
FOUNDATION INVESTIGATION AND DESIGN REPORT 
Queen Elizabeth Way (QEW) - Credit River Bridge, Structure Site No. 24-203, 
QEW Widening from West of Mississauga Road to West of Hurontario Street, 
Mississauga, Ministry of Transportation, Ontario, GWP 2002-13-00 

Submitted to: 

Morrison Hershfield Limited 
152 Commerce Valley Drive West, Suite 300 
Markham, ON 
L3T 7W2 

Submitted by: 

Golder Associates Ltd. 
6925 Century Avenue, Suite #100 Mississauga, Ontario, L5N 7K2 Canada 

+1 905 567 4444

1662333-5 

March 1, 2019 

GEOCRES No. 30M12-426 

Latitude: 43. 557099 Longitude: -79. 610138 



March 1, 2019 1662333-5 

Distribution List 
1 PDF & 1 Copy - Ministry of Transportation, Ontario (Central Region) 

1 PDF & 1 Copy - Ministry of Transportation, Ontario (Foundation Section) 

1 PDF - Morrison Hershfield Limited 

1 PDF - Golder Associates Ltd. 



March 1, 2019 1662333-5 

i 

Table of Contents 

PART A - FOUNDATION INVESTIGATION REPORT 

1.0 INTRODUCTION ............................................................................................................................................. 1 

2.0 SITE DESCRIPTION ....................................................................................................................................... 1 

3.0 INVESTIGATION PROCEDURES .................................................................................................................. 2 

3.1 Previous Investigations ........................................................................................................................ 2 

3.2 Current Investigation ............................................................................................................................ 3 

3.2.1 Packer Testing ................................................................................................................................ 6 

3.2.2 Televiewer ....................................................................................................................................... 6 

3.3 Investigations for Support of Falsework Design................................................................................... 7 

4.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS ................................................................................... 9 

4.1 Regional Geology ................................................................................................................................. 9 

4.2 Subsurface Conditions ......................................................................................................................... 9 

4.2.1 Asphalt and Concrete ................................................................................................................... 10 

4.2.2 Topsoil ........................................................................................................................................... 10 

4.2.3 Fill .................................................................................................................................................. 10 

4.2.4 Clayey Silt with Sand to Silty Clay ................................................................................................ 11 

4.2.5 Silt to Silt and Sand to Sand ......................................................................................................... 11 

4.2.6 Sand and Gravel ........................................................................................................................... 12 

4.2.7 Organic Clayey Silt with Sand ....................................................................................................... 13 

4.2.8 Clayey Silt (Till) ............................................................................................................................. 13 

4.2.9 Residual Soil ................................................................................................................................. 14 

4.2.10 Bedrock ......................................................................................................................................... 14 

4.2.11 Groundwater Conditions ............................................................................................................... 18 

4.2.11.1 Packer Test Results ...................................................................................................................... 20 

4.2.12 Analytical Testing Results ............................................................................................................. 20 

5.0 CLOSURE ..................................................................................................................................................... 21 



March 1, 2019 1662333-5 

ii 

PART B - FOUNDATION DESIGN REPORT 

6.0 DISCUSSION AND ENGINEERING RECOMMENDATIONS ...................................................................... 22 

6.1 General ............................................................................................................................................... 22 

6.2 Consequence and Site Understanding Classification ........................................................................ 23 

6.3 Seismic Design................................................................................................................................... 23 

6.3.1 Seismic Site Classification ............................................................................................................ 23 

6.3.2 Spectral Response Values and Seismic Performance Category ................................................. 24 

6.4 Foundation Options ............................................................................................................................ 24 

6.5 Spread Footings ................................................................................................................................. 26 

6.5.1 Footing Elevations ........................................................................................................................ 26 

6.5.2 Geotechnical Resistance .............................................................................................................. 27 

6.5.3 Resistance to Lateral Loads ......................................................................................................... 28 

6.5.4 Frost Protection ............................................................................................................................. 28 

6.6 Caissons (Drilled Shafts) .................................................................................................................... 28 

6.6.1 Founding Elevations ..................................................................................................................... 28 

6.6.2 Geotechnical Axial Resistances .................................................................................................... 30 

6.6.3 Resistance to Lateral Loads ......................................................................................................... 32 

6.6.4 Frost Protection ............................................................................................................................. 34 

6.7 RSS (Retained Soil System) Wall Separating Existing and Proposed East Embankments .............. 34 

6.7.1 Founding Elevations ..................................................................................................................... 34 

6.7.2 Geotechnical Resistances ............................................................................................................ 35 

6.7.3 Resistance to Lateral Loads ......................................................................................................... 35 

6.7.4 Global Stability .............................................................................................................................. 36 

6.8 Lateral Earth Pressure for Design of Abutments, Wing Walls, and RSS Wall ................................... 36 

6.8.1 Lateral Earth Pressures for Static Design ..................................................................................... 37 

6.8.2 Seismic Lateral Earth Pressures for Design ................................................................................. 38 

6.9 Approach Embankment Design and Construction ............................................................................. 39 

6.9.1 Subgrade Preparation and Embankment Construction ................................................................ 39 



March 1, 2019 1662333-5 

iii 

6.9.2 Stability .......................................................................................................................................... 40 

6.9.3 Settlement ..................................................................................................................................... 42 

6.9.3.1 Settlement Performance Requirements ..................................................................................... 43 

6.9.3.2 Results of Analysis ..................................................................................................................... 43 

6.10 Analytical Testing of Construction Materials ...................................................................................... 43 

6.11 Construction Considerations .............................................................................................................. 44 

6.11.1 Overburden Excavation and Control of Groundwater and Surface Water.................................... 44 

6.11.2 Bedrock Excavation ...................................................................................................................... 45 

6.11.3 Temporary Protection Systems ..................................................................................................... 46 

6.11.4 Bedrock Subgrade Inspection and Protection .............................................................................. 47 

6.11.5 Vibration Monitoring During Construction ..................................................................................... 47 

6.11.6 Scour Protection and Erosion Control .......................................................................................... 47 

6.11.7 Obstructions .................................................................................................................................. 47 

6.11.8 Falsework ...................................................................................................................................... 48 

7.0 CLOSURE ..................................................................................................................................................... 49 

REFERENCES 

TABLES 
Table 1 Comparison of Foundation Alternatives – Credit River Bridge 

DRAWINGS 
Drawing 1 Borehole Locations and Soil Strata 
Drawing 2 Soil Strata 

APPENDICES 
Appendix A Previous Investigation – MTO GEOCRES No. 30M12-324 and 30M12-341, Golder 
Projects 1662333 and 1789831, and Stantec Report 

Golder Project 1789831 
Record of Borehole BH17-2 

Golder Project 1662333 FIDR Temporary East Access Road 
Record of Borehole AR-2 

Golder Project 1662333  
Record of Borehole FW-1 

Golder Project 1662333 FIDR East-West Active Transport Bridge Along Credit River Bridge 
Record of Boreholes EW-1 and EW-2 



March 1, 2019 1662333-5 

iv 

Stantec Report No. TAJ-C-GEO-002 
Record of Borehole BH3  

GEOCRES No. 30M12-341 
Record of Boreholes 11-01 and 11-02 
Figure B1 Grain Size Distribution – Silty Clay 
Figure B2 Grain Size Distribution – Clayey Silt 
Figure B3 Plasticity Chart – Silty Clay 
Table 2 Point Load and Unconfined Compressive Strength Test Results, Credit River Access Road 

GEOCRES No. 30M12-324 
Record of Boreholes 10-02, 10-03A, 10-03B, 10-04 
Unconfined Compression Test Report 
Figure B1 Grain Size Distribution – Clayey Silt 
Figure B2 Grain Size Distribution – Clayey Silt 
Figure B5 Atterberg Limits Test Results – Silty Clay 

Appendix B Current Investigation – Borehole Records, Drillhole Records and Bedrock Core 
Photographs 
Lists of Symbols and Abbreviations 
Lithological and Geotechnical Rock Description Terminology 
Record of Boreholes CRB-1 to CRB-8, CRB-2A, CRB-2B, CRB-3A, CRB-3C, CRB-5A and NW6-1 
Record of Drillholes CRB-2 to CRB-7, CRB-2A, CRB-2B, CRB-3A, CRB-3C, and CRB-5A 
Geophysical Record of Borehole CRB-2B 

Figure B-1 Bedrock Core Photograph – Borehole CRB-2 
Figure B-2 Bedrock Core Photograph – Borehole CRB-2A 
Figure B-3 Bedrock Core Photograph – Borehole CRB-2B 
Figure B-4 Bedrock Core Photograph – Borehole CRB-3 
Figure B-5 Bedrock Core Photograph – Borehole CRB-3A 
Figure B-6 Bedrock Core Photograph – Borehole CRB-3C 
Figure B-7 Bedrock Core Photograph – Borehole CRB-4 
Figure B-8 Bedrock Core Photograph – Borehole CRB-5 
Figure B-9 Bedrock Core Photograph – Borehole CRB-5A 
Figure B-10 Bedrock Core Photograph – Borehole CRB-6 
Figure B-11 Bedrock Core Photograph – Borehole CRB-7 

Appendix C Geotechnical Laboratory Test Results and Analytical Test Results 
Figure C-1 Grain Size Distribution – Silt and Sand to Sand to Gravelly Sand (Fill)  
Figure C-2 Grain Size Distribution – Clayey Silt with Sand (Fill) 
Figure C-3 Plasticity Chart – Clayey Silt with Sand to Sandy Clayey Silt (Fill) 
Figure C-4A Grain Size Distribution – Clayey Silt with Sand to Silty Clay 
Figure C-4B Grain Size Distribution – Silty Clay 
Figure C-5 Plasticity Chart – Clayey Silt with Sand to Silty Clay 
Figure C-6A Grain Size Distribution – Silt to Silty Sand to Sand 
Figure C-6B Grain Size Distribution –Silt to Silty Sand to Sand 
Figure C-7 Plasticity Chart – Silt (Slight Plasticity) 
Figure C-8 Grain Size Distribution – Sand and Gravel 
Figure C-9 Plasticity Chart – Clayey Silt (Pockets) 
Figure C-10 Grain Size Distribution – Organic Clayey Silt to Organic Clayey Silt with Sand 
Figure C-11 Plasticity Chart – Organic Clayey Silt 
Figure C-12 Grain Size Distribution – Sandy Clayey Silt to Clayey Silt with Sand (Till) 
Figure C-13 Plasticity Chart – Sandy Clayey Silt to Clayey Silt with Sand (Till) 



March 1, 2019 1662333-5 

v

Figure C-14 Grain Size Distribution – Sandy Clayey Silt (Residual Soil) 
Figure C-15 Plasticity Chart – Sandy Clayey Silt (Residual Soil) 

Table C1: Summary of Point Load Test Results 
Geomechanica Inc. Test Reports (on rock core) 

Certificate of Analysis Report # R4869236 
Report # R5092302 

Appendix D Non-Standard Special Provisions, Special Provisions and Notice to Contractor 
Special Provision No. 517F01 Dewatering System, Temporary Flow Passage System 
Special Provision No. 105S09 Amendment to OPSS 539 
Special Provision No.109F57 Amendment to OPSS 903 
Special Provision No.109S12 Amendment to OPSS 902 
NSSP – Dewatering Structure 
NSSP - Dowels into Rock 
NSSP – Deep Foundations 
NSSP – Dowels into Rock 
NSSP – Excavating and Backfilling - Structures 
NSSP – FOUN0003 
NSSP – Removal of Protection Systems 
NSSP – Vibration Monitoring 
NSSP – Working Slab 
Notice to Contractor – Subsurface Obstructions 



March 1, 2019 1662333-5 

PART A 
FOUNDATION INVESTIGATION REPORT 
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1.0 INTRODUCTION 
Golder Associates Ltd. (Golder) has been retained by Morrison Hershfield Limited (MH) on behalf of the Ministry 
of Transportation, Ontario (MTO) to provide foundation engineering services for the proposed twinning of the 
existing bridge carrying the Hamilton bound traffic on the Queen Elizabeth Way (QEW) over the Credit River in 
support of the widening of the QEW from west of Mississauga Road to west of Hurontario Street in the City of 
Mississauga, in the Regional Municipality of Peel, Ontario. 

The purpose of this investigation is to establish the subsurface soil and bedrock conditions at the proposed bridge 
structure location, including the associated approach embankments, by borehole drilling, rock coring, packer 
testing and laboratory testing on selected soil and rock core samples. 

The Terms of Reference (TOR) and the scope of work for the foundation investigation are outlined in MTO’s 
Request for Proposal, dated July 2016, and the approved Change Request letter dated September 6, 2017, which 
forms part of the Consultant’s Assignment Number (2015-E-0033) for this project.  The work has been carried out 
in accordance with Golder’s Supplementary Specialty Plan for foundation engineering services for this project, 
dated February 3, 2017. 

2.0 SITE DESCRIPTION 
At this site the QEW is generally oriented in a northeast-southwest direction; for the purpose of this report the 
QEW is described as being in an east-west orientation.  The existing QEW Credit River Bridge is located 
approximately 400 m east of the QEW-Mississauga Road Interchange and approximately 1.4 km west of the 
QEW - Hurontario Street Interchange and crosses the Credit River Valley over the floodplain and river channel.  

The existing bridge is an approximately 256 m long and 29 m wide, seven-span spandrel arch structure, with 
concrete arches at the piers, supporting six lanes of traffic.  The Credit River Valley is about 19 m below the 
surrounding plateau.  The ground surface at the base of the floodplain is at about Elevation 76 m, while the 
surface of the Credit River, as provided by MH, is at about Elevation 75 m (Sept. 1986).  The ground surface at 
the east and west plateau at the top of the valley (and on the highway near the abutments) is at about Elevation 
95 m.  The existing bridge is supported on two abutments and six piers all supported on shallow foundations.   
The east and west abutment are atop the valley plateau and the founding elevation of the supporting footings 
range from about Elevation 88.9 m to 87.5 m.  The piers are located on the valley slopes, within the flood plain 
and within the Credit River itself, and the founding elevation of the supporting footings range from Elevations 84.5 
m (at Pier 6, located on the west valley slope) to 68.2 m. 

The east slope of the valley is vegetated with tall grass, shrubs and trees and descends to meet the east bank of 
the Credit River at an overall slope of about 3.5 Horizontal to 1 Vertical (3.5H:1V) but there are locally steeper 
sections.  Rip-rap erosion protection is present on the on the surface of the east slope and east bank of the river, 
in some areas.  The slope configuration may have been modified by fill placement on the existing valley slope.  
The east plateau is relatively heavily vegetated and relatively flat.  Residential dwellings, now demolished and 
removed, existed within the footprint of the proposed bridge at the east plateau.   

At the west side of the valley, a construction access road was constructed in 2006 and it is understood that the 
access road alignment was cut through the shale bedrock and shotcrete was applied to the exposed rock faces.  
The access road splits into an upper access road (which leads to the under-bridge maintenance deck) and a 
lower access road (which extends down to the base of the valley).  The upper access road runs parallel to the 
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west abutment and the surface of the road is at about Elevation 89 m.  Above the upper access road, shotcrete 
was applied to the rock face. The downslope side of the upper access road is supported by a concrete block 
retaining wall which protects the lower access road.  The access road(s) were cut through the west valley slope 
and constructed to provide access to the underside of the existing bridge and the valley floor.  The west valley 
slopes (between the abutment and access roads) descend near vertically to meet the flood plain of the Credit 
River Valley.  The west plateau is relatively flat but less densely vegetated than the east plateau, consisting 
mainly of tall grass and some shrubs.    

The proposed bridge will be located immediately to the north of the existing bridge.  The land use at the east and 
west plateau of the valley, north of the proposed bridge is residential.  A Hydro One Right-of-Way, containing high 
voltage transmission lines and local utility owned transmission lines, is located within the footprint of the proposed 
bridge and crosses the Credit River Valley just north of the existing bridge.  Additionally, two buried oil pipelines, 
owned by Trans-Northern Pipeline Inc. are located immediately to the north of the existing bridge and within the 
footprint of the proposed bridge. 

 

3.0 INVESTIGATION PROCEDURES 
The following Sections 3.1 and 3.2 outline the investigations carried out by others (previous) and by Golder 
(current) that are relevant to the proposed new bridge structure foundation design, respectively.  Section 3.3 
describes the available subsurface investigation information that may also be relevant to the design of temporary 
works, such as foundations to support falsework. 

3.1 Previous Investigations 
From September to November 2010, a foundation investigation for the west access road was carried out by 
Thurber Engineering Ltd. (Thurber) during which time a total of seven boreholes were drilled in two phases, 
designated as Boreholes 10-01 to 10-05, 10-03A and 10-03B.  The results of the Thurber investigation are 
contained in their report titled,  

 “Foundation Investigation and Design Report, Construction Access Road for Bridge Rehabilitation, QEW 
Bridge over Credit River, Mississauga, Ontario” File No. 19-92-92-174, dated April 8, 2011 (GEOCRES 
30M12-324).  Borehole 10-02 was advanced about 7 m north of the west abutment.  

In May and June 2011, a preliminary foundation investigation for the new Credit River Bridge was carried out by 
Thurber, during which time a total of two boreholes, designated as Boreholes 11-01 and 11-02, were advanced at 
the proposed west abutment and east pier, respectively. The results of the Thurber investigation are contained in 
their report titled,  

 “Foundation Investigation and Design Report, Preliminary Design and Environmental Assessment, QEW 
Bridge Twinning Over Credit River, Mississauga, Ontario” File No. 19-1351-174, dated May 18, 2012 
(GEOCRES 30M12-341).  

While the above noted Thurber reports do not reference the coordinate system of the borehole locations, it is 
inferred that they are referenced to the MTM NAD 83 (Zone 10) coordinate system based on the plotted position 
relative to that reference system. The locations of the Thurber boreholes (i.e. 10-02, 11-01, and 11-02) that are 
relevant to the subsurface conditions at or near the proposed new structure foundation units are summarized in 
the table below along with the geographic coordinates, ground surface elevations (in Geodetic Datum), and the 
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drilled depths based on the Thurber borehole records.  These borehole locations are also shown in plan on 
Drawing 1 and the borehole records and the summary of the relevant laboratory testing results from the Thurber 
investigation are presented in Appendix A. 

Borehole No. Location (MTM NAD 83, Zone 10) Ground Surface 
Elevation (m) 

Borehole Depth (m) 

Northing 
(Latitude, °) 

Easting 
(Longitude, °) 

10-02 4,823,966.3 
(43.555579) 

295,798.0 
(-79.611422) 

94.4 24.4* 

11-01 4,823,959.1 
(43.555514) 

295,814.8 
(-79.611214) 

94.6 7.1* 

11-02 4,824,026.4 
(43.556210) 

295,840.4 
(-79.610898) 

75.7 8.4* 

Note(s): 
* Includes bedrock coring lengths of 19.8 m (10-02), 3.5 m (11-01), and 2.1 m (11-02).

3.2 Current Investigation 
The field work for the current foundation investigation was carried out between October 10 and October 23, 2017 , 
between January 26 and February 16, 2018 and between July 5 and July 10, 2018, during which time fourteen 
boreholes, designated as Boreholes CRB-1 to CRB-8, CRB-2A, CRB-2B, CRB-3A, CRB-3C, CRB-5A and NW6-1 
were advanced near or within the footprint of the foundation, as follows: 

Foundation Element Nearest Relevant Boreholes 

West Approach CRB-1 

West Abutment CRB-2, CRB-2A and CRB-2B 

West Pier CRB-3, CRB-3A and CRB-3C 

East Pier CRB-4, CRB-5 and CRB-5A 

East Abutment CRB-6 and CRB-7 

East Approach CRB-8 

East Retaining Wall CRB-7, NW6-1 

The locations of the boreholes are shown on Drawing 1 and the Records of Boreholes and Drillholes are provided 
in Appendix B. Lists of abbreviations and symbols and lithological and geotechnical rock description terminology 
are also provided in Appendix B to assist in the interpretation of the borehole and drillhole records. 

The field borehole investigation was carried out using a track-mounted CME 850 drill rig, supplied and operated 
by Aardvark Drilling Inc., of Guelph, Ontario, a track-mounted CME 55 drill rig, supplied and operated by Geo-
Environmental Drilling Inc., of Acton, Ontario, and using portable drilling equipment supplied and operated by 
OGS Drilling Inc. of Almonte, Ontario.  The boreholes were advanced through the overburden using 210 mm and 
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159 mm outer-diameter hollow-stem augers and ‘HQ’ casing (in the boreholes advanced by a drill rig) and 
continuous split-spoon sampling, wash-boring, and 57 mm thin-walled casing (in the boreholes advanced by the 
portable drilling equipment, Boreholes CRB-2A and CRB-3C).  In the boreholes where continuous sampling was 
not carried out, soil samples were obtained at 0.75 m and 1.5 m intervals of depth, using a 50 mm outer diameter 
split-spoon sampler driven by an automatic hammer, or cathead/safety hammer (for Boreholes CRB-2A, CRB-2B 
and CRB-3C), in accordance with Standard Penetration Test (SPT) procedures (ASTM D1586-08)1. Field vane 
shear tests were completed using a MTO standard “N”-sized vane and calibrated torque wrench to obtain an 
estimate of undrained and remolded shear strengths in selected cohesive soil deposits in accordance with ASTM 
D2573-152.  Core samples of the bedrock in all boreholes located at the proposed bridge abutments and piers 
were obtained using an ‘HQ’ size rock core barrel, or 57 mm outer diameter thin-walled core barrel (Boreholes 
CRB-2A and CRB-3C), and coring techniques. 

All boreholes were advanced to sampler refusal and bedrock was confirmed by either split-spoon sampling or 
bedrock coring. The boreholes were advanced to depths ranging from about 3.3 m to 17.2 m below existing 
ground surface, including coring of bedrock for core lengths of between 7.5 m and 9.6 m in select boreholes. 
Photographs of the recovered bedrock core samples are provided in Appendix B. 

The groundwater conditions and water levels in the open boreholes were observed during and immediately 
following drilling operations.  A standpipe piezometer was installed in Boreholes CRB-2, CRB-3A, CRB-5A and 
CRB-6 to permit monitoring of the groundwater level at these borehole locations.  The standpipe piezometers 
consist of a 50 mm diameter PVC pipe with a slotted screen sealed at a selected depth within the borehole.  The 
borehole annulus surrounding the piezometer screen was backfilled with sand and the remainder of the borehole 
was then backfilled with bentonite to or to near the ground surface.  Details of the piezometer installation and 
water level readings are presented on the borehole records in Appendix B.  Boreholes located at proposed 
abutments and piers were backfilled with a bentonite cement grout while boreholes at the approach embankments 
were backfilled with bentonite upon completion in accordance with Ontario Regulation 903, Wells (as amended). 

The field work was observed by members of Golder’s engineering and technical staff, who located the boreholes, 
arranged for the clearance of underground services both public and private, observed the drilling, sampling and 
in-situ testing operations, logged the boreholes, and examined and cared for the soil and bedrock core samples. 
The samples were identified in the field, placed in appropriate containers, labelled and transported to Golder’s 
Mississauga geotechnical laboratory where the samples underwent further visual examination and laboratory 
testing.  All of the laboratory tests were carried out to MTO and/or ASTM Standards, as appropriate. Classification 
testing (water content, Atterberg limits and grain size distribution) was carried out on selected soil samples.  The 
results of the laboratory testing for the current investigation are included in Appendix C.  Unconfined compression 
(UC) tests (including assessment of Young’s modulus, Poisson’s ratio, and core density) were carried out on 
selected specimens of the bedrock core samples by Geomechanica Inc. on behalf of Golder. The results of the 
laboratory testing on the rock core samples from the current investigation are included in Appendix C. 

Selected bedrock core samples were submitted to Maxxam, a Standards Council of Canada (SCC) accredited 
laboratory of Mississauga, Ontario for chemical analysis. The samples of bedrock core, specifically collected from 
Boreholes CRB-2, CRB-3A, CRB-5, CRB-6 advanced at the west abutment and pier and east abutment and pier, 
respectively, were crushed and homogenized by Maxxam prior to testing, and analyzed for a suite of corrosivity 

                                                      
1 ASTM D1586-08a – Standard Test Method for Standard Penetration Tests and Split Barrel Sampling of the soil. 
2 ASTM D2573 – Standard Test Method for Field Vane Shear test in Saturated Fine Grained Soils 
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parameters, including conductivity, resistivity, soluble chloride, soluble sulphate and pH. The results of the 
chemical analyses are presented in Appendix C. 

The as-drilled borehole locations and the ground surface elevations were obtained using a GPS (Trimble XH 
3.5G), having an accuracy of 0.1 m in the vertical and 0.1 m in the horizontal directions. The locations given on 
the Record of Borehole/Drillhole sheets and shown on Drawing 1 are positioned relative to MTM NAD 83 (Zone 
10) northing and easting coordinates and the ground surface elevations are referenced to Geodetic datum. The 
borehole locations, geographic coordinates, ground surface elevations and drilled depths are summarized below. 

Borehole No. Location (MTM NAD 83, Zone 10) Ground Surface 
Elevation (m) 

Borehole Depth (m) 

Northing 
(Latitude, °) 

Easting 
(Longitude, °) 

CRB-1 4,823,940.2 
(43.555344) 

295811.1 
(-79.611250) 

94.9 3.3 

CRB-2 4,823,949.7 
(43.555430) 

295,828.3 
(-79.611047) 

95.6 12.8 
(incl. 9.6 m rock core) 

CRB-2A 4,823,960.1 
(43.555523) 

295,808.0 
(-79.611298) 

94.5 9.0 
(incl. 7.9 m rock core) 

CRB-2B 4,823,955.2 
(43.555479) 

295,818.7 
(-79.611165) 

94.7 12.7 
(incl. 1.5 m soil core 
and 9.1 m rock core)  

CRB-3 4,824,016.8 
(43.556034) 

295,862.2 
(-79.610628) 

75.9 15.3 
(incl. 8.1 m rock core) 

CRB-3A 4,824,025.6 
(43.556113) 

295,844.6 
(-79.610847) 

75.7 15.8 
(incl. 8.8 m rock core) 

CRB-3C 4,824,028.3 
(43.556138) 

295,837.7 
(-79.610932) 

75.3 14.1 
(incl. 7.7 m rock core) 

CRB-4 4,824,135.1 
(43.557099) 

295,902.0 
(-79.610138) 

79.1 15.3 
(incl. 8.1 m rock core) 

CRB-5 4,824,128.9 
(43.557044) 

295,914.2 
(-79.609986) 

79.2 15.5 
(incl. 8.3 m rock core) 

CRB-5A 4,824,130.9 
(43.557062) 

295,910.6 
(-79.610032) 

79.3 17.2 
(incl. 9.5 m rock core) 

CRB-6 4,824,196.7 
(43.557650) 

295,929.5 
(-79.609801) 

91.7 13.3 
(incl. 8.2 m rock core) 

CRB-7 4,824,189.6 
(43.557590) 

295,951.1 
(-79.609531) 

94.7 16.0 
(incl. 7.5 m rock core) 

CRB-8 4,824,211.5 
(43.557788) 

295,953.7 
(-79.609499) 

94.7 8.5 
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Borehole No. Location (MTM NAD 83, Zone 10) Ground Surface 
Elevation (m) 

Borehole Depth (m) 

Northing 
(Latitude, °) 

Easting 
(Longitude, °) 

NW6-1 4,824,163.1 
(43.557371) 

295,975.2 
(-79.609278) 95.3 7.5 

 

3.2.1 Packer Testing 
In-situ hydrogeological testing, in general accordance with the procedures defined in ASTM D4630, was 
conducted at one depth interval in Boreholes CRB-3 and CRB-3A (at the west pier) and in Boreholes CRB-4 and 
CBR-5 (at the east pier), using a dual pneumatic packer setup connection to an on-surface nitrogen tank through 
an inflation line.  Upon completion of drilling, the packer assembly was lowered into the borehole to isolate a 
select depth interval within the bedrock and a constant pressure head test was performed. The test results were 
then used to evaluate the hydraulic conductivity within the isolated packer interval.   A pressure gauge data 
logger, manufactured by In Situ Inc., was used to monitor water pressure responses in the isolated interval during 
the tests. Flow rates and test pressures in the isolated interval were recorded during the constant pressure head 
tests as well as being recorded by the data logger. The water pressure profiles obtained were used to calculate 
estimates of hydraulic conductivity using standard steady-state analysis methods. 

3.2.2 Televiewer 
The original borehole program consisted of advancing two boreholes at the west abutment; however, following 
review of the bedrock core information that included zones of lost core it was recommended that an additional 
borehole be advanced at about the mid-line of the abutment and that geophysics be carried out.  Borehole CRB-
2B was advanced for this purpose at the location shown on Drawing 1.  The borehole was advanced on July 5, 
2018 and upon completion of coring the borehole was flushed with water and left overnight to allow for any 
suspended sediment to settle prior to carrying out the televiewer testing on the next day (July 6, 2018). The 
following geophysical methods were carried out along the length of the cored borehole and the results of these 
methods are plotted on the Geophysical Record of Borehole CRB-2B in Appendix B: 

 Mechanical Caliper: This measurement records the borehole diameter as indicated by the average 
deflection of three spring-loaded arms pressed against the wall of the borehole.  Abrupt shifts to larger 
diameter (kicks) can indicate the locations where fractures intersect the borehole wall.  However, the 
thickness of the caliper arms and the mechanical enlargement of fractures that can occur during drilling 
result in an approximate, qualitative relation between fracture aperture and the size of the caliper deflection.   

 Acoustic Televiewer:  This measurement produces an image of the pattern of reflection of an ultrasonic 
pulse from a source that scans the borehole wall as the logging probe is slowly pulled upwards.  The 
televiewer probe also records telemetry so that the azimuth of the scan and the deviation of the borehole can 
be measured during logging.  The reflection is uniformly bright wherever the borehole wall is solid and 
smooth.  The reflected pulses are scattered wherever a fracture or other irregular opening intersects the 
borehole wall.  Planar features such as fractures produce a linear feature in the borehole image such that the 
strike and dip of the feature can be estimated.  

 Optical Televiewer: This measurement produces a continuous oriented 360° image of the borehole wall 
using an optical imaging system as the logging probe is slowly pulled upwards.  The televiewer probe is 
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magnetically orientated so that the azimuth of the scan and the deviation of the borehole can be measured 
during logging. As noted above the borehole was flushed with water the day prior to carrying out the optical 
televiewer test; however, when carrying out the test the water inside the borehole, below an Elevation of 
86.4 m was cloudy and the optical televiewer could only collect data above this elevation. 

3.3 Investigations for Support of Falsework Design 
Several boreholes have been advanced in the vicinity of the proposed Credit River bridge as part of the overall 
project by Golder that may provide subsurface information relevant to the design of temporary works and/or the 
falsework supporting the bridge during construction.  These include boreholes for the temporary East Access 
Road (Borehole AR-2), for the East-to-West Active Transportation (Boreholes EW-1 and EW-2), as well as 
specifically for the falsework support between the proposed west abutment and west pier (Borehole FW-1).   

In addition, boreholes 10-03A, 10-03B and 10-04 drilled by Thurber (2011) per the reference in Section 3.1 
(GEOCRES 30M12-324) also provide information on the subsurface conditions that may be relevant to the 
falsework design. 

MTO has also provided records of boreholes advanced on behalf of others in the vicinity of the proposed bridge 
including BH3 (drilled by Stantec Consulting Limited for Trans-Northern Pipeline Inc.) and BH17-2 (drilled by 
Golder, in a separate investigation, for Alectra Utilities Corporation). 

 The reference for the above noted reports are listed as follows: 

 “Draft Foundation Investigation and Design Report, Temporary East Access Road, East of the Credit River, 
QEW Widening from West of Mississauga Road to West of Hurontario Street, City of Mississauga Ministry of 
Transportation, Ontario” G.W.P. 2002-13-00, dated January 15, 2019, prepared by Golder Associates Ltd. 
(GEOCRES to be assigned). Report for Borehole AR-2. 

 “Draft Foundation Investigation and Design Report, East-West Active Transport Bridge Along Credit River 
Bridge, QEW Widening from West of Mississauga Road to West of Hurontario Street Ministry of 
Transportation, Ontario” GWP 2002-13-00, dated January 21, 2019, prepared by Golder Associates Ltd. 
(GEOCRES to be assigned). Report for Boreholes EW-1 and EW-2. 

 “Foundation Investigation and Design Report, Construction Access Road for Bridge Rehabilitation, QEW 
Bridge over Credit River, Mississauga, Ontario” File No. 19-92-92-174, dated April 8, 2011, prepared by 
Thurber Engineering Ltd. (GEOCRES 30M12-324).  Report for Boreholes 10-03A, 10-03B and 10-04. 

 “Geotechnical Investigation, Proposed Pipeline Installations, Crossings of Credit River Project No. 
160950937 Queen Elizabeth Way & Credit River Mississauga, ON” Document No. TAJ-C-GEO-002, dated 
December 18, 2018, prepared by Stantec Consulting Ltd. Report for Borehole BH3. 

 “Draft Geotechnical Investigation Report, Proposed Electrical Transmission Line Monopoles at Credit River 
and QEW” dated September 5, 2018, Report No. 1789831, prepared by Golder Associates Ltd. Report for 
Borehole 17-2. 

The borehole records for each of these boreholes are included in Appendix A.  The locations of each borehole are 
shown in plan on Drawing 1.  Selected boreholes are included in the profile on Drawing 1.  Bedrock core photos, 
and the results of geotechnical laboratory testing conducted on samples from Borehole FW-1 are included 
Appendix A 
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These boreholes are provided for the contractor’s information and use as he may deem appropriate for design of 
temporary works (including falsework).  The majority of these boreholes (i.e. Boreholes AR-2, EW-1, EW-2, FW-1, 
10-03A, 10-03B, and 10-4) are publicly available in the MTO GEOCRES system; however, some of the boreholes 
(i.e. Boreholes BH3 and BH17-2) were advanced by or on the behalf of others for purposes other than MTO works 
and cannot be relied upon. 

The locations, geographic coordinates, ground surface elevations and drilled depths for each of the boreholes 
noted above are summarized in the table below. 

Borehole No. Location (MTM NAD 83, Zone 10) Ground Surface 
Elevation (m) 

Borehole Depth (m) 

Northing 
(Latitude, °) 

Easting 
(Longitude, °) 

AR-2 4,824,172.2 
(43.557434) 

295,921.4 
(-79.609899) 

88.4 11.6 
(incl. 7.0 m rock core) 

EW-1 4,823,955.5 
(43.555482) 

295,849.5 
(-79.610784) 

88.5 11.2 
(incl. 6.3 m rock core) 

EW-2 4,824,156.8 
(43.557295) 

295,956.2 
(-79.609467) 

89.1 9.7 
(incl. 6.7 m rock core) 

FW-1 4,823,994.8 
(43.555836) 

295,856.0 
(-79.610704) 

76.1 10.5 
(incl. 3.5 m rock core) 

10-03A 4,823,979.03 
(43.555694) 

295,865.10 
(-79.610591) 

76.2 4.3 

10-03B 4,823,983.23 
(43.555732) 

295,856.15 
(-79.610703) 

76.3 4.0 

10-04 4,824,005.69 
(43.555934) 

295,823.89 
(-79.611102) 

76.3 3.7 

BH3 4,824,021.6 
(43.556077) 

295,864.5 
(-79.610600) 

75.8 30.9 
(incl. 23.4 m rock 

core) 

BH17-2 4,824,182.6 
(43.557527) 

295,900.9 
(-79.610151) 

89.2 17.1 
(incl. 11.0 m rock 

core) 
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4.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS 
4.1 Regional Geology 
The project area is located within the Iroquois Plain physiographic region, as delineated in The Physiography of 
Southern Ontario (Chapman and Putman, 1984)3.  

The glacial Iroquois Plain stretches along the northern shoreline of Lake Ontario, extending from the Niagara 
Escarpment in the west to the Scarborough Bluffs in the east. The Iroquois Plain soils consist of glaciolacustrine 
sediments deposited in Lake Iroquois, primarily sands, silts and gravels, with a shallow cover of till remaining over 
the bedrock.  

The bedrock of the Georgian Bay Formation that underlies the study area consists mainly of blue-grey shale, 
containing siltstone, sandstone and limestone interbeds. Outcrops of this formation are commonly found along 
water courses on the west side of Toronto and in Mississauga, notably in the Humber River, Mimico Creek, 
Etobicoke Creek and Credit River valleys.  

4.2 Subsurface Conditions 
The detailed subsurface soil, bedrock and groundwater conditions as encountered in the boreholes advanced 
during the current investigation are presented on the Records of Borehole and Drillhole sheets provided in 
Appendix B and the results of the laboratory tests carried out on selected soil and bedrock core samples are 
provided in Appendix C. The subsurface conditions as encountered in the relevant boreholes advanced during the 
previous investigation, along with the results of the laboratory testing, are included in Appendix A.  The results of 
the in-situ field tests (i.e. SPT “N” values and field vane undrained shear strengths) as presented on the Record of 
Borehole sheets and in sub-sections of Section 4.2 are uncorrected.  

The stratigraphic boundaries shown on the borehole records and on the stratigraphic profiles on Drawings 1 and 2 
are inferred from non-continuous sampling, observations of drilling progress and the results of Standard 
Penetration Tests and in-situ field vane tests. These boundaries, therefore, represent transitions between soil 
types rather than exact planes of geological change.  Furthermore, subsurface conditions will vary between and 
beyond the borehole locations; however, the factual data presented in the Records of Borehole and Drillhole 
sheets governs any interpretation of the site conditions. It should be noted that the interpreted stratigraphy shown 
on Drawings 1 and 2 is a simplification of the subsurface conditions. 

In general, the subsurface conditions in the area of the proposed bridge vary from the west plateau, to the west 
and east bank of the river, to the east plateau.  On the west plateau, at the proposed location of the west 
abutment, the subsurface conditions generally consist of topsoil, overlying fill of various gradations, which in turn 
overlies silty clay to clayey silt (till) soil.  The overburden soil is underlain by weathered shale bedrock at relatively 
shallow depths, between 1.1 m and 3.6 m below ground surface.   

In the area of the west bank and flood plain, at the proposed location of the west pier, the subsurface conditions 
consist of fill and/or clayey silt to silty clay with organics underlain by sand and gravel and clayey silt (residual soil) 
at some locations.  Weathered shale bedrock underlies the sand and gravel or clayey silt (residual soil) at depths 
ranging from 6.1 m to 6.3 m below ground surface.  In the area of the east bank of the river and flood plain, at the 
proposed location of the east pier, the subsurface conditions consist of fill underlain by either clayey silt or silty 

3 Chapman, L.J. and Putman, D.F., 1984, The Physiography of Southern Ontario, Ontario Geological Society, Special Volume 2, Third Edition. Accompanied by Map p. 2715, Scale 
1:600,000.) 
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sand, which in-turn is underlain by organic soils.  Silty sand containing organics (shells and wood fragments) and 
clayey silt pockets underlie the organic soils at some locations.  Weathered shale bedrock was encountered 
underlying the overburden soils at depths ranging from 7.0 m to 7.2 m below ground surface.   

On the east plateau, at the location of the proposed east abutment and retaining wall, the subsurface conditions 
generally consist of fill overlying mixed soils of silt to sandy silt/silty sand to clayey silt.  Clayey silt (residual) soil 
was encountered overlying the weathered shale bedrock, which was encountered at depths ranging from 4.8 m to 
8.1 m below ground surface.   

A more detailed description of the subsurface conditions encountered in the boreholes from the previous and 
current investigations at and/or in the immediate vicinity of the proposed foundation units for the new bridge and 
retaining wall are provided in the following sections. 

4.2.1 Asphalt and Concrete 
Approximately 150 mm of apshalt underlain by approximately 150 mm of concrete was encountered in Borehole 
NW6-1 at ground surface. 

4.2.2 Topsoil 
Topsoil was encountered in Boreholes CRB-2, CRB-2A, CRB-2B (west abutment) and CRB-7, and CRB-8 (east 
abutment and east approach) at ground surface and ranged in thickness from about 80 mm to 200 mm. 

4.2.3 Fill 
Fill was encountered in all boreholes except Boreholes CRB-3A and CRB-3C, which were advanced near the 
west bank of the Credit River at the west abutment.  The fill was generally encountered below the topsoil and 
concrete, or at the ground surface and is variable in composition ranging from non-cohesive to cohesive soils. 

Non-cohesive fill consisting of silt and sand to silty sand to gravelly sand was encountered in Boreholes CRB-2, 
CRB-3, CRB-5 to CRB-8 and NW6-1 and the thickness generally ranges from about 0.7 m to 2.7 m, with the 
exception of Borehole CRB-7 where the non-cohesive fill extended to a depth of 4.5 m below ground surface.   

The cohesive fill ranges from sandy clayey silt, to clayey silt and was encountered in Boreholes CRB-1 to CRB-5, 
CRB-2A, CRB-2B, CRB-5A underlying the topsoil/non-cohesive fill or at ground surface and the thickness ranges 
from 0.5 m to 1.7 m, where encountered with the exception of Boreholes CRB-4 and CRB-5A, where the cohesive 
fill extends to depths of 3.7 m and 4.0 m below ground surface, respectively. 

It is noted that in the vicinity of the east pier the ground surface is currently covered with rip-rap and other cobble 
and boulder sized rock.   

The SPT “N” values measured within the non-cohesive fill generally range from 3 blows to 60 blows per 0.3 m of 
penetration, indicating that the fill layer has a very loose to very dense compactness condition.  One SPT “N” 
value of 54 blows per 0.3 m of penetration was recorded in Borehole CRB-7, but it is in inferred that the value may 
be affected by the split-spoon penetrating pieces of brick/brick fragments.  The SPT “N” values measured within 
the cohesive fill generally range from 6 blows to 31 blows per 0.3 m of penetration, suggesting that the cohesive 
fill layers have a firm to hard consistency.   

Grain size distribution tests were carried out on four samples of the non-cohesive fill material and the results are 
shown on Figure C-1 in Appendix C.  The non-cohesive fill contains trace gravel to gravelly, trace clay and brick 
fragments.  The presence or organic material including wood fragments and rootlets were noted within the non-
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cohesive fill at boreholes located at the proposed west abutment (Borehole CRB-2) and at the proposed east pier 
(Boreholes CRB-5 and CRB-5A).  The water content measured on samples of the non-cohesive fill range between 
about 4 per cent and 25 per cent. 

Grain size distribution tests were carried out on three samples of the cohesive fill material and the results are 
shown on Figure C-2 in Appendix C.  The cohesive fill contains shale, limestone and brick fragments, pieces of 
wood, organics and rootlets.  Atterberg limits tests were carried out on three samples of the cohesive fill and 
measured liquid limits ranging from about 23 per cent to 28 per cent, plastic limits ranging from about 14 per cent 
to 20 per cent and plasticity indices ranging from about 8 per cent to 11 per cent.   The results of the Atterberg 
limits test are plotted on the plasticity chart on Figure C-3 in Appendix C and indicate the cohesive deposit 
consists of low plasticity clayey silt. The water content measured on samples of the cohesive fill range between 
about 8 per cent and 42 per cent. 

4.2.4 Clayey Silt with Sand to Silty Clay 
In all boreholes with the exception of Boreholes CRB-2 (west abutment), CRB-5 and CRB-5A (east pier), CRB-7 
(east abutment) and NW6-1 (east retaining wall), a cohesive deposit ranging in variability from silty clay, to clayey 
silt with sand, to sandy clayey silt, to silty clay was generally encountered underlying the fill materials, but was 
located at ground surface (in Boreholes CRB-3A and CRB-3C on the west bank of the river), and underlying the 
native sand and silt deposit (in Borehole CRB-8 at the east approach) at thicknesses ranging from 0.1 m to 2.7 m. 
The surface of the deposit was encountered at ground surface in Boreholes CRB-3A and CRB-3C and at depths 
ranging from about 0.7 m to 6.4 m below ground surface in the other boreholes.  

The SPT “N” values measured within the cohesive deposit range from 0 blows (weight of hammer) to 14 blows 
per 0.3 m of penetration.  Two in-situ field vane tests carried out within the cohesive deposit in Borehole CRB-3A 
(west pier) measured undrained shear strengths of about 22 kPa and 58 kPa. The calculated sensitivities were 
about 1.5 and 3.2.  The field vane test results together with the SPT “N” values indicate that the cohesive deposit 
has a very soft to stiff consistency. 

Grain size distribution test were carried out on eight selected samples of the cohesive deposit and the results are 
presented on Figure C-4A and C-4B in Appendix C.  The cohesive deposit was noted to contain organics and 
rootlets.  Cobbles were encountered within this cohesive deposit in Borehole CRB-3C, while advancing the wash 
boring casing at depths of 1.2 m and 2.4 m below ground surface.  Atterberg limits tests were carried out on 
seven samples of this deposit and measured liquid limits ranging from about 23 per cent to 42 per cent, plastic 
limits ranging from about 14 per cent to 25 per cent, and plasticity indices ranging from about 9 per cent to 21 per 
cent.  These laboratory results are plotted on the plasticity chart on Figure C-5 in Appendix C and confirm that the 
cohesive deposit is comprised of clayey silt (with sand) of low plasticity to silty clay of intermediate plasticity. 

The natural water content measured on thirteen samples of the cohesive deposit ranges from about 14 per cent to 
42 per cent. 

4.2.5 Silt to Silt and Sand to Sand 
In Boreholes CRB-5 and CRB-5A (east pier), CRB-7 and CRB-8 (east abutment/approach) and NW6-1 (East 
Retaining Wall) an approximately 0.5 m to 4.9 m thick granular deposit that varies in composition from silt to silt 
and sand to sand was encountered underlying the fill.  This deposit contains a layer of organic clayey silt in 
Boreholes CRB-5 and CRB-5A (at the east pier).  The depth and elevation of the top and bottom of this granular 
deposit and the corresponding thickness and soil type are summarized below. 
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Foundation 
Unit 

Borehole 
No. 

Top of Layer Bottom of Layer 
Thickness 

(m) Soil Type Depth 
(m) 

Elevation 
(m) 

Depth 
(m) 

Elevation 
(m) 

East Pier 

CRB-5A 
4.0 75.3 4.5 74.8 0.5 

Silty Sand 
6.4 72.9 7.2 72.1 0.8 

CRB-5 
2.4 76.8 4.7 74.5 2.3 Silty Sand to Silt 

and Sand 

5.7 73.5 7.2 72.0 1.5 Silty Sand 

East 
abutment 

and 
Approach 

CRB-7 4.5 90.2 6.5 88.2 2.0 Sandy Silt 

CRB-8 
1.5 93.3 3.7 91.0 2.2 Sand 

3.7 91.0 6.4 88.3 2.7 Silt 

East 
Retaining 

Wall 
NW6-1 

3.0 92.3 5.3 90.0 2.3 Silty Sand 

5.3 90.0 7.3 88.0 2.0 Silt 

  

In Boreholes CRB-5A and CRB-5 (east pier), the SPT “N” values measured within the granular deposit generally 
range from zero (weight of rods) to 7 blows per 0.3 m of penetration, indicating a very loose to loose compactness 
condition.  In Boreholes CRB-7 and CRB-8, advanced at the east abutment and approach, the SPT “N” values 
measured within the granular deposit generally range from 17 blows to 67 blows per 0.3 m of penetration, 
indicating a compact to very dense compactness condition. In Borehole NW6-1, advanced at the south side of the 
existing QEW east of the credit river, the SPT “N” values measured within the granular deposit generally range 
from 3 blows to 41 blows per 0.3 m of penetration, indicating a very loose to dense compactness condition. 

Grain size distribution tests were carried out on eight selected samples of the granular deposit and the results are 
presented on Figure C-6A and Figure C-6B in Appendix C.  In Boreholes CRB-5A and CRB-5, advanced at the 
east pier, the granular deposit contains rootlets, shell fragments and pieces of wood.  The organic content 
measured on a sample of this deposit was about 1 per cent.  Atterberg limits tests were carried out on two 
samples of the silt to sandy silt deposit; one test result indicates the soil to be non-plastic and the results of the 
second test measured a liquid limit of about 19 per cent, a plastic limit of about 16 per cent, and a plastic index of 
about 3 per cent. These test results are plotted on the plasticity chart on Figure C-7 in Appendix C and confirm 
that the granular deposit is comprised of silt of slight plasticity to non-plastic.  The water content measured on 
thirteen samples the silty sand to sandy silt deposit ranges from about 15 per cent to 28 per cent. 

4.2.6  Sand and Gravel 
In Boreholes CRB-3, CRB-3A and CRB-3C (advanced at the west side of the Credit River), a deposit of sand and 
gravel was encountered underlying the cohesive deposits.  The surface of the sand and gravel deposit was 
encountered at depths of between about 2.6 m and 3.0 m below ground surface (between Elevations between 
73.1 m and 72.7 m) and ranges in thickness from about 2.6 m to 3.6 m.   
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The SPT “N” values measured within the sand and gravel deposit generally range from 14 blows to 55 blows per 
0.3 m of penetration, indicating a compact to very dense compactness condition.  One SPT “N” value of 72 blows 
for 100 mm of penetration was measured in Borehole CRB-3C, which is inferred to be due to the presence of 
cobbles at the sampling depth. 

Five grain size distribution tests were carried out on selected samples of the sand and gravel deposit and the 
results are shown on Figure C-8 in Appendix C.  The sand and gravel contain some silt, trace to some clay and 
shell fragments were noted within the deposit in Borehole CRB-3.  A clayey silt pocket was encountered within the 
granular deposit in Borehole CRB-3A at a depth of 4.7 m below ground surface and clayey silt layers/pockets 
were encountered within samples SS6 and SS8 in Borehole CRB-3C, between depths of 3.5 m and 4.7 m below 
ground surface. 

Atterberg limits tests were carried out on the clayey silt layers/pockets from two samples of this deposit from 
Borehole CRB-3C and measured liquid limits of 23 per cent and 25 per cent, plastic limits of 16 per cent and  
17 per cent, and plasticity indices of 6 per cent and 9 per cent. These results are plotted on the plasticity chart on 
Figure C-9 in Appendix C and confirm that these pockets are clayey silt of low plasticity. 

The water content measured on eight samples of the sand and gravel deposit ranges between 12 per cent and  
14 per cent.  

4.2.7 Organic Clayey Silt with Sand 
In Boreholes CRB-4, CRB-5 and CRB-5A (east pier), a deposit of organic clayey silt with to some sand, was 
encountered at depths of between about 4.5 m and 6.2 m (between Elevations 74.8 m and 73.0 m) below ground 
surface and ranges in thickness from about 0.8 m to 1.9 m. 

The SPT “N” values measured within the organic deposit range from 1 blow to 7 blows per 0.3 m of penetration, 
suggesting a very soft to firm consistency. 

Three grain size distribution tests were carried out on selected samples of the organic clayey silt deposit and the 
results are shown on Figure C-10 in Appendix C.  The organic soil contains trace gravel, sand lenses and pockets 
of cohesive clayey silt as well as wood and shell fragments. Atterberg limits tests were carried out on three 
samples of this deposit and measured liquid limits ranging from about 38 per cent to 46 per cent, plastic limits 
ranging from about 26 per cent to 35 per cent, and plasticity indices ranging from about 6 per cent to 17 per cent. 
These results are plotted on the plasticity chart on Figure C-11 in Appendix C and indicate that the deposit 
consists of organic clayey silt of intermediate plasticity.   

Organic content tests completed on two samples from this deposit measured 5.5 per cent and 7.1 per cent.  The 
water content measured on samples from the organic deposit ranged from 27 per cent to 47 per cent.        

4.2.8 Clayey Silt (Till) 
In Borehole CRB-2 (west abutment), in Borehole CRB-7 (east abutment) and in Borehole NW6-1 (east retaining 
wall) a deposit of clayey silt to clayey silt with sand (till) was encountered underlying the fill and just above the 
bedrock in Borehole CRB-2; underlying the fill and sandy silt deposit and overlying residual soil and bedrock in 
Borehole CRB-7; and underlying the silt deposit in Borehole NW6-1  The surface of the clayey silt till was 
encountered at depths of 2.6 m, 6.5 m, and 7.3 m (Elevations 93.0 m, 88.2 m and 88.0 m) and has a thickness of 
0.6 m and 1.3 m at these borehole locations. Borehole NW6-1 terminated in this till deposit at a depth of 7.5 m 
below ground surface (Elevation 87.8 m). 
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The SPT “N” values measured within the clayey silt till deposit are 10 blows per 0.3 m of penetration and 50 blows 
for 150 mm of penetration, suggesting a stiff to hard consistency.   

The deposit consists of clayey silt with sand to some sand, trace to some gravel.  Two grain size distribution tests 
were carried out on selected samples of the cohesive till deposit = and the results are shown on Figure C-12 in 
Appendix C.  Atterberg limits tests were carried out on three samples of this cohesive till deposit and measured 
liquid limits of about 23 per cent to 26 per cent, plastic limits of about 14 per cent to 15 per cent, and plasticity 
indices of about 9 per cent to 11 per cent. These results are plotted on the plasticity chart on Figure C-13 in 
Appendix C and indicate that the cohesive till deposit consists of clayey silt of low plasticity. 

The natural water content measured on three samples of the clayey silt till are about 14 per cent.   

4.2.9 Residual Soil 
In Boreholes CRB-2B (west abutment), CRB-3 (west pier), and CRB-6, CRB-7 and CRB-8 (east 
abutment/approach), a deposit of residual soil was encountered, immediately overlying the bedrock.  The surface 
of the residual soil deposit was encountered at depths of between about 1.4 m and 7.8 m (between about 
Elevations 93.3 m and 70.3 m) and ranges in thickness from about 0.3 m to 2.2 m.  Residual soil represents a 
heterogeneous mix of severely weathered rock where, in some zones it is indistinguishable from sedimentary 
materials, while in other zones it retains a degree of the original parent bedrock structure and strength.  While 
advancing Borehole CRB-2B auger refusal was encountered at a depth of 2.1 m (Elevation 92.6 m) below ground 
surface and the borehole was advanced beyond this depth by HQ coring.  At the top of the 1.5 m long core run a 
0.25 m thick layer of limestone was encountered; this is possibly a boulder or a limestone layer within the residual 
soil. 

The SPT “N” values measured within the residual soil deposit range from 61 blows per 0.3 m of penetration to  
150 mm of penetration, suggesting a hard consistency.  The deposit is described as a clayey silt to a sandy 
clayey silt and contains shale fragments, derived from weathering of the underlying shale bedrock.   

Grain size distribution tests were carried out on one selected sample of the clayey silt residual soil deposit and the 
results are shown on Figure C-14 in Appendix C, although it is noted that the SPT sample tested could not contain 
larger fragments of rock on account of the sampler size and, within residual soils in general, larger fragments of 
unweathered rock must be expected.  Atterberg limits test were carried out on two samples of this deposit and 
measured liquid limits of about 23 per cent and 24 per cent, plastic limits of about 15 per cent and 16 per cent, 
and plasticity indices of about 7 per cent and 8 per cent. These results are plotted on the plasticity chart on Figure 
C-15 in Appendix C and indicate that the residual soil consists of clayey silt of low plasticity.  

The natural water content measured on four samples of the clayey silt residual soil deposit range between  
9 per cent and 12 per cent.    

4.2.10 Bedrock 
Bedrock was encountered and core samples were recovered in all boreholes advanced during the current 
investigation for this bridge with the exception of Boreholes CRB-1 (west approach) and CRB-8 (east approach), 
where the bedrock surface was inferred from auguring and/or split-spoon sampling, and with the exception of 
Borehole NW6-1 where the borehole was terminated prior to encountering refusal.  Bedrock was also 
encountered and cored in Boreholes 10-02, 11-01 and 11-02, advanced during the previous (2010 and 2011) 
foundation investigations, by others.  The depths to bedrock or refusal below ground surface, and the 
corresponding bedrock surface elevation or refusal elevation, and the cored depth are summarized below. 
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Foundation 
Element / 
Approach  

Borehole Depth to Bedrock 
Surface /Refusal 
(m) 

Bedrock Surface / 
Refusal Elevation 
(m) 

Comments 

West Approach  CRB-1 1.7 93.2 Augering and split-spoon 
sampling; 1.6 m penetration 

West Abutment CRB-2 3.2 92.4 Bedrock cored 9.6 m 

11-011 3.3 91.3 0.3 m auger penetration; 
bedrock cored 3.5 m 

CRB-2A 1.1 93.4 Bedrock cored 7.9 m 

10-022 3.2 91.2 1.4 m augering penetration and 
split-spoon sampling; bedrock 
cored 19.7 m 

CRB-2B 3.6 91.1 Soil cored 1.5 m, from 
Elevation 92.6 to 91.1 m; 
Bedrock cored 9.1 m  

West Pier CRB-3 6.3 69.6 0.8 m split-spoon penetration; 
bedrock cored 8.1 m 

CRB-3A 6.1 69.6 0.9 m split-spoon penetration; 
bedrock cored 8.8 m 

11-021 6.3 69.4 Bedrock cored 2.1 m 

CRB-3C 6.2 69.1 0.2 m split-spoon penetration; 
bedrock cored 7.7 m 

East Pier CRB-4 7.0 72.1 0.2 m split-spoon penetration; 
bedrock cored 8.1 m 

CRB-5 7.2 72.0 Bedrock bored 8.3 m 

CRB-5A 7.2 72.1 0.5 m split-spoon penetration; 
bedrock cored 9.5 m 

East Abutment CRB-6 4.8 86.9 0.3 m split-spoon penetration; 
bedrock cored 8.2 m 

CRB-7 8.1 86.6 0.4 m split-spoon penetration; 
bedrock cored 7.5 m 

East Approach CRB-8 8.1 86.7 Split-spoon sampling; 0.4 m 
penetration 

Note(s): 
1. Thurber Engineering Ltd. File No. 19-1351-174, dated May 18, 2012 (GEOCRES 30M12-341). 
2. Thurber Engineering Ltd. File No. 19-92-92-174, dated April 8, 2011 (GEOCRES 30M12-324) 
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In general, the bedrock surface as encountered or inferred in the area of the proposed bridge replacement slopes 
relatively steeply downwards towards the Credit River, on either side of the valley.  At the locations of the 
boreholes drilled within the west and east river valley, and at the east valley plateau, the bedrock surface appears 
to be relatively flat.  At the west valley plateau, the shallow bedrock surface appears to undulate across the 
proposed west abutment foundation unit.  The bedrock surface at the west abutment as presented on the 
borehole records and on Drawing 2 indicates that the bedrock surface is generally at between about Elevation 
92.4 m and 91.1 m; however, it was encountered at a higher elevation (93.4 m) at Borehole CRB-2A, advanced at 
the north end of the proposed abutment.  It is likely that the upper portion of the bedrock is highly to completely 
weathered and the difference in elevation is a result of different interpretation of the contact between the residual 
soil and the highly to completely weathered bedrock.  

Based on a review of the bedrock core samples from the current investigation and descriptions of the bedrock 
from the previous investigation, the bedrock consists of shale of the Georgian Bay Formation. In general, the 
bedrock samples are described as completely to moderately weathered to slightly weathered to fresh, thinly 
laminated to medium bedded, fine grained, non-porous to faintly porous, very weak to weak, grey shale, with 
strong limestone interbeds at varying intervals of depth.  The strong limestone layers range in thickness from 
about 5 mm to as much as 510 mm, with an average thickness of about 50 mm.  The stronger layers can 
comprise up to about 25 per cent by thickness of the rock encountered during the investigation, but generally 
make up between about 5 per cent to 19 per cent by thickness.  The details of the bedrock descriptions are 
presented in the borehole records from the previous investigation in Appendix A, and on the Record of Drillhole 
sheets and photographs of the recovered bedrock core samples on Figures B-1 to B-11 from the current 
investigation in Appendix B. The degree of weathering of the bedrock samples (i.e. fresh to completely weathered 
– W1 to W5), and the strength classification of the intact rock mass based on field identification (i.e. very weak to 
strong – R1 to R4) are described in accordance with the International Society for Rock Mechanics (ISRM)4 
standard classification system.  The surface and upper portion of the shale bedrock, generally had higher degrees 
of weathering, (completely to highly weathered) as shown on the Record of Drillhole sheets.  

The Rock Quality Designation (RQD) measured on the core samples obtained from the current investigation 
ranges from about 0 per cent to 100 per cent, indicating a rock mass of very poor to excellent quality, but below 
the completely to highly weathered upper zone, the RQD is generally greater than 54 per cent, indicating fair to 
excellent quality of the bedrock at depth, as per Table 3.10 of CFEM (2006)5.  The Total Core Recovery (TCR) 
and Solid Core Recovery (SCR) of samples recovered are between 11 per cent and 100 per cent and between 
0 per cent and 100 per cent, respectively.  Similar to RQD, both TCR and SCR increase below the upper 
completely to highly weathered zone of the shale bedrock. The Thurber report (GEOCRES No. 30M12-341) 
indicates that the RQD in Borehole 11-01 (west abutment) was practically zero over the depth of the cored 
borehole (between Elevation 91.0 m and 87.5 m), but Thurber notes that the low RQD values may be a result of 
the coring equipment used in the tri-pod setup.  At the west abutment, 0.5 m and 0.3 m zones of lost core were 
noted when logging the core samples retrieved from Boreholes CRB-2 and CRB-2A at Elevations of 86.0 m and 
88.4 m, respectively.  In addition, between Elevation 89.1 m and 88.1 m the RQD was about 40 per cent.  

                                                      
4 International Society for Rock Mechanics Commission on Test Methods, 1985. Int. J. Rock Mech.Min. Sci. & Geomech. Abstr. Vol 22, No. 2, 
pp. 51-60. 
5 Canadian Geotechnical Society, 2006. Canadian Foundation Engineering Manual (CFEM), 4th Edition. The Canadian Geotechnical Society, 
BiTech Published Ltd., British Columbia. 
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However, as discussed in Section 3.2.2, an acoustic and optical televiewer test was carried out and based on 
these results a “soft” zone having a thickness of about 0.1 m was identified at about Elevation 86.1 m. 

Unconfined Compression (UC) tests (ASTM D7012)6 were carried out on selected core samples of the shale 
bedrock and one sample of the interbedded limestone and the uniaxial compressive strength (UCS), bulk density 
and tangent Young’s modulus of the intact samples are summarised below and the details are presented on the 
Rock Laboratory Test Results report from Geomechanica in Appendix C.  

Borehole 
No. 

Sample 
Depth Interval 

(m) 

Sample 
Elevation 

Interval (m) 

Uniaxial 
Compressive 

Strength (UCS)  
(MPa) 

Bulk Density 
(g/cm3) 

Tangent 
Young’s 
Modulus  
(GPa) 

CRB-2 7.8 – 7.9 87.8 to 87.7 11.2 2.58 0.83 

CRB-2 11.4 – 11.5 84.2 – 84.1 13.0 2.61 2.19 

CRB-2A 4.3 – 4.5 90.2 – 90.0 18.2 2.59 0.75 

CRB-2A 4.9 – 5.1 89.6 – 89.4 17.1 2.60 0.76 

CRB-2B 6.9 – 7.1  87.8 – 87.6  12.1 2.59 0.59 

CRB-2B 9.1 – 9.25 85.6 – 85.4 15.5 2.60 0.63 

CRB-3 11.4 – 11.7 64.5 – 64.2 9.4 2.61 2.10 

CRB-3A1 10.2 – 10.3 65.5 – 65.4 8.9 2.60 0.48 

CRB-3A 13.0 - 13.3 62.7 – 62.4 16.9 2.62 0.67 

CRB-3C2 7.9 – 8.0 67.4 – 67.3 114.1 2.61 22.91 

CRB-4 13.6 – 13.8 65.5 – 65.3 18.6 2.61 0.84 

CRB-5 13.7 – 13.9 65.5 – 65.3 15.5 2.61 0.61 

CRB-5A 12.4 – 12.6 66.9 - 66.7 14.2 2.60 0.96 

CRB-5A 15.3 – 15.6 64.0 – 63.7 22.7 2.64 0.93 

CRB-6 6.1 - 6.2 85.6 – 85.5 14.6 2.17 0.63 

CRB-7 9.2 - 9.4 85.5 – 85.3 15.5 2.59 0.65 

CRB-7 12.1 – 12.4 82.6 – 82.3 7.4 2.59 1.28 

Note(s): 
1. Specimen included two 5 mm to 10 mm thick interbedded limestone layers. 
2. Specimen consists of limestone. 

                                                      
6 ASTM D7012 – Standard Test Method for Compressive Strength and Elastic Moduli of Intact Rock Core Specimens 
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Thirty-two axial and thirty-four diametral Point Load Tests (PLTs) were carried out on sixty-six samples of the 
shale bedrock, and the results are summarized in Table C1 in Appendix C. 

Based on the laboratory UCS, in accordance with Table 3.5 in CFEM (2006)4, the shale bedrock is generally 
classified as weak (R2, 5 MPa < UCS < 25 MPa) and the limestone interlayers are classified as very strong (R5, 
100 MPa < UCS < 250 MPa). 

4.2.11 Groundwater Conditions 
The overburden samples obtained from the borehole investigations were generally moist to wet.   Boreholes CRB-
1, CRB-2, CRB-2A, CRB-2B, CRB-6 and CRB-7 were observed to be dry upon completion of drilling operations 
(and prior to start of rock coring operations, where relevant).  The depths to the water level observed in the 
boreholes upon completion of drilling and prior to rock coring is presented below. 

Foundation Unit Borehole Water Level 
Depth (m) 

Water Elevation (m) Comment 

West Approach CRB-1 Dry Dry Upon completion of drilling. 

West Abutment 

CRB-2 Dry Dry 

Upon completion of overburden 
drilling and prior to rock coring. 

CRB-2A Dry Dry 

CRB-2B Dry Dry 

West Pier 

CRB-3 2.7 73.2 

CRB-3A 0.9 74.8 

CRB-3C 0.7   74.6 

East Pier 

CRB-4 3.8 75.4 

CRB-5 4.3 74.9 

CRB-5A 3.6 75.7 

East Abutment 
CRB-6 Dry Dry 

CRB-7 Dry Dry 

East Approach CRB-8 1.5 93.2 Upon completion of drilling. 

East Retaining 
Wall NW6-1 6.3 89.0 Upon completion of drilling. 

 

The water levels recorded in the standpipe piezometers installed during the current investigation are presented 
below: 
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Foundation 
Unit 

Borehole Stratum Well 
Sealed Into 

Water Level 
Depth (m) 

Water 
Elevation 
(m) 

Date of Piezometer Reading 

West 
Abutment CRB-2 Fill/Clayey Silt Till 

2.6 93.0 March 12, 2018 

2.6 93.0 April 30, 2018 

2.5 93.1 November 6, 2018 

West Pier CRB-3A Sand and Gravel 
1.0 74.7 March 12, 2018 

0.7 75.0 April 30, 2018 

East Pier 
 

CRB-5A 
 

Silty Sand/Organic 
Clayey Silt 

1.6 77.7 March 12, 2018 

4.0 75.3 April 30, 2018 

4.6 74.7 November 6, 2018 

East 
Abutment CRB-6 Shale Bedrock 

5.6 86.1 November 12, 2017 

5.0 86.7 March 12, 2018 

4.9 86.8 April 30, 2018 

4.9 86.8 November 6, 2018 

 

The water levels recorded in the standpipe piezometers during the previous (2010 and 2011) foundation 
investigation, are presented below.  Additional water levels were measured in the standpipe piezometers in 
Boreholes 11-01 and 11-02, as part of this current investigation and are also presented in the table below. 

Borehole Stratum Well Sealed Into Water 
Level 
Depth (m) 

Water 
Elevation (m) 

Date of Piezometer Reading 

10-02 

Silty Clay / Shale bedrock  Dry Dry December 17, 2018 

Shale bedrock 

8.5 85.9 October 4, 2010 

8.5 85.9 October 5, 2010 

8.7 85.7 October 12, 2010 

9.3 85.1 December 17, 2018 
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Borehole Stratum Well Sealed Into Water 
Level 
Depth (m) 

Water 
Elevation (m) 

Date of Piezometer Reading 

11-01 Shale bedrock 

3.2 91.4 September 30, 2011 

Dry Dry February 12, 2018 

Dry Dry March 12, 2018 

Dry Dry April 30, 2018 

11-02 Sand / Shale bedrock  

0.7 75.0 June 8, 2011 

1.5 74.2 October 4, 2011 

0.0 75.7 February 12, 2018 

0.8 74.9 March 12, 2018 

0.9 74.8 April 30, 2018 

 
It should be noted that the groundwater levels in the area are subject to seasonal fluctuations and precipitation 
events, and should be expected to be higher during wet periods of the year. 

4.2.11.1 Packer Test Results 
As described in Section 3.2.1 packer testing was carried out during the borehole drilling program in selected 
boreholes at the piers.  The following summarizes the hydraulic conductivity based on the results of the testing: 

Borehole Depth 
(Elevation) 

Estimated Hydraulic 
Conductivity (m/s) 

From (m) To (m) 

CRB-3 8.2 
(67.7) 

11.5 
(64.4) 3.7 x 10-7 

CRB-3A 7.6 
(68.1) 

9.2 
(66.5) 7.2 x 10-8 

CRB-4 9.5 
(69.6) 

11.7 
(67.4) 8.3 x 10-7 

CRB-5 9.7 
(69.5) 

12.0 
(67.2) 6.2 x 10-7 

 

4.2.12 Analytical Testing Results 
As discussed in Section 3.2, four samples of crushed and homogenized shale bedrock core were submitted for 
analysis of parameters used to assess the potential corrosivity of the site bedrock to steel and concrete. The 
following summarizes the results of the testing: 
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6.0 DISCUSSION AND ENGINEERING RECOMMENDATIONS 
This section of the report provides detailed foundation engineering recommendations for design of the foundation 
units supporting the abutments and piers of the proposed new Queen Elizabeth Way (QEW) Credit River Bridge 
(Site 24-203 WB) as part of the widening of the Queen Elizabeth Way (QEW) from west of Mississauga Road to 
west of Hurontario Street in the City of Mississauga, in the Regional Municipality of Peel, Ontario.  These 
recommendations are based on interpretation of the factual data obtained from the boreholes advanced during 
the 2010/2011 (by Thurber) and 2017/2018 (by Golder) subsurface investigations.  The discussion and 
recommendations presented herein are intended to provide the designers with sufficient information to assess the 
feasible foundation alternatives and carry out the design of the bridge foundations.  The Foundation Investigation 
and Design Report, discussion and recommendations are intended for the use of the Ministry of Transportation, 
Ontario (MTO) and shall not be used or relied upon for any other purpose or by any other parties, including the 
construction or design-build contractor.  The contractor must make their own interpretation based on the factual 
data in the Part A (Foundation Investigation) portion of the report.  Where comments are made on construction, 
they are provided to highlight those aspects that could affect the design of the project and for which special 
provisions may be required in the Contract Documents.  Those requiring information on the aspects of 
construction must make their own interpretation of the factual information provided as such interpretation may 
affect equipment selection, proposed construction methods, scheduling, and the like. 

6.1 General 
Based on the General Arrangement (GA) drawing provided by MH on April 23, 2018, the proposed bridge will be 
constructed immediately to the north of the existing QEW Credit-River bridge with a separation distance of ±2.0 m 
between the old and new structures.  The new bridge will consist of a three-span structure with piers on each side 
of the Credit River and abutments at the crests of the valley, which are approximately 18 m above the base of the 
valley.  The centre-span between the piers will be 118 m long and the end-spans from each abutment to the 
closest pier will be 68 m long.  Upon completion, the existing bridge will remain in operation and will carry 
eastbound traffic while the new bridge will carry westbound traffic.  It is understood that the two bridges will not be 
structurally connected.  Furthermore, based on email and telephone conversations between MH and Golder in 
January 2019, it is our understanding that the new east bridge abutment and associated approach embankment 
will be slightly lower (by about 1 m) than the existing bridge/roadway.  Given this and considering that the new 
east abutment will be set-back from (i.e. further to the east of) the existing east abutment by about 5 m, a short 
section of retaining wall supporting the north side of the new east-bound lanes will be required to separate the two 
structures and approaches in this area. The retaining wall will be installed after the new bridge is in operation and 
all traffic has been temporarily shifted onto it. The retaining wall will be approximately 12 m long, 7.5 m high (the 
lower portion of the wall will be set about 4.2 m below the finished grade), with a maximum retained soil height of 
about 3.3 m, and have its footing aligned with the north wing wall of the existing east abutment and founded at an 
elevation equal to the underside of the existing east abutment footing at approximately Elevation 88.0 m (as 
discussed in the paragraphs below). 

The elevation at the base of the flood plain is about Elevation 76 m, while the water level in the Credit River, as 
provided by MH, is at about Elevation 75 m (Sept. 1986).  The elevation of the east and west plateaus at the top 
of the valley is at about Elevation 95 m.  The proposed grade of the new westbound lanes will slope downward 
across the length of the bridge from west to east from about Elevation 96.1 m to 94.8 m. 

Based on the 1934 and 1959 Department of Highways contract drawings, the existing bridge is a seven-span 
structure supported on shallow foundations.  The original bridge (circa 1934) was constructed with a width of 
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15.8 m, but in 1959 the structure was widened to 26.8 m.  The existing foundations for the West Abutment and 
Piers #1 to #5, appear to have been designed to be supported on the shale bedrock.  However, the design 
founding conditions for the existing most easterly pier (Pier #6) and the East Abutment are not clear; the 
information shown on the available design drawings suggests that these elements were to be founded on ‘shale 
and clay’ and/or ‘blue clay’.  As part of the design for the 1959 widening, Trow, Soderman and Associates (1958) 
carried out an investigation to determine the as-built elevation(s) of the underside of the original (circa 1934) 
bridge footings.  Based on the drilling carried out, the underside elevation of the West and East Abutments and 
Piers #1 to #6 were calculated from the lowest depth of sound concrete recovered in the cores.  The borehole 
records from the investigation also indicate the material encountered below the sound concrete which in most 
cases is identified as shale with no mud seams noted. 

The summary borehole records from Trow, Soderman and Associates (1958) for the boreholes advanced through 
the original (1934) east abutment indicate that either no core recovery or very low recovery (<17%) was obtained 
below the sound concrete interface and the possibility of the footing being founded on shale bedrock was only 
inferred based on observations of the drilling process and the elevation of the exposed shale bedrock face on the 
adjacent valley bank/slopes.  The elevation of the as-constructed underside of the original (1934) east abutment 
footing (north side) is at Elevation 88.0 m (288.8 feet) as reported by Trow, Soderman and Associates (1958).  In 
addition, the underside of the east abutment footing (north side) is identified on the March 1959 drawing of the 
Credit River Bridge widening on QEW to be at Elevation 88.0 m (288.8 feet).  It is noted that Elevation 88.0 m is 
approximately 1.4 m above the top of bedrock as encountered in Borehole CRB-7, which is the closest borehole 
advanced adjacent to the north side of the existing east abutment as part of the current investigation.  As such, 
the founding condition of the existing east abutment is not certain and there is a risk that the existing footing is 
founded on the stiff till or hard residual soil overlying the bedrock. 

6.2 Consequence and Site Understanding Classification 
The proposed Credit River bridge will carry large volumes of traffic with the potential to impact alternative 
transportation corridors.  In accordance with Section 6.5 of the 2014 Canadian Highway Bridge Design Code and 
its Commentary (CHBDC 2014), the proposed bridge structure and its foundation system is considered to be 
classified as having a “typical consequence level” associated with exceeding limits states design.  In addition, 
given the level of foundation investigation completed to date at this location in comparison to the degree of site 
understanding in Section 6.5 of the CHBDC (2014), the level of confidence for design is considered to be a 
“typical degree of site and prediction model understanding.”  Accordingly, the appropriate corresponding ULS and 
SLS consequence factor, ψ, from Table 6.1 and geotechnical resistance factors, φgu and φgs, from Table 6.2 of the 
CHBDC (2014) have been used for design. 

6.3 Seismic Design 
6.3.1 Seismic Site Classification 
Subsurface ground conditions for seismic site characterization were established based on the results of the 
borehole investigations.  Based on the anticipated foundation levels on/within the bedrock, the site may be 
classified as Site Class C (very dense soil and soft rock) in accordance with Table 4.1 of the CHBDC (2014), in 
the absence of any geophysical testing. Geophysics testing, if carried out, may provide a more favourable Site 
Class designation. 
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6.3.2 Spectral Response Values and Seismic Performance Category 
Based on the location of the QEW-Credit River Bridge (Latitude: 43.556034° ; Longitude: -79.610628°), the 
reference Site Class C spectral acceleration values were obtained based on the 5th generation seismic hazard 
maps published by the Geological Survey of Canada (GSC). 

In accordance with Section 4.4.3.4 of the CHBDC (2014), the peak ground acceleration (PGA) values and design 
spectral acceleration (Sa) values for Site Class C are presented below. 

Seismic Hazard 
Values 

10% Exceedance in 50 
years (475-year return 

period) 

5% Exceedance in 50 
years (975-year return 

period) 

2% Exceedance in 50 
years (2,475 return 

period) 

PGA (g) 0.041 0.076 0.146 

PGV (m/s) 0.031 0.051 0.093 

Sa (0.2) (g) 0.069 0.121 0.227 

Sa (0.5) (g) 0.042 0.067 0.117 

Sa (1.0) (g) 0.023 0.036 0.059 

Sa (2.0) (g) 0.011 0.017 0.028 

Sa (5.0) (g) 0.0023 0.0039 0.0067 

Sa (10.0) (g) 0.001 0.0016 0.0028 

6.4 Foundation Options 
Based on the information obtained from the boreholes advanced at the foundation elements, the overburden soils 
are not considered suitable to support the foundations for the new Credit River bridge.  Both shallow and deep 
foundations founded on shale bedrock are considered suitable for support of the new bridge and these options 
have been considered in the following sections.   

Steel H-piles have been considered for support of the foundations however, due to the relatively thin overburden 
at the foundation elements (i.e. 1.1 m to 7.0 m) and the requirements to embed pile caps at least 1.2 m deep (for 
frost protection) or deeper (i.e. at the east pier to ensure a minimum cover below the riverbed), the pile lengths at 
most locations would be too short to develop sufficient lateral resistance requiring that H-piles be embedded in 
concrete filled sockets drilled into the bedrock.  While such a foundation option is technically feasible it is not 
preferred as it is not seen to offer any significant advantage over the drilled shaft (caisson) or shallow foundation 
options. 

Based on the GA drawing, to maintain the integrity of the existing bridge during construction, temporary protection 
systems will be required along the north side of the existing bridge where the new foundation elements are in 
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close proximity to existing foundation elements, to allow for excavation for shallow footings or pile caps and 
construction of new abutment walls supported on new footings.  The recommendations for temporary protection 
systems and requirements to support existing footings are discussed further in Section 6.11.3. 

A comparison of the foundation options based on feasibility, advantages, disadvantages, constructability / risks / 
consequences and relative costs is provided in Table 1 following the text of this report and is summarized below. 

 Shallow foundations founded on native soil deposits – spread/strip footings: Given the low strength of 
the overburden soils and relatively shallow depth to bedrock, shallow footings founded on native soils are not 
considered to be practical for this site from a foundations perspective. 

 Shallow foundations founded on shale bedrock – spread/strip footings:  Shallow foundations 
comprised of strip/spread footings founded on the slightly weathered to fresh shale bedrock are feasible for 
support of the abutments and piers.  However, significant depths of excavation (ranging from about 8 m to 9 
m deep at the abutments, and 9 m to 10 m deep at the piers) through existing fills, native soils and into the 
bedrock will be required.  The deep excavations at the piers would require cofferdams extending to and 
sealed into bedrock to reduce groundwater/river water inflows.  Excavations at the abutments will be 
shallower and groundwater control will be easier to manage; however, temporary protection systems will be 
required to support the adjacent highway approach embankments and, at the east abutment, additional 
protection measures may be required to ensure adequate support of the existing abutment foundation. 
Based on the above, shallow footings on bedrock are considered the preferred foundation alternative for 
support of the new abutments, but not for the piers. 

 Deep foundations – drilled shafts (caissons) socketed into shale bedrock:  Drilled shafts (caissons) 
socketed into the shale bedrock are considered feasible and the preferred option for the support the new 
piers.  At the west pier, although a cofferdam will still be required for construction, the pile cap can be located 
within the overburden thereby significantly reducing the excavation depth.  At the east pier, because of the 
constraint requiring the top of pile cap to be embedded a minimum 0.6 m below the riverbed, a cofferdam 
and significant depth of excavation (up to about 8 m including extending about 1 m into bedrock) will still be 
required, although the total excavation depth will be less than that needed for the shallow foundation option.  
It is also anticipated that the requirements for groundwater control and for sealing the cofferdam will be 
reduced since a portion of the work at the piers (including installing the caissons) could be constructed in-
the-wet. 

 Deep foundations – H-Piles socketed into shale bedrock:  Given the relatively shallow depth to bedrock 
and low strength of the overburden soils, H-piles would have to be embedded in concrete filled sockets 
drilled into the bedrock and as such, this foundation option is not preferred as it is not seen to offer any 
significant advantage over the drilled shaft (caisson) or shallow foundation options described above. 

Based on discussions with the structural designers, it is understood that there is a requirement that the differential 
settlement between the abutment(s) and pier(s) (on the east and west side of the Credit River) be limited to less 
than 7 mm.  MH provided the unfactored permanent and live loads for the foundation elements on July 6, 2018 
and the load acting on the pier is about 7 times that acting on the abutment.  If the abutments and piers are all 
supported on spread footings, it is estimated that the differential settlement will be greater than 7 mm.  Therefore, 
it is recommended that the piers be supported on drilled piers socketed into the shale bedrock in order to reduce 
the differential settlement(s) to the design tolerance (see Section 6.6.2 for further discussion).   
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Based on the above considerations and as detailed in the comparison of foundation alternatives in Table 1, we 
recommend that the abutments be supported on spread/strip footings founded on bedrock and the piers be 
supported on drilled shafts socketed into the shale bedrock, as the most technically feasible and cost-effective 
alternative from a foundations perspective. 

6.5 Spread Footings 
6.5.1 Footing Elevations 
The abutments may be supported on strip or spread footings founded on shale bedrock at the recommended 
highest founding elevations provided below: 

Foundation Element Reference Borehole(s) Bedrock Surface 
Elevation (m) 

Highest 
Founding Elevation 

on Bedrock (m) 

West Abutment CRB-2 
11-01

CRB-2A 
CRB-2B 

92.4 
91.3 
93.4 
91.1 

87.41 

East Abutment CRB-7 
CRB-6 

86.6 
86.9 85.42 

Note(s): 
1. Founding elevation for west abutment selected based on quality of bedrock and desire to maintain new footing at similar elevation as

underside of existing west abutment footing.
2. Founding elevation for east abutment selected based on quality of bedrock.  Founding elevation of existing east abutment footing is

unclear, possibly ranging from approximately Elevation 88 m to 89 m.  Depending on actual founding elevation and founding stratum
of existing east abutment, protection measures may be required to support existing footing and prevent undermining during new
construction.

As discussed in Section 6.1, the existing structure is supported on shallow foundations the majority of which are 
anticipated to be founded on the shale bedrock.  Based on the information in Trow, Soderman (1958), the existing 
west abutment is anticipated to be founded at Elevation 87.4 m, while the existing east abutment may be founded 
at Elevation 88 m.  The new footings must be founded on undisturbed, competent, slightly weathered to fresh 
bedrock, which is present at a lower elevation than the anticipated founding elevation of the existing east 
abutment.  Given that the excavations for construction of the new east abutment may extend below the existing 
east abutment footing, a temporary protection system with Level 1b performance will be required, which may 
include pre-support of the shale bedrock excavation face, as discussed further in Section 6.11.3. 

If the excavation in the bedrock is required to extend to below the highest founding elevations noted above in 
order to remove all loose, shattered and/or fractured rock within the area of the footing, or where bedrock 
excavation results in the creation of steps or troughs in the bedrock, the founding stratum could be levelled or 
raised using mass concrete.  In this case the mass concrete, having a minimum thickness of 100 mm and a 
minimum of 28-day compressive strength of 20 MPa, shall be placed in the excavation within four hours of 
exposure of the founding level to protect the integrity of the subgrade.  An Non-Standard Special Provision 
(NSSP) to address this item is included in Appendix D, which should be included in the Contract Documents. 

The shale bedrock at the site contains horizontal bedding and will tend to break in slabs if removed with an 
excavator.  Where bedrock excavation is required adjacent to the existing footings, it must be carried out using 
saw-cutting or line drilling techniques to avoid the unintentional removal of bedrock from below the existing 
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footing.  An NSSP to address this item is included in Appendix D, which should be included in the Contract 
Documents.   

6.5.2 Geotechnical Resistance 
Strip or spread footings constructed on the properly prepared shale bedrock excavation base founded at or below 
the design elevations given in the preceding section, should be designed based on the factored ultimate 
geotechnical resistances and factored serviceability geotechnical resistances (for 25 mm of settlement) given 
below. 

Foundation 
Element 

Founding Stratum Footing 
Width 

Factored Ultimate 
Geotechnical 
Resistance 

Factored 
Serviceability 
Geotechnical 
Resistance 

East and West 
Abutment 

Slightly weathered to fresh 
shale bedrock 

4 m 
3,000 kPa 

1,500 kPa 

6 m 1,000 kPa 

Based on the design bridge loadings provided by MH on July 6, 2018, we understand that the unfactored 
permanent and live load acting on each abutment strip footing will be 23,000 kN and based on a strip footing 
having dimensions of 5.5 m by 27.6 m, the settlement of the strip footing(s) founded on the shale bedrock at the 
elevations noted in Section 6.5.1, is estimated to be less than about 5 mm. The factored geotechnical resistances 
provided above are given for loads that will be applied perpendicular to the surface of the footings.  Where the 
load is not applied perpendicular to the footing, inclination of the load should be taken into account in accordance 
with Section 6.10.4 of the CHBDC (2014). 

The footing subgrade should be inspected by a Foundation Engineer, in accordance with OPSS 902 (Excavating 
and Backfilling Structures), as amended by SP109S12, to check that all existing fill(s), concrete and native soils 
have been removed.  Furthermore, following excavations into the bedrock, it will be necessary to clean, scale and 
remove all loose, shattered and/or fractured rock within the area of the footing to ensure proper concrete bond to 
the bedrock surface.  

The shale bedrock subgrade will be susceptible to disturbance from ponded water, precipitation from inclement 
weather, wetting/drying, and/or construction traffic.  If the concrete for the footings cannot be poured immediately 
after excavation and inspection, it is recommended that a concrete working slab having a minimum thickness of 
100 mm and a minimum of 28-day compressive strength of 20 MPa be placed in the excavation within four hours 
of exposure of the founding level to protect the integrity of the subgrade.  An NSSP to address this item is 
included in Appendix D, which should be included in the Contract Documents.  

The point load and UC test results of the shale bedrock core samples, and field description of the recovered 
bedrock core samples indicate that the shale is weak but contains strong to very strong limestone / siltstone / 
dolostone inter-layers, and where excavations for the abutment foundations extend into this formation, appropriate 
construction equipment and procedures (such as hoe-ramming) will be required.  It is recommended that an 
NSSP be included in the Contract Documents to warn the contractor of the strength and characteristics of the 
bedrock, and an example of such an NSSP is included in Appendix D.  As further discussed in Section 6.11.5, 
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vibration monitoring of the existing bridge structure is not anticipated to be required during hoe-ramming; 
however, it may be prudent to monitoring the surrounding residential structures. 

6.5.3 Resistance to Lateral Loads 
Resistance to lateral forces / sliding resistance between the new concrete footings and the subgrade should be 
calculated in accordance with Section 6.10.5 of the CHBDC (2014). For cast-in-place concrete footings or 
concrete working slab constructed directly on bedrock, or concrete footing on a concrete working slab, the sliding 
resistance may be calculated based on the unfactored coefficient of friction, tan δ, which can be taken as follows: 

 Cast-in-place footing or working slab to shale bedrock: tan δ = 0.5 

 Cast-in-place footing to concrete working slab: tan δ = 0.7 

If necessary, the sliding resistance between the concrete footing and/or working slab and the bedrock at the 
abutments can be supplemented by dowelling into the bedrock. The horizontal resistance of the dowels is 
dependent on the strength of the bedrock, grout and steel.  The dowels should have a minimum length within the 
slightly weathered to fresh bedrock of 1 m, and the structural strength of the dowels and compressive strength of 
the grout should not be exceeded.  For uplift of the dowels, a factored resistance value of 250 kPa may be 
assumed for the grout-to-rock bond stress for ULS design.  The actual bond stress along the rock-grout interface 
may vary from the design value given and it should therefore be verified in the field by pull-out testing.  These 
values assume that construction is carried out in dry conditions.  If dowels into bedrock are required, an NSSP 
should be included in the Contract Documents, and such an NSSP is included in Appendix D.  The dowels should 
be comprised of corrosion-resistant steel based on the bedrock and groundwater conditions. 

6.5.4 Frost Protection 
The spread / strip footing should be founded at a minimum depth of 1.2 m below the lowest surrounding grade, 
including measured perpendicular to the sloping ground surface, to provide adequate protection against frost 
penetration (as interpreted from OPSD 3090.101 – Foundation Frost Penetration Depths for Southern Ontario).   
As a guide, the MTO has adopted the use of 25 mm (1 inch) of rigid polystyrene foam insulation as equivalent to a 
0.3 m reduction in soil cover, if required. 

6.6 Caissons (Drilled Shafts) 
6.6.1 Founding Elevations 
Caisson foundations socketed into the shale bedrock are recommended for support of the bridge piers.  
Depending on the magnitude of the bridge loads, consideration can be given to design of the caissons based on 
end bearing and/or shaft resistance.  

For caissons designed based on a combination of end-bearing and shaft friction, it is recommended that they be 
socketed two times the caisson diameter (L/D=2), or a minimum of 2 m whichever is greater, into Fair to Good 
Quality bedrock (an RQD greater than 50 per cent).   

At the proposed west pier, given the location of the pier cap within the overburden (i.e. above the bedrock 
surface), liners extending into the upper weathered portion of the bedrock will be required during construction of 
drilled shafts to prevent “necking” of the concrete and ensure the integrity of the cross-section.  At the proposed 
east pier, the use of liners for construction of the drilled shafts may or may not be necessary depending on the 
design of the cofferdam and the sequence of construction.  All liners, where required for construction at the piers, 
shall be permanent and not be withdrawn.  Water inflow into the drilled shafts at the pier locations should be 
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expected given the proximity to the Credit River; therefore, placement of concrete by the tremie method will be 
required to install drilled shafts.  

The following outlines the recommended founding elevation for the base of the drilled shafts at the piers based on 
end-bearing and shaft friction (L/D=2) design:  

Foundation 
Unit 

Borehole Bedrock 
Surface 

Elevation (m) 

Recommended1 Base of Drilled Shaft Elevation (m) 

Diameter = 1.2 m Diameter = 1.5 m Diameter = 1.8 m 

West Pier 

CRB-3 69.6 

66.5 66.0 65.5 
CRB-3A 69.6 

11-02 69.4 

CRB-3C 69.1 

East Pier 

CRB-5 72.0 

69.5 69.0 68.5 CRB-5A 72.1 

CRB-4 72.1 
Note(s): 

1. Based on a minimum ratio of rock socket length (L) / diameter (D) = 2.

Alternatively, to reduce the requirements for cleaning and inspection of the base of the rock sockets, the caissons 
may be designed based on shaft resistance only.  Based on the RQD of the bedrock core samples obtained from 
the boreholes, the fractures per 0.3 m and observations of the quality of the bedrock, it is recommended that the 
top of the caisson rock sockets commence at or below the maximum top of rock socket elevations as summarized 
below for each pier: 

Foundation Unit Borehole Bedrock Surface Elevation 
(m) 

Recommended Highest Top of 
Rock Socket Elevation (m) 

West Pier 

CRB-3 69.6 

68.0 
CRB-3A 69.6 

11-02 69.4 

CRB-3C 69.1 

East Pier 

CRB-5 72.0 

70.5 CRB-5A 72.1 

CRB-4 72.1 

The shale bedrock is weak with unconfined compressive strengths generally in the range of 10 MPa to 20 MPa, 
but it contains strong to very strong limestone/siltstone/dolostone layers, and as such the rock sockets would 
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likely have to be advanced into the bedrock by churn drilling or rock coring.  It is recommended that an NSSP be 
included in the Contract Documents to describe to the Contractor the strength and characteristics of the bedrock; 
an NSSP is included in Appendix D for this purpose.   

6.6.2 Geotechnical Axial Resistances 
Based on the bridge loadings provided by MH on January 14, 2019, we understand that the unfactored combined 
permanent and live load acting on each caisson will be 21,000 kN and that the maximum permissible settlement 
of the caissons will be 10 mm with a maximum differential of 7 mm.  Considering this target load and settlement 
tolerance, the following caissons alternatives are provided.  For caissons designed based on a combination of 
shaft resistance and a portion of the end-bearing resistance within the rock socket and founded at the elevations 
provided in Section 6.6.1 for various caisson diameters, the following values of factored ultimate geotechnical 
resistance and factored serviceability geotechnical resistances (for 25 mm and 10 mm of settlement) given below 
may be used for design: 

Length of rock socket to diameter of caisson = 2 

Foundation Unit Diameter (m) Factored Ultimate 
Geotechnical Resistance 

(kN) 

Factored Serviceability Geotechnical 
Resistance (kN) 

(25 mm 
Settlement) 

(10 mm 
Settlement) 

Piers 

1.2 5,500 --1 --1 

1.5 8,700 --1 --1 

1.8 12,500 --1 --1 
Note(s): 

1. The factored serviceability geotechnical resistance at SLS (for 25 mm of settlement) is greater than the factored ultimate geotechnical 
resistance at ULS therefore the ULS will govern the design.

The above values are only valid providing that the side walls (shaft) and base of the rock socket are properly 
cleaned and inspected with a video camera, as per the discussion below and as per the NSSP in Appendix D. 

For caissons designed based on rock socket shaft resistance only and constructed with the maximum top of rock 
socket at the elevations provided in Section 6.6.1, the following values of factored ultimate geotechnical 
resistance and factored serviceability geotechnical resistances (for 25 mm and 10 mm of settlement) given below, 
based on shaft resistance of the rock socket only, may be used for design: 
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Length of rock socket to diameter of caisson = 3 

Foundation Unit Diameter (m) Factored Ultimate 
Geotechnical Resistance 

(kN) 

Factored Serviceability Geotechnical 
Resistance (kN) 

(25 mm 
Settlement) 

(10 mm 
Settlement) 

Piers 

1.2 6,500 --1 --1 

1.5 10,000 --1 --1 

1.8 14,500 --1 --1 
Note(s): 

1. The factored serviceability geotechnical resistance at SLS (for 25 mm of settlement) is greater than the factored ultimate geotechnical
resistance at ULS therefore the ULS will govern the design.

Length of rock socket to diameter of caisson = 4 

Foundation Unit Diameter (m) Factored Ultimate 
Geotechnical Resistance 

(kN) 

Factored Serviceability Geotechnical 
Resistance (kN) 

(25 mm 
Settlement) 

(10 mm 
Settlement) 

Piers 

1.2 8,500 --1 --1 

1.5 13,500 --1 --1 

1.8 19,500 --1 19,000 
Note(s): 

1. The factored serviceability geotechnical resistance at SLS (for 25 mm of settlement) is greater than the factored ultimate geotechnical
resistance at ULS therefore the ULS will govern the design.

Length of rock socket to diameter of caisson = 5 

Foundation Unit Diameter (m) Factored Ultimate 
Geotechnical Resistance 

(kN) 

Factored Serviceability Geotechnical 
Resistance (kN) 

(25 mm 
Settlement) 

(10 mm 
Settlement) 

Piers 

1.2 11,000 --1 --1 

1.5 17,000 --1 18,000 

1.8 24,000 --1 21,500 
Note(s): 

1. The factored serviceability geotechnical resistance at SLS (for 25 mm of settlement) is greater than the factored ultimate geotechnical
resistance at ULS therefore the ULS will govern the design.
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The above values are only valid providing that the side walls (shaft) of the rock socket are properly cleaned and 
inspected with Shaft Inspection Device (SID) such as a video camera, as per the discussion below and as per the 
NSSP in Appendix D. 

The centre-to-centre spacing between the caissons should be greater than 2.5 times the caisson diameter to limit 
interaction between caissons. Provided this minimum drilled shaft spacing within a group is maintained, the 
efficiency factor for the pile group is expected to be 1.0 (i.e. no reduction for group effects is required). 

During advancement of the rock socket, it must be filled with water at all times, until concrete is placed in the rock 
socket using tremie methods.  Following drilling of the rock sockets, the walls of the socket and the base will be 
covered by a “cake” of rock powder/mud from the drilling operations.  Therefore, flushing and cleaning of the rock 
sockets walls and base are required and this requirement must be included in the Contract Documents.  For 
drilled shafts designed based on a combination of end-bearing resistance and a portion of the shaft resistance 
within the rock socket, the base of each rock socket must be thoroughly cleaned to remove all loose cuttings to 
ensure that the tremied concrete is in intimate contact with the competent shale bedrock. Upon completion of 
flushing and cleaning of the rock socket, the base will need to be inspected by means of a Shaft Inspection 
Device (SID) such as a video camera to confirm that the base is free of debris.  For the caissons that are 
designed based on shaft resistance only, the rock socket walls of the caissons are required to be free from mud 
slurry; therefore, flushing and cleaning of the rock sockets walls are required and this requirement must be 
included in the Contract Documents. Following acceptance of the rock socket by the Foundation Engineer, 
concrete must be placed using tremie methods within 6 hours of the final cleaning and within seven days from 
when the rock socket was completed (i.e. prior to cleaning).  An NSSP for cleaning requirements and concreting 
of the caisson is provided in Appendix D.  All drilled installation should be carried out in accordance with 
OPSS.PROV 903 (Deep Foundations), as amended by SP 109F57. 

6.6.3 Resistance to Lateral Loads 
The resistance to lateral loading will be derived solely from the soil and bedrock in front of the vertical drilled 
shafts.  Where ground conditions are generally competent and the lateral loads on the drilled shafts are relatively 
small such that the maximum lateral drilled shaft deflections will be relatively small, the resistance to lateral 
loading in front of a single drilled shafts can be estimated using subgrade reaction theory (as outlined below).  
However, it should be noted that the response of a caisson to lateral loads is highly nonlinear and methods that 
assume linear behavior (such as subgrade reaction theory) are only appropriate where the maximum horizontal 
drilled shafts deflections are less than 1 percent of the caisson diameter, where the loading is static (no cycling) 
and where the caisson material is linear (CFEM, 2006).  Where these conditions are not met, the non-linear lateral 
behavior of the soil should be considered by the use of P-y curves. 

The factored serviceability geotechnical response of the soil in front of the drilled shafts under lateral loading at 
this site may be calculated using subgrade reaction theory suggested in CHBDC (2014) Commentary (Section 
C6.11.2.2), where the coefficient of horizontal subgrade reaction, kh, (kPa/m) is based on the equation given 
below, as described by Terzaghi (1955) and the Canadian Foundation Engineering Manual (CFEM 1992). 

For non-cohesive soils: 

B
znk h

h =
Where:  nh 

Z 

is the constant of horizontal subgrade reaction (kPa/m), as given below; 

is the depth (m) below the in-ground drilled shaft cap; and, 
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B is the drilled shaft diameter/width (m) 

For cohesive soils: 

B
s

k u
h

67
=

 

Where:  su

            B

is the undrained shear strength of the soil (kPa); and, 

is the drilled shaft diameter/width (m) 

For completely to moderately weathered shale bedrock: 

𝑘𝑘ℎ = 50,000 

     B 

Where: hk
 

B 

is the coefficient of horizontal subgrade reaction in kPa/m 

is the drilled shaft diameter/width (m) 

For slightly weathered to fresh shale bedrock: 

𝑘𝑘ℎ = 350,000 

      B 

Where: hk
 

B 

is the coefficient of horizontal subgrade reaction in kPa/m 

is the drilled shaft diameter/width (m) 

The following values of nh and su (Terzaghi, 1955 and American Petroleum Institute (API), 2002) may be 
incorporated into the calculations of horizontal subgrade reaction (kh) for structural analyses for a single vertical 
drilled shaft.  The ranges in values reflect the variability in the subsurface conditions, the soil properties and the 
approximate nature of the analysis and the non-linear nature of the soil behaviour (such that kh is a function of 
deflection). 
Foundation Element Soil Unit Elevation 

Interval (m) 
nh
(kPa/m) 

su 
(kPa) 

West Pier 
(Boreholes CRB-3, CRB-
3A, 11-02 and CRB-3C) 

Soft clayey silt with sand 72.91 to 72.2 -- 20 

Compact to dense sand and gravel 
(below the water table) 

72.4 to 69.6 7,500 -- 

Completely to Moderately Weathered Shale 
Bedrock 

69.6 to 68.0 

See above equations 

Slightly Weathered to Fresh Shale Bedrock Below 68.0 

East Pier 
(Boreholes CRB-5, CRB-
5A and CRB-4) 

Completely to Moderately Weathered Shale 
Bedrock 

71.21 to 69.5 

See above equations 
Slightly Weathered to Fresh Shale Bedrock Below 69.5 

Note(s):  

1. Underside of caisson cap elevation.

Based on the above, both the structural and geotechnical resistances of the piles (i.e. caissons/drilled shafts) 
should be evaluated to establish the governing case at ULS. At SLS, the horizontal resistance of the piles will be 
controlled by deflections and the horizontal resistance of the piles should be calculated based on the coefficient of 
horizontal subgrade reaction (𝑘𝑘ℎ) of the soil as discussed above. The SLS resistance should be taken as that 
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corresponding to a horizontal deflection of 10 mm at the underside of the pile cap for units supporting the 
abutments (see Section C6.11.2.2.2 of the Commentary to the CHBDC, 2014). 

The upper zone of the soil (down to a depth below the caisson cap equal to about 1.5 times B (after Broms, 1964, 
where B is the pile diameter) should be neglected in the calculation of lateral resistance of the caisson to account 
for disturbance effects during installation. 

Group action for lateral loading should also be evaluated by reducing the coefficient of horizontal subgrade 
reaction either in the direction of loading or perpendicular to the direction of loading by relevant group pile 
efficiency factors as outlined in Section C6.11.3.4 of the Commentary to the CHBDC (2014). 

6.6.4 Frost Protection 
Pile caps on the caisson foundations, if constructed below ground surface must be constructed not less than 
1.2 m below the surrounding finished grade including measured perpendicular to the sloping ground surface to 
provide for protection from frost penetration, as interpreted from OPSD 3090.101 (Frost Penetration Depths for 
Southern Ontario). 

6.7 RSS (Retained Soil System) Wall Separating Existing and Proposed 
East Embankments 

It is understood that a mechanically-reinforced soil retaining system (retained soil system or RSS wall) is 
proposed for the retaining wall to be constructed between the existing and the proposed east abutments.  The 
RSS retaining walls are to be designed for high performance and appearance in accordance with MTO’s RSS 
Wall Design Guidelines (September 2008). 

6.7.1 Founding Elevations 
A typical RSS wall has a front facing panel system that is supported on a strip footing placed at a shallow depth 
below the ground surface in front of the wall.  The facing footing (typically 200 mm thick) should be placed within a 
500 mm thick levelling pad comprised of OPSS.PROV 1010 (Aggregates) Granular ‘A’, placed in accordance with 
OPSS.PROV 501 (Compacting), as detailed in Figure 5.2 of MTO’s RSS Wall Design Guidelines (September 
2008).  There should be a minimum thickness of 300 mm of Granular ‘A’ below the facing footing. The compacted 
granular levelling pad should extend at least 1.0 m beyond the outside edge of the facing footing, then downward 
and outward at 1H:1V.  If bedrock is encountered above the recommended founding elevation (as discussed 
below) then the bedrock should be subexcavated to the design elevations and replaced with OPSS.PROV 1010 
(Aggregates) Granular ‘A’.  A Notice to Contractor addressing this requirement is included in Appendix D. 

As detailed in Figure 5.22 of MTO’s RSS Wall Design Guidelines, it is recommended that the underside of the 
levelling pad be founded at a minimum depth of 1.0 m below the final finished grade at the base of (i.e. in front of 
and measured perpendicular to the slope face) the RSS wall.  As such, the minimum soil cover to the base of the 
wall and top of the footing/levelling pad should be 0.5 m below the final finished grade in front of the base of the 
RSS wall.  Prior to placement of the levelling pad and the reinforced soil mass, all existing topsoil and loose or 
deleterious materials must be removed and the existing fill is required to be proof-rolled to identify any 
softened/disturbed areas for sub-excavation and replacement, where applicable, with compacted OPSS.PROV 
1010 (Aggregates) Granular ‘A’, placed in accordance with OPSS.PROV 501 (Compacting). 

As discussed in Section 6.1, the underside of the east abutment for the existing Credit River bridge is reportedly 
at about Elevation 88.0 m.  It is recommended that the base of the RSS wall and reinforced soil mass be founded 
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coincident with this elevation, in order to minimize the additional load imposed from the RSS wall onto the existing 
east abutment footing.  If the underside of the east abutment is at a higher or lower elevation, this should be 
communicated to the Contract Administrator so that adjustments to the design can be made if necessary.  This 
requirement must be noted on the Contract Drawings.  Based on the closest borehole information, and the 
available information regarding the elevation of the underside of the existing abutment (as described in Section 
6.1), the top of the 500 mm thick Granular ‘A’ levelling pad/facing footing and bottom of the reinforced soil mass 
are recommended to be founded no higher than the maximum founding elevation noted in the table below. 
Depending on the final grade at the base of the RSS wall, the levelling pad may need to be installed below this 
recommended elevation to achieve the minimum embedment depth of 1.0 m between the underside of the 
levelling pad and the final finished grade. 

Section of Retaining Wall and Corresponding 
Boreholes 

Maximum (Highest) 
Founding 

Elevation (m) 

Anticipated 
Founding Soil 

RSS Wall Separating Existing and Proposed 
East Approach Embankments 
(Boreholes CRB-7 and NW6-1) 

88.01 Clayey Silt with Sand Till 

Note(s):  
1. Elevation of top of RSS wall footing / underside of RSS mass is to be coincident with the underside of the adjacent existing east

abutment footing / wing wall footing.

6.7.2 Geotechnical Resistances 
Assuming that the RSS wall acts as a unit and applies load across the full width of the reinforced soil mass, the 
factored ultimate and serviceability geotechnical resistances given below may be used for assessment of the 
reinforced mass founded on the properly prepared compacted granular fill, or on the proof-rolled fill subgrade at 
the sub-excavation elevations given above. 

RSS Wall Height, 
H1 (m) 

Recommended 
Minimum Strip Length2 

(m) 

Factored Ultimate 
Geotechnical 
Resistance 

Factored Serviceability 
Geotechnical Resistance 
(for 25 mm of Settlement) 

7.5 m 5.2 400 kPa 225 kPa 

 Note(s): 
1. H represents the height of the RSS wall from top of leveling pad/facing footing to top of wall. It is understood the proposed

wall will retain 3.3 m of soil and the bottom of the RSS wall will be placed at Elevation 88.0 m.
2. The recommended minimum strip length to satisfy global stability is discussed in Section 6.7.4

6.7.3 Resistance to Lateral Loads 
The resistance to lateral forces / sliding resistance between the compacted granular backfill of the RSS wall and 
the subgrade should be calculated in accordance with Section 6.10.5 of the CHBDC (2014).  The coefficient of 
friction, tan φ’, between the compacted granular fill of the RSS wall and the properly prepared subgrade may be 
taken as 0.6.  The actual values used should be reviewed and revised, if necessary, by the proprietary RSS wall 
designer during detail design. 
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6.7.4 Global Stability 
Slope stability analyses have been performed for the proposed RSS wall using the commercially available 
program SLIDE, version 8.0 produced by Rocscience Inc., employing the GLE (General Limit Equilibrium) / 
Morgenstern-Price method of analysis.  For all analyses, the Factor of Safety (FoS) of numerous potential failure 
surfaces was computed in order to establish the minimum FoS. The FoS is defined as the ratio of the forces 
tending to resist failure to the driving forces tending to cause failure.  A target minimum factored FoS of 1.54 has 
been adopted for the design of the RSS wall under static, permanent conditions.  This FoS is considered 
adequate for RSS walls at this site considering the design requirements and the field data available.  In general, 
circular slip surfaces were analysed in the design.  

The global stability analyses for the proposed RSS wall was carried out using the parameters outlined in Section 
6.9.2 for the approach embankment stability assessment. A maximum retained soil height of 3.3 m was assumed 
for the RSS wall.  The groundwater level was inferred from the highest water levels shown on the borehole 
records and was assumed to be at Elevation 89 m. The analysis was carried out using the wall dimensions 
discussed in Section 6.7.2. The results of the stability analysis indicate that the proposed RSS wall at this site, 
with the dimensions and reinforcing lengths listed in Section 6.7.2, will have a FoS greater than 1.54 (long-term) 
for global stability. 

The internal stability of the RSS wall is to be designed and assessed by the proprietary product designer. This 
design and assessment should include a check of all failure surfaces that may fall within the RSS reinforced soil 
mass as it was assumed to have infinite strength in Golder’s global stability assessment. Extending the 
reinforcement zone beyond the minimum length identified in Section 6.7.2 may be required to ensure adequate 
internal stability.   

6.8 Lateral Earth Pressure for Design of Abutments, Wing Walls, and 
RSS Wall 

The lateral earth pressures acting on the abutment walls and any associated wing walls will depend on the type 
and method of placement of the backfill materials, the nature of the soils behind the backfill, the magnitude of 
surcharge including construction loadings, the freedom of lateral movement of the structure, and the drainage 
conditions behind the walls.  

The following recommendations are made regarding the design of the abutment/wing walls: 

 Select, free draining granular fill meeting the specifications of OPSS.PROV 1010 (Aggregates) Granular ‘A’ 
or Granular B Type II, should be used as backfill behind the walls.  Longitudinal drains or weep holes should 
be installed to provide positive drainage of the granular backfill.  Compaction (including type of equipment, 
target densities, etc.) should be carried out in accordance with OPSS.PROV 501 (Compacting). Other 
aspects of the granular backfill requirements with respect to subdrains and frost taper should be in 
accordance with OPSD 3101.150 (Walls, Abutment, Backfill, Minimum Granular Requirement), 
OPSD 3121.150 (Walls, Retaining, Backfill, Minimum Granular Requirement), and OPSD 3190.100 (Walls, 
Retaining and Abutment, Wall Drain). 

 A minimum compaction surcharge of 12 kPa should be included in the lateral earth pressures for the 
structural design of the walls, in accordance with CHBDC (2014) Section 6.12.3 and Figure 6.6. Care must 
be taken during the compaction operation not to overstress the wall.  Heavy construction equipment should 
be maintained at a distance of at least 1 m away from the walls while the backfill soils are being placed.  
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Hand operated compaction equipment should be used to compact the backfill soils immediately behind the 
walls as per OPSS.PROV 501 (Compacting). Other surcharge loadings should be accounted for in the 
design, as required. 

 For restrained walls, granular fill should be placed in a zone with the width equal to at least 1.2 m (equivalent 
to the depth of frost penetration at this site as interpreted from OPSD 3090.101, (Frost Penetration Depths 
for Southern Ontario)) behind the back of the wall on Figure C6.20(a) of the Commentary to the CHBDC 
(2014).  For unrestrained walls, fill should be placed within the wedge-shaped zone defined by a line drawn 
flatter than1 horizontal to 1 vertical (1H:1V) extending up and back from the rear face of the footing or pile 
cap on Figure C6.20(b) of the Commentary to the CHBDC (2014).  

6.8.1 Lateral Earth Pressures for Static Design 
The following guidelines and recommendations are provided regarding the lateral earth pressures for static 
(i.e., non-seismic) loading conditions.  These lateral earth pressures assume that the ground above the wall will 
be flat (i.e. not sloping).  If the inclination of the slope above the wall changes then new lateral earth pressures 
parameters will need to be calculated. 

 For a restrained wall, the pressures are based on the proposed embankment fill and the following 
parameters (unfactored) may be used assuming the use of earth fill: 

Material Earth Fill 

Soil Unit Weight: 20 kN/m3 

Coefficients of static lateral earth pressure: 
Active, Ka 
At rest, Ko

Passive, KP 

0.33 
0.50 
3.0 

 For an unrestrained wall, the pressures are based on using engineered granular fill and the following 
parameters (unfactored) may be used: 

Material Granular ‘A’ Granular ‘B’ Type II 

Soil Unit Weight: 22 kN/m3 21 kN/m3 

Coefficients of static lateral earth pressure: 
Active, Ka 
At rest, Ko

Passive, KP 

0.27 
0.43 
3.7 

0.27 
0.43 
3.7 

 If the wall support and superstructure allow lateral yielding, active earth pressures may be used in the 
geotechnical design of the structure.  The movement required to allow active pressures to develop within the 
backfill, and thereby assume an unrestrained structure for design, should be calculated in accordance with 
Section C6.12.1 and Table C6.6 of the Commentary to the CHBDC, 2014. 

 If the wall does not allow lateral yielding (i.e., restrained structure where the rotational or horizontal 
movement is not sufficient to mobilize an active earth pressure condition), at-rest earth pressures (plus any 
compaction surcharge) should be assumed for geotechnical design. 
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6.8.2 Seismic Lateral Earth Pressures for Design 
Seismic (earthquake) loading must also be taken into account in the design of retaining / wing walls in accordance 
with Section 4.6.5 of the CHBDC (2014).  In this regard, the following should be included in the assessment of 
lateral earth pressures: 

 Seismic loading will result in increased lateral earth pressures acting on the abutment stem and/or retaining 
walls. The walls should be designed to withstand the combined lateral loading for the appropriate static 
pressure conditions given above, plus the earthquake-induced dynamic earth pressure. 

 In accordance with Sections 4.6.5 and C.4.6.5 of the CHBDC (2014) and its Commentary, for structures 
which allow lateral yielding, the horizontal seismic coefficient, kh, used in the calculation of the seismic active 
pressure coefficient, is taken as 0.5 times the site-specific PGA.  For structures that do not allow lateral 
yielding, kh is taken as equal to the site-specific PGA. For both cases the value of the vertical seismic 
coefficient kv is taken as zero. 

 The following seismic active pressure coefficients (KAE) may be used in design; these coefficients reflect the 
maximum KAE obtained for each of the earthquake design periods and backfill conditions.  It should be noted 
that these seismic earth pressure coefficients assume that the back of the wall is vertical and the ground 
surface behind the wall is level.  Where sloping backfill is present above the top of the wall, the lateral earth 
pressures under seismic loading conditions should be calculated by treating the weight of the backfill located 
above the top of the wall as a surcharge. 

Design Earthquake Site PGA Seismic Active Pressure Coefficients, KAE 

Granular A Granular B Type II Earth Fill 

Yielding Wall 475-Yr 0.041g 0.26 0.26 0.31 

975-Yr 0.076g 0.27 0.27 0.33 

2,475 Yr 0.146g 0.29 0.29 0.35 

Non-Yielding 
Wall 

475-Yr 0.041g 0.28 0.28 0.34 

975-Yr 0.076g 0.32 0.32 0.39 

2,475 Yr 0.146g 0.43 0.43 0.51 

 The KAE value for a yielding wall is applicable provided that the wall can move up to 250kh mm, where kh is 
the site specific PGA as given in the table above.  This corresponds to displacements of 10 mm, 19 mm, and 
36 mm for the 475-year, 975-year, and 2,475-year design earthquakes at this site. 

 The earthquake-induced dynamic pressure distribution, which is to be added to the static earth pressure 
distribution, is a linear distribution with maximum pressure at the top of the wall and minimum pressure at its 
toe (i.e. an inverted triangular pressure distribution). The total pressure distribution (static plus seismic) may 
be determined per Section C4.6.5 of the Commentary to CHBDC (2014).  



March 1, 2019 1662333-5 

39 

6.9 Approach Embankment Design and Construction 
Based on the General Arrangement (GA) drawing provided by MH on April 23, 2018, the proposed bridge will be 
constructed immediately to the north of the existing QEW-Credit River bridge with the new abutments located at 
the crest of the valley slopes, which is approximately 18 m above the base of the valley. 

The elevation at both the east and west plateaus of the valley (i.e. at the crest of the valley slopes) is about 
Elevation 95 m.  The proposed grade of the westbound lanes will slope downward across the length of the bridge 
from west to east from about Elevation 96.1 m to 94.8 m. 

The east front slope of the valley is vegetated with tall grass, shrubs and trees and descends to meet the east 
bank of the Credit River at an average slope of about 3.3H:1V but locally steeper.  The west front slope of the 
valley (within the footprint of the proposed bridge) and the northerly side slope has been engineered (by others) 
with a combination micropile supported concrete block RSS retaining wall, soil and/or rock anchored shotcrete 
slope protection, and vegetated slope.  This combination of retaining wall and slope protection supports and 
protects the upper and lower access roads that provide access to the underside of the existing bridge and to the 
valley floor.  The slopes below the upper access road descend at about 1H:1V to meet the flood plain of the Credit 
Valley.        

At the east approach, the existing ground surface slopes downward from southeast to northwest from about 
Elevation 94.7 m to Elevation 91.7 m.  The boreholes advanced in the area generally encountered a thin layer of 
topsoil underlain by a deposit of sand fill which is underlain by deposits of compact to very dense silt to sand and 
firm to hard clayey silt to clayey silt with sand till and residual soil/shale bedrock. 

At the west approach the existing ground surface is relatively flat and ranges between Elevations 94.5 m and 
95.6 m.  The boreholes advanced in the area generally encountered a thin layer of topsoil underlain by deposits of 
sandy clayey silt fill and sand fill which is underlain by a deposit of stiff to hard silty clay or very stiff clayey silt till 
and shale bedrock. 

The proposed grade at the highway center line is Elevation 94.8 m and 96.1 m, resulting in approach 
embankments that are up to 3.1 m and 1.5 m high at the east and west approaches, respectively. 

6.9.1 Subgrade Preparation and Embankment Construction 
Prior to construction of the new approach embankments it is recommended that any loosened/softened fill and 
topsoil/organic soils be removed from the footprint of the approach embankments.  

It is recommended that the fill for construction of the new approach embankment widening(s) as well as the front 
and side slopes consist of Granular ‘A’ or Granular ‘B’ Type I or Type II meeting the specifications of OPSS.PROV 
1010 (Aggregates).  The embankment fill should be placed and compacted in accordance with OPSS.PROV 501 
(Compacting) and OPSS.PROV 206 (Grading).  For granular fill, the embankment front and side slopes should be 
constructed no steeper than 2 Horizontal to 1 Vertical (2H:1V) in granular fill.   

Consideration may be given to constructing the fill supporting the West Multi-Use Trail/Access Road along the 
north side of the new approach with compacted earth fill meeting the requirements of OPSS.PROV 212 (Earth 
Borrow) placed and compacted in accordance with OPSS.PROV 501 (Compacting) and OPSS.PROV 206 
(Grading).  It is noted that the use of earth fill to support the West Multi-Use Trail may result in some differential 
settlement along the alignment of the trail/access road.  For earth fill, the side slopes must be inclined at 3H:1V or 
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flatter.  The use of earth fill is not recommended for construction of the front slope of the embankment and any 
slopes extending into the river valley and floodplain. 

Inspection and field density testing should be carried out by qualified personnel during fill placement operations to 
ensure that appropriate materials are used and that adequate levels of compaction have been achieved.  

To reduce surface water erosion on the granular embankment side slopes, topsoil and seeding as per OPSS 802 
(Topsoil) and OPSS.PROV 804 (Seed and Cover) should be carried out as soon as possible after construction of 
the embankments.  If this slope protection is not in place before winter, then alternate protection measures, such 
as covering the slope with straw, or gravel sheeting as per OPSS 511 (Rip Rap, Rock Protection and Granular 
Sheeting), and OPSS.PROV 1004 (Aggregates – Miscellaneous) will be required to reduce the potential for 
erosion and to reduce the potential for the requirement of remedial works on the side slopes in the spring prior to 
topsoil dressing and seeding. 

6.9.2 Stability 
Limit equilibrium slope stability analyses were performed on the east and west approach embankment side slopes 
and front slopes extending into the river valley using the commercially available program Slide (Version 8.0) 
produced by Rocscience Inc., employing the Morgenstern-Price method of analysis.  For all analyses, the Factor 
of Safety (FoS) of numerous potential failure surfaces was computed in order to establish the minimum FoS. The 
FoS is defined as the ratio of the forces tending to resist failure to the driving forces tending to cause failure.  A 
target minimum factored FoS of 1.54 is adopted for the design of embankment slopes under static conditions at 
for the long-term, permanent condition as per the CHBDC (2014).  This FoS is considered appropriate for the 
embankments at this site considering the design requirements and the field data available.  The stability analyses 
were performed to assess if the target minimum FoS was achieved for the design embankment height and 
geometries.  In general, circular slip surfaces were analysed in the design.  

For the non-cohesive soils present at the site, the effective stress parameters employed in the analysis were 
estimated from empirical correlations based on the results of the in-situ Standard Penetration Tests (SPT).  The 
correlations proposed by Peck et al (1974) and U.S. Navy (1986) were employed and the results were adjusted by 
engineering judgment based on precedent experience in similar soil conditions. 

For the cohesive deposits, total stress parameters were employed in the analyses of the short-term, undrained 
conditions (i.e., temporary conditions).  The total stress parameters (i.e., average mobilized undrained shear 
strength – 𝑠𝑠𝑢𝑢) for the cohesive soils were estimated from correlations with the SPT results and other laboratory 
test data (i.e., natural water content), where appropriate.  Effective stress parameters were also assigned to the 
cohesive deposits to evaluate the stability based on long-term, drained conditions (i.e., permanent conditions).  
The effective stress parameters (i.e., effective friction angle (ɸ’) for the cohesive deposits were estimated from 
empirical correlations based on the plasticity index.  The correlations proposed by Mitchell (1993), Kulhawy and 
Mayne (1990), and Ladd et al. (1977) were employed and the results were adjusted using engineering judgment 
based on precedent experience in similar soil conditions. 

For the bedrock, the effective stress parameters employed in the analysis were estimated based on precedent 
experience in the shale bedrock in the area of the site. 

Summarized below are the simplified stratigraphy and the associated strengths and unit weights employed for the 
different soil and rock types in the approach embankment areas.  



March 1, 2019 1662333-5 

41 

Soil Deposit Bulk Unit 
Weight 
(kN/m3) 

Effective 
Friction 
Angle (°) 

Effective 
Cohesion 

(kPa) 

Undrained 
Shear Strength 

(kPa) 

Granular A or Granular B Type I and II Fill 22 35° 0 -- 

Loose to compact silt and sand fill 20 30° 0 -- 

Compact sandy silt 20 32° 0 -- 

Firm to stiff sandy clayey silt 19 30° 0 35 

Stiff to hard clayey silt till 20 32° 0 75 

Hard residual soil 20 34° 0 -- 

Shale bedrock 23 50° 175 -- 

For this site, where filling is required, it is recommended that the approach embankments slopes (front and side) 
be constructed of Granular A or Granular B Type I or II with fill slopes no steeper than 2H:1V; with this geometry 
the resulting factored FoS against global instability for the short-term (undrained) and long-term (drained) cases is 
greater than 1.54.  If the fill supporting the multi-use trail/access road along the north side of the new approach is 
constructed with compacted earth fill (meeting the requirements of OPSS.PROV 212 (Earth Borrow)), the side 
slopes must be inclined at 3H:1V or flatter. 

It is understood that the front slope of the east approach (i.e. in front of the east abutment) will remain at the same 
inclination as the existing slope (approximately 3.3H:1V) and will include an unloading on the upper portion of the 
slope to accommodate the proposed West Multi-Use Trail.  The limit equilibrium analysis (LEA) indicates that for 
this geometry the factored FoS is greater than 1.54 for both the temporary (short-term) and permanent (long-term) 
conditions. 

As described in Section 6.9, the existing front slope of the west approach (i.e. the valley slope in front of the west 
abutment) and the northerly side slope has been engineered (by others) with a combination micropile supported 
concrete block RSS retaining wall, soil and/or rock anchored shotcrete slope protection, and vegetated slope. 

It is our understanding that the slope protection and RSS retaining wall system located below the upper access 
road at the west abutment is to remain in place, while the slope protection above the upper access road (i.e. 
between the upper access road and the new abutment) is to be removed as part of the new abutment 
construction.  Based on the drawings and cross-sections of the west approach area provided to Golder by MH on 
January 8, 2019, it appears that relatively large changes to the geometry of the existing front and side slopes will 
be required (including up to 3 m of cut, up to 7 m of fill, and the construction of a low, 2 m high, gabion retaining 
wall) in some areas in order to accommodate the alignment of the new West Multi-Use Trail in this area. 

The sides slopes for the filling (where required) are proposed to be constructed at 2H:1V.  Limit equilibrium 
analyses have been carried out to evaluate the effect of the proposed grade changes on the existing west 
abutment area front and side slopes.  The subsurface stratigraphy (i.e. thickness and type of overburden and 
depth to bedrock) have been estimated based on the limited information available for this area.  The dimensions, 
capacity and location(s) of the soil/rock anchors supported the existing slopes in this area have been based on 



March 1, 2019 1662333-5 

42 

the information shown on the design drawings prepared by TH O’Rourke Structural and RWH Engineering dated 
August 2011; the actual as-built locations and condition of these structural features are unknown.  The results of 
the LEA stability analysis indicate a FoS≥1.54 for 2H:1V side slopes for the conditions and geometry described 
above assuming backfill is comprised of Granular B Type I or Type II material and assuming the gabion retaining 
wall (required over a short distance along the existing upper access road i.e. just west of the north end of the 
proposed west abutment) is no more than 2 m in height.  We note that there is some risk associated with the long-
term behaviour of the proposed fill slopes and gabion retaining wall given the lack of specific information on the 
existing conditions in this area.  The internal stability of the gabion wall is the responsibility of the designer 
retained by the contractor.  We note that the width of the base of the gabion wall should be equal to the height of 
the gabion wall and given that the gabion wall will be perched atop the shotcrete slope it may be required to be 
anchored into the bedrock.  

As described above, the slope protection above the upper access road (i.e. between the upper access road and 
the new west abutment) which reportedly includes soil/rock anchors, as detailed on the RWH drawings, is to be 
removed as part of the new abutment construction.  Consequently, construction equipment, should be capable of 
excavating through such obstructions.  It is recommended that a Notice to Contractor be included in the Contract 
Documents to address obstructions (refer to Appendix D). 

6.9.3 Settlement 
Settlement of the subgrade under the east and west approach embankment areas can be expected as a result of 
the loading from the new fills on the existing fill and native soil deposits.  Settlement of new granular fill that is 
properly placed and compacted for construction of the embankments will be small and occur during construction.  

To estimate the magnitude of the expected settlements due to the construction of the new approach fills, analyses 
were carried out using hand and spreadsheet calculations.  The immediate compression of the existing fill and 
native soil deposits was modelled by estimating an elastic modulus of deformation based on the SPT ‘N’-values 
and using correlations proposed by Bowles (1984) and Kulhawy and Mayne (1990).  

The simplified stratigraphy, together with the associated stiffness and unit weights employed for the different 
foundation soil types at the east and west approaches, as encountered in the nearest boreholes, are summarized 
below. 

Borehole/Approach Soil Type Approximate 
Thickness (m) 

Bulk Unit 
Weight (kN/m3) 

Elastic 
Modulus 

(MPa) 

West Approach 

Firm sandy clayey silt fill 0.7 19 8 

Loose to compact sand fill 1.9 19 10 

Very stiff clayey silt till 0.6 20 50 

East Approach 

Loose to compact silt and sand fill 1.7 20 7 

Firm to stiff sandy clayey silt 2.7 19 12 

Hard residual soil 0.4 20 80 
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6.9.3.1 Settlement Performance Requirements 
The settlement performance criterion for design of high fill embankments is in accordance with MTO’s Guideline 
“Embankment Settlement Criteria for Design” (2010).  

Where new embankments approach structural elements, the following post-construction settlement and 
differential settlement criteria are considered acceptable for settlements to occur within 20 years post-paving for 
the bridge approach embankments at this site. 

Location Maximum Limits During Pavement Design Life 

Distance from Transition Point 
(i.e., Abutment) 

Total Post-Construction 
Settlement 

Transition/Taper to Bridge Abutments 

0 m to 20 m 25 

20 m to 50 m 50 

50 m to 75 m 75 

>75 m >100

The above total settlements are considered to be applicable over a 20-year period following completion of 
construction (i.e., final paving).  These performance criteria form part of the overall design performance for the 
embankment in the vicinity of the approach embankments.  

6.9.3.2 Results of Analysis 
Based on the analysis using the above parameters, the settlements of the up to 1.5 m and 3.1 m high approach 
embankments are expected to be less than 25 mm, meeting the requirements of the above noted embankment 
settlement criteria for design. In addition, the factored settlement of the existing approach embankments resulting 
from the construction of the new approach embankments is expected to be less than about 5 mm. 

For fill slopes constructed out of OPSS.PROV (Aggregates) Granular ‘A’ or Granular ‘B’ Type I or II, the 
settlement of the fill itself is expected to be negligible and is anticipated to take place during construction.  If earth 
fill is used to support the West Multi-Use Trail/Access Road on the north side of the approach, settlements of up 
to about 50 mm may occur).  Given the variability of earth fill types allowed in OPSS.PROV 212 (Earth Borrow), 
this settlement may not be uniform and portions of the settlement may occur post-construction, which may affect 
the performance of the asphalt placed on the surface of the West Multi-Use Trail/Access Road. 

6.10 Analytical Testing of Construction Materials 
The results of an analytical test on four samples of the shale bedrock are presented in Section 4.2.17 and in 
Appendix C. The analytical test results were compared to CSA A23.1 Table 3 ("Additional requirements for 
concrete subjected to sulphate attack”) for potential sulphate attack on concrete.  The sulphate concentrations 
measured in the tested samples are below the exposure class of S-3 (Moderate). Therefore, based on the four 
shale bedrock samples tested, when the designer is selecting the exposure class for the structure, the effects of 
sulphates may not need to be considered. 
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The analytical test results of the bedrock samples were also compared to Table 2 of the U.S. Criteria for 
Assessing Ground Corrosion Potential (as derived from Federal Highways Administration (FHWA) 2003) for the 
potential attack on buried steel.  The sulphate and chloride concentrations measured in the bedrock samples 
indicate “Mild to no Corrosion Potential” and the resistivity in the samples indicates “Strong corrosion potential” to 
“Mild to no Corrosion Potential”.  Based on the results of the samples tested, and given that the structure is 
located adjacent to the roadway and will be exposed to de-icing salt, consideration should be given by the 
designer to designing for a “C” type exposure class as defined by CSA A23.1 Table 1. 

It is ultimately up to the Structural Engineer to determine the appropriate exposure class and to ensure that all 
aspects of CSA A23.1 Section 4.1.1 “Durability Requirements” are followed. 

6.11 Construction Considerations 
6.11.1 Overburden Excavation and Control of Groundwater and Surface Water 
For spread/strip footings founded directly on competent bedrock at the abutments at the highest founding 
elevations provided in Section 6.5.1, the excavations will extend to a depths of about 8 m to 9 m below the 
surrounding grade, and potentially up to about 3 m to 4 m below the footing of the adjacent existing bridge at the 
east abutment.  At the west abutment, the proposed elevation of the new footing is at about the same elevation as 
the existing adjacent footing. 

For the drilled shaft/caisson foundations at the piers, excavation to the pile cap level will be up to about 8 m deep, 
including extending about 1 m into bedrock, at the east pier.  At the west pier, the required excavation to the 
underside of pile cap will be about 3 m deep.  

Excavations for shallow footings and for pile caps will extend through the existing fill materials and the compact to 
very dense silt to sand to sand and gravel, soft to stiff clayey silt and stiff to hard clayey silt to silty clay to clayey 
silt with sand till.     

All open-cut (unsupported) excavations must be carried out in accordance with the guidelines outlined in the latest 
edition of Occupational Health and Safety Act (OHSA) and Regulation for Construction Activities (O.Reg. 213/91).  
The existing fill is classified as Type 3 soil, while the native deposits are generally classified as Type 3 soils, 
according to the OHSA.  Temporary excavations (i.e. those that are open for a relatively short time period) should 
be made with side slopes no steeper than 1H:1V, in Type 3 soil.  Excavated material must be stockpiled at a 
distance away from the excavation equal to or greater than the height of the open cut excavation. 

Temporary protection systems will likely be required along the north side of the existing highway approach 
embankments and existing foundation units that are in close proximity to the proposed new abutment foundations.  
Recommendations for temporary protection systems are provided in Section 6.11.3. 

The elevation of the groundwater table at the site is discussed in detail in Section 4.2.11, but is generally 
anticipated to be at about the bedrock surface on the plateau above the river valley and at about the natural 
ground surface in the river valley.  Excavations for shallow foundations at the abutments will extend below the 
groundwater level; it is expected that groundwater inflow through the shale bedrock can be handled by pumping 
from well filtered sumps located outside the foundation footprint.  

Excavations at the piers will extend below the groundwater and river water levels. Due to the proximity of the piers 
to the edge of the Credit River, a groundwater cut-off (cofferdam) will be required to minimize dewatering 
requirements as well as the occurrence of potential environmental impacts.  A cut-off/cofferdam could consist of 
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construction of a steel (i.e. sheet pile wall) box installed to or below the bedrock surface.  There is potential for 
groundwater seepage in the upper weathered and fractured portions of the shale bedrock. The method and extent 
of ground water control required will ultimately depend on the type of temporary cofferdam(s) selected by the 
contractor.  The contractor is responsible for the design and installation of the temporary cofferdams, of all 
groundwater control measures, as well as the requirements for maintaining the stability / integrity of the base of 
the excavation. 

Unwatering, cofferdam construction and groundwater seepage control / management for the pier foundations and 
pile caps should be carried out in accordance with OPSS.PROV 517 (Dewatering) as amended by SP No. 
517F01 and as modified by the Non-Standard Special Provision FOUN0003 (Dewatering of Structure Excavation) 
and an NSSP for Cofferdams.  A copy of FOUN0003 has been provided in Appendix D, for inclusion in the 
Contract Documents. 

Water takings in excess of 50 m3/day are regulated by the Ministry of the Environment, Conservation and Parks 
(MECP).  Certain takings of groundwater and stormwater for construction dewatering purposes with a combined 
total less than 400 m3/day qualify for self-registration on the MECP’s Environmental Activity and Sector Registry 
(EASR).  Registry on the EASR replaces the need to obtain a PTTW for water taking less than 400 m3/day and a 
Section 53 approval for discharge of water to the environment.  A “Water Taking Plan” and a “Discharge Plan” are 
required by the MECP if water is taken in accordance with an EASR.  In all cases, discharge under the EASR 
must be in accordance with a Discharge Plan.  A Category 3 PTTW would be required for water takings in excess 
of 400 m3/day.   

Water seepage into the excavations should be expected and will be heavier during periods of sustained 
precipitation, and all surface water should be directed away from the excavations. Surface water should be 
directed away from the excavation area(s). 

It is noted that in the vicinity of the east pier the ground surface is currently covered with rip-rap and other cobble 
and boulder sized rock.  An Notice to Contractor should be included in the Contract Documents to warn the 
contractor about these conditions, as it may affect their selection of equipment and methodologies and may 
impact their schedule.  An example Notice to Contractor is included in Appendix D. 

6.11.2 Bedrock Excavation 
Spread/strip footings at abutment locations will be founded at or below Elevations 85.4 m and 87.4 m at the east 
and west abutments, respectively.  Up to about 1.5 m and 6 m of bedrock excavation will be required at the east 
and west abutments, respectively. 

The shale bedrock contains horizontal bedding and will tend to break in slabs if removed with an excavator.  
Therefore, where bedrock excavation is required adjacent to a footing that is supporting the existing bridge it must 
be carried out using saw-cutting or line drilling techniques to avoid the unintentional removal of bedrock from 
below the existing footing.  An NSSP to address this item is included in Appendix D and should be included in the 
Contract Documents.  If the excavation in the bedrock is required to extend below the recommended elevations 
provided in Section 6.5.1 to remove all loose, shattered and/or fractured rock within the area of the footing, the 
over-excavated portions must be replaced with mass concrete having a minimum thickness of 100 mm and a 
minimum of 28-day compressive strength of 20 MPa, shall be placed in the excavation within four hours of 
exposure of the founding level to protect the integrity of the subgrade.  An NSSP to address this item is included 
in Appendix D, which should be included in the Contract Documents. 
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The shale bedrock at the site is weak (corresponding to unconfined compressive strengths generally in the range 
of 10 MPa to 20 MPa), but contains strong to very strong limestone/dolostone/siltstone interbeds and possible 
boulders or interbeds within the residual soil, above the bedrock.  It is recommended that an NSSP be included in 
the Contract Documents to warn the Contractor of the bedrock characteristics, that excavation into the bedrock 
will require appropriate equipment and construction procedures, and that the bedrock excavation shall not disturb 
the existing bridge footings.  An NSSP is provided in Appendix D for inclusion in the Contract Documents. 

6.11.3 Temporary Protection Systems 
Temporary protection systems will be required along the north side of the existing QEW lanes and existing bridge 
foundations to facilitate safe construction of the new abutment foundations and maintain operation of the existing 
adjacent highway and bridge. 

The temporary protection systems should be designed and constructed in accordance with OPSS.PROV 539 
(Temporary Protection Systems) and Special Provision SP105S09.  The design of the temporary shoring systems 
for lateral movement should meet the following requirements, as specified in OPSS.PROV 539, as amended by 
SP105S09: 

 Performance Level 2 - where the temporary shoring system is supporting the existing highway embankment; 
and, 

 Performance Level 1b - where the temporary shoring system is supporting the existing bridge foundations. 

The above recommended performance levels should be checked to confirm that the existing adjacent structure 
and any utilities can tolerate the associated magnitude of deformation.  If the excavated material is to be 
stockpiled adjacent to the temporary protection systems, the systems must be designed for this additional loading. 

To construct the proposed shallow footings on sound bedrock at the abutments at the elevations given in Section 
6.5.1, the protection systems are required for an estimated excavation depth of up to approximately 9 m relative to 
the adjacent QEW highway grade.  Due to the presence of relatively shallow bedrock and the performance 
requirements of the temporary protection system(s), temporary shoring could be comprised of either soldier pile 
and lagging, sheet pile wall, or possibly a contiguous caisson wall depending on the founding condition and 
elevation of the existing footings (in particular at the east abutment) and the separation distance between the 
edge of existing footing and the face of the temporary excavation.  It is possible that elements of the protection 
system will need to be cored into or otherwise fixed within the bedrock to obtain sufficient lateral resistance and 
toe fixity for the system to ensure the integrity of the existing structure and fill behind the abutments.   

At the east abutment, where the design elevation of the underside of the new footing is anticipated to be below 
the level of the adjacent existing footing, if the temporary protection system is designed to terminate at the top of 
the bedrock surface, there may an additional requirement to pre-support the bedrock face prior to excavation to 
minimize the chance of undermining the existing footing.  Pre-support could be in the form of vertical dowels 
grouted into the bedrock at an offset between the toe of the temporary protection and the face of the rock 
excavation. 

At the pier locations, given the soil conditions and shallow depth to the groundwater table as well as the proximity 
to the Credit River, an interlocking sheet pile wall system will be required for the temporary excavation support to 
allow for construction of the pile caps in-the-dry.  In addition, given the chance for water seepage through 
fractures in the shale bedrock and/or near the interface of the sheet pile wall/bedrock surface, it is anticipated that 
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seepage control (in the form of properly filtered sumps) and/or installation of a concrete plug at the base of the 
cofferdam may be required to control water and allow construction of the pile caps in-the-dry. 

The selection and design of the protection system will be the responsibility of the Contractor. 

6.11.4 Bedrock Subgrade Inspection and Protection 
Immediately following completion of excavation of the bedrock to the founding level(s), the footing subgrade 
should be inspected by a Foundation Engineer in accordance with OPSS 902 (Excavating and Backfilling 
Structures) as amended by SP109S12, to check that all existing fill materials, concrete and fractured, softened or 
loosened portions of the shale bedrock are removed prior to construction of the footings for the abutments. 

The shale bedrock that will be exposed at the foundation subgrade level will be susceptible to weathering 
(wetting/drying) and/or disturbance from water and construction traffic.  To limit this degradation, it is 
recommended that a minimum 100 mm thick concrete working slab having a minimum thickness of 100 mm and a 
minimum of 28-day compressive strength of 20 MPa be placed on the subgrade within four hours after 
excavation, preparation, inspection and approval of the footing subgrade.  This requirement can be addressed 
with a note on the General Arrangement drawing and/or with an NSSP.  An NSSP is provided in Appendix D for 
inclusion in the Contract Documents. 

6.11.5 Vibration Monitoring During Construction 
A maximum peak particle velocity (PPV) of 100 mm/s is generally considered applicable for bridge structures in 
good condition.  Based on vibration monitoring experience, it is considered unlikely that vibrations induced by 
conventional construction activities such as line drilling and/or hoe-ramming or caisson installation in bedrock will 
reach this threshold level and, therefore, vibration monitoring for the existing bridge is not expected to be required 
during construction at this site. 

Residential homes are located within about 100 m of the proposed abutment locations.  A lower PPV threshold of 
25 mm/s is generally considered applicable for vibration impacts on buildings, and the zone of influence could 
extend to about 250 m. Therefore, vibration monitoring should be carried out at the existing structures near the 
bridge site during shoring/cofferdam installation, bedrock excavation and drilled shaft construction operations. An 
NSSP describing the requirements for vibration monitoring is presented in Appendix D.   

6.11.6 Scour Protection and Erosion Control 
The proposed pier foundations are located in close proximity to the Credit River and below the normal river water 
level and as such, the pier foundations could experience some erosion/scour throughout the design life for the 
structure if the backfilled soils are eroded. 

Scour protection should be provided around the pier foundations for the bridge structure. Riprap should be 
provided on the river channel banks and around the piers.  The riprap should extend from the channel banks to 
1 m above the design flood level at the structure site.  

6.11.7 Obstructions 
The residual soil and glacially derived soils at the site above the bedrock surface contain rock fragments, 
particularly immediately above the bedrock, as noted on the borehole records, which could affect the installation 
of temporary shoring and deep (drilled shaft) foundations. In addition, it is noted that in the vicinity of the east pier 
the ground surface is currently cover with rip-rap and other cobble and boulder sized rock.   Further, the existing 
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slope protection above the upper access road at the west abutment contains soil/rock anchors that are to be 
removed as part of the new abutment construction. 

A Notice to Contractor should be included in the Contract Documents to identify to the contractor the possible 
presence of rock fragments, or slabs of cobbles / boulders, rip-rap sizes at ground surface and within the 
overburden soils or immediately above the bedrock, as well as the presence of soil/rock anchors in the vicinity of 
the west abutment; an example Notice to Contractor is provided in Appendix D. 

6.11.8 Falsework 
It is understood that the contractor may be required to erect falsework in order to support the bridge spans during 
construction.  The contractor is responsible for the design and installation of all temporary works including the 
falsework and any foundations required to support the falsework.  Section 3.3 of the FIDR refers to the available 
factual subsurface information that may be of use to the contractor for their design of these temporary systems.   

The subsurface conditions across the site are variable.  In places where the overburden is competent or where 
the bedrock is located at shallow depth, it should be possible to support falsework on shallow foundations 
underlain by granular pads.  However, in areas where the overburden is comprised of organics and/or soft clays, 
some form of ground improvement (i.e. subexcavation of poor soils and replacement with granular materials or 
construction of aggregate piers) may be required to provide sufficient geotechnical resistance for shallow 
foundations.  Where support of falsework is required to be located on slopes, it should be possible to design 
shallow foundations capable of providing a factored geotechnical resistance on the order of about 100 kPa so 
long as near surface organics or fills are removed and the footings are constructed on the stiff to hard clayey silt 
(till) over bedrock. 

Based on our discussions with MH, they have indicated that the displacement / distortion limits for falsework are 
as specified in OPSS 919 Section 919.04.01.07.  In addition, Sections 919.04.02.01.01 and 919.04.02.01.02 
provide the requirements of the design engineer / design checking engineer who is to be retained by the 
contractor. 
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TABLE 1 - COMPARISON OF FOUNDATION ALTERNATIVES, CREDIT RIVER BRIDGE, SITE No. 24-203, GWP 2002-13-00 

Foundation 
Option Feasibility Advantages Disadvantages Constructability/Risk Relative 

Costs 
Spread/strip  
footings founded 
on native soil 
deposits 

• Not feasible for support of piers or abutments due to low strength of the overburden soils and impractical considering the relatively shallow depth to bedrock.

Spread/strip  
footings founded 
on competent 
shale bedrock 

• Feasible for support of
the piers; however,
requires cofferdams to
complete excavation
and footing
construction in the dry
adjacent to/within the
river.

• Feasible for support of
the abutments;
however, requires
temporary roadway
protection and may
require temporary
protection of existing
bridge footings at the
east abutment in
particular, where the
new footings are not
constructed at the
same elevation as the
existing adjacent
footings.

• Higher geotechnical resistance
than for shallow foundations
bearing on native soil deposits.

• At existing bridge, the west
abutment and piers are
supported on shallow 
foundations on bedrock; east
abutment founding condition is
unclear (may be founded on till
or residual soil/upper weathered
bedrock).

• Straight forward method of
construction; however,
extensive excavation, including
into bedrock, required.

• At abutments, only minor
groundwater seepage
anticipated, so pumping from
filtered sumps expected to
provide adequate groundwater
control.

• Significant excavation depths through existing
fills and native soils and into bedrock required:
• Up to 8.2 m deep at west abutment.
• Up to 7.5 m deep at west pier.
• Up to 9.8 m deep at east pier.
• Up to 9.3 m deep at east abutment.

• Above depths are greater than what is required
for pile cap construction for caisson (drilled
shaft) foundation option.

• The differential settlement between foundation
units is estimated to be greater than 7 mm if
both the abutment and piers are founded on
spread footings, which exceeds the structural
requirement.

• At the abutments, temporary roadway
protection systems required along north edge of
existing bridge approach embankments

• At east abutment, since existing footing is
estimated to be founded about 2.5 m to 4 m
above the recommended founding elevation of
the new footing, installation of dowelling to pre-
support the rock face and support the existing
footing during excavation may be required if
minimum separation distance cannot be
achieved.

• Groundwater control (cofferdams) required at
pier locations due to proximity to Credit River;
may be difficult to “seal” cofferdam at the
bedrock surface or prevent upward seepage
inflows; mitigation measures such as concrete
plug placed by tremie methods may be
required.

• Precludes use of integral abutments, although
may permit semi-integral abutments; potentially
greater maintenance required at abutments.

• Conventional excavation
and construction
techniques.

• Risk of groundwater / river
water inflow through gaps
at the cofferdam-bedrock
interface or through
bedrock fractures at the
piers.

• Estimated cost is
approximately
$600/m3 for
construction of
shallow
foundations,
excluding deeper
excavation and
protection systems
and dowelling at
the abutments,
and cofferdams at
the piers.
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Foundation 
Option Feasibility Advantages Disadvantages Constructability/Risk Relative 

Costs 
• Greater volume of excavation spoil; and

concrete than for deep foundations.
• More groundwater control required associated

with deeper excavations than for deep
foundations option.

Steel H-piles 
founded on shale 
bedrock; Steel 
tube (pipe) piles 
on shale bedrock 

• Not feasible for support of the piers or abutments due to relatively shallow depth to bedrock and low strength of the overburden soils.
• Would require socketing steel piles into concrete filled rock sockets in bedrock.

Caissons (drilled 
shafts) socketed 
into shale bedrock 

• Feasible for support of
abutments and piers.

• Higher bearing resistances than
for steel H-piles, requiring fewer
pile elements.

• Will result in less depth of
excavation (including less depth
of bedrock excavation) than for
spread footing option.

• At abutments, may reduce
temporary protection system
requirements, in particular, the
need for dowelling to pre-
support excavation face.  Minor
groundwater seepage
anticipated within pile cap
excavation, so pumping from
filtered sumps will provide
adequate groundwater control.

• At piers, may result smaller
footprint/working area than for
spread footing option and so
overall volume of excavation
may be less; may also reduce
cofferdam and groundwater
control requirements.

• Pile caps could potentially be
eliminated if the pier columns
extended directly up from the
top of the drilled shafts.

• Significant depth of excavation (including about
1 m of bedrock excavation) required at east pier
due to constraint to have top of pier cap
embedded a minimum of 0.6 m below riverbed.
Although total excavation depth will be less
than that required for shallow foundation option,
a deep cofferdam will still be required.

• Permanent liners would be required during
construction to control potential ground loss in
overburden soils and to mitigate groundwater
(and river water) inflows.

• Shale bedrock contains strong to very strong
limestone layers, so more expensive
coring/churn drilling required to form bedrock
socket through these layers.

• Precludes use of integral abutments.
• The rock socket is required to be cleaned

(potentially by airlift methods) and inspection
with a video camera would be required.

• Concrete would have to be placed by tremie
methods, below the water level at piers.

• Conventional construction
methods for caisson
foundations; temporary or
permanent liners required
for ground and
groundwater control.

• Access for large caisson
drill rig may be difficult at
east pier given steepness
of slope, weak soil
conditions and restriction
of use of barge/floating
platform in the river.

• Estimated cost is
approximately
$1000/m length for
caisson installation
and $600/m3 for
pile cap
construction; this
cost expected to
be higher to
account for pre-
drilling/coring
through harder
limestone layers
and for temporary
or permanent
liners.
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APPENDIX A 

Previous By Others and Relevant 
Borehole and Drillhole Records, 

Bedrock Core Photographs 
Geotechnical Laboratory Test 

Results and Analytical Test Results 
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Draft Geotechnical Investigation Report, Proposed Electrical 
Transmission Line Monopoles at Credit River and QEW” dated 
September 5, 2018, Report No. 1789831, prepared by Golder 
Associates Ltd.

Borehole 17-2

March 1, 2019 
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MAXXAM JOB #: B8G6725
Received: 2018/07/05, 15:33

CERTIFICATE OF ANALYSIS

Your Project #: 1789831

Report Date: 2018/07/17
Report #: R5299625

Version: 1 - Final

Attention: Jeff Tolton

Golder Associates Ltd
6925 Century Ave
Suite 100
Mississauga, ON
CANADA          L5N 7K2

Your C.O.C. #: 112658

QEW/CREDIT RIVERSite Location:

Sample Matrix: Soil
# Samples Received: 1

ReferenceLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

EPA 325.2 mCAM SOP-004632018/07/10N/A1Chloride (20:1 extract)

OMOE E3530 v1  mCAM SOP-004142018/07/11N/A1Conductivity

EPA 9045 D mCAM SOP-004132018/07/122018/07/121pH CaCl2 EXTRACT

SM 23 2510 mCAM SOP-004142018/07/112018/07/051Resistivity of Soil

EPA 375.4 mCAM SOP-004642018/07/09N/A1Sulphate (20:1 Extract)

Maxxam Analytics' laboratories are accredited to ISO/IEC 17025:2005 for specific parameters on scopes of accreditation. Unless otherwise noted,
procedures used by Maxxam are based upon recognized Provincial, Federal or US method compendia such as CCME, MDDELCC, EPA, APHA.

All work recorded herein has been done in accordance with procedures and practices ordinarily exercised by professionals in Maxxam’s profession using
accepted testing methodologies, quality assurance and quality control procedures (except where otherwise agreed by the client and Maxxam in writing). All
data is in statistical control and has met quality control and method performance criteria unless otherwise noted. All method blanks are reported; unless
indicated otherwise, associated sample data are not blank corrected.

Maxxam Analytics' liability is limited to the actual cost of the requested analyses, unless otherwise agreed in writing. There is no other warranty expressed
or implied. Maxxam has been retained to provide analysis of samples provided by the Client using the testing methodology referenced in this report.
Interpretation and use of test results are the sole responsibility of the Client and are not within the scope of services provided by Maxxam, unless otherwise
agreed in writing.

Solid sample results, except biota, are based on dry weight unless otherwise indicated. Organic analyses are not recovery corrected except for isotope
dilution methods.
Results relate to samples tested.
This Certificate shall not be reproduced except in full, without the written approval of the laboratory.

Remarks:

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.
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Maxxam Analytics International Corporation o/a Maxxam Analytics 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.maxxam.ca



MAXXAM JOB #: B8G6725
Received: 2018/07/05, 15:33

CERTIFICATE OF ANALYSIS

Your Project #: 1789831

Report Date: 2018/07/17
Report #: R5299625

Version: 1 - Final

Attention: Jeff Tolton

Golder Associates Ltd
6925 Century Ave
Suite 100
Mississauga, ON
CANADA          L5N 7K2

Your C.O.C. #: 112658

QEW/CREDIT RIVERSite Location:

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Ema Gitej, Senior Project Manager
Email: EGitej@maxxam.ca
Phone# (905)817-5829
==================================================================== 
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E), 
signing the reports.  For Service Group specific validation please refer to the Validation Signature Page. 

Total Cover Pages : 2
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Maxxam Analytics International Corporation o/a Maxxam Analytics 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.maxxam.ca



Maxxam Job #: B8G6725
Report Date: 2018/07/17

Golder Associates Ltd
Client Project #: 1789831

QEW/CREDIT RIVERSite Location:

Sampler Initials: BC

RESULTS OF ANALYSES OF  SOIL

Criteria: Ontario Reg. 153/04 (Amended April 15, 2011)
Table 1:  Full Depth Background Site Condition Standards
Soil - Agricultural or Other Property Use

Lab-Dup = Laboratory Initiated Duplicate

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

56186912070-ug/gSoluble (20:1) Sulphate (SO4)

56249657.54-pHAvailable (CaCl2) pH

5621364222256213642224470umho/cmConductivity

561871420<20-ug/gSoluble (20:1) Chloride (Cl-)

Inorganics

56151674500-ohm-cmResistivity

Calculated Parameters

QC BatchRDL
BH17-2
SA4-5

 Lab-Dup
QC BatchRDLBH17-2 SA4-5CriteriaUNITS

112658112658COC Number

2018/06/252018/06/25Sampling Date

HDH112HDH112Maxxam ID
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Maxxam Job #: B8G6725
Report Date: 2018/07/17

Golder Associates Ltd
Client Project #: 1789831

QEW/CREDIT RIVERSite Location:

Sampler Initials: BC

TEST SUMMARY

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: HDH112 Collected: 2018/06/25
Sample ID: BH17-2 SA4-5

Matrix: Soil
Shipped:

Received: 2018/07/05

Deonarine Ramnarine2018/07/10N/A5618714KONE/ECChloride (20:1 extract)

Tahir Anwar2018/07/11N/A5621364ATConductivity

Gnana Thomas2018/07/122018/07/125624965ATpH CaCl2 EXTRACT

Automated Statchk2018/07/112018/07/115615167Resistivity of Soil

Deonarine Ramnarine2018/07/09N/A5618691KONE/ECSulphate (20:1 Extract)

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: HDH112 Dup Collected: 2018/06/25
Sample ID: BH17-2 SA4-5

Matrix: Soil
Shipped:

Received: 2018/07/05

Tahir Anwar2018/07/11N/A5621364ATConductivity
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Maxxam Job #: B8G6725
Report Date: 2018/07/17

Golder Associates Ltd
Client Project #: 1789831

QEW/CREDIT RIVERSite Location:

Sampler Initials: BC

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

10.0°CPackage 1

Results relate only to the items tested.
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Golder Associates Ltd
Client Project #: 1789831

Sampler Initials: BC
QEW/CREDIT RIVERSite Location:

Maxxam Job #: B8G6725
Report Date: 2018/07/17

QUALITY ASSURANCE REPORT

QC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

RPDMethod BlankSPIKED BLANKMatrix Spike

359.3ug/g<2070 - 1309970 - 130NC2018/07/09Soluble (20:1) Sulphate (SO4)5618691

35NCug/g<2070 - 13010270 - 1301052018/07/10Soluble (20:1) Chloride (Cl-)5618714

100.89umho/cm<290 - 1101012018/07/11Conductivity5621364

N/A0.001997 - 1031012018/07/12Available (CaCl2) pH5624965

NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD calculation (absolute difference <= 2x RDL).

NC (Matrix Spike): The recovery in the matrix spike was not calculated.  The relative difference between the concentration in the parent sample and the spike amount was too small to permit a reliable
recovery calculation (matrix spike concentration was less than the native sample concentration)

Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.

Matrix Spike:  A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.

Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

N/A = Not Applicable
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Maxxam Job #: B8G6725
Report Date: 2018/07/17

Golder Associates Ltd
Client Project #: 1789831

QEW/CREDIT RIVERSite Location:

Sampler Initials: BC

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Brad Newman, Scientific Service Specialist

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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Current Investigation - Boreholes 
Advanced for Other Structures

Boreholes AR-2, FW-1, EW-1 and EW-2 

March 1, 2019 
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NOTE: For additional
abbreviations refer to list
of abbreviations &
symbols.
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bedded, grey, fine grained, faintly
porous, weak SHALE (Georgian Bay
Formation) with limestone interbeds.

END OF DRILLHOLE 10.52
65.58

R
4

R
3

R
2

R
1D
R

IL
LI

N
G

 R
E

C
O

R
D

DESCRIPTION

BR - Broken Rock
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Geomechanica Inc. 
Suite 900 – 390 Bay St. 

Toronto Ontario 
Canada M5H 2Y2 

Tel: 1-647-478-9767 http://www.geomechanica.com/ 

June 05, 2018 

Mr. David Marmor 
Golder Associates Ltd. 
6925 Century Avenue, Suite #100 
Mississauga, Ontario 
Canada L5N 7K2 

Re: UCS + E testing 
 (Golder Project No. 1662333) 

Dear Mr. Marmor: 

On May 22, 2018 two (2) HQ-sized core samples were received by Geomechanica Inc. via drop-off by 
Golder personnel. These samples were identified as being from boreholes drilled as part of Golder project 
1662333. A uniaxial compressive strength (UCS) specimen was prepared and tested from each of these 
samples (2 tests total).  

Details regarding the steps of specimen preparation and testing along with the test results and specimen 
photographs before and after testing are presented in the accompanying laboratory report. 

Sincerely, 

Bryan Tatone Ph.D., P. Eng. 

Geomechanica Inc. 
Tel: (647) 478-9767  
Email: bryan.tatone@geomechanica.com



Rock Laboratory Testing
Results

A report submitted to:
David Marmor

Golder Associates Ltd.
6925 Century Avenue, Suite #100

Mississauga, Ontario
Canada L5N 7K2

Prepared by:
Bryan Tatone, PhD, PEng

Omid Mahabadi, PhD, PEng

Geomechanica Inc
#900-390 Bay St

Toronto ON
M5H 2Y2 Canada

Tel: +1-647-478-9767
info@geomechanica.com

June 5, 2018
Project number: 1662333

Abstract

This document summarizes the results of rock laboratory testing
of 2 uniaxial compression tests. Results, including uniaxial compres-
sive strength (UCS) and Young’s modulus along with photographs of
samples before and after testing are presented. Additional specimen
information is included in an accompaning summary spreadsheet.

In this document:

1 Uniaxial Compressive Strength (UCS) testing 1

Disclaimer:This report was prepared by Geomechanica Inc. for Golder Associates Ltd.. The material herein reflects Geomechanica Inc.’s best judgment given the
information available at the time of preparation. Any use which a third party makes of this report, any reliance on or decision to be made based on it, are the responsibility
of such third parties. Geomechanica Inc. accepts no responsibility for damages, if any, suffered by any third party as a result of decisions made or actions based on this
report.



Rock laboratory testing results 1

1 Uniaxial Compressive Strength (UCS) testing

This report summarizes the results of 2 uniaxial compression tests. The testing was performed in Geome-

chanica’s rock testing laboratory using a 150 ton (1.3 MN) Forney loading frame equipped with pressure-

compensated control valve to maintain an axial displacement rate of approximately 0.15 mm/min for shale

and inter-bedded limestone/shale and 0.075 mm/min for limestone samples (Figure 1).

The specimen preparation and testing procedure included the following:

1. Unwrapping of the core sample, inspecting it for damage, and re-wrapping it in electrical tape to

minimize exposure to moisture during subsequent specimen preparation.

2. Diamond cutting of core samples to obtain cylindrical specimens with an appropriate length (length:diameter

= 2:1) and nearly parallel end faces.

3. Diamond grinding of specimens to obtain flat (within ±0.025 mm) and parallel end faces (within

0.25◦).

4. Placement of the specimen into the loading frame, applying a 1 kN axial load, and removing the

electrical tape.

5. Axial loading to rupture while continuously recording axial force and axial deformation to determine

the peak strength (UCS) and (tangent) Young’s modulus (E).

Figure 1: UCS test setup.

Project number: 1662333



Rock laboratory testing results 2

1.1 Results

The results of the tests are summarized in Table 1. The corresponding stress-strain curves for the uniaxial

compression tests are presented in Figure 2. Young’s modulus is the tangent modulus, calculated as the

slope of the best fit line through ±300 data points on either side of the point representing 50.0% of the peak

strength. Additional specimen information is included in the accompaning summary spreadsheet.

Table 1: Summary of laboratory test results.

Sample Depth Lithology Bulk density UCS Young’s Modulus Failure

(m) description ρ (g/cm3) (MPa) E (GPa) description

EW-1 7.26 - 7.43 Limestone 2.66 156.8 35.7 Axial splitting

EW-2 4.89 - 5.09 Inter-bedded shale & limestone 2.62 16.1 3.4 Axial splitting
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Figure 2: Measured stress-strain curves.

1.2 Specimen photographs

Photographs of the specimens before and after testing are presented in Figure 3.
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Rock laboratory testing results 3

EW-1
7.26 m – 7.43 m

EW-2
4.89 m – 5.09 m

Figure 3: Photographs of specimens before and after testing.
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Received: 2018/05/22, 19:45

CERTIFICATE OF ANALYSIS

Your Project #: 1662333

Report Date: 2018/05/30
Report #: R5183725

Version: 1 - Final

Attention: Sandra McGaghran

Golder Associates Ltd
6925 Century Ave
Suite 100
Mississauga, ON
CANADA          L5N 7K2

Your C.O.C. #: 655260-05-01

QEW/CREDITSite Location:

Sample Matrix: ROCK
# Samples Received: 2

ReferenceLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

EPA 325.2 mCAM SOP-004632018/05/29N/A2Chloride (20:1 extract)

OMOE E3530 v1  mCAM SOP-004142018/05/29N/A2Conductivity

EPA 9045 D mCAM SOP-004132018/05/292018/05/292pH CaCl2 EXTRACT

SM 23 2510 mCAM SOP-004142018/05/292018/05/232Resistivity of Soil

EPA 375.4 mCAM SOP-004642018/05/29N/A2Sulphate (20:1 Extract)

Maxxam Analytics' laboratories are accredited to ISO/IEC 17025:2005 for specific parameters on scopes of accreditation. Unless otherwise noted,
procedures used by Maxxam are based upon recognized Provincial, Federal or US method compendia such as CCME, MDDELCC, EPA, APHA.

All work recorded herein has been done in accordance with procedures and practices ordinarily exercised by professionals in Maxxam’s profession using
accepted testing methodologies, quality assurance and quality control procedures (except where otherwise agreed by the client and Maxxam in writing). All
data is in statistical control and has met quality control and method performance criteria unless otherwise noted. All method blanks are reported; unless
indicated otherwise, associated sample data are not blank corrected.

Maxxam Analytics' liability is limited to the actual cost of the requested analyses, unless otherwise agreed in writing. There is no other warranty expressed
or implied. Maxxam has been retained to provide analysis of samples provided by the Client using the testing methodology referenced in this report.
Interpretation and use of test results are the sole responsibility of the Client and are not within the scope of services provided by Maxxam, unless otherwise
agreed in writing.

Solid sample results, except biota, are based on dry weight unless otherwise indicated. Organic analyses are not recovery corrected except for isotope
dilution methods.
Results relate to samples tested.
This Certificate shall not be reproduced except in full, without the written approval of the laboratory.

Remarks:

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.
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Maxxam Job #: B8C0582
Report Date: 2018/05/30

Golder Associates Ltd
Client Project #: 1662333

QEW/CREDITSite Location:

Sampler Initials: JL

RESULTS OF ANALYSES OF  ROCK

Lab-Dup = Laboratory Initiated Duplicate

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

555073220630555073220630250ug/gSoluble (20:1) Sulphate (SO4)

55529378.008.28pHAvailable (CaCl2) pH

5552520287055525202794561umho/cmConductivity

555073120130110ug/gSoluble (20:1) Chloride (Cl)

Inorganics

554338813001800ohm-cmResistivity

Calculated Parameters

QC BatchRDL
EW2-R1-3.38 TO

3.51
Lab-Dup

QC BatchRDL
EW2-R1-3.38 TO

3.51
EW1-R3-7.20 TO

7.26
UNITS

655260-05-01655260-05-01655260-05-01COC Number

2018/05/022018/05/022018/05/01Sampling Date

GTG830GTG830GTG829Maxxam ID
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Maxxam Job #: B8C0582
Report Date: 2018/05/30

Golder Associates Ltd
Client Project #: 1662333

QEW/CREDITSite Location:

Sampler Initials: JL

TEST SUMMARY

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: GTG829 Collected: 2018/05/01
Sample ID: EW1-R3-7.20 TO 7.26

Matrix: ROCK
Shipped:

Received: 2018/05/22

Deonarine Ramnarine2018/05/29N/A5550731KONE/ECChloride (20:1 extract)

Tahir Anwar2018/05/29N/A5552520ATConductivity

Gnana Thomas2018/05/292018/05/295552937ATpH CaCl2 EXTRACT

Automated Statchk2018/05/292018/05/295543388Resistivity of Soil

Alina Dobreanu2018/05/29N/A5550732KONE/ECSulphate (20:1 Extract)

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: GTG830 Collected: 2018/05/02
Sample ID: EW2-R1-3.38 TO 3.51

Matrix: ROCK
Shipped:

Received: 2018/05/22

Deonarine Ramnarine2018/05/29N/A5550731KONE/ECChloride (20:1 extract)

Tahir Anwar2018/05/29N/A5552520ATConductivity

Gnana Thomas2018/05/292018/05/295552937ATpH CaCl2 EXTRACT

Automated Statchk2018/05/292018/05/295543388Resistivity of Soil

Alina Dobreanu2018/05/29N/A5550732KONE/ECSulphate (20:1 Extract)

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: GTG830 Dup Collected: 2018/05/02
Sample ID: EW2-R1-3.38 TO 3.51

Matrix: ROCK
Shipped:

Received: 2018/05/22

Tahir Anwar2018/05/29N/A5552520ATConductivity

Alina Dobreanu2018/05/29N/A5550732KONE/ECSulphate (20:1 Extract)
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Maxxam Job #: B8C0582
Report Date: 2018/05/30

Golder Associates Ltd
Client Project #: 1662333

QEW/CREDITSite Location:

Sampler Initials: JL

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

8.7°CPackage 1

Results relate only to the items tested.
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Golder Associates Ltd
Client Project #: 1662333

Sampler Initials: JL
QEW/CREDITSite Location:

Maxxam Job #: B8C0582
Report Date: 2018/05/30

QUALITY ASSURANCE REPORT

QC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

RPDMethod BlankSPIKED BLANKMatrix Spike

353.1ug/g<2070 - 13010870 - 130NC2018/05/29Soluble (20:1) Chloride (Cl)5550731

350.89ug/g<2070 - 1309970 - 130NC2018/05/29Soluble (20:1) Sulphate (SO4)5550732

109.2umho/cm<290 - 1101002018/05/29Conductivity5552520

N/A0.3997 - 1031002018/05/29Available (CaCl2) pH5552937

NC (Matrix Spike): The recovery in the matrix spike was not calculated.  The relative difference between the concentration in the parent sample and the spike amount was too small to permit a reliable
recovery calculation (matrix spike concentration was less than the native sample concentration)

Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.

Matrix Spike:  A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.

Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

N/A = Not Applicable
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Maxxam Job #: B8C0582
Report Date: 2018/05/30

Golder Associates Ltd
Client Project #: 1662333

QEW/CREDITSite Location:

Sampler Initials: JL

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Ewa Pranjic, M.Sc., C.Chem, Scientific Specialist

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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1662333-5 

"Geotechnical Investigation, Proposed Pipeline Installations, Crossings 
of Credit River Project No. 160950937, Document No. TAJ-C-GEO-002, 
dated December 18, 2018, prepared by Stantec Consulting Ltd. 

Record of Borehole BH3 

March 1, 2019 
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SHALE with limestone interbedding
(Georgian Bay Formation)
Dark grey shale with light grey
limestone interbedding
- very poor quality
- moderately weathered
- occassional clay seams up to 25mm
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SHALE with limestone interbedding
(Georgian Bay Formation)
Dark grey shale with light grey
limestone interbedding
- poor to good quality
- freshly to moderately weathered
- occassional clay seams up to 25mm

55.8

10.0

3

4

5

6

7

8

9

HQ

HQ

HQ

HQ

HQ

HQ

HQ

100/

100/

100/

100/

100/

100/

100/

TCR=100%
SCR=91%
RQD=48%

TCR=99%
SCR=96%
RQD=84%

TCR=98%
SCR=98%
RQD=80%

TCR=95%
SCR=82%
RQD=57%

TCR=99%
SCR=93%
RQD=25%

TCR=93%
SCR=78%
RQD=49%

TCR=99%
SCR=98%
RQD=77%

"N
" 

V
A

LU
E

S

SOIL PROFILE

(m)

.

NATURAL
MOISTURE
CONTENT

 N:  4 823 506  E:  612 222

wL

160950937

REMARKS

&

GRAIN SIZE

DISTRIBUTION

(%)

10 20 30

SAMPLES

SHEAR STRENGTH kPa

Numbers refer to
Sensitivity

STRAIN AT FAILURE

LIQUID
LIMIT

Geodetic

2  OF  4

N
U

M
B

E
R

METRIC

3%3

w

DESCRIPTION

kN/m3

UNCONFINED

QUICK TRIAXIAL

RECORD OF BOREHOLE No BH3

PROJECT #

W.P.

DIST

DATUM

65

64

63

62

61

60

59

58

57

56

PLASTIC
LIMIT

GR

ELEV

WATER CONTENT (%)
FIELD VANE

LAB VANE

ORIGINATED BY

COMPILED BY

CHECKED BY

HWY

CL

20 40 60 80 100

20 40 60 80 100 SA SIE
LE

V
A

T
IO

N
 S

C
A

LE
(m

)

Continued Next Page

T
Y

P
E

G
R

O
U

N
D

 W
A

T
E

R

C
O

N
D

IT
IO

N
S

S
T

R
A

T
 P

LO
T

wP

, :

DEPTH

U
N

IT

W
E

IG
H

T

3

DYNAMIC CONE PENETRATION
RESISTANCE PLOT

PROJECT

LOCATION

BOREHOLE TYPE

DATE

ESA Drilling Credit River & QEW

Credit River and QEW, Mississauga, ON

November 13, 2017

RB

DR

JJB

S
T

N
1

3-
O

N
T

A
R

IO
 M

T
O

 S
T

A
N

T
E

C
  

16
09

50
93

7.
G

P
J 

 S
T

A
N

T
E

C
_

M
A

R
K

H
A

M
_D

A
T

A
_T

E
M

P
LA

T
E

_2
01

5-
05

-2
0.

G
D

T
  

1/
30

/1
9

Hollow Stem Auger



SHALE with limestone interbedding
(Georgian Bay Formation)
Dark grey shale with light grey
limestone interbedding
- very poor to excellent quality
- freshly to slightly weathered
- occassional clay seams
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SHALE with limestone interbedding
(Georgian Bay Formation)
Dark grey shale with light grey
limestone interbedding
- good quality
- freshly weathered

END OF BOREHOLE
at approximately 30.9 m below existing
grade.

Groundwater level not measured in
open borehole due to the introduction of
water for rock coring.
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BH3 Depth (m):

7.52m 9.17m

9.17m 10.62m

10.62m 12.01m

12.01m 13.46m

13.46m 15.04m

15.04m 16.56m

16.56m 18.24m

18.24m 19.74m

19.74m 21.30m

Page: 1 of 2

RUN 7 RUN 8

RUN 8 RUN 9

RUN 9 RUN 10

Project:

Project Number:

Location:

Borehole:

ESA Drilling Credit River & QEW

160950937

Mississauga, ON

7.52 - 30.94

5.7" Wide

RUN 1 RUN 2

RUN 2 RUN 3

RUN 3 RUN 4

RUN 4 RUN 5

RUN 5 RUN 6

RUN 6 RUN 7



BH3 Depth (m):

21.30m 22.58m

22.58m 23.95m

23.95m 25.45m

25.45m 26.87m

26.87m 28.16m

28.16 29.42m

29.42m 30.94m

Page: 2 of 2

RUN 16

RUN 10 RUN 11

RUN 11 RUN 12

RUN 13RUN 12

RUN 13 RUN 14

RUN 14

RUN 15

RUN 15

Borehole: 7.52 - 30.94

5.7" Wide

Project: ESA Drilling Credit River & QEW

Project Number: 160950937

Location: Mississauga, ON
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Foundation Investigation and Design Report, Preliminary Design and 
Environmental Assessment, QEW Bridge Twinning Over Credit River, 
Mississauga, Ontario” File No. 19-1351-174, dated May 18, 2012 
(GEOCRES 30M12-341)

Boreholes 11-01 and 11-02

Foundation Investigation and Design Report, Construction Access Road 
for Bridge Rehabilitation, QEW Bridge over Credit River, Mississauga, 
Ontario” File No. 19-92-92-174, dated April 8, 2011, prepared by Thurber 
Engineering Ltd. (GEOCRES 30M12-324).  

Boreholes 10-03A, 10-03B and 10-04. 
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 LIST OF SYMBOLS  

 

 

 
 1 

Version 3 (February 2018) 

Unless otherwise stated, the symbols employed in the report are as follows: 

I. GENERAL  (a) Index Properties (continued) 
   w water content 
π 3.1416  wl or LL liquid limit 
ln x, natural logarithm of x  wp or PL plastic limit 
log10 x or log x, logarithm of x to base 10  lp or PI plasticity index = (wl – wp) 
g acceleration due to gravity  ws  shrinkage limit 
t time  IL  liquidity index = (w – wp) / Ip  
FoS factor of safety  IC  consistency index = (wl – w) / Ip 
   emax void ratio in loosest state 
   emin void ratio in densest state 
   ID  density index = (emax – e) / (emax – emin)  
II. STRESS AND STRAIN   (formerly relative density) 
     
γ shear strain  (b) Hydraulic Properties 
∆ change in, e.g. in stress: ∆ σ  h hydraulic head or potential 
ε linear strain  q rate of flow 
εv volumetric strain  v velocity of flow 
η coefficient of viscosity  i hydraulic gradient 
υ Poisson’s ratio  k hydraulic conductivity  
σ total stress   (coefficient of permeability) 
σ′ effective stress (σ′ = σ – u)  j seepage force per unit volume 
σ′vo initial effective overburden stress    
σ1, σ2, σ3 principal stress (major, intermediate,   (c) Consolidation (one-dimensional) 
 minor)  Cc compression index 
σoct mean stress or octahedral stress    (normally consolidated range) 
 = (σ1 + σ2 + σ3)/3  Cr recompression index  
τ shear stress   (over-consolidated range) 
u porewater pressure  Cs  swelling index 
E modulus of deformation  Cα  secondary compression index 
G shear modulus of deformation  mv  coefficient of volume change 
K bulk modulus of compressibility  cv  coefficient of consolidation (vertical direction) 
   ch  coefficient of consolidation (horizontal direction) 
   Tv  time factor (vertical direction) 
   U degree of consolidation 
III. SOIL PROPERTIES  σ′p pre-consolidation stress 
   OCR over-consolidation ratio = σ′p / σ′vo  
(a) Index Properties    
ρ(γ) bulk density (bulk unit weight)*  (d) Shear Strength 
ρd(γd) dry density (dry unit weight)  τp, τr peak and residual shear strength 
ρw(γw) density (unit weight) of water  φ′ effective angle of internal friction 
ρs(γs) density (unit weight) of solid particles  δ angle of interface friction 
γ′ unit weight of submerged soil   µ coefficient of friction = tan δ 
 (γ′ = γ – γw)  c′ effective cohesion 
DR relative density (specific gravity) of solid   cu, su undrained shear strength (φ = 0 analysis) 
 particles (DR = ρs / ρw) (formerly Gs)  p mean total stress (σ1 + σ3)/2 
e void ratio  p′ mean effective stress (σ′1 + σ′3)/2 
n porosity  q (σ1 – σ3)/2 or (σ′1 – σ′3)/2 
S degree of saturation  qu compressive strength (σ1 – σ3) 
   St sensitivity 
     
* Density symbol is ρ. Unit weight symbol is γ where 

γ = ρg (i.e. mass density multiplied by 
acceleration due to gravity) 

Notes: 1 
 2 

τ = c′ + σ′ tan φ′ 
shear strength = (compressive strength)/2 

  



  

 LIST OF ABBREVIATIONS  
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Version 3 (February 2018) 

The abbreviations commonly employed on Records of Boreholes, on figures and in the text of the report are as follows: 

I. SAMPLE TYPE III. SOIL DESCRIPTION 
   
AS Auger sample (a) Non-Cohesive (Cohesionless) Soils 
BS Block sample Compactness N 
CS Chunk sample Condition Blows/300 mm or Blows/ft 
DS Denison type sample Very loose  0 to 4 
FS Foil sample Loose  4 to 10 
RC Rock core Compact  10 to 30 
SC Soil core Dense  30 to 50 
SS Split-spoon Very dense  over 50 
ST Slotted tube   
TO Thin-walled, open   
TP Thin-walled, piston   
WS Wash sample   

 
 (b) Cohesive Soils 
II. PENETRATION RESISTANCE Consistency 
  cu, su 
Standard Penetration Resistance (SPT), N:  kPa psf 

The number of blows by a 63.5 kg. (140 lb.) 
hammer dropped 760 mm (30 in.) required to 
drive a 50 mm (2 in.) drive open sampler for a 
distance of 300 mm (12 in.) 
 
 

Very soft 
Soft 
Firm 
Stiff 
Very stiff 
Hard 

 0 to 12 
 12 to 25 
 25 to 50 
 50 to 100 
 100 to 200 
over  200 

 0 to 250 
 250 to 500 
 500 to 1,000 
 1,000 to 2,000 
 2,000 to 4,000 
 over  4,000 

 
Dynamic Cone Penetration Resistance; Nd: IV. SOIL TESTS 

The number of blows by a 63.5 kg (140 lb.)  w water content 
hammer dropped 760 mm (30 in.) to drive wp plastic limit 
uncased a 50 mm (2 in.) diameter, 60º cone wl liquid limit 
attached to “A” size drill rods for a distance of C consolidation (oedometer) test 
300 mm (12 in.). CHEM chemical analysis (refer to text) 

 CID consolidated isotropically drained triaxial test1  
PH: Sampler advanced by hydraulic pressure CIU consolidated isotropically undrained triaxial test  
PM: Sampler advanced by manual pressure  with porewater pressure measurement1 
WH: Sampler advanced by static weight of hammer DR  relative density (specific gravity, Gs) 
WR:  Sampler advanced by weight of sampler and  DS direct shear test 
 rod M sieve analysis for particle size 
 MH combined sieve and hydrometer (H) analysis 
Piezo-Cone Penetration Test (CPT) MPC Modified Proctor compaction test 

A electronic cone penetrometer with a 60° SPC Standard Proctor compaction test 
conical tip and a project end area of 10 cm2 OC organic content test 
pushed through ground at a penetration rate of SO4 concentration of water-soluble sulphates 
2 cm/s. Measurements of tip resistance (Qt),  UC unconfined compression test 
porewater pressure (PWP) and friction along a  UU unconsolidated undrained triaxial test 
sleeve are recorded electronically at 25 mm V field vane (LV-laboratory vane test) 
penetration intervals. γ unit weight 

   
 Note: 1 Tests which are anisotropically consolidated prior  
  to shear are shown as CAD, CAU. 
V.  MINOR SOIL CONSTITUENTS 
 
Per cent by Weight Modifier Example 
 0  to  5 Trace Trace sand 
 5  to  12 Trace to Some (or Little) Trace to some sand 
 12  to  20 Some Some sand 
 20  to  30 (ey) or (y) Sandy 
 over 30 And (non-cohesive (cohesionless)) or  

With (cohesive) 
Sand and Gravel 
Silty Clay with sand / Clayey Silt with sand 



  

LITHOLOGICAL AND GEOTECHNICAL ROCK DESCRIPTION TERMINOLOGY  
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Version 3 (February 2018) 

WEATHERINGS STATE 

Fresh: no visible sign of weathering 

Faintly weathered: weathering limited to the surface of major 

discontinuities. 

Slightly weathered: penetrative weathering developed on open 

discontinuity surfaces but only slight weathering of rock material. 

Moderately weathered: weathering extends throughout the rock 

mass but the rock material is not friable. 

Highly weathered: weathering extends throughout rock mass and 

the rock material is partly friable. 

Completely weathered: rock is wholly decomposed and in a friable 

condition but the rock and structure are preserved.  

BEDDING THICKNESS 

Description Bedding Plane Spacing 
Very thickly bedded Greater than 2 m 
Thickly bedded 0.6 m to 2 m 
Medium bedded 0.2 m to 0.6 m 
Thinly bedded 60 mm to 0.2 m 
Very thinly bedded 20 mm to 60 mm 
Laminated 6 mm to 20 mm 
Thinly laminated Less than 6 mm 

 

JOINT OR FOLIATION SPACING 

Description Spacing 
Very wide Greater than 3 m 
Wide 1 m to 3 m 
Moderately close 0.3 m to 1 m 
Close 50 mm to 300 mm 
Very close Less than 50 mm 

 

GRAIN SIZE 

Term Size* 
Very Coarse Grained Greater than 60 mm 
Coarse Grained 2 mm to 60 mm 
Medium Grained 60 microns to 2 mm 
Fine Grained 2 microns to 60 microns 
Very Fine Grained Less than 2 microns 

Note: * Grains greater than 60 microns diameter are visible to the 

naked eye. 

CORE CONDITION 

Total Core Recovery (TCR) 
The percentage of solid drill core recovered regardless of quality or 

length, measured relative to the length of the total core run. 

Solid Core Recovery (SCR) 

The percentage of solid drill core, regardless of length, recovered at 

full diameter, measured relative to the length of the total core run. 

Rock Quality Designation (RQD) 

The percentage of solid drill core, greater than 100 mm length, 

recovered at full diameter, measured relative to the length of the total 

core run.  RQD varied from 0% for completely broken core to 100% 

for core in solid sticks. 

DISCONTINUITY DATA 

Fracture Index 
A count of the number of discontinuities (physical separations) in the 

rock core, including both naturally occurring fractures and 

mechanically induced breaks caused by drilling. 

Dip with Respect to Core Axis 

The angle of the discontinuity relative to the axis (length) of the core.  

In a vertical borehole a discontinuity with a 90o angle is horizontal. 

Description and Notes 
An abbreviation description of the discontinuities, whether naturally 

occurring separations such as fractures, bedding planes and foliation 

planes or mechanically induced features caused by drilling such as 

ground or shattered core and mechanically separated bedding or 

foliation surfaces.  Additional information concerning the nature of 

fracture surfaces and infillings are also noted. 

Abbreviations 
JN Joint PL Planar 
FLT Fault CU Curved 
SH Shear UN Undulating 
VN Vein IR Irregular 
FR Fracture K Slickensided 
SY Stylolite PO Polished 
BD Bedding SM Smooth 
FO Foliation SR Slightly Rough 
CO Contact RO Rough 
AXJ Axial Joint VR Very Rough 
KV Karstic Void  
MB Mechanical Break  
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END OF BOREHOLE

NOTES:

1. Borehole dry upon completion of
drilling.

3. Groundwater level
measurements in piezometer:
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30/04/18      2.6                93.0
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DIP w.r.t.
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INCLINATION:  -90°            AZIMUTH:  ---
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WATER LEVELS

INSTRUMENTATION
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FLT
SHR
VN
CJ
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RECOVERY

2040608020406080

TOTAL
CORE % TYPE AND SURFACE

DESCRIPTION

- Joint
- Fault
- Shear
- Vein
- Conjugate

BD
FO
CO
OR
CL

- Bedding
- Foliation
- Contact
- Orthogonal
- Cleavage

PL
CU
UN
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IR

- Planar
- Curved
- Undulating
- Stepped
- Irregular

DRILLING DATE:   February 6, 2018

DRILL RIG:  CME 55 Track

DRILLING CONTRACTOR:  Geo-Environmental Drilling
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PLT(D) = 0.10 MPa
PLT(A) = 0.24 MPa

BD,UN,SM    CC, Cl
CO,CU,SM    PC, Cl
CO,UN,SM    PC, Cl

CO,UN,SM    IN, Cl

Slightly weathered to fresh, thinly
laminated to medium bedded, grey, very
fine to fine grained, faintly porous, very
weak to weak SHALE (Georgian Bay
Formation) with LIMESTONE interbeds

END OF DRILLHOLE 12.80
82.80
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DESCRIPTION

BR - Broken Rock

NOTE: For additional
abbreviations refer to list
of abbreviations &
symbols.
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S
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STRENGTH

INDEX
Jr Ja

DIP w.r.t.
CORE
AXIS

INCLINATION:  -90°            AZIMUTH:  ---

NOTES
WATER LEVELS

INSTRUMENTATION

JN
FLT
SHR
VN
CJ
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%SOLID

CORE %

RECOVERY

2040608020406080

TOTAL
CORE % TYPE AND SURFACE

DESCRIPTION

- Joint
- Fault
- Shear
- Vein
- Conjugate

BD
FO
CO
OR
CL

- Bedding
- Foliation
- Contact
- Orthogonal
- Cleavage

PL
CU
UN
ST
IR

- Planar
- Curved
- Undulating
- Stepped
- Irregular

DRILLING DATE:   February 6, 2018

DRILL RIG:  CME 55 Track

DRILLING CONTRACTOR:  Geo-Environmental Drilling
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65 31

0.1

1.1

9.0

93.5

85.5

RQD = 0%

RQD = 0%

RQD = 30%

RQD = 78%

RQD = 100%

RQD = 38%
RQD = 42%

RQD = 32%

RQD = 100%

RQD = 89%

RQD = 100%

1

2A

2B
2C

40

RC

RC

RC

RC

RC

RC
RC

RC

RC

RC

RC

1

2

3

4

5

6
7

8

9

10

11

TOPSOIL (100 mm)
Clayey silt, sandy to with sand,
contains organics / rootlets,
oxidation staining, trace gravel
(FILL)
Firm to hard
Brown to grey to black
Moist
SILTY CLAY, trace sand
Hard
Mottled brown to grey
Dry
SHALE (BEDROCK)
Grey

Bedrock cored from a depth of 1.1
m to 9.0 m

For bedrock coring details, refer to
Record of Drillhole CRB-2A

END OF BOREHOLE

NOTE:

1. Borehole dry prior to rock
coring.
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Numbers refer to
Sensitivity
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GROUND SURFACE94.5

SAMPLES

GR

January 28, 2018

Foundation Design

DYNAMIC CONE PENETRATION
RESISTANCE PLOT

SA

HWY

2002-13-00G.W.P.

WATER CONTENT (%)

Geodetic

kN/m3

3

BOREHOLE TYPE

LOCATION

SI

SOIL PROFILE

wL

NATURAL
MOISTURE
CONTENT

T
Y

P
E

N 4823960.1; E 295808.0 MTM NAD 83 ZONE 10 (LAT. 43.555523; LONG. -79.611298)

64 mm O.D. 51 mm I.D. Continuous Split Spoon Sampling (Cathead/Safety Hammer)
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C
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UC = 18.2 MPa

PLT(D) = 0.18 MPa

UC = 17.1 MPa

PLT(D) = 0.28 MPa
PLT(A) = 0.40 MPa

PLT(A) = 0.37 MPa

PLT(D) = 0.44 MPa
PLT(A) = 0.13 MPa

BD,UN,SM    CL
CO,UN,SM    CL
JN,PL,SM    SA
CO,PL,SM    CL
BD,UN,SM    CL
BD,UN,SM    PC, Cl
CO,UN,RO    CL
JN,PL,SM    PC, Cl
CO,UN,SM    PC, Cl
BD,UN,SM    CL
BD,UN,SM    PC, Cl
BD,UN,SM    CL
JN,PL,SM    PC, Cl
BD,UN,SM    PC, Cl
CO,UN,SM    CL
CO,UN,SM    CL
CO,UN,SM    CC, Cl
CO,UN,SM    PC, Cl
BD,UN,SM    CC, Cl
CO,UN,SM    CC, Cl
JN,PL,SM    CC, Cl
BD,UN,SM    PC, Cl
JN,PL,SM    CL
BD,UN,SM    CC, Cl
BD,UN,SM    IN, Cl
JN,IR,SM    PC, Cl
BD,UN,SM    CC, Cl

BD,UN,SM    PC, Cl

CO,UN,SM    CC, Cl
CO,UN,SM    IN, Cl
BD,UN,SM    CC, Cl
BD,UN,SM    IN, Cl
CO,UN,SM    IN, Cl
BD,UN,SM    CC, Cl
BD,UN,SM    CC, Cl
BD,UN,SM    CC, Cl
BD,UN,SM    IN, Cl

BD,UN,SM    CC, Cl

JN,IR,SM    SA

R0
R0

Highly weathered to moderately
weathered, thinly laminated to medium
bedded, grey, very fine to fine grained,
faintly porous, very weak SHALE
(Georgian Bay Formation) with
LIMESTONE interbeds

Slightly weathered to fresh, thinly
laminated to medium bedded, grey, very
fine to fine grained, faintly porous, very
weak to weak SHALE (Georgian Bay
Formation) with LIMESTONE interbeds

END OF DRILLHOLE
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DESCRIPTION

BR - Broken Rock

NOTE: For additional
abbreviations refer to list
of abbreviations &
symbols.
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DIP w.r.t.
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AXIS

INCLINATION:  -90°            AZIMUTH:  ---

NOTES
WATER LEVELS

INSTRUMENTATION
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FLT
SHR
VN
CJ
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R.Q.D.
%SOLID

CORE %

RECOVERY

2040608020406080

TOTAL
CORE % TYPE AND SURFACE

DESCRIPTION

- Joint
- Fault
- Shear
- Vein
- Conjugate

BD
FO
CO
OR
CL

- Bedding
- Foliation
- Contact
- Orthogonal
- Cleavage

PL
CU
UN
ST
IR

- Planar
- Curved
- Undulating
- Stepped
- Irregular

DRILLING DATE:   January 28, 2018

DRILL RIG:  Portable/Tripod

DRILLING CONTRACTOR:  OGS Drilling

R
U

N
 N

o.

S
Y

M
B

O
LI

C
 L

O
G

SHEET  1  OF  1

DISCONTINUITY DATA
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INDEX
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0.25 m
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Continued from Borehole CRB-2A
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46 35

0.2

0.7

1.4

2.4

3.6

12.7

RQD = 33%

RQD = 55%

RQD = 67%

RQD = 74%

RQD = 64%

RQD = 63%

1A

1B

2

3

136

RC

RC

RC

RC

RC

RC

1
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3

4

5

6

TOPSOIL (150 mm)
Sandy clayey silt, some gravel
(FILL)
Stiff
Brown
Moist
SILTY CLAY, some sand, trace to
some gravel
Stiff
Brown
Moist
CLAYEY SILT, some sand, some
gravel, some shale fragments
(RESIDUAL SOIL)
Hard
Brown
Moist
 - Auger grinding at 1.5 m depth
- A 0.3 m thick boulder / limestone
layer at 2.1 
SHALE (BEDROCK)

Bedrock cored from a depth of
2.0 m to 12.7 m

For bedrock coring details, refer to
Record of Drillhole CRB-2B

END OF BOREHOLE

NOTE:

1. Borehole dry prior to rock
coring.
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GRAIN SIZE

DISTRIBUTION
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STRAIN AT FAILURE,
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Numbers refer to
Sensitivity

GROUND SURFACE

SAMPLES

GR

July 5, 2018

Foundation Design

DYNAMIC CONE PENETRATION
RESISTANCE PLOT

SA

HWY

2002-13-00G.W.P.

WATER CONTENT (%)

Geodetic

kN/m3

3

BOREHOLE TYPE

LOCATION

SI

SOIL PROFILE

wL

NATURAL
MOISTURE
CONTENT

T
Y

P
E

N 4823955.2; E 295818.7 MTM NAD 83 ZONE 10 (LAT. 43.555479; LONG. -79.611166)

CME 55, 210 mm O.D., 108 mm I.D. Hollow Stem Augers (Auto Hammer)
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UCS = 12.1 MPa
E = 0.59 MPa

UCS = 15.5 MPa
E = 0.63 MPa

BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    PC
BD,PL,SM    SA
BD,PL,SM    PC
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    IN
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    IN
BD,PL,SM    SA
BD,PL,SM    PC
BD,PL,SM    SA
BD,PL,SM    CC
BD,PL,SM    SA
BD,PL,SM    PC
BD,PL,SM    CC
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    PC
BD,PL,SM    PC
BD,PL,SM    SA
BD,PL,SM    PC
BD,PL,SM    PC
BD,PL,SM    IN
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    PC
BD,PL,SM    SA
BD,PL,SM    PC
BD,PL,SM    PC
BD,PL,SM    PC
BD,PL,SM    SA
BD,PL,SM    PC
BD,PL,SM    PC
BD,PL,SM    PC
BD,PL,SM    PC
BD,PL,SM    SO
BD,PL,SM    SO
BD,CU,SM    SO
BD,PL,SM    SA
BD,PL,SM    CC
BD,PL,SM    PC
BD,PL,SM    SA
BD,PL,SM    PC
BD,PL,SM    PC
BD,PL,SM    PC
BD,PL,SM    PC
BD,PL,SM    PC
BD,PL,SM    SA
BD,PL,SM    SA
BD,CU,SM    SA
BD,UN,SM    SA
BD,UN,SM    SO
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    SA
BD,CU,SM    SA
BD,PL,SM    SA
BD,PL,SM    PC
BD,PL,SM    PC
BD,PL,SM    PC
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    PC
BD,PL,SM    IN
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    PC
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    SO
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    SA

BD,UN,SM    SO
BD,UN,SM    SO
BD,PL,SM    PC
BD,UN,SM    SA
BD,PL,SM    PC
BD,PL,SM    SA
BD,PL,SM    SA
BD,PL,SM    PC
BD,PL,SM    SA
BD,PL,SM    SA

BD,PL,SM    SA

Slightly weathered to fresh, thinly
laminated to medium bedded, very fine
to fine grained, faintly porous, weak
SHALE (Georgian Bay Formation) with
LIMESTONE interbeds
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DESCRIPTION

BR - Broken Rock

NOTE: For additional
abbreviations refer to list
of abbreviations &
symbols.
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E
S

ROCK
STRENGTH

INDEX
Jr Ja

DIP w.r.t.
CORE
AXIS

INCLINATION:  -90°            AZIMUTH:  ---

NOTES
WATER LEVELS

INSTRUMENTATION

JN
FLT
SHR
VN
CJ

5 10 15 2020406080

R.Q.D.
%SOLID

CORE %

RECOVERY

2040608020406080

TOTAL
CORE % TYPE AND SURFACE

DESCRIPTION

- Joint
- Fault
- Shear
- Vein
- Conjugate

BD
FO
CO
OR
CL

- Bedding
- Foliation
- Contact
- Orthogonal
- Cleavage

PL
CU
UN
ST
IR

- Planar
- Curved
- Undulating
- Stepped
- Irregular

DRILLING DATE:   July 5, 2018

DRILL RIG:  CME 55 Track

DRILLING CONTRACTOR:  Geo-Environmental Drilling
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DISCONTINUITY DATA

RECORD OF DRILLHOLE:    CRB-2B
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BR - Broken Rock

NOTE: For additional
abbreviations refer to list
of abbreviations &
symbols.
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- Planar
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Silty sand, some gravel (FILL)
Compact
Brown to grey
Moist to wet
Sandy clayey silt, trace gravel
(FILL)
Stiff
Brown
Moist to wet
CLAYEY SILT with SAND, trace
gravel, contains organics
Soft to very soft
Brown to black
Moist to wet

SAND and GRAVEL, trace to
some silt, trace clay
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Brown to grey
Wet
- Shell fragments from a depth of
about 3.8 m to a depth of 5.2 m

Sandy CLAYEY SILT, contains
shale fragments (RESIDUAL
SOIL)
Hard
Brown
Moist
SHALE (BEDROCK)
Grey

Bedrock cored from a depth of 7.2
m to 15.3 m
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15.3
60.6 RQD = 100%RC6SHALE (BEDROCK)

END OF BOREHOLE

NOTE:

1. Water level measured at a
depth of about 2.7 m (Elev. 73.2
m) below ground surface prior to
rock coring.
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PLT(A) = 0.30 MPa
PLT(D) = 0.09 MPa

PLT(A) = 0.68 MPa
PLT(D) = 0.22 MPa

PLT(A) = 0.26 MPa
PLT(D) = 0.85 MPa

UC = 9.4 MPa

CO,UN,RO    CL
CO,PL,SM    CL

BD,PL,RO    IN, Si,
Sa
BD,IR,RO    CL
BD,PL,RO    IN, Si,
Sa
BD,PL,RO    CL
BD,PL,RO    CL
BD,PL,SM    PC, Cl
BD,IR,RO    CL
BD,IR,RO    CL
BD,IR,RO    CL
CO,IR,RO    CL
BD,IR,RO    CC, Cl
BD,PL,SM    IN, Cl
BD,PL,RO    PC, Cl
BD,PL,RO    PC, Cl

BD,PL,SM    PC, Cl
BD,IR,RO    PC, Cl
BD,PL,SM    CL

CO,PL,SM    CL
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BD,CU,SM    PC, Cl

BD,PL,SM    CL
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BD,PL,RO    PC, Cl

BD,PL,SM    SA
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R1

R1
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R1

Completely weathered, thinly laminated
to medium bedded, grey, very fine to fine
grained, faintly porous, extremely weak
SHALE (Georgian Bay Formation) with
LIMESTONE interbeds
Slightly weathered to fresh, thinly
laminated to medium bedded, grey, very
fine to fine grained, faintly porous, weak
SHALE (Georgian Bay Formation) with
LIMESTONE interbeds

END OF DRILLHOLE
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DESCRIPTION

BR - Broken Rock

NOTE: For additional
abbreviations refer to list
of abbreviations &
symbols.
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- Shear
- Vein
- Conjugate
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- Bedding
- Foliation
- Contact
- Orthogonal
- Cleavage

PL
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- Planar
- Curved
- Undulating
- Stepped
- Irregular
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rootlets / organics
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Brown
Moist, becoming wet at a depth of
about 2.3 m

SAND and GRAVEL, some silt,
trace clay
Compact
Brown to grey
Wet

- Clayey silt pocket encountered at
a depth of about 4.7 m below
ground surface

SHALE (BEDROCK)
Grey

Bedrock cored from a depth of 7.0
m to 15.8 m

For bedrock coring details, refer to
Record of Drillhole CRB-3A
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N 4824025.6; E 295844.6 MTM NAD 83 ZONE 10 (LAT. 43.556113; LONG. -79.610847)

CME 55, 210 mm O.D., 108 mm I.D. Hollow Stem Augers (Auto Hammer)
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15.8
59.9

RQD = 90%

RQD = 93%

RC
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6
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SHALE (BEDROCK)
Grey

END OF BOREHOLE

NOTES:

1. Water level measured at a
depth of about 0.9 m below ground
surface prior to rock coring.

2. Water level measured in
standpipe piezometer:

   Date       Depth (m)    Elev. (m)
12/03/18         1.0              74.7
30/04/18         0.7              75.0
06/11/18         1.5              74.2
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N 4824025.6; E 295844.6 MTM NAD 83 ZONE 10 (LAT. 43.556113; LONG. -79.610847)

CME 55, 210 mm O.D., 108 mm I.D. Hollow Stem Augers (Auto Hammer)
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PLT(D) = 0.62 MPa
PLT(A) = 0.46 MPa

UC = 8.9 MPa
PLT(D) = 0.06 MPa
PLT(A) = 1.35 MPa

UC = 16.9 MPa

PLT(A) = 0.78 MPa
PLT(D) = 0.36 MPa

BD,UN,SM    PC, Cl

BD,UN,SM    CC, Cl
BD,UN,SM    PC, Cl

CO,PL,SM    CL
CO,UN,SM    SA, Cl
BD,UN,SM    PC, Cl

BD,UN,SM    CL

CO,UN,SM    CL
BD,UN,SM    SA, Cl
CO,UN,SM    CL

BD,UN,SM    SA, Cl

BD,UN,SM    CL
CO,PL,SM    PC, Cl

CO,UN,SM    CL
CO,UN,SM    PC, Cl

BD,UN,SM    CL

BD,PL,SM    CL

CO,UN,SM    CL

BD,UN,SM    SA, Cl

JN,CU,SM    PC, Cl

CO,UN,SM    CL

BD,UN,SM    CL
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Slightly weathered to fresh, thinly
laminated to medium bedded, grey, very
fine to fine grained, faintly porous, weak
SHALE (Georgian Bay Formation) with
LIMESTONE interbeds

Fresh, thinly to medium bedded, grey,
fine grained, faintly porous, weak SHALE
(Georgian Bay Formation) with
LIMESTONE interbeds
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DESCRIPTION

BR - Broken Rock

NOTE: For additional
abbreviations refer to list
of abbreviations &
symbols.
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- Shear
- Vein
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- Bedding
- Foliation
- Contact
- Orthogonal
- Cleavage
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- Planar
- Curved
- Undulating
- Stepped
- Irregular

DRILLING DATE:   February 9, 2018

DRILL RIG:  CME 55 Track

DRILLING CONTRACTOR:  Geo-Environmental Drilling
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RQD = 53%

RQD = 43%

RQD = 76%

RQD = 75%

RQD = 100%

RQD = 100%

RQD = 100%

RQD = 71%

1

2

3

4

5

6

7

8

9

35

36

57

13

40

15

RC

RC

RC

RC

RC

RC

RC

RC

RC

1

2

3

4

5

6

7

8

9

CLAYEY SILT with SAND, some
gravel, contains organics / rootlets
Soft to stiff
Brown to grey
Wet

- Cobble encountered at 1.2 m
depth

- Cobble encountered at 2.4 m
depth
SAND and GRAVEL to SAND,
some gravel, some silt, trace to
some clay, contains cobbles
Compact to very dense
Brown and grey to grey
Wet

- Clayey silt pockets / layers
encountered in samples SS6 and
SS8

SHALE (BEDROCK)
Grey

Bedrock cored from a depth of 6.4
m to 14.1 m

For bedrock coring details, refer to
Record of Drillhole CRB-3C
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January 26, 2018

Foundation Design

DYNAMIC CONE PENETRATION
RESISTANCE PLOT

SA

HWY

2002-13-00G.W.P.

WATER CONTENT (%)
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N 4824028.3; E 295837.7 MTM NAD 83 ZONE 10 (LAT. 43.556138; LONG. -79.610932)

Cont. Split Spoon & 73 mm O.D., 60 mm I.D., Washbore Casing (Cathead/Safety Hammer)
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NOTES:

1. Water level measured at ground
surface (Elev. 75.3 m) at start of
shift on January 25, 2018

2. Water level measured at a
depth of 0.7 m below ground
surface (Elev. 74.6 m) prior to rock
coring on January 26, 2018
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Cont. Split Spoon & 73 mm O.D., 60 mm I.D., Washbore Casing (Cathead/Safety Hammer)
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UC = 114.1 MPa

PLT(D) = 0.25 MPa
PLT(A) = 0.28 MPa

PLT(D) = 0.24 MPa
PLT(A) = 0.60 MPa

PLT(D) = 0.28 MPa

PLT(A) = 0.58 MPa

BD,UN,SM    CL

CO,UN,SM    PC, Cl

BD,UN,SM    CC, Cl
BD,UN,SM    IN, Cl
BD,UN,SM    IN, Cl
CO,UN,SM    CL
CO,UN,SM    CL
CO,UN,SM    CL
JN,IR,RO    PC, Cl
CO,UN,SM    PC, Cl
CO,UN,SM    CL
JN,UN,SM    CL
CO,UN,SM    PC, Cl
CO,PL,SM    PC, Cl
CO,UN,SM    CC, Cl
CO,UN,RO    PC, Cl
CO,PL,SM    PC, Cl
JN,UN,SM    CL
CO,PL,SM    PC, Cl
CO,UN,SM    PC, Cl
CO,UN,SM    PC, Cl
JN,UN,SM    PC, Cl
JN,PL,RO    PC, Cl
CO,PL,RO    PC, Cl
CO,IR,SM    PC, Cl
CO,UN,SM    PC, Cl

CO,UN,SM    CL

BD,UN,SM    CL

BD,UN,SM    CL
CO,UN,SM    CL
CO,UN,SM    PC, Cl
CO,UN,SM    CL
CO,UN,SM    PC, Cl

BD,UN,SM    CL

CO,UN,SM    CL

CO,UN,SM    CL
CO,UN,SM    CL
JN,UN,SM    CL
JN,UN,SM    CL

Slightly weathered to fresh, thinly
laminated to medium bedded, grey, very
fine to fine grained, faintly porous, very
weak to weak SHALE (Georgian Bay
Formation) with LIMESTONE interbeds
Slightly weathered to fresh, thinly
bedded, grey, fine grained, non-porous,
very weak to weak SHALE (Georgian
Bay Formation) with LIMESTONE
interbeds

END OF DRILLHOLE
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DESCRIPTION

BR - Broken Rock

NOTE: For additional
abbreviations refer to list
of abbreviations &
symbols.
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INCLINATION:  -90°            AZIMUTH:  ---

NOTES
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INSTRUMENTATION
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VN
CJ
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RECOVERY
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TOTAL
CORE % TYPE AND SURFACE

DESCRIPTION

- Joint
- Fault
- Shear
- Vein
- Conjugate

BD
FO
CO
OR
CL

- Bedding
- Foliation
- Contact
- Orthogonal
- Cleavage

PL
CU
UN
ST
IR

- Planar
- Curved
- Undulating
- Stepped
- Irregular

DRILLING DATE:   January 26, 2018

DRILL RIG:  Portable/Tripod

DRILLING CONTRACTOR:  OGS Drilling
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Clayey silt with sand, trace to
some gravel, contains rootlets,
contains shale fragments (FILL)
Firm to hard
Brown, becoming grey at 3.1 m
Moist

Sandy CLAYEY SILT, some
gravel, contains shale fragments
Stiff
Moist, becoming wet at 4.6 m

ORGANIC CLAYEY SILT with
SAND, trace gravel, contains sand
lenses
Soft
Brown
Wet
SHALE (BEDROCK)
Grey

Bedrock cored from a depth of 7.2
m to 15.3 m

For bedrock coring details, refer to
Record of Drillhole CRB-4
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CME 55, 159 mm O.D., 70 mm I.D. Hollow Stem Augers (Auto Hammer)
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15.3
63.8 RQD = 97%RC6SHALE (BEDROCK)

END OF BOREHOLE

NOTES:

1. Water level encountered during
drilling at a depth of about 4.6 m
(Elev. 74.5 m) below ground
surface.

2. Water level measured in open
borehole at a depth of about 3.8 m
(Elev. 75.4 m) below ground
surface prior to rock coring.
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CME 55, 159 mm O.D., 70 mm I.D. Hollow Stem Augers (Auto Hammer)
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PLT(D) = 0.04 MPa
PLT(A) = 1.02 MPa
PLT(A) = 2.14 MPa

PLT(D) = 0.89 MPa

UC = 15.5 MPa

PLT(D) = 0.08 MPa

PLT(A) = 0.23 MPa

BD,UN,SM    SA, Cl

BD,UN,SM    SA, Cl

JN,PL,SM    CL
CO,UN,SM    IN, Cl
JN,CU,SM    CL
BD,UN,SM    PC, Cl
BD,UN,SM    IN, Cl

CO,UN,SM    SA, Cl
JN,CU,SM    CL
CO,UN,SM    IN, Cl
BD,UN,SM    PC, Cl
CO,UN,SM    PC, Cl
BD,UN,SM    IN, Cl
CO,UN,SM    CL

BD,UN,SM    CL

CO,PL,SM    CL
CO,PL,SM    CL
CO,UN,SM    SA, Cl
CO,UN,SM    CL

BD,UN,SM    IN, Cl

R0

R1
R0
R1

R0

R1

R0

Completely weathered, thinly laminated
to medium bedded, brown-grey, very fine
to fine grained, faintly porous, extremely
weak SHALE (Georgian Bay Formation)
Moderately weathered to fresh, thinly to
medium bedded, brown-grey, fine
grained, faintly porous, very weak to
weak SHALE (Georgian Bay Formation)
with LIMESTONE interbeds

Fresh, thinly to medium bedded, grey,
fine grained, faintly porous, weak SHALE
(Georgian Bay Formation) with
LIMESTONE interbeds

END OF DRILLHOLE
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DESCRIPTION

BR - Broken Rock

NOTE: For additional
abbreviations refer to list
of abbreviations &
symbols.
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- Shear
- Vein
- Conjugate

BD
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- Bedding
- Foliation
- Contact
- Orthogonal
- Cleavage
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- Planar
- Curved
- Undulating
- Stepped
- Irregular

DRILLING DATE:   February 16, 2018

DRILL RIG:  CME 55 Track

DRILLING CONTRACTOR:  Geo-Environmental Drilling
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Silty sand, some gravel, contains
rootlets (FILL)
Loose
Brown
Wet
Clayey silt with sand, trace to
some gravel, contains rootlets /
organics. contains clayey silt
pockets and shale fragments
(FILL)
Very stiff
Brown and grey
Moist/frozen

Silty SAND to SILT and SAND,
trace gravel, trace clay, trace
organics, contains clayey silt
pockets and rootlets
Very loose to loose
Brown to grey
Moist to wet

ORGANIC CLAYEY SILT with
SAND, trace gravel
Very soft to firm
Brown
Moist

Silty SAND, trace to some gravel,
trace clay, contains clayey silt
pockets, contains wood fragments
Loose
Grey
Wet

SHALE (BEDROCK)
Grey
Bedrock cored from a depth of 7.2
m to 15.5 m

For bedrock coring details, refer to
Record of Drillhole CRB-5
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N 4824128.9; E 295914.2 MTM NAD 83 ZONE 10 (LAT. 43.557044; LONG. -79.609986)

CME 55, 203 mm O.D., 108 mm I.D. Hollow Stem Augers (Auto Hammer)
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63.7

RQD = 99%RC6
SHALE (BEDROCK)
Grey

END OF BOREHOLE

NOTES:

1. Water level encountered during
drilling at a depth of about 3.7 m
(Elev. 75.5 m)below ground
surface.

2. Water level measured in open
borehole at a depth of about 4.3 m
(Elev. 74.9 m) below ground
surface prior to rock coring.
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PLT(D) = 0.76 MPa
PLT(A) = 0.37 MPa

PLT(A) = 1.45 MPa

PLT(D) = 0.07 MPa

UC = 18.6 MPa

PLT(D) = 0.52 MPa
PLT(A) = 0.27 MPa

BD,UN,SM    CC, Cl
BD,UN,SM    CC, Cl

BD,UN,RO    PC, Cl
BD,UN,RO    PC, Cl

JN,UN,SM    SA, Cl
CO,UN,SM    PC, Cl

JN,PL,SM    SA, Cl

CO,UN,SM    CL

CO,UN,SM    SA, Cl

JN,IR,SM    SA, Cl

CO,CU,SM    PC, Cl
JN,IR,SM    SA, Cl
CO,UN,SM    CC, Cl
CO,UN,SM    CC, Cl

BD,UN,SM    CC, Cl

BD,UN,SM    CC, Cl

BD,UN,SM    CL
BD,UN,SM    CL
JN,PL,SM    SA, Cl
CO,UN,SM    CC, Cl
BD,UN,SM    IN, Cl
CO,CU,SM    SA, Cl
JN,IR,SM    SA, Cl
CO,UN,SM    SA, Cl

BD,UN,SM    IN, Cl

R0

R1

R1
R1

R1

R1

R0

R1

Highly weathered, thinly laminated to
medium bedded, brown to grey, very fine
to fine grained, faintly porous, very weak
SHALE (Georgian Bay Formation)

Slightly weathered to fresh, thinly
laminated to medium bedded, grey, very
fine to fine grained, faintly porous, weak
SHALE (Georgian Bay Formation) with
LIMESTONE interbeds

Slightly weathered to fresh, thinly to
medium bedded, grey, fine grained,
faintly porous, very weak to weak
SHALE (Georgian Bay Formation) with
LIMESTONE interbeds

END OF DRILLHOLE
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DESCRIPTION

BR - Broken Rock

NOTE: For additional
abbreviations refer to list
of abbreviations &
symbols.
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DESCRIPTION

- Joint
- Fault
- Shear
- Vein
- Conjugate

BD
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CL

- Bedding
- Foliation
- Contact
- Orthogonal
- Cleavage

PL
CU
UN
ST
IR

- Planar
- Curved
- Undulating
- Stepped
- Irregular

DRILLING DATE:   February 13, 2018

DRILL RIG:  CME 55 Track

DRILLING CONTRACTOR:  Geo-Environmental Drilling
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Clayey silt with sand, trace to
some gravel, contains organics /
rootlets, contains wood fragments.
contains shale fragments with
limestone (FILL)
Firm to hard
Brown to grey
Moist to wet

Silty SAND, trace rootlets and
wood fragments
Loose
Brown
Wet
ORGANIC CLAYEY SILT, some
sand, contains sand lenses, wood
fragments and shell fragments
Very soft to firm
Brown
Moist to wet

Silty SAND, trace clay, contains
shell fragments and rootlets
Loose
Grey
Wet
SHALE (BEDROCK)
Grey

Bedrock cored from a depth of 7.7
m to 17.2 m

For bedrock coring details, refer to
Record of Drillhole CRB-5A
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N 4824130.9; E 295910.6 MTM NAD 83 ZONE 10 (LAT. 43.557062; LONG. -79.610032)

CME 55, 159 mm O.D., 70 mm I.D. Hollow Stem Augers (Auto Hammer)
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17.2
62.1

RQD = 95%

RQD = 100%

RC

RC

6

7

SHALE (BEDROCK)
Grey

Bedrock cored from a depth of 7.7
m to 17.2 m

For bedrock coring details, refer to
Record of Drillhole CRB-5A

END OF BOREHOLE

NOTES:

1. Water level encountered during
drilling at a depth of about 4.0 m
(Elev. 75.3 m) below ground
surface.

2. Water level measured in open
borehole at a depth of about 3.6 m
(Elev. 75.7 m) below ground
surface prior to rock coring.

3. Groundwater level
measurements in piezometer:

   Date       Depth (m)    Elev. (m)
12/03/18         1.6               77.7
30/04/18         4.0              75.3
06/11/18         4.6              74.7
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RESISTANCE PLOT

SA

HWY

2002-13-00G.W.P.

WATER CONTENT (%)

Geodetic

kN/m3

3

BOREHOLE TYPE
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E

N 4824130.9; E 295910.6 MTM NAD 83 ZONE 10 (LAT. 43.557062; LONG. -79.610032)

CME 55, 159 mm O.D., 70 mm I.D. Hollow Stem Augers (Auto Hammer)
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PLT(D) = 0.56 MPa
PLT(A) = 0.42 MPa

UC = 14.2 MPa

PLT(D) = 0.43 MPa
PLT(A) = 0.07 MPa

UC = 22.7 MPa

JN,UN,SM    SA

CO,UN,SM    SA, Cl
JN,PL,SM    CC, Cl
JN,PL,SM    CL
CO,UN,SM    PC, Cl

CO,UN,SM    IN, Cl

BD,UN,SM    CL

JN,CU,SM    CL
CO,UN,SM    SA, Cl

CO,UN,SM    SA, Cl

CO,UN,SM    IN, Cl
CO,UN,SM    IN, Cl
CO,UN,SM    IN, Cl
JN,PL,SM    CL
JN,UN,SM    SA, Cl
CO,UN,SM    IN, Cl
CO,UN,SM    PC, Cl

BD,UN,SM    PC, Cl

CO,CU,SM    SA, Cl
JN,UN,SM    CL
CO,UN,SM    CL
BD,UN,SM    IN, Cl

CO,UN,SM    SA, Cl

CO,UN,SM    SA, Cl
CO,UN,SM    CL

BD,UN,SM    SA, Cl

R1

R1

R1

R1

R1

Completely to highly weathered, thinly
laminated to medium bedded, brown to
grey, very fine to fine grained, faintly
porous, extremely weak SHALE
(Georgian Bay Formation)

Fresh, thinly laminated to medium
bedded, grey, very fine to fine grained,
faintly porous, weak SHALE (Georgian
Bay Formation) with LIMESTONE
interbeds
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DESCRIPTION

BR - Broken Rock

NOTE: For additional
abbreviations refer to list
of abbreviations &
symbols.
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NOTES:

1. Borehole dry prior to rock
coring.

2. Water level measured in
standpipe piezometer:
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06/11/18         4.9              86.8
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0.51 MPa

PLT(A) =
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PLT(D) =
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BD,PL,SM    CL
BD,PL,RO    SA

CO,UN,RO    CL
CO,UN,RO    CL

BD,PL,SM    CL
BD,PL,SM    CL
BD,PL,SM    CL
CO,UN,RO    PC, Cl
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BD,PL,SM    CL
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BD,IR,RO    CL

R1

R1

R1

R1

Moderately weathered to fresh, thinly
laminated to medium bedded, grey, very
fine to fine grained, faintly porous, weak
SHALE (Georgian Bay Formation) with
LIMESTONE interbeds
Moderately weathered to fresh, thinly
laminated to medium bedded, grey, fine
grained, slightly porous, weak SHALE
(Georgian Bay Formation) with slightly
weathered to fresh, thinly bedded, grey,
fine grained, non-porous, medium
strong, LIMESTONE interbeds.
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- Brick fragments at a depth of
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Sandy SILT, trace clay
Compact
Brown
Wet
- Clayey silt layer between 4.6 m to
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- Clayey silt layer between 6.4 m
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gravel (TILL)
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Sandy CLAYEY SILT, containing
shale fragments (RESIDUAL
SOIL)
Hard
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Moist
SHALE (BEDROCK)
Grey
Bedrock cored from a depth of 8.5
m to 16.0 m

For bedrock coring details, refer to
Record of Drillhole CRB-7
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PLT(A) = 0.85 MPa
PLT(D) = 0.32 MPa

UC = 7.4 MPa

BD,PL,SM    SO, Cl

BD,PL,SM    CL

BD,UN,RO    PC, Cl
BD,UN,RO    PC, Cl
BD,PL,RO    CL
BD,UN,RO    CL

CO,UN,RO    CC, Cl

CO,UN,SM    CL

CO,UN,SM    CL

BD,UN,RO    SA

CO,UN,SM    PC, Cl

CO,PL,SM    CL

BD,UN,RO    PC, Cl
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BD,UN,RO    PC, Cl

BD,UN,RO    PC, Cl
BD,UN,RO    PC, Cl

CO,UN,RO    PC, Cl

CO,UN,RO    PC, Cl

CO,PL,SM    CL

Slightly weathered to fresh, thinly
laminated to medium bedded, grey, very
fine to fine grained, faintly porous, weak
SHALE (Georgian Bay Formation) with
LIMESTONE interbeds

Slightly weathered to fresh, thinly
bedded, grey, fine grained, non-porous,
weak to medium strong, SHALE
(Georgian Bay Formation) with slightly
weathered to fresh, thinly bedded, grey,
fine grained, non-porous, medium
strong, LIMESTONE interbeds.
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BR - Broken Rock

NOTE: For additional
abbreviations refer to list
of abbreviations &
symbols.
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CORE % TYPE AND SURFACE

DESCRIPTION

- Joint
- Fault
- Shear
- Vein
- Conjugate

BD
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CL

- Bedding
- Foliation
- Contact
- Orthogonal
- Cleavage

PL
CU
UN
ST
IR

- Planar
- Curved
- Undulating
- Stepped
- Irregular

DRILLING DATE:   October 23, 2017

DRILL RIG:  CME 850 Track

DRILLING CONTRACTOR:  Aardvark Drilling
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TOPSOIL (80 mm)
Sand, some silt, trace clay (FILL)
Very loose to compact
Brown
Moist

SAND, some silt, trace clay
Compact to dense
Brown
Moist

- Becoming wet below a depth of
about 3.1 m
- Clayey silt pockets at a depth of
about 3.1 m
SILT, trace to some sand, trace to
some clay
Slight plasticity
Dense to very dense
Grey
Wet

- Becoming grey and brown at a
depth of about 5.6 m

CLAYEY SILT, some sand
Very stiff
Grey
Wet

Sandy CLAYEY SILT with shale
fragments (RESIDUAL SOIL)
Hard
Grey
Moist
- Auger grinding at a depth of
about 7.6 m
SHALE (BEDROCK)
Grey
END OF BOREHOLE -
SPLIT-SPOON REFUSAL

NOTE:

1. Water level measured at a
depth of about 1.5 m (Elev. 93.2
m) below ground surface upon
completion of drilling.

3

12

21

44

35

67

32

22

50/0.13

50/0.08

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

PLASTIC
LIMIT

ORIGINATED BY

U
N

IT

W
E

IG
H

T

20 40 60 80 100

DEPTH

S
T

R
A

T
 P

LO
T

RECORD OF BOREHOLE   No CRB-8

w

REMOULDED

G
R

O
U

N
D

 W
A

T
E

R

C
O

N
D

IT
IO

N
S

FIELD VANEDESCRIPTION

DATE

wP

.

DIST

SHEAR STRENGTH kPa

CL

ELEV

MPL

JL

SMM

SHEET  1  OF  1

10 20 3020 40 60 80 100

QEW

UNCONFINED

3%

QUICK TRIAXIAL

1662333

N
U

M
B

E
R

LIQUID
LIMIT

3

COMPILED BY

PROJECT

:

Central

CHECKED BY

"N
" 

V
A

LU
E

S

DATUM

E
LE

V
A

T
IO

N
 S

C
A

LE REMARKS

&

GRAIN SIZE

DISTRIBUTION

(%)

STRAIN AT FAILURE,

0.0

METRIC

Numbers refer to
Sensitivity

94

93

92

91

90

89

88

87

GROUND SURFACE94.7

SAMPLES

GR

October 17, 2017
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N 4824211.5; E 295953.7 MTM NAD 83 ZONE 10 (LAT. 43.557788; LONG. -79.609499)

CME 850, 210 mm O.D. Hollow Stem Augers (Auto Hammer)
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ASPHALT (150 mm)
CONCRETE (150 mm)
Gravelly sand, some fines (FILL)
Compact to very dense
Brown
Moist

Silty SAND, trace to some clay
Very loose to dense
Brown
Moist

SILT, trace to some sand, trace to
some clay
Dense
Brown to grey below 6.6 m
Moist

Sandy CLAYEY SILT, trace gravel
(TILL)
Hard
Grey
Moist
END OF BOREHOLE

NOTES:

1. Borehole caved to a depth of
6.4 m below ground surface upon
removal of hollow stem augers.

2. Water level measured at a
depth of 6.3 m (Elev. 89.0 m)
below ground surface upon
completion of soil drilling.
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GEOPHYSICAL RECORD OF BOREHOLE:

Client:
Date:

Project Number:

CRB-2B

Morrison Hershfield Ltd.
July 2018

1662333

Borehole Inclination:

Casing Depth:

Northing:

Location:

Elevation:

Log Date:
Water Level:

Logged By:Casing Diameter:

Depth Reference:

Easting:

Datum:

Borehole Azimuth:

Drilled Depth:

Borehole Diameter: 0 deg, Vertical

2.5 m bgs

4,823,955.2 m N

QEW Credit River

94.7 m asl

6-Jul-18
8.2 m bgs

AR100 mm

"0" at Ground

295,818.7 m E

NAD83, UTM Zone 17N

N/A

13 m bgs

97 mm

Partially Open Joint / Fracture Filled Fracture / Joint Bedding / Banding / Foliation

Casing Water Table

Notes:

Depth

1m:10m

Optical Image MN

0° 0°180°90° 270°

Acoustic Amplitude MN

0° 0°180°90° 270°

Acoustic Travel Time MN

0° 0°180°90° 270°

Acoustic Caliper

50 150mm

Caliper

50 150mm

Structure

0° 0°180°90° 270°

Tadpoles TD&DD

0 90

Elevation

m asl

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

3.0

3.2

3.4

3.6

3.8

4.0

93.2

93.0

92.8

92.6

92.4

92.2

92.0

91.8

91.6

91.4

91.2

91.0

90.8

90.6

Page 1
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Borehole CRB-2 (3.04 m to 12.8 m)

FIGURE B-1

Start of Run No. 1 (3.04 m)
Start of Run No. 2 (3.28 m) Start of Run No. 3 (4.95 m)

Start of Run No. 4 (6.53 m)

Start of Run No. 5 (8.00 m)

Start of Run No. 6 (9.54 m)

Start of Run No. 7 (11.1 m)
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Bedrock Core Photograph
Borehole CRB-2A (1.12 m to 8.96 m)

FIGURE B-2

Start of Run No. 1 (1.12 m)
Start of Run No. 2 (1.47 m) Start of Run No. 3 (2.13 m)

Start of Run No. 4 (2.95 m)

Start of Run No. 5 (4.2 m)
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Bedrock Core Photograph
Borehole CRB-2B (3.64 m to 12.72 m)

FIGURE B-3

Start of Run No. 1 (3.64 m)

Start of Run No. 2 (5.05 m)

Start of Run No. 3 (6.57 m)

Start of Run No. 4 (8.13 m)
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Soil Core (2.13 m - 3.64 m)
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Bedrock Core Photograph
Borehole CRB-3 (7.77 m to 15.28 m)

FIGURE B-4

Start of Run No. 2 (7.77 m)

Start of Run No. 3 (9.29 m)

Start of Run No. 4 (10.81 m)

Start of Run No. 5 (12.33 m)

Start of Run No. 6 (13.85 m)
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Bedrock Core Photograph
Borehole CRB-3A (7.01 m to 15.78 m)

FIGURE B-5

Start of Run No. 1 (7.01 m) Start of Run No. 2 (7.8 m)

Start of Run No. 3 (9.3 m)

Start of Run No. 4 (10.88 m)

Start of Run No. 5 (12.4 m)
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Bedrock Core Photograph
Borehole CRB-3C (6.43 m to 14.1 m)

FIGURE B-6

Start of Run No. 1 (6.43 m)
Start of Run No. 2 (6.7 m) Start of Run No. 3 (7.17 m)

Start of Run No. 4 (8.39 m)

Start of Run No. 5 (9.55 m) Start of Run No. 6 (10.39 m)

Start of Run No. 7 (11.6 m)
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AS SHOWN

R
E

V
IS

IO
N

 
D

A
T

E
:
 
M

a
r
c
h

 
7

,
 
2

0
1

8
 
 
 
B

Y
:
 
J
IL

P
r
o

je
c
t
:
 
1

6
6

2
3

3
3

PROJECT No.

DRAFT

CADD

CHECK

REVIEW

FILE No. ----
VER. 1.SCALE

TITLE

PROJECT

--

1662333

MTO Assignment 2015-E-0033: Detail Design for 
the widening/rehab/realignment of QEW Between

Mississauga Road and Hurontario Street

JIL

DM
SMM

Mar 2018

June 2018
June 2018

Bedrock Core Photograph
Borehole CRB-4 (7.22 m to 15.31 m)

FIGURE B-7

Start of Run No. 1 (7.22 m) Start of Run No. 2 (7.52 m)

Start of Run No. 3 (9.3 m)

Start of Run No. 4 (10.82 m)

Start of Run No. 5 (12.3 m)

Start of Run No. 6 (13.86 m)
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Bedrock Core Photograph
Borehole CRB-5 (7.18 m to 15.52 m)

FIGURE B-8

Start of Run No. 1 (7.18 m) Start of Run No. 2 (7.82 m) Start of Run No. 3 (9.4 m)
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 GRAIN SIZE DISTRIBUTION 
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FIGURE C-4B
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Silt to Silty Sand to Sand FIGURE C-6A
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 GRAIN SIZE DISTRIBUTION 
Sand and Gravel to Sand FIGURE C-8

Date: 24-May-18
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 GRAIN SIZE DISTRIBUTION 
Organic Clayey Silt to Organic Clayey Silt with Sand FIGURE C-10
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GRAIN SIZE DISTRIBUTION
Sandy Clayey Silt to Clayey Silt with Sand (Till) FIGURE C-12

Date: 01-Feb-19

Project Number: 1662333

Checked By: Golder Associates
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 GRAIN SIZE DISTRIBUTION 
Sandy Clayey Silt (Residual Soil) FIGURE C-14

Date: 24-May-18

Project Number: 1662333

Checked By: Golder Associates
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Table C1: Summary of Point Load Test Results 

Borehole 
No. 

Sample 
Depth 
(m) 

Sample 
Elevation 
(m) 

Orientation Corrected 
Is (50 mm) 
(MPa) 

CRB-2 8.47 87.13 Diametral 0.04 

CRB-2 8.5 87.10 Axial 0.82 

CRB-2 10.48 85.12 Diametral 0.19 

CRB-2 11.61 83.99 Axial 0.33 

CRB-2 12.22 83.38 Diametral 0.10 

CRB-2 12.26 83.34 Axial 0.24 

CRB-2A 7.07 87.43 Axial 0.37 

CRB-2A 7.5 87.00 Diametral 0.44 

CRB-2A 7.55 86.95 Axial 0.13 

CRB-2A 4.81 89.69 Diametral 0.18 

CRB-2A 5.82 88.68 Diametral 0.28 

CRB-2A 5.87 88.63 Axial 0.40 

CRB-2B 7.27 87.43 Diametral 0.44 

CRB-2B 7.89 86.81 Diametral 0.15 

CRB-2B 8.00 86.70 Axial 0.46 

CRB-2B 9.49 85.21 Diametral 0.06 

CRB-2B 10.27 84.43 Diametral 0.50 

CRB-2B 10.27 84.43 Axial 0.33 

CRB-3 9.2 66.70 Axial 0.30 

CRB-3 9.2 66.70 Diametral 0.09 

CRB-3 10.47 65.43 Axial 0.68 

CRB-3 10.47 65.43 Diametral 0.22 



March 1, 2019 1662333-5 

Borehole 
No. 

Sample 
Depth 
(m) 

Sample 
Elevation 
(m) 

Orientation Corrected 
Is (50 mm) 
(MPa) 

CRB-3 11.27 64.63 Axial 0.26 

CRB-3 11.27 64.63 Diametral 0.85 

CRB-3A 7.85 67.85 Diametral 0.62 

CRB-3A 7.85 67.85 Axial 0.46 

CRB-3A 10.33 65.37 Diametral 0.06 

CRB-3A 10.41 65.29 Axial 1.35 

CRB-3A 13.4 62.30 Diametral 0.36 

CRB-3A 13.36 62.34 Axial 0.78 

CRB-3C 9.12 66.18 Diametral 0.25 

CRB-3C 9.24 66.06 Axial 0.28 

CRB-3C 11.38 63.92 Diametral 0.24 

CRB-3C 11.42 63.88 Axial 0.60 

CRB-3C 13.18 62.12 Diametral 0.28 

CRB-3C 13.9 61.40 Axial 0.58 

CRB-4 13.5 65.60 Diametral 0.89 

CRB-4 9.22 69.88 Diametral 0.04 

CRB-4 9.22 69.88 Axial 1.02 

CRB-4 9.28 69.82 Axial 2.14 

CRB-4 14.93 64.17 Diametral 0.08 

CRB-4 14.93 64.17 Axial 0.23 

CRB-5 8.95 70.25 Diametral 0.76 

CRB-5 9.03 70.17 Axial 0.37 

CRB-5 14.48 64.72 Diametral 0.52 
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Borehole 
No. 

Sample 
Depth 
(m) 

Sample 
Elevation 
(m) 

Orientation Corrected 
Is (50 mm) 
(MPa) 

CRB-5 14.51 64.69 Axial 0.27 

CRB-5 13.31 65.89 Diametral 0.07 

CRB-5 9.53 69.67 Axial 1.45 

CRB-5A 10.24 69.06 Diametral 0.56 

CRB-5A 10.29 69.01 Axial 0.42 

CRB-5A 13.84 65.46 Diametral 0.43 

CRB-5A 13.89 65.41 Axial 0.07 

CRB-5A 16.8 62.50 Diametral 0.82 

CRB-5A 17 62.30 Axial 0.24 

CRB-6 6.03 85.67 Axial 0.70 

CRB-6 6.03 85.67 Diametral 0.44 

CRB-6 7.34 84.36 Axial 0.65 

CRB-6 7.34 84.36 Diametral 0.51 

CRB-6 9.03 82.67 Axial 0.61 

CRB-6 9.03 82.67 Diametral 0.15 

CRB-7 9.06 85.64 Axial 0.47 

CRB-7 9.06 85.64 Diametral 0.26 

CRB-7 9.46 85.24 Axial 0.56 

CRB-7 9.46 85.24 Diametral 0.42 

CRB-7 12.04 82.66 Axial 0.85 

CRB-7 12.04 82.66 Diametral 0.32 



 
 

Geomechanica Inc.
Suite 900 – 390 Bay St.

Toronto Ontario 
Canada M5H 2Y2

 

 Tel: 1-647-478-9767  http://www.geomechanica.com/  
 

 
November 22, 2017 
 
 
Mr. David Marmor 
Golder Associates Ltd. 
6925 Century Avenue, Suite #100 
Mississauga, Ontario 
Canada L5N 7K2 
 
Re:  UCS + E testing 

 (Golder Project No. 166233) 
 
Dear Mr. Marmor: 
 
On November 3, 2017 four (4) HQ-sized core samples were received by Geomechanica Inc. via courier. 
These samples were identified as being from boreholes drilled as part of Golder project 166233 (denoted 
as QEW/Credit River UCS samples). A uniaxial compressive strength (UCS) specimen was prepared and 
tested from each of these samples (4 tests total).  
 
Details regarding the steps of specimen preparation and testing along with the test results and specimen 
photographs before and after testing are presented in the accompanying laboratory report. 
 
 
 
Sincerely, 
 
 
 
Giovanni Grasselli Ph.D., P. Eng. 
 
Geomechanica Inc. 
Tel: (647) 478-9767  
Email: giovanni.grasselli@geomechanica.com



Rock Laboratory Testing
Results

A report submitted to:
David Marmor

Golder Associates Ltd.
6925 Century Avenue, Suite #100

Mississauga, Ontario
Canada L5N 7K2

Prepared by:
Bryan Tatone, PhD

Omid Mahabadi, PhD
Giovanni Grasselli, PhD, PEng

Geomechanica Inc
#300-90 Adelaide St W

Toronto ON
M5H 3V9 Canada

Tel: +1-647-478-9767
info@geomechanica.com

November 22, 2017
Project number: 1662333

Abstract

This document summarizes the results of 4 uniaxial compression
tests on HQ-sized core samples for Golder Project 1662333. Results
including uniaxial compressive strength (UCS) and Young’s modu-
lus along with photographs of samples before and after testing are
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1 Overview

This report summarizes the results of laboratory testing of 4 uniaxial compression tests on HQ-sized core

samples for Golder Project 1662333. The tests were performed in Geomechanica’s laboratory in Oakville,

Ontario, Canada using a 1.3 MN capacity Forney compression testing machine (Figure 1). The specimens

were loaded with a nearly constant axial displacement rate of 0.150 mm/min.The specimen preparation and

testing procedure included the following:

1. Unwrapping of the core samples, inspecting them for damage, and re-wrapping them in electrical tape

to minimize disturbance during subsequent specimen preparation.

2. Diamond cutting of core samples to obtain cylindrical specimens with an appropriate length (length:diameter

= 2:1) and nearly parallel end faces.

3. Surface grinding of specimens to obtain flat (within ±0.025 mm) and parallel end faces (within 0.25◦).

4. Placing each specimen into the loading frame, applying a 0.5-1.0 kN axial load, removing the elec-

trical tape, and subsequently increasing the axial load gradually to cause rupture while continuously

recording axial force and axial deformation to determine peak strength (UCS) and (tangent) Young’s

modulus.

Figure 1: UCS Test setup.
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2 Results

The results of the tests are summarized in Table 1. The corresponding stress-strain curves for the uniaxial

compression tests are presented in Figure 2. The Young’s modulus is the tangent modulus, calculated as the

slope of the best fit line through ±300 data points on either side of the point representing 50% of the peak

strength.

Table 1: Summary of laboratory test results.

Sample Depth Bulk density UCS Young’s Modulus Notes

(m) ρ (g/cm3) (MPa) E (GPa)

CRB-3, UCS-1 11.44 - 11.66 2.61 9.4 2.10 1

CRB-6, UCS-1 6.06 - 6.17 2.17 14.6 0.63 1,2

CRB-7, UCS-1 9.21 - 9.369 2.59 15.5 0.65 1,2

CRB-7, UCS-3 12.11 - 12.36 2.59 7.4 1.28

Mean 2.49 11.7 1.2

Standard Deviation 0.18 3.4 0.6

1 Specimen emitted fresh pore water upon loading
2 length:diameter ratio < 2:1.

2.1 Specimen photographs

Photographs of the specimens before and after testing are presented in Figure 3.
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Figure 2: Measured stress-strain curves.
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CRB-3, UCS-1
11.44 m – 11.66 m

CRB-6, UCS-1
6.06 m – 6.17 m

CRB-7, UCS-1
9.21 m – 9.36 m

CRB-7, UCS-3
12.11 m – 12.36 m

Figure 3: Photographs of specimens prior to testing.
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Golder Associates Ltd. 
6925 Century Avenue, Suite #100 
Mississauga, Ontario 
Canada L5N 7K2 
 
Re:  UCS + E testing 

 (Golder Project No. 1662333) 
 
Dear Mr. Marmor: 
 
On March 27, 2018 three (3) NQ-sized and eight (8) HQ-sized core samples were received by 
Geomechanica Inc. via drop-off by Golder personnel. These samples were identified as being from 
boreholes drilled as part of Golder project. A uniaxial compressive strength (UCS) specimen was 
prepared and tested from each of these samples (11 tests total).  
 
Details regarding the steps of specimen preparation and testing along with the test results and specimen 
photographs before and after testing are presented in the accompanying laboratory report. 
 
 
 
Sincerely, 
 

 
 
Bryan Tatone Ph.D., P. Eng. 
 
Geomechanica Inc. 
Tel: (647) 478-9767  
Email: bryan.tatone@geomechanica.com
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Abstract

This document summarizes the results of 11 uniaxial compres-
sion tests on a combination of NQ and HQ core samples. Results,
including uniaxial compressive strength (UCS) and Young’s modu-
lus, along with photographs of test specimens before and after testing
are presented.

In this document:
1 Overview 1
2 Results 1
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1 Overview

This report summarizes the results of 11 uniaxial compression tests. The specimen preparation and testing

procedure included the following:

1. Unwrapping of the core samples, inspecting them for damage, and re-wrapping them in electrical tape

to minimize disturbance during subsequent specimen preparation.

2. Diamond cutting of core samples to obtain cylindrical specimens with an appropriate length (length:diameter

= 2:1) and nearly parallel end faces.

3. Surface grinding of specimens to obtain flat (within ±0.025 mm) and parallel end faces (within 0.25◦).

4. Placing each specimen into the loading frame, applying a 0.5-1.0 kN axial load, removing the elec-

trical tape, and axial loading at a constant displacement rate to rupture while continuously recording

axial force and axial deformation to determine the peak strength (UCS) and (tangent) Young’s modu-

lus (E).

2 Results

The results of the tests are summarized in Table 1. The corresponding stress-strain curves for the uniaxial

compression tests are presented in Figure 1 to Figure 2. The Young’s modulus is the tangent modulus,

calculated as the slope of the best fit line through ±300 data points on either side of the point representing

50.0% of the peak strength.

Table 1: Summary of laboratory test results.

Sample Rock Depth Bulk density UCS Young’s Modulus Notes

(m) type ρ (g/cm3) (MPa) E (GPa)

CRB-2A, UCS-1 Shale 4.31 - 4.46 2.59 18.2 0.75 1, 2

CRB-2A, UCS-2 Shale 4.92 - 5.15 2.60 17.1 0.76 1

CRB-3C, UCS-3 Limestone 7.87 - 7.98 2.61 114.1 22.91 2, 3

CRB-2, UCS-2 Shale 7.75 - 7.92 2.58 11.2 0.83 1

CRB-2, UCS-3 Shale 11.37 - 11.52 2.61 13.0 2.19 3

CRB-3A, UCS-3 Shale 10.19 - 10.33 2.60 8.9 0.48 1, 4 - 2 limestone layers 5̃-10 mm thick

CRB-3A, UCS-5 Shale 12.99 - 13.28 2.62 16.9 0.67 1

CRB-4, UCS-3 Shale 13.62 - 13.80 2.61 18.6 0.84 1

CRB-5, UCS-2 Shale 13.68 - 13.95 2.61 15.5 0.61 1

CRB-5A, UCS-2 Shale 12.43 - 12.57 2.60 14.2 0.96 1

CRB-5A, UCS-4 Shale 15.34 - 15.57 2.64 22.7 0.93 1

1 Upon loading specimen emitted pore water
2 Irregular diameter > 0.5 mm
3 Length:Diameter ratio less than 2
4 Inter-bedded limestone and shale
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Figure 1: Measured stress-strain curves.
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Figure 2: Measured stress-strain curves.
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2.1 Specimen photographs

Photographs of the specimens before and after testing are presented in Figure 3 and Figure 4

CRB-2A, UCS-1
4.31 m – 4.46 m

CRB-2A, UCS-2
4.92 m – 5.15 m

CRB-3C, UCS-3
7.87 m – 7.98 m

CRB-2, UCS-2
7.75 m – 7.92 m

CRB-2, UCS-3
11.37 m – 11.52 m

CRB-3A, UCS-3
10.19 m – 10.33 m

Figure 3: Photographs of specimens prior to testing.

Project number: 1662333



Rock laboratory testing results 5

CRB-3A, UCS-5
12.99 m – 13.28 m

CRB-4, UCS-3
13.62 m – 13.80 m

CRB-5, UCS-2
13.68 m – 13.95 m

CRB-5A, UCS-2
12.43 m – 12.57 m

CRB-5A, UCS-4
15.34 m – 15.57 m

Figure 4: Photographs of failed specimens after testing.
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July 26, 2018 
 
 
Mr. David Marmor 
Golder Associates Ltd. 
6925 Century Avenue, Suite #100 
Mississauga, Ontario 
Canada L5N 7K2 
 
Re:  UCS + E testing 

 (Golder Project No. 1662333) 
 
Dear Mr. Marmor: 
 
On July 18, 2018 two (2) HQ3-sized core samples were received by Geomechanica Inc. via drop-off by 
Golder personnel. These samples were identified as being from boreholes drilled as part of Golder project 
1662333. A uniaxial compressive strength (UCS) specimen was prepared and tested from each of these 
samples (2 tests total).  
 
Details regarding the steps of specimen preparation and testing along with the test results and specimen 
photographs before and after testing are presented in the accompanying laboratory report. 
 
 
 
Sincerely, 
 

 
 
Bryan Tatone Ph.D., P. Eng. 
 
Geomechanica Inc. 
Tel: (647) 478-9767  
Email: bryan.tatone@geomechanica.com
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Abstract

This document summarizes the results of rock laboratory test-
ing of 2 uniaxial compressive strength (UCS) tests. Results, includ-
ing uniaxial compressive strength (UCS) and Young’s modulus along
with photographs of samples before and after testing are presented.
Additional specimen information is included in an accompaning sum-
mary spreadsheet.

In this document:

1 Uniaxial Compressive Strength (UCS) testing 1
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report.
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1 Uniaxial Compressive Strength (UCS) testing

This report summarizes the results of 2 uniaxial compressive strength (UCS) tests. The testing was per-

formed in Geomechanica’s rock testing laboratory using a 150 ton (1.3 MN) Forney loading frame equipped

with pressure-compensated control valve to maintain an axial displacement rate of approximately 0.15 mm/min

(Figure 1). This displacement rate was selected to target specimen failure to occur within 2 - 15 minutes.

The specimen preparation and testing procedure included the following:

1. Unwrapping of the core sample, inspecting it for damage, and re-wrapping it in electrical tape to

minimize exposure to moisture during subsequent specimen preparation.

2. Diamond cutting of core samples to obtain cylindrical specimens with an appropriate length (length:diameter

= 2:1) and nearly parallel end faces.

3. Diamond grinding of specimens to obtain flat (within ±0.025 mm) and parallel end faces (within

0.25◦).

4. Placement of the specimen into the loading frame, applying a 1 kN axial load, and removing the

electrical tape.

5. Axial loading to rupture while continuously recording axial force and axial deformation to determine

the peak strength (UCS) and (tangent) Young’s modulus (E).

Figure 1: UCS test setup.
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1.1 Results

The results of the tests are summarized in Table 1. The corresponding stress-strain curves for the uniaxial

compression tests are presented in Figure 2. Young’s modulus is the tangent modulus, calculated as the

slope of the best fit line through ±300 data points on either side of the point representing 50.0% of the peak

strength. Additional specimen information is included in the accompaning summary spreadsheet.

Table 1: Summary of laboratory test results.

Sample Depth Lithology Bulk density UCS Young’s Modulus Failure

(m) description ρ (g/cm3) (MPa) E (GPa) description

CRB-2B-SA-1 6.89 - 7.06 Shale 2.593 12.1 0.59 Diffuse axial splitting1, 2

CRB-2B-SA-4 9.10 - 9.25 Shale 2.601 15.5 0.63 Inclined shear band1, 2

1 Specimen side straightness (i.e., diameter) varied up to 0.6 mm
2 Specimen emitted pore water upon loading
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Figure 2: Measured stress-strain curves.

1.2 Specimen photographs

Photographs of the specimens before and after testing are presented in Figure 3.
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CRB-2B, SA-1
6.89 m – 7.06 m

CRB-2B, SA-4
9.10 m – 9.25 m

Figure 3: Photographs of specimens before and after testing.
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Sample ID: NW3-01 SA7

Matrix: Soil
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Received: 2017/11/13

Deonarine Ramnarine2017/11/17N/A5268736KONE/ECChloride (20:1 extract)
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Automated Statchk2017/11/202017/11/205263307Resistivity of Soil

Deonarine Ramnarine2017/11/17N/A5268737KONE/ECSulphate (20:1 Extract)

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: FNR710 Collected: 2017/10/26
Sample ID: PED-03 SA8

Matrix: Soil
Shipped:

Received: 2017/11/13

Deonarine Ramnarine2017/11/17N/A5268736KONE/ECChloride (20:1 extract)

Neil Dassanayake2017/11/20N/A5273678ATConductivity

Tahir Anwar2017/11/172017/11/175270614ATpH CaCl2 EXTRACT

Automated Statchk2017/11/202017/11/205263307Resistivity of Soil

Deonarine Ramnarine2017/11/17N/A5268737KONE/ECSulphate (20:1 Extract)
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Maxxam Job #: B7P4571
Report Date: 2017/11/21

Golder Associates Ltd
Client Project #: 1662333

QEW/CREDIT RIVERSite Location:

Sampler Initials: JC

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

5.3°CPackage 1

Results relate only to the items tested.
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Golder Associates Ltd
Client Project #: 1662333

Sampler Initials: JC
QEW/CREDIT RIVERSite Location:

Maxxam Job #: B7P4571
Report Date: 2017/11/21

QUALITY ASSURANCE REPORT

QC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

RPDMethod BlankSPIKED BLANKMatrix Spike

3514ug/g<2070 - 13010370 - 130NC2017/11/17Soluble (20:1) Chloride (Cl)5268736

3513ug/g<2070 - 13010770 - 130NC2017/11/17Soluble (20:1) Sulphate (SO4)5268737

N/A0.8597 - 103992017/11/17Available (CaCl2) pH5270614

100umho/cm<290 - 1101002017/11/20Conductivity5273678

NC (Matrix Spike): The recovery in the matrix spike was not calculated.  The relative difference between the concentration in the parent sample and the spike amount was too small to permit a reliable
recovery calculation (matrix spike concentration was less than the native sample concentration)

Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.

Matrix Spike:  A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.

Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

N/A = Not Applicable
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Maxxam Job #: B7P4571
Report Date: 2017/11/21

Golder Associates Ltd
Client Project #: 1662333

QEW/CREDIT RIVERSite Location:

Sampler Initials: JC

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Ewa Pranjic, M.Sc., C.Chem, Scientific Specialist

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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MAXXAM JOB #: B886277
Received: 2018/04/17, 14:35

CERTIFICATE OF ANALYSIS

Your Project #: 1662333

Report Date: 2018/04/26
Report #: R5092302

Version: 1 - Final

Attention: David Marmor

Golder Associates Ltd
6925 Century Ave
Suite 100
Mississauga, ON
CANADA          L5N 7K2

Your C.O.C. #: 35606

QEW/CRBSite Location:

Sample Matrix: Soil
# Samples Received: 3

ReferenceLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

EPA 325.2 mCAM SOP-004632018/04/22N/A3Chloride (20:1 extract)

OMOE E3530 v1  mCAM SOP-004142018/04/19N/A3Conductivity

EPA 9045 D mCAM SOP-004132018/04/202018/04/203pH CaCl2 EXTRACT

SM 23 2510 mCAM SOP-004142018/04/192018/04/173Resistivity of Soil

EPA 375.4 mCAM SOP-004642018/04/20N/A3Sulphate (20:1 Extract)

Maxxam Analytics' laboratories are accredited to ISO/IEC 17025:2005 for specific parameters on scopes of accreditation. Unless otherwise noted,
procedures used by Maxxam are based upon recognized Provincial, Federal or US method compendia such as CCME, MDDELCC, EPA, APHA.

All work recorded herein has been done in accordance with procedures and practices ordinarily exercised by professionals in Maxxam’s profession using
accepted testing methodologies, quality assurance and quality control procedures (except where otherwise agreed by the client and Maxxam in writing). All
data is in statistical control and has met quality control and method performance criteria unless otherwise noted. All method blanks are reported; unless
indicated otherwise, associated sample data are not blank corrected.

Maxxam Analytics' liability is limited to the actual cost of the requested analyses, unless otherwise agreed in writing. There is no other warranty expressed
or implied. Maxxam has been retained to provide analysis of samples provided by the Client using the testing methodology referenced in this report.
Interpretation and use of test results are the sole responsibility of the Client and are not within the scope of services provided by Maxxam, unless otherwise
agreed in writing.

Solid sample results, except biota, are based on dry weight unless otherwise indicated. Organic analyses are not recovery corrected except for isotope
dilution methods.
Results relate to samples tested.
This Certificate shall not be reproduced except in full, without the written approval of the laboratory.

Remarks:

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.
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MAXXAM JOB #: B886277
Received: 2018/04/17, 14:35

CERTIFICATE OF ANALYSIS

Your Project #: 1662333

Report Date: 2018/04/26
Report #: R5092302

Version: 1 - Final

Attention: David Marmor

Golder Associates Ltd
6925 Century Ave
Suite 100
Mississauga, ON
CANADA          L5N 7K2

Your C.O.C. #: 35606

QEW/CRBSite Location:

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Ema Gitej, Senior Project Manager
Email: EGitej@maxxam.ca
Phone# (905)817-5829
==================================================================== 
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E), 
signing the reports.  For Service Group specific validation please refer to the Validation Signature Page. 

Total Cover Pages : 2
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Maxxam Job #: B886277
Report Date: 2018/04/26

Golder Associates Ltd
Client Project #: 1662333

QEW/CRBSite Location:

Sampler Initials: JL

SOIL CORROSIVITY PACKAGE (SOIL)

Lab-Dup = Laboratory Initiated Duplicate

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

54934102058ug/gSoluble (20:1) Sulphate (SO4)

549340120<20ug/gSoluble (20:1) Chloride (Cl)

Inorganics

QC BatchRDL
CRB_2_6.10-6.24

Lab-Dup
UNITS

35606COC Number

2018/02/06
 12:00

Sampling Date

GLY691Maxxam ID

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

5493410205649160ug/gSoluble (20:1) Sulphate (SO4)

54920178.098.078.08pHAvailable (CaCl2) pH

54913032263321582umho/cmConductivity

549340120<204446ug/gSoluble (20:1) Chloride (Cl)

Inorganics

5488254380031001700ohm-cmResistivity

Calculated Parameters

QC BatchRDLCRB_2_6.10-6.24CRB_3A_11.10-11.28CRB_5_13.31-13.41UNITS

356063560635606COC Number

2018/02/06
 12:00

2018/02/09
 14:00

2018/02/14
 15:00

Sampling Date

GLY691GLY690GLY689Maxxam ID
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Maxxam Job #: B886277
Report Date: 2018/04/26

Golder Associates Ltd
Client Project #: 1662333

QEW/CRBSite Location:

Sampler Initials: JL

TEST SUMMARY

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: GLY689 Collected: 2018/02/14
Sample ID: CRB_5_13.31-13.41

Matrix: Soil
Shipped:

Received: 2018/04/17

Deonarine Ramnarine2018/04/22N/A5493401KONE/ECChloride (20:1 extract)

Tahir Anwar2018/04/19N/A5491303ATConductivity

Gnana Thomas2018/04/202018/04/205492017ATpH CaCl2 EXTRACT

Automated Statchk2018/04/192018/04/195488254Resistivity of Soil

Alina Dobreanu2018/04/20N/A5493410KONE/ECSulphate (20:1 Extract)

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: GLY690 Collected: 2018/02/09
Sample ID: CRB_3A_11.10-11.28

Matrix: Soil
Shipped:

Received: 2018/04/17

Deonarine Ramnarine2018/04/22N/A5493401KONE/ECChloride (20:1 extract)

Tahir Anwar2018/04/19N/A5491303ATConductivity

Gnana Thomas2018/04/202018/04/205492017ATpH CaCl2 EXTRACT

Automated Statchk2018/04/192018/04/195488254Resistivity of Soil

Alina Dobreanu2018/04/20N/A5493410KONE/ECSulphate (20:1 Extract)

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: GLY691 Collected: 2018/02/06
Sample ID: CRB_2_6.10-6.24

Matrix: Soil
Shipped:

Received: 2018/04/17

Deonarine Ramnarine2018/04/22N/A5493401KONE/ECChloride (20:1 extract)

Tahir Anwar2018/04/19N/A5491303ATConductivity

Gnana Thomas2018/04/202018/04/205492017ATpH CaCl2 EXTRACT

Automated Statchk2018/04/192018/04/195488254Resistivity of Soil

Alina Dobreanu2018/04/20N/A5493410KONE/ECSulphate (20:1 Extract)

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: GLY691 Dup Collected: 2018/02/06
Sample ID: CRB_2_6.10-6.24

Matrix: Soil
Shipped:

Received: 2018/04/17

Deonarine Ramnarine2018/04/22N/A5493401KONE/ECChloride (20:1 extract)

Alina Dobreanu2018/04/20N/A5493410KONE/ECSulphate (20:1 Extract)
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Maxxam Job #: B886277
Report Date: 2018/04/26

Golder Associates Ltd
Client Project #: 1662333

QEW/CRBSite Location:

Sampler Initials: JL

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

8.7°CPackage 1

Results relate only to the items tested.
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Golder Associates Ltd
Client Project #: 1662333

Sampler Initials: JL
QEW/CRBSite Location:

Maxxam Job #: B886277
Report Date: 2018/04/26

QUALITY ASSURANCE REPORT

QC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

RPDMethod BlankSPIKED BLANKMatrix Spike

100.69umho/cm<290 - 1101012018/04/19Conductivity5491303

N/A0.3797 - 103992018/04/20Available (CaCl2) pH5492017

35NCug/g<2070 - 13010670 - 1301162018/04/22Soluble (20:1) Chloride (Cl)5493401

353.1ug/g<2070 - 13010170 - 130NC2018/04/20Soluble (20:1) Sulphate (SO4)5493410

NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD calculation (absolute difference <= 2x RDL).

NC (Matrix Spike): The recovery in the matrix spike was not calculated.  The relative difference between the concentration in the parent sample and the spike amount was too small to permit a reliable
recovery calculation (matrix spike concentration was less than the native sample concentration)

Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.

Matrix Spike:  A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.

Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

N/A = Not Applicable
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Maxxam Job #: B886277
Report Date: 2018/04/26

Golder Associates Ltd
Client Project #: 1662333

QEW/CRBSite Location:

Sampler Initials: JL

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Cristina Carriere, Scientific Service Specialist

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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March 1, 2019 1662333-5 

APPENDIX D 

Non-Standard Special Provisions, Special Provisions 
and Notice to Contractor 



July 2017 Page 1 of 3 SSP 517F01 

DEWATERING SYSTEM - Item No. 
TEMPORARY FLOW PASSAGE SYSTEM - Item No. 
 

 
Special Provision No. 517F01 July 2017 

 
Amendment to OPSS 517, November 2016 
 
Design Storm Return Period and Preconstruction Survey Distance 
 
517.01   SCOPE 
 
Section 517.01 of OPSS 517 is deleted in its entirety and replaced with the following: 
 
This specification covers the requirements for the design, operation, and removal of a dewatering or 
temporary flow passage system or both to control water during construction, and the control of the water prior 
to discharge to the natural environment and sewer systems. 
 
517.04   DESIGN AND SUBMISSION REQUIREMENTS 
 
517.04.01  Design Requirements 
 
Subsection 517.04.01 of OPSS 517 is amended by deleting the first paragraph in its entirety and replacing it 
with the following: 
 
A dewatering or temporary flow passage system or both shall be designed to control water at the locations 
specified in the Contract Documents and at any other location where a system is necessary to complete the 
work.  The design of the system shall be sufficient to permit the work at each location to be carried out as 
specified in the Contract Documents. 
 
Subsection 517.04.01 of OPSS 517 is further amended by deleting the second last paragraph in its entirety 
and replacing it with the following: 
 
Temporary flow passage systems shall be designed, as a minimum, for a 2 year design storm return period 
and groundwater discharge, except for the work specified in Table A.  For the work specified in Table A, the 
temporary flow passage system shall be designed, as a minimum, for the design storm return period specified 
in Table A and groundwater discharge.  A longer return period shall be used when determined appropriate for 
the work. 
 
Intensity-Duration Factor (IDF) curve location, site specific minimum return period, return period flow 
estimates, and other information is provided in Table A.  The IDF information can be accessed through the 
MTO IDF Curve Look up Tool on the Drainage and Hydrology page of MTO’s website. The return period 
flow estimates do not include flow volumes from groundwater discharge.  The Owner specifically excludes 
these flow estimates from the warranty in the Reliance on Contract Documents subsection of OPSS 100, 
MTO General Conditions of Contract. 
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Table A 

  IDF Curve Location  Latitude:  43.554167  Longitude:  -79.612500 

  Temporary Flow Passage Systems 

Site Name / 
Station Reference 

Minimum 
Return Period 

(Years) 

Return Period Flow Estimates (m3/s) Design Engineer 
Requirements 

(Note 1) 
2 

Year 
5 

Year 
10 

Year 
25 

Year 

Credit River Bridge 2 120.0 223.0 291.0 369.0 Yes 

Stavebank Creek 2 0.7 1.1 1.6 2.0 No 

Kenollie Creek 2 3.1 4.7 5.4 10.0 No 

  Dewatering Systems 

Site Name / 
Station Reference 

Preconstruction Survey Distance (Note 2) 
(m) 

Design Engineer 
Requirements 

(Note 1) 

Credit River Bridge 50 Yes 
Note:  
1. “Yes” means the design Engineer and design-checking Engineer shall have a minimum of 5 years of experience in 

designing systems of similar nature and scope to the required work.  “No” means a minimum experience level is not 
required for the design Engineer and design-checking Engineer. 

2. “N/A” indicates a preconstruction survey is not required. 
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Table A (Sample) 

  IDF Curve Location  Latitude:  44.974844   Longitude:  -79.769339  

  Temporary Flow Passage Systems 

Site Name / 
Station Reference 

Minimum 
Return Period 

(Years) 

Return Period Flow Estimates (m3/s) Design Engineer 
Requirements 

(Note 1) 
2 

Year 
5 

Year 
10 

Year 
25 

Year 

Woods Creek Culvert 
Rehabilitation 2 0.7 3.5 7.5 10.9 N/A 

Site 32-145 
Robbs Creek Culvert Replacement 10 1.6 7.6 17.4 25.2 Yes 

  Dewatering Systems 

Site Name / 
Station Reference 

Preconstruction Survey Distance (Note 2) 
(m) 

Design Engineer 
Requirements 

(Note 1) 

Site 32-145 
Robbs Creek Culvert Replacement 300 Yes 

Note:  
1. “Yes” means the design Engineer and design-checking Engineer shall have a minimum of 5 years of experience in 

designing systems of similar nature and scope to the required work.  “No” means a minimum experience level is not 
required for the design Engineer and design-checking Engineer. 

2. “N/A” indicates a preconstruction survey is not required. 

 
 
 
 
WARRANT: Always with these tender items. 
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AMENDMENT TO OPSS 539, NOVEMBER 2014 
 
 

Special Provision No. 105S09 March 2018 
 

 

539.03 DEFINITIONS 
 

Section 539.03 of OPSS 539 is amended by the deletion of the definitions for Certificate of Conformance 
and Quality Verification Engineer. 

 
539.04 DESIGN AND SUBMISSION REQUIREMENTS 

 
539.04.02.05 Milestone Inspections 

 
Clause 539.04.02.05 of OPSS 539 is deleted in its entirety. 

 
539.07 CONSTRUCTION 

 
539.07.03.03.02 Excavation Depths Less Than or Equal to Three Metres 

 
Clause 539.07.03.03.02 of OPSS 539 is amended with the following: 

The Contractor’s Engineer shall inspect the following Work: 

a) Installation of the protection system, including excavation to dredge line. 
 

b) Removal of the protection system. 
 

539.07.03.03.03 Excavation Depths Exceeding Three Metres 

Clause 539.07.03.03.03 of OPSS 539 is amended with the following: 

The Contractor’s Engineer shall inspect the following Work: 

a) Layout and extent of protection system. 
 

b) Piling. 
 

c) Installation of protection system, including excavation to dredge line. 
 

d) Removal of protection system. 
 

539.07.03.04 Inspection of Protection Systems 
 

539.07.03.04.01 Excavation Depths Less Than or Equal to Three Metres 
 

Clause 539.07.03.04.01 of OPSS 539 is deleted in its entirety and replaced with the following: 
 

For protection systems to facilitate excavation depths less than or equal to 3 m and provided that surcharge 
loading due to vehicular traffic, construction equipment and materials, or other is beyond a horizontal distance 
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defined by a 1H : 2V line projected from the dredge line at the face of the protection system to the roadway 
surface, the Contractor’s Engineer shall inspect and verify that the that the protection system was installed, 
monitored, and subsequently removed according to the Contract Documents. 

 
A Certificate of Conformance shall be submitted to the Contractor Administrator upon completion of the 
installation of the protection system. 

 
A Certificate of Conformance shall be submitted to the Contractor Administrator upon completion of the 
removal of the protection system. 

 
Should the traffic be within a horizontal distance defined by a 1H: 2V line projected from the dredge line at the 
face of the protection system to the roadway surface, the Certificate of Conformance requirements as specified 
in the Excavation Depths Exceeding Three Metres clause shall apply. 

 
539.07.03.04.02 Excavation Depths Exceeding Three Metres 

 
Clause 539.07.03.04.02 of OPSS 539 is deleted in its entirety and replaced with the following: 

 
For protection systems to facilitate excavation depths that exceed 3 m or should traffic, construction equipment 
and materials, or other be within a horizontal distance defined by a 1H:1V line projected from the dredge line 
at the face of the protection system to the roadway surface. 

 
The Contractor’s Engineer shall inspect and verify that the materials have been supplied and installed 
according to the Contract Documents. A Certificate of Conformance shall be submitted to the Contract 
Administrator upon completion of the installation of the materials. 

 
The Contractor’s Engineer shall inspect and verify and that the protection system was installed, monitored, and 
subsequently removed according to the Contract Documents. A Certificate of Conformance shall be submitted 
to the Contract Administrator upon completion of the removal of the protection system. 



April 2018 Page 1 of 3 SSP 109F57 

AMENDMENT TO OPSS 903, APRIL 2016 

Special Provision No. 109F57 April 2018 

903.03 DEFINITIONS 

Section 903.03 of OPSS 903 is amended by the deletion of the definitions for Certificate of Conformance and 
Quality Verification Engineer. 

903.04 DESIGN AND SUBMISSION REQUIREMENTS 

903.04.02.04.02.01 Milestone Inspections 

Clause 903.04.02.04.02.01 of OPSS 903 is deleted in its entirety. 

903.04.02.06 Review of Splice Test Results and Permission to Proceed 

Clause 903.04.02.06 of OPSS 903 is deleted in its entirety. 

903.07 CONSTRUCTION 

903.07.02.07.01 General 

Clause 903.07.02.07.01 of OPSS 903 is amended by deleting the first paragraph in its entirety and replacing it 
with the following: 

The driving of piles shall be carefully monitored and controlled and pile driving records produced for each 
pile under the direction of the Contractor.  A pile driving record shall be submitted to the Contract 
Administrator.  

903.07.02.07.03 Driving to a Specified Ultimate Resistance 

903.07.02.07.03.01 General 

Clause 903.07.02.07.03.01 of OPSS 903 is deleted in its entirety and replaced with the following: 

When piles are specified to be driven to a specified ultimate resistance, the specified ultimate resistance shall 
be determined using the [N/A] at end of initial driving as specified in the Contract Documents.  If the 
specified ultimate resistance is not achieved, retap/restrike shall be conducted after initial driving as 
specified in the Contract Documents. 

A Request to Proceed shall be submitted to the Contract Administrator after the design ultimate resistance is 
achieved. 

The next operation shall not proceed until a Notice to Proceed has been received from the Contract 
Administrator. 

903.07.02.07.03.03 Driving to Bedrock 

Clause 903.07.02.07.03.03 of OPSS 903 is amended by deleting the last sentence in its entirety. 
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903.07.02.07.04 Wave Equation Analysis 
 
Clause 903.07.02.07.04 of OPSS 903 is deleted in its entirety and replaced with the following: 
 
When requested by the Contract Administrator, all equipment, material, and personnel shall be supplied to 
conduct the wave equation analysis procedure. 
 
903.07.03.07 Concrete 
 
903.07.03.07.01 General 
 
Clause 903.07.03.07.01 of OPSS 903 is deleted in its entirety and replaced with the following: 
 
A Request to Proceed shall be submitted to the Contract Administrator before the concrete placement. 
 
The reinforcement shall not be displaced or distorted during the construction of the caisson.  
 
The placement of concrete shall not proceed until the Contract Administrator has inspected the caisson hole 
and issued to the Contractor a Notice to Proceed. 
 
Concrete shall be placed immediately after the Notice to Proceed has been received and shall be placed in the 
caisson according to OPSS 904 and as specified herein. 
 
Arching of concrete during casing withdrawal shall be prevented. 
 
903.07.03.07.05 Founding Elevation 
 
Clause 903.07.03.07.05 of OPSS 903 is amended by deleting the last paragraph in its entirety and replacing it 
with the following: 
 
Complete access to inspect the bearing area of the caisson pile prior to the placement of concrete shall be 
given to the Contract Administrator. 
 
903.07.06 Load Test 
 
Subsection 903.07.06 of OPSS 903 is amended by deleting the first paragraph in its entirety and replacing it 
with the following: 
 
When a load test is specified in the Contract Documents, the testing shall be according to ASTM D 1143M 
for piles under vertical static load, ASTM D 3689 for piles under tensile load, and ASTM D 3966 for piles 
under lateral loads.  The Contract Administrator shall witness the pile load test.  All records and results of the 
pile load test shall be submitted to the Contract Administrator. 
 
903.07.08.01.02 Visual Inspection of Welds 
 
Clause 903.07.08.01.02 of OPSS 903 is deleted in its entirety and replaced with the following: 
 
Complete access to visually inspect the welds shall be given to the Contract Administrator. 
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A representative sample of not less than 30% of the welds, as determined by the Contract Administrator, shall 
be visually inspected for conformance to the requirements of CSA W59 and the Contract Documents. 
 
903.07.08.01.03 Non-Destructive Testing of Welds 
 
Clause 903.07.08.01.03 of OPSS 903 is deleted in its entirety and replaced with the following: 
 
Radiographic or ultrasonic testing shall be carried out using procedures according to CSA W59. 
 
Ultrasonic or radiographic testing shall be carried out on the entire length of selected splice welds chosen at 
random by the Contractor’s welding inspector assigned to carry out visual inspections. 
 
Selection shall be based on the following criteria:  
 
a) For pile groups other than at integral abutments, 10% of the splice welds, rounded to the next highest 

number, but no fewer than two. 
 
b) For pile groups at integral abutments, 10% of the splice welds, rounded to the next highest number, but no 

fewer than two of when the welds are below 6 m of the pile cut-off elevation. 
 
c) For pile groups at integral abutments, all splice welds within 6 m of the pile cut-off elevation. 
 
903.07.08.03 Certificate of Conformance 
 
Clause 903.07.08.03 of OPSS 903 is deleted in its entirety. 
 
903.10 BASIS FOR PAYMENT 
 
903.10.01 Supply Equipment for Installing Driven Piles - Item 
 Supply Equipment for Installing Caisson Piles - Item  
 Supply Equipment for Installing Displacement Caisson Piles - Item 
 
Subsection 903.10.01 of OPSS 903 is amended by deleting the second paragraph in its entirety and replacing 
it with the following: 
 
For payment purposes, 50% of the work under this item shall be paid when the satisfactory performance of 
the equipment has been demonstrated to the Contract Administrator by the installation of 1% of piles.  
 
Another 40% shall be paid by progress payments proportional to the work completed. The remaining 10% 
shall be paid on the satisfactory completion of the installation of piles.  
 



March 2018 Page 1 of 2 SSP 109S12  

AMENDMENT TO OPSS 902, NOVEMBER 2010 
 
 

Special Provision No. 109S12 March 2018 
 

 

902.03 DEFINITIONS 
 

Section 902.03 of OPSS 902 is amended by the deletion of the definitions for Certificate of Conformance 
and Quality Verification Engineer. 

 
Section 902.03 is further amended by the addition of the following definition: 

 
Dewatering System means as defined in OPSS 517. 

 
902.04 DESIGN AND SUBMISSION REQUIREMENTS 

 
902.04.02.02 Milestone Inspections 

 
Clause 902.04.02.02 of OPSS 902 is deleted in its entirety. 

 
902.07 CONSTRUCTION 

 
902.07.04 Dewatering Structure Excavation 

 
Subsection 902.07.04 of OPSS 902 is deleted in its entirety and replaced with the following: 

 
902.07.04 Dewatering Systems 

 
902.07.04.01 General 

 
Until backfilling has been completed and to permit the placing of concrete in the dry, all work necessary to 
control the flow of water into the excavation and to prevent disturbance of the founding material shall be 
carried out. 

 
902.07.06 Backfilling 

 
902.07.06.02 Compaction 

 
Clause 902.07.06.02 of OPSS 902 shall be deleted in its entirety and replaced by the following: 

 
Backfill shall be placed according to OPSS 206, except the Modified Layer Compaction Method shall not 
apply, and compacted according to OPSS 501. 

 
Only hand operated vibratory type compaction equipment shall be used for compaction of fill material within the 
restricted zone behind all earth retaining structures. 

 
902.07.08 Certificate of Conformance 

 
Subsection 902.07.08 of OPSS 905 is deleted in its entirety and replaced with the following: 
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902.07.08 Inspection for Dewatering, Excavation and Backfilling 
 

A Request to Proceed shall be submitted to the Contract Administrator prior to the commencement of 
dewatering of the excavation for the structure and completion of the excavation for the foundation. 

 
The next operation after the completion of the excavation for the foundation shall not proceed until a Notice 
to Proceed has been received from the Contract Administrator. 

 
A Request to Proceed shall be submitted to the Contract Administrator upon completion of the excavation for 
backfill and frost tapers and prior to the commencement of backfilling of excavation. 

 
The next operation prior to the commencement of backfilling of excavation shall not proceed until a Notice to 
Proceed has been received from the Contract Administrator. 



DEWATERING STRUCTURE EXCAVATIONS – Item No.  
 
 
Non-Standard Special Provision  
 
1.0 SCOPE 
 
As part of the work under this item, the Contractor shall design, supply, and install cofferdams to construct the 
foundations for the new piers at the QEW-Credit River bridge. 
 
All work as shown on the Contract Drawings. 
 
2.0 REFERENCES – Not Used 
 
3.0 DEFINITIONS 
 
Stamped means drawings or details that have been reviewed and stamped “Conforms With Contract 
Documents”. The stamp shall include the date and signature of the Contractor’s Engineer. 
 
Contractor’s Engineer means an Engineer licensed to practice in the Province of Ontario who has a minimum 
of five (5) years of experience in the field of design and/or construction of cofferdams. The Contractor shall 
retain the Contractor’s Engineer to ensure conformance with the contract document. 
 
Cofferdam Design Engineer means an Engineer licensed to practice in the Province of Ontario who has a 
minimum of five (5) years of experience in the field of design and/or construction of bridges. In addition, the 
Cofferdam Design Engineer shall have had responsible experience in the design of at least 5 other cofferdams. 
The Contractor shall retain the Cofferdam Design Engineer to ensure conformance with the contract documents 
and issue certificate(s) of conformance for the design 
 
4.0 DESIGN AND SUBMISSION REQUIREMENTS 
 
The design of concrete cofferdams shall be in accordance with the Canadian Highway Bridge Design Code 
CAN/CSA-S6-14. 
 
Submission of Shop Drawings 
 
All shop drawings submissions shall bear the seal and signature of the Cofferdam Design Engineer. 
 
The Contractor shall submit to the Contractor’s Engineer shop drawings for review and stamping. 
 
At least two weeks prior to the commencement of cofferdam construction, the Contractor shall submit to the 
Contract Administrator, for information purposes only, four (4) sets of stamped drawings and calculations of 
the cofferdam system. 
 
The Contractor shall, at least three (3) weeks prior to the commencement of the cofferdam installation, submit 
to the Contractor’s Engineer for review, four (4) sets of drawings and calculations indicating: 
 

• the cofferdam design; 
• the location, type and dimensions of each cofferdam to be used; 
• a schematic showing the configuration of all cofferdams; 



• the thickness of the tremie plug to ensure stability of the design excavation and cofferdam and the pour 
sequence of the tremie concrete for which the cofferdam was designed to accommodate unbalanced 
loading from staged placement and variable heights of the tremie concrete. 

 
The Contractor’s Engineer shall review all calculations, construction details, shop drawings and procedures. 
 
All submissions shall bear the seal and signature of the Cofferdam Design Engineer and Contractor’s Engineer. 
 
5.0 MATERIALS – Not Used 
 
6.0 EQUIPMENT – Not Used 
 
7.0 CONSTRUCTION 
 
The soils at the site are glacially- and fluvially-derived and should be expected to contain cobbles and boulders. 
In addition, obstructions may be present at or near the surface (i.e. existing rip-rap) and/or within the existing 
fill materials at the site. Appropriate equipment and procedures will be required to penetrate these obstructions 
to allow for installation of the cofferdam and for construction of the pile caps in dry conditions. The shale 
bedrock is found at relatively shallow depth below ground surface at the pier locations, and the surface of the 
bedrock will vary and undulate across each foundation element. The shale bedrock is weak, but contains strong 
to very strong limestone layers, although the upper portion of the bedrock does exhibit some degree of 
weathering; appropriate equipment and procedures will be required to seat the cofferdams onto or into the 
surface of the shale bedrock and mitigate groundwater seepage at the soil-bedrock interface. 
 
Footing/pile cap construction below the groundwater and/or Credit River water levels must be carried out in 
dry conditions. The excavation shall be kept stable during the work. 
 
The Contractor shall cut the cofferdam at the limits indicated on the Contract Drawings at the completion of 
the construction of the footings. 
 
8.0 QUALITY ASSURANCE 
 
Certificates of Conformance 
 
The Cofferdam Design Engineer shall inspect the installation of each cofferdam prior to the placing of the 
tremie concrete in that cofferdam. After the installation of each of the cofferdam has been completed, but before 
placing the tremie concrete, the Contractor shall submit a Certificate of Conformance for each cofferdam to the 
Contract Administrator, sealed and signed by the Cofferdam Design Engineer. The Certificates of Conformance 
shall state that the cofferdam is in place, and has been installed in conformance with the stamped shop drawings 
and the Contract Drawings. 
 
9.0 MEASUREMENT FOR PAYMENT 
 
Measurement for cofferdams shall be by length in metres of cofferdam installed. 
 
10.0 BASIS OF PAYMENT 
 
Payment at the Contract price for the above tender item shall be full compensation for all labour, Equipment 
and Materials to carry out the work. 



DOWELS INTO ROCK - Item No.  
 

 
Non-Standard Special Provision 
 

 
Scope of Work 
 
Where required at the abutments for the QEW Credit River Bridge, the Contractor shall provide dowels into 
the bedrock at the foundations for the spread footings founded on bedrock. 
 
Construction 
 
Concrete shall be of the same strength as the footing concrete and placed in accordance with OPSS 904. All 
reinforcing steel supplied shall be in accordance with OPSS.PROV 1440 (dowel bars conforming to 
CAN/CSA G30.18, Grade 400). 
 
Where dowels are to be placed in rock, hole shall be drilled to the required depth and size. Hole diameter shall 
be two times the nominal diameter of the dowel. Each hole shall be cleaned out, grouted and the dowel set in 
place. Grout shall be of the same strength as the footing concrete or at least 25 MPa at 28 days. 
 
If the dowel drill hole contains water, the Contractor shall remove the water, otherwise a tremie procedure 
shall be used to completely fill the hole with grout. The dowel shall be forced into the hole after the grout has 
been placed and while it is still fresh. 
 
Rock Dowel Testing 
 
All proposed testing procedures shall be in general conformance with ASTM D3689-07, ASTM D1143-07 
and ASTM D4435-08. Field testing must be carried out in the presence of, and the results reviewed and 
approved by, the Contract Administrator. 
 
Performance Tests 
 
Performance testing shall be carried out at two dowels at each foundation element to confirm that the design 
load of the rock dowels can be achieved. The Contract Administrator will select the rock dowels to be tested. 
 
Performance test shall be by axial tensioning using a hydraulic jack with a capacity of at least 1.5 times the 
ultimate strength of the dowels.  



Rock dowels shall be loaded and unloaded in 3 cycles and measurements of the displacement of the dowel 
shall be carried out at each load increment (step) in accordance with the following schedule: 
 
Cycle-Step  1-1 1-2 1-3 2-1 2-2 2-3 2-4 
% Design Load  50 75 25 50 75 100 25 
 
Cycle-Step  3-1 3-2 3-3 3-4 3-5 
% Design Load  50 75 100 110 25 
 
The design load shall be taken as 360 kN for 35M dowels, 252 kN for 30M dowels, 180 kN, for 25M dowels, 
and 108 kN for 20M dowels. 
 
Displacement measurements shall be carried out at each load increment using calibrated displacement gauges 
capable of measuring movements of 0.0025 cm. Measurements shall be referenced to an independent fixed 
referenced pint. 
 
Rock dowels which fail to meet the acceptance criteria shall be replaced at the Contractor’s expense and 
re-tested. If a rock dowel fails, three (3) additional rock dowels shall be tested at the same abutment and pier 
footing as directed by the Contract Administrator. 
 
Acceptance criteria for the rock dowels will be in accordance with the Post-Tensioning Institute (1985) as 
follows: 
 

• The dowels are acceptable if the total elastic movement is greater than 80 percent of the theoretical 
elastic elongation of the free stressing and is less than the theoretical elongation of the free stressing 
length plus 50 percent of the bond length. 

 
 
Basis of Payment 

 
Payment at the lump sum contract price for this tender item shall be full compensation for all labour, 
equipment and materials for completion of the work. 
 



CAISSON PILES – Item No.  
 
 
Non-Standard Special Provision   
 
Amendment to OPSS.PROV 903, April 2016 
 
903.01  SCOPE 
 
Section 903.01 of OPSS.PROV 903 is deleted in its entirety and replaced with the following: 
 
This specification covers the requirements for the supply and installation of caisson piles (caisson foundations) 
for the west pier and east pier foundations of the QEW-Credit River Bridge WB.  
 
903.07  CONSTRUCTION 
 
Section 903.07.03.02.01 General 
 
Section 903.07.03.02.01 of OPSS.PROV 903 is amended by the addition of the following: 
 
Caisson foundations for support of the QEW-Credit River Bridge WB piers will extend through the overburden, 
below the groundwater/river water level and into the shale bedrock, which is weak and contains clay seams and 
strong to very strong limestone interlayers at varying depths/elevations. Appropriate equipment and 
construction procedures will be required to penetrate the overburden and advance sockets into the bedrock to 
reach the design founding level, including the use of permanent liners to provide support to the overburden soils 
and the upper zone of weathered bedrock.   
 
The caisson foundations, including the rock sockets, at the Credit River Bridge pier foundation elements must 
be constructed in the wet at all times and the rock sockets must be maintained in a wet condition including 
during placement of reinforcing steel and placement of concrete using tremie methods. 
 
The liners used to support the ground during construction must be advanced sufficiently into bedrock to prevent 
the overburden and weathered shale bedrock from falling into the caisson/rock socket. 
 
Construction of a rock socket or installation and seating of a steel liner shall not be permitted within 5 m of any 
caisson into which concrete has been placed within the preceding 24 hours. 
 
Section 903.07.03.03  Inspection of the Excavation 
 
Section 903.07.03.03 of OPSS.PROV 903 is amended by the addition of the following: 
 
Within 24 hours following the completion of the excavation for each caisson (including excavation of the rock 
socket), the walls and base of each rock socket shall be thoroughly cleaned and inspected immediately 
thereafter.  Cleaning shall be by airlift or other suitable means such that the water issuing from the caisson on 
flushing or pumping is clean and free of soil, rock cuttings and any other material. Every reasonable step shall 
be taken to remove all soil and rock cuttings and other materials from the caisson and from the walls and base 
of the rock sockets.  
 
Prior to placing reinforcement steel and concrete, the Contractor shall provide the Contract Administrator with 
conclusive evidence that the walls and base of the rock sockets are clean and free of debris, by a method 
satisfactory to the Foundation Engineer retained by the Contract Administrator. 



 
Section 903.07.03.07.03 Concrete Placed Under Water or Under Slurry 
 
Section 903.07.03.07.03 of OPSS.PROV 903 is amended by the addition of the following: 
 
Each caisson shall be completed (including concrete placement) within seven days from when drilling of the 
rock socket first commenced. 
 
Section 903.07.03.07.04 Withdrawal of Liners 
 
Section 903.07.03.07.04 of OPSS.PROV 903 is deleted in its entirety and replaced with the following: 
 
The liners at the piers for the QEW Credit River Bridge WB shall not be removed. 



ROCK EXCAVATION FOR STRUCTURE – Item No.  
 
 
Non-Standard Special Provision  
 
Amendment to OPSS 902, November 2010 
 
902.07  Construction 
 
902.07.05.02 Excavation for Foundations  
 
Section 902.07.05.02 of OPSS 902 is amended by the deletion of the fifth paragraph and the addition of the 
following: 
 
Excavations for foundations for the new QEW Credit River Bridge WB (Site No. 24X-0203/B2), the QEW 
Mississauga Road Overpass (Site No. 24X-0196/B0) and the QEW Credit River E-W Pedestrian bridge (Site 
No. 24X-0204/B0) will extend into the shale bedrock, which is very weak to weak, contains clay seams and 
strong to very strong limestone interlayers at varying depths/elevations. Appropriate equipment and 
construction procedures will be required to penetrate the overburden and excavate the bedrock to reach the 
design founding level. 
 
If any bedrock excavation is required adjacent to and/or below an existing foundation that is supporting the 
existing QEW Credit River bridge or QEW Mississauga Road overpass, it shall be carried out using sawcutting 
or line drilling techniques.  During construction, if removal of bedrock extends to 0.3 m or deeper below the 
base of the adjacent existing foundation supporting the existing QEW Credit River Bridge or QEW Mississauga 
Road overpass, then temporary roadway protection systems will be required to support the existing foundation. 
Any over-excavation of the bedrock below the design foundation level must be replaced immediately with mass 
concrete, having a minimum 28-day compressive strength of 20 MPa.  
 
If bedrock is encountered above the design elevation of the underside of the granular levelling pad supporting 
the RSS wall footing or above the design elevation of the base of the reinforced soil zone as shown on the 
Contract Documents, the bedrock must be subexcavated and replaced with OPSS.PROV 1010 Granular ‘A’ and 
placed in accordance with OPSS.PROV 501. 



DEWATERING STRUCTURE EXCAVATIONS - Item No. 
 

 
Special Provision No. FOUN0003 March 8, 2018 

 
Amendment to OPSS 902, November 2010 
 
OPSS 902, November 2010, Construction Specification for Excavating and Backfilling - Structures is amended 
as follows: 
 
902.02 REFERENCES 
 
Section 902.02 of OPSS 902 is amended by the addition of the following: 
 
Ontario Provincial Standard Specifications, Construction 
 
OPSS 517 Dewatering 
OPSS 805 Temporary Erosion and Sediment Control Measures 
 
902.03 DEFINITIONS 
 
Section 903.03 of OPSS 902 is amended by the addition of the following: 
 
Automatic Transfer Switch means as defined in OPSS 517. 
 
Cofferdam means as defined in OPSS 539. 
 
Cut-Off Wall means as defined in OPSS 517. 
 
Design Storm Return Period means as defined in OPSS 517. 
 
Dewatering System means as defined in OPSS 517. 
 
Groundwater Control System means as defined in OPSS 517. 
 
Plug means as defined in OPSS 517.  
 
Sediment means as defined in OPSS 517. 
 
Sediment Control Measure means as defined in OPSS 517. 
 
Temporary Flow Passage System means as defined in OPSS 517. 
 
Unwatering means as defined in OPSS 517. 
 
Vegetated Discharge Area means as defined in OPSS 517. 
 
Waterbody means as defined in OPSS 517. 
 
Watercourse means as defined in OPSS 517. 
 



902.04 DESIGN AND SUBMISSION REQUIREMENTS 
 
902.04.01 Design Requirements 
 
902.04.01.01 Dewatering 
 
Clause 902.04.01.01 of OPSS 902 is deleted in its entirety and replaced with the following: 
 
A dewatering system shall be designed to control water and the flow of water into the excavation, prevent 
disturbance of the foundation, permit the placing of concrete in the dry, and complete the excavating and 
backfilling for structures work.   
 
When the system includes temporary flow passage system, the system shall be designed, as a minimum, for a 
2 year design storm return period, and groundwater discharge.  A longer return period shall be used when 
determined appropriate for the work. 
 
The dewatering system shall be according to the design requirements specified in OPSS 517. 
 
902.04.02 Submission Requirements 
 
Subsection 902.04.02 of OPSS 902 is deleted in its entirety and replaced with the following: 
 
902.04.02.01 Working Drawings 
 
Working Drawings for the dewatering system shall be according to OPSS 517. 
 
902.04.02.02 Preconstruction Survey 
 
When a groundwater control system by wells or a well point system will be used, a condition survey of property 
and structures that may be affected by the work shall be carried out.  The condition survey shall include the 
location and condition of adjacent properties, buildings, underground structures, water wells, Utilities, and 
structures, within a distance of 50 metres from the groundwater control system.  In addition, all water wells 
used as a supply of drinking water and located within this distance shall be tested for compliance with Ontario 
Drinking Water Quality Standards. 
 
Water wells within the preconstruction survey distance can be located using the website 
https://www.ontario.ca/environment-and-energy/map-well-records or its successor site. 
 
Copies of the condition survey and water quality test results shall be submitted to the Contract Administrator 
prior to the operation of the groundwater control system. 
 
902.04.02.03 Milestone Inspections 
 
Clause 902.04.02.03 of OPSS 902 is deleted in its entirety. 
 
902.07 CONSTRUCTION 
 
Subsection 902.07.04 of OPSS 902 is deleted in its entirety and replaced with the following: 
 

https://www.ontario.ca/environment-and-energy/map-well-records


902.07.04 Dewatering Structure Excavation 
 
902.07.04.01 General 
 
The dewatering systems shall be constructed and operated according to the Working Drawings. 
 
Activation and deactivation of a temporary flow passage system, if applicable, shall be according to OPSS 517. 
 
The dewatering system shall be continuously operational to control buoyancy forces until such forces can be 
resisted by backfill and structure self-weight, to keep excavations stable, to avoid erosion impacts from the 
release of accumulated water, and to keep the work area in the condition required to complete the associated 
work as specified in the Contract Documents. 
 
When a temporary flow passage system is to remain operational through a seasonal shutdown period, the 
Contractor shall be responsible for any maintenance or repair costs due to the system during the seasonal 
shutdown period. 
 
Temporary erosion and sediment control measures, including controlling the discharge of water, shall be 
according to OPSS 805.  Measures not specified in OPSS 805 shall be according to the Working Drawings.  
Temporary erosion and sediment control measures and cover material to protect exposed soils, as required by 
the Working Drawings, shall be installed as soon as is practical. 
 
Stranded fish shall be managed as specified in the Contract Documents. 
 
Unwatering shall be carried out as necessary. 
 
Water suspected of being contaminated as indicated by visual or olfactory observations shall be reported to the 
Contract Administrator. 
 
Dewatering and temporary flow passage systems shall be discontinued in a manner that does not disturb any 
structure, pipeline, or flow channel.  Operation of the dewatering system shall be shut down according to the 
procedures specified in the Working Drawings, where applicable. 
 
902.07.04.02 Discharge of Water 
 
The discharge of water shall be according to OPSS 517. 
 
902.07.04.03 Monitoring 
 
Monitoring shall be according to OPSS 517. 
 
902.07.04.04 System Amendments 
 
Amendments to stop any displacement, damage, soil loss or erosion due to the operation of the dewatering 
system shall be according to OPSS 517. 
 
902.07.04.05 Removal 
 
Removal of dewatering system and temporary flow passage system components shall be according to OPSS 
517. 
 



 
 
 
NOTES TO DESIGNER: 
 
Designer Fill-Ins 
 
* Fill in the design storm return period according to MTO Drainage Design Standard TW-1. 
 
** Fill in the preconstruction survey distance as recommended by the foundation engineer. 
 
WARRANT: Include with this standard tender item only on the recommendation of a foundation engineer. 
 
CUSTODIAN: Tony Sangiuliano, MERO - Foundation Group. 
 



TEMPORARY PROTECTION SYSTEM – Item No. 

 
 
Non-Standard Special Provision 
 
 

Amendment to OPSS 539, November 2014 
 
593.07.02 Removal of Protection Systems 
 
Subsection 539.07.02 of OPSS 539 is deleted in its entirety and replaced with the following: 
 
Protection systems shall be removed from the right-of-way unless it is specified in the Contract Documents that the protection 
system may be left in place. 
 
Where piles are left in place, the top shall be removed to at least 1.2 m below the finished grade or ground surface or as indicated 
on the Contract Drawings. 
 
The method and sequence of removal shall be such that there shall be no damage to the new work, existing work and facility 
being protected. 
 
All disturbed areas shall be restored to an equivalent or better condition than existing prior to the commencement of 
construction. 



VIBRATION MONITORING – Item No.  
 
 
Special Provision  
 

TABLE OF CONTENTS 
 
1.0 SCOPE 
 
2.0 REFERENCES 
 
3.0 DEFINITIONS 
 
4.0 DESIGN AND SUBMISSION REQUIREMENTS 
 
5.0 MATERIALS - Not Used 
 
6.0 EQUIPMENT 
 
7.0 CONSTRUCTION 
 
8.0 QUALITY ASSURANCE - Not Used 
 
9.0 MEASUREMENT FOR PAYMENT - Not Used 
 
10.0 BASIS OF PAYMENT 
 
 
1.0  SCOPE 
 
This special provision describes requirements for vibration monitoring during excavations and installation of 
spread/strip footings, deep foundations, cofferdams and temporary protection systems for the construction of 
the QEW Credit River bridge, Mississauga Road overpass, East-West Active Transport bridge, North-South 
Active Transport bridge, stormwater management ponds, east access road, culverts, overhead sign supports, 
high mast light pole foundations and caissons for noise barrier walls.  
 
2.0  REFERENCES 
 
The subsurface conditions at the site are described in the following Foundation Investigation Report entitled: 
 

FOUNDATION INVESTIGATION REPORT 
Queen Elizabeth Way (QEW) - Credit River Bridge, Structure Site No. 24-203, QEW Widening from 
West of Mississauga Road to West of Hurontario Street, Mississauga, Ministry of Transportation, 
Ontario, GWP 2002-13-00 
 
FOUNDATION INVESTIGATION REPORT 
Queen Elizabeth Way (QEW) – Mississauga Road Overpass Replacement, Structure Site No. 24-196, 
QEW Widening from West of Mississauga Road to West of Hurontario Street, Mississauga, Ministry 
of Transportation, Ontario, GWP 2002-13-00 
 
FOUNDATION INVESTIGATION REPORT 



Queen Elizabeth Way (QEW) – Stormwater Management Pond, QEW Widening from West of 
Mississauga Road to West of Hurontario Street, Mississauga, Ministry of Transportation, Ontario, 
GWP 2002-13-00 
 
FOUNDATION INVESTIGATION REPORT 
Queen Elizabeth Way (QEW) – North-South Active Transport Crossing Structure Over QEW, QEW 
Widening from West of Mississauga Road to West of Hurontario Street, Mississauga, Ministry of 
Transportation, Ontario, GWP 2002-13-00 
 
FOUNDATION INVESTIGATION REPORT 
Queen Elizabeth Way (QEW) – East-West Active Transport Bridge Along Credit River Bridge, QEW 
Widening from West of Mississauga Road to West of Hurontario Street, Mississauga, Ministry of 
Transportation, Ontario, GWP 2002-13-00 
 
FOUNDATION INVESTIGATION REPORT 
Queen Elizabeth Way (QEW) – Overhead Sign Supports and High Mast Light Poles, QEW Widening 
from West of Mississauga Road to West of Hurontario Street, Mississauga, Ministry of Transportation, 
Ontario, GWP 2002-13-00 
 
FOUNDATION INVESTIGATION REPORT 
Queen Elizabeth Way (QEW) – Stormwater Management Pond (Dry), QEW Widening from West of 
Mississauga Road to West of Hurontario Street, Mississauga, Ministry of Transportation, Ontario, 
GWP 2002-13-00 
 
FOUNDATION INVESTIGATION REPORT 
Queen Elizabeth Way (QEW) – East Access Road, QEW Widening from West of Mississauga Road to 
West of Hurontario Street, Mississauga, Ministry of Transportation, Ontario, GWP 2002-13-00 
 
FOUNDATION INVESTIGATION REPORT 
Queen Elizabeth Way (QEW) – Noise Barrier Wall, QEW Widening from West of Mississauga Road 
to West of Hurontario Street, Mississauga, Ministry of Transportation, Ontario, GWP 2002-13-00 
 
FOUNDATION INVESTIGATION REPORT 
Queen Elizabeth Way (QEW) – Stavebank Creek and Kenollie Creek Culvert Replacements, QEW 
Widening from West of Mississauga Road to West of Hurontario Street, Mississauga, Ministry of 
Transportation, Ontario, GWP 2002-13-00 
 

3.0  DEFINITIONS 
 
For the purpose of this specification, the following definitions apply: 
 
Contractor’s Engineer means an Engineer with a minimum of five (5) years’ experience in the field of 
installation of piling and vibration monitoring or, alternatively, with expertise demonstrated by providing 
satisfactory quality verification services for a minimum of two (2) projects of similar scope to the Contract.  
The Contractor’s Engineer shall be retained by the Contractor to ensure general conformance with the Contract 
Documents and issue certificates of conformance. 
 
Peak Particle Velocity (PPV) means the maximum component velocity in millimetres per second that 
ground particles move as a result of energy released from vibratory construction operations. 
 



Pre-Construction Condition Survey means a detailed record, accompanied by film or video, as necessary, 
of the condition of private or public property, prior to the commencement of vibratory construction 
operations. 
 
Post-Construction Condition Survey means a detailed record, accompanied by film or video, as necessary, 
of the condition of private or public property, after completion of vibratory construction operations. 
 
4.0  DESIGN AND SUBMISSION REQUIREMENTS 
 
4.1 Submission Requirements 
 
The Contractor/Contractor’s Engineer shall submit details of the vibration monitoring plan to the Contract 
Administrator for information purposes at least 2 weeks prior to any work related to strip footing, deep 
foundation, cofferdam and temporary protection system installation.  The submittals shall satisfy the 
specifications and at a minimum contain the following specific information: 
 

a) Equipment and methods used by the Contractor to perform the work that may cause undue 
vibration. 

b) Qualifications of vibration monitoring specialist. 
c) Details regarding proposed instrumentation. 
d) Proposed location of instruments adjacent to the on the residences, structures, utilities, wells, or 

other potentially vibration-sensitive structures within a 250 m radius from the excavation and 
installation of spread/strip footings, cofferdams, deep foundations and temporary protection 
systems, as applicable. 

e) Proposed frequency of readings. 
f) Action plan to be taken to adjust excavation, deep foundation and protection system installation 

methods if readings show vibrations exceeding tolerable levels. 
  
6.0 EQUIPMENT 
 
6.1 Vibration Monitoring Equipment 
 
All vibration monitoring equipment shall be capable of measuring and recording ground vibration PPV up to 
200 mm/s in the vertical, transverse, and radial directions. The equipment shall have been calibrated within the 
last 12 months either by the manufacturer or other qualified agent. Proof of calibration shall be submitted to the 
Contract Administrator prior to commencement of any monitoring operations. 
 
7.0  CONSTRUCTION 
 
7.1 Pre- and Post-Construction Condition Surveys 
 
A Pre-Construction Condition Survey and Post-Construction Condition Survey shall be prepared for all 
buildings, utilities, structures, water wells, and facilities within 250 m of excavation and installation of 
spread/strip footings, cofferdams, deep foundations and temporary protection systems.    
 
7.1.1 Pre-Construction Condition Surveys 
 
The standard inspection procedure shall include the provision of an explanatory letter to the owner or occupant 
and owner with a formal request for permission to carry out an inspection.   
 



The Pre-Construction Condition Survey, at each structure/well within a 250 m radius of excavation and 
installation of spread/strip footings, cofferdams, deep foundations and temporary protection systems, shall be 
completed a minimum of two (2) weeks prior to commencement of excavation and installation of shallow and 
deep foundations and temporary protection systems.  Only one Pre-Construction Condition Survey per structure 
or facility is required to be carried out in advance of excavation and installation of spread/strip footings, 
cofferdams, deep foundations or temporary protection system installation, unless more than six (6) months will 
elapse between these operations, in which case an interim inspection will be required. 
 
The Pre-Construction Condition Survey shall include, as a minimum, the following information: 
 

a) Type of structure, including type of construction and if possible, the date when built. 
b) Identification and description of existing differential settlements, including visible cracks in walls, 

floors, and ceilings, including a diagram, if applicable, room-by-room. All other apparent structural 
and cosmetic damage or defects shall also be noted. Defects shall be described, including 
dimensions, wherever possible. 

c) Digital photographs or digital video or both, as necessary, to record areas of significant concern. 
 
Photographs and videos shall be clear and shall accurately represent the condition of the property. Each 
photograph or video shall be clearly labelled with the location and date taken. 
 
A copy of the Pre-Construction Condition Survey limited to a single residence or property, including copies of 
any photographs or videos that may form part of the report, shall be provided to the owner of that residence or 
property, upon request. 
 
7.1.2 Post-Construction Condition Surveys 
 
The standard inspection procedure shall include the provision of an explanatory letter to the owner or occupant 
and owner with a formal request for permission to carry out an inspection. 
 
A Post-Construction Condition Survey at each structure within a 250 m radius of the bridge, is required within 
two (2) months of completion of the excavation and installation of spread/strip footing, cofferdams, deep 
foundation and during installation of temporary protection systems. 
 
The Post-Construction Condition Survey shall include, as a minimum, the following information: 
 

a) Identification and description of existing differential settlements, including visible cracks in walls, 
floors, and ceilings, including a diagram, if applicable, room-by-room. All other apparent structural 
and cosmetic damage or defects shall also be noted. Defects shall be described, including 
dimensions, wherever possible. 

b) Digital photographs or digital video or both, as necessary, to record areas of significant concern. 
c) Comparison between pre-condition survey documented concerns and post-condition concerns.  

 
Photographs and videos shall be clear and shall accurately represent the condition of the property. Each 
photograph or video shall be clearly labelled with the location and date taken. 
 
A copy of the Post-Construction Condition Survey limited to a single residence or property, including copies 
of any photographs or videos that may form part of the report, shall be provided to the owner of that residence 
or property, upon request.  The report shall confirm that there have been no changes to the property between 
the Pre-Construction Condition Survey and the Post-Construction Condition Survey as a result of the excavation 
and installation of spread/strip footings, deep foundations and temporary protection systems. 
 



7.2 Monitoring 
 
The vibration monitoring equipment shall be placed on the ground surface in the vicinity of each foundation 
element or protection system, and on the ground surface at radial distances of 25 m, 50 m, and 100 m from the 
foundation element or protection system locations within the project.  The Contractor shall take readings 
continuously during excavation and installation of spread/strip footing, cofferdams, deep foundation and during 
installation of temporary protection systems, and shall immediately notify the Contract Administrator if the 
vibrations exceed the limits specified herein. 
 
The vibrations measured on private structures, wells, etc. shall not exceed 25 mm/s.  Those measured on 
utilities, if applicable, shall not exceed 10 mm/s. 
 
If the readings are not within the limits stated above, the Contractor must alter the installation procedures until 
the vibrations at the various locations are within acceptable levels. 
 
7.3 Records 
 
The Contractor/Contractor’s Engineer shall submit details of the vibration monitoring to the Contract 
Administrator as follows: 
 

a) The time/duration of each reading. 
b) Construction operations (i.e. installation of sheet piling) and timing of such relative to the readings. 
c) Details of exceedances and modifications to operations. 
d) Final report containing all relevant data including vibration monitoring and Pre- and Post-Construction 

Condition Surveys. 
 
10.0 BASIS OF PAYMENT 
 
Payment at the Contract price for the above tender item shall be full compensation for all labour, Equipment 
and Material required to do the work. 



WORKING SLAB - Item No. 
 

 
Special Provision 

 
1.0 Scope 
 
This Special Provision covers the requirements for the supply and placement of a concrete working slab under 
foundations where necessary for the QEW - Credit River bridge, Mississauga overpass, North-South Active 
Transport bridge, East-West Active Transport bridge and the culverts. 
 
2.0 References  
 
This Special Provision refers to the following standards, specifications or publications: 
 
Ontario Provincial Standard Specifications, Construction 
 
OPSS 902 Excavating and Backfilling - Structures 
 
3.0 Definitions - Not Used 
 
4.0 Design and Submission Requirements - Not Used 
 
5.0 Materials  
 
Concrete for working slabs shall have a minimum thickness of 100 mm and a minimum of 28 day compressive 
strength of 20 MPa. 
 
6.0 EQUIPMENT - Not Used 
 
7.0 CONSTRUCTION 
 
7.01 Excavation 
 
Excavation for the working slab shall be according to OPSS 902.  
 
7.02 Protection of Founding Soil 
 
Following inspection and approval of the prepared subgrade, a working slab with a minimum thickness of 100 
mm shall be placed on the foundation subgrade as specified in the Contract Documents.   
 
7.03 Protection of Founding Bedrock 
 
The surface of the footing founding bedrock shall be exposed by removing all fill, existing concrete and native 
soil and then cleaned and any loose or fractured parts removed so that sound rock is exposed. The working slab 
shall be placed on the exposed cleaned sound founding rock surface as specified in the Contract Documents. 
Any over-excavated portions of the bedrock must be replaced with dental concrete, having the same 
composition and compressive strength as the concrete used for the foundation construction. If the concrete for 
the footings cannot be poured within four hours after excavation and inspection, a concrete working slab must 
be placed in the excavation immediately to protect the integrity of the subgrade.  
 



7.04 Dewatering 
 
Dewatering shall be carried out according to OPSS 902.  
 
8.0 Quality Assurance - Not Used 
 
9.0 Measurement for Payment - Not Used 
 
10.0 Basis of Payment 
 
10.01 Working Slab - Item  
 
Payment at the Contract price for the above tender item shall be full compensation for all labour, Equipment 
and Material to do the work. 
 
END OF SECTION 



NOTICE TO CONTRACTOR – Subsurface Obstructions 
 
 
Special Provision 

 
The Contactor shall be alerted to the potential presence of cobbles, boulders and limestone and shale fragments 
in the fill and native soils, glacially derived soils and residual soils, as encountered in various boreholes advance 
at the various structure locations associated with the QEW widening from Mississauga Road to Hurontario 
Street.  Consideration of the presence of these obstructions must be made in the selection of appropriate 
equipment and procedures for advancing caissons, excavations for shallow foundations, stormwater 
management pond, overhead sign supports, high mast light pole foundations, noise barrier walls, culverts, and 
installation of any temporary protection systems that may be required. 
 
The Contactor is hereby notified that in some areas of the site, and in particular in the general vicinity of the 
east pier for the QEW Credit River Bridge WB, rip-rap and other cobble and boulder size obstructions are 
present at and below ground surface.  These obstructions may impede or prevent excavation, grading, 
construction of access roads and/or crane pads and lay-down areas, and the installation of some types of 
protection systems/cofferdams. 
 
The Contractor is hereby notified that in some areas of the site, and in particular in the general vicinity of the 
front and side slopes adjacent to the west abutment for the QEW Credit River Bridge WB, soil/rock anchor 
obstructions are present at and below the ground surface.  These obstructions may impede or prevent excavation, 
grading, and construction of the abutment and/or the Multi-Use Trail and are to be removed where encountered 
above the elevation of the existing upper access road only.  No soil/rock anchors are to be removed below the 
elevation of the existing upper access road. 
 
The Contractor is hereby notified that between the west abutment of the existing QEW Credit River Bridge and 
the west abutment of the existing multi-use path (beneath the existing QEW Credit River Bridge) soil/rock 
anchor obstructions are present at and below the ground surface.  These obstructions may impede or prevent 
the advancement of the drilled shafts for the west abutment of the East-West Active Transportation bridge.  If 
they are encountered the Contract Administrator is to be notified immediately and this may require adjustments 
to the drilled shaft layout. 
 
The presence of the above-noted near surface conditions shall be considered by the Contractor in the selection 
of appropriate equipment and procedures for various activities, including but not limited to excavation, grading, 
installation of the foundations and installation of cofferdams/protection systems.   
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