considered in detail for the present study.

A set of plans showing the investigated sections and the layout of the test holes is attached as Drawings EMB-1 to EMB-6.

The purpose of Part A of this report was to summarize the subsurface stratigraphy encountered in the preliminary foundation investigation carried out at the high embankment fill and swamp crossing areas along the new preferred alignment of the four-laning of Highway 17.

2. SITE DESCRIPTION AND GEOLOGY

The study area is located to the south west of Sudbury and includes parts of the Townships of Broder and Waters.  Land use includes scattered typically small centres in the suburbs of the Greater Sudbury area which are located near the intersecting roads.  Mining/industrial and recreational facilities exist near SMR 55, Fielding Road, Long Lake Road and Highway 69.

Twenty-two photographs of the swamps investigated for this report are included in Appendix A.  The location and view direction of each photograph are indicated on Drawings EMB-1 to EMB-6.  Selected photographs are shown on the Drawings to illustrate site conditions.

The study area is located on the Huronian Area of the Canadian Shield where the typical geology is comprised of bedrock outcrops alternating with swamps and glaciolacustrine deposits.  As such, the highway corridor extends along undulating terrain in rock areas and over relatively level topography in swampy and glaciolacustrine deposit sections.  Exposed rock outcrops and ridges are noted along the existing Highway 17 alignment, where numerous rock cuts up to 8m high (west of Long Lake Road) were blasted to construct the existing road platform. 

The western part of the existing highway corridor borders the south margin of Kelley Lake.  The alignment crosses several swampy areas, some of which are associated with the filled lake beds of the Kelley, Hannah, Middle and Silver lakes.  Other swamps occur between rock outcrops and at the intersection of Kantola Road/Fielding Road and Southview Drive with Highway 17.  The swampy sections are traversed by means of embankments up to about 12 m high with associated culverts. 

The existing structure along the study section of Highway 17 is the two-lane bridge which currently spans the Junction Creek.  

The corridor contains a few forested areas mostly with birch trees and a few evergreens and the low lands are covered with grasses, brush and alders.  The drainage of the study corridor is influenced by the typically shallow rocky and undulating terrain of the Canadian Shield, exhibiting relatively good drainage characteristics in the hilly outcrop sections and poorly drained conditions in the swampy lowland sections.  

3. INVESTIGATION PROCEDURES

The subsurface investigations were carried out during the period of March 13 to ​​​March 27, 2007.  A total of thirty-four boreholes and two dynamic cone penetration tests were carried out at the site for preliminary foundation investigation purposes.

The boreholes were advanced manually or using continuous flight solid and hollow stem augers through the soil cover with a track-mounted CME-55 drill rig, supplied and operated by a specialist drilling contractor, working under the full-time supervision of a PML field supervisor.   

Soil samples were recovered from the boreholes at regular 0.75 and 1.5 m intervals of depth using the standard penetration test method.  Standard penetration field vane and dynamic cone penetration tests were conducted to assess the strength characteristics of the substrata.  Penetrometer tests were also carried out on stiffer cohesive split spoon soil samples.  These results are typically lower due to sample disturbance.  Soils were identified in accordance with the MTO soil classification manual procedures.  The groundwater conditions in the boreholes were assessed during drilling by visual examination of the soil, the sampler and drill rods as the samples were retrieved and, where encountered, by measuring the groundwater level in the open holes.  

The boreholes were backfilled with a bentonite/cement mixture where required in accordance with the MTO guideline and MOE Reg. 903 for borehole abandonment. 

The locations of the test holes were surveyed by Del Bosco Surveying Ltd.  All elevations in this report are reported in metres.

The recovered soil samples were returned to our laboratory in Toronto for detailed visual examination, laboratory testing and classification.  The laboratory testing program consisted of 101 natural moisture content determinations, 33 grain size distribution analyses and 26 Atterberg limits (excluding non-plastic soils) on the recovered soil samples.  The laboratory grain size distribution charts are reported on Figures GS‑1 to GS-5.  The Atterberg plasticity test results are shown on the Figures PC-1 to PC‑3 and are listed on Table A-1.  All of the test results are summarized on the Record of Borehole sheets.

4. SUMMARIZED SUBSURFACE CONDITIONS

Reference is made to the appended Record of Borehole and Cone Penetration Test sheets for details of the subsurface conditions including soil classifications, inferred stratigraphy, standard penetration test data, particle size distributions, Atterberg limits and moisture content determinations.

A general description of the subsurface conditions encountered at the investigated areas is provided in Table A-2 and a summary of the findings is given below for each swamp. 

4.1 Swamp L3 (Sta. 17+775 to 18+450, Township of Waters)

A total of seven boreholes, designated boreholes L3-1 to L3-7, were advanced at swamp L3 to the depths of 11.3 to 17.4 m.  Peat was encountered in all boreholes and was underlain by a discontinuous layer of silt (L3-1, L3-4 and L3-7) or clayey silt, which was underlain by silty clay or clay that overlain a silt deposit.  Bedrock was not encountered in any of the boreholes which terminated in competent soil.  

4.1.1 Peat/Topsoil

A surficial layer of dark brown topsoil/peat was encountered in all of the seven drilled boreholes extending to 0.3 to 1.1 m depths below the ground surface, elevations 246.4 to 247.7.  The moisture content determinations ranged from 31 to 582%.

4.1.2 Clayey Silt

Cohesive brown to grey clayey silt was encountered below peat in boreholes L3-2, L3-3, L3-6 and L3-7, and below an upper silt layer (described later) in boreholes L3-1, L3-4 and L3-5.  The thickness of the clayey silt layer varies from 1.0 to 4.4 m, extending to 2.7 to 5.8 m below ground surface, elevations 242.0 to 245.5.  A lower 2.6 m thick deposit of clayey silt was encountered in borehole L3-7, extending from 10.4 to 13.0 m depths below ground surface, elevations 237.1 to 234.5, respectively.  The consistency of the cohesive soil is soft to firm.  Undrained shear strength values obtained from field vane tests varied from 14 to 48 kPa.  

Grain size distribution charts for four samples of clayey silt material from swamp L-3 are presented in the Figure GS-1 envelope.  The liquid limit and plastic limit vary from 27 to 28 and 18 to 22, respectively, with a calculated plasticity index ranging from 6 to 9.  The plasticity charts are presented in Figure PC-1.  Moisture content determinations range from 26 to 38%.

Local deposits of organic brown to grey clayey silt were encountered in boreholes L3-5, L3-6 and L3-7 below the peat, extending to 1.5, 1.7 and 1.2 m depths, elevations 246.0, 245.8 and 246.3, respectively.   The natural moisture content determined for one organic clayey silt sample was 37%. 

4.1.3 Silty Clay

A layer of grey cohesive silty clay was found below clayey silt in boreholes L3-1, L3-5 and L3‑7, and below clay (described later) at depths from 4.3 to 5.8 m, elevations 241.7 to 243.7 in boreholes L3-2, L3-3, L3-4 and L3-6.  The unit extended to 7.3 to 13.7 m depths, 233.8 to 240.9, the thickness varying from 1.5 to 7.9 m.  The consistency of the silty clay ranges from soft to firm.  Undrained shear strength, obtained from field vane tests, ranges from 20 to 48 kPa.  

Grain size distribution charts of three silty clay samples are presented in Figure GS-2 envelope.  The liquid limits and plastic limits obtained ranged from 43 to 50 and 20 to 23, respectively, with a plasticity index ranging from 23 to 27.  The plasticity charts of the samples are presented in Figure PC-2.  Moisture content determinations of the silty clay range from 32 to 72%.  

4.1.4 Clay

A discontinuous layer of cohesive clay trace sand  was encountered below the clayey silt deposit in boreholes L3-2 to L3-4 and L3-6 and below silty clay layer at 4.3 m depth, elevation 243.2 in borehole L3-7 extending 4.3 to 10.4 m, layer thickness varying from 1.6 to 3.1 m, elevations 237.1 to 243.7.  The consistency of the clay is soft to firm.  Undrained shear strength obtained from field vane tests ranges from 12 to 28 kPa.  

Grain size distribution charts of two representative clay samples are presented in Figure GS-3.  The liquid limit and plastic limit ranges from 52 to 54 and 22 to 23, respectively, with a calculated plasticity index ranging from 30 to 31.  The plasticity chart of the samples is presented in Figure PC-3.   Moisture determinations range from 35 to 75%. 

4.1.5 Silt

Discontinuous 400 to 900 mm thick upper silt deposits were encountered in boreholes L3-1 and L3-4, extending below the peat to 900 mm to 1.4 m below ground surface, elevations 246.4 to 247.3.  

A continuous deposit of cohesionless silt was encountered in all of the seven boreholes drilled in swamp L-3.  The layer was encountered below silty clay in all of the boreholes except in borehole L3-7, where the silt was encountered below a lower deposit of clayey silt.  The silt extended to the 11.3 to 17.4 m termination depth of the boreholes, elevations 230.1 to 236.9.  

Grain size distribution charts of four silt samples are presented in Figure GS-6.   The consistency of the silt is typically compact with local loose zones.  N values typically ranged from 10 to 20 with one N value of 9.  Moisture content determinations range from 25 to 36%. 

One dynamic cone penetration test (DCPT) was carried out in borehole L3-6 from 14.3 to 17.1 m depth below ground surface, elevations 233.2 to 230.4, with resistance values ranging from 15-46.  The consistency of the soil ranges from compact to very dense.    

4.1.6 Groundwater

Groundwater was encountered in all of the seven boreholes.  During augering, groundwater was encountered at 0.3 to 2.7 m depths, elevations 245.5 to 247.6.  Upon completion of augering, the groundwater was encountered at 7.6 to 12.2 m depths below groundwater surface.  The groundwater level is subject to seasonal fluctuation and rainfall patterns.

4.2 Swamp L4 (Sta. 10+125 to 10+475, Township of Broder)

In swamp L-4, a total of five boreholes and one cone penetration test advanced in borehole L4-5, designated boreholes L4-1 to L4-5 were advanced to depths of 8.4 to 18.1 m.   The subsurface soil stratigraphy generally comprises peat over cohesive clayey silt underlain by cohesionless silt and sand.  The silty and sandy soils mantled probable bedrock in two boreholes.

4.2.1 Peat/Topsoil/Organic Silt

A surficial layer of dark brown topsoil/peat was encountered in all of the five boreholes extending 200 mm to 2.1 m from the ground surface, elevations 246.1 to 248.3.  The moisture content determinations ranged from 57 to 305%.

Localized 0.7 and 0.8 m thick very soft organic silt/clayey silt layers were encountered below topsoil in boreholes L4-2 and L4-5 extending to 1.1 and 2.7 m depths, elevations 247.0 and 245.4.  The moisture contents of the organic silt/clayey silt was about 251 and 44%, respectively.

4.2.2 Clayey Silt

Below the surficial organic layers, a continuous upper layer of brown to grey cohesive clayey silt deposit was encountered in the boreholes.  The thickness of the layer varies from 1.0 to 5.0 m, extending to 1.2 to 6.2 m below ground surface, elevations 242.0 to 247.3.  A discontinuous lower deposit of clayey silt 1.3 to 1.5 m thick was encountered in boreholes L4-2, L4-3 and L4-5 below a clay deposit (described later) and extending to depths from 10.1 to 11.9 m, elevations 236.2 to 238.0.   The consistency of the cohesive soil is soft to firm.  Undrained shear strength obtained from field vane tests varies from 14 to 28 kPa.  

Grain size distribution charts for two samples of clayey silt are presented in Figure GS-1 envelope.   The liquid limit and plastic limit vary from 25 to 29 and 16 to 21, respectively, with a calculated plasticity index ranging from 8 to 9.  The plasticity charts are presented in Figure PC-1.   Moisture content determinations range from 34 to 67%. 

4.2.3 Clay

A discontinuous 2.8 to 4.4 m thick deposit of grey cohesive clay trace sand was encountered below the upper layer of clayey silt material in boreholes L4-2, L4-3 and L4-5, extending to depths of 8.8 to 10.4 m depths below ground surface, elevations 237.7 to  239.3.  Undrained shear strength obtained from field vane tests varies from 18 to 26 kPa.  The consistency of the clay ranges from soft to firm. 

The grain size distribution chart of one tested clay sample is presented in Figure GS-3.  The liquid limit and plastic limit obtained are 54 and 23, respectively, with a calculated plasticity index of 31.  The plasticity chart of the sample is presented in Figure PC-3.  Moisture content determinations of the clay range from 42 to 69%.  

4.2.4 Silt/Sandy Silt

Cohesionless brown to grey silt was encountered/inferred below clayey silt/lower clayey silt units extending to 5.3 to 18.1 m depths below ground surface, elevations 230.0 to 243.2. The relative density of the silt material was very loose to compact.  The N values ranged from 4 to 30.  

The grain size distribution chart for one sample of silt material is presented in Figure GS-5.   Moisture content determinations range from 19 to 31%.  

4.2.5 Sand

A cohesionless sand unit was encountered in boreholes L4-1, L4-2 and L4-3 below silt, extending to their 11.3 to 15.9 m termination depths, elevations 232.2 to 237.2.  The relative density of the sand unit was typically compact within a range from very loose to dense.  The N values were obtained in a range from 2 to 34, with typical values form 10 to 29 and single values of 2 and 34, the lower N value of 2 was likely due to hydraulic disturbance in the borehole.  

Grain size distribution charts for two samples of sand are presented in Figure GS-5.   Moisture content determinations range from 12 to 21%.

4.2.6 Bedrock

Probable bedrock was inferred by auger refusal in borehole L4-4 below the silt layer at 8.4 m depth below ground surface, elevation 240.7.  One dynamic cone penetration test was carried out in borehole L4-5 from 12.8 m depth and was terminated on probable bedrock at 18.1 m depth, elevation 230.0.  

Bedrock was not encountered in the remainder swamp L4 boreholes.  

4.2.7 Groundwater

Groundwater was encountered in all of the five boreholes.  During augering, groundwater was encountered at 1.1 to 2.1 m depths below ground surface, elevations 246.1 to 247.6.  Upon completion of augering, the groundwater was encountered at 3.0 to 7.6 m depths, elevations 240.5 to 245.8.  Groundwater levels are subject to seasonal fluctuation and rainfall patterns.

4.3 Swamp HL (Sta. 12+650 to 12+950, Township of Broder)

A total of five boreholes and two cone penetration tests, designated HL-1 to HL-7, were advanced at Swamp HL (located near Hannah Lake) to depths of 3.1 to 7.9 m. Peat was encountered/inferred in all holes overlying discontinuous layers of clayey silt and silty clay which are in turn underlain by silty/sandy materials mantling bedrock.    

4.3.1 Peat

Surficial 150 to 750 mm thick layers of dark brown peat were encountered in the boreholes and inferred in the cone penetration tests extending to 0.2 to 0.8 m depths, elevations 266.3 to 268.2.  The moisture content determinations ranged from 61 to 921%.

4.3.2 Silty Clay

A discontinuous layer of cohesive bluish grey to grey silty clay was found/inferred below the peat in boreholes HL-1, HL-3 and cone test HL-2 to depths of 1.4 to 2.7 m, elevations 264.4 to 265.7.  The soil was also found below clayey silt (described later) at 4.2 m depth, elevation 264.1, in borehole HL-7 and extending to 7.9 m depth, elevation 260.4.  The consistency of the silty clay is firm.  Undrained shear strength, obtained from penetrometer tests and field vane tests, ranges from 28 to 37 kPa.    

Grain size distribution charts of two silty clay samples are presented in the Figure GS-2 envelope, 59 to 63%.  The liquid limits and plastic limits ranged from 46 to 48 and 20 to 21, respectively, with a plasticity index values of 26 and 27.  The plasticity charts of the samples are presented in Figure PC-2.  Moisture content determinations of the silty clay range from 31 to 60%.

4.3.3 Clayey Silt

Discontinuous brown to grey cohesive clayey silt was encountered below the peat layer in borehole HL-4, HL-5 and HL-7.  The layer extended to depths from 2.7 to 5.9 m below ground surface, elevations 262.1 to 265.7.  The consistency of the cohesive clayey silt soil ranged from firm to very stiff.  Undrained shear strength values obtained from field vane tests and penetrometer tests ranges from 28 to 150 kPa.  

Grain size distribution charts for two clayey silt samples are presented in the Figure GS-1 envelope.  The liquid limit and plastic limit ranges from 32 to 33 and 18 to 22, respectively, with a calculated plasticity index of 11 and 14.  The plasticity charts are presented in Figure PC-1.  Moisture content determinations ranged from 23 to 43%.

4.3.4 Sand/Silty Sand Till/Silt

Localized 1.0 to 1.1 m thick deposits of cohesionless grey to black sand were encountered below the silty clay in borehole HL-1 and below the clayey silt in borehole HL-5, extending to the 3.8 to 6.9 m termination depth of the boreholes, elevations 261.1 to 263.3.  The relative density of the sand units was compact.  One N value of 14 was obtained.  A moisture content of 20% was determined for one of the sand samples.

A deposit of cohesionless grey silt was encountered in borehole HL-3, extending to the 3.1 m termination depth of the borehole, elevation 264.0.  The relative density of the silt is compact.  One N value of 19 was obtained.

A localized 1.1 m thick deposit of dense silty sand till was encountered below the clayey silt in borehole HL-4 at 2.7 m depth and extending to the termination depth of the borehole at 3.8 m, elevation 264.6. One N value of 34 was obtained in the till.   One moisture content determination on the till was 11%.

4.3.5 Bedrock

Probable bedrock was inferred by auger refusal in four of the five boreholes and inferred in the two dynamic cone penetration tests at depths ranging from 3.1 to 7.9 m below ground surface, elevations 260.4 to 264.6.  Bedrock was deeper than 6.9 m depth, elevation 261.1, in borehole HL‑5, which was terminated due to sand backup inside the augers.

4.3.6 Groundwater

Groundwater was encountered in four boreholes, HL-1, HL-4, HL-5 and HL-7.  During augering, groundwater was encountered at 0.6 to 3.7 m depths below ground surface, elevations 264.6 to 266.5.  Upon completion of augering, the groundwater was encountered at 0.9 to 4.7 m depths below ground surface, elevations 266.2 to 263.6.  The groundwater levels are subject to seasonal fluctuation and rainfall patterns.

4.4 Swamp L-6 (Sta. 13+220 to 13+320, Township of Broder)

The field investigation program for swamp L6 comprised three boreholes designated L6-1 to L6-3.  The subsurface stratigraphy comprised peat/topsoil overlying clayey silt underlain by discontinuous deposits of silty clay (borehole L6-2) and sand (L6-2 and L6-3).  Probable bedrock was encountered in all boreholes. 
4.4.1 Peat

A surficial layer of dark brown peat was encountered in all three 3 boreholes extending 300 to 900 mm from the ground surface, elevations 278.8 to 282.6.  The moisture content determined for one peat sample was 155%.  Cobbles were mixed with the peat in borehole L6-2.

4.4.2 Clayey Silt

Below the peat layer, a cohesive stiff clayey silt deposit was encountered in boreholes L6-1 and L6-2.  The thickness of the layer varies from 1.2 to 2.9 m, extending to 2.1 to 3.2 m below ground surface, elevations 277.6 to 278.3.  Undrained shear strength values obtained from field vane tests and penetrometer tests varied from 50 to 87 kPa.  

The grain size distribution chart of one clayey silt sample is included in the Figure GS-1 envelope.  The liquid limit and plastic limit obtained are 32 and 19, respectively, with a calculated plasticity index of 13.  The plasticity chart of the sample is presented in Figure PC-1.   Moisture content determinations ranged from 27 to 33%.

4.4.3 Silty Clay

A localized deposit of 4.5 m thick layer of cohesive soft to firm grey silty clay trace sand was encountered below clayey silt in borehole L6-2 and extending to 6.6 m depth, elevation 273.1.  The undrained shear strength values obtained from field vane tests varied from 22 to 26 kPa.  

The grain size distribution chart of one silty clay sample is included in the Figure GS-2 envelope.  The liquid limit and plastic limit were 40 and 21, respectively, with a calculated plasticity index of 19.  The plasticity chart of the sample is presented in Figure PC-2.   

4.4.4 Sand

Discontinuous layers of cohesionless sand were encountered below silty clay in borehole L6-2 and below topsoil in borehole L6-3, extending to 750 mm and 6.9 m below ground surface, elevations 272.8 to 282.1.  In borehole L6-2, the sand was loose and extended to the 6.9 m termination depth of the borehole, elevation 272.8.  In borehole L6‑3 the sand was compact and extended to the 0.8 m termination depth of the borehole, elevation 282.1.  One N value of 18 was obtained.  

4.4.5 Bedrock

Probable bedrock was encountered in all of the three boreholes at depths ranging widely from 0.8 to 6.9 m below ground surface, elevations 272.8 to 282.1.  

4.4.6 Groundwater

Groundwater was encountered in boreholes L6-1 and L6-2.  During augering, groundwater was encountered at 2.1 to 3.0 m depths, elevations 277.6 to 278.5.   Upon completion of augering, the groundwater was encountered at 3.0 m depth in both boreholes, elevations 276.7 to 278.5. The groundwater levels are subject to seasonal fluctuations and rainfall patterns.

4.5 Swamp ML (Sta. 14+300 to 14+500, Township of Broder)

The field investigation in swamp ML located near Middle Lake involved four boreholes, ML-1 to ML-4.  A bedrock outcrop was noted at the borehole ML-4 location.  The remaining boreholes were advanced to 1.7 to 3.4 m depths terminating on probable bedrock.  Surficial peat was encountered in boreholes ML-1 and ML-2 and surficial ice and water was encountered in borehole ML-3.  A discontinuous layer of cohesive clayey silt was encountered below the peat in borehole ML-2 and below ice and water in borehole ML-3.  The clayey silt was underlain by a silt deposit mantling probable bedrock.  A local deposit of silty clay was encountered below the peat in borehole ML-1 extending to probable bedrock.   

4.5.1 Peat

Surficial layers of dark brown peat were encountered in boreholes ML-1 and ML-2 extending 150 and 500 mm from the ground surface, respectively, elevations 265.8 and 266.9.  The moisture content determined for one peat sample was 195%. 

4.5.2 Silty Clay

A discontinuous 1.9 m thick layer of cohesive firm silty clay was encountered below the peat in borehole ML-1, extending to 2.4 m depth, elevation 263.9.  One undrained shear strength of 50 kPa was obtained from a penetrometer test.  

The grain size distribution of one silty clay sample is included in the Figure GS-2 envelope.   The liquid limit and plastic limit of the sample were 38 and 22, respectively, giving a plasticity index of 16.  The plasticity chart is presented in Figure PC-2.  Moisture content determination ranged from 32 to 38%.

4.5.3 Clayey Silt

Cohesive clayey silt was encountered below the topsoil in borehole ML-2 and below 450 mm deep ice and water in borehole ML-3 extending to depths of 1.1 to 2.0 m below ground surface, elevations 265.8 to 266.0. The consistency of the clayey silt ranged from firm to stiff.  N values ranged from 4 to 18.  

The grain size distribution chart of one clayey silt sample is included in the Figure GS-1 envelope.  The water content of the sample was 27%.  The liquid limit and plastic limit of the sample were   29 and 19, respectively, giving a plasticity index of 10.  The plasticity chart is presented in    Figure PC-1.  Moisture content determined for one sample was 29%.  

4.5.4 Silt

Layers of cohesionless brown to grey compact silt trace clay trace sand were encountered below the clayey silt in boreholes ML-2 and ML-3.  The thickness of the discontinuous silt layers ranged from 600 mm to 1.4 m.  The silt extended to 1.7 to 3.4 m depths, elevations 264.4 to 265.4.  The N values ranged from 10 blows per 8 cm of penetration to 21 blows per 15 cm of penetration.  

4.5.5 Bedrock

Probable bedrock was encountered below the silty clay in borehole ML-1 and below silt in boreholes ML-2 and ML-3 at 1.7 to 3.4 m depths below ground surface, elevations 263.9 to 265.4.

A bedrock outcrop was encountered at borehole ML-4 location, elevation 276.1.  

4.5.6 Groundwater

Groundwater was encountered during augering at 0.3 m and at surface in boreholes ML-1 and ML-3, respectively, elevations 266.0 and 267.8.  Upon completion of augering, the groundwater level was at ground surface in the two boreholes, elevations 266.3 and 267.8.  

No groundwater was encountered in boreholes ML-2 and ML-4 during and upon completion of augering.  

The groundwater level at the site is subject to seasonal fluctuation and rainfall patterns.

4.6 Swamp L-7 (Sta. 14+575 to 14+750, Township of Broder)

The field investigation for swamp L-7 comprised five boreholes designated L7-1 to L7-5.  A bedrock outcrop was found at the borehole L7-5 location.  Boreholes L7-1 to L7-4 were advanced to 0.5 to 12.2 m depths, elevations 265.9 and 277.2.  The site stratigraphy was variable, comprising peat overlying localized deposits of sand and gravel (boreholes L7-1 and L7-2) or peat over localized deposits of cohesive clayey silt and silty clay (L7-3) over silt and/or sandy silt (boreholes L7-3 and L7-4).  The silty and sandy materials mantled probable bedrock.  

4.6.1 Peat

A surficial 150 to 200 mm thick layer of dark brown peat was encountered in boreholes L7-1 to L7‑4 extending 0.2 m depth below the ground surface, elevations 277.1 to 277.9.

4.6.2 Clayey Silt

Below the peat layer, a localized 5.6 m thick deposit of brown to grey cohesive firm clayey silt trace sand was encountered in borehole L7-3.  The layer extended to 5.8 m below ground surface, elevation 272.3.  The undrained shear strength obtained from one field vane test was 28 kPa.  

Grain size distribution charts for two clayey silt samples are presented in Figure GS-1.   The liquid limit values were 26 and 35 and the plastic limit 19 and 20 with calculated plasticity index values of 7 and 15.  The plasticity charts are presented in Figure PC-1.  Moisture content determinations range from 17 to 28%.

4.6.3 Silty Clay

A localized 4.6 m thick layer of cohesive silty clay was encountered below the clayey silt in borehole L7-3, extending to 10.4 m depth, elevation 267.7. The consistency of the silty clay is soft to firm.  The undrained shear strength values obtained from field vane tests ranged from 18 to 32 kPa.  

The grain size distribution of one silty clay sample is presented in Figure GS-2.  The liquid limit and plastic limit were 39 and 19, respectively, giving a plasticity index of 20.  The plasticity chart is presented in Figure PC-2.  The moisture content determined on the sample was 46%.

4.6.4 Silt/Sandy Silt

Cohesionless brown to grey silt and sandy silt were encountered below the silty clay found in borehole L7-3 and below topsoil in borehole L7-4, respectively.  The thickness of the layers ranged from 500 mm to 1.8 m extending from 1.2 to 1.7 depths, elevation 276.2 and from 10.4 to 12.2 m depths, elevations 265.9.  The silty soils were loose to compact.  N values obtained ranged from 7 to 14.  

The grain size distribution chart for one silt sample is presented in Figure GS-5.  Moisture content determined for one sample is about 25%.  

4.6.5 Sand and Gravel

Localized 400 and 300 mm thick deposits of cohesionless brown compact sand and gravel were encountered in boreholes L7-1 and L7-2 below peat and extending 0.5 to 0.6 m below the ground surface, elevations 277.2 and 276.5, respectively.  

4.6.6 Bedrock

Bedrock outcropped at the borehole L7-5 location at elevation 282.6.  Probable bedrock was encountered at the 0.5 to 12.2 m termination depths of boreholes L7-1 to L7-4, elevations 265.9 to 277.2.

4.6.7 Groundwater

Groundwater was encountered during augering at 3.3 and 1.2 m in boreholes L7-3 and L7-4, respectively, elevations 274.8 and 276.7.  Upon completion of augering, the groundwater level was measured at 3.0 m depth below ground surface in borehole L7-3, elevation 275.1.  Groundwater levels are subject to seasonal fluctuation and rainfall patterns.

4.7 Swamp L-8 (Sta. 14+840 to 14+875, Town of Broder)

Swamp L-8 field investigation program involved two boreholes, L8-1 and L8-2, where bedrock outcrops were noted.  Extensive bedrock outcrops locally covered with a shallow peat/topsoil cover were visually noted in the vicinity of the boreholes.

4.7.1 Bedrock

Bedrock outcrops were encountered surficially at the boreholes L8-1 and L8-2 locations, elevations 280.8 and 281.8, respectively.

4.7.2 Groundwater

Groundwater or surface water was not found during the investigation.  It is considered that water may accumulate over the bedrock surface during seasonally wet periods.

4.8 Swamp L-9 (Sta. 14+940 to 15+125, Township of Broder)

The drilling program for swamp L-9 involved five boreholes and one dynamic cone penetration test (DCPT).  Bedrock outcrops were noted at the location of boreholes L9-4, L9-5 and L9-6. The DCPT L9-3 was carried out to 9.9 m depth and terminated on probable bedrock.  The general soil stratigraphy, inferred from the 3.5 and 9.6 m deep boreholes L9-1 and L9-2, comprised surficial peat over clayey silt overlying discontinuous cohesionless silt, which in turn mantled probable bedrock.  

4.8.1 Peat

A surficial layer of dark brown peat was encountered in boreholes L9-1 and L9-2 extending to 1.2 and 2.7 m depths from the ground surface, respectively, elevations 277.0 and 275.7.  The moisture content determinations were 664 and 681%.

4.8.2 Organic Clayey Silt

A 500 mm thick deposit of soft organic clayey silt was encountered in borehole L9-2 extending to 3.2 m depths below ground surface, elevation 275.2.  

4.8.3 Clayey Silt

Below the peat and organic clayey silt layers, a discontinuous cohesive clayey silt deposit was encountered in boreholes L9-1 and L9-2.  The thickness of the layer varied from 1.2 to 5.6 m and the soil extended to 2.4 to 8.8 m below ground surface, elevations 269.6 to 275.8.  The consistency of the cohesive soil is soft to stiff.  Undrained shear strength values obtained from field vane tests varied from 18 to 56 kPa.  

Grain size distribution charts for two samples of the clayey silt are included in Figure GS-1 envelope.  The liquid limit and plastic limit determined on the samples were 35 and 20 to 22, respectively, with a calculated plasticity index ranging of 13 and 15.  The plasticity charts are presented in Figure PC-1.  Moisture content determinations range from 27 to 47%.

4.8.4 Silt

A discontinuous 0.8 to 1.1 m thick layer of cohesionless compact grey silt was encountered below the clayey silt in boreholes L9-1 and L9-2, extending to the 3.5 to 9.6 m termination depth of the boreholes, elevations 268.8 to 274.7.  Both N values obtained were 20 blows per 220 mm penetration.  The moisture content determined for one silt sample was 25%.

4.8.5 Bedrock

Probable bedrock was encountered in the cone test L9-3 at a depth of 9.9 m, elevation 269.1.  

Probable bedrock was inferred by refusal below the silt layer in boreholes L9-1 and L9-2 at 3.5 and 9.6 m depths, respectively, elevations 274.7 and 268.8.

Exposed bedrock outcrops were encountered at the location of boreholes L9-4 to L9-6, elevations 278.8 to 279.5. 

4.8.6 Groundwater

Groundwater was encountered in boreholes L9-1 and L9-2.  During augering, groundwater was encountered at ground surface in borehole L9-2 and at 2.0 m depth below ground surface in borehole L9-1, elevations 276.2 to 278.4.  Upon completion of augering, the groundwater was also encountered at ground surface in borehole L9-2 at 1.2 m depth in borehole L9-1, elevations 277.0 to 278.4.  Groundwater levels are subject to seasonal fluctuations and rainfall patterns.

5. Miscellaneous

The field work was carried out under the supervision of Mr. F. Portela and direction of Mr. C. M. P. Nascimento, P. Eng., Senior Project Engineer.  Walker Drilling Ltd. supplied the drilling equipment.  The laboratory testing was carried out in the PML laboratory facilities in Toronto.

The report was prepared by Mr. C. M. P. Nascimento, P. Eng. with the assistance of Mr. N. Rahman, BASc, and reviewed by Mr. B. R. Gray, MEng, P.Eng., MTO Designated Principal Contact.  

PART B

PRELIMINARY FOUNDATION DESIGN REPORT

for
High Fills and Embankment Over Swamps 

Highway 17 Sudbury Southwest Bypass Four-Laning

From Sudbury Municipal Road 55 (Middle Junction)

to Highway 69 for 13.3 Km

GWP 5825-05-00

District 54, Sudbury

6. ENGINEERING RECOMMENDATIONS

6.1 General

Part B of this report provides preliminary foundation engineering comments and recommendations regarding key issues in the preliminary design of embankments in high fill and swamp areas along the investigated section of the Preferred Route of the proposed four-laning of the Highway 17 Sudbury Southwest Bypass.

The recommendations are based on the results of the limited subsurface investigation described in Part A of this report.  Comments made on construction concerns are provided only to highlight those aspects which could affect the preliminary design of the project. 

Grade changes of the existing ground proposed along the preferred route include fill up to 11 m high and 4.0 m deep cuts.  A summary list of the investigated high fill/swamp locations along the mainline was compiled in the attached Table B-1 and a summary of the investigated earth and rock cuts locations in Table B-2.  The low-lying swampy areas occurring on proposed new sideroads, service roads and interchange ramps were not investigated for this report.  The investigated locations involving high fills and embankments over swamps are listed on the following table.

	LOCATION OF INVESTIGATED SIGNIFICANT GRADE CHANGES

HIGH FILLS AND EMBANKMENT OVER SWAMPS

	LOCATION
	PML SECTION REF. NO.  
	APPROXIMATE 
STATION
	GRADE CHANGE(*) (m)

	
	
	
	FILL
	CUT

	Highway 17 - Mainline, Township of Waters
	
	
	

	East of Fielding Road
	L3
	17+775 to 18+450
	3.0
	-

	Highway 17 – Mainline, Township of Broder
	
	
	

	South margin of Kelley Lake
	L4
	10+125 to 10+475
	1.0
	-

	At Hannah Lake Road
	HL
	12+650 to 12+950
	5.0
	-

	About 450 m west of Middle Lake Road
	L6
	13+220 to 13+320
	-
	4.0

	South margin of Middle Lake
	ML and L7
	14+300 to 14+750
	11.0
	2.0

	1.1 km east of Middle Lake Road
	L8
	14+840 to 14+875
	0.5
	2.0

	1.2 km east of Middle Lake Road
	L9
	14+940 to 15+125
	3.0
	-


Notes:  (*) The approximate maximum fill height or cut depth is indicated.
In summary, the height of the fill of the investigated Highway 17 mainline four-laning embankments varies from about 1.0 to 11.0 m.  Cuts of about 1 to 4 m are also proposed.  The new service roads and the extension of Moxam Landing Road were not within the scope of the preliminary investigation.

In general, the construction of the future Highway 17 is feasible from the foundations point of view.  Swamp excavations should be backfilled with rockfill to provide adequate stability in view of the expected under water excavation and construction.  The rockfill should be carried at least 1.5 m above the swamp levels due to potential drainage concerns.  Above this level the embankment may be constructed of earth or rockfill, subject to the discussion in the following sections.  It is noted that a geotextile filter fabric should be provided between the rock fill and earth fill layers to prevent loss of fines from the earth fill into the voids of the rock fill in case of fluctuation of the surface water in the swamps.  The geotextile should be provided in accordance with OPSS 1860.  The geotextile specification should be defined during detail design for potential borrow materials.

A list of the Ontario Provincial Standard documents referenced in the report is provided with this report in Table B-3.

6.2 High Fill Embankments 

Expected high fill sections occur along swamps HL and ML, about 5.0 and 11.0 m high, respectively, as noted on the above table.  The existing highly compressible soils should be removed to the competent soils or bedrock to provide adequate founding conditions.  A summary of the existing subsoil conditions and applicable treatments to achieve adequate founding condition is provided in the attached Table B-4.  The treatments of the swampy subgrade where these high fills are located are discussed in detail in the following sections of this report.

In sections of the earthfill or rockfill where the height exceeds 8 or 10 m, respectively, benches with a minimum 2.0 m width will be required according to OPSD-202.010.  According to the requirement of the Northeastern Region Engineering Directive NRE‑98‑200, widening of the embankment platforms is required.   A minimum platform widening of 2.0 m each side (4.0 m total) is required for Highway 17 in swamp environments.  The minimum requirements should be assessed further during Detail Design where the swamp treatment eliminates uncertainty regarding embankment performance (e.g. full excavation to bedrock).  

6.3 Embankments Over Swamps

6.3.1 General

The stability of the embankments placed directly over the swamp soils after removal of the upper organic materials was evaluated based on the consistency/relative density of the native soils and using the G/W slope software.  The evaluation indicated that the safety factors ranged from 1.4 in swamps L3, L6 and ML to 3.2 in swamp L4.  The safety factors in swamps HL, L9 and L7 were 1.5, 1.8 and 2.5, respectively.  In swamp L8, the stability is not applicable since the area is a bedrock outcrop.  Therefore, the safety factors for all of the embankments placed upon the swamp soils will be higher than 1.3, which is considered adequate.  

The settlements resulting from the placement of the embankment fills over the compressible swamps with removal of the upper organic soils was estimated based on the Atterberg liquid limit of the typical soil samples.  The results were listed below and include the settlement of the embankment rockfill. 

	SWAMP 
NO.
	TOTAL 
SETTLEMENT 
(mm)
	SWAMP 
NO.
	TOTAL 
SETTLEMENT
(mm)

	L3
	350
	ML
	130

	L4
	180
	L7
	200

	HL
	190
	L8
	Not applicable

	L6
	40
	L9
	95


The settlements on swamp L6 were estimated on the remaining 2.6 m thick clayey deposit after the proposed road cut.  The settlement on swamp L7 is in the vicinity of a single borehole in this alignment and the extent of the deposit should be investigated for Detail Design.  The swamp L8 is located on a rock outcrop where settlements of the subgrade are not applicable.
The totals reflect the average depth of the swamp (not the deepest soil section) found in the boreholes.  Locally larger settlements may occur, and these should be estimated for Detail Design.  These settlements are considered to be generally excessive and would take several years to complete.  Consequently, placing the embankment directly over the swamp soils is not considered to be feasible and alternative swamp treatments are recommended.

Alternatives for swamp treatments and notes related to the swamps in this project are discussed in the following sections.

6.3.2 Twinning Sections

Where the Highway 17 embankment will be twinned and new embankment construction will require swamp excavations deeper than about 6.0 m, the excavation will influence the stability of the existing highway embankments and culverts.  At theses locations, alternative construction methods, such as partial excavation and preloading/surcharging, lightweight fill or a wider highway median (say, 50 m wide instead of 30 m) should be provided to maintain the stability of the existing highway embankments and culverts.  This limitation will also apply to embankments of access roads and the Moxam Landing Road embankment which run parallel to the existing highway.

6.3.3 Embankment Foundation Treatments
The following methods of embankment and foundation treatment over swamp areas were taken into account:

· Excavation of highly compressible soils

· Preloading of embankments

· Partial excavation and preloading

· Use of lightweight fill material

· Use of wick drains 

6.3.3.1 Excavation of Highly Compressible Soils

The standard method of construction of embankments applied by MTO in areas where low strength compressible soils exist is to remove these soils to the depth of competent soil to support the embankments and backfill the excavation following the procedures noted in OPSD-203.010.  Competent soil in this report was generally referred to loose to compact cohesionless silts or sands as they have low compressibility, short-term consolidation process and are considered to be competent to supporting the overlying proposed embankments in general.

The advantages and disadvantages of this treatment are listed in the following table.

	Advantages
	Disadvantages

	· Minimal post-construction settlement due to consolidation of the competent cohesionless subgrade soils left in place

· Cost effective
	· Disposal of large quantities of peat/soft clayey soils

· Environmental impacts

· Significant post-construction settlement of rockfill


On this project, full excavation of the compressible soils is only considered feasible at the swamp areas L6, ML and L8.  In swamp L8, these compressible soils will consist of a thin organic and cover over bedrock.  In the remaining five swamps investigated, the depths of excavation to remove the peat and cohesive soils overlying competent soil or bedrock should extend from the surface (on exposed bedrock outcrops) to a maximum of 6 m from the existing ground surface since the four-laning is essentially on a twin alignment with the existing embankment.  The excavation limit of 6 m was discussed in the previous subsection 6.3.2 of this report.

6.3.3.2 Surcharging of Embankments

This treatment option requires the removal of the surficial organic deposits such as organic silts and peat and replacement with more competent material such as rockfill. Additional earth fill (typically granular material to be used later in the pavement structure) is placed on the platform fill above the final design embankment level.  This surcharge fill remains in place for the period of time required to induce at least most of the consolidation of the underlying cohesive soils left in place.

The advantages and disadvantages of this treatment are listed below:

	Advantages
	Disadvantages

	· Effectively reduces the post-construction settlement of the embankment platform

· Minimize quantities of excavation and disposal of peat and unsuitable cohesive soils
	· Extended period of time required to induce the required magnitude of settlement

· Requires anticipated production of  pavement granular materials for use as surcharge

· Not suitable for very soft cohesive soils due to embankment stability concerns


In view of the deep compressible deposits in this project, the time required to achieve 95% consolidation would span several years. Consequently, surcharging without removal of compressible soils is not considered to be feasible for this project.
6.3.3.3 Partial Excavation Plus Preloading

This treatment option involves excavation of the surficial organic soils including peat and other compressible soil to a selected depth (typically the 10 to 12 m limit of excavation of the long stick excavators) followed by placement of the rockfill and surcharge.  The excavation depth and the surcharge height are strategically selected based on the requisite consolidation within the available construction period.  The depth of excavation and the height of surcharge load are to be optimized in locations where an extensive thickness of compressible soils exists.

The advantages and disadvantages of this treatment are listed below:

	Advantages
	Disadvantages

	· Effectively reduces the post-construction settlement of the embankment platform

· Reduces the time required for preloading

· Allows treatment of swamps with compressible soils deeper than the depth reachable by the long stick excavators
	· Extended period of time required to induce the required magnitude of settlement

· Requires anticipated production of granular materials for use of surcharge


This treatment is considered to be applicable to this project to resolve stability issues with the existing embankment where excavation deeper than 6 m would be required to remove soft soils adjacent to the existing highway embankment (twinning sections in swamps L3, L4, HL, L7 and L9).  Details of the excavation and surcharge preloading are addressed in the Section 6.5 of this report.

6.3.3.4 Use of Lightweight Fill

The use of lightweight fill materials to reduce the pressure imposed on the subgrade soils by the embankments and thereby reduce the magnitude of post-construction settlement is a suitable treatment option in some situations, such as where excavation of compressible soils is not feasible.

	Advantages
	Disadvantages

	· Reduced foundation soil excavation
	· Lightweight fill not locally available

· Environmental impacts during transportation

· Impact to existing pavement system during transportation to site

· High cost


For the subject site, replacement of the embankment platform fill would be possible above about 1.5 m from the swamp levels and likely would not contribute significantly to accelerate long-term settlements.  Consequently, the method is not considered cost-effective for this project.

6.3.3.5 Use of Wick Drains

Wick drains are used to increase the rate of consolidation of the native cohesive subsoil under the weight of surcharge loadings and thereby minimize the magnitude of post-construction settlement of the embankment surface.  This option can be applied where the extent and the depth of the compressible cohesive subsoil are so extensive that it is impractical to remove by excavation.  However, the method requires native soils with sufficient shear strength to support the surcharge after installation of the wick drains.

	Advantages
	Disadvantages

	· Does not require excavation and disposal of cohesive soils

· Accelerated consolidation of embankment subgrade soils
	· Not cost effective for very soft subgrade environments where surcharge load support is a concern

· Typically not cost effective for swamps with clayey soils less than 8 m thick

· Requires specialized equipment, settlement monitoring and non-standard construction methods


Since the upper zones of the native compressible clayey soils are typically less than 8 m, except swamp L3 where the soils are soft to firm and one short section in swamp L7 (borehole L7-3), this method is not considered cost-effective for this project.

6.4 Selection Criteria and Suggested Treatment

The treatment for each swamp was selected based on the comments in the previous section and using the following criteria:

· Good performance, minimize the post-construction settlement of the embankment surface due to consolidation of the embankment fill and subgrade material

· Minimize the environmental impacts due to construction

· Construction constraints, including schedule

· Cost-effectiveness

The recommended preliminary swamp treatment method for each section of the investigated roadway embankments is indicated in Table B-4.  

In summary, partial excavation of compressible cohesive soils to a maximum depth of 6 m and surcharging was recommended in swamps L3, L4, HL, L7 and L9, essentially due to limitations with stability of the existing embankment.  Full excavation of compressible cohesive soils was recommended at swamps L6 and ML.  Swamp L8 is actually in an outcrop area which will not require a swamp treatment.

The excavation of the compressible soils including peat and cohesive deposits and the placement of rockfill should be carried out in accordance with SP 206S03.  The recommended geometry of excavation is in accordance with OPSD-203.010 (Appendix B).

6.5 Embankment Settlements

6.5.1 General
The magnitude of the post-construction settlements of the embankment platform and the time required for essential completion of the settlement during the construction period will be a function of the embankment height, and its composition as well as the thickness and pertinent engineering properties of the subgrade soils.

The magnitude of the total estimated settlements incurred after the recommended treatments including the rockfill, cohesive and cohesionless soils remaining and long term settlements were included in Table B-4.  Also included were the long term settlements after surcharging the embankments for 1 year with a 2 m high surcharge placed on the platform surface.  Comments on these settlements are provided on the following sections.

6.5.2 Settlements of Rockfill

Settlement resulting from consolidation of the rockfill used to replace the excavated compressible soils in the swamps was based on the following research document prepared by MTO (RR227 dated March 1983).

· Rockfill Above Grade
Total settlement is about 0.5% of the rockfill height provided the fill is placed in accordance with SP 206S03.

· Rockfill Below Grade
Total settlement up to 2% of the rockfill thickness since the rockfill is end dumped and placed in a relatively large lift with minimum or no compaction effort.

About 50% of the estimated total settlement occurs during the first year following the placement of the rockfill and the remaining 50% will occur at a progressively decreasing rate during the following 5 to 10 year period.

6.5.3 Settlement Mitigation

Considering the proposed alignment and expected excavation depths, the estimated average embankment platform settlement, where the compressible cohesive soils are completely removed, is expected to be 130 and 40 mm in swamps L6 and ML.

Where partial excavation plus surcharging will be required for unsuitable soils deeper than 6 m average settlement in the order of 95 to 350 mm are expected in swamps L3, L4, HL, L7 (based on one borehole) and L9.  It is noted that larger settlements could be locally experienced, as determined during Detail Design. 

It is estimated that about 40 to 50% of the settlements will occur within the first 6 months to 1 year of the construction.  The recommended surcharge to accelerate the settlement process is typically a 2 m high fill placed on the road platform.  The estimated settlement that could be achieved for a surcharging period of about 12 months is listed in Table B-4.  The remaining settlements are also listed in Table B-4 and are expected to occur within 10 to 20 years after removal of the surcharge. 

6.6 Construction Considerations

As discussed in the previous sections, the conventional embankment design and construction procedures for the rockfill embankment should be suitable above or below the ground surface or under the water table.   The local earth cut materials and/or aggregate sources if available may be used to construct earth fill embankments from 1.5 m above the groundwater table.  The requirements for a geotextile fabric at the earth fill and rock fill interface was discussed previously in this report.

It is recommended that, where possible, all the existing peat, topsoil and cohesive soils be excavated to the depth of competent soil as they are highly compressible and in some conditions, not capable of supporting the weight of the embankment fill to be placed.

The rockfill and other embankment fill should be placed in accordance with the SP 206S03 and compacted in accordance with OPSS 501 and SP 105S10.

It is anticipated that the excavations for swamps and earth or cuts will be accomplished by standard MTO methods and using conventional sump pumping techniques.  Construction of rockfill embankments over swamps will be feasible under water in sections crossing open water.  Temporary excavation backslopes of 1H:1V are expected to be feasible in the native cohesive soils.  Requirements for existing road protection should be considered at the Detail Design phase of the project.

7. SCOPE OF ADDITIONAL INVESTIGATION

The recommendations and discussions in this report are preliminary and are based on the interpretation of the factual information obtained from a limited number of test holes.  Detailed foundation investigations are recommended for each swamp and high fill section during the Detail Design phase of the project.  In particular, the depth and extent of the highly compressible soils in swamps and low-lying areas should be investigated in further detail with additional boreholes.

The recommended scope of the subsurface investigation for Detail Design of swamps, high fill and earth/rock cuts inferred on the mainline, sideroads, and ramps of the current Preferred Alignment is listed in the attached Table B-5.  For completeness the recommended investigations for the proposed bridge structures at Junction Creek, Kantola Road/Fielding Road and Southview Drive were added in Table B-6.

8. CLOSURE

This preliminary Foundation Design Report (Part B) was prepared by Mr. C.M.P. Nascimento, P.Eng., Senior Project Engineer with the assistance of Mr. N. Rahman, BASc and was reviewed by Mr. B.R. Gray, MEng, P.Eng., MTO Designated Principal Contact. 
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Peto MacCallum Ltd.
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Carlos M.P. Nascimento, P.Eng.

Senior Project Engineer

NOTE:  Hard copies signed and stamped

Brian R. Gray, MEng, P.Eng.

MTO Designated Principal Contact
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