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Feasibility Foundation Investigation and Design 

Report 2 – Geographical Township of Raleigh  
for 

Highway 401 – Chatham-Kent 
From 0.9 Km East of Essex County Road 42 

Easterly 66.1 Km to the Elgin County Boundary 
Agreement Number 3004-E-0001 

GWP No. 80-00-00 
 

1. INTRODUCTION 

This report presents the results of the foundation feasibility study carried out for the proposed 

widening of the Highway 401 section through the Geographical Township of Raleigh, County of 

Kent.  The study is being carried out for McCormick Rankin Corporation (MRC) on behalf of the 

Ministry of Transportation of Ontario (MTO).  

MTO plans to widen the Highway 401 section extending from 0.9 km east of Essex County 

Road 42 easterly 66.1 km to the Elgin County Boundary from four to six lanes.  Feasibility studies 

are required for the foundations of the existing bridge structures and structural culverts (span 

larger than 3.0 m) between the study limits.  The freeway section traverses five geographical 

townships and the reporting was separated into five reports designated as follows:  

• Report 1 – Geographical Township of Tilbury East/North 

• Report 2 – Geographical Township of Raleigh 

• Report 3 – Geographical Township of Harwich 

• Report 4 – Geographical Township of  Howard 

• Report 5 – Geographical Township of Orford 

This report concerns the Highway 401 section through the Geographical Township of Raleigh 

which extends between the geographical boundaries of the Townships of Tilbury East and 

Harwich on the west and east, respectively for some 15.9 km.  A key map for this section of the 

Highway 401 is highlighted in Figure 2-1. 

Within the limits of Raleigh Township, there are five underpass bridge structures, including the 

underpass for one interchange, eight bridges and two structural culverts that are described in the 

following section.   
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All dimensions in this report are provided in metres except where indicated. 

2. SITE DESCRIPTION 

The Highway 401 through the Geographical Township of Raleigh is currently a four-lane freeway.   

The following table lists the MTO site numbers, locations and types of structures and structural 

culverts along this section of Highway 401. 

LIST OF STRUCTURES 

Structure Name Site No. Station (*) Type 
Merlin Road Underpass 13-191 ~10+032 4-span steel girder structure 
Deary Drain Culvert 13-400-C 10+765.65 Conc. Open Footing (4.27 by 1.83 by 53.3) 
Drake Road Underpass 13-262 ~14+216 4-span Prestressed Conc. Beams structure 
Government Drain No. 2 
Bridge EBL  

13-152/1 ~14+387 Concrete Rigid Frame 

Government Drain No. 2 
Bridge WBL  

13-152/2 ~14+387 Concrete Rigid Frame 

Dillon Road Underpass 13-292 ~18+060 4-span Prestressed Conc. Beams structure 
Government Drain No. 3 
Bridge EBL  

13-227/1 ~18+100 Concrete Rigid Frame 

Government Drain No. 3 
Bridge WBL  

13-227/2 ~18+100 Concrete Rigid Frame 

Raleigh Plains Drain Bridge 
EBL  

13-228/1 ~20+050 Concrete Rigid Frame 

Raleigh Plains Drain Bridge 
WBL  

13-228/2 ~20+050 Concrete Rigid Frame 

Flook & Hinton Drain Bridge 
EBL  

13-229/1 ~21+450 Concrete Rigid Frame 

Flook & Hinton Drain Bridge 
WBL  

13-229/2 ~21+450 Concrete Rigid Frame 

Bloomfield Road Underpass 13-241 21+877.4 4-span steel girder interchange structure 
Culvert Site 13-401 13-401-C 25+253.7 Conc. Open Footing (5.30 by 3.66 by 73.8) 
Kent County Road No.10 
Underpass 

13-235 25+917.5 4-span steel girder structure 

 
Notes: Culvert sizes taken from RFP documents as Span by Width by Length in metres. 

    (*) – The chainage refers to Raleigh Township.  All chainages should be considered approximate. 
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The typical topography abutting the highway corridor within the Geographical Township of Raleigh 

is typically flat or shows a gentle undulation.  In general, the highway grades rise gradually to the 

east with an approximate maximum relief of 3.1 m, between the Tilbury East and Harwich 

Township boundaries (elevation 179.8 at Merlin Road and elevation 182.9 at Kent County Road 

No. 10) based on inferred pavement surface elevations at the underpass locations. 

The main land use is agricultural and the typical vegetation beyond the highway corridor 

comprises mostly of farming crops.  Isolated stands of trees are also present along the highway 

corridor and some of the drainage ditches.  The roadside ditches are typically covered with 

grasses.  Scattered farm residences and facilities are located near Highway 401.  Commercial 

properties are located north of Highway 401 on Bloomfield Road. 

Steel towers from a Hydro corridor border the south shoulder of Highway 401 from about 

Sta. 18+400 (about 340 m east of the Dillon Road underpass) to the east boundary of Harwich 

Township for about 7.5 km. 

Natural drainage of the lands located along the highway is generally poor.  The highway crosses 

several creeks and man-made drains that were constructed to enhance the natural drainage of the 

farmland and lower the perched groundwater that is typically encountered at depths close the 

ground surface along this section of the highway corridor. 

The MTO design frost depth for the Geographical Township of Raleigh is 1.2 m. 

3. INVESTIGATION PROCEDURES 

The foundation feasibility analysis for this report was based primarily on a review of existing data 

and literature.  The data comprised five geological maps and literature, three physiographic maps, 

twenty-one previous MTO construction contract documents and foundation investigation reports 

and three groundwater data documents, including 66 water well records.  Other sources of 

documents were also used such as mosaics of aerial photographs, base maps and topographic 

maps and one Aggregate Resources Inventory Report.  Table 2-1 provides a list of the reference 

documents reviewed for this study.   
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A large number of the reference documents were in poor condition prior to scanning by MTO.  The 

inferred data referred in this report was double-checked where possible.  Chainages are 

approximate unless clearly provided on the reference documents.  The majority of elevations and 

dimensions were converted to the metric system from imperial units.  All dimensions and 

elevations provided in this report should be verified during detail design. 

A summary of the stratigraphy encountered in the water wells is provided on the attached 

Table 2-2 and details of the measured groundwater levels and encountered bedrock levels in the 

wells were included on the attached Site Plans, Drawings 2-1 to 2-5. 

A site reconnaissance visit was also carried out at each of the bridge structures and culverts. 

Representative photographs showing relevant natural features and geomorphology are included in 

Appendix A. 

Subsurface field explorations were not carried out for this report.  Copies of the previous records 

of boreholes and associated location plans relevant to the existing structures that were available 

at the time of the investigation were included in Appendix B. 

4. LITERATURE REVIEW 

4.1 Inferred Subsurface Conditions 

The reviewed geological and physiographic maps and literature indicated that Highway 401 

through the Geographical Township of Raleigh was constructed over the St. Clair Clay Plain 

deposits which occur over the western area of Kent County and extend over the Essex and 

Lambton Counties to the west and north, respectively.   The St. Clair Clay Plain consists of a flat 

and relatively deep deposit of typically very stiff clayey silt and silty clay till deposits.   

The bedrock underlying the Highway 401 alignment through the Geographical Township of 

Raleigh comprises mostly of the black bituminous shale containing locally grey shale of the Kettle 

Point Formation. 
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The following tables provide a simplified summary of the site conditions that were previously 

encountered or inferred at the location of the underpasses, bridge structures and structural 

culverts within the Geographical Township of Raleigh.   

For the structures where previous reports were not prepared or were not available, the subsurface 

conditions were assumed to be similar to those encountered or inferred for the adjacent 

structures. 

SUMMARIZED INFERRED/ASSUMED SUBSURFACE CONDITIONS 

Structure Name 
Soil Cover Levels (*) Bedrock (**) Groundwater (***) 

Clayey Silt, Silty 
Clay (Till) Silt, Sand Depth

(m) Elev. Depth 
(m) Elev. 

Merlin Road Underpass Hard to very stiff 
to 8.0 m depth; 
firm to stiff below. 
Depth: 22.9 m 
(elev. 155.5) 

Dense, with 
clayey silt. 
Depths: 28.1 and 
28.2 m 
(elev. 150.3) 

28.1 
to 

28.2 

149.1 
to 

150.3 

Perched: 
0.3 to 1.5 
Regional: 

6.6 

Perched: 
177.1 to 
177.7 

Regional: 
171.9 

Deary Drain Culvert 

Drake Road Underpass Very stiff to hard. 
Termination 
Depths: 5.3 to 
6.9 m (elev. 170.5 
to 173.5) 

– 24.1 
to 

33.9 

<146.1 
to 

158.9 

Perched: 
Not Recorded 
Regional: 
3.7 to 9.2 

Perched: 
Not Recorded
Regional: 
170.8 to 
179.3  

Government Drain No. 2 
Bridge EBL  

Very stiff to hard 
to 8.0 m depth; 
stiff below. 
Termination 
Depths: 7.9 to 
9.8 m (elev.167.6 
to 170.4) 

– 24.1 
to 

33.9 

<146.1 
to 

158.9 

Perched: 
Not Recorded 
Regional: 
3.7 to 9.2 

Perched: 
Not Recorded
Regional: 
170.8 to 
179.3 

Government Drain No. 2 
Bridge WBL  

Dillon Road Underpass Very stiff to hard 
to 7.0 m depth; 
stiff below.  
Termination 
Depth: 8.2 to 
23.5 m 
(elev.154.8 to 
170.9) 

– 20.1 
to 

23.5 

154.8 
to 

160.8 

Perched: 
1.2 to 1.5 
Regional: 
3.7 to 6.4 

Perched: 
177.6 to 
177.9 

Regional: 
173.6 to 
178.1 

Government Drain No. 3 
Bridge EBL  

Government Drain No. 3 
Bridge WBL 
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SUMMARIZED INFERRED/ASSUMED SUBSURFACE CONDITIONS 

Structure Name 
Soil Cover Levels (*) Bedrock (**) Groundwater (***) 

Clayey Silt, Silty 
Clay (Till) Silt, Sand Depth

(m) Elev. Depth 
(m) Elev. 

Raleigh Plains Drain 
Bridge EBL  

Very stiff to 6.0 m 
depth; stiff below.  
Termination 
Depths: 9.8 to 
12.8 m 
(elev. 166.0 to 
169.1) 

– 20.4 
to 

25.6 

156.2 
to 

161.5 

Perched: 
Not Recorded 
Regional: 
2.5 to 15.3 

Perched: 
Not Recorded 
Regional: 
164.7 to 
179.3 Raleigh Plains Drain 

Bridge WBL  

Flook & Hinton Drain 
Bridge EBL  

Stiff to very stiff.  
Depths: 19.8 to 
20.3 m 
(elev. 158.9 to 
159.9) 

– 19.8 
to 

21.7 

158.3 
to 

159.9 

Perched: 
2.4 

Regional: 
5.8 to 7.6 

Perched: 
177.6 

Regional: 
172.4 to 
173.1 

Flook & Hinton Drain 
Bridge WBL  

Bloomfield Road 
Underpass 

Stiff to very stiff.  
Termination 
Depths: 5.8 to 
20.6 m 
(elev. 159.2 to 
173.9) 

– 
20.6 

to 
21.7 

158.3 
to 

159.2 

Perched: 
Not Recorded 
Regional: 
5.6 to 7.6 

Perched: 
Not Recorded 
Regional: 
172.4 to 
174.0 

Culvert Site 13-401 Very stiff to hard. 
Depths: 10.2 to 
11.7 m 
(elev. 169.7 to 
171.2) 

Dense/very dense 
sand/sand till.  
Termination 
Depths: 11.0 to 
15.5 m (elev. 
165.9 to 170.8) 

> 24.4
to 

>38.1 

<144.6 
to 

<158.6 

Perched: 
Not Recorded 
Regional: 
3.7 to 20.7 

Perched: 
Not Recorded
Regional: 
162.0 to 
179.0 Kent County Road No.10 

Underpass 

Notes:  (*)  From borehole data. Levels indicated are inferred depths and elevations of the bottom of the soil units. 
Topsoil and fill units were disregarded.   

  (**) From records of boreholes and water wells.  
 (***) Groundwater levels were based on records of boreholes and water wells (circa 1950 to 1970). 

Depths of topsoil and fill encountered during previous subsurface investigations were disregarded 

because present conditions will likely differ from those recorded.  The records of some of the 

boreholes indicated the emanation of natural gas during the drilling. 

The typical soil stratigraphy encountered in the previous investigations at all of the structure sites 

comprises cohesive deposits of silty clay, clayey silt till/silty clay till.  These cohesive soils extend 

to a discontinuous layer of sand encountered at depths of 22.9 m at the Merlin Road underpass 

and 10.2 to 11.7 m at the Kent County Road No.10 underpass.  At the remaining structure sites, it 

is inferred that the cohesive deposits extend beyond the termination depths of the boreholes 
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(minimum depth of 5.3 m at the Drake Road underpass) and to the underlying bedrock at several 

sites (Dillon Road Underpass/Government Drain No. 3 at 23.5 m; Flook & Hinton Drain Bridges at 

19.8 to 20.3 m; Bloomfield Road underpass at 20.6 m depths). 

The discontinuous sandy deposits encountered at the Merlin Road underpass extend to the 

bedrock at depths of 28.1 and 28.2 m, elevation 150.3.  At the Kent County Road No. 10 

underpass, the sand extends beyond the 11.0 to 15.5 m termination depth of the boreholes.  

Based on borehole and well records, the bedrock underlying the Highway 401 sites was typically 

encountered or inferred at variable depths ranging between 19.8 and deeper than 38.1 m. The 

bedrock surface was found at a variable range of levels from lower than elevation 144.6 to 161.5.  

Perched groundwater was found or inferred at depths ranging from 0.3 to 2.4 m depths (and near 

the surface at creek crossing sites) in the boreholes and well records.  The regional groundwater 

was found or inferred between 2.5 and 20.7 m depths.  The present groundwater conditions may 

vary from those recorded during the geotechnical investigations and well drilling in the 1950 to 

1970s. 

4.2 Inferred Structure Foundations 

Based on the construction drawings reviewed, the foundations of the abutments and piers of the 

underpass structures were founded on spread footings and/or 323 mm O.D. concrete-filled steel 

tube piles driven to relatively low design capacities of 222 and 312 kN.  The abutments of the 

Dillon Road Underpass structure were founded on No. 14 timber piles driven to a design capacity 

of 133 kN.  The following table summarizes the foundation type and founding levels that were 

indicated for the spread footings and driven piles. 
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BRIDGE STRUCTURE - EXISTING FOUNDATIONS 

Structure 

Abutments Piers 

Type 

Elevation  

Type 

Elevation  

Top  
Footing / 
Pile Cap 

Bottom 
Footing / 
Pile Tip 

Top  
Footing / 
Pile Cap 

Bottom 
Footing / 
Pile Tip 

Merlin Road 
Underpass 

Spread 
Footings 176.8 175.9 Spread 

Footings 176.8 175.9 

Drake Road 
Underpass 

Piles 
(222 kN) 182.6 175.3 Spread 

Footings 177.4 176.5 

Government Drain 
No. 2 Bridge EBL 
and  WBL  

Spread 
Footings 174.7 173.8 N/A N/A N/A 

Dillon Road 
Underpass 

Piles 
(133 kN) 183.6 169.9 Spread 

Footings 178.5 177.6 

Government Drain 
No. 3 Bridge EBL 
and WBL  

Spread 
Footings 173.4 172.5 N/A N/A N/A 

Raleigh Plains Drain 
Bridge EBL and  
WBL  

Spread 
Footings 175.6 174.7 N/A N/A N/A 

Flook & Hinton 
Drain Bridge EBL 
and  WBL 

Spread 
Footings 176.2 175.4 N/A N/A N/A 

Bloomfield Road 
Underpass 

Piles 
(312 kN) 184.4 170.7 Piles 

(312 kN) 179.2 170.1 

Kent County Road 
No.10 Underpass 

Piles 
(312 kN) 186.7 173.7 Spread 

Footings 181.1 179.9 

Note:  Elevations were taken from reference contract drawings for top of spread footings, bottom of pile caps 
and pile tips.  Pile capacities indicated in brackets were also taken from construction drawings. 

The construction of the spread footing foundation for the Government Drain No. 2, Raleigh Plains 

and Flook & Hinton Drain Bridges involved the installation of sheet pile walls, according to their 

respective contract drawings.  The sheet piles extended along the front (channel side) of the 

abutment footings and retaining wall between the abutments. 

The culverts over 3 m span being assessed are of the concrete frame open footing type. It is 

inferred that the culvert footings were founded on the native clayey deposits about 1.2 m below 

grade for frost protection. 
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5. SITE RECONNAISSANCE 

The site reconnaissance of the structures within this geographical township was carried out on 

January 26 and 27 and June 28, 2006.  Fifty relevant photographs of the structure and culvert 

sites are presented in Appendix A for reference.  The following notes were compiled. 

• In general, the site visits confirmed that the structures and culverts are located on 
generally flat to gently undulating terrain of the St. Clair Clay Plain (photographs 2-1 
to 2-3, 2-5, 2-7, 2-9 to 2-13, 2-17 to 2-20, 2-22, 2-23, 2-31, 2-37, 2-39, 2-41 to 2-43, 
2-45 to 2-48 and 2-50). 

• The visual inspection of the underpass structure foundations did not reveal signs of 
distress such as settlements or other distortion (photographs 2-1, 2-3, 2-9, 2-18, 2-35 
and 2-45).   

• The roadside ditches and median were typically covered with grass.  Wet ground 
occurs locally at toe of embankment slopes and in the roadside ditches at the 
underpass structure and culvert locations (photographs 2-12, 2-19, 2-38, 2-42, 2-46, 
2-48 and 2-50). 

• It was judged that the underpass approach embankments and interchange ramps are 
currently stable and without visible settlements.  No major signs of distress such as 
erosion or sliding of the bridge approach embankments were noted (photographs 2-2, 
2-5, 2-6, 2-17, 2-19, 2-20, 2-21, 2-40 and 2-47). 

• A rabbit burrow that was noted beside a dead rabbit on the east side of the north 
approach embankment to the Kent County Road No. 10 indicates potential future 
hazard due to settlement or weakening of the pavement support (photograph 2-49). 

• Localized surficial erosion of the north foreslope and concrete revetment at the 
Bloomfield Road underpass was noted (photograph 2-36). 

• The concrete revetment of the embankment foreslopes of the underpasses at 
Merlin Road, Drake Road and Dillon Road were partially or fully replaced with rockfill 
cover. 
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• The channels at the inlet/outlet of the culverts and under bridges were locally 
narrowed by soils eroding or sloughing off the earth banks (photographs 2-26, 2-33 
and 2-44).   

• Channel bank erosion and erosion control measures using rockfill cover were noted at 
several sites (photographs 2-7, 2-8, 2-24 to 2-30 and 2-32). 

• A system of water flow control is being used in the roadside ditches to contain run-off 
waters in the drain channel (photographs 2-7 and 2-27). 

• Significant water flow was noted from the weep holes of the drain bridge abutments 
(photographs 2-14, 2-26 and 2-28). 

• Swampy ground was not noted within or near the structures or culverts within the 
alignment.  However, some areas were wet possibly due to poor drainage on the 
relatively flat terrain (photographs 2-37, 2-38, 2-46 and 2-50). 

• The exit and on-ramps of the Bloomington Road interchange were constructed over 
terrain that is typically flat and free of swampy soils (photographs 2-38, 2-41 and 
2-42). 

• Drainage ditches were constructed 40 m to the west of the north approach 
embankments of Merlin Road and 161 and 40 m to the east of Drake Road and Dillon 
Road underpasses respectively (photographs 2-2, 2-12 and 2-22).   

• Other smaller culverts were installed adjacent and under the approach embankments 
of the Kent County Road No. 10 underpass (photographs 2-46 and 2-48). 

• Hydro towers are located along the south of Highway 401 from the east of 
Government Drain No. 3 (photograph 2-23) easterly through the Bloomfield and 
Kent County Road No. 10 underpass (photographs 2-34, 2-39, 2-41 to 2-43, 2-46 and 
2-50). 

• Lines of hydro poles are located immediately west of the Merlin Road, Dillon Road 
and Kent County Road No. 10 underpasses and east of the Bloomfield Road 
Underpass (photograph 2-2, 2-5, 2-20, 2-35, 2-37 and 2-47). 
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6. DISCUSSION AND RECOMMENDATIONS 

6.1 General 

The MTO is currently planning to widen Highway 401 through the County of Kent from four to six 

lanes of traffic.  This report pertains to the section through the Geographical Township of Raleigh.  

It is understood that the two widening alternatives being currently considered essentially comprise 

the following: 

Alternative 1 – Adding one lane to the inside of the westbound and eastbound lanes  

Alternative 2 – Adding one lane to the outside of the westbound and eastbound lanes  

It is envisaged that Alternative 1 will require filling of the median ditch and construction of a barrier 

along the centreline of the median.  Existing culvert and underpass structures would not require 

foundation modifications.   

At the Bloomfield Road interchange, it is planned to replace the existing Bloomfield Road 

underpass with a wider structure to accommodate additional Bloomfield Road and interchange 

ramp lanes.  The existing ramps are to be removed and replaced by Parclo A configuration 

interchange ramps.  Furthermore, the 7th Line West access to the interchange will be closed and a 

future Business Park Road is considered to provide full access to Bloomfield Road to/from 

Bloomfield Business Park.   

Extension of the existing Flook & Hinton WBL bridge to accommodate the future N-W ramp lane 

and a new bridge at the Flook & Hinton EBL bridge to accommodate the future W-N/S ramp lane 

of the interchange at Bloomfield Road are also proposed.  The Government Drain No. 2 and No. 3 

bridges, Raleigh Plain Drain Bridges and Flook & Hinton Drain Bridges will require widening to the 

inside.  
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Construction of Alternative 2 will likely require the modification of the existing underpass and 

bridge structures or alternatively the construction of new structures.  One option for modification of 

the existing underpass structures is to cut into the existing approach embankment foreslopes (in 

front of the abutments) and construct permanent vertical retaining wall for abutment support. 

Widening to the outside will also require alterations to the Bloomington Road interchange ramps 

and the extension of culverts.  The alternatives for the construction of new underpass structures 

comprise constructing on the same alignment or on new alignment to the west or east of the 

existing structures. 

The following sections of this report provide comments for planning purposes and an overview of 

the advantages and disadvantages, costs and risks/consequences of each alternate configuration 

from a foundation perspective. 

6.1.1 Structure Foundations  

As indicated previously, it is envisaged that the widening alternative comprising the addition of 

traffic lanes to the inside will not require new foundations or modifications to existing foundation.  

The alternative of widening to the outside of the existing lanes will likely require new construction 

or alteration of the existing structures in view of their currently narrow four-span configuration.  It is 

noted that the structures may also require replacement or widening due to a separate possible 

requirement to increase their current number of traffic lanes over Highway 401. 

Based on the available data, the following foundation levels and geotechnical resistances for 

shallow and deep foundations are anticipated. 

PRELIMINARY REFERENCE FOUNDING LEVELS AND GEOTECHNICAL RESISTANCES (1) 

Structure site 

Shallow Foundations (2) Deep Foundations (3) 

Founding
Levels (4) 

Geotechnical
Resistance  

Founding 
Levels 

Geotechnical
Resistance (5) 

Depth
(m) Elev. ULS

(kPa) 
SLS
(kPa) 

Depth
(m) Elev. ULS

(kN) 
SLS
(kN) 

Merlin Road Underpass 3.9 175.9 350 200 28 149 2,000 N/A 

Drake Road Underpass 3.5 176.5 350 200 24 to 
34 

146 to  
159 2,000 N/A 
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PRELIMINARY REFERENCE FOUNDING LEVELS AND GEOTECHNICAL RESISTANCES (1) 

Structure site 

Shallow Foundations (2) Deep Foundations (3) 

Founding
Levels (4) 

Geotechnical
Resistance  

Founding 
Levels 

Geotechnical
Resistance (5) 

Depth
(m) Elev. ULS

(kPa) 
SLS
(kPa) 

Depth
(m) Elev. ULS

(kN) 
SLS
(kN) 

Government Drain No. 2 
Bridge EBL and  WBL  1.0 173.8 350 200 24 to 

34 
146 to  
159 2,000 N/A 

Dillon Road Underpass 5.1 177.6 350 200 21 to 
24 

154 to 
161 2,000 N/A 

Government Drain No. 3 
Bridge EBL and WBL  2.5 172.5 350 200 21 to 

24 
154 to 
161 2,000 N/A 

Raleigh Plains Drain 
Bridge EBL and  WBL  0.9 174.7 250 150 20 to 

26 
156 to 
161 2,000 N/A 

Flook & Hinton Drain 
Bridge EBL and  WBL 0.8 175.4 250 150 20 to 

22 
158 to 
160 2,000 N/A 

Bloomfield Road 
Underpass - - - - 21 to 

22 
158 to 
159 2,000 N/A 

Kent County Road No.10 
Underpass 3.0 179.9 350 200 38 144 2,000 N/A 

  Notes:  (1) Geotechnical resistances are to be confirmed during detailed design.  Factored resistance at 
ULS used in the table. 

 (2)  Abutments founded below the 1.2 m foundation frost depth on engineered fill may be designed 
for 900 kPa ULS and 350 kPa SLS for a granular pad thickness ≥ 2.0 m 

 (3)  Driven pile tips assumed to be established on the bedrock underlying the sites.  
 (4)  Footing founding levels should match those of existing footings for widening alternatives and 

assumed to be minimum 1.5 m wide.  Depths refer to inferred top of highway pavement levels at 
the underpasses or base of channel at drain bridges.  Spread footings are not recommended at 
the Bloomfield Road Underpass site.   

 (5) Resistance for HP 310x110 piles.  SLS resistance is not applicable to piles driven to refusal on 
unyielding bedrock. 

Subject to structural analyses, existing underpass structure foundations may be reused for new 

structures constructed on the same alignment (such as, the centre pier foundations).  The 

installation of new steel H-piles will be required for construction of new integral or semi-integral 

bridge abutments in addition to the other design items specific to these abutment types.  
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Spread footings are not recommended at the Bloomfield Road Underpass site because of the 

inferred local soil conditions and the existing structure only incorporated driven pile foundations. 

Extensions of the bridge abutments at the drain bridge locations will require excavations below the 

respective channel beds.  These excavations will likely need to be stabilized with sheet pile walls. 

Where culvert extensions are required, it is envisaged that the extensions may be founded on the 

native typically stiff to hard silty clay/clayey silt/silty clay till that are inferred to exist at the founding 

subgrade level of the existing culverts.  The extensions may be founded on the native soils and 

designed for preliminary geotechnical resistances of 300 kPa at ULS (factored) and 150 kPa at 

SLS. 

6.1.2 Embankment Stability 

For the widening alternative comprising the addition of traffic lanes on the inside of the highway, 

the placement of fill on the existing median is not envisaged to cause slope instability problems. 

The alternative of widening the highway to the outside the existing underpass structures will likely 

require replacement of the existing structures.  Any new underpass structures built to the west or 

east of the existing alignments will require the construction of new approach embankments 

comprising about 6 to 7 m high fills at the abutments or widening of the existing embankments.  It 

is envisaged that these embankments, if required, would comprise of earth fill, because rock fill is 

not readily available in the area of the project.  The embankment subgrade typically comprises 

very stiff clayey silt/silty clay till.  The soils are typically wet containing a relatively high perched 

groundwater condition.   
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No signs of distress such as erosion, major sloughing or sliding were noted on the existing 

underpass structure approach embankments.  Based on the condition of these existing earth 

embankments, it is considered that the earth slopes will be stable at the standard earth slope 

configurations of 2H:1V.  If rockfill is used, the stable slope configuration would be 1.25H:1V. 

In general, it is considered that the existing native soils are capable of withstanding the additional 

loading of the new earth embankments or embankment widening, if required.  The short and 

long-term slope stability of approach embankments on each site should be investigated during 

detail design. 

The widening of the embankments is not expected to cause stability problems at the location of 

the culvert and bridge extensions in view of the relatively low additional fills (estimated 2 to 3 m 

high) that would be required.  The faces of the inlet and outlet channels of the culverts should be 

cut at 3H:1V slopes to minimize erosion or sloughing of the existing sandy subgrade at the ditch 

line.   

6.1.3 Embankment Settlement  

It is estimated that the settlements of new embankments constructed separately from the existing 

fills are expected to be significant, and in the order of 50 to 70 mm at the location of the highest 

fills behind the abutments.  Most of the settlements are expected to occur during construction 

because most of the native cohesive soils are heavily preconsolidated.   

Where the embankments are widened the estimated magnitude of settlements is about half those 

indicated for separate embankments. 

The requirement for management control of the settlements should be considered during detail 

design.  Construction of new embankments in advance of installation of new piles would minimize 

post-construction effects such as potential drag down forces on piles for new or widened 

foundations. 
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Settlements of the stiff to hard clayey silt/silty clay till subgrade soils at the culvert or bridge 

extension sites under the anticipated 2 to 3 m high new embankment platform widenings are 

considered to be negligible and be completed during construction.  Cambers are not considered a 

requirement to be incorporated during construction of extensions of these culverts. 

6.1.4 Construction Considerations 

The construction of the alternative to widen to the inside is considered to be straightforward from a 

foundation point of view since new underpass structures or widening of the embankment of the 

existing would not be required.  Widening of the bridges over the drains will be required for both 

alternatives.  Widening of the drain bridges to the inside will likely require temporary shoring for 

the installation of new pile caps or new footings.  Widening to the outside option will be more 

complex, requiring the widening of structures drain bridges and embankments, as well as new or 

modified underpass structures, including removal of the approach embankment foreslopes and 

construction of permanent vertical retaining walls. 

It is envisaged that the new underpass structures for the alternative comprising of the widening to 

the outside would be two-span. Where the access to the existing underpass structures is 

temporarily closed during construction of the new structures, the installation of the new pier and 

abutment foundations is expected to be straightforward at all underpass structures.  The 

construction of new structures on the same alignment while maintaining through traffic on the 

existing structures will require temporary shoring of the approach embankment fills (on 

longitudinal directions).  This may be required for interchanges such as at Bloomington Road. 

Excavations for the installation of new pier foundations or footing foundations for abutments on 

native soils will require control of the perched groundwater in particular within the silty soils 

encountered locally near the ground surface.  Road protection as outlined in the SP 105S19 will 

likely be needed for the excavations required for new piers and abutment foundations. The 

performance level of the protection systems should be determined during detail design. 

In addition, the widening or realignment of the approach embankments to the west of Merlin Road 

and to the east of the Dillon Road and Kent County Road No. 10 underpass structures will likely 
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require the realignment and/or extension of the existing drainage ditches and concrete culverts 

that cross the highway and the sideroads. 

The existing foundations may be widened to accommodate new or wider structures (if structurally 

feasible).  Where these existing foundations bear on driven pipe piles, the new piles should extend 

to the bedrock surface to prevent differential settlements.  It is recommended that the need for     

pre-augering of the soil cover prior to the installation of new driven pipe piles be assessed at the 

detail design stage on a site specific basis.  The depth of the pre-augering should be determined 

during detail design and consider that the existing low capacity pipe piles are installed at about 5 

to 13 m depths below road surface levels (elevations 170 to 175) and the underlying bedrock 

surface is inferred at 21 to 38 m depths (elevations 161 to 145), that is about 9 to 29 m deeper 

than the existing pile tips.  This pre-augering will avoid/minimize lateral forces and drag-down 

loads on the existing piles due to displacement of soil surrounding the existing piles.  These 

effects may be mitigated by using steel H-piles instead of pipe piles for the foundation widenings.  

For widening of the existing foundations with deep foundations, the existing structure should be 

monitored during pile driving to bedrock. 

6.1.5 Advantages and Disadvantages of Alternate Configurations 

In view of the foregoing considerations the following table summarizes the advantages and 

disadvantages and inferred risks/consequences of each of the alternate configurations from a 

foundation perspective.  This preliminary analysis is based on the currently planned widening of 

Highway 401 from four to six lanes.  Other facets of the project that may need to be considered, 

such as future widening to eight lanes and the condition of existing underpass structures are to be 

addressed by others. 
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ADVANTAGES AND DISADVANTAGES – BRIDGE STRUCTURES 

Structure 
Name 

Widening to Inside Widening to Outside (*) 

Advantages Disadvantages
New Structure on  

Existing Alignment 
New Structure on  
New Alignment 

Advantages Disadvantages Advantages Disadvantages 
Merlin Road 
Underpass 

Use of 
existing 
structure and 
approach 
embankment. 
Least costly 
and little 
disruption to 
local traffic. 

None Use of 
existing 
embankment. 
Possible 
reuse of 
existing 
foundations 

New structure 
required. 
Shoring 
existing 
approach 
embankments 
or closing 
traffic on 
bridge needed. 

None New structure 
and approach 
embankments 
required. 
Drain bridge 
west of 
underpass 
needs 
relocation.   

Drake Road 
Underpass 

Use of 
existing 
structure and 
approach 
embankment. 
Least costly 
and little 
disruption to 
local traffic. 

None Use of 
existing 
embankment. 
Possible 
reuse of 
existing 
foundations 

New structure 
required. 
Shoring 
existing 
approach 
embankment 
or closing 
traffic on 
bridge needed. 

None New structure 
and approach 
embankments 
required. 
 

Dillon Road 
Underpass 

Use of 
existing 
structures and 
approach 
embankment. 
Least costly 
and little 
disruption to 
highway 
traffic. 

None Use of 
existing 
embankment. 
Possible 
reuse of 
existing 
foundations 

New structure 
required. 
Shoring 
existing 
approach 
embankments 
or closing 
traffic on 
bridge needed. 

None New structure 
and approach 
embankments 
required. 
Drain bridge 
east of 
underpass 
needs 
relocation.   

Bloomfield 
Road 
Underpass 

Use of 
existing 
structure and 
approach 
embankment. 
Least costly 
and little 
disruption to 
local traffic. 

None Use of 
existing 
embankment. 
Possible 
reuse of 
existing 
foundations 

New structure 
required. 
Shoring 
existing 
approach 
embankments 
or closing 
traffic on 
bridge needed. 

None New structure 
and approach 
embankments 
required. 
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ADVANTAGES AND DISADVANTAGES – BRIDGE STRUCTURES 

Structure 
Name 

Widening to Inside Widening to Outside (*) 

Advantages Disadvantages
New Structure on  

Existing Alignment 
New Structure on  
New Alignment 

Advantages Disadvantages Advantages Disadvantages 
Kent County 
Road No.10 
Underpass 

Use of 
existing 
structure and 
approach 
embankment. 
Least costly 
and little 
disruption to 
local traffic. 

None Use of 
existing 
embankment. 
Possible 
reuse of 
existing 
foundations 

New structure 
required. 
Shoring 
existing 
approach 
embankments 
or closing 
traffic on 
bridge needed. 

None New structure 
and approach 
embankments 
required. 
Culverts east, 
north and 
south of 
underpass 
need 
relocation or 
extension. 

Notes:  (*) Assumes widening to the outside will require a new underpass structure or modifications to 
the existing underpass structure, including removal of the approach embankment foreslope 
and construction of permanent vertical retaining walls. 

 

ADVANTAGES AND DISADVANTAGES – DRAIN BRIDGES 

Structure Name 
Widening to Inside (*) Widening to Outside (*) 

Advantages Disadvantages Advantages Disadvantages 
Government Drain 
No. 2 Bridge EBL 
and  WBL  

Widening uses existing 
median embankments. 
Additional sheet piles not 
required. Least costly. 

Temporary shoring 
required to 
construct 
foundations for 
bridge widening 

None Additional sheet piles 
required.  Widening of 
existing embankment 
required.  Temporary 
shoring required to 
construct foundations for 
bridge widening.  

Government Drain 
No. 3 Bridge EBL 
and WBL  

Widening uses existing 
median embankments. 
Least costly.  

Temporary shoring 
required to 
construct 
foundations for 
bridge widening 

None Widening of existing 
embankments required. 
Temporary shoring 
required to construct 
foundations for bridge 
widening. 

Raleigh Plains 
Drain Bridge EBL 
and  WBL  

Widening uses existing 
median embankments. 
Additional sheet piles not 
required. Least costly.  

Temporary shoring 
required to 
construct 
foundations for 
bridge widening 

None Additional sheet piles 
required.  Widening of 
existing embankment 
required.  Temporary 
shoring required to 
construct foundations for 
bridge widening. 
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ADVANTAGES AND DISADVANTAGES – DRAIN BRIDGES 

Structure Name 
Widening to Inside (*) Widening to Outside (*) 

Advantages Disadvantages Advantages Disadvantages 
Flook & Hinton 
Drain Bridge EBL 
and  WBL 

Widening uses existing 
median embankments. 
Additional sheet piles not 
required. Least costly.  

Temporary shoring 
required to 
construct 
foundations for 
bridge widening 

None Additional sheet piles 
required.  Widening of 
existing embankment 
required.  Temporary 
shoring required to 
construct foundations for 
bridge widening. 

Notes: (*) Assumes widening to the inside or outside will maintain existing highway alignment at drain 
bridges. 

   Sheet piling was not used at the Government Drain No. 3 Bridges. 
 

ADVANTAGES AND DISADVANTAGES – CULVERTS 

Structure Name 
Widening to Inside Widening to Outside 

Advantages Disadvantages Advantages Disadvantages 

Deary Drain Culvert  Culvert extensions 
not required None None Culvert extensions 

required 

Culvert Site 13-401 Culvert extensions 
not required None None Culvert extensions 

required 

 Note:  Use of centre section of culvert is subject to structural verification. 

Since widening to the inside will not require extensions of the culverts this option will be 

considered less costly than the widening to outside alternative.  Roadway protection maybe 

required for either alternative. 

In general, widening to the inside for this section of the Highway 401 will involve the least risk 

since shoring of the approach embankments, construction of new embankments and bridges or 

widening of existing embankment will not be required or will be minimized when compared with 

the widening to the outside option. 

6.2 Preferred Alternative Considerations 

From the foundation point of view, the preferred alternative to widen Highway 401 from four to six 

lanes of traffic is to widen to the inside (previously designated Alternative 1, adding traffic lanes on 
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the median of the existing lanes).  The selected alternative depended on additional 

considerations, such as the potential future widening to eight traffic lanes that were addressed by 

others. 

The preferred option for the highway widening will require the replacement of the structure at the 

Bloomfield Road interchange and provision of Parclo A interchange ramps to replace the existing 

ramps.  Copies of the preferred option plans provided by MRC are appended to this report as 

Drawings P2-1 to P2-5. 

Shoring of the existing road and Bloomfield Road approach embankments will be required for the 

preferred alternative if the road will remain open to traffic during construction. 

From the foundation point of view the preferred alternative will also require the extension of the 

Flook & Hinton Drain  EB and WB bridges at approximate Sta. 21+450, including additional sheet 

piles and widening of the existing embankment, to accommodate future Highway 401 EBL and 

WBL in the median, and N-W and W-N/S ramps to the outside. 

The construction of the Preferred Alternative is considered to be feasible from the foundations 

standpoint. 

6.3 Foundation Investigation Areas For Detail Design 

The Preferred Alternative of widening Highway 401 from four to six lanes by adding traffic lanes to 

the inside would not require foundation investigations at the underpass and culvert structures 

through the Geographical Township of Raleigh, unless these structures require widening or 

replacement due to other considerations. 

Foundation investigations will be required at the Bloomfield underpass to accommodate the 

realigned future Bloomfield Road and ramp lanes.  In addition, extending the Flook & Hinton Drain 

Bridges also require foundation investigations to accommodate the new ramp for the modified 

Bloomfield Road interchange. 
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Widening of the other existing underpasses and drain bridges to the inside will also require 

foundation investigations. 

For the Preferred Alternative, the foundation investigations for new structures that would be 

required for detailed design of the Highway 401 widening are listed on the following tables. 

FOUNDATION INVESTIGATION AREAS – STRUCTURES 

Stations (*) Proposed Works Existing Data (**) 

~14+387 Government Drain No. 2 Bridge EBL 4 boreholes to depths 
from 7.9 to 9.8 m ~14+387 Government Drain No. 2 Bridge WBL 

~18+100 Government Drain No. 3 Bridge EBL 9 boreholes to depths 
from 8.2 to 23.5 m ~18+100 Government Drain No. 3 Bridge WBL 

~20+050 Raleigh Plains Drain Bridge EBL 3 boreholes to depths 
from 9.8 to 12.8 m ~20+050 Raleigh Plains Drain Bridge WBL 

~21+450 Flook & Hinton Drain Bridge EBL 4 boreholes to depths 
from 19.8 to 20.3 m ~21+450 Flook & Hinton Drain Bridge WBL 

21+877.4 Bloomfield Road Underpass 7 boreholes to depths 
from 5.8 to 20.6 m 

Notes: (*)  Stations are approximate. 
 (**)  Relevant data from previous foundation investigation reports.   

Refer to Table 2-1 for list of reference documents. 
 

FOUNDATION INVESTIGATION AREAS –CULVERTS 

Stations (*) Proposed Works  Existing Data 

10+765.65 Deary Drain Culvert  Data not available 

25+253.7 Culvert Site 13-401 Data not available 

Notes: (*) Stations provided in the RFP documents. 
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TABLE 2-1 
LIST OF REFERENCE DOCUMENTS 

(TOWNSHIP OF RALEIGH) 
 

A. Geological Maps 

• Geological Map of the Province of Ontario, Map No. 1958B Ontario, Department of 
Mines, Compiled 1958.  Scale 1:1,267,200. 

• Quaternary Geology of Ontario, Southern Sheet, Map 2556 from Ontario Ministry of 
Northern Development and Mines, Compiled 1991.  Scale 1:1,000,000. 

• Drift - Thickness Contours, Kent County, Preliminary Map 52-4A, Prepared by J.F. 
Caley and B.V. Sanford, 1951, Published 1952 by Department of Mines and 
Technical Surveys of the Geological Survey of Canada. 

• Bedrock Contours, Kent County, Preliminary Map 52-4B, Prepared by J.F. Caley and 
B.V. Sanford, 1951, Published 1952 by Department of Mines and Technical Surveys 
of the Geological Survey of Canada. 

• Ontario Geological Map, Map No. 2196 from Ontario Department of Mines and 
Northern Affairs, Compiled 1970. Scale 1:1,013,760 (1 inch = 16 miles). 

B. Physiographic Maps 

• Soil Map of the County of Kent, Soil Survey Report No. 3, Published by the 
Experimental Farms Branch, Ottawa, 1936, Scale 1/2 inch = 1 mile. 

• Physiography of Southern Ontario Map P.2715 Ontario Geological Survey, 1984. 
Scale 1:600.000. 

• Physiography of the Southwestern Portion of Southern Ontario, Map 2225 Ontario 
Department of Mines and Northern Affairs, Ontario Research Foundation, Published 
1972, Scale 1:253,440 (1 inch = 4 miles). 

C. MTO Reports and Drawings 

(1) Foundation Investigation Report for Government Drain No. 1 Bridge at Highway 2, 
North of Highway 401, WP 89-67-00, dated December 1974, Geocres No. 40J8-36. 

(2) Contract Drawings for Merlin Road Underpass at Highway 401 prepared by 
Morrison, Hershfield, Millman & Huggins Ltd. WP 69-59, dated September 28, 1960. 

(3) Foundation Investigation Report for Highway 401, Line ‘C; and Drainage Canal 
(Government Drain No. 1) and Realigned County Road (Merlin Road) prepared May 
1959, WP 10-59 and 69-59, Geocres No. 40J8-7. 
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(4) Contract Drawing for Drake Road Underpass at Highway 401, WP 81-59, dated 
November 1967. 

(5) Foundation Investigation Report for Proposed Crossing of Highway 401 and 
Drake Road, File No. 67-F-202 prepared by Dominion Soil Investigation Limited 
dated June 5, 1967, WP 81-59, Geocres No. 40J8-31. 

(6) Additional Borings for Revised Drake Road Underpass, W.J. No. 67-F-51, 
WP 81-59, dated June 20, 1967, Geocres No. 40J8-30. 

(7) Contract Drawings for Raleigh Township Bridge No. 12 (Government Drain No. 2 
Bridges), WP 11-59 dated September 1959. 

(8) Foundation Investigation Report for Highway 401, Line ‘C’ and Drainage Ditch 
Crossing Lot 7, Concession 6 (Government Drain No. 2), WP 11-59, dated May 8, 
1959, Geocres No. 40J8-4. 

(9) Contract Drawings for Dillon Road Underpass at Highway 401, WP 299-60, dated 
January 1967. 

(10) Foundation Investigation Report for Highway 401, Line ‘C’ and Jeannette Creek and 
Gravel Road Proposed Crossing (Government Drain No. 3 Bridges and Dillon Road 
Underpass), Lots 12 and 13, Concession 7; Township of Raleigh, WP 12-59, 
W.J.F-59-61, dated July 1959, Geocres No. 40J8-11. 

(11) Contract Drawings for Raleigh Township Bridge No. 9 (Government Drain No. 3 
Bridges), WP 12-59, dated October 1959. 

(12) Contract Drawings for Raleigh Township Bridge No. 7 (Raleigh Plains Drain 
Bridges), WP 13-59, dated November 6, 1959. 

(13) Foundation Investigation Report for Highway 401, Line ‘A’ and Jeannette Creek 
Crossing Lots 15 and 16, Concession VII (Raleigh Plains Drain Bridges), WP 13-59, 
W.J.F-59-14, dated May 6, 1959, Geocres No. 40J8-8. 

(14) Contract Drawings for Raleigh Township Bridge No. 6 (Flook & Hinton Drain 
Bridges), WP 14-59, dated January 8, 1960. 

(15) Foundation Investigation Report for Jeannette Creek & Highway 401, Line ‘A’ 
Crossing Raleigh Township Lot 18, Concession 7 (Flook & Hinton Drain Bridges), 
WP 14-59, W.J.F-59-34, Geocres No. 40J8-9. 

(16) Contract Drawings for Bloomfield Road Interchange Underpass, WP 297-59, dated 
October/November 1960. 

(17) Foundation Investigation Report for proposed underpass structure of Highway 401 
at County Road 27 (Bloomfield Road Underpass), Project No. J419 prepared by 
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William A. Trow & Associates Ltd., WP 297-59, dated October 2, 1959, Geocres 
No. 40J8-19. 

(18) Contract Drawings for Kent County Road No. 10 Underpass at Highway 401, 
WP 56-59, dated June 1961. 

(19) Foundation Investigation Report for Highway 401 underpass at Kent County Road 
No. 10, WP 56-59 prepared by E.M. Peto Associates Ltd. dated December 17, 
1959, Geocres No. 40J8-16. 

(20) Contract Drawings for Hot Mix Paving, Contract No. 78-55 from east of interchange 
No. 8 Tilbury North (Essex County Road 42) easterly to west of Bloomfield Road, 
WP 51-77-01, dated February 9, 1978 (General data only - no additional soil data). 

(21) Contract Drawing for Hot Mix Paving, Contract No. 97-43, from 0.7 km east of 
Highway 2 easterly to 0.8 km west of County Road 27 (Bloomfield Road), 
WP 600-93-01 and 600-93-00, dated April 18, 1997 (General data only - no 
additional soil data). 

D. Ground Water Data 

• Water Well Records for Ontario (Kent-Lambton) 1946-1974, Ministry of the 
Environment, Water Resources Bulletin 2-20 Ground Water Series Published 1977. 

• Ground Water Probability, County of Kent, Water Resources Map 3117-1, Ontario 
Resources  Commission 1970. Scale 1:100,000. 

• Southern Ontario Drainage Basins, Map 3002-2, Ministry of the Environment, Water 
Quantity Management Branch, 1973, Scale 1:500,000. 

• Essex-Chatham-Kent Groundwater Management Study, Ministry of Environment, 
http://www.ene.gov.on.ca/envision/water/groundwater/essex_chatham_kent/index.htm.  
Last modified on October 21, 2008. 

E. Other Sources 

• Air Photo Mapping of existing conditions provided by MTO – digital files. 

• Chatham – Kent Base Mapping and Mosaic provided by MTO and MRC – digital files. 

• Topographic Map of Ontario, Chatham Sheet, Geographic Section of Department of 
National Defence 1913, Reprinted 1940.  Scale: 1 inch = 1 mile. 

• Aggregate Resources Inventory of Raleigh and Harwich Townships, Kent County, 
Southern Ontario published by the Ministry of Northern Development and Mines, 
Ontario Geological Survey Aggregates Resources Inventory Paper No. 126, dated 
1991. 

http://www.ene.gov.on.ca/envision/water/groundwater/essex_chatham_kent/index.htm
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TABLE 2-2 
WATER WELL RECORDS SUMMARY 

TOWNSHIP OF RALEIGH 

CONCESSION 
NO. 

LOT 
NO. 

GROUND 
ELEV. 

(m) 
DATE 

DRILLED 

STATIC WATER STRATIGRAPHY 
DESCRIPTION 

(SOIL AND DEPTH TO BOTTOM 
OF UNIT) 

BEDROCK 

DEPTH 
(m) 

ELEV. 
(m) 

DEPTH 
(m) 

ELEV. 
(m) 

4 1 178.4 09/54 Dry - Clay 6.1; hard pan 24.4; 
boulder 25.9 

>25.9 <152.5 

4 2 177.2 09/55 Dry - Yellow clay 3.1; blue clay 28.1; 
shale 28.4 

28.1 149.1 

4 2 178.4 09/55 Dry - Yellow clay 3.1; blue clay 28.1; 
shale 28.4 

28.1 150.3 

4 3 177.8 05/73 Dry - Blue clay 18.6; clay sand 
gravel 22.9; black sand 
gravel 24.7; grey shale 25.0 

24.7 153.1 

4 3 178.4 07/63 2.4 176.0 Yellow clay 3.7; blue clay 22.9 >22.9 <155.5 

4 3 177.2 05/54 6.1 171.1 Blue clay 9.2; gravel 9.8; 
clay 21.0; gravel 21.7; gravel 
clay 26.8; clay sand 27.8; 
shale 29.3 

27.8 149.4 

4 3 178.4 05/54 3.7 174.7 Blue clay 21.7; sand gravel 23.8 >23.8 <154.6 

5 3 178.4 08/50 Dry - Yellow clay 7.6; sand 24.7; 
gravel 26.8 

>26.8 <151.6 

5 3 177.2 08/50 Dry - Yellow clay 7.6; sand 23.5; 
gravel 25.6 

>25.6 <151.6 

5 4 177.2 09/50 4.6 172.6 Clay 19.5; sand muck 22.9; 
sand gravel 24.4 

>24.4 <152.8 

5 4 177.2 05/48 Not 
Recorded 

Not 
Recorded 

Clay 12.8; hard pan 20.7; 
sand 21.0; shale 21.4 

21.0 156.2 

5 5 178.1 09/73 19.8 158.3 Clay 23.8; silty sand 24.1; 
gravel 24.4; black shale 25.6 

24.4 153.7 

6 5 183.0 03/61 4.3 178.7 Clay 23.4; sand 24.4 >24.4 <158.6 

6 5 178.4 02/61 Dry - Clay 24.7; rock 28.1 24.7 153.7 

6 5 183.0 02/61 4.9 178.1 Clay 23.5; sand 23.8 >23.8 <159.2 

6 6 178.4 01/73 6.1 172.3 Clay 18.3; hard pan 25.6; 
shale 26.2 

25.6 152.8 
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TABLE 2-2 
WATER WELL RECORDS SUMMARY 

TOWNSHIP OF RALEIGH 

CONCESSION 
NO. 

LOT 
NO. 

GROUND 
ELEV. 

(m) 
DATE 

DRILLED 

STATIC WATER STRATIGRAPHY 
DESCRIPTION 

(SOIL AND DEPTH TO BOTTOM 
OF UNIT) 

BEDROCK 

DEPTH 
(m) 

ELEV. 
(m) 

DEPTH 
(m) 

ELEV. 
(m) 

6 6 183.0 03/53 4.6 178.4 Clay 11.6; sand 12.2; 
muck 25.3; sand 26.8; 
shale 27.1 

26.8 156.2 

6 7 183.0 06/61 3.7 179.3 Clay 11.3; gravel sand 11.9; 
clay stones 23.5; clay sand 23.8; 
sand 24.1; shale 24.4 

24.1 158.9 

6 10 183.0 05/60 5.2 177.8 Clay 22.6; sand 22.9; rock 23.1 22.9 160.1 

7 7 180.0 10/52 5.5 174.5 Clay 25.3; sand gravel 28.4 >28.4 <151.6 

7 7 180.0 06/68 6.1 173.9 Clay 4.9; blue clay 16.2; 
sand 18.0; blue clay 25.6 

>25.6 <154.4 

7 7 179.6 08/54 6.1 173.5 Clay 4.9; blue clay 16.2; 
sand 18.0; blue clay 25.3; 
rock 25.6 

25.3 154.3 

7 7 180.0 12/69 8.5 171.5 Yellow clay 4.8; blue clay 25.6; 
sand 26.5 

>26.5 <153.5 

7 7 180.0 08/54 Dry - Clay 3.1; blue muck 15.3; 
sand 16.5; blue muck 28.1; 
rock 28.7; shale 29.0 

28.1 151.9 

7 7 180.0 05/49 9.2 170.8 Clay 27.5; sand 32.9; 
gravel 33.9 

>33.9 <146.1 

7 7 180.0 08/54 Dry - Clay 3.1; blue muck 14.3; 
sand 16.5; blue muck 25.6; 
rock 26.2; shale 26.5 

25.6 154.4 

7 8 183.0 05/53 Dry - Yellow clay 4.8; blue clay 22.9; 
sand 24.4 

>24.4 <158.6 

7 8 180.0 05/53 5.5 174.5 Yellow clay 4.3; blue clay 22.6; 
sand 23.2 

>23.2 <156.8 
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TABLE 2-2 
WATER WELL RECORDS SUMMARY 

TOWNSHIP OF RALEIGH 

CONCESSION 
NO. 

LOT 
NO. 

GROUND 
ELEV. 

(m) 
DATE 

DRILLED 

STATIC WATER STRATIGRAPHY 
DESCRIPTION 

(SOIL AND DEPTH TO BOTTOM 
OF UNIT) 

BEDROCK 

DEPTH 
(m) 

ELEV. 
(m) 

DEPTH 
(m) 

ELEV. 
(m) 

7 10 180.0 05/59 Dry - Yellow clay 3.1; blue muck 29.0; 
sand 30.5; brown shale 31.7; 
shale 33.6 

30.5 149.5 

7 10 181.5 09/67 3.1 178.4 Clay 1.9; clay sand 4.6; clay 
stones 14.3; gravel shale 14.9; 
black shale 15.9 

14.9 166.6 

7 11 179.0 05/66 Dry - Yellow clay 3.1; blue muck 21.0; 
shale 24.7 

21.0 158.0 

7 11 179.0 08/66 4.3 174.7 Yellow clay 4.9; blue clay 
stones 20.7; sand 22.0 

>22 <157.0 

7 11 179.3 05/66 Dry - Yellow clay 3.1; blue muck 21.5; 
shale 22.9 

21.5 157.8 

7 11 179.0 07/66 Dry - Yellow clay 4.9; blue clay 
stones 22.0; sand 22.6; 
shale 22.8; black shale 29.3 

22.6 156.4 

7 11 180.0 06/57 - - Clay 22.6; sand 23.2; shale 25.9 23.2 156.8 

7 11 180.0 06/64 3.7 176.3 Yellow clay 3.1; blue muck 12.2; 
sand 13.4; grey muck 19.2; sand 
gravel 19.8; grey rock 20.1 

19.8 160.2 

7 12 180.0 09/51 6.4 173.6 Yellow clay 10.4; blue clay 20.7; 
sand 21.7; rock 22.0 

21.7 158.3 

7 12 179.3 09/51 Dry - Yellow clay 11.0; blue clay 21.0; 
sand 22.0; rock 22.9; shale 26.2 

22.0 157.3 

7 13 180.0 04/64 Dry - Clay 3.1; blue muck 15.3; grey 
muck 20.1; black shale 22.2 

20.1 159.9 

7 14 180.0 09/48 4.3 175.7 Sand 3.4; clay 15.0; gravel 16.0; 
clay 20.7; gravel 21.0; 
shale 22.0 

21.0 159.0 

7 16 180.0 05/64 9.2 170.8 Brown clay 1.8; blue clay 20.4; 
blue shale 20.7 

20.4 159.6 

7 16 180.0 09/63 2.5 177.5 Sand 3.1; blue muck 18.3; 
gravel 21.0 

>21.0 <159.0 
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TABLE 2-2 
WATER WELL RECORDS SUMMARY 

TOWNSHIP OF RALEIGH 

CONCESSION 
NO. 

LOT 
NO. 

GROUND 
ELEV. 

(m) 
DATE 

DRILLED 

STATIC WATER STRATIGRAPHY 
DESCRIPTION 

(SOIL AND DEPTH TO BOTTOM 
OF UNIT) 

BEDROCK 

DEPTH 
(m) 

ELEV. 
(m) 

DEPTH 
(m) 

ELEV. 
(m) 

7 16 180.0 05/63 15.3 164.7 Clay 21.3; gravel 22.0; black 
shale 22.9 

22.0 158.0 

7 16 183.0 05/63 Dry - Clay 3.5; clay gravel 22.0; black 
shale 22.9 

22.0 161.0 

7 17 180.0 10/56 Dry - Sand 2.5; blue muck 19.5; sand 
gravel 20.7; rock shale 22.0 

20.7 159.3 

7 17 180.0 08/63 2.5 177.5 Sand 3.1; blue muck 20.5; 
sand 21.3; black rock 23.5 

21.3 158.7 

7 17 180.0 12/63 Dry - Sand 3.1; blue muck 18.3; sand 
gravel 21.0; shale 24.4 

21.0 159.0 

7 17 183.0 11/63 Dry - Sand 3.1; blue muck 18.9; sand 
gravel 21.5; shale 24.7 

21.5 161.5 

7 17 180.0 10/56 Dry - Sand 2.5; blue muck 19.5; sand 
gravel 20.7; rock shale 22.0 

20.7 159.3 

7 18 180.0 01/63 Dry - Clay 4.3; clay gravel 16.2; 
sand 18.0; clay gravel 23.2; 
gravel 23.8; shale 24.7 

23.8 156.2 

7 18 180.0 01/63 4.3 175.7 Sand 1.2; blue clay 6.2; clay 
gravel 16.2; sand 18.0; clay 
gravel 23.2; gravel 23.8; 
shale 24.7 

23.8 156.2 

7 18 183.0 01/63 5.2 177.8 Sand 2.4; clay 14.3; clay gravel 
21.3; gravel 22.6; hard pan 22.9; 
black shale 23.8 

22.9 160.1 

7 18 180.0 01/63 Dry - Blue clay 5.2; clay gravel 14.0; 
sand 17.1; blue clay 23.2; black 
shale 24.4 

23.2 156.8 

7 18 180.0 01/63 4.9 175.1 Clay 4.6; clay gravel 22.6; 
gravel 23.2; black shale 24.4 

23.2 156.8 
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TABLE 2-2 
WATER WELL RECORDS SUMMARY 

TOWNSHIP OF RALEIGH 

CONCESSION 
NO. 

LOT 
NO. 

GROUND 
ELEV. 

(m) 
DATE 

DRILLED 

STATIC WATER STRATIGRAPHY 
DESCRIPTION 

(SOIL AND DEPTH TO BOTTOM 
OF UNIT) 

BEDROCK 

DEPTH 
(m) 

ELEV. 
(m) 

DEPTH 
(m) 

ELEV. 
(m) 

8 23 181.5 09/68 3.1 178.4 Clay sand 6.0; clay 11.6; 
gravel 12.0; clay 12.2 

>12.2 <169.3 

8 23 182.7 11/64 9.5 173.2 Clay 9.8; sand 12.2 >12.2 <170.5 

8 23 182.7 12/63 Dry - Clay 3.7; clay stones 28.9 >28.9 <153.7 

8 23 182.7 12/63 6.1 176.6 Clay 3.7; clay stones 11.3; sand 
silt 12.2 

>12.2 <170.5 

8 25 182.7 10/71 9.2 173.5 Clay 1.2; clay sand 10.7; rock 
11.0; clay stones 30.5; 
gravel 32.0; sand 33.0 

>33.0 <149.7 

8 25 182.7 06/63 5.5 177.2 Sand 6.1; blue muck 12.2; 
sand 28.4 

>28.4 <154.3 

8 25 182.7 09/55 3.7 179.0 Clay 35.1; gravel 36.5 >36.5 <146.2 

8 25 182.7 11/64 9.2 173.5 Clay 21.4; gravel stones 27.5 >27.5 <155.2 

8 25 183.0 03/70 11.0 172.0 Clay 5.5; clay sand 6.5; clay 
stones 28.7;  sand gravel 29.0 

>29.0 <154.0 

8 25 183.0 10/69 6.1 176.9 Clay 23.8; gravel sand 24.4 >24.4 <158.6 

8 25 181.5 09/70 18.3 163.2 Clay 3.7; sand 4.9; clay 18.3; 
gravel clay 18.9; clay 
stones 23.8; sand gravel 25.3; 
gravel 25.6 

>25.6 <155.9 

8 25 182.7 09/68 20.7 162.0 Sand 1.6; clay 12.8; gravel 13.4; 
clay 25.0; sand gravel 26.2; 
black clay 26.8 

>26.8 <155.9 

8 25 182.7 08/68 9.2 173.5 Clay stones 26.8; sand silt 27.5 >27.5 <155.2 

8 25 182.7 06/71 6.4 176.3 Clay stones 15.9; sand 
gravel 19.5; clay stones 24.4; 
gravel 25.9; sand stones 26.8 

>26.8 <155.9 

8 25 182.7 07/53 Dry - Clay 3.1; clay gravel 38.1; 
shale 76.2 

38.1 144.6 

8 25 182.7 08/53 Dry - Clay 3.1; clay gravel 38.1 >38.1 <144.6 
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TABLE 2-2 
WATER WELL RECORDS SUMMARY 

TOWNSHIP OF RALEIGH 

CONCESSION 
NO. 

LOT 
NO. 

GROUND 
ELEV. 

(m) 
DATE 

DRILLED 

STATIC WATER STRATIGRAPHY 
DESCRIPTION 

(SOIL AND DEPTH TO BOTTOM 
OF UNIT) 

BEDROCK 

DEPTH 
(m) 

ELEV. 
(m) 

DEPTH 
(m) 

ELEV. 
(m) 

A 14 181.8 08/67 3.7 178.1 Clay 2.2; clay stones 20.7; 
gravel 21.0; shale 21.4 

21.0 160.8 

A 15 181.5 04/70 3.1 178.4 Clay 11.0; hard pan 15.3; 
clay 18.9; gravel 19.2; hard 
pan 20.1 

>20.1 <161.4 

A 16 178.4 02/74 6.1 172.3 Clay sand 19.8; clay sand 
rock 20.7 

20.7 157.7 

A 16 181.8 07/60 Dry - Clay 3.1; blue muck 12.2; 
sand 12.5; blue muck 25.0; 
sand 25.6; rock 28.7 

25.6 156.2 

A 16 181.8 08/60 2.5 179.3 Clay 15.3; blue muck 24.4; 
gravel shale 24.7 

24.4 157.4 

A 17 181.8 06/65 2.7 179.1 Clay sand 3.1; clay 12.2; 
sand 13.3; clay stones 21.0; 
gravel 21.4; black shale 22.3 

21.4 160.4 

A 18 180.0 10/63 2.4 177.6 Sand 3.1; clay 12.2; muck 20.7; 
black shale 21.0 

20.7 159.3 

A 19 180.0 08/62 7.6 172.4 Sand 3.1; blue muck 20.7; 
sand 21.7; shale 22.0 

21.7 158.3 

NOTE: 
1. Data taken from MOE Water Well Records for Ontario (Kent-Lambton) 1946-1974, Water Resources 

Bulletin 2-20 Groundwater Series. 
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APPENDIX A 

Site Photographs 2-1 to 2-50 

Photographs 2-1 to 2-6 – Merlin Road Underpass 
Photographs 2-7, 2-8 – Deary Drain Culvert  

Photographs 2-9 to 2-12 – Drake Road Underpass 

Photographs 2-13 to 2-16 – Government Drain No. 2 Bridge EBL and  WBL 

Photographs 2-17 to 2-22 – Dillon Road Underpass 
Photographs 2-23 to 2-26 – Government Drain No. 3 Bridge EBL and WBL 

Photographs 2-27 to 2-30 – Raleigh Plains Drain Bridge EBL and  WBL  
Photographs 2-31 to 2-34 – Flook & Hinton Drain Bridge EBL and  WBL 

Photographs 2-35 to 2-42 – Bloomfield Road Underpass 
Photographs 2-43, 2-44 – Culvert Site 13-401 

Photographs 2-45 to 2-50 – Kent County Road No.10 Underpass 
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APPENDIX B 

Previous Soil Data and Records of Boreholes 

(1) Foundation Investigation Report for WP 89-67-00 (Government Drain No. 1 Bridge 
at Highway 2, North of Highway 401) 

(2) Contract Drawings for WP 69-59 (Merlin Road Underpass)  
(3) Foundation Investigation Report for WP 10-59 and 69-59 (Government Drain No. 1 

and Merlin Road Underpass)  
(4) Contract Drawing for WP 81-59 (Drake Road Underpass)  
(5) Foundation Investigation Report for WP 81-59 (Drake Road Underpass) 
(6) Additional Borings for WP 81-59 (Revised Drake Road Underpass) 
(7) Contract Drawings for WP 11-59 (Government Drain No. 2 Bridges) 
(8) Foundation Investigation Report for WP 11-59 (Government Drain No. 2 Bridges) 
(9) Contract Drawings for WP 299-60 (Dillon Road Underpass)  
(10) Foundation Investigation Report for WP 12-59 (Government Drain No. 3 Bridges 

and Dillon Road Underpass) 
(11) Contract Drawings for WP 12-59 (Government Drain No. 3 Bridges) 
(12) Contract Drawings for WP 13-59 (Raleigh Plains Drain Bridges) 
(13) Foundation Investigation Report for WP 13-59 (Raleigh Plains Drain Bridges) 
(14) Contract Drawings for WP 14-59 (Flook & Hinton Drain Bridges) 
(15) Foundation Investigation Report for WP 14-59 (Flook & Hinton Drain Bridges) 
(16) Contract Drawings for WP 297-59 (Bloomfield Road Interchange Underpass) 
(17) Foundation Investigation Report for WP 297-59 (Bloomfield Road Underpass) 
(18) Contract Drawings for WP 56-59 (Kent County Road No. 10 Underpass)  
(19) Foundation Investigation Report for WP 56-59 (Kent County Road No. 10 

Underpass) 
(20) Contract Drawings for WP 51-77-01 (General data only)  
(21) Contract Drawing for WP 600-93-01 and 600-93-00 (General data only) 
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(1) Foundation Investigation Report for Government Drain No. 1 Bridge at Highway 2, 
North of Highway 401, WP 89-67-00, dated December 1974, Geocres No. 40J8-36. 
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(2) Contract Drawings for Merlin Road Underpass at Highway 401 prepared by 

Morrison, Hershfield, Millman & Huggins Ltd. WP 69-59, dated September 28, 
1960. 
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(3) Foundation Investigation Report for Highway 401, Line ‘C; and Drainage Canal 
(Government Drain No. 1) and Realigned County Road (Merlin Road Underpass) 
prepared May 1959, WP 10-59 and 69-59, Geocres No. 40J8-7. 
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(4) Contract Drawing for Drake Road Underpass at Highway 401, WP 81-59, dated 
November 1967. 
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(5) Foundation Investigation Report for Proposed Crossing of Highway 401 and 
Drake Road, File No. 67-F-202 prepared by Dominion Soil Investigation Limited 
dated June 5, 1967, WP 81-59, Geocres No. 40J8-31. 
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(6) Additional Borings for Revised Drake Road Underpass, W.J. No. 67-F-51, 
WP 81-59, dated June 20, 1967, Geocres No. 40J8-30. 
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(7) Contract Drawings for Raleigh Township Bridge No. 12 (Government Drain No. 2 
Bridges), WP 11-59 dated September 1959. 
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(8) Foundation Investigation Report for Highway 401, Line ‘C’ and Drainage Ditch 
Crossing Lot 7, Concession 6 (Government Drain No. 2 Bridges), WP 11-59, dated 
May 8, 1959, Geocres No. 40J8-4. 
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(9) Contract Drawings for Dillon Road Underpass at Highway 401, WP 299-60, dated 
January 1967. 
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(10) Foundation Investigation Report for Highway 401, Line ‘C’ and Jeannette Creek and 
Gravel Road Proposed Crossing (Government Drain No. 3 Bridges and Dillon Road 
Underpass), Lots 12 and 13, Concession 7; Township of Raleigh, WP 12-59, 
W.J.F-59-61, dated July 1959, Geocres No. 40J8-11. 

 



































Highway 401 - Chatham-Kent, Township of Raleigh 
GWP 80-00-00, Index No.:  113FIDR 
PML Ref.:  05TF060, Report:  2 
January 2010 
 

 

(11) Contract Drawings for Raleigh Township Bridge No. 9 (Government Drain No. 3 
Bridges), WP 12-59, dated October 1959. 
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(12) Contract Drawings for Raleigh Township Bridge No. 7 (Raleigh Plains Drain 
Bridges), WP 13-59, dated November 6, 1959. 
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(13) Foundation Investigation Report for Highway 401, Line ‘A’ and Jeannette Creek 
Crossing Lots 15 and 16, Concession VII (Raleigh Plains Drain Bridges), WP 13-59, 
W.J.F-59-14, dated May 6, 1959, Geocres No. 40J8-8. 
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(14) Contract Drawings for Raleigh Township Bridge No. 6 (Flook & Hinton Drain 
Bridges), WP 14-59, dated January 8, 1960. 
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(15) Foundation Investigation Report for Jeannette Creek & Highway 401, Line ‘A’ 
Crossing Raleigh Township Lot 18, Concession 7 (Flook & Hinton Drain Bridges), 
WP 14-59, W.J.F-59-34, Geocres No. 40J8-9. 
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(16) Contract Drawings for Bloomfield Road Interchange Underpass, WP 297-59, dated 
October/November 1960. 
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(17) Foundation Investigation Report for proposed underpass structure of Highway 401 
at County Road 27 (Bloomfield Road Underpass), Project No. J419 prepared by 
William A. Trow & Associates Ltd., WP 297-59, dated October 2, 1959, Geocres 
No. 40J8-19. 
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(18) Contract Drawings for Kent County Road No. 10 Underpass at Highway 401, 
WP 56-59, dated June 1961. 
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(19) Foundation Investigation Report for Highway 401 underpass at Kent County Road 
No. 10 Underpass, WP 56-59 prepared by E.M. Peto Associates Ltd. dated 
December 17, 1959, Geocres No. 40J8-16. 
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(20) Contract Drawings for Hot Mix Paving, Contract No. 78-55 from east of interchange 
No. 8 Tilbury North (Essex County Road 42) easterly to west of Bloomfield Road, 
WP 51-77-01, dated February 9, 1978 (General data only - no additional soil data). 
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(21) Contract Drawing for Hot Mix Paving, Contract No. 97-43, from 0.7 km east of 
Highway 2 easterly to 0.8 km west of County Road 27 (Bloomfield Road), 
WP 600-93-01 and 600-93-00, dated April 18, 1997 (General data only - no 
additional soil data). 
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