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FOUNDATION INVESTIGATION REPORT 
HIGHWAY 7-NEW EBL AND WBL OVER THE GRAND RIVER 

HIGHWAY 7- NEW, KITCHENER TO GUELPH 
G.W.P. 408-88-00 

 
Geocres Number: 40P08-297 

 
PART 1: FACTUAL INFORMATION 

 

1 INTRODUCTION 

This report presents the factual findings obtained from a detailed foundation investigation 
conducted at the site of the proposed structures to carry the eastbound lanes (EBL) and 
westbound lanes (WBL) of proposed Highway 7-New over the Grand River in the Regional 
Municipality of Waterloo, Ontario.   

The purpose of the investigation was to explore the subsurface conditions at the site and, 
based on the data obtained, to provide a borehole location plan, records of boreholes, a 
stratigraphic profile, cross sections, laboratory test results and a written description of the 
subsurface conditions.  A model of the subsurface conditions under the potential foundation 
footprint was developed from the data obtained in the course of the investigation.  

Thurber was retained by WSP to carry out the site investigation under the Ministry of 
Transportation Ontario (MTO) Agreement Order Number 3014-E-0013. 

Reference has been made to information on subsurface conditions contained in two 
previous foundation reports prepared for this site during the preliminary design phase and a 
previous foundations report.  The title of the two reports are: 

• Foundation investigation report for Grand River Bridges, EBL & WBL, Highway 7 
(Wellington Street Extension), City of Kitchener, Regional Municipality of Waterloo, 
District #3, Stratford, W.P. 646-64-02, Site No. 33-266, Geocres Number 40P8-62, 
dated October 7, 1974. (Reference 1) 

• Preliminary, Foundation Investigation and Design Report, Highway 7-New EBL And 
WBL over the Grand River, G.W.P. 408-88-00, Geocres No. 40P8-159, Report to 
Ministry of Transportation Ontario West Region, File: 15-64-17, dated June 1, 2009. 
(Reference 2). 
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It is a condition of this report that Thurber’s performance of its profession services is subject 
to the attached Statement of Limitations and Conditions. 

2 SITE DESCRIPTION 

The site for the proposed new WBL and EBL crossing lies across the valley of the Grand 
River on the east side of the City of Kitchener. At the site, the Highway 7-New alignment 
runs approximately parallel to the existing Highway 7 alignment, 750 m to the north and 1.4 
km to the east of the existing Kitchener-Waterloo Expressway.  

At the site location, the river channel is approximately 60.0 to 70.0 m wide and 1.5 m deep, 
flowing in an easterly direction.  The south shoreline of the river consists of a generally level 
floodplain with a gentle slope towards the river channel.  The floodplain is mainly vegetated 
with grass, shrubs and some trees.  The north shoreline of the river consists of an 
approximately 12.0 m high cliff with an average slope of 2H:1V, though some local 
steepening is evident.  The slope is vegetated with grass and trees.  Lands within the site 
are generally agricultural and undeveloped.  A campground and a park currently occupy the 
east lands and lands to the south are generally industrial.   

Based on the Ontario Geological Survey Special Volume 2, The Physiography of Southern 
Ontario, Third Edition by Chapman and Putnam, the site lies within the physiographic region 
known as the Waterloo Hills, characterized by ridges of sandy till and kames or kame 
moraines, with outwash sands occupying the intervening hollows. The surficial soils of this 
region are underlain by shaley dolostone of the Salina Formation.   

3 SITE INVESTIGATION AND FIELD TESTING 

Previous investigations conducted in 1971 and 1974 at this site (Reference 1) consisted of 
drilling and sampling a total of sixteen boreholes (numbered 1 to 15 and 10a) on the east 
and west banks/sides of the river and through the riverbed. 

A preliminary foundation investigation (Reference 2) was carried out from June 24 to 27, 
2008.  Seven boreholes, numbered 08-060 to 08-066, were drilled for the proposed WBL 
and EBL bridges. All the boreholes of the preliminary investigation were drilled on the west 
side of the Grand River.   
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A detailed geotechnical investigation was conducted at the site for the detailed design 
phase. During this investigation, twenty-one additional boreholes, numbered GRB16-01 to 
GRB16-21, were drilled between January 23, 2017 and March 2, 2018.   

Details of boreholes drilled during the previous and 2017/2018 site investigations and field 
testing, including location and termination depths are presented in Table 3.1. 

It should be noted that boreholes were planned to be drilled for Piers 5 and 6 within/adjacent 
to Grand River in 2018/2019. However, approval was not granted by MTO at that time. 

The approximate locations of the completed boreholes are shown on the attached Borehole 
Locations and Soil Strata Drawings in Appendix C.  The coordinates and elevations of the 
2017/2018 and previous boreholes are given on the drawings and on the individual Record 
of Borehole Sheets in Appendices A and B, respectively.    

The ground surface elevations and coordinates of the recent as-drilled boreholes were 
provided by WSP. 

Prior to commencing the site investigation, utility clearances were obtained for all borehole 
locations.  

During the 2017/2018 investigation, a track mounted D120 drill rig was used in conjunction 
with hollow-stem augers and rotary drilling to advance the boreholes.  In general, soil 
samples were obtained at selected intervals using a 50mm diameter split spoon sampler in 
conjunction with the Standard Penetration Testing (SPT).      

The drilling, sampling and in-situ testing operations were supervised on a full-time basis by a 
member of Thurber’s technical staff. The supervisor logged the boreholes and processed 
the recovered soil samples for transport to Thurber’s laboratory for further examination and 
testing.  Results of field drilling and sampling of the 2017/2018 and previous investigations 
are presented on the Record of Borehole sheets in Appendices A and B, respectively. 

Groundwater conditions in the open boreholes were observed throughout the drilling 
operations.  Thirteen standpipe piezometers were installed in selected boreholes (08-060, 
08-061, 08-065, GRB16-01, GRB16-04, GRB16-05, GRB16-07, GRB16-09, GRB16-12, 
GRB16-14, GRB16-16, GRB16-18, GRB16-20).  Each piezometer consisted of a 25 mm 
Schedule 40 PVC pipe with a 1.5 m or 3.0 m long slotted screen enclosed in a column of 
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filter sand to permit groundwater level monitoring. Piezometer installation details, 
groundwater level observations and water level readings are shown on the Record of 
Borehole sheets. Upon completion of the drilling operations, the boreholes without 
piezometers were abandoned in general accordance with Ontario Regulation 903.  The 
details of standpipe piezometer installation and borehole completion are summarized in 
Table 3.1. It is understood that the piezometers will be monitored prior to and during 
construction and will be decommissioned as per O.Reg. 903. 

Table 3.1 – Borehole Completion Details 

Foundation 
Unit Borehole 

Ground 
Surface 

Elevation 
(m) 

Borehole 
Depth / 
Base 

Elevation 
(m) 

Piezometer 
Tip 

Elevation 
(m) 

Completion Details 

West 
Approach 

GRB16-01 302.4 10.9/291.5 10.7/291.7 

Piezometer with 3.0 m slotted 
screen installed with sand filter 
from 10.7 m to 6.4 m, 
bentonite holeplug and auger 
cuttings from 6.4 m to surface 

GRB16-02 301.4 8.2/293.2 None 
Installed 

Borehole backfilled with 
bentonite holeplug to 0.3 m 
and auger cuttings to surface 

West 
Abutment 

08-065 300.6 11.1/289.5 10.6/290 

Piezometer with 1.5 m slotted 
screen installed with sand filter 
from 10.6 m to 8.7 m, 
bentonite holeplug and auger 
cuttings from 8.7 m to surface 

08-066 303.1 10.7/292.3 None 
Installed 

Borehole backfilled with grout 
to 0.6 m then auger cuttings, 
sand and bentonite holeplug to 
surface 

GRB16-03 300.5 24.0/276.5 None 
Installed 

Borehole backfilled with grout 
to surface 

GRB16-05 300.8 24.4/276.5 10.9/289.9 

Piezometer with 3.0 m slotted 
screen installed with sand filter 
from 10.9 m to 7.3 m, 
bentonite holeplug and auger 
cuttings from 7.3 m to surface 

Pier 1 08-064 300.9 11.0/289.9 None 
Installed 

Borehole backfilled with grout 
to 0.6 m then auger cuttings, 
sand and bentonite holeplug to 
surface 
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Foundation 
Unit Borehole 

Ground 
Surface 

Elevation 
(m) 

Borehole 
Depth / 
Base 

Elevation 
(m) 

Piezometer 
Tip 

Elevation 
(m) 

Completion Details 

GRB16-04 300.1 24.3/275.8 11.0/289.1 

Piezometer with 3.0 m slotted 
screen installed with sand filter 
from 11.0 m to 7.2 m, 
bentonite holeplug and auger 
cuttings from 7.2 m to surface 

GRB16-06 299.2 14.3/285.0 None 
Installed 

Borehole backfilled with 
holeplug and auger cuttings to 
surface 

GRB16-08 299.6 12.3/287.3 None 
Installed 

Borehole backfilled with 
holeplug and auger cuttings to 
surface 

Pier 2 

08-062 299.6 7.8/291.7 None 
Installed 

Borehole backfilled with grout 
to 0.6 m then auger cuttings to 
surface 

GRB16-07 298.6 22.7/275.9 17.1/281.5 

Piezometer with 3.0 m slotted 
screen installed with sand filter 
from 17.1 m to 13.4 m, 
bentonite holeplug and auger 
cuttings from 13.4 m to surface 

GRB16-09 300.1 23.3/276.8 18.7/281.4 

Piezometer with 3.0 m slotted 
screen installed with sand filter 
from 18.7 m to 15.1 m, 
bentonite holeplug and auger 
cuttings from 15.1 m to surface 

GRB16-11 299.2 18.9/280.3 None 
Installed 

Borehole backfilled with 
bentonite holeplug to surface 

Pier 3 

4 299.0 12.3/286.7 None 
Installed N/A 

5 298.6 12.5/286.1 None 
Installed N/A 

08-061 303.8 6.5/297.3 5.8/298.0 
Piezometer with 1.5 m slotted 
screen installed with sand filter 
from 5.8 m to 3.8 m, bentonite 
holeplug from 3.8 m to surface 

08-063 298.9 8.0/290.9 None 
Installed 

Borehole backfilled with grout 
to 0.6 m, bentonite holeplug 
and auger cuttings to 0.3, then 
auger cuttings to surface. 

GRB16-10 298.8 23.6/275.2 None Borehole backfilled with 
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Foundation 
Unit Borehole 

Ground 
Surface 

Elevation 
(m) 

Borehole 
Depth / 
Base 

Elevation 
(m) 

Piezometer 
Tip 

Elevation 
(m) 

Completion Details 

Installed bentonite holeplug and auger 
cuttings to surface 

GRB16-12 298.6 22.5/276.1 22.5/276.1 

Piezometer with 3.0 m slotted 
screen installed with sand filter 
from 22.5 m to 18.0 m, 
bentonite holeplug and auger 
cuttings from 18.0 m to surface 

Pier 4 

6 297.4 12.5/284.9 None 
Installed N/A 

7 298.0 12.6/285.4 None 
Installed N/A 

08-060 302.9 14.2/288.8 13.3/289.6 

Piezometer with 1.5 m slotted 
screen installed with sand filter 
from 13.3 m to 11.4 m, 
bentonite holeplug from 11.4 m 
to surface 

GRB16-13 297.5 20.9/276.6 None 
Installed 

Borehole backfilled with 
peltonite to 12.2 m then 
holeplug to surface 

GRB16-14 298.8 21.2/277.6 17.7/281.1 

Piezometer with 3.0 m slotted 
screen installed with sand filter 
from 17.7 m to 14.1 m, 
bentonite holeplug and auger 
cuttings from 14.1 m to surface 

Pier 5 

1 296.2 9.4/286.8 None 
Installed N/A 

2 295.4 6.2/288.3 None 
Installed 

N/A 

8 296.2 12.5/283.7 None 
Installed 

N/A 

9 297.2 12.0/285.2 None 
Installed 

N/A 

10 295.4 12.5/282.9 None 
Installed 

N/A 

10a 295.4 3.3/292.1 None 
Installed 

N/A 

11 295.4 12.6/282.7 None 
Installed 

N/A 

GRB16-15 297.5 19.4/278.1 None Borehole backfilled with 
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Foundation 
Unit Borehole 

Ground 
Surface 

Elevation 
(m) 

Borehole 
Depth / 
Base 

Elevation 
(m) 

Piezometer 
Tip 

Elevation 
(m) 

Completion Details 

Installed bentonite holeplug and auger 
cuttings to surface 

Pier 6 

12 295.4 12.5/282.9 None 
Installed 

N/A 

13 295.4 12.5/282.9 None 
Installed 

N/A 

14 308.8 12.3/296.5 None 
Installed 

N/A 

15 309.1 13.8/295.3 None 
Installed 

N/A 

East 
Abutment 

3 309.6 18.3/291.2 None 
Installed 

N/A 

GRB16-16 308.6 30.6/278.1 18.3/290.3 

Piezometer with 3.0 m slotted 
screen installed with sand filter 
from 18.3 m to 14.6 m, 
bentonite holeplug and auger 
cuttings from 14.6 m to surface 

GRB16-17 309.1 20.1/289.0 None 
Installed 

Borehole backfilled with 
bentonite holeplug and auger 
cuttings to surface 

GRB16-19 310.4 20.3/290.2 None 
Installed 

Borehole backfilled with 
bentonite holeplug and auger 
cuttings to surface 

GRB16-21 309.3 35.4/273.9 None 
Installed 

Borehole backfilled with grout 
to surface 

East 
Approach 

GRB16-18 309.8 11.0/298.9 6.1/303.7 

Piezometer with 3.0 m slotted 
screen installed with sand filter 
from 6.1 m to 2.7 m, bentonite 
holeplug and auger cuttings 
from 2.7 m to surface 

GRB16-20 311.8 11.0/300.8 7.6/304.2 

Piezometer with 3.0 m slotted 
screen installed with sand filter 
from 7.8 m to 4.3 m, bentonite 
holeplug and auger cuttings 
from 4.3 m to surface 
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4 LABORATORY TESTING 

The recovered soil samples were subjected to Visual Identification (VI) and to natural 
moisture content determination. Selected samples were also subjected to grain size analysis 
and Atterberg Limits testing. All the laboratory tests were carried out in accordance with 
MTO and/or ASTM Standards, as appropriate. The results of the laboratory testing of 
2017/2018 and previous investigations are summarized on the Record of Borehole sheets 
and figures in Appendices A and B, respectively.  

In order to assess the potential for sulphate attack on concrete foundations, as well as the 
potential for corrosion associated with the structure, two native soil samples were collected 
and submitted to SGS Canada Inc., a CALA accredited analytical laboratory in Lakefield, 
Ontario, for analytical testing of corrosivity parameters and sulphate content. The results of 
the analytical testing are summarized in Section 6 and are presented in Appendix A. 

5 DESCRIPTION OF SUBSURFACE CONDITIONS 

Reference is made to the Record of Borehole sheets in Appendices A and B.  Details of the 
encountered soil stratigraphy along the proposed alignment are presented in these 
appendices and on the Borehole Locations and Soil Strata Drawings in Appendix C.  An 
overall description of the stratigraphy is given in the following paragraphs.  However, the 
factual data presented in the Record of Borehole Sheets governs any interpretation of the 
site conditions. 

In general, the site is underlain by topsoil/alluvium overlying native layers of sand and 
gravel, silty clay, clayey silt, and silty sand to sandy silt underlain by an extensive deposit of 
silty sand to sandy silt till which in turn is underlain by a lower sand and gravel layer and 
dolostone bedrock. 

5.1 Recent Alluvium 

A layer of dark brown recent alluvium mixed with disseminated organics, some silt and trace 
of clay, was contacted at surface in Borehole 08-060. The thickness of the alluvium was 
2.4 m and the base of the alluvium was encountered at Elevation 300.5 m.  



 

Client:  WSP    Date: March 15, 2024 
File No.: 11375    Page: 9 of 61 
E file: H:\10000+\11375 Hwy 7 New PD and DD Foundations\Reports & Memos\Grand River\FINAL FIDR 

SPT ‘N’ values measured in the alluvium were 9 and 10 blows per 0.3 m of penetration, 
indicating a loose to compact relative density.  The natural moisture contents measured on 
samples of the alluvium ranged from 30 percent to 39 percent. 

 

 

5.2 Topsoil  

Topsoil was identified at ground surface in Boreholes 08-061 to 08-066 and all 2017/2018 
boreholes (i.e. GRB16-02 to GRB16-21) with the exception of GRB16-14.  The topsoil 
thickness ranged from 0.1 m to 1.4 m.  

The topsoil thickness may vary between and beyond the borehole locations and the data is 
not intended for the purpose of estimating quantities. 

5.3 Clayey Silt  

Native clayey silt was encountered at surface in Borehole 1 and below the topsoil in 
Boreholes GRB16-13 and GRB16-15. The thickness of the clayey silt layer ranged from 0.9 
m to 1.5 m. The base of the layer was encountered between 0.9 m and 1.6 m depth 
(Elevation 296.0 and 295.3). 

In Borehole 3, two layers of clayey silt with some sand and trace of gravel were encountered 
at 4.3 m and 7.0 m depth (Elevations 305.2 and 302.6).  Thickness of these layers ranged 
from 1.1 m to 3.0 m. 

Clayey silt was encountered at 2.3 m depth (Elevation 306.5) in Borehole 14.  Thickness of 
the layer was 1.7 m.  The depth to the base of the clayey silt is 4.0 m (Elevation 304.8). 

SPT ‘N’ values measured in the clayey silt ranged from 5 blows per 0.3 m of penetration to 
195 blows per 0.2 m of penetration, indicating a variable firm to hard consistency.  The 
natural moisture contents measured on samples of the clayey silt ranged from 10 percent to 
59 percent.  
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The results of grain size analyses testing conducted on samples of the clayey silt are 
provided on the Record of Borehole Sheets in Appendices A and B. The results are 
summarized as follows: 

Soil Particles (%) 
Gravel 0 
Sand 1 
Silt  65 

Clay 34 
 
The results of Atterberg Limits testing conducted on samples of the clayey silt from the 
previous investigation are summarized below. 
 

Liquid Limit  21 to 28 
Plastic Limit 16 to 19 

Plasticity Index 5 to 9 
 
The above results indicate that the clayey silt is of low plasticity with a group symbol of CL.   

5.4 Silty Sand to Sandy Silt 

Native brown silty sand to sandy silt containing trace to some clay, trace gravel to gravelly, 
was encountered at depths ranging from 0.0 m to 7.0 m depth (Elevation 306.3 to 296.0) in 
Boreholes 6, 7, 15, 08-061, GRB16-01, GRB16-02, GRB16-05, GRB16-07, GRB16-09, 
GRB16-10, GRB16-11, GRB19-14, GRB16-15, GRB16-16, GRB16-21.  The thickness of the 
silty sand to sandy silt layer ranged from 0.6 m to 3.4 m.  The base of the silty sand to sandy 
silt was encountered at depths ranging from 1.4 m to 8.8 m (Elevation 304.3 to 295.0) 

SPT ‘N’ values measured in the layer ranged from 3 blows per 0.3 m of penetration to 50 
blows per 0.1 m of penetration, indicating a loose to very dense relative density.  The natural 
moisture contents measured on samples of the silty sand to sandy silt ranged from 10 
percent to 59 percent. 

Organics were encountered within the silty sand to sandy silt layer in Boreholes GRB16-02 
and GRB16-09. Occasional wood fibres were also noted within the layer in Borehole 
BRG16-14. 
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The results of grain size analyses conducted on samples of the silty sand to sandy silt are 
provided on the Record of Borehole Sheets in Appendices A and B and illustrated in Figures 
A1 and A2 in Appendix A.  The results are summarized as follows: 

Soil Particles (%) 
Gravel 0 to 23 
Sand 21 to 70 
Silt  21 to 64 

Clay 4 to 15 
 

Occasional cobbles were noted within the silty sand to sandy silt deposit. Photographs 
showing the cobbles are provided in Appendix G. 

5.5 Upper Sand and Gravel 

Native brown to grey sand and gravel containing trace to some silt, trace clay and 
occasional cobbles was encountered below the alluvium, topsoil, silty sand and clayey silt in 
all the boreholes shown in Table 5.1.     

Depths and elevations where the upper sand and gravel was encountered are indicated in 
Table 5.1. 

Table 5.1 – Depths and Elevations of Sand and Gravel 

Foundation Unit Borehole 
Depth below 

existing 
ground 

surface (m) 

Elevation 
(m) 

Thickness 
(m) 

West 
abutment 

EBL 
08-066 0.6 to 5.5 302.5 to 297.6 4.9 

GRB16-05 1.4 to 5.9 299.5 to 294.9 4.5 

WBL 
08-065 0.6 to 6.4 300.0 to 294.2 5.8 

GRB16-03 0.8 to 4.6 299.7 to 295.9 3.8 

Pier 1 
 

EBL 
08-064 1.0 to 5.8 299.9 to 295.1 4.8 

GRB16-08 1.4 to 6.2 298.2 to 293.4 4.8 
WBL GRB16-06 0.7 to 6.2 298.6 to 293.0 5.5 
EBL/
WBL GRB16-04 0.7 to 4.1 299.4 to 296.0 3.4 
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Foundation Unit Borehole 
Depth below 

existing 
ground 

surface (m) 

Elevation 
(m) 

Thickness 
(m) 

Pier 2 
WBL 

08-062 0.3 to 3.7 299.3 to 295.9 3.4 
GRB16-09 2.2 to 5.5 297.9 to 294.6 3.3 
GRB16-07 2.3 to 5.3 296.3 to 293.3 3.0 

EBL 
08-063 0.8 to 4.9 298.1 to 294.0 4.1 

GRB16-11 1.5 to 5.0 297.7 to 294.2 3.5 

Pier 3 

WBL            4 0.0 to 4.1 299.0 to 294.9 4.1 

EBL 
08-061 1.5 to 5.5 302.3 to 298.3 4.0 

5 0.0 to 5.5 298.6 to 293.1 5.5 
GRB16-12 0.8 to 4.9 297.8 to 293.7 4.1 

EBL/
WBL GRB16-10 2.2 to 4.9 296.6 to 293.9 2.7 

Pier 4 
WBL 

08-060 2.4 to 4.9 300.5 to 298.1 2.5 
6 2.4 to 4.1 295.0 to 293.3 1.7 

GRB16-14 2.9 to 5.1 295.9 to 293.7 2.2 

EBL 7 1.5 to 4.0 296.5 to 294.0 2.5 
GRB16-13 1.6 to 3.9 295.9 to 293.6 2.3 

Pier 5 

EBL/
WBL 

1 0.9 to 2.4 295.3 to 293.8 1.5 
2  0.8 to 1.2 294.6 to 294.1 0.4 

WBL 8 0.0 to 2.0 296.2 to 294.3 2.0 

EBL 
9 0.0 to 2.9 297.2 to 294.3 2.9 
11 0.9 to 1.8 294.5 to 293.6 0.9 

GRB16-15 2.3 to 4.6 295.2 to 292.9 2.3 

Pier 6 
EBL 

13  0.3 to 1.5 295.1 to 293.9 1.2 

15 0.0 to 3.7 309.1 to 305.5 3.7 

WBL 14 0.0 to 2.3 308.8 to 306.5 2.3 

 
East 

abutment 

WBL 
GRB16-16 0.8 to 3.0 307.9 to 305.6 2.2 
GRB16-17 0.2 to 3.7 308.9 to 305.4 3.5 

EBL GRB16-19 0.2 to 4.3 310.2 to 306.2 4.1 



 

Client:  WSP    Date: March 15, 2024 
File No.: 11375    Page: 13 of 61 
E file: H:\10000+\11375 Hwy 7 New PD and DD Foundations\Reports & Memos\Grand River\FINAL FIDR 

Foundation Unit Borehole 
Depth below 

existing 
ground 

surface (m) 

Elevation 
(m) 

Thickness 
(m) 

EBL/
WBL 

3 0.0 to 4.3 
5.3 to 7.0 

309.6 to 305.2 
304.3 to 302.6 

4.3 
1.7 

GRB16-21 0.2 to 3.0 309.1 to 306.3 2.8 

East 
Approach EBL GRB16-20 0.2 to 6.6 311.6 to 305.3 6.4 

 

The SPT ‘N’ values measured in the upper sand and gravel layer ranged from 5 blows per 
0.3 m of penetration to 100 blows per 0.05 m of penetration with the majority of the ‘N’ 
values greater than 30 blows per 0.3 m of penetration (dense to very dense). Augur grinding 
was noted in this layer in a number of the boreholes suggesting the presence of cobbles 
and/or boulders. The natural moisture content measured on samples ranged from 2% to 
28%. 

The results of grain size analyses conducted on samples of the upper sand and gravel are 
provided on the Record of Borehole Sheets in Appendices A and B and illustrated in Figures 
A3 to A6 in Appendix A and Figures B1 and B2 in Appendix B.  The results are summarized 
as follows: 

 
Soil Particles (%) 

Gravel 20 to 71 
Sand 22 to 73 
Silt   5 to 26 

Clay 5 
Silt and Clay 5 to 24 

 

This sand and gravel layer may contain cobbles and boulders which may account for some 
high SPT ‘N’ values. 

Occasional cobbles were noted within the upper sand and gravel deposit. Photographs 
showing the cobbles are provided in Appendix G. 
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5.6 Silty Clay  

Native brown silty clay with organics was encountered surfically in Boreholes GRB16-01 and 
beneath the topsoil in GRB16-02. The silty clay ranged in thickness from 0.7 m to 1.2 m and 
the base of the layer was encountered between Elevation 301.7 m and 300.0.  

Native brown to grey silty clay containing trace sand was encountered below the sand and 
gravel layer in Boreholes 08-060, GRB16-16, GRB16-17, GRB16-19 and GRB16-21 at 
depths ranging from 3.0 m to 5.0 m depth (Elevation 306.2 to 298.1).   The thickness of the 
silty clay layer ranged from 2.4 m to 4.4 m and the depth to the base of the silty clay ranged 
from 7.0 m to 8.7 m (Elevation 301.8 to 295.6).  

SPT ‘N’ values measured within the silty clay ranged from 2 blows per 0.3 m of penetration 
to 50 blows per 0.075 m of penetration, indicating a soft to hard consistency.  The natural 
moisture contents measured on samples of the silty clay ranged from 15 percent to 42 
percent.  

The results of grain size analyses conducted on samples of the silty clay are provided on the 
Record of Borehole Sheets in Appendices A and B and illustrated in Figure A7 in Appendix 
A and Figure B3 in Appendix B.  The results are summarized as follows:  

Soil Particles (%) 
Gravel 0 to 3 
Sand 0 to 19 
Silt 35 to 48 

Clay 32 to 65 
 
The results of Atterberg Limits testing conducted on samples of the silty clay are shown in 
Figure A20 in Appendix A and Figure B7 in Appendix B. The results are also summarized 
below. 

Liquid Limit  23 to 42 
Plastic Limit 13 to 18 

Plasticity Index 10 to 24 
 
The above results indicate that the silty clay is of low to medium plasticity with a group 
symbol of CL to CI.  

5.7 Silt 
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Native grey silt containing trace to some clay and trace of gravel was encountered below the 
silty clay in Borehole 08-060 at 7.3 m depth (Elevation 295.6).  Thickness of the silt layer 
was 1.2 m.  The depth to the base of the silt was 8.5 m (Elevation 294.4). 

Native silt was also contacted below the sand and gravel layer in Borehole 6 at 4.1 m depth 
(Elevation 293.3).  Thickness of the layer was 4.4 m.  The depth to the base of the silt layer 
was 8.5 m (Elevation 288.9) 

SPT ‘N’ values in the silt ranged from 58 blows per 0.3 m of penetration to 75 blows per 0.1 
m of penetration, indicating a very dense relative density. The natural moisture contents 
measured on samples of the silt ranged from 19 percent to 22 percent. 

The results of a grain size analysis conducted on a sample of the silt are presented on the 
Record of Borehole sheets in Appendix B and in Figure B4 Appendix B.  The results are 
summarized as follows:  

Soil Particles (%) 
Gravel 0 
Sand 5 
Silt 86 

Clay 9 

5.8 Silty Sand to Sandy Silt Till 

Native brown to grey silty sand to sandy silt till containing trace to some gravel, trace to 
some clay and occasional cobbles was encountered in all boreholes, typically below the 
sand and gravel layer. All the boreholes from the previous investigations were terminated 
within the till at depths ranging from 3.3 m to 18.3 m (Elevations 282.7 to 297.3). 

Layers of gravel were encountered within the sandy silt till in Boreholes 10 and 10a at    5.8 
m and 1.1 m depth (Elevations 288.9 and 294.3). 

The silty sand to sandy silt till deposit was encountered at depths ranging from 0.2 m to 10.1 
m.  Where penetrated, the thickness of the till ranged from 8.2 m to 23.2 m.  

Depths and elevations where native silty sand to sandy silt till was encountered are provided 
in Table 5.2. 
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It should be noted that several of the boreholes in Table 5.2 were terminated in the silty 
sand to sandy silt till deposit. 

Table 5.2 – Depths and Elevations of Silty Sand to Sandy Silt Till 

Foundation Unit Borehole 
Depth below 

existing ground 
surface (m) 

Elevation 
(m) 

Proven 
Thickness 

(m) 
West 

Approach 
WBL GRB16-01 4.1 to 10.9 298.2 to 291.5 6.8* 
EBL GRB16-02 3.4 to 8.2 298.0 to 293.2 4.8* 

West 
abutment 

EBL 
08-066 5.5 to 10.7 297.6 to 292.3 5.2* 

GRB16-05 5.9 to 19.3 294.9 to 281.6 13.4 

WBL 
08-065 6.4 to 11.1 294.2 to 289.5 4.7* 

GRB16-03 4.6 to 20.5 295.9 to 280.0 15.9 

Pier 1 
EBL 

08-064 5.8 to 11.0 295.1 to 289.9 5.2* 
GRB16-08 6.2 to 12.3 293.4 to 287.3 6.1* 

WBL GRB16-06 6.2 to 14.3 293.0 to 285.0 8.1* 
EBL/WBL GRB16-04 4.1 to 21.1 296.0 to 279.0 17 

Pier 2 

WBL 
08-062 3.7 to 7.8  295.9 to 291.7 4.1* 

GRB16-09 5.5 to 17.6 294.6 to 282.5 12.1 

EBL 
GRB16-11 5.0 to 14.6 294.2 to 284.6 9.6 

08-063 4.9 to 8.0 294.0 to 290.9 3.1* 

EBL/WBL GRB16-07 5.3 to 17.5 293.3 to 281.1 12.2 

Pier 3 

WBL 4 4.1 to 12.3 294.9 to 286.7 8.2* 

EBL 
08-061 5.5 to 6.5 298.3 to 297.3 1.0* 

5 5.5 to 12.5 293.1 to 286.1 7.0* 
GRB16-12 4.9 to 14.8 293.7 to 283.8 9.9 

EBL/WBL GRB16-10 4.9 to 14.7 293.9 to 284.1 9.8 

Pier 4 
WBL 

08-060 8.5 to 14.2 294.4 to 288.8 5.7* 

6 8.5 to 12.5 288.9 to 284.9 4.0* 
GRB16-14 5.1 to 13.3 293.7 to 285.6 8.2 

EBL 7 4.0 to 12.6 294.0 to 285.4 8.6* 
GRB16-13 3.9 to 14.1 293.6 to 283.4 10.2 

Pier 5 EBL/WBL 1 2.4 to 9.4 293.8 to 286.8 7.0* 
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Foundation Unit Borehole 
Depth below 

existing ground 
surface (m) 

Elevation 
(m) 

Proven 
Thickness 

(m) 
2  1.2 to 6.2 294.1 to 289.1  5.0* 

WBL 
8 2.0 to 12.5 294.3 to 283.7 10.5* 

10 1.4 to 12.5 294.0 to 282.9 11.1* 
10a 1.1 to 3.3 294.3 to 292.1 2.2* 

EBL 
9 2.9 to 12.0 294.3 to 285.2 9.1* 

GRB16-15 4.6 to 17.4 292.9 to 280.1 12.8 
11 1.8 to 12.6 293.6 to 282.7 10.8* 

Pier 6 

WBL 
12  0.2 to 12.5 295.2 to 282.9 12.3* 

14 4.0 to 12.3 304.8 to 296.5 8.3* 

EBL 
13  1.5 to 12.5 293.9 to 282.9 11.0* 

15 6.4 to 13.8 302.7 to 295.4 7.4* 

East 
Abutment 

EBL/WBL 
3 10.1 to 18.3 299.5 to 291.2 8.2* 

GRB16-21 7.6 to 30.9 301.7 to 278.4 23.3 

WBL 
GRB16-17 7.4 to 20.1 301.7 to 289.0 12.7* 

GRB16-16 8.8 to 30.6 299.8 to 278.1 21.8* 

EBL GRB16-19 8.7 to 20.3 301.8 to 290.2 11.6* 

East 
Approach 

WBL GRB16-18 3.0 to 11.0 306.8 to 298.9 8.0* 

EBL GRB16-20 6.6 to 11.0 305.3 to 300.8 4.4* 
* Boreholes that were terminated in the sand and silt till 

 

SPT ‘N’ values measured in the silty sand to sandy silt till ranged from 12 blows per 0.3 m of 
penetration to 150 blows per 0.05 m of penetration, indicating a compact to very dense 
relative density (generally dense to very dense).   

The natural moisture contents measured on samples of the till ranged from 6 percent to 22 
percent. 
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The results of grain size analyses conducted on samples of the silty sand to sandy silt till are 
provided on the Record of Borehole Sheets in Appendices A and B and illustrated in Figure 
A8 to A14 in Appendix A and Figures B5 and B6 in Appendix B.  The results are 
summarized as follows:  

Soil Particles (%) 
Gravel 0 to 47 
Sand 19 to 57 
Silt 19 to 63 

Clay 3 to 22 
Silt + Clay 28 

 
The results of Atterberg Limits testing conducted on samples of the silty sand to sandy silt till 
are shown in Figure A17 to A19 in Appendix A. The results are also summarized below.   

 
Liquid Limit  14 to 35 
Plastic Limit 8 to 15 

Plasticity Index 6 to 20 
 
The above results indicate that the fines of the silty sand to sandy silt exhibit slight to low 
plasticity with a group symbol of CL-ML to CL.  
 
Cobbles and boulders were encountered in the till deposit at this site and are inherently 
present in glacial tills. 

5.9 Sand  

A layer of brown sand containing trace to some gravel, trace silt and trace clay, was 
encountered below the silty sand to sandy silt till in Boreholes GRB16-07, GRB16-10, 
GRB16-11, and GRB16-12 at depths ranging from 14.6 m to 17.5 m (Elevation 284.6 to 
281.1).  The thickness of the sand layer ranged from 1.2 m to 1.9 m. 

SPT ‘N’ values measured in the sand ranged from 26 blows per 0.3 m of penetration to 100 
blows per 0.25 m of penetration, indicating a compact to very dense relative density.  The 
natural moisture contents measured on samples of the sand ranged from 15 percent to 19 
percent.  
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The results of grain size analyses conducted on samples of the sand are provided on the 
Record of Borehole Sheets and Figure A15 in Appendix A.  The results are summarized as 
follows: 

Soil Particles (%) 
Gravel 1 to 10 
Sand 77 to 88 

Silt + Clay 11 to 13 

5.10 Lower Sand and Gravel  

A lower sand and gravel layer ranging from gravelly sand to gravel, trace sand, with trace silt 
to silty and trace clay, was encountered below the silty sand to sandy silt till layer at depths 
ranging from 13.3 m to 19.3 m (Elevation 285.6 to 280.1) in Boreholes GRB16-05, GRB16-
09, GRB16-10, GRB16-12, GRB16-13, GRB16-14, GRB16-15.  The thickness of this layer 
ranged from 1.8 m to 4.7 m and the base of this layer was encountered at depths ranging 
from 17.4 m to 21.1 m (Elev. 280.8 to 278.1). Cobbles and boulders were noted in the sand 
and gravel layer. 

SPT ‘N’ values measured in the lower sand and gravel ranged from 58 blows per 0.3 m of 
penetration to 100 blows per 0.025 m of penetration, indicating a very dense relative 
density.   

The natural moisture contents measured on samples of the lower sand and gravel ranged 
from 7 percent to 19 percent. 

The results of grain size analyses conducted on samples of the lower sand and gravel are 
provided on the Record of Borehole Sheets and Figure A16 in Appendix A.  The results are 
summarized as follows: 

Soil Particles (%) 
Gravel 21 to 56 
Sand 35 to 56 
Silt 17 to 24 

Clay 6 to 9 
Silt + Clay 1 to 31 

5.11 Gravel and Cobbles 
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A layer of grey gravel and cobbles was encountered below the sand layer in Borehole 
GRB16-11.  Several of the cobbles were cored through since auger refusal was 
encountered at 16.2 m (Elev. 283.0).  An SPT ‘N’ value of 112 blows per 0.225 m of 
penetration was measured within the gravel and cobbles layer, indicating a very dense 
relative density.   

5.12 Bedrock 

Bedrock was encountered underlying the silty sand to sandy silt till and lower sand and 
gravel deposits at depths ranging from 17.4 m to 30.9 m (Elevation 280.8 to 278.4). The 
bedrock is described as grey dolostone with limestone interbeds. The rock is generally 
moderately weathered within the upper 1 m and less weathered with depth. In several of the 
boreholes, vugs, rubble zones, and clay seams were noted within the bedrock.   

The bedrock was proven by coring to a depth of 3.0 to 4.5 m below the interpreted bedrock 
surface. The depths and elevations at which bedrock was encountered are summarized in 
Table 5.3. Photographs of the recovered rock cores are presented in Appendix A. 

Table 5.3 – Bedrock Contact Depths and Elevations 

Foundation Unit Borehole Bedrock Surface 
Depth (m) Elevation 

West Abutment 
GRB16-03 20.5 280.0 
GRB16-05 21.1 279.7 

Pier 1 GRB16-04 21.1 279.0 

Pier 2 
GRB16-07 19.4 279.2 
GRB16-09 19.7 280.4 

Pier 3 
GRB16-10 20.1 278.7 
GRB16-12 19.5 279.1 

Pier 4 
GRB16-13 17.4 280.1 
GRB16-14 18.0 280.8 

Pier 5 No Boreholes 
Drilled Yet TBD(^) TBD(^) 

Pier 6 No Boreholes 
Drilled Yet TBD(^) TBD(^) 

East Abutment GRB16-21 30.9 278.4 
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(^) Depth / elevation of bedrock surface at Piers 5 & 6 to be confirmed following completion of additional 
boreholes within Grand River 

The bedrock was highly fractured with the fracture index ranging from 2 to 25, with an 
average fracture index of 7. In general, the upper 0.3 m of the bedrock was highly fractured.  
Total core recovery (TCR) values ranged from 62% to 100% and solid core recovery (SCR) 
values ranged from 0 to 100%.  The RQD of the rock cores ranged from 0 to 94% and the 
majority of the RQD values were less than 40% (very poor to poor quality).  

To calculate the strength of the rock the rock quality designation was observed in the field 
and point load tests were performed by Thurber for all of the collected rock samples.  
Additionally, uniaxial compression tests following ASTM D7012 were performed by Golder 
Associates on 6 selected samples.  The unconfined compressive strength (UCS) of the rock 
estimated from point load tests ranged from 44.7 MPa to 250.5 MPa indicating medium 
strong to extremely strong rock. The UCS values measured in uniaxial compressive strength 
tests ranged from 33.6 MPa to 115.5 MPa indicating medium strong to very strong bedrock. 
In general, the rock was strong to very strong. The strength characteristics of the rock are 
summarized in Table 5.4. 

Table 5.4 – Rock Strength Characteristics 

Borehole Run # 
TCR 
(%) 

SCR 
(%) 

RQD 
(%) 

Point Load 
Test UCS 

(MPa) 

Uniaxial 
Compression 

Test UCS (MPa) 

GRB16-03 
1 100 73 11 250.5 - 
2 95 75 37 82.4 70.2 
3 79 0 0 248.3 - 

GRB16-04 
1 62 62 30 98.6 61.3 
2 88 85 18 120.0 89.0 

GRB16-05 
1 100 82 0 - - 
2 100 83 32 124.3 115.5 

GRB16-07 
1 100 95 0 105.8 - 
2 85 78 18 130.0 - 

GRB16-09 
1 90 77 35 78.1 - 
2 95 80 32 71.6 - 

GRB16-10 
1 67 55 30 108.0 - 
2 95 95 13 127.2 - 
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Borehole Run # 
TCR 
(%) 

SCR 
(%) 

RQD 
(%) 

Point Load 
Test UCS 

(MPa) 

Uniaxial 
Compression 

Test UCS (MPa) 
3 87 83 17 56.0 - 

GRB16-12 
1 100 90 40 179.6 108.8 
2 100 98 90 152.4 - 
3 100 92 71 44.7 - 

GRB16-13 
1 100 100 0 153.1 - 
2 100 97 0 97.3 - 
3 100 83 0 125.6 - 

GRB16-14 
1 98 96 29 135.9 - 
2 100 100 80 140.1 - 

GRB16-21 

1 100 67 7 130.6 - 
2 95 42 0 93.0 - 
3 100 71 29 158.8 - 
4 100 88 94 - 33.6 

5.13 Groundwater Conditions 

Water levels were observed in the boreholes during and upon completion of drilling.  
Standpipe piezometers were installed in Boreholes 08-060, 08-061, 08-065, GRB16-01, 
GRB16-04, GRB16-05, GRB16-07, GRB16-09, GRB16-12, GRB16-14, GRB16-16, GRB16-
18, GRB16-20 to monitor water levels after completion of drilling.  The water levels 
measured in the piezometers and upon completion of drilling are summarized in Table 5.5. 

Table 5.5 – Water Level Measurements 

Foundation 
Unit Borehole Date 

Water Level (m) 

Comment Depth Elevation 

West 
Approach GRB16-01 March 2, 2018 

March 21, 2018 
0.8 
1.2 

301.6 
301.2 Piezometer 

West 
Abutment 08-065             July 4, 2008 

August 20, 2008 
0.5 
0.7 

300.1 
299.9 Piezometer 
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Foundation 
Unit Borehole Date 

Water Level (m) 

Comment Depth Elevation 

08-066 June 27, 2008 1.8 301.3 Open 
Borehole 

GRB16-05 

March 1, 2018 
March 2, 2018 
March 21, 2018 
April 30, 2018 
June 25, 2018 

0.2 
0.3 
0.7 
0.9 
0.8 

300.6 
300.5 
300.1 
299.9 
300.0 

Piezometer 

Pier 1 

08-064              June 26, 2008 2.1 298.8 Open 
Borehole 

GRB16-04 

March 1, 2018 
March 2, 2018 
March 21, 2018 
April 30, 2018 

0.7 
1.6 
1.1 
0.8 

299.4 
298.5 
299.0 
299.3 

Piezometer 

GRB16-06 December 12, 
2017 2.4 296.8 Open 

Borehole 

GRB16-08 December 11, 
2017 1.2 298.4 Open 

Borehole 

Pier 2 

08-062                 June 24, 2008 2.1 297.5 Open 
Borehole 

08-063 June 24, 2018 2.1 296.8 Open 
Borehole 

GRB16-07 

February 15, 2018 -1.8 300.4 Open 
Borehole 

February 22, 2018 
March 2, 2018 
March 21, 2018 
April 30, 2018 
June 25, 2018 

-0.4 
-0.1 
0.0 
0.0 
0.2 

299.0 
298.7 
298.6 
298.6 
298.4 

Piezometer 

GRB16-09 

February 9, 2018 -2.1 302.2 Open 
Borehole 

February 22, 2018 
March 2, 2018 
March 21, 2018 
April 30, 2018 
June 25, 2018 

0.3 
0.4 
0.4 
0.0 
0.7 

299.8 
299.7 
299.7 
300.1 
299.4 

Piezometer 

GRB16-11 December 15, 
2017 3.0 296.2 Open 

Borehole 

Pier 3 4 August 7, 1974 2.0 297.0 Open 
Borehole 
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Foundation 
Unit Borehole Date 

Water Level (m) 

Comment Depth Elevation 

5 August 7, 1974 1.5 297.0 Open 
Borehole 

08-061               July 4, 2008 
August 20, 2008 

1.1 
0.7 

302.7 
303.1 Piezometer 

GRB16-12 

January 10, 2018 
February 22, 2018 

March 21, 2018 
April 30, 2018 
June 25, 2018 

-1.2 
-0.2 
-0.4 
-0.8 
-0.2 

299.8 
298.8 
299.0 
299.4 
298.8 

Piezometer 

Pier 4 

6 August 12, 1974 1.5 295.9 Open 
Borehole 

7 August 15, 1974 2.1 295.9 Open 
Borehole 

08-060                July 4, 2008 
August 20, 2008 

1.5 
1.2 

301.4 
301.7 Piezometer 

GRB16-13 January 17, 2018 -1.2 298.7 Open 
Borehole 

GRB16-14 

March 1, 2018 
March 2, 2018 
March 21, 2018 
April 30, 2018 
June 25, 2018 

-1.2 
-1.2 
-1.0 
-1.1 
-0.5 

300.0 
300.0 
299.8 
299.9 
299.3 

Piezometer 

Pier 5 

1 November 29, 
1971 1.1 295.1 Open 

Borehole 

8 August 13, 1974 0.6 295.6 Open 
Borehole 

9 August 14, 1974 1.1 296.1 Open 
Borehole 

GRB16-15 January 31, 2018 -3.4 300.9 

Open 
Borehole with 
temp. casing 
above ground 

River 
Measurement - - 295.7 From GA 

Drawing 

East 
Abutment 

3 December 1, 1971 3.2 306.5 Open 
Borehole 

GRB16-16         February 27, 2018 3.3 305.3 Piezometer 
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Foundation 
Unit Borehole Date 

Water Level (m) 

Comment Depth Elevation 

March 16, 2018 
March 23, 2018 
April 30, 2018 
June 25, 2018 

3.7 
3.8 
3.4 
4.6 

304.9 
304.8 
305.2 
304.0 

GRB16-17 January 25, 2017 4.3 304.8 Open 
Borehole 

GRB16-19 January 27, 2017 20.3 290 Open 
Borehole 

GRB16-21 February 27, 2018 2.2 307.1 Open 
Borehole 

East 
Approach 

GRB16-18 

February 27, 2018 
March 16, 2018 
March 23, 2018 
April 30, 2018 
June 25, 2018 

1.7 
3.9 
2.2 
1.8 
2.7 

308.1 
305.9 
307.6 
308.0 
307.1 

Piezometer 

GRB16-20 

February 27, 2018 
March 16, 2018 
March 23, 2018 
April 30, 2018 
June 25, 2018 

4.4 
4.3 
4.8 
4.3 
5.0 

307.4 
307.5 
307.0 
307.5 
306.8 

Piezometer 

 
The groundwater levels measured in piezometers ranged from 5 m below the ground 
surface to 1.2 m above the ground surface (Elevations 298.4 to 308.1).  In general, the 
groundwater level is between approximately Elevation 298 and 303 on the west side of the 
Grand River and between approximately Elevation 305 and 308 on the east side of the 
Grand River.  Since no recent boreholes were drilled within the Grand River, groundwater 
levels in the river were not known. Artesian conditions with elevation heads ranging from 1.2 
m to 3.4 m above ground surface were encountered during drilling at boreholes GRB16-07, 
GRB16-09, GRB16-10, GRB16-12, GRB16-13, GRB16-14 and GRB16-15.  The artesian 
conditions were observed while drilling through the lower sand and gravel and during 
bedrock coring suggesting that a confined artesian aquifer is present at this site and has a 
static water level Elevation of approximately 300 m or higher. 

The above values are short-term readings, and seasonal fluctuations of the groundwater 
level are to be expected.  In particular, the groundwater level may be at a higher elevation 
after the spring snowmelt or after periods of heavy rainfall.   
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Due to the proximity of the site to the Grand River flood plain, it is anticipated that the water 
levels in the sand units identified at the site, may be affected by flooding of the Grand River. 

6 CORROSIVITY AND SULPHATE TEST RESULTS 

Samples of the sand and silt till from Boreholes GRB16-10 and GRB16-21 were submitted 
for analytical testing of corrosivity parameters and sulphate. The results of the analytical 
tests are shown in Table 6.1. The laboratory certificates of analysis are presented in 
Appendix A. 

Table 6.1 – Analytical Test Results 

Parameter Units 
(Soil) 

Test Results 
GRB16-10  

SS 4 
Depth 2.3 m 

GRB16-21  
SS 4 

Depth 2.3 m 
(Upper Sand and 

Gravel) 
(Upper Sand and 

Gravel) 
Sulphide  % <0.02 <0.02 
Chloride µg/g 67 68 
Sulphate µg/g 22 11 

pH No unit 9.14 8.91 
Electrical 

Conductivity 
µS/cm 118 122 

Resistivity Ohms.cm 8470 8200 
Redox 

Potential 
mV 230 246 

 

7 MISCELLANEOUS 

Altech Drilling & Investigative Services of Elmira, Ontario supplied a D120 track-mounted 
drill rig and conducted the drilling, sampling and in-situ testing operations for the present 
investigation. 

The coordinates for the boreholes were obtained with GPS equipment by Thurber, and the 
elevations were provided by WSP. 

The drilling and sampling operations in the field for the 2017/2018 investigation, were 
supervised on a full-time basis by Thurber field technicians. 
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Geotechnical laboratory testing was carried out at Thurber’s geotechnical laboratory. 
Analytical laboratory testing was carried out by SGS Canada Inc. 

Details of the previous investigation, conducted in 2008, are presented in Reference 1. 

Overall supervision of the field program for the present investigation was conducted by Dr. 
Nancy Berg, EIT.  Interpretation of the data and preparation of the 2017/2018 report was 
carried out by Mr. Geoff Lay, P.Eng, and Mr. Keli Shi, P.Eng. 

Mr. Jason Lee, P.Eng. and Dr. P.K. Chatterji, P.Eng., a Designated Principal Contact for 
MTO Foundations projects, reviewed the report. 

Thurber Engineering Ltd 
 
 
 
Keli Shi, P.Eng.  
Partner/Senior Geotechnical Engineer 
 
 
 
 
 
Jason Lee, P.Eng. 
Partner/Senior Geotechnical Engineer 
 
 
 
 
 
 
 
P.K. Chatterji, P.Eng., 
Review Principal, Designated MTO Contact 
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FOUNDATION INVESTIGATION AND DESIGN REPORT 
HIGHWAY 7-NEW EBL AND WBL OVER THE GRAND RIVER 

HIGHWAY 7- NEW, KITCHENER TO GUELPH 
 

Geocres Number: 40P08-297  
 

PART 2: ENGINEERING DISCUSSION AND RECOMMENDATIONS 
 

8 GENERAL 

This report presents interpretation of the geotechnical data in the factual report and presents 
geotechnical design recommendations to assist the design team to select and design a 
suitable foundation system for a new structure to carry the Highway 7-New EBL and WBL 
over the Grand River in the Regional Municipality of Waterloo, Ontario.   

The General Arrangement (GA) drawing provided by WSP, dated February 2019, indicates 
that the proposed overpass is a seven-span structure supported by two abutments and six 
piers.  The proposed lengths of the spans are shown in Table 8.0 below, resulting in a total 
length of 485.0 m.  The width of the EBL and WBL bridges is 17.9 m.   

Table 8.0 – Proposed Span Lengths 
Span EBL (m) WBL (m) 

West abutment to Pier 1 48.0 48.0 
Pier 1 to Pier 2 60.0 60.0 
Pier 2 to Pier 3 60.0 60.0 
Pier 3 to Pier 4 60.0 60.0 
Pier 4 to Pier 5 80.0 80.0 
Pier 5 to Pier 6 115.0 115.0 

Pier 6 to East Abutment  62.0 62.0 
 

The Highway 7-New bridge over the Grand River will range in elevation from approximately 
313.0 m at the west abutment to 310.0 m at the east abutment.  Placement of new fill, up to 
approximately 13.5 m high at the west abutment and approximately 1 m to 2 m at the east 
abutment, will be required at this site to construct the west and east approaches.   

This foundation investigation and design report with the interpretation and recommendations 
are intended for the use of the Ministry of Transportation and shall not be used or relied 
upon for any other purposes or by any other parties including the construction or design-
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build contractor. The contractors must make their own interpretation based on the factual 
data in Part 1 of the report. Where comments are made on construction, they are provided 
only in order to highlight those aspects, which could affect the design of the project. 
Contractors must make their own interpretation of the information provided as it may affect 
equipment selection, proposed construction methods and scheduling.  

The discussion and recommendations presented in this report are based on the information 
provided by WSP and on the factual data obtained in the course of the previous and the 
present investigations.  

9 STRUCTURE CLASSIFICATION 

In accordance with the currently applicable Canadian Highway Bridge Design Code 
(CHBDC) (2019) CSA S6-19, the analysis and design of structures are influenced by its 
importance category and consequence classification.  Such designations are defined by the 
Regulatory Authority which, in this case, is the Ministry of Transportation of Ontario (MTO).  

For the purpose of reporting, the structures have been classified as Lifeline Bridges with 
Typical Consequence based on CHBDC S6-19 Sections 4.4.2 and 6.5.2, respectively. 
Seismic analysis and design for Lifeline Seismic Performance Category 3 structures have 
not been carried out during preparation of this report.  

Based on the above classification and Table 6.1 in Section 6.5.2 in the CHBDC (2019), a 
consequence factor, ψ, of 1.0 has been used for assessing ULS and SLS factored 
geotechnical resistances.  Should the consequence classification change, the geotechnical 
assessment and recommendations will need to be reviewed and revised as necessary. 

10 STRUCTURE FOUNDATIONS 

In general, the stratigraphy identified in the investigations consisted of topsoil/alluvium 
overlying native layers of sand and gravel, silty clay, clayey silt, and silty sand to sandy silt 
underlain by an extensive deposit of silty sand to sandy silt till which in turn is underlain by a 
lower sand and gravel layer and dolostone bedrock. 

The groundwater levels measured in piezometers ranged from 5 m below the ground 
surface to 1.2 m above the ground surface (Elevations 308.1 to 298.4).  Artesian conditions 
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with elevation heads ranging from 1.2 m to 3.4 m above ground surface were encountered 
during drilling at boreholes GRB16-07, GRB16-09, GRB16-10, GRB16-12, GRB16-13, 
GRB16-14 and GRB16-15.  No boreholes have been completed to date at the proposed 
Piers 5 and 6 (both EBL and WBL structures) within/adjacent to the Grand River to confirm 
the presence and extent of the lower sand and gravel layer or confirm the artesian 
conditions (i.e. in the confined aquifer). It is recommended that additional boreholes be 
completed at these four pier locations prior to construction to confirm the subsurface 
conditions and groundwater regime.  

In the preparation of the geotechnical design recommendations, consideration was given to 
the following foundation types: 

1. Spread footings bearing on native soil 

2. Spread footings on engineered fill 

3. Steel H-piles driven into the very dense glacial till or to bedrock 

4. Augered caissons (drilled shafts) socketed into bedrock with steel casings 

A comparison of the foundation alternatives based on advantages and disadvantages of 
each is included in Appendix D. 

10.1 Spread Footing on Native Soil  

Spread footings bearing on native soil generally are a cost-effective form of construction and 
are feasible for the foundation elements away from the Grand River provided that the base 
of the footings located within the floodplain is founded below the scour depth. This 
foundation option is not feasible for the piers within the Grand River. The temporary 
excavations for the footings within the floodplain will extend 5 m to 7 m through the upper 
silty sand to sandy silt and sand and gravel deposits and below the measured water level.  

The following risks should be highlighted with respect to footing construction: 

• Excavation in the cohesionless soils below the water table without a dewatering 
system is expected to result in “flowing sand” and is not recommended. Dewatering 
measures and cofferdams will be required to maintain a dry excavation base and 
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construct the footings in the dry. The design of the cofferdam/dewatering system is 
the responsibility of the Contractor.  

• Excavation into the silty sand to sandy silt, upper sand and gravel, and silty sand to 
sandy silt till deposits will likely encounter cobbles and boulders. The installation 
methods and equipment must be capable of dislodging, removing or otherwise 
penetrating such obstructions. 

• Footings located within the floodplain will be susceptible to scour and must be 
founded at an elevation that a river hydrologist determines will protect them against 
undermining by scour.   

Spread footings must bear on native undisturbed dense to very dense sand and gravel or 
dense to very dense silty sand to sandy silt till.  Provided a minimum footing width of 3 m is 
maintained and the front edge of the footing is set back a minimum horizontal distance of 
twice the footing width behind the forward slope, footings founded on the above 
recommended strata, must be designed in accordance with the elevations and bearing 
resistances given in Table 10.1. Footings should be founded at or below these elevations, 
subject to minimum requirements for frost and scour protection. 

Table 10.1 – Bearing Resistances for Spread Footings 

Foundation 
Element 

for 
WBL/EBL 

Borehole 
Highest 

Founding 
Elevation  

(m) 

Anticipated 
Founding Strata 

 
Factored 

ULSf 
(kPa) 

Factored 
SLS 

(up to 25 
mm 

settlement) 
(kPa) 

West 
Abutment 

08-065 
08-066 

GRB16-03 
GRB16-05 

299.5 Dense to V. Dense 
Sand and Gravel 600 400 

Pier 1 

08-064 
GRB16-04 
GRB16-06 
GRB16-08 

295.0 

Dense to V.  
Dense Sandy Silt 
to Silty Sand Till / 

Dense to V. Dense 
Sand and Gravel 

600 400 
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Foundation 
Element 

for 
WBL/EBL 

Borehole 
Highest 

Founding 
Elevation  

(m) 

Anticipated 
Founding Strata 

 
Factored 

ULSf 
(kPa) 

Factored 
SLS 

(up to 25 
mm 

settlement) 
(kPa) 

Pier 2 

08-062 
08-063 

GRB16-07 
GRB16-09 
GRB16-11 

296.0 

V. Dense Sandy 
Silt Till / Dense to 
V. Dense Sand 

and Gravel 

600 400 

Pier 3 

5 
08-061 

GRB16-10 
GRB16-12 

296.0 

V. Dense Sandy 
Silt Till / Dense to 
V. Dense Sand 

and Gravel 

600 400 

Pier 4 

7 
08-060 

GRB16-13 
GRB16-14 

293.5  
Dense to V. Dense 

Silty Sand to 
Sandy Silt Till 

600 400 

Pier 5 

9 
10/10a 

11 
GRB16-15 

293.0 
Dense to V. Dense 

Silty Sand to 
Sandy Silt Till 

600 400 

Pier 6 

12 
13 
15 

(no recent 
Boreholes) 

293.0 
Dense to V. Dense 

Silty Sand to 
Sandy Silt Till 

600 400 

East 
Abutment 

GRB16-16 
GRB16-17 
GRB16-19 
GRB16-21 

307.0 Dense to V. Dense 
Sand and Gravel 600(*) 400(*) 
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*based on minimum footing setback distance of 3 m from the crest of the valley slope 

The above recommended factored ULS/SLS bearing resistances assume that adequate 
scour and erosion protection will be provided at each foundation element.  

The values of the Factored Geotechnical Resistance at ULS were assessed assuming a 
Consequence Factor equal to 1 (Typical), and a Resistance Factor equal to 0.5 (Typical 
degree of understanding of the subsurface conditions), as per CHBDC 2019. The 
Geotechnical Resistance at SLS was assessed assuming a factor of 0.8 for typical degree 
of understanding of the subsurface conditions. 

The bearing resistances in Table 10.1 are for vertical, concentric loading.  In the case of 
eccentric or inclined loading, the bearing resistance must be adjusted as shown in the 
CHBDC (2019) Clauses 6.10.2 to 6.10.5. 

The geotechnical SLS values given above are based on an estimated total settlement not 
exceeding 25 mm.  This settlement is expected to be substantially complete by the end of 
construction.  Differential settlement is not expected to exceed 25 mm across the width of 
the structure or between foundation elements. 

The sliding resistance of cast-in-place concrete founded on the native dense to very dense 
soils should be designed using an ultimate unfactored coefficient of base friction of 0.45. A 
resistance factor of 0.6 should be used when checking lateral stability of the footings in 
sliding mode. 

The founding elevations presented in Table 10.1 are expected to extend below the 
groundwater level.  Local groundwater control and prior dewatering, as discussed in Section 
15, will be required to construct the footing in the dry and to prevent disturbance of the 
footing base.  

The bases of the foundation excavations should be inspected by a geotechnical engineer to 
confirm that the exposed subgrade surface conforms to the design requirements and has 
been adequately prepared to receive concrete.  Once approved, the subgrade should be 
protected by a working mat with a minimum thickness of 100 mm and consisting of mass 
concrete of the same strength and class as that of the footing.  Where subexcavation is 
required to remove unsuitable material from below the design founding level, the founding 
surface should be re-established using the same mass concrete.  



 

Client:  WSP    Date: March 15, 2024 
File No.: 11375    Page: 34 of 61 
E file: H:\10000+\11375 Hwy 7 New PD and DD Foundations\Reports & Memos\Grand River\FINAL FIDR 

Footings must be founded at an elevation that a river hydrologist determines will protect 
them against undermining by scour.  During the detail design stage, it is essential that there 
be discussions between structural engineer, the foundation consultant, a river hydrologist 
and a geomorphologist to determine appropriate founding elevations. 

10.2 Spread Footing on Engineered Fill 

Spread footings supported on Granular “A” engineered fill pads are not considered feasible 
because this foundation type carries a high risk of erosion/scour due to high water level and 
flood potential within the Grand River floodplain. As a result, this option has not been 
developed further. 

10.3 Driven Steel H-Piles  

From a foundation engineering perspective, it is feasible to support the structure on steel H-
piles driven into the very dense sandy silt to silty sand till or to bedrock. However, it is 
recommended that the following risks be addressed prior to selecting this foundation option. 

Cobbles and boulders were randomly encountered within the silty sand to sandy silt, upper 
sand and gravel, and silty sand to sandy silt till deposits. Cobbles and boulders inherently 
occur in glacial tills and shall be assumed to be present at this site. 

The cobbles and boulders may interfere with H-pile installation. The Contractor shall be 
prepared to remove, dislodge or otherwise penetrate these obstructions to advance the piles 
to the specified tip elevation/resistance while meeting the specified deflection tolerances. 
The Contractor shall have appropriate equipment available on site at the time of the pile 
installation for this purpose. 

H-piles driven to bedrock will likely depressurize the artesian layers (i.e. lower sand and 
gravel deposit) and potentially cause long-term loss of lateral pile support due to continuous 
upward seepage along pile shafts. 
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10.3.1  Axial Resistance 

The axial resistances of HP 310 X 110 and HP 360 x 132 steel piles, driven into the very 
dense till and to bedrock were assessed based on the subsurface conditions encountered at 
the abutment and pier locations. The estimated Ultimate Limit States (ULS) and 
geotechnical resistance at Serviceability Limit States (SLS), as well as the recommended 
pile tip elevations are summarized in Tables 10.2 and Table 10.3. 

Table 10.2 – Estimated Axial Resistance and Pile Tip Elevation for H-Piles with tip in 
Silty Sand to Sandy Silt Till 

Foundation 
Unit Borehole 

Approx. 
Underside 
Pile Cap 
Elevation 

(m) 

Approx. 
Pile Tip 

Elevation 
(m) 

Minimum 
Pile Length 
Assumed 

(m) 

Pile Section 
HP 310 X 110 

Pile Section  
HP 360 X 132 

Factored 
ULS (kN) 

Factored 
SLS (kN) 

Factored 
ULS (kN) 

Factored
SLS (kN) 

West 
Abutment 

08-065 

08-066 

GRB16-03 

GRB16-05 

306 (WBL) 
305.8 (EBL) 289 17 (WBL) 

17.2 (EBL) 850(*) 700(*) 1,100(*) 900(*) 

Pier 1 

08-064 

GRB16-04 

GRB16-06 

GRB16-08 

299 (**) 287 12(**) 750 650 950 800 

Pier 2 

08-062 

08-063 

GRB16-07 

GRB16-09 

GRB16-11 

299 (**) 287 12(**) 750 650 950 800 

Pier 3 

5 

08-061 

GRB16-10 

GRB16-12 

298.5 (**) 287 11.5(**) 750 650 950 800 

Pier 4 

7 

08-060 

GRB16-13 

297.5 (**) 287 10.5(**) 750 650 950 800 
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Foundation 
Unit Borehole 

Approx. 
Underside 
Pile Cap 
Elevation 

(m) 

Approx. 
Pile Tip 

Elevation 
(m) 

Minimum 
Pile Length 
Assumed 

(m) 

Pile Section 
HP 310 X 110 

Pile Section  
HP 360 X 132 

Factored 
ULS (kN) 

Factored 
SLS (kN) 

Factored 
ULS (kN) 

Factored
SLS (kN) 

GRB16-14 

Pier 5 

9 

10/10a 

11 

GRB16-15 

291.6(^) TBD(^) TBD(^) TBD(^) TBD(^) TBD(^) TBD(^) 

Pier 6 

12 

13 

15 

(no recent 
Boreholes) 

294.1(^) TBD(^) TBD(^) TBD(^) TBD(^) TBD(^) TBD(^) 

East 
Abutment 

GRB16-16 

GRB16-17 

GRB16-19 

GRB16-21 

302.2 (WBL) 
301.7 (EBL) 290 12.2 (WBL) 

11.7 (EBL) 850 700 1,100 900 

(*) Shaft friction along pile length within approach fills has been neglected in computing pile capacities  

(**) Pile cap elevation has not been provided for Piers 1 to 4, the length provided in table is from the original 
ground surface to the pile tip elevation 

(^) Recommendations for Piers 5 & 6 to be provided following completion of additional boreholes within Grand 
River 

 
Table 10.3 – Estimated Axial Resistance and Pile Tip Elevation for H-Piles driven to 

Bedrock 

Foundation 
Unit Borehole 

Approx. 
Underside 
Pile Cap 
Elevation 

(m) 

Approx. 
Pile Tip 

Elevation 
(m) 

Minimum 
Pile 

Length 
Assumed 

(m) 

Plie Section 
HP 310 X 110 

Pile Section  
HP 360 X 132 

Factored 
ULS (kN) 

Factored 
SLS (kN) 

Factored 
ULS (kN) 

Factored
SLS (kN) 

West 
Abutment 

08-065 

08-066 

GRB16-03 

GRB16-05 

306 (WBL) 
305.8 (EBL) 280 26 (WBL) 

26.2 (EBL) 2,000 
Does 
not 

govern 
2,400 Does not 

govern 
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Foundation 
Unit Borehole 

Approx. 
Underside 
Pile Cap 
Elevation 

(m) 

Approx. 
Pile Tip 

Elevation 
(m) 

Minimum 
Pile 

Length 
Assumed 

(m) 

Plie Section 
HP 310 X 110 

Pile Section  
HP 360 X 132 

Factored 
ULS (kN) 

Factored 
SLS (kN) 

Factored 
ULS (kN) 

Factored
SLS (kN) 

Pier 1 

08-064 

GRB16-04 

GRB16-06 

GRB16-08 

299 (*) 279 20 (*) 2,000 
Does 
not 

govern 
2,400 Does not 

govern 

Pier 2 

08-062 

08-063 

GRB16-07 

GRB16-09 

GRB16-11 

299 (*) 279 20 (*) 2,000 
Does 
not 

govern 
2,400 Does not 

govern 

Pier 3 

5 

08-061 

GRB16-10 

GRB16-12 

298.5 (*) 279 19.5 (*) 2,000 
Does 
not 

govern 
2,400 Does not 

govern 

Pier 4 

7 

08-060 

GRB16-13 

GRB16-14 

297.5 (*) 280 17.5 (*) 2,000 
Does 
not 

govern 
2,400 Does not 

govern 

Pier 5(^) 

9 

10/10a 

11 

GRB16-15 

291.6(^) TBD(^) TBD(^) 2,000(^) 
Does 
not 

govern(^) 
2,400(^) Does not 

govern(^) 

Pier 6(^) 

12 

13 

15 

(no recent 
Boreholes) 

294.1(^) TBD(^) TBD(^) 2,000(^) 
Does 
not 

govern(^) 
2,400(^) Does not 

govern(^) 

East 
Abutment 

GRB16-16 

GRB16-17 

GRB16-19 

302.2 (WBL) 
301.7 (EBL) 278.5 23.7 (WBL) 

23.2 (EBL) 2,000 
Does 
not 

govern 
2,400 Does not 

govern 
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Foundation 
Unit Borehole 

Approx. 
Underside 
Pile Cap 
Elevation 

(m) 

Approx. 
Pile Tip 

Elevation 
(m) 

Minimum 
Pile 

Length 
Assumed 

(m) 

Plie Section 
HP 310 X 110 

Pile Section  
HP 360 X 132 

Factored 
ULS (kN) 

Factored 
SLS (kN) 

Factored 
ULS (kN) 

Factored
SLS (kN) 

GRB16-21 
(*) Pile cap elevation has not been provided for Piers 1 to 4, the length provided in table is from the original 
ground surface to the pile tip elevation 

(^) Recommendations for Piers 5 & 6 to be provided/confirmed following completion of additional boreholes 
within Grand River 

The values of the Factored Geotechnical Resistance at ULS were assessed assuming a 
Consequence Factor equal to 1 (Typical), and a Resistance Factor equal to 0.4 (Typical 
degree of understanding of the subsurface conditions), as per CHBDC 2019.  The SLS 
values correspond to a maximum pile settlement of 25 mm.  The Factored Geotechnical 
Resistance at SLS was assessed assuming a factor of 0.8 for typical degree of 
understanding of the subsurface conditions. 

The structural resistance of the pile must be checked by the structural designer.   

10.3.2 Downdrag 

Downdrag on the piles is not an issue at this site.   

10.3.3 Lateral Resistance 

The geotechnical lateral resistance of a pile may be calculated using the coefficient of 
horizontal subgrade reaction (ks) and the ultimate lateral resistance (Pult) as follows:  

Silty Clay (cohesive soils) 

 
 ks = 67 Cu / B (kN/m3) 
 pult = 9 Cu  (kPa) at and below a depth of 3B reduced to  
                                                           zero at ground surface                                  

where pult = ultimate lateral resistance mobilized by a pile, kPa 
  Cu = undrained shear strength of cohesive soils, kPa    
                          = unit weight of soil, kN/m3  
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  B = width of pile, m 
 

Silty Sand to Sandy Silt Till (cohesionless soils) 

ks = nh . z / B (kN/m3) 
pult = 3 . ’ . z . Kp  (kPa) 

where z = depth of embedment of pile, m 
 B = pile width, m 

nh = coefficient related to soil density, kN/m3 , Table 10.4 
 ’ = Buoyant unit weight of soil, kN/m3, Table 10.4 
 Kp = passive earth pressure coefficient, Table 10.4 
 

The above equations and recommended parameters may be used to analyze the interaction 
between a pile and the surrounding soil.  The lateral pressure obtained from the analysis 
should not exceed the ultimate lateral resistance. 

The spring constant, K, for analysis may be obtained by the expression, K = ks x dz x B 
(kN/m), where ks is the coefficient of horizontal subgrade reaction (kN/m3), B is the pile 
width (m), dz is the length (m) of the pile segment used in the analysis.  The ultimate lateral 
resistance on any one segment of pile, Pult, may be obtained from the expression, Pult =  
pult x dz x B.  This represents the ultimate load at which the pile fails and will not support 
any additional load at greater displacements.   

Parameters for lateral pile resistance are provided in Table 10.4. 

Table 10.4 –Recommended Geotechnical Parameters for Lateral Resistance Design 

Location Reference 
Boreholes 

Approx. 
Elevation (m) 

Undrained 
Shear 

Strength 
Cu (kPa) 

Unit 
Weight 

 
(kN/m3) 

Kp nh 
(kN/m3) Soil Conditions 

West 
Abutment 

08-065            
08-066        

GRB16-03     
GRB16-05 

300.0-299.5 - 11* 3.2 3,600 
Compact Silty 
Sand 

299.5-295.0 - 12* 3.6 6,800 

Compact to 
Very Dense 
Sand and 
Gravel 

295.0-281.5 - 10* 4.2 10,900 
Dense to Very 
Dense Silty 
Sand to Sandy 
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Location Reference 
Boreholes 

Approx. 
Elevation (m) 

Undrained 
Shear 

Strength 
Cu (kPa) 

Unit 
Weight 

 
(kN/m3) 

Kp nh 
(kN/m3) Soil Conditions 

Silt Till 

281.5-280.0 - 10* 4.3 12,500 
Very Dense 
Gravelly Sand 

Pier 1 

08-064             
GRB16-04               
GRB16-06                     
GRB16-08 

299.0-294.0 - 12* 3.5 5,600 
Compact to 
Dense Sandy 
Gravel 

294.0-285.0 - 10* 4.2 10,900 
Very Dense 
Silty Sand to 
Sandy Silt Till 

Pier 2 

08-062                
08-063            

GRB16-07        
GRB16-09               
GRB16-11 

298.0-296.0 - 9* 2.8 1,300 Loose Silty 
Sand 

296.0-294.0 - 12* 3.6 6,800 
Compact to 
Dense Sandy 
Gravel 

294.0-281.0 - 10* 4.2 10,900 

Dense to Very 
Dense Silty 
Sand to Sandy 
Silt Till 

281.0-280.0 - 10* 4.3 12,500 Very Dense 
Sand/Gravel 

Pier 3 

4                      
5                       

08-061              
GRB16-10             
GRB16-12 

298.5-296.5 - 9* 3.0 2,000 Compact Silty 
Sand 

296.5-294.0 - 12* 3.6 6,800 
Dense to Very 
Dense Sand 
and Gravel 

294.0-284.0 - 10* 3.8 8,000 

Dense to Very 
Dense Silty 
Sand to Sandy 
Silt Till 

284.0-282.5 - 10* 4.3 12,500 Very Dense 
Sand 
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Location Reference 
Boreholes 

Approx. 
Elevation (m) 

Undrained 
Shear 

Strength 
Cu (kPa) 

Unit 
Weight 

 
(kN/m3) 

Kp nh 
(kN/m3) Soil Conditions 

282.5-280.0 - 10* 4.3 12,500 
Very Dense 
Silty Sand and 
Gravel 

Pier 4 

6                       
7                    

08-060               
GRB16-13                  
GRB16-14 

298.0-296.0 - 9* 2.8 1,300 Loose Sandy 
Silt 

296.0-293.5 - 12* 3.2 3,600 
Compact to 
Dense Sand 
and Gravel 

293.5-284.0   10* 4.2 10,900 
Very Dense 
Silty Sand to 
Sandy Silt Till 

284.0-280 - 10* 4.2 10,900 Very Dense 
Gravelly Sand 

Pier 5(^) 

1, 2 
8, 9 

10, 10a 
11 

GRB16-15 

297.5-296.0 - 9* 2.8 1,300 Loose Silt 

296.0-295.0 - 10* 3.0 2,000 Loose Silty 
Sand 

295.0-293.0 - 9* 3.3 4,500 Compact 
Sandy Gravel 

293.0-280.0 - 10* 4.3 12,500 

Dense to Very 
Dense Silty 
Sand to Sandy 
Silt Till 

280.0-278.0 - 10* 4.3 12,500 Very Dense 
Gravelly Sand 

Pier 6(^) 12, 13 
14, 15 

308.5-306.5 - 11* 3.2 3,600 

Compact to 
Very Dense 
Sand and 
Gravel 

306.5-304.5 225 11*  - - Very Stiff 
Clayey Silt 
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Location Reference 
Boreholes 

Approx. 
Elevation (m) 

Undrained 
Shear 

Strength 
Cu (kPa) 

Unit 
Weight 

 
(kN/m3) 

Kp nh 
(kN/m3) Soil Conditions 

304.5-283 - 10* 4.3 12,500 
Very Dense 
Silty Sand to 
Sandy Silt Till 

East 
Abutment 

3                
GRB16-16        
GRB16-17      
GRB16-19          
GRB16-21 

308.5-305.5 - 12* 3.6 6,800 

Compact to 
Very Dense 
Sand and 
Gravel 

305.5-301.5 125 11* -   Stiff Silty Clay 

301.5-300.0 - 12* 3.5 5,600 Dense Sandy 
Silt 

300.0-278.0 - 10* 4.3 12,500 
Very Dense 
Silty Sand to 
Sandy Silt Till 

*  Buoyant unit weight below water table 

(^) Recommendations for Piers 5 & 6 to be provided/confirmed following completion of additional boreholes 
within Grand River 

The group efficiency factors can be calculated based on side-by-side and line-by-line factors 
shown in Figures C6.22, C6.23 and C6.24 of the CHBDC (2019), S6:19 (Commentary). 

10.3.4 Pile Installation  

All piles shall be installed in accordance with OPSS 903 and SP 109F57.    

Pile driving to refusal in dense till must be controlled in accordance with Standard Provision 
SS103-11 (Hiley Formula) and an ultimate pile resistance must be specified by the designer.  
The Hiley formula does not need to be used until the pile tip is within 2 m of the design tip 
elevation.  The appropriate pile driving note to be shown on the contract drawing is “Piles to 
be driven in accordance with Standard SS103-11 using an ultimate geotechnical resistance 
of R kN per pile” where “R” must have a minimum value of twice the factored design load at 
ULS.  It is recommended that Pile Driving Analysis (PDA) testing be conducted in 
conjunction with the Hiley tests at this site, to establish set criteria, ensure the integrity of the 
pile and verify pile ultimate geotechnical resistance.       
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Due to the presence of cobbles and boulders within the overburden soils at this site, it is 
anticipated that the piles may encounter refusal above the bedrock surface or be damaged 
during driving due to these obstructions. Consequently, pile tip protection is recommended 
for driven H-piles to prevent pile damage during installation. The tips of all driven H-piles 
must be fitted with pile tip protection from an approved manufacturer such as Titus Steel 
(Standard H-point) or an approved equivalent.  

H-piles driven to bedrock will likely depressurize the artesian layers (i.e. lower sand and 
gravel deposit) and potentially cause long-term loss of lateral pile support due to continuous 
upward seepage along pile shafts. Pre-augering is also not recommended for driven piles at 
this site given the potential for depressurization of the artesian layer.  

The Contract Documents must contain a NSSP alerting the Bidders to the presence of 
cobbles and boulders in the overburden soils and the use of PDA Testing. Suggested texts 
for the NSSP’s are included in Appendix F.  The NSSP should contain a requirement to 
terminate driving before the pile is damaged by overdriving.  

10.4 Augured Caissons (Drilled Shafts) with Steel Casings 

Augured caissons socketed into sound bedrock may be used to support the piers. The use 
of caissons may also be considered for support of the abutments, either founded in the very 
dense till or socketed into sound bedrock.  

Caissons extended into the very dense till would require use of a casing to maintain stability 
of the caisson sidewalls as well as techniques such as drilling slurry to prevent disturbance 
of the caisson base. 

Caissons socketed into bedrock will require penetrating though the lower sand and gravel 
deposit prior to reaching bedrock and therefore will depressurize the artesian layers. The 
short-term and long-term impact of aquifer depressurization must be assessed by a qualified 
hydrogeologist prior to selecting this foundation option.   

10.4.1 Axial Resistance 

Table 10.5 presents the factored axial geotechnical resistances calculated for 0.76 m and 
1.5 m diameter caissons. The SLS condition will not govern the caisson design founded in 
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the sound bedrock. The recommended factored ULS resistance values assume that the 
caisson is in full contact with the rock at the base of the socket. At the abutments, caissons 
may alternatively be founded in the dense to very dense till deposit. The factored SLS 
resistances for 15 mm of settlement are also provided.  

 

Table 10.5 – Estimated Axial Resistance and Pile Tip Elevation for Caissons 

Foundation 
Unit Borehole 

Underside 
of 

Caisson 
Elev. (m) 

Top of 
Bedrock 

Elev./ 
Sound 

Bedrock 
Elev. (m) 

Approx. 
Caisson 

Base 
Elev. 
(m) 

Founding 
Strata 

Min. 
Caisson 
Length 

Assumed 
(m) 

0.76 m Diameter 1.5 m Diameter 

Factored 
ULS (kN) 

Factored 
SLS (kN) 

Factored 
ULS (kN) 

Factored 
SLS (kN) 

West 
Abutment 

08-065 

08-066 

GRB16-03 

GRB16-05 

306 
(WBL) 
305.8 
(EBL) 

280 / 
279 

289 

Very Dense 
Silty Sand to 

Sandy Silt 
Till 

17 2,200 1,800 - - 

2 m 
Socket 

into 
Sound 

Bedrock 

Dolostone 
Bedrock 28 4,000 - 10,000 - 

3.5 m 
Socket 

into 
Sound 

Bedrock 

Dolostone 
Bedrock 29.5 - - 13,500 - 

Pier 1 

08-064 

GRB16-04 

GRB16-06 

GRB16-08 

299(*) 279 / 
278 

2 m 
Socket 

into 
Sound 

Bedrock 

Dolostone 
Bedrock 22(*) - - 10,000 - 

3.5 m 
Socket 

into 
Sound 

Bedrock 

Dolostone 
Bedrock 23.5(*) - - 13,500 - 

Pier 2 

08-062 

08-063 

GRB16-07 

GRB16-09 

GRB16-11 

299(*) 279 / 
278 

2 m 
Socket 

into 
Sound 

Bedrock 

Dolostone 
Bedrock 22(*) - - 10,000 - 

3.5 m 
Socket 

into 

Dolostone 
Bedrock 23.5(*) - - 13,500 - 
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Foundation 
Unit Borehole 

Underside 
of 

Caisson 
Elev. (m) 

Top of 
Bedrock 

Elev./ 
Sound 

Bedrock 
Elev. (m) 

Approx. 
Caisson 

Base 
Elev. 
(m) 

Founding 
Strata 

Min. 
Caisson 
Length 

Assumed 
(m) 

0.76 m Diameter 1.5 m Diameter 

Factored 
ULS (kN) 

Factored 
SLS (kN) 

Factored 
ULS (kN) 

Factored 
SLS (kN) 

Sound 
Bedrock 

Pier 3 

5 

08-061 

GRB16-10 

GRB16-12 

298.5(*) 279 / 
278 

2 m 
Socket 

into 
Sound 

Bedrock 

Dolostone 
Bedrock 21.5(*) - - 10,000 - 

3.5 m 
Socket 

into 
Sound 

Bedrock 

Dolostone 
Bedrock 23(*) - - 13,500 - 

Pier 4 

7 

08-060 

GRB16-13 

GRB16-14 

297.5(*) 280 / 
279 

2 m 
Socket 

into 
Sound 

Bedrock 

Dolostone 
Bedrock 19.5(*) - - 10,000 - 

3.5 m 
Socket 

into 
Sound 

Bedrock 

Dolostone 
Bedrock 21(*) - - 13,500 - 

Pier 5 

9 

10/10a 

11 

GRB16-15 

291.6(^) TBD(^) 

2 m 
Socket 

into 
Sound 

Bedrock 

Dolostone 
Bedrock TBD(^) - - TBD(^) - 

3.5 m 
Socket 

into 
Sound 

Bedrock 

Dolostone 
Bedrock TBD(^) - - TBD(^) - 

Pier 6 

12 

13 

15 

(no recent 
boreholes) 

294.1(^) TBD(^) 

2.5 m 
Socket 

into 
Sound 

Bedrock 

Dolostone 
Bedrock TBD(^) - - TBD(^) - 

3.5 m 
Socket 

into 
Sound 

Bedrock 

Dolostone 
Bedrock TBD(^) - - TBD(^) - 
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Foundation 
Unit Borehole 

Underside 
of 

Caisson 
Elev. (m) 

Top of 
Bedrock 

Elev./ 
Sound 

Bedrock 
Elev. (m) 

Approx. 
Caisson 

Base 
Elev. 
(m) 

Founding 
Strata 

Min. 
Caisson 
Length 

Assumed 
(m) 

0.76 m Diameter 1.5 m Diameter 

Factored 
ULS (kN) 

Factored 
SLS (kN) 

Factored 
ULS (kN) 

Factored 
SLS (kN) 

East 
Abutment 

GRB16-16 

GRB16-17 

GRB16-19 

GRB16-21 

302.2 
(WBL) 
301.7 
(EBL) 

278 / 
277 

290 

Very Dense 
Silty Sand to 

Sandy Silt 
Till 

12.2 2,200 1,800 - - 

2 m 
Socket 

into 
Sound 

Bedrock 

Dolostone 
Bedrock 25.7 4,000 - 10,000 - 

3.5 m 
Socket 

into 
Sound 

Bedrock 

Dolostone 
Bedrock 27.2 - - 13,500 - 

(*)Pile cap elevation has not been given for Piers 1 to 4, the length provided in table is from the original ground 
surface to the pile tip elevation 

(^) Recommendations for Piers 5 & 6 to be provided/confirmed following completion of additional boreholes 
within Grand River 

The selection of a suitable socket depth will be governed by axial loads, lateral load and 
maximum shear and moment demand on each caisson. The structural designer must check 
the structural capacities of the caissons against the geotechnical resistances. 

10.4.2 Lateral Resistance in Soil  

The geotechnical lateral resistance of a pile may be calculated using the coefficient of 
horizontal subgrade reaction (ks) and the ultimate lateral resistance (Pult) as follows:  

Silty Clay (cohesive soils) 
 
 ks = 67 Cu / B (kN/m3) 
 pult = 9 Cu  (kPa) at and below a depth of 3B reduced to  
                                                           zero at ground surface                                  

where pult = ultimate lateral resistance mobilized by a pile, kPa 
  Cu = undrained shear strength of cohesive soils, kPa    
                         = unit weight of soil, kN/m3  
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  B = width of pile, m 
 

Sand and Silt Till (cohesionless soils) 

ks = nh . z / B (kN/m3) 
pult = 3 . ’ . z . Kp  (kPa) 

where z = depth of embedment of pile, m 
  B = pile width, m 

nh = coefficient related to soil density, kN/m3 , Table 10.4 
  ’ = Buoyant unit weight of soil, kN/m3, Table 10.4 
  Kp = passive earth pressure coefficient, Table 10.4 

 
The above equations and parameters provided in Table 10.4 may be used to analyze the 
interaction between a pile and the surrounding soil.  The lateral pressure obtained from the 
analysis should not exceed the ultimate lateral resistance. 

The spring constant, Ks, for analysis may be obtained by the expression, Ks = ks L D 
(kN/m), where ks is the coefficient of horizontal subgrade reaction (kN/m3), D is the caisson 
diameter (m) and L is the length (m) of the caisson segment or element used in the analysis. 
The ultimate lateral resistance, Pult, can be obtained from the expression, Pult = pult L D. 
This represents the ultimate load at which the supporting soil fails and will not support any 
additional load at greater displacements. The coefficient of horizontal subgrade reaction and 
ultimate lateral resistance should be reduced based on the caisson/pile spacing to account 
for group effect. The group efficiency factors provided in CHBDC (2019) Commentary 
Section C6.11.3.4 may be used for a caisson/pile group oriented perpendicular or parallel to 
the direction of loading. 

The ultimate lateral resistance of the caisson/pile group may be estimated to be the smaller 
of the following two: 

1. Ultimate lateral resistance of an equivalent block. The lateral resistance of the block 
may be estimated as the passive earth pressure (Kp ’z in kPa) acting over an 
equivalent wall area that equals to the dimension of the caisson/pile group in plan 
perpendicular to the loading direction multiplied by a depth of six caisson/pile 
diameter (6D). The depth should extend from the base of the caisson/pile cap or 
ground surface (riverbed), whichever is lower. The lateral soil resistance within the 
frost depth (1.4 m in Kitchener) should be neglected for the piers located on land. 
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2. Sum of the ultimate lateral resistances of individual caissons/piles in the group 
reduced by group efficiency factors as per CHBDC (2019) Commentary Section 
C6.11.3.4. 

10.4.3 Lateral Resistance in Rock Socket 

The lateral resistance of the socket in the dolostone bedrock at this site may be calculated 
using ultimate lateral resistance (pult) as follows: 
 
For z ≤ 3D, pult = (1+1.4 * z / D) * srm (MPa) 
For z > 3D, pult = 5.2 * srm (MPa) 
 

Where: z = depth of socket below bedrock surface (m) 
D = caisson diameter (m) 
srm = rock mass strength, recommend 4 MPa  

 
The ultimate lateral resistance, Pult, may be obtained from the expression, Pult = pult L D 
(kN), where D is the caisson diameter (m) and L is the length (m) of the caisson segment or 
element used in the analysis. This represents the ultimate load at which the rock fails and 
will not support any additional load at greater displacement. A resistance factor of 0.5 should 
be applied to the calculated ultimate lateral resistance based on CHBDC (2019). 

The spring constant of the socket in the dolostone bedrock can be calculated using 
coefficient of subgrade reaction (kh) as follows: 

Kh=0.065 EM / (B (1- nr 2)) * [EM B4 / Es Is]1/12  (MN/m3)  
Where: B = caisson diameter (m) 

EM = rock mass modulus, recommend 1,200 MPa  
nr = 0.2, Poisson’s ratio of dolostone bedrock 
Es = elastic modulus of caisson concrete (MPa) 
Is = moment of inertia of a caisson in bending (m4) 

 
The spring constant, Kh, for analysis may be obtained by the expression, Kh = kh L D 
(kN/m), where D is the caisson diameter (m) and L is the length (m) of the caisson segment 
or element used in the analysis. 

10.4.4 Caisson Installation 

Drilled caissons must be installed in accordance with OPSS 903 where applicable. 



 

Client:  WSP    Date: March 15, 2024 
File No.: 11375    Page: 49 of 61 
E file: H:\10000+\11375 Hwy 7 New PD and DD Foundations\Reports & Memos\Grand River\FINAL FIDR 

Based on the borehole data, caisson excavation will extend through the upper silty sand to 
sandy silt, sand and gravel, silty sand to sandy silt till, and lower sand and sand and gravel 
layers, and into dolostone bedrock. The silty sand to sandy silt, upper sand and gravel, and 
silty sand to sandy silt till deposits were noted to contain cobbles and boulders. Augering 
and socketing operations may be difficult and significantly impacted by these conditions.  
The installation methods and equipment must be capable of dislodging, removing or 
otherwise penetrating such obstructions. 

Caisson installation equipment with rock drilling/coring capabilities must be capable of 
penetrating hard layers within the medium strong to very strong dolostone bedrock.  The 
strength and hardness of this rock must be taken into account when selecting equipment to 
advance the caisson into rock.  Equipment supplied to construct the rock socket must be 
capable of excavating the bedrock to the specified socket dimensions without disturbing or 
fracturing the bedrock forming the sidewalls and base of the socket.  Blasting to facilitate the 
removal of bedrock is not permitted.  

Permanent casings will be required to maintain stability of the caisson sidewalls in the 
cohesionless overburden soils and upper portion of the bedrock. Techniques such as drilling 
slurry will be necessary to prevent disturbance of the caisson base.   

High volumes of seepage due to the observed artesian conditions in the lower sand and 
gravel deposit and the upper fractured portion of the rock should be anticipated into caisson 
excavations socketed into bedrock, and measures such as heavy duty pumping to maintain 
a dry excavation and enable concrete placement in a dewatered condition may not be 
practical. It is anticipated that placement of concrete using tremie methods will be required. 

After each rock socket is drilled, cleaned and approved, structural concrete must be placed 
within 6 hours to prevent softening of the dolostone exposed on the base and sidewalls of 
the excavation. 

10.5 Abutment Design Considerations 

From a geotechnical perspective, the conditions at this site are considered to be suitable for 
the design of conventional, semi-integral or integral abutments.   
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For integral abutments, the flexibility of the upper portion of the pile may be provided by a 
single corrugated steel pipe (CSP) system.  Reference should be made to the integral 
abutment manual for details of this system.  Piles should be driven first before pouring in 
loose uniform sand. 

10.6 Frost Cover 

The design depth of frost penetration for this site is 1.4 m as per OPSD 3090.101.  All 
footing bases and undersides of pile caps/abutment stems must be provided with at least 
1.4 m of soil cover. 

10.7 Recommended Foundation 

From a geotechnical perspective, and based on 2017/2018 information, the recommended 
foundation at the piers as well as both abutments is shown in Table 10.6. 

Table 10.6 – Recommended Foundation 
Foundation 

Element WBL/EBL Foundation Type 
West Abutment Driven H-Pile into very dense till 

Pier 1 Spread Footing 
Pier 2 Spread Footing 
Pier 3 Spread Footing 
Pier 4 Spread Footing 

Pier 5 Caissons socketed into sound bedrock (To be confirmed 
following completion of additional boreholes within Grand River) 

Pier 6 Caissons socketed into sound bedrock (To be confirmed 
following completion of additional boreholes within Grand River) 

East Abutment Caissons founded in very dense till 
 

11 LATERAL EARTH PRESSURES 
Earth pressures acting on the abutments may be assumed to be triangular and to be 
governed by the characteristics of the abutment backfill.  For a fully drained condition, the 
pressures should be computed in accordance with the CHBDC 2019 but are generally given 
by the expression: 

 ph = K ( h + q) 
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where: ph  =  horizontal pressure on the wall at depth h (kPa) 
 K = earth pressure coefficient (see Table 11.1) 

  =  unit weight of retained soil (see Table 11.1) 
 h  =  depth below top of fill where pressure is computed (m) 
 q  = value of any surcharge (kPa). 

In accordance with Clause 6.12.3 of the CHBDC 2019, a compaction surcharge should be 
added.  Compaction equipment to be used adjacent to retaining structures should be 
restricted in accordance with OPSS.PROV 501. 

Earth pressure coefficients for backfill to the abutment wall are dependent on the material 
used as backfill.  Typical values are shown in Table 11.1. 
 

Table 11.1 – Earth Pressure Coefficients 

Wall Condition 

Earth Pressure Coefficient (K) 
OPSS Granular A or 

OPSS Granular B Type 
II 

 = 35,   = 22.8 kN/m3 

OPSS Granular B Type I 
 = 32,  = 21.2 kN/m3 

Horizontal 
Surface 
Behind 

Wall 

Sloping 
Backfill 
(2H:1V) 

Horizontal 
Surface 
Behind 

Wall 

Sloping 
Backfill 
(2H:1V) 

Active (Unrestrained 
Wall) 0.27 0.40 0.31 0.48 

At rest (Restrained 
Wall) 0.43 0.62 0.47 0.70 

Passive (Movement 
Towards Soil Mass) 3.7 - 3.3 - 

       Note: Submerged unit weight should be used below the groundwater level. 

If some movement of the wall is allowed (unrestrained system), active horizontal earth 
pressure may be used in the geotechnical design of the structure.  For rigid walls, at-rest 
horizontal earth pressures should be used. 

In conventional design, the use of a material with a high friction angle and low active 
pressure coefficient (e.g. Granular A, Granular B Type II) is preferred as it results in lower 
earth pressures acting on the wall.   
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The factors in Table 11.1 are “ultimate” values and require certain movements for the 
respective conditions to be mobilized.  The values to be used in the design can be estimated 
from Figure C6.27 in the Commentary to the CHBDC 2019. 

The impact of seismic induced forces on the abutments should be assessed in accordance 
with Section C6.14.7.2 of the Commentary to the CHBDC. 

It is recommended that perforated sub-drains and/or weep holes be installed, where 
applicable, to provide positive drainage of the granular backfill behind the abutment walls.  
Reference may be made to OPSD 3102.100 where appropriate. 

12 APPROACH EMBANKMENTS AND PERMANENT CUTS 

Based on the GA drawing dated February 2019, new fill up to 13.5 m in height will be placed 
for the west approach embankments and 1 to 2 m of fill will be placed for the east approach 
embankments of the proposed Grand River Bridges.  Permanent cuts up to 10 m will be 
required into the existing east riverbank to permit construction of Piers 6.  Slope inclinations 
not steeper than 2 horizontal to 1 vertical (2H:1V) may be used for embankments up to 13.5 
m in height provided the embankments are constructed with clean earth fill which does not 
contain medium or high plastic clay. All embankment fills must be constructed with adequate 
quality control in accordance with OPSS.PROV 206 and OPSS.PROV 501 requirements. 

Mid-height berms comprising 2 m wide benches should be incorporated along the length of 
embankments at greater than 8 m in height. The benches should extend for the length 
through which the embankment height exceeds 8 m and have a 2% positive grade to shed 
run-off water. 

Where new fill is placed against an existing embankment slope or on a sloping ground 
surface steeper than 3H:1V, the existing slope should be benched in accordance with 
OPSD208.010. 

It is also recommended that all permanent and temporary slope surfaces be vegetated and 
seeded in accordance with current MTO practice with reference to OPSS.PROV 804.  
Surface runoff and precipitation must be prevented from flowing perpendicularly down any 
slope surface.  Erosion protection measures will have to be taken as necessary to maintain 
slope stability. 
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Prior to fill placement, the subgrade must be adequately prepared to receive the new fill.  All 
vegetation, topsoil, organics, soft/loosened or wet soils should be sub-excavated.   

Permanent cut slopes may be formed at inclinations not steeper than 2H:1V.  Flatter slopes 
may be required in areas of seepage. Excavation for cut slope construction should be 
carried out in accordance with OPSS.PROV.206. 

Mid-height berms comprising 2 m wide benches should be incorporated along the length of 
earth cuts with depths at or exceeding 6 m. The benches should maintain a 2% slope to 
shed surface run-off.  

Temporary drainage of the cuts should be provided to maintain a relatively dry, stable 
excavation.  Positive drainage of the road base (e.g. access road) and permanent cuts must 
be provided. 

It is recommended that the deep cut between the east abutment and Pier 6 be regularly 
inspected by geotechnical personnel during construction. Should signs of sloughing, 
seepage, cracking and or movements on the excavated slope are observed remedial action 
such as slope flattening, construction of buttress or gravel sheeting should be immediately 
implemented.  

12.1 Slope Stability 

Global stability analyses were carried out to assess the global stability of the critical high fill 
section at the west approach embankment and the deep cut behind the east abutment The 
stability analyses were performed using the commercially available software Slope/W, 
developed by GEO-SLOPE International Ltd. 

The results of the stability analyses are presented in Appendix E. Factors of Safety equal to 
or greater than 1.3, 1.5 and 1.1 were computed for the short-term, long-term and seismic 
conditions, respectively. The results of the analysis indicate that approach embankments up 
to 13.5 m high should be stable with side slopes inclined to 2H:1V and temporary cuts up to 
10 m deep should be stable at 2H:1V inclination. The analysis is based on the assumption 
that the approach embankments will be constructed using granular material, select 
subgrade material and/or clean earth fill.  
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12.2 Settlement  

A 0.8 m thick surficial layer of topsoil and very soft silty clay was encountered in the 
boreholes advanced in the west approach areas. It is recommended that all topsoil and soft 
materials be stripped within the embankment footprint prior to fill placement.  It is estimated 
that at the west approach embankments, settlements of 20 mm to 25 mm will occur in the 
foundation soils under the loading imposed by the approximately 13.5 m approach fill. This 
settlement will be immediate and essentially complete when construction of the fill is 
completed. Due to the low fill height proposed in the east approach areas, foundation 
settlement is expected to be negligible.   

Embankment settlement due to fill compression is estimated to 0.5% of the fill height. 
Approximately 50% of the total fill compression (or 0.25% of the fill height) will occur during 
construction and the remaining 50% or approximately 30 to 35 mm at this site will occur after 
construction in the west approach area.  

No long-term settlement issues are anticipated for approach embankments built at this site.  

13 TEMPORARY EXCAVATION  

All excavations at this site must be carried out in accordance with the Occupational Health 
and Safety Act (OHSA).  The excavation and backfilling for foundations must be carried out 
in accordance with OPSS.PROV 902. 

Excavation for foundation construction will extend through loose to very dense silty sand to 
sandy silt, loose to very dense upper sand and gravel, and into the dense to very dense silty 
sand to sandy silt till deposit.  

For the purposes of the OHSA, the fills and native soils above the water table may be 
classed as Type 3; and the soils below the groundwater level may be classed as Type 4.     

Use of a hydraulic excavator should be suitable for excavation in the overburden soils. The 
selection of the method of excavating soils is the responsibility of the Contractor and must 
be based on their equipment, experience and interpretation of the site conditions. Provision 
must be made for handling the potential cobbles and boulders in the silty sand to sandy silt, 
upper sand and gravel, and silty sand to sandy silt till deposits. The Contractor’s excavation 
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equipment must be able to dislodge and remove these obstructions. Laboured excavation 
should be anticipated in the hard/dense to very dense soils.  

Excavations should regularly be inspected for evidence of instability if they have been left 
open for extended periods of time and following periods of heavy rain or thawing.  If 
required, remedial actions must be taken to ensure the stability of the excavation and the 
safety of workers.   

14 BACKFILL TO ABUTMENTS 

For backfilling immediately behind the new abutment wall, it is recommended that the new 
fill be Granular A, Granular B Type II or Granular B Type I materials meeting the gradation 
and relevant requirements stipulated in OPSS.PROV 1010.  Beyond this zone, clean earth 
fill may be used. The earth fill should not contain medium or high plastic clays or deleterious 
materials and organics.  

The backfill should be in accordance with OPSS.PROV 206 requirements and OPSD 
3101.150.  Compaction equipment to be used adjacent to abutments/retaining structures 
must be restricted in accordance to OPSS.PROV 501.   

The design of the abutment must incorporate a subdrain as shown in OPSD 3102.100. 

15 GROUNDWATER AND SURFACE WATER CONTROL 

The observed groundwater levels ranged from 5 m below the ground surface to 3.4 m above 
the ground surface (Elevations 298.4 to 308.1).  In general, the groundwater level is 
between approximately Elevation 298 and 303 on the west side of the Grand River and 
between approximately Elevation 305 and 308 on the east side of the Grand River.  Due to 
the fact that no recent boreholes were drilled at Piers 5 and 6 within the Grand River, the 
groundwater conditions in this area are not known. Artesian conditions with elevation heads 
ranging from 1.2 m to 3.4 m above ground surface were encountered during drilling in seven 
boreholes advanced in the flood plain west of Grand River.  The artesian conditions were 
observed while drilling through the lower sand and gravel and during bedrock coring 
suggesting that a confined artesian aquifer is present at this site and has a static water level 
Elevation of approximately 301 m. 
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The groundwater level will vary and may be higher at the time of construction and seasonal 
fluctuations of the groundwater level are to be expected.  Additionally, water levels may be 
significantly affected during high water level in Grand River.  

Excavation for footing or pile cap construction within the floodplain will require cofferdam 
installation and dewatering. The design of an effective cofferdam and dewatering system is 
the responsibility of the Contractor. The dewatering equipment may need to handle 
significant flow volumes in view of the permeable nature of the cohesionless deposits at the 
site. High volume sumps installed within the excavation in conjunction with interlocking steel 
sheet piling cutoff around the foundation excavation may provide a suitable system. 
However, high volume sumps and pumps may not be adequate and a more robust 
dewatering system may be required. The groundwater control measures must be 
implemented prior to commencing excavation below the water level.  

Installation of sheet pile cofferdams may be problematic due to the frequency of cobbles 
and/or boulders, as well as the locally very dense conditions. The installation methods and 
equipment must be capable of dislodging, removing or otherwise penetrating such 
obstructions. Predrilling may be required for the sheet pile cofferdams to loosen the soils 
and push obstructions aside from the pile alignment. Suggested wording for an NSSP to 
alert the Contractor to these conditions is provided in Appendix F. 

The dewatering system must be effective to lower the groundwater table at a minimum of 
0.5 m below the final subgrade level to avoid basal heave and base boiling. Any 
accumulation of water from the base of the excavation should be removed prior to placing 
concrete.  Placement of concrete must be done in the dry.  Unwatering must remain 
operational and effective until the footings are constructed and backfilled.  

The foundation options being considered for the Grand River Bridges also include caisson 
foundations socketed into bedrock. Artesian head in the lower sand and gravel layer and in 
the bedrock underlying this layer must be depressurized before start of caisson construction. 
Installation of caisson foundations bearing on the bedrock would provide high axial 
resistance but would have potential for internal erosion of fine-grained material along the 
sides and at the base of the caisson liner under the artesian conditions.  Permanent 
dewatering of the area could potentially alleviate this concern, but it may impact adjacent 
well users and surface water features depending on the aquifer properties.   The short-term 
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and long-term impact of aquifer depressurization must be assessed by a qualified 
hydrogeologist prior to selecting this foundation option.   

Dewatering of all excavations should be carried out in accordance with OPSS. PROV 517, 
SP 517F01 Amendment to OPSS 517, November 2016 (issued July 2017), NSP FOUN0003 
and OPSS. PROV 902.  A dewatering engineer with a minimum of 10 years experience in 
designing dewatering systems shall be retained by the Contractor for design of an effective 
dewatering system.  

 A Ministry of Environment (MOE) Permit to Take Water (PTTW) or requesting with 
Environmental Activity and Sector Registry (EASR), depending on the groundwater pumping 
volume, will be required prior to construction and must be anticipated by the Contractor. 

Water discharged from unwatering operations or displaced during concrete placement may 
not be suitable for direct discharge to the existing water channel.  The contract documents 
must alert the contractor to this fact and include an item for treatment of the water to the 
satisfaction of MOE, Ministry of Natural Resources (MNR), Department of Fisheries and 
Oceans (DFO) or other agencies having jurisdiction, prior to discharge to the channel. 

16 SCOUR AND EROSION PROTECTION 

Erosion protection must be provided to prevent scour and undermining of the footings and 
pile caps. The depth of scour must be determined by a river/creek hydraulics specialist and 
the depth of pile embedment to achieve fixity must be measured from the predicted scour 
level. 

Suitable erosion protection (e.g. rip-rap) must also be provided along the toe of any slopes 
that may be in contact with the high river flow. Above this level, a vegetation cover should be 
established on all other exposed earth surfaces to protect against surficial erosion, in 
general accordance with OPSS 804. 

Erosion and scour protection measures for footings and slopes should be designed by a 
qualified and experienced hydrological professional. 
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17 SEISMIC CONSIDERATIONS 

In accordance with the CHBDC 2019, the selection of the seismic site classification is based 
on the averaged soil conditions encountered in the upper 30 m of the stratigraphy. The 
stratigraphy of the site consists of layers of loose to very dense silty sand to sandy silt, firm 
to stiff clayey silt, and loose to very dense sand and gravel, overlying very dense silty sand 
to sandy silt till and dolostone bedrock.  This would correspond to a Seismic Site Class C in 
accordance with Table 4.1, Clause 4.4.3.2 of the CHBDC. The peak seismic hazard values 
based on the 6th generation seismic hazard maps published by the GSC are provided in 
Appendix H.   The recommended soil-structure interaction springs for shallow surface 
foundations of Piers 1 to 4 of the proposed bridge produced based on the simplified 
methods outlined in Section C6.14.5 of the Commentary on CHBDC have been provided in 
Appendix H. The soil springs have been developed using a lower bound shear wave velocity 
for a Site Class C (i.e., 360 m/s) and based on the assumption that the pier foundations will 
have a width of about 11 m and a length of about 13.5 m with be at least 1 m of Rip-Rap be 
placed above the footings. For design of deep foundations under seismic loading, the static 
lateral modulus of subgrade reactions should be reduced by about 10% (using a p-multiplier 
of 0.9).   
 
 

In accordance with Clause 6.14.7 of the CHBDC 2019, retaining structures should be 
designed using active (KAE) and passive (KPE) earth pressure coefficients that incorporate 
the effects of earthquake loading. The coefficients of horizontal earth pressure for seismic 
loading presented in Table 17.1 may be used:  

Table 17.1 – Earth Pressure Coefficients for Earthquake Loading (2% in 50 Years) 
 

 
 
 
 

   
            
 
 
 *   After Mononobe and Okabe, passive case assumes a horizontal surface in front of the    

                                wall. 
   ** After Woods 
 
Based on the subsurface conditions, liquefaction is not considered to be a concern at this 
site. 

Condition 

Earth Pressure Coefficient (K) 
OPSS Granular A or 
Granular B Type II 

 = 35,  = 22.8 kN/m3 

OPSS Granular B Type I 
 = 32,  = 21.2 kN/m3 

Active (KAE)* 0.31 0.35 

Passive (KPE) 3.5 3.1 

At Rest (KOE)** 0.57 0.61 
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18 CORROSION AND SULPHATE ATTACK POTENTIAL 

The results of the corrosivity and sulphate analytical tests conducted on the native soils 
during the 2017/2018 investigation indicates the following conditions at the locations tested:  

• The potential for sulphate attack on concrete foundations from the surrounding native 
soils is considered to be negligible due to the low concentration of sulphate and chloride 
in the samples tested.  The selection of class of concrete should consider the effects of 
the road de-icing salts. 

• The potential for soil corrosion on metal is considered to be mild. 

• Appropriate protection measures commensurate with the above are recommended if 
metal structural elements are used.  The effects of road de-icing salts should be also 
considered. 

19 CONSTRUCTION CONCERNS 

Potential construction concerns include, but are not necessarily limited to:  

1. H-Pile/Caisson Installation 

Cobbles and boulders were encountered within the overburden soils at this site. The 
cobbles and boulders may interfere with H-pile/caisson installation. The Contractor shall 
be prepared to remove, dislodge or otherwise penetrate these obstructions to advance 
the piles to the specified tip elevation/resistance while meeting the specified deflection 
tolerances. The Contractor shall have appropriate equipment available on site at the 
time of the H-pile/caisson installation for this purpose. 

2. Excavation and Groundwater Control for Footing Construction 

Hydraulic equipment is expected to be capable of excavating to the required depths at 
this site. The equipment must be capable of penetrating, handling and/or removing 
cobbles and boulders present within the overburden soils.   

Cofferdam installation in conjunction with dewatering will be required for footing 
excavation or pile cap construction within the floodplain to permit construction in the dry. 
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The dewatering equipment may need to handle significant flow volumes in view of the 
permeable nature of the cohesionless deposits. It is envisaged that high volume sumps 
and pumps may not be adequate and a more robust dewatering system may be 
required. Cofferdam installation may be problematic due to the frequency of cobbles 
and/or boulders, as well as the locally very dense conditions. 

The design of an effective cofferdam and dewatering system is the responsibility of the 
Contractor. The Contractor’s dewatering plan must be in place prior to commencing 
excavation.   

3. Excavation and Groundwater Control for Caisson Construction 

Groundwater levels observed in the lower sand and gravel layer and dolostone bedrock 
underling the silty sand to sandy silt till deposit indicated artesian conditions with water 
levels as high as 3.4 m above existing ground surface. Permanent casings will be 
required to maintain stability of the caisson sidewalls in the cohesionless overburden 
soils and upper portion of the bedrock. Techniques such as drilling slurry will be 
necessary to prevent disturbance of the caisson base. 

High volumes of seepage due to the observed artesian conditions in the lower sand and 
gravel deposit and the upper fractured portion of the rock should be anticipated into 
caisson excavations. The aquifer will need to be depressurized to prevent erosion and 
disturbance of the soil during the installation of the caissons.  The ground water flowing 
from the lower aquifer will need to be contained and treated before it can enter the 
Grand River.    

Caisson installation equipment with rock drilling/coring capabilities must be capable of 
penetrating hard layers within the dolostone bedrock.   

4. Confirmation of Subsurface Conditions 

As of the date of this report, no boreholes have been completed within Grand River at 
the proposed Pier 5 and 6 locations. Additional boreholes should be completed within 
the River prior to construction to confirm the subsurface conditions and the groundwater 
regime at these locations. 
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20 CLOSURE 

Engineering analysis and preparation of the report were carried out by Mr. Geoff Lay and 
Mr. Keli Shi. 
 
The report was reviewed by Mr. Jason Lee, P.Eng., and Dr. P.K. Chatterji, P.Eng., a 
Designated Principal Contact for MTO Foundations Projects. 
 
Thurber Engineering Ltd 
 
 
 
 
Keli Shi, P.Eng. 
Partner/Senior Geotechnical Engineer 
 
 
 
 
 
 
 
Jason Lee, P.Eng. 
Partner/Senior Geotechnical Engineer 
 
 
 
 
 
 
 
 
P.K. Chatterji, P.Eng., 
Review Principal, Designated MTO Contact 



STATEMENT OF LIMITATIONS AND CONDITIONS 
 

1.  STANDARD OF CARE 

This Report has been prepared in accordance with generally accepted engineering or environmental consulting practices in the applicable jurisdiction. 
No other warranty, expressed or implied, is intended or made. 

2.  COMPLETE REPORT 

All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are a part of the Report, which is of a 
summary nature and is not intended to stand alone without reference to the instructions given to Thurber by the Client, communications between 
Thurber and the Client, and any other reports, proposals or documents prepared by Thurber for the Client relative to the specific site described herein, 
all of which together constitute the Report. 

IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS EXPRESSED HEREIN, REFERENCE MUST BE 
MADE TO THE WHOLE OF THE REPORT. THURBER IS NOT RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE REPORT WITHOUT REFERENCE 
TO THE WHOLE REPORT. 

3.  BASIS OF REPORT 

The Report has been prepared for the specific site, development, design objectives and purposes that were described to Thurber by the Client. The 
applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the Report, subject to the limitations provided 
herein, are only valid to the extent that the Report expressly addresses proposed development, design objectives and purposes, and then only to the 
extent that there has been no material alteration to or variation from any of the said descriptions provided to Thurber, unless Thurber is specifically 
requested by the Client to review and revise the Report in light of such alteration or variation. 

4.  USE OF THE REPORT 

The information and opinions expressed in the Report, or any document forming part of the Report, are for the sole benefit of the Client. NO OTHER 
PARTY MAY USE OR RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT THURBER’S WRITTEN CONSENT AND SUCH 
USE SHALL BE ON SUCH TERMS AND CONDITIONS AS THURBER MAY EXPRESSLY APPROVE. Ownership in and copyright for the contents 
of the Report belong to Thurber. Any use which a third party makes of the Report, is the sole responsibility of such third party. Thurber accepts no 
responsibility whatsoever for damages suffered by any third party resulting from use of the Report without Thurber’s express written permission. 

5. INTERPRETATION OF THE REPORT 

a)  Nature and Exactness of Soil and Contaminant Description: Classification and identification of soils, rocks, geological units, contaminant materials 
and quantities have been based on investigations performed in accordance with the standards set out in Paragraph 1. Classification and 
identification of these factors are judgmental in nature. Comprehensive sampling and testing programs implemented with the appropriate 
equipment by experienced personnel may fail to locate some conditions. All investigations utilizing the standards of Paragraph 1 will involve an 
inherent risk that some conditions will not be detected and all documents or records summarizing such investigations will be based on 
assumptions of what exists between the actual points sampled. Actual conditions may vary significantly between the points investigated and the 
Client and all other persons making use of such documents or records with our express written consent should be aware of this risk and the 
Report is delivered subject to the express condition that such risk is accepted by the Client and such other persons. Some conditions are subject 
to change over time and those making use of the Report should be aware of this possibility and understand that the Report only presents the 
conditions at the sampled points at the time of sampling. If special concerns exist, or the Client has special considerations or requirements, the 
Client should disclose them so that additional or special investigations may be undertaken which would not otherwise be within the scope of 
investigations made for the purposes of the Report. 

b)  Reliance on Provided Information: The evaluation and conclusions contained in the Report have been prepared on the basis of conditions in 
evidence at the time of site inspections and on the basis of information provided to Thurber. Thurber has relied in good faith upon representations, 
information and instructions provided by the Client and others concerning the site. Accordingly, Thurber does not accept responsibility for any 
deficiency, misstatement or inaccuracy contained in the Report as a result of misstatements, omissions, misrepresentations, or fraudulent acts 
of the Client or other persons providing information relied on by Thurber. Thurber is entitled to rely on such representations, information and 
instructions and is not required to carry out investigations to determine the truth or accuracy of such representations, information and instructions. 

c)  Design Services: The Report may form part of design and construction documents for information purposes even though it may have been issued 
prior to final design being completed. Thurber should be retained to review final design, project plans and related documents prior to construction 
to confirm that they are consistent with the intent of the Report. Any differences that may exist between the Report’s recommendations and the 
final design detailed in the contract documents should be reported to Thurber immediately so that Thurber can address potential conflicts. 

d)  Construction Services: During construction Thurber should be retained to provide field reviews. Field reviews consist of performing sufficient and 
timely observations of encountered conditions in order to confirm and document that the site conditions do not materially differ from those 
interpreted conditions considered in the preparation of the report. Adequate field reviews are necessary for Thurber to provide letters of assurance, 
in accordance with the requirements of many regulatory authorities. 

6. RELEASE OF POLLUTANTS OR HAZARDOUS SUBSTANCES 

Geotechnical engineering and environmental consulting projects often have the potential to encounter pollutants or hazardous substances and the 
potential to cause the escape, release or dispersal of those substances. Thurber shall have no liability to the Client under any circumstances, for the 
escape, release or dispersal of pollutants or hazardous substances, unless such pollutants or hazardous substances have been specifically and 
accurately identified to Thurber by the Client prior to the commencement of Thurber’s professional services. 

7. INDEPENDENT JUDGEMENTS OF CLIENT 

The information, interpretations and conclusions in the Report are based on Thurber’s interpretation of conditions revealed through limited investigation 
conducted within a defined scope of services. Thurber does not accept responsibility for independent conclusions, interpretations, interpolations and/or 
decisions of the Client, or others who may come into possession of the Report, or any part thereof, which may be based on information contained in 
the Report. This restriction of liability includes but is not limited to decisions made to develop, purchase or sell land. 
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Appendix A 

Record of Borehole Sheets, Laboratory Test Results for Present Site Investigation and 
Analytical Laboratory Test Results
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Sandy SILT, trace gravel and clay
Dense to Very Dense
Grey
Moist
(TILL)

END OF BOREHOLE AT 10.9m.
Well installation consists of 19mm
diameter Schedule 40 PVC pipe with
a 3.0m slotted screen.
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TOPSOIL:  (200mm)

Silty CLAY, with organics, trace
rootlets
Very Soft to Very Stiff
Brown
Moist

Silty SAND, some gravel, trace clay
Compact to Loose
Brown
Wet

Some organics, trace rootlets
Loose to Compact

SAND and SILT, some clay, trace
gravel
Compact to Very Dense
Brown
Moist
(TILL)

END OF BOREHOLE AT 8.2m.
GROUNDWATER WAS
ENCOUNTERED AT A DEPTH OF
ABOUT 1.4m UPON COMPLETION
OF DRILLING.
BOREHOLE BACKFILLED
BENTONITE HOLEPLUG TO 0.3m
AND CUTTINGS TO SURFACE.
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TOPSOIL, trace sand and gravel,
trace rootlets
Compact
Brown
Moist

Sandy GRAVEL, trace silt, trace
clay, occasional cobbles
Dense to Compact
Brown
Moist

Compact
Wet

Silty SAND, some clay, trace gravel,
occasional cobbles
Very Dense
Brown
(TILL)

Becoming grey
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Silty SAND, some clay, trace gravel,
occasional cobbles
Very Dense
Grey
(TILL)

SAND and SILT, some clay, trace
gravel, occasional cobbles
Very Dense
Grey
Wet
(TILL)

(CL-ML)
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100/

.075

SAND and SILT, some clay, trace
gravel, occasional cobbles
Very Dense
Grey
Wet
(TILL)

DOLOSTONE,  with limestone
interbeds, grey: (Salina Formation)

Vertical joint at 20.7m, 20.9m, 21.0m,
21.2m, 21.3m, 21.4m, 21.5m

Vertical joint at 21.7m, 21.8m, 22.0m,
22.2m, 22.5m, 22.7m, 22.9m, 23.0m,
23.1m
Saturated clay seam (175mm)  at
22.0m

Erosion (150mm) at 23.6m and
(100mm) at 23.8m

Vertical joint at 23.4m, 23.5m, 23.6m,
23.7m, 23.8m

END OF BOREHOLE AT 24.0m.
ADDITIONAL WATER WAS USED
FOR CORING. THEREFORE,
GROUNDWATER LEVEL WAS NOT
MEASURED.
BOREHOLE BACKFILLED WITH 6
BAGS OF GROUT.
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TCR=100%
SCR=73%
RQD=11%

UCS=250.5MPa
(PLT)

RUN #2
TCR=95%
SCR=75%
RQD=35%
UCS=70.2MPa
UCS=82.4MPa
(PLT)

RUN #3
TCR=79%
SCR=66%
RQD=21%

UCS=248.3MPa
(PLT)
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TOPSOIL, trace rootlets
Loose
Dark Brown
Moist

Sandy GRAVEL, some organics,
trace rootlets, trace silt, trace clay
Compact
Dark Brown
Moist

Brown

Auger grinding from 3.1m to 4.6m

SAND and SILT, some clay, trace
gravel
Dense to Very Dense
Brown
Moist
(TILL)

Wet Spoon
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SAND and SILT, some clay, trace to
some gravel
Very Dense
Brown
Moist
(TILL)

(CL-ML)

Occasional cobbles

No recovery
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.060
Possible artesian conditions
encountered. 1.5m of casing added
above ground level to manage
artesian condition

DOLOSTONE,  with limestone
interbeds, moderately weathered,
thinly bedded, grey: (Salina
Formation)

Artesian condition at 21.3m

Vugs at 21.3m

Vertical joint (75mm) at 21.9m

Sub-angular joint (75mm) at 22.0m

Vertical joint at 22.3m

Vugs at 23.6m, 24.0m

END OF BOREHOLE AT 24.3m.
Piezometer installation consists of
50mm diameter Schedule 40 PVC
pipe with a 3.0m slotted screen.
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FI
RUN #1
TCR=62%
SCR=62%
RQD=30%
UCS=61.3MPa
UCS=98.6MPa
(PLT Average)

RUN #2
TCR=88%
SCR=85%
RQD=18%
UCS=89MPa
UCS=120MPa
(PLT Average)

279.0

275.8

21.1

24.3

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

2018.03.01 0.7 299.4
2018.03.02 1.6 298.5
2018.03.21 1.1 299.0
2018.04.30 0.8 299.3
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TOPSOIL, trace rootlets
Compact
Dark Brown
Wet

Silty SAND, trace gravel, occasional
cobbles
Compact
Brown
Wet

SAND and GRAVEL, trace silt,
occasional cobbles
Very Dense to Dense
Brown
Wet

Auger grinding from 2.1m to 2.4m
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SAND and SILT, some clay, trace
gravel
Dense to Very Dense
Brown
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SAND and SILT, some clay, trace
gravel
Dense to Very Dense
Brown
Moist
(TILL)

Possible artesian conditions
encountered at 15.2m. 1.5m of
casing added above ground level to
manage artesian condition

Gravelly SAND, some silt, trace clay
Very Dense
Brown
Moist
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.275
Gravelly SAND, some silt, trace clay
Very Dense
Brown
Moist

DOLOSTONE,  with limestone
interbeds, moderately weathered,
thinly bedded, grey: (Salina
Formation)
Vertical joint at 21.3m

Vertical joint at 21.8m, 22.6m and
(25mm) at 22.9m

Vugs at (150mm) 23.2m

Vertical joint (25mm) at 24.4m

END OF BOREHOLE AT 24.4m.
Piezometer installation consists of
50mm diameter Schedule 40 PVC
pipe with a 3.0m slotted screen.
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RUN #1
TCR=100%
SCR=88%
RQD=0%

RUN #2
TCR=100%
SCR=83%
RQD=32%
UCS=115.5MPa
UCS=124.3MPa
(PLT Average)

279.6

276.4

21.2

24.4

(SI+CL)

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

2018.03.01 0.3 300.5
2018.03.02 0.3 300.5
2018.03.21 0.8 300.0
2018.04.30 0.9 299.9
2018.06.25 0.8 300.0
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TOPSOIL, trace sand, trace gravel
Loose
Dark Brown
Moist

SAND and GRAVEL, trace silt, trace
clay, occasional cobbles
Compact to Very Dense
Brown
Moist

Auger grinding at 2.3m

Wet

Silty SAND, some to trace gravel,
trace clay
Compact
Brown
Wet
(TILL)
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SAND and SILT, trace to some clay,
trace to some gravel
Very Dense
Grey
Wet
(TILL)

Brown

END OF BOREHOLE AT 14.3m.
BOREHOLE OPEN TO 3.7m AND
WATER LEVEL AT 2.4m.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG AND
CUTTINGS TO SURFACE.
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TOPSOIL, trace rootlets
Very Loose
Dark Brown
Moist

Silty SAND, some clay
Loose
Brown
Moist

Sandy GRAVEL, trace silt, trace clay
Compact to Dense
Brown

Auger grinding at 2.7m

Auger grinding at 3.7m

Silty SAND to Sandy SILT, trace
gravel to gravelly, trace clay to clayey
Dense to Very Dense
Brown
Wet
(TILL)

Wet Spoon
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Silty SAND to Sandy SILT, trace
gravel to gravelly, trace clay to clayey
Very Dense to Dense
Brown
Wet
(TILL)

Auger grinding at 11.6m

(CL)

SAND, some gravel, trace silt, trace
clay, occasional shale fragments
Very Dense
Brown
Wet

Artesian conditions encountered.
1.5m of casing added above ground
level to manage artesian condition

Auger refusal at 19.4m, switched to
coring

DOLOSTONE,  with limestone
interbeds, moderately weathered,
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thinly laminated, grey: (Salina
Formation)

Vugs at 19.8m

Rubble zone at 20.1m

Vertical joint at 19.9m, 20.3m, 20.5m

Rubble zone at 21.7m, 22.4m

Vertical joint at 22.3m

Vugs at 22.2m, 22.3m, 22.5m

Clay void at 22.5m

END OF BOREHOLE AT 23.0m.
WATER LEVEL 1.8m ABOVE
GROUND SURFACE UPON
COMPLETION.
Well installation consists of 50mm
diameter Schedule 40 PVC pipe with
a 3.1m slotted screen.

11

17
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12

108

9

8

9

6

TCR=100%
SCR=95%
RQD=0%
UCS=105.8MPa
(PLT Average)

RUN #2
TCR=85%
SCR=78%
RQD=18%
UCS=130MPa
(PLT Average)

275.9

22.7

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

2018.02.22 -0.4 299.0
Artesian Condition
2018.03.02 -0.1 298.7
Artesian Condition
2018.03.21 0.0 298.6
2018.04.30 0.0 298.6
2018.06.25 0.2 298.4
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TOPSOIL, some sand, some silt
Soft
Brown
Moist

Sandy GRAVEL to Gravelly SAND,
trace silt, trace clay, occasional
cobbles
Compact to Dense
Brown
Wet

Auger grinding at 2.3m

Auger grinding at 3.8m

SAND and SILT, trace gravel, some
clay to clayey, occasional
cobbles/boulders
Dense to Very Dense
Grey
Moist
(TILL)

(CL)

Auger grinding at 9.8m

298.2

293.4

1.4

6.2

56

20

7

33

73

37 38 18

11
(SI+CL)

7
(SI+CL)

299.6 GROUND SURFACE
0.0

O
N

T
M

T
4S

2 
 2

02
0L

IB
R

A
R

Y
(M

T
O

) 
- 

C
O

P
Y

.G
LB

  M
T

O
-1

13
75

(G
IN

T
D

A
T

A
).

G
P

J 
 3

/1
4/

24

Grand River Bridge, MTM NAD 83 Zone 10:  N 4 815 369.3  E  227 329.9

Numbers refer to
Sensitivity

3

QUICK TRIAXIAL

LOCATION

BOREHOLE TYPE

DATE

LAB VANE

DIST

FIELD VANE

COMPILED BY

DEPTH

G
R

O
U

N
D

 W
A

T
E

R

Hollow Stem Augers

CHECKED BY

N
U

M
B

E
R

,

20 40 60 80 100

CAR

MP

RPR

SOIL PROFILE

DATUM

CONTENT

LIQUID

w

UNCONFINEDT
Y

P
E

PLASTIC

LIMIT

10
515

2017.12.11 - 2017.12.12

7

ORIGINATED BY

"N
" 

V
A

LU
E

S

w P w

299

298

297

296

295

294

293

292

291

290

RECORD OF BOREHOLE No GRB16-08

GWP#

(%)

GRE
LE

V
A

T
IO

N
 S

C
A

LE

DYNAMIC CONE PENETRATION
RESISTANCE PLOTSAMPLES

ELEV

CL

Continued Next Page

NATURAL

20 40 60

3
20

C
O

N
D

IT
IO

N
S

SA SI

U
N

IT

W
E

IG
H

T

kN/m 3

REMARKS

DESCRIPTION

&

:

20 40 60 80 100

SHEAR STRENGTH kPa

LIMIT

Geodetic

1 OF 2

WATER CONTENT (%)

S
T

R
A

T
 P

L
O

T

L GRAIN SIZE

DISTRIBUTION

(%) STRAIN AT FAILURE

METRIC

408-88-00

MOISTURE

Transportation

Ontario

Ministry of

HWY

LATITUDE LONGITUDE43.474229 -80.457566

80



11

12

SS

SS

100/

.125
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.150

SAND and SILT, trace gravel, trace
to some clay, occasional
cobbles/boulders
Dense to Very Dense
Grey
Moist
(TILL)

END OF BOREHOLE AT 12.4m.
BOREHOLE OPEN TO 13.0m AND
WATER LEVEL AT 1.2m.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG AND
CUTTINGS TO SURFACE.
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TOPSOIL, trace rootlets, wood fibre
Loose
Dark Brown
Frozen

Silty SAND, trace gravel, trace clay
Loose
Brown
Wet

Organic layer

SAND and GRAVEL, trace silt, trace
clay, occasional cobbles
Dense
Brown
Wet

Auger grinding from 2.4m to 2.7m

Auger grinding from 3.0m to 4.6m

SAND and SILT, some clay, trace to
some gravel
Dense to Very Dense
Brown
Wet
(TILL)
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.125

60

55

100/

.275

100
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SAND and SILT, some clay, trace to
some gravel
Dense to Very Dense
Brown
Wet
(TILL)

Auger grinding at 17.4m

GRAVEL, some sand, trace silt,
occuring shale fragments
Very Dense
Brown
Wet

Artesian conditions encountered.
1.5m of casing added above ground
level to manage artesian condition

Auger refusal at 20.2m, switched to
coring

282.5

17.6
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RUN

RUN

.025

DOLOSTONE,  with limestone
interbeds, moderately weathered,
thinly laminated, grey: (Salina
Formation)
Artesian conditions encountered

Rubble zone at 21.0m, 21.1m

Vertical joint at 21.2m

Rubble zone at 22.1m, 22.3m and
22.6m

Vertical joint at 22.7m
Vugs at 22.8m

END OF BOREHOLE AT 23.4m.
WATER LEVEL 2.1m ABOVE
GROUND SURFACE UPON
COMPLETION.
Well installation consists of 50mm
diameter Schedule 40 PVC pipe with
a 3.1m slotted screen.

RUN #1
TCR=90%
SCR=77%
RQD=35%
UCS=78.1MPa
(PLT Average)

RUN #2
TCR=95%
SCR=80%
RQD=32%
UCS=71.6MPa
(PLT Average)

279.9

276.8

20.2

23.3

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

2018.02.22 0.3 299.8
2018.03.02 0.4 299.7
2018.03.21 0.4 299.7
2018.04.30 Surface -
2018.06.25 0.7 299.4
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51
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TOPSOIL:  (150mm)

Silty SAND, trace clay, trace gravel
Compact to Very Dense
Brown
Wet

Auger grinding at 2.1m

SAND and GRAVEL, trace silt, trace
clay, occasional cobbles
Dense
Brown
Wet

Auger grinding from 2.4m to 2.9m
Severe auger grinding caused drill rig
to stall from 3.0m to 3.7m

SAND and SILT, trace gravel, trace
clay, occasional cobbles and
boulders
Dense to Very Dense
Brown
Wet
(TILL)

Low SPT "N" likely due to hydraulic
disturbance with sand blowback

Auger grinding at 6.7m

Auger grinding at 8.7m

Auger grinding at 9.9m
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100/

.250

100/

.225
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SAND and SILT, trace gravel, some
clay to clayey, occasional cobbles
and boulders
Compact to Very Dense
Brown
Wet
(TILL)
(CL)

SAND, coarse grained, trace silt,
saturated
Very Dense
Grey
Wet
Auger grinding from 14.7m to 15.2m

Silty SAND and GRAVEL, trace to
some clay, occasional cobbles
Very Dense
Brown
Wet

Heavy grinding from 19.5m to 20.1m

284.1
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RUN
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.200

DOLOSTONE,  with limestone
interbeds, grey: (Salina Formation)

Horizontal joint at 20.3m, 20.4m and
20.6m

Vertical joint at 21.2m

Horizontal joint at 21.0m, 21.2m,
21.3m, 21.4m, 21.5m, 21.6m, 21.9m,
22.0m and 22.4m
Sub-vertical joint (50mm) at 23.3m.
Vertical joint at 22.9m, (75mm) at
23.1m and (50mm) at 23.3m.
Horizontal joint at 22.7m, 22.8m,
22.9m, 23.1m, 23.2m, 23.3m and
23.4m

Artesian conditions encountered
during 3rd core run, resulting in
borehole needing to be terminated

END OF BOREHOLE AT 23.6m.
ARTESIAN CONDITIONS
ENCOUNTERED UPON
COMPLETION OF DRILLING.
THEREFORE, GROUNDWATER
LEVEL WAS NOT MEASURED.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG AND
AUGER  CUTTINGS TO SURFACE.
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RUN #1
TCR=67%
SCR=55%
RQD=30%
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TOPSOIL:  (150mm)

Silty SAND, trace clay, trace gravel,
occasional cobbles
Loose
Brown
Moist to Wet

SAND and GRAVEL, trace silt, trace
clay
Dense to Very Dense
Brown
Wet

Heavy grinding on boulders/cobbles
at 2.1m
Borehole moved 1.0m southeast and
continued to advance

SAND and SILT, some clay, trace to
some gravel, occasional cobbles
Dense to Very Dense
Brown
Moist
(TILL)
(CL-ML)
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.250
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.225

26
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.025

112/

.225

SAND and SILT, some clay, trace
gravel, occasional cobbles
Dense to Very Dense
Brown
Moist
(TILL)

Occasional sand seams between
12.2m and 12.8m

SAND, trace gravel, trace silt,
Compact
Brown
Wet
Lower SPT "N" blow counts likely due
to hydraulic disturbance

Heavy grinding at 16.2m

GRAVEL and COBBLES
Very Dense
Grey
Wet

Cored through multiple boulders (size
up to 250mm)

Possible boulder at 18.4m

END OF BOREHOLE AT 18.9m
AUGER REFUSAL ON POSSIBLE
BOULDER.
BOREHOLE CAVED TO 7.6m AND
WATER LEVEL AT 3.0m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH

No recovery

No recovery
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TOPSOIL
Dark Brown
Moist

Boulders from 0.5m to 0.8m

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

Auger grinding at 1.5m

Possible cobbles and boulders

Auger grinding at 3.0m

Possible cobbles and boulders

SAND and SILT, some clay, trace
gravel
Very Dense
Brown to Grey
Moist
(TILL)
Auger grinding at 5.5m

Auger grinding at 7.2m

Possible cobbles and boulders

Auger grinding at 8.9m
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64
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100
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.250
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SAND and SILT, some clay, trace
gravel
Very Dense
Brown to Grey
Wet
(TILL)

(CL-ML)

SAND, some silt, trace clay,
occasional cobbles
Very Dense
Grey
Wet

Gravelly SAND, some silt, trace clay,
occasional cobbles
Very Dense
Grey
Wet

Boulders at 17.7m

GRAVEL, trace sand, occasional
shale fragments
Very Dense
Grey
Wet
Auger refusal at 19.4m

DOLOSTONE,  with limestone
interbeds, moderately weathered,
thinly bedded, horizontal laminated,
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TCR=100%
SCR=90%
RQD=40%
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grey: (Salina Formation)
Limestone interbed at 19.5m and
19.8m
Clay seam at 20.0m

Limestone interbeds at 20.1m,
20.4m, 20.6m, 20.9m, 21.0m and
21.4m
Vertical fracture at 20.2m and 21.2m

Sub-vertical fracture at 21.2m and
21.9m

Artesian conditions encountered,
resulting in borehole needing to be
terminated

END OF BOREHOLE AT 22.5m
Piezometer installation consists of
25mm diameter Schedule 40 PVC
pipe with a 3.1m slotted screen.

8

>10
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8

6

>10

8

4

UCS=108.8MPa
UCS=179.6MPa
(PLT Average)
RUN #2
TCR=100%
SCR=98%
RQD=90%

UCS=152.4MPa
(PLT Average)

RUN #3
TCR=100%
SCR=92%
RQD=71%

UCS=44.7MPa
(PLT Average)

276.1

22.5

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

2018.01.10 -1.2 299.8
Artesian Condition
2018.02.22 -0.2 298.8
Artesian Condition
2018.03.21 -0.4 299.0
Artesian Condition
2018.04.30 -0.8 299.4
2018.06.25 -0.2 298.8
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TOPSOIL:  (100mm)

Clayey SILT, trace sand, trace
organics
Firm
Brown
Moist

Trace rootlets

Auger grinding from 1.4m to 2.3m

SAND and GRAVEL, trace silt
Compact to Loose
Brown to Dark Grey
Moist to Wet

Occasional cobbles

SAND and SILT, some clay, trace
gravel
Dense to Very Dense
Brown
Moist
(TILL)

(CL-ML)
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66

79

100/

.250
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SAND and SILT, some clay, trace
gravel
Very Dense
Brown
Moist
(TILL)

Sandy GRAVEL, some silt
Very Dense
Brown
Wet

Auger grinding from 14.0m to 15.2m

Gravelly Silty SAND, trace clay,
occasional shale fragments
Very Dense
Grey
Wet

Auger refusal at 17.4m

DOLOSTONE,  with limestone
interbeds, moderately weathered,
thinly bedded, grey, medium strong:
(Salina Formation)
Limestone interbed at 17.4m, 17.6m,
17.8m, 17.9m, 18.0m, 18.1m and
18.2m
Vertical fracture (25mm) at 17.7m
Horizontal fracture at 17.7m, 17.8m,
17.9m and 18.0m
Sub-vertical fractures at 18.2m,
19.1m and 19.4m
Limestone interbeds at 18.2m,
18.7m, 19.1m, to 19.2m, 19.3m,
19.4m and 19.5m

Artesian conditions encountered
Vertical fractures at 19.8m, 20.1m ,
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20.6m and 20.9m
Soft zones at 19.9m, 20.2m, 20.4m ,
20.5m and 20.7m
Limestone interbeds at 20.1m,
20.2m, 20.5m, 20.7m and 20.8m

END OF BOREHOLE AT 20.9m.
ARTESIAN CONDITION: WATER
LEVEL APPROXIMATELY 1.2m
ABOVE GROUND SURFACE UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE TO 12.2m, THEN
HOLEPLUG TO SURFACE.
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SCR=83%
RQD=0%
UCS=125.6MPa
(PLT Average)
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Sandy SILT, some clay, trace
rootlets
Loose
Dark Brown
Frozen

Occasional wood fibre, occasional
sand seams

Sandy GRAVEL, trace silt, trace clay
Compact to Dense
Brown
Wet

Auger grinding from 3.8m to 4.2m

SAND and SILT, some clay, trace
gravel
Dense to Very Dense
Brown
Moist
(TILL)

(CL-ML)
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79

100/

.175

71
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.075
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.025

SAND and SILT, some clay, trace
gravel
Very Dense
Brown
Moist
(TILL)

Occasional cobbles

SAND and GRAVEL, trace silt
Very Dense
Grey
Wet

Auger grinding from 13.7m to 14.6m

Switched to casing advance

Casing grinding from 15.2m to 16.8m
Possible cobbles and boulders

Artesian conditions encountered.
1.5m of casing added above ground
level to manage artesian condition

Cobbles and gravel

DOLOSTONE,  with limestone
interbeds, thinly bedded, highly
weathered, grey: (Salina Formation)

Sub-vertical fracture at 19.1m

Limestone interbeds at 18.9m,
19.0m, 19.1m, 19.2m, 19.4m and
19.6m
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TCR=100%
SCR=0%
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TCR=98%
SCR=96%
RQD=29%
UCS=135.9MPa
(PLT Average)
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3 RUN

Limestone interbeds at 19.7m,
19.8m, 20.0m, 22.2m, 22.4m, 20.8m

Vertical fracture at 19.4m and 19.8m

Sub-vertical fracture at 20.7m and
20.9m

END OF BOREHOLE AT 21.2m
Piezometer installation consists of
25mm diameter Schedule 40 PVC
pipe with a 3.1m slotted screen.

4

3

4

>10

RUN #3
TCR=100%
SCR=100%
RQD=80%
UCS=140.1MPa
(PLT Average)

277.6

21.2

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

2018.03.01 -1.2 300.0
Artesian Condition
2018.03.02 -1.2 300.0
Artesian Condition
2018.03.21 -1.0 299.8
Artesian Condition
2018.04.30 -1.1 299.9
2018.06.25 -0.5 299.3
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TOPSOIL:  (175mm)

Silty CLAY, some sand, trace
organics, trace roots
Firm
Dark Brown
Wet

Silty SAND, trace gravel, trace clay
Loose
Brown
Wet

Sandy GRAVEL, occasional cobbles
Compact
Brown
Wet to Saturated

Auger grinding from 2.4m to 4.1m.

SAND and SILT, some clay, trace
gravel
Dense to Very Dense
Brown
Moist
(TILL)

296.0

295.2

292.9

0.2

1.5

2.3

4.6

2

7

70

46

22

34

6

13

297.5 GROUND SURFACE
0.0

O
N

T
M

T
4S

2 
 2

02
0L

IB
R

A
R

Y
(M

T
O

) 
- 

C
O

P
Y

.G
LB

  M
T

O
-1

13
75

(G
IN

T
D

A
T

A
).

G
P

J 
 3

/1
4/

24

Grand River Bridge, MTM NAD 83 Zone 10:  N 4 815 595.8  E  227 396.7

Numbers refer to
Sensitivity

3

QUICK TRIAXIAL

LOCATION

BOREHOLE TYPE

DATE

LAB VANE

DIST

FIELD VANE

COMPILED BY

DEPTH

G
R

O
U

N
D

 W
A

T
E

R

Hollow Stem Augers/Casing Advances

CHECKED BY

N
U

M
B

E
R

,

20 40 60 80 100

ES

MP

RPR

SOIL PROFILE

DATUM

CONTENT

LIQUID

w

UNCONFINEDT
Y

P
E

PLASTIC

LIMIT

10
515

2018.01.29 - 2018.01.31

7

ORIGINATED BY

"N
" 

V
A

LU
E

S

w P w

297

296

295

294

293

292

291

290

289

288

RECORD OF BOREHOLE No GRB16-15

GWP#

(%)

GRE
LE

V
A

T
IO

N
 S

C
A

LE

DYNAMIC CONE PENETRATION
RESISTANCE PLOTSAMPLES

ELEV

CL

Continued Next Page

NATURAL

20 40 60

3
20

C
O

N
D

IT
IO

N
S

SA SI

U
N

IT

W
E

IG
H

T

kN/m 3

REMARKS

DESCRIPTION

&

:

20 40 60 80 100

SHEAR STRENGTH kPa

LIMIT

Geodetic

1 OF 3

WATER CONTENT (%)

S
T

R
A

T
 P

L
O

T

L GRAIN SIZE

DISTRIBUTION

(%) STRAIN AT FAILURE

METRIC

408-88-00

MOISTURE

Transportation

Ontario

Ministry of

HWY

LATITUDE LONGITUDE43.476274 -80.456772



10

11

12

13

14

15

SS

SS

SS

SS

SS

SS

93

46

36

63

42

100/

.025

SAND and SILT, some clay, trace
gravel
Very Dense to Dense
Brown
Moist
(TILL)

Silty SAND, some gravel, trace clay
Very Dense to Dense
Brown
Moist
(TILL)

Gravelly SAND, occasional shale
fragments
Very Dense
Brown
Wet

Artesian conditions encountered
resulting in borehole needing to be
terminated

END OF BOREHOLE AT 19.4m AT
PROBABLE BEDROCK.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG AND
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CUTTINGS TO SURFACE.
WATER LEVEL APPROXIMATELY
3.4m ABOVE GROUND SURFACE
UPON COMPLETION.
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23 SS 100/

.075

SAND and SILT, some clay, trace
gravel
Very Dense
Grey
Wet
(TILL)

END OF BOREHOLE AT 30.6m.
BOREHOLE OPEN TO 30.6m AND
WATER LEVEL AT 3.1m UPON
COMPLETION.
Piezometer installation consists of
25mm diameter Schedule 40 PVC
pipe with a 3.0m slotted screen.

278.1

30.6

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

2018.02.27 3.3 305.4
2017.03.16 3.7 305.0
2018.03.23 3.8 304.9
2018.04.30 3.4 305.3
2018.06.25 4.6 304.1
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END OF BOREHOLE AT 20.1m.
BOREHOLE OPEN TO 20.1m AND
WATER LEVEL AT 4.3m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE AND AUGER
CUTTINGS TO SURFACE.
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SAND and SILT, some clay, trace
gravel
Very Dense
Grey
Wet
(TILL)
(CL-ML)

END OF BOREHOLE AT 11.0m.
BOREHOLE OPEN TO 11.0m AND
WATER LEVEL AT 4.0m UPON
COMPLETION.
Piezometer installation consists of
25mm diameter Schedule 40 PVC
pipe with a 3.0m slotted screen.
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WATER LEVEL READINGS
DATE DEPTH(m) ELEV.(m)

2018.02.27 1.7 308.1
2017.03.16 3.9 305.9
2018.03.23 2.2 307.6
2018.04.30 1.8 308.0
2018.06.25 2.7 307.2
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clay
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Brown
Moist
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(CL)

SAND and SILT, some clay, trace to
some gravel
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Moist
(TILL)

slow augering
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SAND and SILT, some clay, trace to
some gravel
Very Dense
Grey
Moist
(TILL)

Cobble at 13.4m (100mm)
No recovery

Trace gravel
Wet

(CL-ML)

slow augering
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16 SS 102
SAND and SILT, some clay, trace to
some gravel
(TILL)

END OF BOREHOLE AT 20.3m.
BOREHOLE OPEN TO 20.3m AND
WATER LEVEL AT 20.3m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
BENTONITE AND AUGER
CUTTINGS TO SURFACE.
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TOPSOIL:  (175mm)

SAND and GRAVEL, trace to some
silt, trace clay
Loose to Very Dense
Brown

Silty SAND, some clay to clayey,
trace to some gravel
Compact to Very Dense
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Moist
(TILL)
(CL)

Hard
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10 SS 92

Silty SAND, some clay to clayey,
trace to some gravel
Very Dense
Grey
Moist
(TILL)

END OF BOREHOLE AT 11.0m.
BOREHOLE OPEN TO 11.0m AND
DRY UPON COMPLETION.
Piezometer installation consists of
25mm diameter Schedule 40 PVC
pipe with a 3.0m slotted screen.

300.8

11.0

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

2018.02.27 4.4 307.5
2017.03.16 4.3 307.5
2018.03.23 4.8 307.0
2018.04.30 4.3 307.5
2018.06.25 5.0 306.8
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TOPSOIL:  (150mm)

Sandy GRAVEL, trace silt,
occasional cobbles
Compact to Very Dense
Brown
Moist

Very Dense

Auger grinding at 2.0m

Silty SAND, some clay, some gravel
Dense to Very Dense
Grey
Moist

Auger grinding at 3.4m

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

Silty SAND, some clay, trace gravel
Very Dense
Grey
Moist
(TILL)
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SAND and SILT, some clay, trace
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RUN

RUN

RUN

SAND and SILT, some clay to
clayey, trace gravel
Very Dense
Grey
Moist
(TILL)

DOLOSTONE,  with limestone
interbeds, highly weathered: (Salina
Formation)

Horizontal fracture at 30.9m, 31.0m,
31.1m, 31.2m, 31.3m, 31.4m, 31.5m,
31.6, 31.7, 31.8, 31.9m, 32.0m,
32.1m, 32.2m

Vertical fracture at 31.3m

Horizontal fracture at 32.4, 32.5, 32.6,
32.7, 32.8m, 32.9, 33.0m, 33.1m,
33.2m, 33.3m, 33.4m, 33.5m, 33.6m,
33.7m, 33.8m

Sub-vertical fracture at 32.5m, 33.5m

Horizontal fracture at 33.9m, 34.0m,
34.1m, 34.2m, 34.3m, 34.4m, 34.5m,
34.6m

Sub-horizontal fracture at 35.2m

END OF BOREHOLE AT 35.4m.
WATER LEVEL AT 2.21m.
BOREHOLE BACKFILLED WITH
GROUT TO SURFACE.
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>20
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1

FI RUN #1
TCR=100%
SCR=60%
RQD=7%
UCS=130.6MPa
(PLT Average)

RUN #2
TCR=95%
SCR=42%
RQD=0%
UCS=93MPa
(PLT Average)

RUN #3
TCR=100%
SCR=71%
RQD=29%
UCS=158.8MPa
(PLT Average)
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BOREHOLE: 16-03
CORE RUN #1: 67' 3" – 71' 0"
CORE RUN #2: 71' 0" – 76' 3"  
CORE RUN #3: 76' 3" – 78' 8"

BOREHOLE: 16-04
CORE RUN #1: 69' 4" – 69' 9"
CORE RUN #2: 69' 9" – 74' 9"
CORE RUN #3: 74' 9" – 79' 9"

     

  

   

HIGHWAY 7-NEW EBL AND WBL OVER THE GRAND RIVER
REGIONAL MUNICIPALITY OF WATERLOO

CITY OF KITCHENER, ONTARIO



BOREHOLE: 16-05
CORE RUN #1: 69' 6" – 70' 2"
CORE RUN #2: 70' 2" – 75' 2"  
CORE RUN #3: 75' 2" – 80' 2"

BOREHOLE: 16-07
CORE RUN #1: 64' 7" – 65' 4"
CORE RUN #2: 65' 4" – 70' 4"
CORE RUN #3: 70' 4" – 75' 4"

     

  

   

HIGHWAY 7-NEW EBL AND WBL OVER THE GRAND RIVER
REGIONAL MUNICIPALITY OF WATERLOO

CITY OF KITCHENER, ONTARIO



BOREHOLE: 16-09
CORE RUN #1: 66' 4" – 66' 9"
CORE RUN #2: 66' 9" – 71' 9"  
CORE RUN #3: 71' 9" – 76' 9"

BOREHOLE: 16-10
CORE RUN #1: 66' 0" – 68' 9"
CORE RUN #2: 68' 9" – 73' 9"
CORE RUN #3: 73' 9" – 77' 7"

     

  

   

HIGHWAY 7-NEW EBL AND WBL OVER THE GRAND RIVER
REGIONAL MUNICIPALITY OF WATERLOO

CITY OF KITCHENER, ONTARIO



BOREHOLE: 16-12
CORE RUN #1: 63' 10" – 65' 6"
CORE RUN #2: 65' 6" – 70' 6"  
CORE RUN #3: 70' 6" – 73' 8"

BOREHOLE: 16-13
CORE RUN #1: 57' 1" – 59' 8"
CORE RUN #2: 59' 8" – 64' 8"
CORE RUN #3: 64' 8" – 68' 8"

     

  

   

HIGHWAY 7-NEW EBL AND WBL OVER THE GRAND RIVER
REGIONAL MUNICIPALITY OF WATERLOO

CITY OF KITCHENER, ONTARIO



BOREHOLE: 16-14
CORE RUN #1: 59' 2" – 60' 6"
CORE RUN #2: 60' 6" – 64' 6"  
CORE RUN #3: 64' 6" – 69' 6"

BOREHOLE: 16-21
CORE RUN #1: 101' 5" – 106' 0"
CORE RUN #2: 106' 0" – 111' 0"
CORE RUN #3: 111' 0" – 114' 8"
CORE RUN #4: 114' 8" – 116' 0"

     

  

   

HIGHWAY 7-NEW EBL AND WBL OVER THE GRAND RIVER
REGIONAL MUNICIPALITY OF WATERLOO

CITY OF KITCHENER, ONTARIO
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FINAL REPORT CA14400-MAR18 R

Thurber Engineering Ltd.

11375

Client:  

Project:  

Project Manager: Rocío Reyna

Kamil FeszakSamplers:

Sample Number 5 6 7 8 9 10 11 12PACKAGE:  - Corrosivity Index (SOIL)

Sample Name BS16-04 SS4 GH16-04 SS8 RC16-02 SS3 CR04 SS3 EB 16-03 SS5 SP16-04 SS7 CV16-01 SS3 GRB16-10 SS4

Sample Matrix Soil Soil Soil Soil Soil Soil Soil Soil

Sample Date 21/03/2018

Result  Result  Result  RL Result  UnitsParameter Result  Result  Result  Result  

Corrosivity Index

4.04.03.04.0none 1Corrosivity Index 3.0 5.5 4.0 4.0

294305324343mV -Soil Redox Potential 332 271 228 230

< 0.02< 0.02< 0.02< 0.02% 0.02Sulphide < 0.02 0.06 < 0.02 < 0.02

8.638.478.739.08no unit 0.05pH 8.60 8.49 8.78 9.14

3950463033903860ohms.cm -9999Resistivity (calculated) 6100 2800 7520 8470

Sample Number 13 14 15 16PACKAGE:  - Corrosivity Index (SOIL)

Sample Name HC16-05 SS3 TR04-SS5 SH16-04 SS4 GRB16-21 SS4

Sample Matrix Soil Soil Soil Soil

Result  Result  Result  RL Result  UnitsParameter

Corrosivity Index

4.03.04.04.0none 1Corrosivity Index

246265250314mV -Soil Redox Potential

< 0.02< 0.02< 0.02< 0.02% 0.02Sulphide

8.919.118.989.06no unit 0.05pH

82006940101007810ohms.cm -9999Resistivity (calculated)

rreyna
Rectangle

rreyna
Rectangle
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FINAL REPORT CA14400-MAR18 R

Thurber Engineering Ltd.

11375

Client:  

Project:  

Project Manager: Rocío Reyna

Kamil FeszakSamplers:

Sample Number 5 6 7 8 9 10 11 12PACKAGE:  - General Chemistry (SOIL)

Sample Name BS16-04 SS4 GH16-04 SS8 RC16-02 SS3 CR04 SS3 EB 16-03 SS5 SP16-04 SS7 CV16-01 SS3 GRB16-10 SS4

Sample Matrix Soil Soil Soil Soil Soil Soil Soil Soil

Sample Date 21/03/2018

Result  Result  Result  RL Result  UnitsParameter Result  Result  Result  Result  

General Chemistry

253216295259uS/cm 2Conductivity 164 357 133 118

Sample Number 13 14 15 16PACKAGE:  - General Chemistry (SOIL)

Sample Name HC16-05 SS3 TR04-SS5 SH16-04 SS4 GRB16-21 SS4

Sample Matrix Soil Soil Soil Soil

Result  Result  Result  RL Result  UnitsParameter

General Chemistry

12214499128uS/cm 2Conductivity

Sample Number 5 6 7 8 9 10 11 12PACKAGE:  - Metals and Inorganics (SOIL)

Sample Name BS16-04 SS4 GH16-04 SS8 RC16-02 SS3 CR04 SS3 EB 16-03 SS5 SP16-04 SS7 CV16-01 SS3 GRB16-10 SS4

Sample Matrix Soil Soil Soil Soil Soil Soil Soil Soil

Sample Date 21/03/2018

Result  Result  Result  RL Result  UnitsParameter Result  Result  Result  Result  

Metals and Inorganics

691192140µg/g 0.4Sulphate 6.5 356 68 22

Sample Number 13 14 15 16PACKAGE:  - Metals and Inorganics (SOIL)

Sample Name HC16-05 SS3 TR04-SS5 SH16-04 SS4 GRB16-21 SS4

Sample Matrix Soil Soil Soil Soil

Result  Result  Result  RL Result  UnitsParameter

Metals and Inorganics

11152.422µg/g 0.4Sulphate

rreyna
Rectangle

rreyna
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rreyna
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FINAL REPORT CA14400-MAR18 R

Thurber Engineering Ltd.

11375

Client:  

Project:  

Project Manager: Rocío Reyna

Kamil FeszakSamplers:

Sample Number 5 6 7 8 9 10 11 12PACKAGE:  - Other (ORP) (SOIL)

Sample Name BS16-04 SS4 GH16-04 SS8 RC16-02 SS3 CR04 SS3 EB 16-03 SS5 SP16-04 SS7 CV16-01 SS3 GRB16-10 SS4

Sample Matrix Soil Soil Soil Soil Soil Soil Soil Soil

Sample Date 21/03/2018

Result  Result  Result  RL Result  UnitsParameter Result  Result  Result  Result  

Other (ORP)

71125034µg/g 0.4Chloride 4.8 7.6 13 67

Sample Number 13 14 15 16PACKAGE:  - Other (ORP) (SOIL)

Sample Name HC16-05 SS3 TR04-SS5 SH16-04 SS4 GRB16-21 SS4

Sample Matrix Soil Soil Soil Soil

Result  Result  Result  RL Result  UnitsParameter

Other (ORP)

68942271µg/g 0.4Chloride

Sample Number 5 6 7 8 9 10 11 12PACKAGE:  - PHCs (SOIL)

Sample Name BS16-04 SS4 GH16-04 SS8 RC16-02 SS3 CR04 SS3 EB 16-03 SS5 SP16-04 SS7 CV16-01 SS3 GRB16-10 SS4

Sample Matrix Soil Soil Soil Soil Soil Soil Soil Soil

Sample Date 21/03/2018

Result  Result  Result  RL Result  UnitsParameter Result  Result  Result  Result  

PHCs

8.612.80.214.5% 0.1Moisture Content 1.2 19.9 5.5 8.7

Sample Number 13 14 15 16PACKAGE:  - PHCs (SOIL)

Sample Name HC16-05 SS3 TR04-SS5 SH16-04 SS4 GRB16-21 SS4

Sample Matrix Soil Soil Soil Soil

Result  Result  Result  RL Result  UnitsParameter

PHCs

10.82.77.112.4% 0.1Moisture Content

rreyna
Rectangle

rreyna
Rectangle

rreyna
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CA14400-MAR18 RFINAL REPORT

QC SUMMARY

Anions by IC

Method: EPA300/MA300-Ions1.3  | Internal ref.: ME-CA-[ENV]IC-LAK-AN-001

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

Chloride DIO0288-MAR18 µg/g 0.4 20 75 12580 120<0.4 2 100 101

Sulphate DIO0288-MAR18 µg/g 0.4 20 75 12580 120<0.4 15 98 96

Carbon/Sulphur

Method: ASTM E1915-07A  | Internal ref.: ME-CA-[ENV]ARD-LAK-AN-020

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

Sulphide ECS0025-MAR18 % 0.02 20 80 120<0.02 ND 111

Conductivity

Method: SM 2510  | Internal ref.: ME-CA-[ENV]EWL-LAK-AN-006

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

Conductivity EWL0284-MAR18 uS/cm 2 10 90 110< 2 1 99 NA

20180323
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CA14400-MAR18 RFINAL REPORT

QC SUMMARY

pH

Method: SM 4500  | Internal ref.: ME-CA-[ENV]EWL-LAK-AN-001

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

pH EWL0284-MAR18 no unit 0.05 NA 1 101 NA

Method Blank: a blank matrix that is carried through the entire analytical procedure.  Used to assess laboratory contamination.

Duplicate:  Paired analysis of a separate portion of the same sample that is carried through the entire analytical procedure.  Used to evaluate measurement precision.

LCS/Spike Blank: Laboratory control sample or spike blank refer to a blank matrix to which a known amount of analyte has been added.  Used to evaluate analyte recovery and laboratory accuracy without sample matrix effects.

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

Reference Material:  a material or substance matrix matched to the samples that contains a known amount of the analyte of interest.  A reference material may be used in place of a matrix spike.

RL: Reporting limit

RPD: Relative percent difference

AC:  Acceptance criteria

Multielement Scan Qualifier: as the number of analytes in a scan increases, so does the chance of a limit exceedance by random chance as opposed to a real method problem. Thus, in multielement scans, for the LCS and matrix spike, up to 10% of the 

analytes may exceed the quoted limits by up to 10% absolute and the spike is considered acceptable.

Duplicate Qualifier: for duplicates as the measured result approaches the RL, the uncertainty associated with the value increases dramatically, thus duplicate acceptance limits apply only where the average of the two duplicates is greater than five times the RL. 

Matrix Spike Qualifier: for matrix spikes, as the concentration of the native analyte increases, the uncertainty of the matrix spike recovery increases. Thus, the matrix spike acceptance limits apply only when the concentration of the matrix spike is greater than or 

equal to the concentration of the native analyte.

20180323
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CA14400-MAR18 RFINAL REPORT

FOOTNOTES

Insufficient sample for analysis.

Reporting Limit.

Reporting limit raised.

Reporting limit lowered.

The sample was not analysed for this analyte

Non Detect

NSS

RL

↑

↓

NA

ND

LEGEND

Samples analysed as received.  Solid samples expressed on a dry weight basis.  “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the 

temperature of individual samples.

Analysis conducted on samples submitted pursuant to or as part of Reg. 153/04, are in accordance to the Protocol for Analytical Methods Used in the Assessment of Properties 

under Part XV.1 of the Environmental Protection Act” published by the Ministry and dated March 9, 2004 as amended.

SGS provides criteria information (such as regulatory or guideline limits and summary of limit exceedances) as a service.  Every attempt is made to ensure the criteria information 

in this report is accurate and current, however, it is not guaranteed.  Comparison to the most current criteria is the responsibility of the client and SGS assumes no responsibility for 

the accuracy of the criteria levels indicated.  This document is issued, on the Client's behalf, by the Company under its General Conditions of Service available on request and 

accessible at http://www.sgs.com/terms_and_conditions.htm. The Client's attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined therein.  Any 

other holder of this document is advised that information contained hereon reflects the Company's findings at the time of its intervention only and within the limits of Client's 

instructions, if any. The Company's sole responsibility is to its Client and this document does not exonerate parties to a transaction from exercising all their rights and obligations 

under the transaction documents. 

This report must not be reproduced, except in full.  This report supersedes all previous versions.

-- End of Analytical Report --
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Appendix B 
Record of Borehole Sheets and Laboratory Test Results for Previous Site Investigation 







































































 

 

 
 
 
 
 
 
 
 

Appendix C 
Borehole Locations and Soil Strata Drawings
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Appendix D 
Foundation Comparison



 

 

Foundation Comparison and Recommendations 
Foundation 

Element Foundation Type Advantages Disadvantages Remarks 

West Abutment 

▪ Spread Footing 

▪ Ease of construction. 
▪ Bearing resistance available at 

shallow depths. 
▪ Excavation will not extend into 

artesian aquifer. 
▪ Possible use of mass concrete 

to establish footing base. 

▪ Requires construction dewatering 
including cofferdam. 

▪ High approach fill will induce 
footing settlement. 

▪ Footing base may be deeper 
depending on scour depth. 

▪ Excavation may encounter 
cobbles/boulders. 

Not 
Recommended 

▪ Driven H-Pile 

▪ Minimum excavation and 
dewatering required. 

▪ Bearing resistance available 
driven into till. 

▪ Local contractors and piling 
experience available. 

▪ May encounter cobbles/boulders 
during driving. 

▪ Piles may need to be driven 
deeper in till to achieve capacity. 

▪ Potential for upward seepage flow 
along pile shaft and loss of fines 
over time if driven into artesian 
layer. 

Recommended 

▪ Caisson 

▪ Higher unit bearing resistance 
than footing and H-piles and 
therefore less number of 
foundation elements. 

▪ Installation can handle 
cobbles/boulders. 

▪ May temporarily depressurize 
artesian aquifer. 

▪ Requires temporary liner and 
pressure head control inside 
caisson during installation. 

▪ Requires tremie method to 
concrete caissons. 

▪ Requires good base cleaning to 
achieve capacity. 

Feasible 

Pier 1, 2, 3 & 4 ▪ Spread Footing 

▪ Ease of construction. 
▪ Bearing resistance available at 

shallow depths. 
▪ Excavation will not extend into 

artesian aquifer. 
▪ Possible use of mass concrete 

to establish footing base. 

▪ Requires construction dewatering 
including cofferdam. 

▪ Requires scour and erosion 
protection around footings. 

▪ Footing base may be deeper 
depending on scour depth. 

▪ Excavation may encounter 
cobbles/boulders. 

Recommended 



 

 

Foundation 
Element Foundation Type Advantages Disadvantages Remarks 

▪ Driven H-Pile 

▪ Minimum excavation and 
dewatering required. 

▪ High bearing resistance 
available if driven to bedrock. 

▪ Local contractors and piling 
experience available. 

▪ May encounter cobbles/boulders 
during driving. 

▪ Low bearing resistance if founded 
above artesian layers. 

▪ Piles may need to be driven 
deeper in till to achieve capacity. 

▪ Potential for upward seepage flow 
along pile shaft and loss of fines 
over time if driven into artesian 
layer. 

Feasible 

▪ Caisson 

▪ Higher unit bearing resistance 
than footing and H-piles and 
therefore less number of 
foundation elements. 

▪ Installation can handle 
cobbles/boulders. 

▪ May temporarily depressurize 
artesian aquifer. 

▪ Requires temporary liner and 
pressure head control inside 
caisson during installation. 

▪ Requires tremie method to 
concrete caissons. 

▪ Requires good base cleaning to 
achieve capacity. 

Feasible 

Pier 5 & 6 (Note: 
Recommendations 

to be 
provided/confirmed 

following 
completion of 

additional 
boreholes within 

Grand River) 

▪ Spread Footing 

▪ Ease of construction. 
▪ Excavation will not extend into 

artesian aquifer. 
▪ Possible use of mass concrete 

to establish footing base. 

▪ Requires construction dewatering 
including cofferdam. 

▪ In-water cofferdam stability must 
be designed for. 

▪ Requires robust scour and erosion 
protection in river. 

▪ Footing base may be deeper 
depending on scour depth. 

▪ Excavation may encounter 
cobbles/boulders. 

Not 
Recommended 



 

 

Foundation 
Element Foundation Type Advantages Disadvantages Remarks 

▪ Driven H-Pile 

▪ Minimum excavation and 
dewatering required. 

▪ High bearing resistance 
available if driven to refusal in till 
or on bedrock. 

▪ Local contractors and piling 
experience available. 

▪ May encounter cobbles/boulders 
during driving. 

▪ Low bearing resistance if founded 
above artesian layers. 

▪ Piles may need to be driven 
deeper in till to achieve capacity. 

▪ Potential for upward seepage flow 
along pile shaft and loss of fines 
over time if driven into artesian 
layer. 

Feasible 

▪ Caisson 

▪ Higher unit bearing resistance 
than footing and H-piles and 
therefore less number of 
foundation elements. 

▪ Installation can handle 
cobbles/boulders well. 

▪ Caissons can be extended up to 
the underside of deck to avoid 
excavation for foundation cap in 
the riverbed. 

▪ May temporarily depressurize 
artesian aquifer. 

▪ Requires temporary liner and 
pressure head control inside 
caisson during installation. 

▪ Requires tremie method to 
concrete caissons. 

▪ Requires good base cleaning to 
achieve capacity. 

Recommended 
(Larger 

diameter 
caissons may 
be required.) 

East Abutment 

▪ Spread Footing 

▪ Ease of construction. 
▪ Bearing resistance available at 

shallow depths. 
▪ Excavation will not extend into 

artesian aquifer. 

▪ Bearing resistance may be 
reduced if placed close to river 
valley slope. 

▪ Erosion of valley slope may pose 
potential stability issue. 

▪ Excavation may encounter 
cobbles/boulders. 

Not 
Recommended 

▪ Driven H-Pile 

▪ Minimum excavation and 
dewatering required. 

▪ High bearing resistance 
available driven to refusal in till. 

▪ Local contractors and piling 
experience available. 

▪ May encounter cobbles/boulders 
during driving. 

▪ Potential for upward seepage flow 
along pile shaft and loss of fines 
over time if driven into artesian 
layer. 

Feasible 



 

 

Foundation 
Element Foundation Type Advantages Disadvantages Remarks 

▪ Caisson 

▪ Higher unit bearing resistance 
than footing and H-piles and 
therefore less number of 
foundation elements. 

▪ Installation can handle 
cobbles/boulders. 

▪ May temporarily depressurize 
artesian aquifer. 

▪ Requires temporary liner and 
pressure head control inside 
caisson during installation. 

▪ Requires tremie method to 
concrete caissons. 

▪ Requires good base cleaning to 
achieve capacity. 

Recommended 



 

 

 
 
 
 
 
 
 
 

Appendix E 
Slope Stability Output 
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Directory: H:\10000+\11375 Hwy 7 New PD and DD Foundations\Reports & Memos\Grand River\Analysis\Stability\ 
File Name: 11375- Grand River- West Abut Side Slope - Drained.gsz
Date: 2020-10-20 ,Time: 08:09:00 AM

Project Number:  11375
Highway 7 - New
Grand River
Embankment height  13.5 m
West Approach Side Slope 
Drained Analysis

Color Name Model Unit 
Weight 
(kN/m³)

Cohesion'
(kPa)

Phi' 
(°)

New Embankment Fill Mohr-Coulomb 21 0 32

Silty Clay - Soft to V. Stiff Mohr-Coulomb 19 0 30

Silty Sand - Compact Mohr-Coulomb 20 0 30

Silty Sand to Sandy Silt Till
- Compact to V. Dense

Mohr-Coulomb 21 0 33

FIGURE E1



New Embankment Fill

Silty Sand to Sandy Silt Till - Compact to V. Dense

Silty Clay - Soft to V. Stiff
Silty Sand - Compact
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Directory: H:\10000+\11375 Hwy 7 New PD and DD Foundations\Reports & Memos\Grand River\Analysis\Stability\ 
File Name: 11375- Grand River- West Abut Side Slope -Seismic.gsz
Date: 2020-10-20 ,Time: 08:10:57 AM

Color Name Model Unit 
Weight 
(kN/m³)

Cohesion'
(kPa)

Phi' 
(°)

New Embankment Fill Mohr-Coulomb 21 0 32

Silty Clay - Soft to V. Stiff Mohr-Coulomb 19 0 30

Silty Sand - Compact Mohr-Coulomb 20 0 30

Silty Sand to Sandy Silt Till
- Compact to V. Dense

Mohr-Coulomb 21 0 33

FIGURE E2

Project Number:  11375 
Highway 7 - New
Grand River
Embankment height  13.5m 
West Approach Side Slope 
Seismic Analysis 
kh=0.0375g



Silty Sand to Sandy Silt Till - Compact to V. Dense

Silty Clay - Stiff to V. Stiff

Sand and Gravel - Compact

Sand and Gravel - V. Dense
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Directory: H:\10000+\11375 Hwy 7 New PD and DD Foundations\Reports & Memos\Grand River\Analysis\Stability\ 
File Name: 11375- Grand River- East Forward Slope - Undrained.gsz
Date: 2020-10-20 ,Time: 08:03:23 AM

Project Number:  11375
Highway 7 - New
Grand River
Cut depth 10m
Undrained Analysis

Color Name Model Unit 
Weight 
(kN/m³)

Cohesion'
(kPa)

Phi' 
(°)

Sand and Gravel - Compact Mohr-Coulomb 21 0 32

Sand and Gravel - V. Dense Mohr-Coulomb 22 0 34

Silty Clay - Stiff to V. Stiff Mohr-Coulomb 19 85 0

Silty Sand to Sandy Silt Till - 
Compact to V. Dense

Mohr-Coulomb 21 0 33

2H:1V

FIGURE E3



Silty Sand to Sandy Silt Till - Compact to V. Dense

Silty Clay - Stiff to V. Stiff

Sand and Gravel - Compact

Sand and Gravel - V. Dense

1.30
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Directory: H:\10000+\11375 Hwy 7 New PD and DD Foundations\Reports & Memos\Grand River\Analysis\Stability\ 
File Name: 11375- Grand River- East Forward Slope - Drained.gsz
Date: 2020-10-20 ,Time: 07:59:24 AM

Project Number:  11375
Highway 7 - New
Grand River
Cut depth 10m
Undrained Analysis

Color Name Model Unit 
Weight 
(kN/m³)

Cohesion'
(kPa)

Phi' 
(°)

Sand and Gravel - Compact Mohr-Coulomb 21 0 32

Sand and Gravel - V. Dense Mohr-Coulomb 22 0 34

Silty Clay - Stiff to V. Stiff Mohr-Coulomb 19 5 32

Silty Sand to Sandy Silt Till - 
Compact to V. Dense

Mohr-Coulomb 21 0 33

2H:1V

FIGURE E4



Silty Sand to Sandy Silt Till - Compact to V. Dense

Silty Clay - Stiff to V. Stiff

Sand and Gravel - Compact

Sand and Gravel - V. Dense

1.19
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Directory: H:\10000+\11375 Hwy 7 New PD and DD Foundations\Reports & Memos\Grand River\Analysis\Stability\ 
File Name: 11375- Grand River- East Forward Slope -Seismic.gsz
Date: 2020-10-20 ,Time: 08:00:58 AM

Project Number:  11375
Highway 7 - New
Grand River
Cut depth 10m
Seismic Analysis kh=0.0375g

Color Name Model Unit 
Weight 
(kN/m³)

Cohesion'
(kPa)

Phi' 
(°)

Sand and Gravel - Compact Mohr-Coulomb 21 0 32

Sand and Gravel - V. Dense Mohr-Coulomb 22 0 34

Silty Clay - Stiff to V. Stiff Mohr-Coulomb 19 5 32

Silty Sand to Sandy Silt Till - 
Compact to V. Dense

Mohr-Coulomb 21 0 33

2H:1V

FIGURE E5



 

 

Appendix F 
List of OPSS Documents and NSSP Wording 

 
 
 
 

1. List of Special Provisions and OPSS Documents Referenced in this Report 

• OPSS.PROV 206 

• OPSS.PROV 501 

• OPSS.PROV 517  

• OPSS.PROV 804 

• OPSS.PROV 902  

• OPSS.PROV 903 

• OPSS.PROV 1010 

• OPSD 202.010 

• OPSD 208.010 

• OPSD 3090.101 

• OPSD 3101.150 

• SP 109F57 

• SP 109S12 

• SP 517F01 

• SP FOUN0003 

 

2. Suggested Text for NSSP on Pile Driving 

The glacial till at this site contains cobbles and boulders. These cobbles and boulders may 
impede the driving of piles and at some locations the piles may not be able to penetrate the 
obstructions and reach the design depth of installation and refusal may be encountered at 
varying depths. 

The Contractor shall be prepared to remove, drill through and/or penetrate these obstructions 
and extend the H-piles to the design depth. 

The H-piles shall be provided with pile tip protectors (e.g. Titus steel - Standard H-point) to 
minimize tip damage. 



 

 

If the piles meet refusal at a depth less than the anticipated depth, the Contractor must 
terminate driving before the pile is damaged due to over-driving.  The Contractor must 
immediately bring it to the attention of the CA.  If the CA cannot resolve the issue, it must be 
referred to the design team for resolution. 

3. Suggested Text for NSSP on High-Strain Dynamic Testing 

High-strain dynamic testing using pile driving analyzer (PDA) shall be conducted as per NSSP – 
“HIGH-STRAIN DYNAMIC TESTING, DEEP FOUNDATIONS” to assess ultimate pile capacity 
and establish set criteria. The dynamic testing shall not be carried out until the piles are within 2 
m of the design tip elevation. 

The location, sequencing and scheduling of the individual pile testing shall be proposed by the 
Contractor based on the purpose of the testing, and shall be submitted to the Contract 
Administrator for approval.  

High-strain dynamic testing shall be carried out at the end of initial driving on a minimum of five 
(5) piles in each pile group, one at each corner of the pile group and one near the centre.  

Additional high strain dynamic testing (i.e. restrike testing) shall be carried out during the 
retapping of piles, as specified in the Retapping Tests on Piles clause. Restrike testing shall be 
performed on a minimum of 10% of piles in each pile group, rounded up, but no fewer than 2 
piles; or as specified in the Contract Documents. Restrike testing shall be carried out no sooner 
than 24 hours after installation of the individual pile or at a time specified in the Contract 
Documents. If the hammer needs to be warmed up prior to performing a restrike, it shall not be 
warmed up by striking the intended test pile. 

4. Suggested Text for NSSP on “Construction of Caissons – 1500 mm” 

Caisson installation shall be in accordance with OPSS.PROV 903, SP 109F57 (April 2018) and 
the following: 

Installation of 1500 mm diameter caissons at this site will require excavation through 
cohesionless silt, sand and gravel below the groundwater table and construction of sockets in 
the underlying bedrock.  The Contractor is advised of the following: 

• The cohesionless soil above the bedrock is susceptible to disturbance under conditions of 
unbalanced hydrostatic head and artesian head. Appropriate measures must be employed 
(e.g. use of temporary steel liners with the top extended above the artesian head and the 
base sealed in bedrock) to maintain sidewall stability in the caisson excavation and prevent 



 

 

collapse/washing of cohesionless soils into the rock socket.  Selection of the methods and 
equipment employed to achieve this is the responsibility of the Contractor. 

• Caisson installation may encounter cobbles, boulders and/or large rock fragments in the 
soils overlying the bedrock.  The installation methods and equipment must be capable of 
dislodging, removing or otherwise penetrating such obstructions. 

• Caisson installation equipment with rock drilling/coring capabilities must capable of 
penetrating hard layers within the medium strong to very strong dolostone rock with shale 
interbeds.  The strength and hardness of this rock must be taken into account when 
selecting equipment to advance the caisson into rock.  Equipment supplied to construct the 
rock socket must be capable of excavating the bedrock to the specified socket dimensions 
without disturbing or fracturing the bedrock forming the sidewalls and base of the socket.  
Blasting to facilitate the removal of bedrock is not permitted.  

The Contractor shall submit caisson installation procedure and methodology to the Contract 
Administrator for review and comments a minimum 14 days prior to commencement of caisson 
construction. 

5. Suggested Text for NSSP on “Construction of Caissons – 760 mm” 

Caisson installation shall be in accordance with OPSS.PROV 903, SP 109F57 (April 2018) and 
the following. 

Installation of 760 mm diameter caissons at this site will require excavation through 
cohesionless soils below the groundwater table.  The Contractor is advised of the following: 

• The cohesionless soil above the bedrock is susceptible to disturbance under conditions of 
unbalanced hydrostatic head and artesian head. Appropriate measures must be employed 
(e.g. use of temporary steel liners with the top extended above the artesian head) to 
maintain sidewall stability in the caisson excavation.  Selection of the methods and 
equipment employed to achieve this is the responsibility of the Contractor. 

• Caisson installation may encounter cobbles, boulders and/or large rock fragments in the 
soils.  The installation methods and equipment must be capable of dislodging, removing or 
otherwise penetrating such obstructions. 

The Contractor shall submit caisson installation procedure and methodology to the Contract 
Administrator for review and comments a minimum 14 days prior to commencement of caisson 
construction. 



 

 

6. Suggested Text for NSSP on Dewatering 

Several of the piers are located within the Grand River and its flood plain. Dewatering will be 
required to construct the pier foundations in the dry. The design of an effective dewatering 
system is the responsibility of the contractor. The dewatering system must be effective to lower 
the groundwater table at a minimum of 0.5 m below the final subgrade level to avoid basal 
heave and base boiling. The dewatering system is to be designed in accordance with SP 
FOUN0003, OPSS.PROV.517 and SP517F01. A dewatering engineer with a minimum of 5 
years experience in designing dewatering systems shall be retained by the contractor for design 
of an effective dewatering system.  

Design of the cofferdam shall account for the following: 

• Cofferdam installation may encounter cobbles, boulders and/or large rock fragments in the 
soils overlying the bedrock. The installation methods and equipment must be capable of 
dislodging, removing or otherwise penetrating such obstructions. 

• The cohesionless soil above the bedrock is susceptible to disturbance under conditions of 
unbalanced hydrostatic head and artesian head. 

7. Suggested Text for NSSP on “Footing Excavation”  

Cobbles and boulders are present within the upper silty sand to sandy silt, sand and gravel, silty 
sand to sandy silt till deposits at this site. The presence of these cobbles and boulders will make 
footing excavation through these deposits difficult. Excavation through these materials may first 
be tried using bulk excavation techniques.  

8. Suggested Text for NSSP on “Installation of Steel Sheet Piles” 

Cobbles and boulders were noted within the upper silty sand to sandy silt, sand and gravel, and 
glacial till deposits at this site. These conditions may impede the driving of sheet piles and at 
some locations the sheet piles may not be able to penetrate the cobbles and boulders and 
reach the design depth of installation. 

The Contractor shall use appropriate equipment to remove, drill through and/or penetrate these 
obstructions and extend the piles to the design depth. 

 



 

 

 
 
 
 
 
 
 
 

Appendix G 
Site Photographs



 

 

 
Photograph 1 – View of boulder near GRB16-09 

 
 



 

 

 
Photograph 2 – View of cobbles and boulders in archaeological pit south of GRB16-13 

 



 

 

 
Appendix H 

Ground Motion Parameters and Seismic Modulus of Subgrade Reactions 



 

 

 

Table H.1 – Ground Motion Parameters Site Class C (NBC 2020) 

 
 
 
 

   
            
 
 

 
 

Seismic 
Hazard 
Value 

Sa(0.05) 
[g] 

Sa(0.1) 
[g] 

Sa(0.2) 
[g] 

Sa(0.3) 
[g] 

Sa(0.5) 
[g] 

Sa(1.0) 
[g] 

Sa(2.0) 
[g] 

Sa(5.0) 
[g] 

Sa(10.0) 
[g] 

PGA 
[g] 

PGV 
[m/s] 

2% 
Probability 

in 50 
Years 

0.224 0.242 0.215 0.191 0.144 0.0806 0.0386 0.0102 0.00355 0.105 0.224 

5% 
Probability 

in 50 
Years 

0.117 0.133 0.125 0.113 0.0856 0.0469 0.0218 0.00542 0.00191 0.0598 0.117 

10% 
Probability 

in 50 
Years 

0.066 0.0798 0.0785 0.0711 0.0542 0.0291 0.0131 0.00302 0.00107 0.0367 0.066 



Project Number: 11375 HWY 7-New Over the Grand River Thurber Engineering Ltd.

LUMPED SOIL SPRINGS FOR SHALLOW FOOTINGS

Prepared by: MEM

Reviewed by: JPL Date:2024-03-14



Project Number: 11375 HWY 7-New Over the Grand River Thurber Engineering Ltd.

LOWER Estimate: Vs = 360 m/s, G/Gmax = 0.20

vert transv long vert long transv

≤ 0.17 No uplift 2,525 2,954 2,859 181,853 long transv long transv

0.17 to 0.30 Uplift 2,156 2,634 2,446 130,674 0 No Uplift 98,629 142,806 246,573 357,014

0.30 to 0.40 Uplift 1,904 2,400 2,124 111,441 0.05 " 82,338 132,788 205,844 331,971

0.10 " 67,701 122,716 169,252 306,790

UPPER Estimate: Vs = 360 m/s, G/Gmax = 0.50 0.17 " 50,644 109,016 126,611 272,539

0.25 Uplift 33,049 90,981 82,624 227,451

vert transv long vert long transv 0.30 " 24,350 79,305 60,875 198,263

≤ 0.17 No uplift 6,312 7,386 7,148 454,631 0.35 " 16,944 66,570 42,359 166,426

0.17 to 0.30 Uplift 5,391 6,586 6,116 326,684 0.40 " 10,724 52,115 26,811 130,287

0.30 to 0.40 Uplift 4,759 6,001 5,310 278,603

see table

Rotation Kθ (MN*m/rad)

LUMPED SOIL SPRINGS FOR SHALLOW FOOTINGS

Translation Ku (MN/m) Rotation Kθ (MN*m/rad)

Kθ (MN*m/rad)Kθ (MN*m/rad)
eB/B

see table

Translation Ku (MN/m)

eB/B

eB/B
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