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1. INTRODUCTION 

This report presents the results of a geotechnical investigation carried out by Thurber Engineering 
Ltd. in support of the Municipal Class Environmental Assessment (MCEA) for the proposed flood 
mitigation works in the Rockcliffe-Smythe neighborhood of Toronto. The geotechnical 
investigation was carried out in general accordance with Thurber’s proposal letter dated August 
20, 2020 and subsequent work plans dated December 5, 2020, May 6, 2021 and August 11, 2021. 

The Toronto and Region Conservation Authority (TRCA) and City of Toronto are undertaking an 
MCEA as co-proponents to define a riverine flood mitigation strategy for the Rockcliffe Special 
Policy Area. Several potential flood protection measures have been identified, including the 
following: 

• Replacing the Jane Street culvert with a new bridge; 
• Replacing the Rockcliffe Boulevard bridge; 
• Replacing the Scarlett Road bridge 
• Replacing the Symes Road culvert with twin box culverts; 
• Replacing a driveway culvert (Symes Road North Driveway) crossing with a new arch 

culvert;  
• Widening and deepening the Black Creek channel; and 
• Widening and deepening the Lavender Creek channel; 

The MCEA will review and expand upon the previous flood mitigation studies in the area, to 
identify the preferred flood solutions in the Rockcliffe area. The assignment will include preliminary 
(30%) design and construction cost estimates for the preferred concept.  

It is noted that the comments and recommendations originally provided in this report were based 
on 10% designs available at the time of preliminary report preparation. The comments and 
recommendations have now been updated where required based on the 30% designs. 

This report addresses the replacement of culverts conveying Lavender Creek under Symes Road 
and a private driveway (Symes Road North Driveway) as well as the bridge structures at Rockcliffe 
Boulevard and Scarlett Road over Black Creek. The geotechnical aspects for the replacement of 
the culvert structure conveying Black Creek under Jane Street with a new bridge are addressed 
in a separate report.  

The purpose of the geotechnical investigation was to explore the subsurface conditions at the 
sites and, based on the data obtained, to provide borehole location and soil strata drawings, 
record of borehole sheets, laboratory test results and a written description of the subsurface 
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conditions, as well as geotechnical comments and recommendations for design and construction 
of the proposed replacement structures. 

Thurber’s scope of work for this assignment did not include a hydrogeological site assessment to 
assess the need for dewatering or an excess soil sampling and chemical testing program to 
provide options for reuse of excess soil.  

It is a condition of this report that Thurber’s performance of its professional services is subject to 
the attached Statement of Limitations and Condition 

2. BACKGROUND INFORMATION 

2.1 Project Description 

It is understood the Rockcliffe-Smythe neighbourhood is a highly flood-vulnerable area which 
experiences riverine and urban flooding during extreme storm events. Encroachment of urban 
development into the floodplain and alterations of the Black Creek channel as well as inadequate 
surface drainage and overloaded sewers have contributed to flooding in many of the properties 
within the area. 

TRCA previously completed a feasibility study to assess a broad range of flood mitigation 
alternatives, as provided in the following report: 

• “Black Creek at Rockcliffe Special Policy Area, Flood Remediation & Transportation 
Study, Feasibility Study, City of Toronto”, prepared for Toronto and Region Conservation 
Authority by Wood, Wood Project No.: TPB197079, dated July 23, 2020. 

The feasibility study recommended preferred solutions that included a flood protection wall/berm, 
lowering and widening of creek channels, new bridges, bridge reconstruction and replacement of 
culverts along the riverine system. 

2.2 Site Description and History 

The study area for this project is located along Black Creek and Lavender Creek within the 
Rockcliffe-Smythe neighbourhood in the City of Toronto. The site is generally bound by Scarlett 
Road to the west and Weston Road to the east and from St. Clair Avenue West to the south to 
Eglinton Avenue West to the north. In general, the immediate land use surrounding the creek 
between Scarlett Road and Rockcliffe Boulevard is parkland, with residential housing located 
beyond the parks. Commercial and/or industrial buildings are the predominant land use between 
Rockcliffe Boulevard and Weston Road.   
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Black Creek and Lavender Creek are within the Humber River watershed. Black Creek was 
channelized as early as 1942 along Humber Boulevard. Following substantial flooding caused by 
Hurricane Hazel in 1954, further channelization of the creek between Weston Road and its 
confluence with the Humber River was completed in 1959 and a flow attenuation dam was 
completed in the 1960s. 

Current plans call for replacement of culverts conveying Lavender Creek under Symes Road and 
a private driveway as well as the bridge structures at Rockcliffe Boulevard and Scarlett Road over 
Black Creek. Additional details regarding each existing structure are provided in the following 
sections. 

2.3 Existing Structures 

2.3.1 Rockcliffe Boulevard Bridge 

The Rockcliffe Boulevard bridge over Black Creek was constructed in 1963 and comprises a 
15.2 m span cast-in-place concrete rigid frame structure. The 14.3 m wide bridge carries two 
lanes of traffic (northbound and southbound) over Black Creek which flows east to west. It is 
understood the structure was widened in 2007 as part of a major rehabilitation project which 
included replacement of the sidewalks and parapet walls. Available information indicates the 
existing bridge is founded on driven piles, however the type and depth were not provided. 

Black Creek is a concrete channelized watercourse both upstream and downstream of the 
structure. Based on the provided profiles, the base of the concrete channel is near Elev. 98 at the 
centreline of the roadway. The normal water level is near Elev. 98.5 and the regional storm water 
level is near Elev. 102.5. 

2.3.2 Scarlett Road Bridge 

The Scarlett Road bridge over Black Creek was constructed in 1983 and comprises a 14.9 m 
span cast-in-place concrete rigid frame structure. The 19.5 m wide bridge carries two lanes of 
traffic (northbound and southbound) over Black Creek which flows east to west. 

Archive design drawings for the existing structure (General Arrangement and Foundation Layout 
drawings dated April 1983) indicate that the existing bridge is supported on 1.8 m wide spread 
footings founded at Elevation 93.3. 

Black Creek is a concrete channelized watercourse both upstream and downstream of the 
structure. Based on the provided profiles, the base of the concrete channel is near Elev. 93 at the 
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centreline of the roadway. The normal water level is near Elev. 94.0 and the regional storm water 
level is near Elev. 98.0 

2.3.3 Symes Road Private Crossing (Symes Road North Driveway) 

The structure at the private driveway crossing of Lavender Creek at the north end of Symes Road, 
approximately 25 m north of Orman Avenue, consists of a 4.8 m span reinforced concrete box-
type girder bridge. The 13.4 m wide bridge spans east-west and provides access to a private 
property. Lavender Creek flows south to north at the crossing. The existing channel bottom is 
near Elev. 102.0, the normal water level is near Elev. 102.5, and the regional storm water level is 
near Elev. 102.8. The name of this structure was changed midway through the project and figures 
and nomenclature herein have not been updated. In this regard, the Symes Road North Driveway 
is referred to as the Symes Road Private Crossing in this report. 

2.3.4 Symes Road Culvert 

The existing Symes Road culvert is an approximately 40 m long cast-in-place concrete culvert 
with a 3.7 m span conveying Lavender Creek under Symes Road.  

The culvert inlet flow of Lavender Creek is flowing east to west and the outlet flowing north towards 
Black Creek. The existing vertical clearance of the structure is about 1 m. Lavender creek is 
concrete channelized upstream of the culvert. The normal water level at the culvert is near Elev. 
103.0 and the regional storm water level is near Elev. 103.7. 

It is noted that the culvert crosses under an existing Hydro One corridor. In addition, an existing 
1.2 m diameter combined trunk sewer is located below the existing culvert and a trunk sewer (2.9 
by 2.6 m) on top of the existing culvert may require temporary support or relocation. 

2.3.5 Weston Road Bridge 

The Weston Road Bridge was constructed in 1980 and comprises a 37.8 m wide structure carrying 
six lanes of traffic (four westbound and two eastbound) of Weston Road over Black Creek. The 
cast-in-place concrete structure has an approximate span of 10.9 m. The normal water level at 
the upstream side of the bridge is near Elev. 100.8 and the regional storm water level is near 
Elev. 109.0. 
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2.3.6 Black Creek Channel 

At the time of this report, Black Creek is a concrete channelized watercourse throughout the 
proposed study area. Based on selected cross sections along the creek provided by MH, the 
existing slopes outside of the channel are generally inclined at 3 horizontal to 1 vertical (3H:1V) 
to 4H:1V or flatter. Locally, the slopes near Alliance Avenue and Scarlett Road are inclined at 
about 2H:1V and 2.5H:1V, respectively. Vegetation on the outer slopes typically varies from grass 
to mature trees. The creek water level ranges from near Elev. 99.0 at Alliance Avenue to near 
Elev. 95.0 at Scarlett Road. 

2.3.7 Lavender Creek Channel 

Lavender Creek is a natural and concrete channelized watercourse within the project limits. Based 
on selected cross sections along the creek provided by MH, the existing channel is approximately 
2.5 to 4.0 m below adjacent properties, with channel slopes generally inclined at 2 horizontal to 1 
vertical (2H:1V) or flatter. The creek slopes are vegetated with grass to mature trees. The creek 
water level ranges from near Elev. 101.0 at the Symes Road Culvert to near Elev. 99.0 at the 
confluence with Black Creek. 

2.4 Geology 

Based on the information in The Physiography of Southern Ontario1 by Chapman and Putnam 
(1984), the site is located within the Iroquois Plain physiographic region. The Iroquois Plain was 
formed in the late Pleistocene times by a body of water known as Lake Iroquois, which emptied 
eastward at Rome, New York (Chapman and Putnam, 1984). Lake Iroquois was characterized by 
higher water levels than the present-day Lake Ontario, caused by an ice sheet blocking the 
present-day St. Lawrence River valley. The physiographic landforms are mapped as sand plains, 
with an ovular area identified as a beaches landform stretching from about Royal York Road to 
the west to Caledonia Road to the east and south of Black Creek to St. Clair Avenue West. 

Based on Surficial Geology of Southern Ontario2 the surficial deposits in the valley are modern 
alluvial deposits consisting of clay, silt, sand and gravel, which may contain organic remains. The 
crest of the valley slopes are coarse textured lacustrine deposits of sand with gravel, with minor 

 
1 Chapman, L.J. and Putnam, D.F. 1984. The Physiography of Southern Ontario, Ontario Geological Survey Special 
Volume 2, Third Edition. Accompanied by Map P.2715, Scale 1:600,000. 
2 Ontario Geological Survey, 2010: Surficial geology of Southern Ontario; Ontario Geological Survey, Miscellaneous 
Release--Data 128-REV 
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silt and clay. The coarse sand deposits are described as foreshore and basinal deposits on the 
north side and littoral deposits on the south side. 

According to Paleozoic Geology of Southern Ontario3, the bedrock geology consists of grey shale 
interbedded with calcareous layers (siltstone and limestone) of the Georgian Bay Formation.   

2.5 Existing Geotechnical Data 

A geotechnical investigation was previously carried out by Wood Environment & Infrastructure 
Solutions, a division of Wood Limited (Wood) as part of the feasibility study. The following report 
was provided for review: 

• “Preliminary Geotechnical Investigation Report, Flood Remediation & Transportation 
Study, Black Creek at Rockcliffe Special Policy Area”, prepared for Toronto and Region 
Conservation Authority by Wood, Wood Project No.: TPB197079.3.5, dated April 14, 2020. 

The field investigation completed by Wood consisted of a total of twenty-one (21) boreholes 
(Boreholes 1 to 3, 3A and 4 to 20) advanced to depths of 5.2 to 43.3 m. Monitoring wells were 
installed in two boreholes (BH3 and BH20). Based on the current design, the following selected 
boreholes completed by Wood were considered relevant to the current investigation: 

Table 2.1 – Borehole Details from Previous Investigation 

Component Wood 
BH No. 

Northing 
(m) 

Easting  
(m) 

Ground 
Surface 

Elev.  
(m) 

Term. 
Depth  

(m) 
Term. Elev. 

(m) 

Rockcliffe 
Boulevard 

Bridge 

6 4836945 621803 102.3 29.0 73.3 

7 4836910 621819 102.2 30.5 71.7 
Symes Road 

Private 
Crossing 

12 4836932 622358 104.4 8.2 96.2 

Symes Road 
Culvert 11 4836800 622413 105.9 8.2 97.7 

Weston Road 
Floodwall 20 4837851 622503 106.9 31.1 75.8 

Channel 
Widening 

 

1 4836768 620622 99.4 15.8 83.6 
2 4836794 620768 98.2 8.2 90.0 
3 4836867 620800 104.0 14.3 89.7 

 
3 Armstrong, D.K. and Dodge, J.E.P., 2007: Paleozoic geology of southern Ontario; Ontario Geological Survey, 
Miscellaneous Release--Data 219. 
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Table 2.1 – Borehole Details from Previous Investigation 

Component Wood 
BH No. 

Northing 
(m) 

Easting  
(m) 

Ground 
Surface 

Elev.  
(m) 

Term. 
Depth  

(m) 
Term. Elev. 

(m) 

 
 

Channel 
Widening 

3A 4836867 620800 104.0 5.2 98.8 
13 4837127 622271 102.9 5.2 97.7 
14 4837315 622258 104.8 31.1 73.7 
15 4837274 622290 104.7 43.3 61.4 
16 4837265 622255 104.7 31.1 73.6 

 
For reference, copies of the relevant borehole logs are provided in Appendix A and shown on the 
Borehole Location Plans in Appendix B. Reference is made to the reports for additional details 
including investigation procedures, laboratory testing results and detailed subsurface conditions. 

Boreholes were not drilled at the Scarlett Road bridge during the preliminary investigation 
completed by Wood. However, borehole information is shown on an archive design drawing for 
the existing bridge, Foundation Layout Drawing S-672-1. 

A brief summary of the stratigraphy encountered in the boreholes is provided in the following 
sections. 

2.5.1 Rockcliffe Boulevard Bridge (Boreholes 6 and 7) 

The previous investigation included the drilling of two boreholes at the Rockcliffe Boulevard site 
(Boreholes 6 and 7), advanced to depths of 29.0 and 30.5 m, respectively. The boreholes were 
advanced on the west side of the proposed bridge near the south and north abutments, within the 
existing embankment fill.  

The subsurface stratigraphy encountered in the boreholes generally consisted of surficial topsoil 
(125 to 150 mm) over silty sand embankment fill extending to depths of 2.4 m (Elev. 99.9) in 
Borehole 6 near the proposed north abutment and to a depth of 3.0 m (Elev. 99.2) in Borehole 7 
near the proposed south abutment. The fill typically comprised very loose to compact silty sand 
with trace gravel, rootlets and organics and inclusions decaying wood. 

The fill was underlain by a 1.7 to 3.4 m thick layer of silty sand contacted to depths of 4.1 and 
6.4 m (Elev. 98.2 and 95.8) in Boreholes 6 and 7, respectively. In Borehole 6, the silty sand 
contained trace gravel and was loose; in Borehole 7, the silty sand was contained trace to some 
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gravel and trace organics, and the relative density from SPT N-values was determined to be very 
loose. The silt was described as wet. 

The silty sand was underlain by grey silt at depths of 4.1 and 6.4 m (Elev. 98.2 and 95.8). The silt 
deposit was contacted to depths of 14.8 and 13.3 m (Elev. 87.5 and 88.9) in Boreholes 6 and 7, 
respectively. In Borehole 6, the silt contained trace clay and sand and was very loose to loose; in 
Borehole 7, the silt was contained trace clay and gravel below 8.7 m (Elev. 93.5), and the relative 
density from SPT N-values was determined to be compact to loose. The silt was described as 
wet. 

The silt was underlain by grey silty clay and clay and silt at depths of 14.8 and 13.3 m (Elev. 87.5 
and 88.9). The silty clay deposit was contacted to the depth of 17.1 m (Elev. 85.2) in Borehole 6 
and the clay and silt deposit was contacted to the depth of 22.4 m (Elev. 79.8) in Borehole 7. The 
silty clay and silt and clay contained trace sand and gravel and was typically stiff to very stiff. The 
moisture content of the silt and clay was judged to be generally about plastic limit (APL) to wetter 
than plastic limit (WTPL). 

In Borehole 6, the clay and silt was underlain by sand to sandy silt at a depth of 17.1 m (Elev. 
85.2). The sand to sandy silt deposit was contacted to the termination depth of 29.0 m (Elev. 
73.3). A deposit of silty clay with trace sand and gravel was interbedded within the sand to sandy 
silt and was contacted at a depth of 18.6 and 23.2 m (Elev. 83.7 and 79.1), extending 0.8 and 
2.3 m respectively. The sand to sandy silt contained some clay, trace silt and trace gravel and 
was typically compact to very dense. The sand to sandy silt was described as wet to moist. The 
moisture content of the silty clay was judged to be generally wetter than plastic limit (WTPL) to 
drier than plastic limit (DTPL). 

In Borehole 7, the clay and silt was underlain by silty sand to silty gravelly sand at a depth of 
22.4 m (Elev. 79.8). The silty sand to silty gravelly sand deposit was penetrated at a depth of 
28.5 m (Elev. 73.7). A deposit of silty clay with trace sand and gravel was within the silty sand to 
silty gravelly sand and was contacted at a depth of 24.7 m (Elev. 77.5), extending 0.8 m. The silty 
sand to silty gravelly sand contained trace clay and was typically compact to very dense. The silty 
sand to silty gravelly sand was described as wet to moist. 

The overburden was underlain by grey shale bedrock at a depth of 28.5 m (Elev. 73.7) in 
Borehole 7. This borehole was terminated in the inferred shale at a depth 30.5 m (Elev. 71.7). 
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2.5.2 Scarlett Road Bridge 

Based on a review of the archive drawings for the existing Scarlett Road bridge, four shallow 
boreholes were previously drilled at the site and the summarized stratigraphy is presented on the 
Foundation Layout Drawing S-672-1. The borehole logs indicate approximately 4.1 to 5.5 m of fill 
and/or alluvial materials underlain by “dense to very dense” sand contacted to the termination 
depths of 8.0 to 10.6 m. The dense to very dense native sand was contacted at approximate 
Elevations 93.3 to 93.9. It is noted that N-values were not presented on the stick logs on the 
drawing and the geotechnical report (Trow Report T3647-G) was not available for review. 

2.5.3 Symes Road Private Crossing (Borehole 12) 

One borehole (Borehole 12) was drilled at the Symes Road Private Crossing site during the 
previous investigation. The borehole was advanced to a depth of 8.2 m (Elev. 96.2) and was 
located on the east side of the proposed bridge near the proposed east abutment, within the 
existing Symes Road right-of-way.  

The subsurface stratigraphy encountered in the borehole consisted of granular and silt fill 
extending to a depth of 5.6 m (Elev. 98.8). The granular fill typically comprised of compact to very 
loose sand and gravel to silty sand with trace gravel. The silt fill typically comprised of very loose 
organic silt to silt with trace sand, gravel and inclusions of brick and leather fragments. 

The fill was underlain by sandy silt contacted at a depth of 5.6 m (Elev. 98.8) and extending to 
the termination depth of 8.2 m (Elev. 96.2). The sandy silt contained trace gravel, clay and was 
compact to very loose and was judged to be wet. 

2.5.4 Symes Road Culvert (Borehole 11) 

The previous investigation included the drilling of one borehole at the Symes Road Culvert site 
(Borehole 11), advanced to a depth of 8.2 m (Elev. 97.7). The borehole was advanced on the 
north-east side of the proposed culvert near the inlet, along an existing pedestrian pathway.  

The subsurface stratigraphy encountered in the borehole consisted of surficial asphalt (50 mm) 
underlain by a granular base and silty sand fill extending to depths of 0.2 and 2.7 m (Elev. 105.7 
and 103.2), respectively. The fill typically comprised very loose silty sand with some gravel and 
inclusions of various refuse (concrete, plastic, and slag). 

The fill was underlain by a 1.4 m thick layer of organic clayey silt contacted at a depth of 2.7 m 
(Elev. 103.2). The organic clayey silt was very loose and described as wet. The organic silt was 
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underlain by sandy silt at a depth of 4.1 m (Elev. 101.8). The sandy silt deposit was contacted to 
a depth of 6.4 m (Elev. 99.5). The sandy silt contained trace gravel and was very loose and 
described as wet. 

The sandy silt was underlain by a 1.8 m thick layer of silt contacted at a depth of 6.4 m (Elev. 
99.5). The silt was compact and was described as saturated. 

2.5.5 Weston Road Floodwall (Borehole 20) 

Borehole 20 was drilled at the Weston Road Floodwall site and was advanced to a depth of 31.1 
m (Elev. 75.8). The borehole was advanced on the north side of the proposed floodwall at the 
inlet of the culvert passing under Weston Road.  

The subsurface stratigraphy encountered in the borehole consisted of surficial topsoil (75 mm) 
underlain by a silty sand fill extending to a depth of 4.1 m (Elev. 102.8). The fill typically comprised 
of dense to very loose silty sand, some gravel, trace clay and inclusions of various refuse (brick 
and asphalt). 

The fill was underlain by a 27.0 m thick layer of clayey silt to silty clay contacted at a depth of 
4.1 m (Elev. 102.8). The clayey silt to silty clay was stiff to very stiff, contained trace sand and 
gravel and was judged to be generally drier than plastic limit (DTPL) to wetter than plastic limit 
(WTPL). The clayey silt to silty clay was interbedded with a 1.5 m thick layer of compact silty sand 
at a depth of 20.9 m (Elev. 86.0) and 0.7 and 1.5 m thick layers of dense sand and gravel at 
depths of 23.2 and 27.0 (Elev. 83.7 and 79.9), respectively. All interbedded layers were described 
as wet. 

2.5.6 Channel Widening (Boreholes 1 to 3, 3A and 13 to 16) 

The previous investigation included the drilling of eight boreholes along the planned channel 
widening site (Boreholes 1 to 3, 3A, and 13 to 16), advanced to depths of 5.2 to 43.3 m (Elev. 
98.8 to 61.4). The boreholes were advanced along the proposed channel widening of Black Creek 
from west (Scarlett Road) to east (Hilldale Road).  

The subsurface stratigraphy encountered in the boreholes consisted of surficial topsoil (50 to 
200 mm) underlain by a sand to silty sand fill extending to depths of 2.3 to 4.9 m (Elev. 101.0 to 
95.9). The fill typically comprised of compact to very loose sand to silty sand, some gravel, 
organics and rootles. In Borehole 1, the silty sand fill was underlain by 4.2 m thick silty clay fill, 
encountered at a depth of 3.0 m (Elev. 96.4). The silty clay fill layer comprised of hard silty clay, 
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some sand, gravel, and trace plastic fragments. A 0.1 m thick peat layer was also observed in 
Borehole 2 at a depth of 2.3 m (Elev. 95.9). 

The fill was underlain by a 0.8 to 8.6 m thick layer of silty sand to sandy silt contacted at depths 
of 2.4 to 7.2 m (Elev. 100.6 to 92.2) in Boreholes 1, 2 and 13 to 16. The silty sand to sandy silt 
was contacted to the termination depths of 5.2 to 15.8 m (Elev. 97.7 to 83.6) in Boreholes 1 and 
13, respectively. The silty sand to sandy silt was typically loose to compact, with a very dense 
layer in Borehole 1. The silty sand contained trace to some clay, gravel and was described as 
wet. Cobbles were encountered in Borehole 2 at a depth of 6.1 m (Elev. 92.1). Silt to clayey silt 
was underlying the silty sand and sandy silt in Boreholes 2, 14 and 15 and underlying the fill in 
Borehole 3. The silt to clayey silt was contacted at depths of 3.0 to 10.2 m (Elev. 101.0 to 91.3). 
The silt to clayey silt deposit was contacted to the termination depth of 8.2 m (Elev. 90.0) in 
Borehole 2 and was penetrated at depths of 10.2 to 28.5 m (Elev. 93.8 to 76.3) in Boreholes 3, 
14 and 15. The silt to clayey silt contained trace sand, gravel and was typically very loose to 
compact or very soft to stiff, becoming hard at depth. The moisture content of the silt and clay 
was judged to wet or be generally wetter than plastic limit (WTPL) to drier than plastic limit (DTPL). 

Silt and clay to silty clay was observed at depth in Borehole 3A, underlying the silt to clayey silt in 
Boreholes 14 and 15 and underlying the silty sand to sandy silt in Borehole 16. The silt and clay 
to silty clay was contacted at depths of 4.6 to 10.2 m (Elev. 101.0 to 91.3). The silt and clay to 
silty clay deposit was contacted to the termination depths of 5.2 to 43.3 m (Elev. 98.8 to 61.4) in 
Borehole 3A, 14 and 15 and was penetrated at a depth of 22.1 m (Elev. 82.6) in Boreholes 16. 
The silt and clay to silty clay contained trace sand, gravel and was typically soft to very stiff. The 
moisture content of the silt and clay to silty clay was judged to wet or be generally wetter than 
plastic limit (WTPL) to drier than plastic limit (DTPL). Three (3) deposits ranging in thickness 
between 0.8 to 1.9 m of silt and silty sand were encountered within the silty clay deposit in 
Boreholes 15 and 16. 

A 4.1 m thick layer of sandy silt was contacted below the clayey silt in Borehole 3, at a depth of 
10.2 m (Elev. 93.8) to the termination depth of 14.3 m (Elev. 89.7). The sandy silt was typically 
dense to very dense and contained trace to some gravel, trace clay and was described as moist 
to damp. 
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3. INVESTIGATION PROCEDURES 

3.1 Borehole Drilling 

The field program for the current investigation was carried out between the periods of May 10 to 
June 9, 2021, October 22 to November 3, 2021, and March 24 to 25, 2022 and comprised a total 
of seventeen (17) boreholes for the various components as summarized in Table 3.1 below. 

Table 3.1 – Borehole Details from Current Investigation 

Component Thurber 
BH No. 

Northing 
(m) 

Easting 
(m) 

Ground 
Surface 

Elev.  
(m) 

Term. 
Depth  

(m) 

Term. 
Elev. 
(m) 

MW 

Rockcliffe 
Boulevard Bridge 

RCB-01 4836953.5 621819.6 103.02 36.58 66.44 ☒ 

RCB-02 4836912.1 621833.6 103.41 33.58 69.83 ☒ 

Scarlett Road 
Bridge 

SRB-01 4836856.9 620470.8 98.88 27.53 71.35 ☒ 
SRB-02 4836831.1 620498.4 99.04 29.06 69.98 ☐ 

Symes Road 
Private Crossing 

SPC-01 4836929.4 622340.5 104.97 24.99 79.98 ☒ 
SPC-02 4836945.3 622360.1 103.50 48.69 54.81 ☐ 

Symes Road 
Culvert 

SRC-01 4836809.5 622402.4 105.49 15.85 89.64 ☒ 
SRC-02 4836775.1 622429.0 106.51 35.05 71.46 ☒ 

Weston Road 
Floodwall WRW-01 4837833.2 622526.1 107.22 11.28 95.94 ☒ 

Channel 
Widening 

BC-01 4836807.8 620539.2 98.11 9.75 88.36 ☒ 
BC-02 4836674.1 620627.8 98.59 9.53 89.07 ☒ 
BC-03 4836891.3 621004.8 99.19 9.75 89.44 ☐ 
BC-04 4836995.0 621444.3 106.95 18.90 88.05 ☒ 
BC-05 4836949.2 621666.8 100.92 9.75 91.16 ☐ 
BC-06 4836909.1 621656.9 101.71 9.75 91.96 ☒ 
BC-07 4837000.7 622056.4 101.85 9.75 92.10 ☐ 
BC-08 4837080.9 622210.8 102.25 9.75 92.50 ☐ 

 
 
Borehole details are provided in the Record of Borehole sheets included in Appendix A. The 
approximate locations of the boreholes are shown on the borehole location plan, Drawings 
29789-1 to 29789-3 provided in Appendix B. 

The borehole locations were established in the field by Thurber using a portable GPS receiver 
and verified relative to existing site features. The ground surface elevations at the borehole 
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locations were determined using a Trimble R10 GNSS receive and verified relative to existing site 
features. 

All borehole locations were cleared of utilities prior to commencement of drilling. The boreholes 
were repositioned as necessary in consideration of surface features, underground utilities, and 
restricted site access.  

Asphalt cores were recovered from the existing pavement structure at selected borehole 
locations. 

The boreholes were advanced using hollow stem augers and mud rotary/tricone advancement 
methodologies powered by truck and track mounted CME 75 drill rigs supplied and operated by 
3D Drilling Inc. At Borehole SCR-02, a low clearance track mounted CME55 drill rig was supplied 
and operated by Landshark Drilling Inc. Soil samples were obtained at selected intervals using 
50 mm and 75 mm outside diameter split-spoon sampler driven in conjunction with the Standard 
Penetration Test (SPT). Bedrock core samples were recovered using HQ size diamond drill core 
barrels. 

The field investigation was carried out under the full-time supervision of Thurber technical staff. 
All boreholes were logged in the field. Soil samples were identified, placed in labelled containers 
and transported back to Thurber’s laboratory in Oakville for further examination and testing. The 
recovered rock core samples were logged in the field and the total core recovery (TCR), solid 
core recovery (SCR) and rock quality designation (RQD) were recorded for each core. The cores 
were then photographed, packaged in core boxes with parafilm wrap, and transported back to our 
laboratory for further examination and testing. 

3.2 Groundwater Monitoring 

Groundwater conditions were observed in the open boreholes throughout the drilling operations. 
Monitoring wells were installed in selected boreholes to permit monitoring of the groundwater 
levels at the site. The monitoring wells consisted of 50 mm diameter PVC pipe with a slotted 
screen sealed at a selected depth within the borehole. The installation details are summarized in 
Table 3.2 below.  
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Table 3.2 – Monitoring Well Details 

Component Thurber 
BH No. 

Ground 
Elevation 

(m) 

Monitoring Well Tip Slotted 
Screen 
Length 

(m) 

Mid-
Screen 
Depth  

(m) 

Mid-
Screen 
Elev.  
(m) 

Depth 
(m) 

Elevation 
(m) 

Rockcliffe 
Boulevard 

Bridge 

RCB-01 103.0 25.1 77.9 3.1 23.6 79.4 

RCB-02 103.4 10.6 92.8 3.1 9.1 94.3 
Scarlett Road 

Bridge SRB-01 98.9 18.1 80.7 3.1 16.6 82.3 

Symes Road 
Private 

Crossing 
SPC-01 105.0 10.7 94.3 3.1 9.2 95.8 

Symes Road 
Culvert 

SRC-01 105.5 5.3 100.2 1.5 4.6 100.9 
SRC-02 106.5 21.5 85.0 3.1 20.0 86.5 

Weston Road 
Floodwall WRW-01 107.2 10.6 96.6 3.1 9.1 98.1 

Channel 
Widening 

BC-01 98.1 8.8 89.3 3.1 7.3 90.8 
BC-02 98.6 9.1 89.5 3.1 7.6 91.0 
BC-04 107.0 16.8 90.2 3.1 15.3 91.7 
BC-06 101.7 9.1 92.6 3.1 7.6 94.1 

 
The boreholes in which no monitoring wells were installed were backfilled in general accordance 
with Ontario Regulation 903. 

4. LABORATORY TESTING 

4.1 Geotechnical 

Geotechnical laboratory testing was carried out at Thurber’s laboratory. All recovered soil samples 
were subjected to visual identification and to natural moisture content determination. Selected 
samples were also subjected to grain size distribution analysis (hydrometer and/or sieve) and 
Atterberg Limits testing, where appropriate.  

Point load testing and unconfined compressive strength tests were carried out on selected rock 
cores for estimating the unconfined compressive strength of the intact rock.  

Results of the geotechnical soil and rock laboratory testing are presented on the Record of 
Borehole sheets in Appendix A and in detail in Appendices C and D, respectively. 
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4.2 Corrosivity and Sulphates 

Selected soil samples were also submitted for analytical testing to assess the corrosion potential 
of soil to ductile iron and the potential for sulphate attack on subsurface concrete structures. The 
analyses were carried out by SGS Canada Inc. (SGS), an independent Canadian Association for 
Laboratory Accreditation (CALA) accredited laboratory. The results of the analytical testing are 
summarized in Section 6 and laboratory Certificates of Analysis are included in Appendix F. 

4.3 Asbestos 

Selected samples of asphalt were submitted to test for the presence of asbestos. The analyses 
were carried out by ALS Environmental (ALS), an independent Canadian Association for 
Laboratory Accreditation (CALA) accredited laboratory. The results of the analytical testing are 
summarized in Section 6 and laboratory Certificates of Analysis are included in Appendix G. 

5. DESCRIPTION OF SUBSURFACE CONDITIONS 

Details of the encountered soil stratigraphy are presented on the Record of Borehole sheets 
included in Appendix A. A general description of the stratigraphy, based on the conditions 
encountered in the boreholes, is given in the following paragraphs. However, the factual data 
presented on the Record of Borehole sheets takes precedence over this general description and 
must be used for interpretation of the site conditions. It should be recognized and expected that 
soil conditions will vary between and beyond borehole locations. 

The subsurface stratigraphy encountered in the boreholes generally consisted of surficial topsoil 
fill, asphalt or concrete over fill materials comprising of sand, sandy silt to silty sand and clayey 
silt, underlain by native sandy silt to silty sand overlying silt and silty clay. Silt and silty clay were 
underlain by till/shale complex grading to shale bedrock. Further descriptions of the individual 
strata at each site are presented below. 

5.1 Rockcliffe Boulevard Bridge (Boreholes RCB-01 and RCB-02) 

The subsurface stratigraphy encountered in the boreholes at the Rockcliffe Boulevard bridge 
generally consisted of pavement structure (asphalt over granular) over sand to sand and silt fill, 
overlying a layer of possible alluvial sand, underlain by native silt and silty clay. The silty clay was 
underlain by sand over till/shale complex grading to shale bedrock. Further descriptions of the 
individual strata are presented below. 
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5.1.1 Pavement Structure 

A pavement structure consisting of 225 mm and 175 mm of asphalt overlying 840 and 585 mm of 
granular material was contacted at the ground surface of Boreholes RCB-01 and RCB-02, 
respectively.  

5.1.2 Sand to Sand and Silt Fill 

Sand and silt fill was encountered below the pavement structure in Borehole RCB-01. The sand 
and silt fill was contacted to a depth of 3.7 m (Elev. 99.4). It is noted the sand and silt fill contained 
occasional pockets of sand and clay. SPT ‘N’ values recorded in the sand and silt fill typically 
ranged from 2 to 48 blows per 0.3 m of penetration with depth, indicating a dense to very loose 
condition. Measured moisture contents within the sand fill layer typically ranged from 2 to 17%, 
with a measured moisture content of 39% in the clay pocket at a depth of 3.3 m. The results of a 
grain size distribution analysis carried out on a selected sample of the sand and silt fill are 
presented on Figure C2 in Appendix C. The test result indicated 0% gravel, 57% sand, 36% silt 
and 7% clay sized particles. 

Sand fill was encountered below the pavement structure in Borehole RCB-02. The sand fill was 
contacted to a depth of 4.1 m (Elev. 99.3) and generally comprised of sand with some silt, trace 
gravel.  SPT ‘N’ values recorded in the sand fill layer typically ranged from 7 blows per 0.3 m to 
50 blows per 125 mm of penetration, indicating a loose to very dense condition. Measured 
moisture contents within the sand fill layer typically ranged from 3 to 5%. The results of a grain 
size distribution analysis carried out on a selected sample of the sand fill are presented on Figure 
C3 in Appendix C. The result indicated 5% gravel, 84% sand and 11% silt and clay sized particles. 

5.1.3 Sand (Possible Alluvial) 

Silty sand, of possible alluvial origin, was encountered below the sand and silt fill in Borehole 
RCB-01 at a depth of 3.7 m (Elev. 99.4) and was penetrated at 7.2 m (Elev. 95.9). SPT N-values 
recorded in this deposit ranged from weight of hammer to 8 blows for 0.3 m of penetration, 
indicating a very loose to loose relative density. Measured moisture contents within this sand layer 
typically ranged from 15% to 28%. 

5.1.4 Silt 

A layer of silt was encountered at depths of 7.2 and 4.1 m (Elev. 95.9 and 99.3) and was contacted 
to depths of 14.8 and 13.3 m (Elev. 88.2 and 90.2) in Boreholes RCB-01 and RCB-02, 
respectively. The deposit generally comprised of silt with trace sand to sandy, trace to some clay.  
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SPT N-values recorded in the silt deposit typically ranged from 7 to 46 blows for 0.3 m of 
penetration, indicating a loose to dense condition. The insitu moisture content of the silt ranged 
from 17 to 29%. 

The results of grain size distribution analyses carried out on selected samples of the silt are 
presented on Figures C7 to C9 in Appendix C. The results of the grain size distribution analyses 
are summarized in Table 5.1 below. 

Table 5.1 – Grain Size Distribution Silt to Sandy Silt 

 Silt Sandy Silt 
Soil Particle Percentage (%) 

Gravel 0 0 
Sand 1 to 2 21 
Silt 85 to 91 77 

Clay 8 to 13 2 

Atterberg limits testing carried out on one sample of the silt measured plastic limits, liquid limits 
and plasticity indices of 18, 16 and 2, respectively. These results, which are plotted on Figure C13 
in Appendix C, indicate that the sample tested consists of silt (ML). 

5.1.5 Silty Clay 

A deposit of silty clay was encountered below the silt in Boreholes RCB-01 and RCB-02 at depths 
of 14.8 and 13.3 m (Elev. 88.2 and 90.2), respectively. The silty clay layer was penetrated at a 
depth of 23.2 m (Elev. 79.9 to 80.3) in both boreholes. 

SPT N-values recorded in the silty clay deposit typically ranged from weight of hammer to 28 
blows for 0.3 m of penetration. Pocket penetrometer values ranged from 25 to 150 KPa, and in-
situ shear vane results indicated shear strengths ranging from 70 to 80 kPa. Based on the SPT 
N-values and shear strength testing, the consistency of the silty clay is firm to very stiff, generally 
increasing with depth. The insitu moisture content of the silty clay ranged from 15 to 30%. 

The results of grain size distribution analyses carried out on selected samples of the silty clay are 
presented on Figure C10 in Appendix C. The results of the grain size distribution analyses are 
summarized in Table 5.2 below. 
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Table 5.2 – Grain Size Distribution Silty Clay 

Soil Particle Percentage (%) 
Gravel 0 to 3 
Sand 0 to 22 
Silt 53 to 70 

Clay 22 to 30 
 
The results of select Atterberg Limit testing carried out on this material indicate that the layer is 
low plastic (CL) silty clay. The results of the testing are presented in Figure C14 in Appendix C 
and are summarized in Table 5.3 below. 

Table 5.3 – Atterberg Limits Silty Clay  

Index Property Percentage (%) 
Liquid Limit 23 to 25 
Plastic Limit 15 to 16 

Plasticity Index 8 to 9 

5.1.6 Sand  

A layer of silty sand was encountered below the silty clay at depths of 23.2 m (Elev. 79.9 and 
80.2) and was penetrated at depths of 27.4 and 26.2 m (Elev. 75.6 and 77.2) in Boreholes RCB-
01 and RCB-02, respectively.  

SPT N-values of 39 to 46 blows for 0.3 m of penetration were recorded in this deposit, indicating 
a dense condition.  Measured moisture contents within the silty sand layer ranged from 20% to 
23%. 

The results of a grain size distribution analysis carried out on a selected sample of the silty sand 
are presented on Figure C6 in Appendix C. The test result indicated 0% gravel, 57% sand, 35% 
silt and 8% clay. 

5.1.7 Silt Till/Shale Complex 

Silt till/shale complex was encountered above the bedrock in Boreholes RCB-01 and RCB-02 at 
depths of 27.4 and 26.2 m (Elev. 75.6 and 77.2), respectively. This material generally consists of 
sandy silt till with highly variable amounts of clay, gravel, and shale fragments (to cobble and/or 
boulder size) and represents the transition between the overlying deposits and the underlying 
weathered shale bedrock.  



 

Client: Morrison Hershfield  October 31, 2022 
File No.: 29789 Page: 19 of 59 

SPT N-values of 47 blows for 0.3 m to 50 blows for 50 mm were recorded in this layer, indicating 
a dense to very dense condition. Natural moisture contents 12% and 16% were measured. 

5.1.8 Shale Bedrock 

Bedrock was encountered underlying the overburden soils in Boreholes RCB-01 and RCB-02. 
The depths and elevations at which bedrock was encountered are summarized in Table 5.4. 

Table 5.4 – Bedrock Contact Depths and Elevations 

Borehole 
Bedrock Surface 

Depth (m) Elevation 
RCB-01 30.9 72.1 
RCB-02 30.5 72.9 

 
The shale was cored over lengths of 5.7 and 3.1 m using HQ size diamond rock coring equipment 
to the termination depths of 36.6 and 33.6 m (Elev. 66.4 to 69.8 m) in Boreholes RCB-01 and 
RCB-02, respectively. 

Photographs of the retrieved rock core are provided in Appendix E. The shale bedrock was 
visually identified as grey shale of the Georgian Bay Formation interbedded with with calcareous 
siltstone to limestone layers (Armstrong & Dodge, 2007)4, herein referred to as “hard layers”. The 
measured thickness of the hard layers was generally less than 75 mm, although thicker zones of 
275 mm were encountered in Borehole RCB-02. In general, the shale was judged to be 
completely to highly weathered near the contact surface of the bedrock, becoming moderately to 
slightly weathered with depth. 

The Total Core Recovery (TCR) of the rock cores obtained ranged from 98 to 100% and the Solid 
Core Recovery (SCR) ranged from 33 to 80%. The Rock Quality Designation (RQD) of the rock 
cores ranged from 0 to 73%, indicating a rock quality varying from very poor (0-25%) to generally 
fair (50-75%) with depth. The fracture index, the number of natural fractures per 0.3 m length of 
core run, typically ranged from 2 to more than 10, decreasing with depth. Localized highly 
fractured zones and/or clay seams ranging in thickness from 25 mm were observed within the 
cores. 

 
4 Armstrong, D.K. and Dodge, J.E.P., 2007. Paleozoic Geology of Southern Ontario, Project Summary and Technical 
Document; Ontario Geological Survey, Sedimentary Geoscience Section, Miscellaneous Release – Data 219, 5p. 
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Point load index strength tests were carried out on selected intact rock core samples. The test 
results are presented in Appendix D. The unconfined compressive strength (UCS) of the rock, 
estimated from the results of the point load tests, typically varied from 10 to 49 MPa with an 
average of about 16 MPa, indicating a weak rock strength classification. Values of 107 to 153 
MPa (strong rock) were recorded in hard layers. 

One selected sample of rock core was submitted to Geomechanica for unconfined compressive 
strength (UCS) testing. A result of 14.2 MPa was recorded and is presented in Appendix D. 

5.1.9 Groundwater Conditions 

The borehole advancement methodology introduces water into the borehole. In this regard, the 
water levels observed at the termination of Boreholes RCB-01 and RCB-02 may not accurately 
represent the long-term stabilized ground water level and are not reported here.  

Monitoring wells were installed in Boreholes RCB-01 and RCB-02 to monitor groundwater levels. 
The groundwater levels measured in the monitoring wells are summarized in Table 5.5 below.  

Table 5.5 – Groundwater Levels and Observations 

Borehole 
No. 

Ground 
Elev. 
(m) 

Mid-
Screen 
Depth 

(m) 

Mid-
Screen 
Elev. 
(m) 

Ground Water Elevation  
(mbgs) 

June 
14, 

2021 

Sept. 
13, 

2021 
Dec. 1, 
2021 

Dec. 9, 
2021 

Apr. 12, 
2022 

RCB-01 103.0 23.6 79.4 102.9 
(0.1) 

103.0 
(0.0)1 

103.0 
(0.0)1 

103.1 
(-0.1)2 

103.0 
(0.0)1 

RCB-02 103.4 9.1 94.3 97.8 
(5.6) 

99.2 
(4.2) 

98.8 
(4.6) ---3 95.9 

(7.5) 

Notes: 
1. Possible artesian 
2. Negative value denotes above grade (artesian) 
3. Water level reading not taken. 

It is noted that the normal creek water level is near Elev. 98.5. 

The groundwater levels are short-term readings and fluctuations of the groundwater levels are to 
be expected. In particular, the groundwater levels may be at a higher elevation after periods of 
significant or prolonged precipitation.  
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5.2 Scarlett Road Bridge (Boreholes SRB-01 and SRB-02) 

The subsurface stratigraphy encountered in the boreholes at the Scarlett Road bridge generally 
consisted of an approach slab structure (asphalt over concrete over granular) over sand fill, 
underlain by native sand overlying silt. The silt was underlain by clay till, overlying till/shale 
complex grading to shale bedrock. Further descriptions of the individual strata at each site are 
presented below. 

5.2.1 Approach Slab Structure 

The boreholes were advanced through the approach slab structure of the existing bridge. The 
existing structure comprised 100 and 95 mm of asphalt over 245 and 200 mm of concrete, 
overlying approximately 720 and 365 mm of granular material in Boreholes SRB-01 and SRB-02, 
respectively.   

5.2.2 Gravelly Sand to Sandy Gravel Fill 

Sand fill was encountered below the approach slab structure at depths of 1.1 and 0.7 m (Elev. 
97.8 and 98.4) and was penetrated at depths of 4.5 and 5.6 m (Elev. 94.4 and 93.4) in Boreholes 
SRB-01 and SRB-02, respectively. The sand fill contained variable amounts of silt and gravel 
(some silt to silty and/or trace gravel to gravelly). Locally, in Borehole SRB-01, a layer of sandy 
gravel was contacted below the sand at a depth of 4.5 m (Elev. 94.4) and was contacted to a 
depth of 5.3 m (Elev. 93.6). SPT ‘N’ values recorded in the fill ranged from 4 to 46 blows per 0.3 m 
of penetration with depth, indicating a very loose to dense condition. Measured moisture contents 
within the fill layer typically ranged from 4 to 12%, locally up to 16%.  

The results of grain size distribution analyses carried out on selected samples of the sandy gravel 
to gravelly sand fill are presented on Figure C4 in Appendix C. The results indicated 21 to 58% 
gravel, 37 to 57% sand and 5 to 22% silt and clay sized particles. 

5.2.3 Sand  

Sand was encountered below the fill at depths of 5.3 and 5.6 m (Elev. 93.6 and 93.4) and was 
penetrated at 13.3 m (Elev. 85.6 and 85.8) in Boreholes SRB-01 and SRB-02, respectively. The 
native soil generally comprised of sand with some silt to silty and trace gravel. SPT N-values 
recorded in this deposit ranged from 13 to 79 blows for 0.3 m of penetration, indicating a compact 
to very dense condition. Measured moisture contents within this sand layer typically ranged from 
17% to 22%. 
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The results of a grain size distribution analysis carried out on a selected sample of the sand are 
presented on Figure C6 in Appendix C. The results indicated 1% gravel, 88% sand, 11% silt and 
0% clay sized particles. 

5.2.4 Silt 

A layer of silt was encountered at depths of 13.3 m (Elev. 85.6 and 85.8) and was contacted to 
depths of 20.0 m (Elev. 78.9 and 79.0) in Boreholes SRB-01 and SRB-02, respectively. The 
deposit generally comprised of silt with some clay and trace sand.  

SPT N-values recorded in the silt deposit typically ranged from 47 to 112 blows for 0.3 m of 
penetration, indicating a dense to very dense condition. The insitu moisture content of the silt 
ranged from 17 to 25%. 

The results of a grain size distribution analysis carried out on a selected sample of the silt are 
presented on Figure C8 in Appendix C. The results indicated 0% gravel, 0% sand, 86% silt and 
14% clay sized particles. 

5.2.5 Clay Till 

Silty clay till was encountered below the silt in both boreholes at depths of 20.0 m (Elev. 78.9 and 
79.0). The clay till was penetrated at depths of 23.8 and 23.6 m (Elev. 75.1 and 75.4). 

SPT N-values of 33 blows for 0.3 m of penetration and 100 blows for 0.2 m of penetration were 
recorded in the silty clay till deposit, indicating a hard consistency. Insitu moisture contents of 14 
and 18% were measured in the silty clay till. 

The results of a grain size distribution analysis carried out on a selected sample of the clay till are 
presented on Figure C12 in Appendix C. The results indicated 1% gravel, 24% sand, 52% silt and 
23% clay sized particles. 

Atterberg limits testing carried out on one sample of the clay till measured a liquid limit, plastic 
limit and plasticity index of 20, 13 and 7, respectively. These results, which are plotted on Figure 
C16 in Appendix C, indicate that the sample tested consists of low plastic silty clay (CL). 

5.2.6 Silt Till/Shale Complex 

A 0.7 and 1.5 m thick layer of silt till/shale complex was encountered below the clay till at depths 
of 23.8 and 23.6 m (Elev. 75.1 and 75.4) in Boreholes SRB-01 and SRB-01, respectively. This 
material generally consists of sandy silt till with some clay and gravel as well as numerus shale 
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fragments (to cobble and/or boulder size), and represents the transition between the overlying 
deposits and the underlying weathered shale bedrock. SPT N-values of 100 blows for 100 mm 
and 70 blows for 125 mm were recorded in this layer, indicating a very dense condition. Natural 
moisture contents of 12 and 15% were measured. 

5.2.7 Shale Bedrock 

Bedrock was encountered underlying the overburden soils at depths of 24.5 and 25.1 m (Elev. 
74.4 and 74.0) in Boreholes SRB-01 and SRB-02, respectively. The shale was cored over a length 
of 3.0 to 4.0 m using diamond rock coring equipment to the termination depths of 27.5 and 29.1 m 
(Elev. 71.4 and 70.0). 

Photographs of the retrieved rock core are provided in Appendix E. The shale bedrock was 
visually identified as grey shale of the Georgian Bay Formation interbedded with calcareous 
siltstone to limestone layers (Armstrong & Dodge, 2007)5, herein referred to as “hard layers”. The 
measured thickness of the hard layers was generally less than 50 mm. In general, the shale was 
judged to be completely to slightly weathered near the contact surface of the bedrock. 

The Total Core Recovery (TCR) of the rock cores obtained ranged from 95 to 100% and the Solid 
Core Recovery (SCR) ranged from 78 to 93%. The Rock Quality Designation (RQD) of the rock 
cores ranged from 52 to 82%, indicating a rock quality varying from fair (50%-75%) to good (75-
90%) with depth. The fracture index, the number of natural fractures per 0.3 m length of core run, 
typically ranged from 0 to 5, locally up to 6. 

Point load index strength tests were carried out on selected intact rock core samples. The test 
results are presented in Appendix D. The unconfined compressive strength (UCS) of the rock, 
estimated from the results of the point load tests, typically varied from 8 to 31 MPa with an average 
of about 16 MPa, indicating a weak rock strength classification.  

One selected sample of rock was submitted to Geomechanica for unconfined compressive 
strength (UCS) testing. A result of 10.6 MPa was recorded and is presented in Appendix D. 

 
5 Armstrong, D.K. and Dodge, J.E.P., 2007. Paleozoic Geology of Southern Ontario, Project Summary and Technical 
Document; Ontario Geological Survey, Sedimentary Geoscience Section, Miscellaneous Release – Data 219, 5p. 
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5.2.8 Groundwater Conditions 

The borehole advancement methodology introduces water into the borehole. In this regard, the 
water levels observed at the termination of the boreholes may not accurately represent the long-
term stabilized ground water level and are not reported here.  

A monitoring well was installed in Borehole SRB-01 to monitor groundwater levels. The 
groundwater levels measured in the monitoring well are summarized in Table 5.6 below.  

Table 5.6 – Groundwater Levels and Observations 

Borehole 
No. 

Ground 
Elev. 
(m) 

Mid-
Screen 
Depth 

(m) 

Mid-
Screen 
Elev. 
(m) 

Ground Water Elevation  
(mbgs) 

Dec. 1, 2021 Apr. 12, 2022 

SRB-01 98.9 16.6 82.3 93.9 
(5.0) 

94.1 
(4.8) 

It is noted that the normal creek water level is near Elev. 94.0. 

The groundwater levels are short-term readings and fluctuations of the groundwater levels are to 
be expected. In particular, the groundwater levels may be at a higher elevation after periods of 
significant or prolonged precipitation.  

5.3 Symes Road Private Crossing (Boreholes SPC-01 and SPC-02) 

The subsurface stratigraphy encountered in the boreholes at the Symes Road private crossing 
generally consisted of pavement structure (asphalt over granular) or topsoil over sand to silt fill, 
underlain by native organic sand or alluvial silt, overlying silt and silty clay. The silty clay was 
underlain by clay till, overlying till/shale complex grading to shale bedrock. Further descriptions of 
the individual strata are presented below. 

5.3.1 Pavement Structure 

In Borehole SPC-01, a pavement structure consisting of 90 mm of asphalt overlying 610 mm of 
granular material was contacted at the ground surface. 

5.3.2 Topsoil 

In Borehole SPC-02, a 25 mm topsoil layer was encountered at the ground surface. 
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5.3.3 Fill 

A 2.0 to 2.2 m thick fill layer was encountered below the pavement structure or topsoil in both 
boreholes. The fill was contacted to depths of 2.7 and 2.0 m (Elev. 102.2 to 101.3) in Boreholes 
SPC-01 and SPC-02, respectively, and generally comprised of sandy silt to silty sand, trace 
gravel, trace clay and occasional organic inclusions. 

SPT ‘N’ values recorded in the fill layer typically ranged from 3 to 22 blows per 0.3 m of 
penetration, indicating a very loose to compact condition. Measured moisture contents within the 
fill layer typically ranged from 17 to 29%. 

The results of a grain size distribution analysis carried out on a selected sample of the sandy silt 
fill are presented on Figure C2 in Appendix C. The result indicated 0% gravel, 21% sand, 61% silt 
and 18% clay sized particles. 

Locally, a pocket of clayey silt fill was encountered below the sandy silt fill in Borehole SPC-02. 
The clayey silt fill layer was noted to be grey and contacted to a depth of 2.2 m (Elev. 101.3). An 
SPT ‘N’ value recorded in the clayey silt fill layer was recorded as weight of hammer, indicating a 
very soft consistency. A moisture content of 30% was determined from a sample of the clayey silt 
fill. 

5.3.4 Organic Sand  

Organic sand was encountered below the fill at a depth of 2.2 m (Elev. 101.3) in Borehole SPC-
02. The organic sand was silty and contained occasional shell fragments. A 350 mm layer of 
clayey silt was interbedded within the organic sand at a depth of 3.4 m (Elev. 100.1). 

SPT N-values recorded in this deposit typically ranged from weight of hammer to 2 blows for 
0.3 m of penetration, indicating a very loose relative density. Moisture contents of 21% to 29%, 
locally up to 33%, were measured. 

The results of a grain size distribution analysis carried out on a selected sample of the organic 
sand are presented on Figure C5 in Appendix C. The result indicated 0% gravel, 65% sand, 30% 
silt and 5% clay sized particles. 

5.3.5 Silt (Possible Alluvial) 

A deposit of silt, of possible alluvial origin, was encountered below the fill at a depth of 2.7 m 
(Elev. 102.2) in Borehole SPC-01. The silt contained occasional organic inclusions. SPT N-values 
recorded in this deposit typically ranged from 8 to 22 blows for 0.3 m of penetration, indicating a 
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loose to compact condition. Measured moisture contents within the alluvial silt were typically 26 
to 27%. 

5.3.6 Silt 

A deposit of silt was encountered at depths of 3.3 and 4.9 m (Elev. 101.6 and 98.6) and was 
contacted to depths of 11.7 and 11.0 m (Elev. 93.2 and 92.5) in Boreholes SPC-01 and SPC-02, 
respectively. The deposit generally comprised of silt with trace sand and clay.  

SPT N-values recorded in the silt deposit typically ranged from 3 to 14 blows for 0.3 m of 
penetration, indicating a very loose to compact condition. The insitu moisture content of the silt 
ranged from 16 to 27%. 

The results of a grain size distribution analysis carried out on a selected sample of the silt are 
presented on Figure C8 in Appendix C. The result indicated 0% gravel, 2% sand, 95% silt and 
3% clay sized particles. 

5.3.7 Silty Clay 

A layer of silty clay was encountered below the silt at depths of 11.7 and 11.0 m (Elev. 93.2 and 
32.5) and was penetrated at a depth of 18.1 and 14.0 m (Elev. 87.9 and 89.5), in Boreholes SPC-
01 and SPC-02 respectively. 

SPT N-values recorded in the silty clay deposit typically ranged from weight of hammer to 15 
blows for 0.3 m of penetration. A pocket penetrometer of 100 kPa was recorded, and in-situ shear 
vane results indicated shear strengths ranging from 60 to 110 kPa. Based on the SPT N-values 
and shear strength testing, the consistency of the silty clay is firm to very stiff, generally increasing 
with depth. The insitu moisture content of the silty clay ranged from 23 to 26%. 

The results of grain size distribution analyses carried out on selected samples of the silty clay are 
presented on Figure C10 in Appendix C. The results of the grain size distribution analyses are 
summarized in Table 5.7 below. 

Table 5.7 – Grain Size Distribution Silty Clay 

Soil Particle Percentage (%) 
Gravel 0 to 1 
Sand 0 to 6 
Silt 58 to 59 

Clay 34 to 42 
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The results of selected Atterberg Limit testing carried out on this material indicate that the layer 
is low plastic (CL) silty clay. The results of the testing are presented in Figure C14 in Appendix C 
and are summarized in Table 5.8 below. 

Table 5.8 – Atterberg Limits Silty Clay  

Index Property Percentage (%) 
Liquid Limit 28 to 36 
Plastic Limit 17 to 18 

Plasticity Index 11 to 19 

5.3.8 Clay Till 

Silty clay till was encountered below the silty clay in both boreholes at depths of 18.1 and 14.0 m 
(Elev. 87.9 and 89.5), in Boreholes SPC-01 and SPC-02 respectively. Borehole SPC-01 was 
terminated within the clay till at a depth of 25.0 m (Elev. 78.0); Borehole SPC-02 penetrated 
through the clay till at a depth of 42.8 m (Elev. 60.7). 

SPT N-values recorded in the silty clay till deposit typically ranged from 6 to 42 blows for 0.3 m of 
penetration, indicating a firm to very stiff consistency. The insitu moisture content of the silty clay 
ranged from 11 to 30%. 

The results of grain size distribution analyses carried out on selected samples of the silty clay till 
are presented on Figure C12 in Appendix C. The results of the grain size distribution analyses 
are summarized in Table 5.9 below. 

Table 5.9 – Grain Size Distribution Silty Clay Till 

Soil Particle Percentage (%) 
Gravel 1 to 4 
Sand 23 to 33 
Silt 44 to 48 

Clay 18 to 32 
 
The results of select Atterberg Limit testing carried out on this material indicate that the layer is 
low plastic (CL) silty clay. The results of the testing are presented in Figure C16 in Appendix C 
and are summarized in Table 5.10 below. 
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Table 5.10 – Atterberg Limits Silty Clay Till  

Index Property Percentage (%) 
Liquid Limit 24 to 26 
Plastic Limit 13 to 15 

Plasticity Index 11 

5.3.9 Clay Till/Shale Complex 

Clay till/shale complex was encountered above the bedrock in Borehole SPC-02 at a depth of 
42.8 m (Elev. 60.7). This material generally consists of silty clay till with highly variable amounts 
of sand, gravel, and shale fragments (to cobble and/or boulder size) and represents the transition 
between the overlying deposits and the underlying weathered shale bedrock. An SPT N-value of 
96 blows for 225 mm was recorded in this layer, indicating a hard consistency. A natural moisture 
content of 15% was measured. 

5.3.10 Shale Bedrock 

Bedrock was encountered underlying the overburden soils in Borehole SPC-02 at a depth of 
44.6 m (Elev. 58.9) The shale was cored over a length of 3.1 m using diamond rock coring 
equipment to the termination depth of 48.7 m (Elev. 54.8). 

Photographs of the retrieved rock core are provided in Appendix E. The shale bedrock was 
visually identified as grey shale of the Georgian Bay Formation interbedded with calcareous 
siltstone to limestone layers (Armstrong & Dodge, 2007)6, herein referred to as “hard layers”. The 
measured thickness of the hard layers was generally less than 50 mm. In general, the shale was 
judged to be completely to slightly weathered near the contact surface of the bedrock. 

The Total Core Recovery (TCR) of the rock cores obtained were 100% and the Solid Core 
Recovery (SCR) ranged from 88 to 100%. The Rock Quality Designation (RQD) of the rock cores 
ranged from 93 to 100%, indicating a rock quality varying from good (75-90%) to excellent (90-
100%) with depth. The fracture index, the number of natural fractures per 0.3 m length of core 
run, typically ranged from 0 to 2. 

 
6 Armstrong, D.K. and Dodge, J.E.P., 2007. Paleozoic Geology of Southern Ontario, Project Summary and Technical 
Document; Ontario Geological Survey, Sedimentary Geoscience Section, Miscellaneous Release – Data 219, 5p. 
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Point load index strength tests were carried out on selected intact rock core samples. The test 
results are presented in Appendix D. The unconfined compressive strength (UCS) of the rock, 
estimated from the results of the point load tests, typically varied from 21 to 42 MPa with an 
average of about 16 MPa, indicating a weak rock strength classification. A value of 72 MPa (strong 
rock) was recorded in a hard layer. 

One selected sample of rock was submitted to Geomechanica for unconfined compressive 
strength (UCS) testing. A result of 9.9 MPa was recorded and is presented in Appendix D. 

5.3.11 Groundwater Conditions 

The borehole advancement methodology introduces water into the borehole. In this regard, the 
water levels observed at the termination of Boreholes SPC-01 and SPC-02 may not accurately 
represent the long-term stabilized ground water level and are not reported here.  

A monitoring well was installed in Borehole SPC-01 to monitor groundwater levels. The 
groundwater levels measured in the monitoring wells are summarized in Table 5.11 below.  

Table 5.11 – Groundwater Levels and Observations 

Borehole 
No. 

Ground 
Elev. 
(m) 

Mid-
Screen 
Depth 

(m) 

Mid-
Screen 
Elev. 
(m) 

Ground Water Elevation  
(mbgs) 

June 14, 
2021 

Sept. 13, 
2021 

Dec. 1, 
2021 

Apr. 12, 
2022 

SPC-01 105.0 9.2 95.8 102.7 
(2.3) 

102.4 
(2.6) 

102.5 
(2.5) 

102.7 
(2.3) 

It is noted that the normal creek water level is near Elev. 98.5. 

The groundwater levels are short-term readings and fluctuations of the groundwater levels are to 
be expected. In particular, the groundwater levels may be at a higher elevation after periods of 
significant or prolonged precipitation.  

5.4 Symes Road Culvert (Boreholes SRC-01 and SRC-02) 

The subsurface stratigraphy encountered in the boreholes (Boreholes SRC-01 and SRC-02) at 
the Symes Road culvert comprised pavement structure (asphalt over granular) over sand fill, 
underlain by peat over native silty sand of possible alluvial origin, overlying silt and silty clay. In 
Borehole SRC-02, the silty clay was underlain by silty clay till over sand. Further descriptions of 
the individual strata are presented below. 
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5.4.1 Pavement Structure 

A pavement structure consisting of 115 and 60 mm of asphalt overlying 620 and 680 mm of 
granular material was contacted at the ground surface of Boreholes SRC-01 and SRC-02, 
respectively. SPT N-values of 28 and 50 blows per 0.3 m of penetration were recorded in the 
granular material, indicating a compact to very dense condition. The results of a grain size 
distribution analysis carried out on a selected sample of the granular are presented on Figure C1 
in Appendix C. The result indicated 45% gravel, 41% sand, and 14% silt and clay sized particles. 

5.4.2 Sand Fill 

Sand fill was encountered below the pavement structure to depths of 1.8 and 3.4 m (Elev. 103.7 
and 103.2) in Boreholes SRC-01 and SRC-01, respectively. The sand fill layer was silty and 
contained occasional cobbles and occasional to numerous organic inclusions. 

SPT ‘N’ values recorded in the sand fill typically ranged from 2 to 6 blows per 0.3 m of penetration, 
indicating a loose to very loose condition. Measured moisture contents within the sand fill layer 
typically ranged from 8 to 19%, with higher values of 32 to 46% determined in samples with 
organic inclusions. 

The results of grain size distribution analyses carried out on selected samples of the sand fill are 
presented on Figure C3 in Appendix C. The results indicated 1 to 3% gravel, 61 to 85% sand, 12 
to 29% silt and 2 to 7% clay. 

5.4.3 Peat 

A 2.2 m thick layer of black amorphous peat was contacted below the fill at a depth of 3.4 m (Elev. 
103.2) and penetrated at a depth of 5.6 m (Elev. 100.9) in Borehole SRC-02. SPT N-values 
recorded in the peat layer were typically 2 blows per 0.3 m of penetration, indicating a very soft 
to soft consistency. Moisture content determinations in the peat layer ranged from 260 to 367%. 

5.4.4 Sand (Alluvial) 

A layer of silty sand, of probable alluvial origin, was encountered below fill and peat at depths of 
1.8 and 5.6 m (Elev. 103.7 and 100.9) in Boreholes SRC-01 and SRC-02. The sand deposit was 
penetrated at 5.6 and 8.7 m (Elev. 99.8 and 97.8) and comprised silty sand with trace clay, with 
iron staining, pockets of clay, gravel and organics and occasional shell fragments and organic 
inclusions.  
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SPT N-values recorded in this deposit ranged from 2 to 15 blows for 0.3 m of penetration, 
indicating a very loose to compact relative density. Measured moisture contents within the alluvial 
silty sand layer varied from 14 to 37%. 

The results of a grain size distribution analysis carried out on a selected sample of the silty sand 
are presented on Figure C5 in Appendix C. The results indicated 0% gravel, 72% sand, 24% silt 
and 4% clay. 

5.4.5 Silt 

A layer of silt was encountered at 5.6 and 8.7 m (Elev. 99.8 and 97.8) in Boreholes SRC-01 and 
SRC-02, respectively. The silt layer was contacted to depths of 11.0 and 14.8 m (Elev. 94.5 and 
91.7) and generally contained some clay and trace sand, locally some sand to sandy.  

SPT N-values recorded in the silt deposit ranged from 7 to 54 blows for 0.3 m of penetration, 
indicating a loose to very dense condition. The insitu moisture content of the silt ranged from 14 
to 28%. 

The results of grain size distribution analyses carried out on selected samples of the silt are 
presented on Figure C8 in Appendix C. The results indicated 0% gravel, 7 to 35% sand, 61 to 
86% silt and 4 to 7% clay sized particles. 

5.4.6 Silty Clay 

Silty clay was contacted below the silt at depths of 11.0 m and 14.8 m (Elev. 94.5 and 91.7) in 
Boreholes SRC-01 and SRC-02, respectively. The clay was contacted to the termination depth of 
15.8 m (Elev. 89.6) in Borehole SRC-01 and was penetrated at a depth of 20.0 m (Elev. 86.5) in 
Borehole SRC-02.  

SPT N-values recorded in the silty clay deposit ranged from 5 to 26 blows for 0.3 m of penetration, 
indicating a firm to very stiff consistency. The moisture content of the silty clay ranged from 18 to 
27%. 

The results of grain size distribution analyses carried out on selected samples of the silty clay are 
presented on Figure C11 in Appendix C. The results indicated 0 to 1% gravel, 6 to 10% sand, 42 
to 51% silt and 43 to 47% clay sized particles.  

Atterberg limits testing carried out on two samples of the silty clay measured liquid limits, plastic 
limits and plasticity indices of 33, 15 to 18 and 15 to 18, respectively. These results, which are 
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plotted on Figure C15 in Appendix C, indicate that the sample tested consists of low plastic silty 
clay (CL). 

5.4.7 Clay Till 

Silty clay till was encountered below the silty clay at a depth of 20.0 m (Elev. 86.5) and was 
penetrated at 30.0 m (Elev. 76.5) in Borehole SRC-02. 

SPT N-values recorded in the silty clay till deposit ranged from 41 to 68 blows for 0.3 m of 
penetration, indicating a hard consistency. The insitu moisture content of the silty clay ranged 
from 15 to 19%. 

The results of a grain size distribution analysis carried out on a selected sample of the silty clay 
till are presented on Figure C12 in Appendix C. The results indicated 1% gravel, 32% sand, 44% 
silt and 23% clay sized particles. 

5.4.8 Sand 

Sand was contacted below the clay till at 30.0 m (Elev. 76.5) and extended to the sampled depth 
of 31.1 m (Elev. 75.4) in Borehole SRC-02. An SPT N-value of 40 blows for 0.3 m of penetration 
(dense) was recorded in the sand. A moisture content of 19% was determined. A dynamic cone 
penetration test (DCPT) was advanced below the sampled depth of 31.1 m to practical refusal at 
a depth of 35.1 m. The N-values recorded during the DCPT increased with depth from 40 to 136.  

5.4.9 Groundwater Conditions 

A monitoring well was installed in each of Boreholes SRC-01 and SRC-02 to monitor groundwater 
levels. The groundwater levels measured in the monitoring wells are summarized in Table 5.12 
below.  

Table 5.12 – Groundwater Levels and Observations 

Borehole 
No. 

Ground 
Elev. (m) 

Mid-
Screen 
Depth 

(m) 

Mid-
Screen 
Elev. 
(m) 

Ground Water Elevation  
(mbgs) 

June 14, 
2021 

Sept. 13, 
2021 

Dec. 1, 
2021 

Apr. 12, 
2022 

SRC-01 105.5 4.6 100.9 102.7 
(2.8) 

102.6 
(2.9) 

102.8 
(2.7) 

102.9 
(2.6) 

SRC-02 106.5 20.0 86.5 ---1 ---1 ---1 105.8 
(0.7) 

Note:  
1. At the time of this water level reading, Borehole SRC-02 was not completed. 
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It is noted that the normal creek water level is near Elev. 103.0. 

The groundwater levels are short-term readings and fluctuations of the groundwater levels are to 
be expected. In particular, the groundwater levels may be at a higher elevation after periods of 
significant or prolonged precipitation.  

5.5 Weston Road Floodwall (Borehole WRW-01) 

The subsurface stratigraphy encountered in the borehole at the Weston Road floodwall generally 
consisted of sand and gravel fill, underlain by native silty clay. Further descriptions of the individual 
strata are presented below. 

5.5.1 Sand and Gravel Fill 

A sand and gravel fill layer was encountered at the ground surface in Borehole WRW-01 and was 
penetrated at a depth of 2.2 m (Elev. 105.0). The sand and gravel fill layer was noted to contain 
some organics and occasional brick and concrete fragments. SPT ‘N’ values recorded in the fill 
layer generally ranged from 46 to 8 blows per 0.3 m of penetration, indicating a dense to loose 
condition. Measured moisture contents within the sand and gravel fill layer varied between 3% 
and 5%. 

A layer of sand fill was encountered below the sand and gravel fill in Borehole WRW-01. The sand 
fill layer was contacted to a depth of 5.6 m (Elev. 101.6) and generally comprised of sand with 
trace to some silt. It is noted that occasional brick fragments were present from a depth of 4.6 m 
(Elev. 102.6) to the bottom of the sand fill layer.  

SPT ‘N’ values recorded in the sand fill layer typically ranged from 52 to 18 blows per 0.3 m of 
penetration, indicating a very dense to compact condition. Measured moisture contents within the 
sand fill layer typically ranged from 3 to 4%. 

The results of a grain size distribution analysis carried out on a selected sample of the sand fill 
are presented on Figure C3 in Appendix C. The result indicated 0% gravel, 86% sand, 14% silt 
and clay. 

5.5.2 Silty Clay 

Silty clay was encountered below the silt at a depth of 5.6 m (Elev. 101.6) and Borehole WRW-
01 was terminated in this material at a depth of 11.3 m (Elev. 95.9). The silty clay contained trace 
sand to sandy and trace gravel. 
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SPT N-values recorded in the silty clay deposit typically ranged from 11 to 25 blows for 0.3 m of 
penetration, indicating a stiff to very stiff consistency. The insitu moisture content of the silty clay 
ranged from 12 to 21%. 

The results of grain size distribution analyses carried out on selected samples of the silty clay are 
presented on Figure C11 in Appendix C. The results of the grain size distribution analyses are 
summarized in Table 5.13 below. 

Table 5.13 – Grain Size Distribution Silty Clay 

Soil Particle Percentage (%) 
Gravel 0 to 2 
Sand 9 to 22 
Silt 56 to 58 

Clay 18 to 35 
 
The results of selected Atterberg Limit testing carried out on this material indicate that the layer 
is low plastic (CL) silty clay. The results of the testing are presented in Figure C15 in Appendix C 
and are summarized in Table 5.14 below. 

Table 5.14 – Atterberg Limits Silty Clay  

Index Property Percentage (%) 
Liquid Limit 22 to 30 
Plastic Limit 15 to 18 

Plasticity Index 7 to 13 

5.5.3 Groundwater Conditions 

A monitoring well was installed in Borehole WRW-01 to monitor groundwater levels. The 
groundwater levels measured in the monitoring wells are summarized in Table 5.15 below.  

Table 5.15 – Groundwater Levels and Observations 

Borehole 
No. 

Ground 
Elev. 
(m) 

Mid-
Screen 
Depth 

(m) 

Mid-
Screen 
Elev. 
(m) 

Ground Water Elevation  
(mbgs) 

June 14, 
2021 

Sept. 13, 
2021 

Dec. 1, 
2021 

Apr. 12, 
2022 

WRW-01 107.2 9.1 98.1 102.0 
(5.2) 

101.4 
(5.9) 

101.5 
(5.7) 

101.5 
(5.7) 

The normal water level at the upstream side of the bridge is near Elev. 100.8. 
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The groundwater levels are short-term readings and fluctuations of the groundwater levels are to 
be expected. In particular, the groundwater levels may be at a higher elevation after periods of 
significant or prolonged precipitation. 

5.6 Black Creek Channel Widening (Boreholes BC-01 to BC-08) 

The subsurface stratigraphy encountered in the boreholes along the Black Creek channel 
generally consisted of pavement structure (asphalt over concrete over granular) or topsoil over 
sand to sand and silt fill, underlain by organic or alluvial deposits over native silty sand overlying 
silt and silty clay. Further descriptions of the individual strata are presented below. 

5.6.1 Pavement Structure 

A composite pavement structure consisting of asphalt overlying concrete and granular material 
was contacted at the ground surface of Borehole BC-04, which was advanced on an existing 
roadway (Alliance Avenue). The asphalt thickness was found to be 125 mm, with an underlying 
concrete thickness of 100 mm and a granular thickness of 1175 mm.  

5.6.2 Topsoil Fill 

A 20 to 250 mm layer of topsoil was encountered at the ground surface of all the boreholes, with 
the exception of Borehole BC-04. 

5.6.3 Sand to Silt Fill 

Fill was encountered below the topsoil in Boreholes BC-01 to BC-03 and BC-05 to BC-08 and 
below the pavement structure in BC-04. The fill was contacted to depths of 1.2 to 3.0 m (Elev. 
99.3 to 100.3), extending to a depth of 5.6 m (Elev. 101.3) in Borehole BC-04. The fill comprised 
sand in Boreholes BC-01 to BC-04, sand and silt in Boreholes BC-05, BC-06 and silt in Borehole 
BC-08. Locally, in Borehole BC-01, occasional shale and concrete fragments were noted to be 
within the sand fill. 

SPT ‘N’ values recorded in the fill ranged from 2 to 25 blows per 0.3 m of penetration, indicating 
a very loose to compact condition. 

Measured moisture contents within these deposits typically ranged from 6 to 23%. The results of 
a grain size distribution analysis carried out on a selected sample of the sand and silt fill are 
presented on Figure C2 in Appendix C. The result indicated 3% gravel, 52% sand, 38% silt and 
7% clay. The results of grain size distribution analyses carried out on selected samples of the 
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sand fill are presented on Figure C3 in Appendix C. The results of the grain size distribution 
analyses are summarized in Table 5.16 below. 

Table 5.16 – Grain Size Distribution Sand Fill 

Soil Particle Percentage (%) 
Gravel 3 to 4 
Sand 59 to 77 
Silt 16 to 33 

Clay 3 to 5 

5.6.4 Organic Silt 

A 0.2 m thick layer of organic silt was encountered below the fill in Borehole BC-02 at a depth of 
1.2 m (Elev. 97.4).  

5.6.5 Sand to Sand and Silt to Sandy Silt (Possible Alluvial) 

Possible alluvial soils were encountered below the fill at depths of 1.4 to 3.7 m (Elev. 98.9 to 95.9) 
in Boreholes BC-01 to BC-03, BC-05 to BC-07. The alluvial deposits were penetrated at depths 
of 3.5 to 4.9 m (Elev. 97.4 to 94.4) and ranged in composition from sand to sand and silt to sandy 
silt. The alluvial deposits contained occasional to numerous organic inclusions and occasional 
shell fragments. 

SPT N-values recorded in these deposits typically ranged from 2 to 11 blows for 0.3 m of 
penetration, indicating a very loose to compact relative density. Measured moisture contents 
typically ranged from 13% to 27%. 

The results of grain size distribution analyses carried out on selected samples of the sand to sand 
and silt are presented on Figure C5 in Appendix C. The results of the grain size distribution 
analyses are summarized in Table 5.17 below. 

Table 5.17 – Grain Size Distribution Sand to Sand and Silt (Possible Alluvial) 

Soil Particle Sand Sand and Silt 
Percentage (%) 

Gravel 0 to 12 0 
Sand 62 to 82 45 
Silt 16 to 23 47 

Clay 2 to 3 8 
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5.6.6 Sand 

A layer of sand was encountered at depths of 3.5 to 4.5 m (Elev. 97.4 to 94.4) in Boreholes BC-
01, BC-02, BC-05 and BC-07 and was contacted to depths of 5.0 to 8.7 m (Elev. 96.2 to 89.4). 
The silt layer generally comprised sand with some silt to silty, trace to some gravel and trace clay.  

SPT N-values recorded in this deposit in Boreholes BC-01 and BC-02 ranged from 14 blows for 
300 mm of penetration to 50 blows for 75 mm of penetration, indicating a compact to very dense 
relative density. SPT N-values recorded in this deposit in Boreholes BC-05 and BC-07 typically 
ranged from 4 to 11 blows for 0.3 m of penetration, indicating a very loose to compact relative 
density. Measured moisture contents within the silty sand layer typically ranged from 7% to 38%. 

The result of a grain size distribution analysis carried out on a selected sample of the silty sand 
are presented on Figure C6 in Appendix C. The result indicated 0% gravel, 69% sand, 29% silt 
and 2% clay. 

5.6.7 Silt 

Silt was encountered at depths of 3.0 to 8.7 m (Elev. 99.8 to 89.4) in all boreholes. Boreholes BC-
01, BC-02, BC-05 to BC-08 terminated within the silt stratum at depths of 9.5 to 9.7 m (Elev. 92.5 
to 88.4). The silt was penetrated at depths of 6.2 and 17.8 m (Elev. 93.0 and 89.1) in Boreholes 
BC-03 and BC-04, respectively.  The silt layer generally comprised sandy silt to silt with trace to 
some sand, and trace gravel and clay.  

SPT N-values recorded in the silt deposit typically ranged from 2 blows for 0.3 m of penetration 
to 149 blows for 225 mm of penetration, indicating a highly variable relative density ranging from 
very loose to very dense. The insitu moisture content of the silt ranged from 11 to 30%. 

The results of grain size distribution analyses carried out on selected samples of the silt are 
presented on Figures C7 and C9 in Appendix C. The results of the grain size distribution analyses 
are summarized in Table 5.18 below. 

Table 5.18 – Grain Size Distribution Sandy Silt to Silt 

Soil Particle Percentage (%) 
Gravel 0 to 1 
Sand 1 to 34 
Silt 61 to 93 

Clay 2 to 10 
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5.6.8 Silty Clay 

Silty clay was encountered below the silt at depths of 6.2 and 17.8 m (Elev. 93.0 and 89.1) and 
was contacted to the termination depths of 9.7 and 18.9 m (Elev. 89.4 and 88.0) in Boreholes BC-
03 and BC-04, respectively. 

SPT N-values recorded in the silty clay deposit typically ranged from 6 to 17 blows for 0.3 m of 
penetration, indicating a firm to very stiff consistency. The insitu moisture content of the silty clay 
ranged from 11 to 25%. 

The results of grain size distribution analyses carried out on selected samples of the silty clay are 
presented on Figure C11 in Appendix C. The results of the grain size distribution analyses are 
summarized in Table 5.19 below. 

Table 5.19 – Grain Size Distribution Silty Clay 

Soil Particle Percentage (%) 
Gravel 0 to 3 
Sand 6 to 17 
Silt 54 to 61 

Clay 26 to 33 
 
The results of selected Atterberg Limit testing carried out on this material indicate that the layer 
is low plastic (CL) silty clay. The results of the testing are presented in Figure C14 in Appendix C 
and are summarized in Table 5.20 below. 

Table 5.20 – Atterberg Limits Silty Clay  

Index Property Percentage (%) 
Liquid Limit 21 to 27 
Plastic Limit 12 to 16 

Plasticity Index 9 to 11 

5.6.9 Groundwater Conditions 

Monitoring wells were installed in Boreholes BC-01, BC-02, BC-04 and BC-06 to monitor 
groundwater levels. The groundwater levels measured in the monitoring wells are summarized in 
Table 5.21 below.  
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Table 5.21 – Groundwater Levels and Observations 

Borehole 
No. 

Ground 
Elev. 
(m) 

Mid-
Screen 
Depth 

(m) 

Mid-
Screen 
Elev. 
(m) 

Ground Water Elevation  
(mbgs) 

June 14, 
2021 

Sept. 13, 
2021 

Dec. 1, 
2021 

Apr. 12, 
2022 

BC-01 98.1 7.3 90.8 94.2  
(3.9) 

94.2  
(3.9) 

94.3 
(3.8) 

94.4 
(3.7) 

BC-02 98.6 7.6 91.0 95.5  
(3.1) 

95.4  
(3.2) 

95.6 
(3.0) 

95.9 
(2.7) 

BC-04 106.9 15.3 91.7 100.2 
(6.7) 

100.0 
(7.0) 

100.3 
(6.6) 

100.2 
(6.7) 

BC-06 101.7 7.6 94.1 97.5 
(4.2) 

97.4 
(4.3) 

97.6 
(4.1) 

97.5 
(4.2) 

The Black Creek water level ranges from near Elev. 99.0 at Alliance Avenue to near Elev. 95.0 at 
Scarlett Road. 

The groundwater levels are short-term readings and fluctuations of the groundwater levels are to 
be expected. In particular, the groundwater levels may be at a higher elevation after periods of 
significant or prolonged precipitation.  

6. RESULTS OF ANALYTICAL TESTING 

6.1 Corrosivity And Sulphate Test Results 

Samples of the fill and native soils were submitted for analytical testing of corrosivity parameters 
and sulphate. The results of the analytical tests are shown in Table F1 in Appendix F. The 
laboratory certificates of analysis are presented in Appendix F. 

6.2 Asbestos 

Asphalt core samples obtained from the boreholes were submitted to ALS Environmental to test 
for the presence of asbestos. Table G1 in Appendix G provides a list of asphalt samples that were 
submitted for testing. The results of the analytical tests indicated that asbestos was not detected 
in any of the samples submitted for testing. The laboratory certificates of analysis are presented 
in Appendix G. 
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7. ENGINEERING DISCUSSION AND RECOMMENDATIONS 

This section of the report presents interpretation of the geotechnical data obtained during the field 
and laboratory investigation and presents geotechnical recommendations for design and 
construction of the proposed structures. 

The comments and recommendations presented in this report are based on the subsurface soil 
and groundwater conditions encountered during the investigation. The soil conditions may vary 
between and beyond the borehole locations, and accordingly geotechnical inspection during 
construction is important to assess any variation of subsurface conditions and to provide 
additional recommendations if necessitated by such variations. 

The interpretation and recommendations are intended for the use of the design consultant and 
the owner, and shall not be relied upon by any other parties including the construction contractor, 
or used for any purposes other than development of the project design. Comments on 
construction methodology and equipment, where presented, are provided only to highlight those 
aspects that could affect the design of the project. Contractors must make their own assessment 
of the factual information presented in previous sections of the report, and the implications on 
equipment selection, construction methodology, and scheduling. 

The report references the Canadian Highway Bridge Design Code published in November 2019 
(CHBDC 2019) by the CSA Group. In accordance with the CHBDC 2019, a consequence 
classification of “typical consequence” and a degree of site and prediction model understanding 
of “typical understanding” have been assumed. 

It is noted that comments and recommendations provided in this report are based on the 10% 
designs available at the time of this report. In this regard, the comments and recommendations 
are considered preliminary and should be reviewed and/or revised, if required, based on the 30% 
designs once they are made available. 

7.1 Foundations 

7.1.1 Rockcliffe Boulevard Bridge 

The existing 14.3 m wide Rockcliffe Boulevard bridge over Black Creek was constructed in 1963 
and comprises a 15.2 m span cast-in-place concrete rigid frame structure. Current plans call for 
the replacement of the existing single span bridge with a 41.2 m single span structure. 

The subsurface stratigraphy encountered in the boreholes advanced at this site (RCB-01 and 
RCB-02) comprised a pavement structure (asphalt over granular) to depths of 1.1 and 0.8 m (Elev. 
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102.0 and 102.7) underlain by compact to very loose sand to sand and silt fill to depths of 3.7 and 
4.1 m (Elev. 99.4 and 99.3). The fill was underlain locally in Borehole RCB-01 by a 3.5 m thick 
layer of sand with organics, of possible alluvial origin, to a depth of 7.2 m (Elev. 95.9). The fill and 
possible alluvial sand were underlain by loose to dense native silt contacted to depths of 14.8 and 
13.3 m and (Elev. 88.2 and 90.2), underlain by silty clay penetrated at 23.2 m depth (Elev. 79.9 
and 80.3). A lower dense sand layer, approx. 4.3 and 3.1 m thick, was contacted to depths of 27.4 
and 26.2 m (Elev. 75.6 and 77.2), and was underlain by very dense silt till/shale complex grading 
to shale bedrock at 30.9 and 30.5 m (Elev. 72.1 and 72.9).  

Black Creek is a concrete channelized watercourse both upstream and downstream of the 
structure. Based on the provided profiles, the base of the concrete channel is near Elev. 98 at the 
centreline of the roadway. The normal water level is near Elev. 98.5 and the regional storm water 
level is near Elev. 102.5. 

The existing fill and underlying alluvial sand layer containing organics and decayed wood, are 
unsuitable materials for support of spread footings due to the variable composition and relative 
density of these strata. The relative density of the native silt deposit underlying the sand layer is 
also highly variable and would provide inadequate geotechnical resistance for practical footing 
design. Therefore, supporting the new structure on spread footings is not considered to be a 
feasible option and design recommendations have not been developed.   

The structure could be supported on driven steel HP 310 X 110 piles driven to practical refusal, 
anticipated to occur within the till/shale complex at depths in the order of 30 to 31 m (Elev. 73 to 
72), anticipated in dense/hard soils or bedrock. For preliminary design purposes, factored 
geotechnical resistances of 1,600 kN at ULS and 1,400 kN at SLS may be employed for HP 
310x110 piles driven to the till/shale complex or underlying shale. 

The use of H-piles at the abutments allows for the design of an integral abutment structure. To 
reduce resistance to lateral movement and provide a relatively flexible pile system, the top of each 
pile should be installed in a pre-augered hole supported by a CSP and filled with loose sand as 
per MTO Structural Office Report SO-96-01. 

To achieve higher resistances, supporting the structure on augered caissons socketed into the 
shale bedrock may be considered. For preliminary purposes, the factored axial resistances at 
ULS (kN) for selected caisson diameters and socket lengths are presented in the table below. 
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Caisson Diameter 
(m) 

Socket Length in 
Bedrock (m) 

Factored Axial Resistance 
at ULS (kN) 

0.9 1.5 
3.0 

2,850 
3,700 

1.2 1.5 
3.0 

4,500 
5,650 

1.5 1.5 
3.0 

6,500 
7,950 

1.8 1.5 
3.0 

8,350 
10,600 

 

It is noted that a temporary caisson liner sealed into the till/shale complex will be required to 
support excavation sidewalls, prevent materials from falling into the excavation, and minimize 
groundwater flow into the caisson. 

7.1.2 Scarlett Road Bridge  

The Scarlett Road bridge over Black Creek was constructed in 1983 and comprises a 14.9 m 
span cast-in-place concrete rigid frame structure. The 19.5 m wide bridge carries two lanes of 
traffic (northbound and southbound) over Black Creek which flows east to west. Available 
information indicates the existing bridge is founded on 1.8 m wide spread footings founded at 
Elevation 93.3. Current plans call for the replacement of the existing single span bridge with a 
30.6 m single span structure. 

The subsurface stratigraphy encountered in the boreholes at the Scarlett Road bridge generally 
consisted of an approach slab structure (asphalt over concrete over granular) over very loose to 
dense sand fill at depths of 1.1 and 0.7 m (Elev. 97.8 and 98.4), underlain by compact to very 
dense native sand at depths of 5.3 and 5.6 m (Elev. 93.6 and 93.4) overlying dense to very dense 
silt encountered at depths of 13.3 m (Elev. 85.6 and 85.8). The silt was contacted to depths of 
20.0 m (Elev. 78.9 and 79.0) and was underlain by hard clay till, overlying very dense till/shale 
complex at depths of 23.8 and 23.6 m (Elev. 75.1 and 75.4) grading to shale bedrock at depths 
of 24.5 and 25.1 m (Elev. 74.4 and 74.0). 

Based on the borehole information, it is considered feasible to support a replacement bridge on 
shallow foundations constructed on the dense to very dense sand at the same level as the existing 
bridge footings. For preliminary assessment of spread footing design (30% design), factored 
geotechnical resistances of 450 kPa at ULS and 300 kPa at SLS may be assumed for footings 
founded on the native sand at Elevation 93.0. The feasibility of spread footings, the impact on the 
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design resistance of compact zones identified in the sand, and design founding levels for each 
foundation unit should be confirmed during detailed design. 

Alternatively, the structure could be supported on driven steel HP 310 X 110 piles driven to 
practical refusal, anticipated to occur within the till/shale complex at depths in the order of 24 to 
25 m (Elev. 74 to 75), anticipated in very dense/hard till or bedrock. For preliminary design 
purposes, factored geotechnical resistances of 1,600 kN at ULS and 1,400 kN at SLS may be 
employed for HP 310x110 piles driven to the till/shale complex or underlying shale. 

The use of H-piles at the abutments allows for the design of an integral abutment structure. To 
reduce resistance to lateral movement and provide a relatively flexible pile system, the top of each 
pile should be installed in a pre-augered hole supported by a CSP and filled with loose sand as 
per MTO Structural Office Report SO-96-01. 

To achieve higher resistances, supporting the structure on augered caissons socketed into the 
shale bedrock may be considered.  

For preliminary purposes, the factored axial resistances at ULS (kN) for selected caisson 
diameters and socket lengths are presented in the table below. 

Caisson Diameter 
(m) 

Socket Length in 
Bedrock (m) 

Factored Axial Resistance 
at ULS (kN) 

0.9 1.5 
3.0 

2,850 
3,700 

1.2 1.5 
3.0 

4,500 
5,650 

1.5 1.5 
3.0 

6,500 
7,950 

1.8 1.5 
3.0 

8,350 
10,600 

 

It is noted that a temporary caisson liner sealed into the till/shale complex will be required to 
support excavation sidewalls, prevent materials from falling into the excavation, and minimize 
groundwater flow into the caisson. 
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7.1.3 Symes Road Private Crossing 

Plans call for the replacement of the private driveway culvert crossing of Lavender Creek with an 
13.5 m wide and 2.4 m high arch culvert. 

The subsurface stratigraphy encountered in the boreholes advanced at this site (SPC-01 and 
SPC-02) comprised a pavement structure (asphalt over granular) or topsoil layer underlain by 
very loose to compact/very soft to firm sand to silt fill to depths of 2.7 and 2.2 m (Elev. 102.2 and 
101.3). The fill was underlain by a 0.6 and 2.7 m thick layer of alluvial silt and organic sand to 
depths of 3.4 and 4.9 m (Elev. 101.6 and 98.6). The alluvial/organic deposits silt were underlain 
by very loose to compact native silt contacted to depths of 11.7 and 11.0 m and (Elev. 93.2 and 
92.5), underlain by firm to stiff silty clay penetrated at depths of 17.1 and 14.0 m (Elev. 87.9 and 
89.5). The clay was underlain by firm to hard clay till contacted to the termination depth of 25.0 m 
(Elev. 80.0) in Borehole SPC-01 and penetrated at 42.8 m (Elev. 60.7) in Borehole SPC-02. The 
clay till was underlain by hard till/shale complex grading to shale bedrock at 44.6 m depth (Elev. 
58.9) in Borehole SPC-02.  

The existing fill and underlying alluvial/organic deposits are unsuitable materials for support of 
spread footings due to the variable composition and relative density of these strata. The relative 
density of the native silt deposit underlying the organic layer is also highly variable and would 
provide inadequate geotechnical resistance for practical footing design. Therefore, supporting the 
new structure on spread footings is not considered to be a feasible option and design 
recommendations have not been developed.   

The structure may be supported by driven steel HP 310 X 110 piles driven to adequate resistance 
in the native hard clay till. These piles will obtain resistance primarily through friction along the 
pile shaft. For preliminary design purposes, it is recommended that a minimum pile length of 
35.0 m in native overburden (tip near elev. 65.0), be assumed and corresponding factored 
geotechnical resistances of 700 kN at ULS and 550 kN at SLS be employed. The depth of the 
hard clay till layer (assumed near elev. 65) may be variable and should be confirmed during 
detailed design. Pile driving should be carefully monitored and controlled using a Pile Driving 
Analyzer (PDA) and/or the Hiley equation to confirm the design resistance and determine set 
requirements. Verifying the pile capacity for a frictional pile terminated within the clay may be 
challenging during construction due to the development of excess pore pressure in the clay as a 
result of pile driving.  

If higher capacities are required, the piles should be driven to practical refusal, anticipated to 
occur within the till/shale complex at depths in the order of 45 m (near elevation 59.0). For 
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preliminary design purposes, factored geotechnical resistances of 1,600 kN at ULS and 1,400 kN 
at SLS may be employed for HP 310x110 piles in dense/hard soils or bedrock. It noted that only 
one borehole was advanced to shale at this site and the shale depth may vary across the site. 
Additional boreholes will be required at the detailed design stage to confirm the shale depth. 

The use of H-piles at the abutments allows for the design of an integral abutment structure. To 
reduce resistance to lateral movement and provide a relatively flexible pile system, the top of each 
pile should be installed in a pre-augered hole supported by a CSP and filled with loose sand as 
per MTO Structural Office Report SO-96-01. 

Augered caissons are not expected to be the preferred foundation type due to the significant 
depth (greater than 40 m) of the stratum suitable for support of high capacity caissons. However, 
caissons in shale bedrock, anticipated below a depth of 44.6 m (Elev. 58.9), can be designed in 
accordance with the table provided for the Rockcliffe Boulevard Bridge as outlined in Section 7.1. 

7.1.4 Symes Road Culvert 

Current plans call for the replacement of the existing cast-in-place concrete culvert conveying 
Lavender Creek under Symes Road. The existing culvert has a span of 3.5 m and a length of 
approximately 40 m, and will be replaced with twin 5.5 m x 1.9 m cast in place box culverts with 
an average length of approximately 46 m. An existing 2.3 by 2.6 m combined trunk sewer crossing 
on top of the existing culvert will require support during construction and a 1.2 m diameter 
combined trunk sewer located below the existing culvert will be relocated away from the new 
culvert footprint. It is noted that the majority of the culvert is located beneath transmission lines 
within a Hydro One corridor. 

Archive design drawings (BR 323-1, 1954) indicate that the existing culvert is supported on 9 to 
18 m long cylindrical piles. The material type (wood, concrete or steel), founding stratum and 
design capacity are not specified. 

The subsurface stratigraphy encountered in the boreholes drilled at this site (Boreholes SRC-01 
and SRC-02) consisted of a pavement structure overlying loose to very loose silty sand fill to 
depths of 1.8 and 3.4 m (Elev. 103.4 and 103.2) underlain, locally, by a 2.2 m thick layer of peat 
in Borehole SRC-02. Very loose to compact silty sand deposits, of probable alluvial origin, were 
contacted below the fill and peat to depths of 5.6 and 8.7 m (Elev. 99.8 and 97.8). The organic 
deposits were underlain by a variable loose to very dense silt layer, which was penetrated at 
depths of 11.0 and 14.8 m (Elev. 94.5 and 91.7). Firm to very stiff clay was contacted below the 
silt to the termination depth of 15.8 m (Elev. 89.6) in Borehole SRC-01 and penetrated at a depth 
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of 20.0 m (Elev. 86.5) in Borehole SRC-02. Hard silty clay till was contacted below the silty clay 
and was penetrated at 30.0 m (Elev. 76.5). Sand was contacted below the clay till at 30.0 m (Elev. 
76.5) and to the sampled depth of 31.1 m (Elev. 75.4) in Borehole SRC-02.  

Groundwater was measured at depths of 2.6 to 2.9 m (Elev. 102.9 to 102.6) in a monitoring well 
installed to 5.3 m in Borehole SRC-01, and at 0.7 m depth (Elev. 105.8) in a monitoring well 
installed to 21.5 m in Borehole SRC-02. 

Based on the preliminary General Arrangement drawing (November 2021), the base of the new 
culvert is expected to be placed at approximate Elev. 100.0 to 100.7. The borehole data indicates 
that the subgrade at this level will consist of loose to very loose alluvial material with organic 
inclusions. Supporting the culvert directly on the alluvial material is not recommended due to the 
potential for excessive differential settlement and the low geotechnical resistance. 

In view of these conditions, several options may be considered for support of the culvert: 

• Subexcavation of the alluvial materials down to the underlying inorganic silt layer and 
backfilling up to the culvert base level using granular engineered fill or unshrinkable fill. 
This option would require extending the excavation an additional 0.2 to 2.9 m below the 
culvert base level (approximately 6 to 9 m below existing grade), requiring additional 
shoring and dewatering effort in loose cohesionless soils below the groundwater level. 
Further, the presence of existing piles under the existing culvert could result in differential 
settlement between culvert sections over existing piled and non-piled areas. Removal of 
the existing piles is not recommended due to the potential for further disturbance and 
settlement of the native soils. This option is therefore not recommended from a 
geotechnical perspective. 

• Support the culvert on driven steel H-piles driven to design resistance or refusal in a 
suitable pile-bearing stratum. Additional boreholes extended to greater depth will be 
required to confirm the depth to suitable material, the anticipated pile length, and 
recommended geotechnical resistance. Considering the presence of transmission lines in 
the hydro corridor, overhead clearance to permit operation of pile driving equipment is 
unlikely to be adequate, and therefore this option may not be feasible. 

• Micropiles may also be feasible, however, additional geotechnical investigation to contact 
a suitable bearing stratum would be required. Due to the anticipated number and depth of 
micropiles required, this option may not be cost effective. 
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• Support the culvert on helical piles advanced to an adequate design resistance in the 
native inorganic soils. Helical piles are proprietary products designed, supplied and 
installed by specialist contractors and are expected to provide a cost-effective foundation 
type requiring limited overhead clearance to install. For preliminary design, a Chance 
RS2875 helical pier may be designed with a factored bearing resistance at ULS of 155 kN 
and an SLS resistance of 115 kN for native soils with SPT N-values greater than 25, 
anticipated at approximately 20 m depth, subject to additional boreholes. If required, 
higher capacities can be achieved with larger helical pile units. 

It is noted that these preliminary values are suitable for preliminary design only.  Detailed design 
services for the helical piles are available through product suppliers.   If helical piles are employed, 
the design and installation should be completed by contractors that are approved by the 
manufacturer. It is noted that the contractor should be responsible for the design capacity of the 
piles and carrying out load tests to verify capacities prior to final design. 

Helical piles will need to be strategically positioned to avoid the existing piles underlying the 
existing culvert. The existing piles will need to be cut off below the new culvert subgrade level. 

Based on the above comments, helical piles are expected to be the preferred method to support 
the replacement culvert. The use of helical piles to transmit culvert loads to the underlying native 
soils is expected to reduce the potential for settlement of the culvert, particularly in the presence 
of the trunk sewers, and to minimize excavation depths and dewatering requirements. 

7.1.5 Weston Road Floodwall 

Current plans call for the construction of an approximately 0.5 m high floodwall at Weston Road 
to protect against a 350-year storm.  

The subsurface stratigraphy encountered in the boreholes advanced at this site (Thurber WRW-
01 and Wood BH20) comprised a layer of loose to dense sand fill to depths of 4.1 to 5.6 m (Elev. 
101.6 to 102.8) underlain by stiff to very stiff silty clay to clayey silt to the termination depth of 11.3 
m in Borehole WRW-01 (Elev. 95.9). In Borehole BH20, the silty clay was interbedded with layers 
of silt, clayey silt and sand to the explored depth of 31.1 m (Elev. 75.8). 

In view of the relatively low height of the wall, consideration may be given to constructing the wall 
directly over the existing fill, provided the wall can accommodate potential differential settlement 
due to variable levels of compaction in the fill. Preparation of the founding surface should include 
placement of a minimum 0.5 m thick pad of granular engineered fill below the design founding 
level to provide a more uniform founding surface. A wall founded on the engineered pad, should 
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be designed using the following factored geotechnical resistances at the Ultimate Limit State 
(ULS) and Serviceability Limit State (SLS): 

Factored Geotechnical Resistance at ULS                      150 kPa 
Factored Geotechnical Resistance at SLS                      100 kPa 

The footings must be provided with a minimum earth cover of 1.2 m as protection against frost 
action. An unfactored coefficient of friction of 0.6 may be assumed to evaluate the resistance 
developed between cast-in-place footings and Granular A engineered fill. 

If the potential for differential settlement cannot be accommodated, the proposed wall should be 
founded on the native stiff to very stiff clay at depths of 4.1 to 5.6 m (Elev. 101.6 to 102.8), and 
designed using the following factored geotechnical resistances at the Ultimate Limit State (ULS) 
and Serviceability Limit State (SLS): 

Factored Geotechnical Resistance at ULS                      225 kPa 
Factored Geotechnical Resistance at SLS                      150 kPa 

To reduce excavation, backfilling and structural concrete quantities, the footing excavation 
extending to the native clay may be backfilled to the design founding level with non-shrinkable fill.  
With the latter approach, the footings may be constructed at nominal depth, as required for frost 
protection coverage. 

An unfactored friction coefficient of 0.4 may be assumed for footings on native stiff to very stiff 
silty clay. 

7.2 Channel Widening 

7.2.1 Black Creek 

The Black Creek watercourse is currently conveyed in a concrete-lined channel between Alliance 
Avenue/Hilldale Road and Scarlett Road. Based on selected cross sections along the creek 
provided by MH, the existing channel is approximately 10 m wide at the base with sideslopes 
generally inclined at 3 horizontal to 1 vertical (3H:1V) to 4H:1V or flatter. Locally, the slopes near 
Alliance Avenue and Scarlett Road are inclined at about 2H:1V and 2.5H:1V, respectively. The 
channel invert level ranges from near Elev. 99.5 at Alliance Avenue to near Elev. 95.0 at Scarlett 
Road. 

Based on preliminary (30%) design plans, the channel will be widened to 40 m at the base and 
sideslopes will be inclined at 2H:1V, depending upon the stability and permissible inclination of 
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the valley slopes. The channel invert will be lowered by up to 1.5 m (approximately), with invert 
levels ranging from Elev. 99.5 at Alliance Avenue to Elev. 95.6 at Jane Street. The channel will 
be lined with stamped concrete. 

7.2.2 Lavender Creek 

The existing Lavender Creek watercourse is currently conveyed in a natural channel between the 
Symes Road culvert and the confluence with Black Creek. The creek channel is concrete-lined 
east of the Symes Road culvert crossing. Based on selected cross sections along the creek, the 
existing channel is approximately 2 to 3 m wide at the base with sideslopes generally inclined at 
2 horizontal to 1 vertical (2H:1V) with localized variation ranging from 0.8H:1V to 5H:1V. The 
channel invert level ranges from near Elev. 102.0 at Symes Road to near Elev. 100.5 at the 
confluence with Black Creek. 

Based on preliminary (30%) design plans, the channel will be widened to 3 to 8 m at the base and 
sideslopes will be inclined at 2.5H:1V, depending upon the stability and permissible inclination of 
the valley slopes. The channel invert will be lowered by approximately 0.5 to 1.5 m, with invert 
levels ranging from near Elev. 101.0 at Symes Road to near Elev. 99.0 at the confluence with 
Black Creek. The channel will be lined with stamped concrete and/or gabion stone. 

7.2.3 Excavation 

In general, excavation for widening and deepening of the channels is expected to be carried out 
within existing very loose to compact fill materials consisting of cohesionless sands and silts, as 
well as very loose to compact sand and silt deposits (probable alluvium) containing organic 
inclusions and shell fragments. The soils at the channel base will vary widely from alluvial material 
or peat to native sands and silts of variable relative density. The groundwater level is expected to 
be at or above the channel base. 

Use of a hydraulic excavator should be suitable for excavation in the overburden soils. The 
selection of the method of excavation 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 
the handling of possible cobbles and/or boulders, debris within existing fill, and potential remnants 
of previous channel/culvert structures. 

Excavations extending below the creek water levels are expected to experience hydraulic 
disturbance, instability and sloughing of the cohesionless sands and silts at the channel base due 
to inflow of water. Excavations below the water level should be undertaken in conjunction with 
dewatering to lower the groundwater level at least 1.0 m below the lowest level of the excavation. 
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The dewatering system must remain in operation to prevent disturbance of the foundation 
subgrade until construction of the channel lining is completed. If temporary lowering of the 
groundwater level is not employed, excavation must be undertaken carefully in the wet with an 
adequate water level maintained in the channel to minimized disturbance to the channel base and 
sidewalls. In general, channel deepening should proceed from downstream to upstream to 
minimize dewatering requirements and/or potential instability due to groundwater inflow. 

7.2.4 Slope Stability 

Preliminary stability analyses were carried out at selected locations along the channel alignments 
to evaluate the global stability of the channel slopes and provide recommendations regarding the 
permanent cut slope inclination. The selected cross section locations (Sections A to F) are shown 
on the Borehole Location Plans, Drawings 29789-1 and 29789-2 provided in Appendix B. The 
slope geometry, interpreted soil stratigraphy, and geotechnical parameters assumed for the 
analyses are shown on the figures in Appendix I. The slope geometry for existing slopes and 
proposed 2H:1V slopes were provided by MH.  

The stability analyses were carried out using the commercially available slope stability program 
SLOPE/W (Version 7) of the GeoStudio software package developed by Geo-Slope International 
with the option for Morgenstern-Price method of slices for the limit equilibrium analyses. The soil 
parameters used in the analyses were estimated from empirical correlations using the results of 
the in situ Standard Penetration Tests (SPTs), SCPTu data and geotechnical laboratory testing. 

For limit equilibrium analysis, a factor of safety (FOS) greater than 1.0 is considered stable, 
however, typically a minimum factor of safety of 1.3 to 1.5 is required for design. Toronto Region 
Conservation Authority (TRCA) guidelines specify a regulatory factor of safety of 1.5 for planning 
and development purposes. Ministry of Natural Resources (MNR) guidelines specify a minimum 
factor of safety of 1.4 to 1.5 for Type D – Infrastructure and Public Use projects and 1.3 to 1.5 for 
Type C – Active (occupied structures) projects.  

The stability of the slopes was also checked under seismic loading assuming a horizontal seismic 
coefficient of 0.085, which is one-half of the site-adjusted peak horizontal ground acceleration 
(PGA) of 0.17 for this site, in accordance with Section 6.14.9.1 of the CHBDC. A minimum factor 
of safety of 1.1 is typically acceptable for seismic conditions. 

The results of the stability analyses are presented on Figures I1 to I38 in Appendix I. The results 
are also summarized in Table 7.1 below. 



 

Client: Morrison Hershfield  October 31, 2022 
File No.: 29789 Page: 51 of 59 

Table 7.1 – Computed Factors of Safety for Preliminary Design 

Location BH(s) Condition Analysis Slope 
Inclination FOS 

Figure 
(Appendix I) 

Bl
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k 
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Section A BC-01 

Existing Static Drained Retaining 
Wall 

1.26 I1 

Proposed Static Drained 1.09 I2 

Existing Static Drained 2.4H:1V 1.84 I3 

Proposed 

Static Drained 1H:1V 0.87 I4 

Static Drained 2H:1V 1.39 I5 

Static Drained 2.5H:1V 1.61 I6 
Seismic 2.5H:1V 1.27 I7 

Section B BC-04 

Existing Static Drained 1.8H:1V 1.26 I8 

Proposed 

Static Drained 2H:1V 1.27 I9 
Static Drained 2H:1V with 

2 m bench 
1.35 I10 

Seismic 1.10 I11 

Static Drained 
2.5H:1V 

1.48 I12 
Seismic 1.17 I13 

Section C 
BC-05 & 
BC-06 

Existing Static Drained 2H:1V 2.19 I14 

Proposed 
Static Drained 

2H:1V 
1.44 I15 

Seismic 1.18 I16 

Section D BC-07 

Existing Static Drained 1.8H:1V 1.46 I17 

Proposed 
Static Drained 2H:1V 1.35 I18 
Static Drained 

2.5H:1V 
1.60 I19 

Seismic 1.25 I20 
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Section E 
SPC-01, 
SPC-02 

Existing 
East Static Drained 1H:1V 1.30 I21 

West Static Drained 2.1H:1V 1.71 I22 

Proposed 

East 

Static Drained 2H:1V 1.33 I23 

Static Drained 
2.5H:1V 

1.45 I24 

Seismic 1.15 I25 

West 

Static Drained 2H:1V 1.43 I26 

Static Drained 
2.5H:1V 

1.42 I27 

Seismic 1.13 I28 

Section F 
 

SRC-01, 
SRC-02 Existing 

South Static Drained 1.7H:1V 1.71 I29 

North Static Drained 0.8H:1V 1.42 I30 
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Table 7.1 – Computed Factors of Safety for Preliminary Design 

Location BH(s) Condition Analysis Slope 
Inclination FOS 

Figure 
(Appendix I) 

 
 
 
 

Section F 

 
 
 
 

SRC-01, 
SRC-02 

Proposed 

South 

Static Drained 2H:1V 1.34 I31 

Static Drained 

2.5H:1V 

1.41 I32 

Static Undrained 1.44 I33 

Seismic 1.16 I34 

North 

Static Drained 2H:1V 1.27 I35 

Static Drained 

2.5H:1V 

1.41 I36 

Static Undrained 1.46 I37 
Seismic 1.15 I38 

It is noted that for cohesionless soils, the short and long term (drained and undrained) conditions 
are identical in static analyses. In cases where the failure surface is only within the cohesionless 
deposits, the underlying cohesive clay and silt deposit at depth does not impact the static stability 
of the slope and therefore an undrained analysis is not provided. 

The results of the Black Creek analyses indicate that an acceptable factor of safety (greater than 
1.4) is achieved at inclinations of 2H:1V for assessed slopes less than 5 m in height (Section C), 
and at an inclination of 2.5H:1V for slopes 5 m in height or greater (Sections A, B and D) along 
Black Creek. It is recommended that the preliminary Black Creek channel design be developed 
on this basis. The use of 2H:1V slopes (with a bench, where required) may be feasible at Sections 
A, B and D as well, subject to confirmation that Infrastructure is not present and therefore the 
MNR Active land use category with a corresponding minimum factor of safety of 1.3 is applicable.  

It is noted that the target factory of safety was not achieved for the retaining wall at Section A near 
Scarlett Road. As design details for the existing retaining wall were not available at the time of 
this report, the slope stability assessment assumed the minimum embedment depth for the 
foundations. Additional analysis of this section should be reviewed during detailed design, 
including boreholes located behind the wall and confirmation of footing depth and size, to confirm 
the feasibility of channel widening and the possible impact on the retaining wall. 
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At Sections E and F along Lavender Creek, an acceptable factor of safety (greater than 1.4) was 
generally not achieved at the proposed slope inclinations of 2H:1V. Acceptable factors of safety 
were typically achieved for slope inclinations of 2.5H:1V. Additional analysis of the Lavender 
Creek section should be carried out during detailed design, including additional boreholes and 
laboratory and/or in situ testing to further define the characteristics of the organic sand and peat 
to review the feasibility of a 2H:1V slope inclination. 

Minimum 2.0 m wide mid-height benches should be provided for all cut slopes greater than 6 m 
in height.  

Where existing slopes above the 2.5H:1V cut channel slope are below a 2.5H:1V inclination line 
from the proposed toe of slope, it is anticipated that acceptable factors of safety can be achieved, 
however, this should be reviewed during detailed design. 

Supplemental slope stability assessment should be completed during detailed design to confirm 
the preliminary recommendations provided herein. Furthermore, additional engineered solutions 
could be considered during detailed design to improve the FOS of safety of the slopes inclined at 
2H:1V, including but not limited to, retaining walls (sheet piles, secant caissons), subexcavation 
and replacement and/or rock fill. 

7.3 Lateral Resistance of Caissons and Piles 

The equations and recommended parameters presented below may be used to analyze the 
interaction between a pile and the surrounding soil. The lateral pressures obtained from the 
analysis must not exceed the ultimate lateral resistance. 

The coefficient of horizontal subgrade reaction (ks) and ultimate lateral resistance (pult) of a pile 
or caisson may be calculated as follows: 

ks = nh z / D  (kN/m3) 
pult = 3 γ′ z Kp (kPa) 

 
where  z = depth of embedment along pile or caisson (m) 

D = pile/caisson diameter (m) 
nh = coefficient related to soil density (kN/m3) 

= 3,000 kN/m3 above groundwater 
= 2,000 kN/m3 below groundwater 

γ′ = effective unit weight (kN/m3) 
= 20 kN/m3 

Kp = coefficient of passive lateral earth pressure (in table above) 
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The lateral resistance of a pile or caisson developed in the cohesive silty clay, clay till and till/shale 
complex may be calculated using the coefficient of horizontal subgrade reaction (ks) and ultimate 
lateral resistance (pult) estimated as follows: 

ks = 67 Su / D  (kN/m3) 
pult = 9 Su   (kPa) 
 

where:  D = pile/caisson diameter in metres 
  Su = undrained shear strength (kPa) 
   = 100 kPa for silty clay 

= 200 for clay till 
= 250 kPa for till/shale complex 

The modulus of subgrade reaction may have to be reduced based on the pile/caisson spacing. 
The reduction factors to be used for a pile group oriented perpendicular or parallel to the direction 
of loading are provided in the figures in Section C6.11.3.4 in the Commentary to the CHBDC 
2019. 

7.4 Frost Protection 

The depth of frost penetration at this site is 1.2 m, as per OPSD 3090.101. The base of footings 
or pile caps must be provided with a minimum of 1.2 m of earth cover as protection against frost 
action. 

7.5 Abutment Backfill and Lateral Earth Pressures 

The backfill to abutments and walls should be in accordance with OPSS.MUNI 902 and placed to 
the extents shown in OPSD 3101.150 where applicable. Any backfill to the walls should consist 
of Granular A or Granular B Type II material meeting the requirements of OPSS.MUNI 1010. 

Earth pressures acting on the structure may be assumed to be triangularly distributed 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 
but are generally given by the expression: 

 ph = K (γ h + q) 

where: ph  =  horizontal pressure on the wall at depth h (kPa) 
 K = earth pressure coefficient 
 γ =  unit weight of retained soil (kN/m3) 
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 h  =  depth below top of fill where pressure is computed (m) 
 q  = value of any surcharge (kPa). 

Table 7.2 lists the unfactored parameters recommended for design. 

Table 7.2 – Earth Pressure Parameters 

Loading 
Condition 

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

φ = 35°, γ = 22.8 kN/m3 

Existing Loose to Compact 
Fill/Sand/Silt 

φ = 30°, γ = 20 kN/m3 

Horizontal 
Backfill 

Sloping Backfill 
(2.5H:1V) 

Horizontal 
Backfill 

Sloping Backfill 
(2.5H:1V) 

Active, Ka 0.27 0.35 0.33 0.46 
At-rest, Ko 0.43 -* 0.50 -* 
Passive, Kp 3.7 1.7** 3.0 1.4** 

* Use Ko for horizontal backfill and treat soil above top of wall as a surcharge load. 

** For downward sloping surface in front of wall. 

The use of a material with a high friction angle and low active pressure coefficient (e.g. Granular A, 
Granular B Type II) might be preferred as it results in lower earth pressures acting on the wall. 

The parameters in the table correspond to full mobilization of active and passive earth pressures, 
and require certain relative movements between the wall and adjacent soil to produce these 
conditions. The values to be used in design can be assessed from Figure C6.27 of the 
Commentary to the CHBDC. 

In accordance with Clause 6.12.3 of the CHBDC, a compaction surcharge should be added. The 
magnitude should be 12 kPa at the top of fill and decreasing to 0 kPa at a depth of 1.7 m for 
Granular B Type I or 2.0 m for Granular A or Granular B Type II. 

The design of the abutment walls must incorporate measures such as subdrains and/or weep 
holes to permit drainage of the backfill and avoid the potential build-up of hydrostatic pressures 
behind the walls. 

Compaction should be carried out in accordance with OPSS.MUNI 501. Heavy compaction 
equipment should not be used adjacent to the abutment walls. 
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7.6 Seismic Considerations 

7.6.1 Site Classification 

The average shear wave velocity of the subsurface soils determined from the SCPTu test at the 
Jane Street bridge site was approximately 290 m/s. Therefore, a Site Class D may be assumed 
for seismic site response. 

7.6.2 Seismic Earth Pressures 

The coefficients of horizontal earth pressure for seismic loading on walls assuming a level backfill, 
a Site Class D, and a reference PGA of 0.139 g are presented in the table below. The vertical 
acceleration coefficient kv has been ignored (kv = 0). 

Table 7.3 – Seismic Earth Pressure Parameters 

Loading Condition 
Horizontal 

Acceleration 
Coefficient, 

kh 

Seismic Earth Pressure Coefficients (KAE) 
OPSS Granular A 

or Granular B Type II 
φ = 35°, γ = 22.8 kN/m3 

Loose to Compact 
Sand to Sandy Silt Fill 
φ = 30°, γ = 20 kN/m3 

Active (Unrestrained wall) 0.08 0.29 0.36 
Active (Restrained wall) 0.17 0.35 0.42 

7.7 Foundation Excavation and Dewatering 

All temporary excavations must be carried out in accordance with the current Occupational Health 
and Safety Act (OHSA) of Ontario and local regulations. Provided adequate ground water control 
is achieved, the soils above the water level are classified as Type 3 soils under OHSA. Soft clayey 
soils and loose, wet cohesionless soils are classified as Type 4 soils. Slopes of temporarily 
unsupported cuts should conform with the requirements of OHSA but should not be steeper than 
1H:1V. Flatter slopes may be required at locations where water seepage or sloughing occurs 
during excavation. Where space restrictions preclude excavation of inclined slopes, a trench box 
or braced excavation should be employed. 

Temporary shoring, if employed, should be designed by a licensed Professional Engineer 
experienced in design of shoring systems. The design of all members in the shoring system 
should include the effects of surcharge loads such as those imposed by adjacent utilities and 
construction equipment. Soil should not be stockpiled adjacent to the excavation. 

Use of a hydraulic excavator should be suitable for excavation in the overburden soils. The 
selection of the method of excavation 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 
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the handling of possible cobbles and/or boulders, debris within the existing embankment fill, and 
potential remnants of previous bridge/culvert structures. 

All footings and pile caps, if employed, must be constructed in the dry. Dewatering of shallow 
foundation excavations above the groundwater level using sumps and pumps is considered 
feasible, however, the possibility of requiring additional pumps and/or perimeter wells should not 
be overlooked. Surface water runoff must be diverted away from the excavations at all times 
during construction. 

Preconstruction dewatering will be required where excavations extend below the observed water 
levels and below the creek water level. Excavations below the water level should be undertaken 
within the confined enclosure of an engineered support system. If the contractor selects a 
watertight engineered support system, such as sheet piling or secant pile walls, the Contractor 
must extend the watertight engineered support system to sufficient depth below the base of the 
excavation to cut off groundwater inflow and prevent basal heave.  In this case, pumping from 
sump pits within the confined excavation should be sufficient to maintain a dry base.  

If a watertight engineered support system is not employed, dewatering will be required to lower 
the groundwater at least 1.0 m below the lowest level of the excavation. The dewatering system 
must prevent disturbance of the foundation subgrade. Additional measures such as heavy duty 
pumping and/or perimeter wells to maintain a dry excavation may be required.  

If the anticipated dewatering rates range between 50,000 and 400,000 L/day, the water taking 
must be registered on the Ministry of the Environment, Conservation and Parks (MECP) 
Environmental Activity and Sector Registry (EASR). Application for a Permit to Take Water 
(PTTW) will be required if dewatering rates exceed 400,000 L/day. Considering the groundwater 
levels measured at the site and the presence of relatively permeable silts and sands, a 
hydrogeological assessment should be carried out to evaluate dewatering requirements once the 
preliminary design is established. The hydrogeological assessment should the review potential 
geotechnical impacts during dewatering, such as the potential for ground settlement resulting 
from construction dewatering, and present mitigation measures. 

7.8 Roadway Protection 

It is understood that bridge replacement may be staged to maintain traffic during construction. 
Roadway protection will be required to support the travelled lanes of the roadway. It is anticipated 
that the protection system will consist of soldier pile and lagging or a caisson wall. 
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The roadway protection must be provided in accordance with OPSS.MUNI 539 and designed for 
Performance Level 2. The engineering support system should be designed by a licensed 
Professional Engineer experienced in design of shoring systems with consideration of adjacent 
traffic loads, construction operations, and any sloping retained surfaces. 

The retained material for the roadway protection is expected to comprise existing embankment 
fill consisting primarily of loose to compact sand and silt. The engineering support system 
employed for these conditions may be designed using the lateral pressure distribution shown on 
Figure H1 in Appendix H. The following parameters can be used with Figure H1: 

Ka = 0.33 for loose to compact sand and silt fill 

γ = 20 kN/m3  

hw = 0 for groundwater level below base of excavation 

The design of all members of the support system should include the effects of surcharge loads 
such as those imposed by construction equipment and roadway traffic. Soil should not be 
stockpiled in the vicinity of the excavation. 

The ultimate passive force that can be mobilized by the embedded portion of soldier piles or king 
piles may be calculated as outlined in the Section 7.3. 

If an engineered support system is employed, care should be taken to avoid structural damage to 
adjacent underground services, roadways and buildings.  In this regard, it would be prudent to 
conduct a photographic and condition survey of the nearby underground services, foundations/ 
buildings and roadways prior to construction. Further, it is recommended the vibration monitoring 
of neighbouring structures be conducted during installation. 

7.9 Soil Aggressiveness 

The results of the testing indicate the overburden soil will not be corrosive for gray and ductile 
cast iron pipe with the exception of one sample in Borehole SRC-02. The resistivity values 
measured in the samples tested from the site indicate that the soil may be mild to moderately to 
severely corrosive to steel. In this regard, consideration should be given to providing protective 
measures to resist corrosion if steel elements are used. 

The measured sulphate concentrations indicate that buried concrete structures will not be subject 
to sulphate attack in the overburden soils. 
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7.10 Detailed Geotechnical Investigation 

The information presented in this report is provided for the 30% design stage. A subsequent 
geotechnical investigation will be required to confirm the subsurface conditions and 
recommendations during detailed design. This work should incorporate: 

• A detailed pavement investigation including additional boreholes within the existing 
roadway pavement and widening areas to further define the subgrade conditions and 
provide pavement design recommendations; 

• Supplemental boreholes within the envelope of all bridge foundation units to confirm the 
subsurface conditions at the structure location and develop detailed geotechnical 
recommendations for design and construction of the bridge foundations.  

• Additional investigation and stability analysis of the slopes 

8. CLOSURE 

We trust the above provides the information you require at this time. If you have any questions 
regarding this report, please do not hesitate to contact us. 
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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. 
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evidence at the time of site inspections and on the basis of information provided to Thurber. Thurber has relied in good faith upon representations, 
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EXPLANATION OF BOREHOLE LOG

This form describes some of the information provided on the borehole logs, which is based primarily on 
examination of the recovered samples, and the results of the field and laboratory tests.  Additional 
description of the soil/rock encountered is given in the accompanying geotechnical report.

GENERAL INFORMATION
Project details, borehole number, location coordinates and type of drilling equipment used are given at the
top of the borehole log.

SOIL LITHOLOGY
Elevation and Depth
This column gives the elevation and depth of inferred geologic layers.   The elevation is referred to the 
datum shown in the Description column.

Lithology Plot
This column presents a graphic depiction of the soil and rock stratigraphy encountered within the borehole.

Description
This  column  gives  a description of the  soil  stratums, based  on  visual  and  tactile  examination of the
samples augmented with  field  and laboratory test results.   Each stratum is described according to the
Modified Unified Soil Classification System.

The   compactness condition of cohesionless soils   (SPT)   and   the   consistency of cohesive soils
(undrained shear  strength) are defined  as follows  (Ref. Canadian Foundation Engineering Manual):

Compactness of Consistency of Undrained Shear Strength
Cohesionless SPT N-Value Cohesive Soils kPa psf

Soils Very soft 0 to 12 0 to 250
Very loose 0 to 4 Soft 12 to 25 250 to 500

Loose 4 to 10 Firm 25 to 50 500 to 1000
Compact 10 to 30 Stiff 50 to 100 1000  to 2000

Dense 30 to 50 Very stiff 100 to 200 2000  to 4000
Very Dense > 50 Hard Over 200 Over 4000

Soil Sampling
Sample types are abbreviated as follows:

SS  Split Spoon TW  Thin Wall Open  (Pushed) RC  Rock  Core

AS  Auger  Sample TP  Thin Wall Piston  (Pushed) WS Washed Sample

Additional information provided in this section includes sample numbering, sample recovery and numerical 
testing results.

Field and Laboratory Testing
Results of field testing  (e.g.,  SPT,  pocket  penetrometer, and vane  testing)  and laboratory testing  (e.g., 
natural  moisture content, and limits)  executed on the recovered samples are plotted  in this section.

Instrumentation Installation
Instrumentation installations (monitoring wells, piezometers, inclinometers, etc.) are plotted in this section. 
Water levels, if measured during fieldwork, are also plotted.  These water levels may or may not be 
representative of the static groundwater level depending on the nature of soil stratum where the 
piezometer tips are located, the time elapsed from installation to reading and other applicable factors.

Comments
This column is used to describe non-standard situations or notes of interest.
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CLASSIFICATION IS BASED UPON PLASTICITY CHART
 (SEE BELOW)
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LEAN CLAYS

INORGANIC CLAYS OF MEDIUM PLASTICITY, SILTY CLAYS

INORGANIC CLAYS OF HIGH PLASTICITY, FAT CLAYS

ORGANIC SILTS AND ORGANIC SILTY CLAYS OF LOW PLASTICITY

POORLY GRADED GRAVELS, GRAVEL- SAND MIXTURES, LITTLE OR NO FINES NOT MEETING ABOVE REQUIREMENTS

DIRTY SANDS 
(WITH SOME OR 

MORE FINES)

SILTY SANDS, SAND-SILT MIXTURES ATTERBERG LIMITS BELOW "A" LINE OR P.I MORE THAN 4

CLAYEY SANDS, SAND-CLAY MIXTURES ATTERBERG LIMITS BELOW "A" LINE OR P.I MORE THAN 7

WELL GRADED SANDS, GRAVELLY SANDS,  LITTLE OR NO FINES

Cu=     D60>4; CC=   (D30)
2 = 1 to 3

D10           D10 X D60

POORLY GRADED GRAVELS, GRAVEL-SAND
MIXTURES, LITTLE OR NO FINES NOT MEETING ABOVE REQUIREMENTS

DIRTY GRAVELS 
(WITH SOME OR 

MORE FINES)

SILTY GRAVELS, GRAVEL-SAND- SILT MIXTURES ATTERBERG LIMITS BELOW "A" LINE OR P.I MORE THAN 4

CLAYEY GRAVELS, GRAVEL-SAND-CLAY MIXTURES ATTERBERG LIMITS BELOW "A" LINE OR P.I MORE THAN 7

  Cu=     D60 >6; CC=   (D30)
2 =  1 to 3

 D10           D10 X D60

MODIFIED * UNIFIED CLASSIFICATION SYSTEM FOR SOILS
*The soil of each stratum is described using the Unified Soil Classification System (Technical Memorandum 36-357 

prepared by Waterways Experiment Station, Vicksburg, Mississippi, Corps of Engineers, U.S Army. Vol. 1 
March 1953.) modified slightly so that an inorganic clay of "medium plasticity" is recognized.
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FRACTION

PASSING RETAINED PERCENT DESCRIPTOR

76 mm 19 mm

FINE 19 mm 4.75 mm

COARSE 4.75 mm 2.00 mm

MEDIUM 2.00 mm 425 μm

FINE 425 μm 75 μm

75 μm

Note 1: Soils are classified and described according to their engineering properties 
and behaviour.                                                                                                   
Note 2: The modifying adjectives used to define the actual or estimated percentage 
range by weight of minor components are consistent with the Canadian Foundation 
Engineering Manual.                                                   
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SYMBOLS, ABBREVIATIONS AND TERMS USED ON RECORDS OF BOREHOLES 
 
1. TEXTURAL CLASSIFICATION OF SOILS 

 
CLASSIFICATION  PARTICLE SIZE   VISUAL IDENTIFICATION 
Boulders    Greater than 200mm  same 
Cobbles    75 to 200mm   same 
Gravel    4.75 to 75mm   5 to 75mm 
Sand    0.075 to 4.75mm   Not visible particles to 5mm 
Silt    0.002 to 0.075mm   Non-plastic particles, not visible to 

        the naked eye 
Clay    Less than 0.002mm   Plastic particles, not visible to 
        the naked eye 

2. COARSE GRAIN SOIL DESCRIPTION (50% greater than 0.075mm) 
 
 TERMINOLOGY       PROPORTION 
 Trace or Occasional      Less than 10% 
 Some        10 to 20% 
 Adjective (e.g. silty or sandy)      20 to 35% 
 And (e.g. sand and gravel)      35 to 50% 
 
3.            TERMS DESCRIBING CONSISTENCY (COHESIVE SOILS ONLY) 
 
 DESCRIPTIVE TERM  UNDRAINED SHEAR  APPROXIMATE SPT(1) ‘N’ 
     STRENGTH (kPa)   VALUE 

Very Soft    12 or less    Less than 2 
 Soft    12 to 25    2 to 4 
 Firm    25 to 50    4 to 8 
 Stiff    50 to 100    8 to 15 
 Very Stiff   100 to 200   15 to 30 
 Hard    Greater than 200   Greater than 30   
  

NOTE:  Hierarchy of Soil Strength Prediction  1) Laboratory Triaxial Testing 
2) Field Insitu Vane Testing 
3) Laboratory Vane Testing 
4) SPT value 
5) Pocket Penetrometer 
 

4. TERMS DESCRIBING DENSITY (COHESIONLESS SOILS ONLY) 
 
 DESCRIPTIVE TERM  SPT “N” VALUE 
 Very Loose   Less than 4 
 Loose    4 to 10 
 Compact    10 to 30 
 Dense    30 to 50 
 Very Dense   Greater than 50 
 
5. LEGEND FOR RECORDS OF BOREHOLES 
 

SYMBOLS AND  SS    Split Spoon Sample WS  Wash Sample  AS  Auger (Grab) Sample
 ABBREVIATIONS  TW  Thin Wall Shelby Tube Sample  TP  Thin Wall Piston Sample 

FOR   PH   Sampler Advanced by Hydraulic Pressure PM  Sampler Advanced by Manual Pressure 
 SAMPLE TYPE  WH  Sampler Advanced by Self Static Weight  RC   Rock Core  SC  Soil Core
  
    Undisturbed Shear Strength 

Sensitivity  =          ---------------------------------- 
    Remoulded Shear Strength      

 Water Level  
 Cpen Shear Strength Determination by Pocket Penetrometer 

 
(1) SPT ‘N’ Value Standard Penetration Test ‘N’ Value – refers to the number of blows from a 63.5kg hammer free falling a 

height of 0.76m to advance a standard 50 mm outside diameter split spoon sampler for 0.3 m depth into undisturbed ground. 
(2) DCPT  Dynamic Cone Penetration Test –  Continuous penetration of a 50 mm outside diameter, 60 conical 

steel point attached to “A” size rods driven by a 63.5 kg hammer free falling a height of 0.76 m.  The resistance to cone 
penetration is the number of hammer blows required for each 0.3 m advance of the conical point into undisturbed ground.
  



EXPLANATION OF ROCK LOGGING TERMS 

 

ROCK WEATHERING CLASSIFICATION SYMBOLS 

Fresh (FR) No visible signs of weathering.   

Fresh Jointed (FJ) Weathering limited to the surface of major 

discontinuities. 

 

 

CLAYSTONE 

Slightly Weathered 

(SW) 

Penetrative weathering developed on open discontinuity 

surfaces, but only slight weathering of rock material. 

 

 

SILTSTONE 

Moderately Weathered 

(MW) 

Weathering extends throughout the rock mass, but the 

rock material is not friable. 

 

 

SANDSTONE 

Highly Weathered 

(HW) 

Weathering extends throughout the rock mass and the 

rock is partly friable. 

 

 

COAL 

Completely Weathered 

(CW) 

Rock is wholly decomposed and in a friable condition, 

but the rock texture and structure are preserved. 

 
Bedrock (general) 

DISCONTINUITY SPACING STRENGTH CLASSIFICATION 

 

Bedding 

 

Bedding Plane Spacing 

Rock 

Strength 

 

Approximate Uniaxial 

Compressive Strength 

Field Estimation 

of Hardness* 

 (MPa) (psi) 

Very thickly bedded 

 

Greater than 2m Extremely 

Strong 

Greater than 

250 

Greater than 

36,000 

Specimen can only 

be chipped with a 

geological hammer Thickly bedded 

 

0.6 to 2m 

Medium bedded 0.2 to 0.6m 

 

Very Strong 100-250 15,000 to 

36,000 

Requires many 

blows of geological 

hammer to break Thinly bedded 60mm to 0.2m 

 

Very thinly bedded 20 to 60mm 

 

Strong 50-100 7,500 to 

15,000 

Requires more than 

one blow of 

geological hammer 

to break 

Laminated 6 to 20mm 

Thinly Laminated Less than 6mm 

 

Medium 

Strong 

25.0 to 50.0 3,500 to 

7,500 

Breaks under 

single blow of 

geological 

hammer. 
TERMS  

Total Core Recovery: 

(TCR) 

Core recovered as a percentage 

of total core run length. 
Weak 5.0 to 25.0 750 to 3,500 Can be peeled by a 

pocket knife with 

difficulty 

Solid Core Recovery: 

(SCR) 

Percent Ratio of solid core of 

full cylindrical shape 

recovered.  Expressed with 

respect to the total length of 

core run. 

Very Weak 1.0 to 5.0 150 to 750 Can be peeled by a 

pocket knife, 

crumbles under 

firm blows of 

geological pick. 

Rock Quality 

Designation: 

(RQD) 

Total length of sound core 

recovered in pieces 0.1m in 

length or larger as a percentage 

of total core run length. 

Extremely 

Weak 

(Rock) 

0.25 to 1.0 35 to 150 Indented by 

thumbnail 

Uniaxial Compressive 

Strength (UCS) 

Axial stress required to break 

the specimen 
    

Fracture Index: 

(FI) 

Frequency of natural fractures 

per 0.3m of core run. 
    



1

2

3

4

5

6

7

8

9

10

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

25

10

12

4

5

18

14

37

129

33

H
ol

lo
w

 S
te

m
 A

ug
er

s

TOPSOIL:  (50mm)
SAND, some silt to silty, trace to some
gravel, with occasional shale and concrete
fragments, compact, brown, damp: (FILL)

SAND and SILT, trace gravel, trace clay,
very loose to loose, black, damp, with
occasional organic inclusions: (POSSIBLE
ALLUVIAL)

SAND, some silt to silty, trace to some
gravel, trace clay, compact to very dense,
grey, wet

SILT, some sand to sandy, dense, grey,
wet, with occasional sand seams

END OF BOREHOLE AT 9.75m.
Monitoring Well installation consists of

Flushmount
Well
Protector Set
In Concrete

Bentonite

Filter Sand

Slotted
Screen

Gr 0%/

Gr 0%/

Sa 45%/

Sa 69%/

Si 47%/

Si 29%/

Cl 8%

Cl 2%

Grain Size Analysis:

Grain Size Analysis:
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94.38

89.42
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50mm diameter Schedule 40 PVC pipe
with a 3.05m slotted screen.

WATER LEVEL READINGS:
DATE DEPTH(m) ELEV.(m)
Jun 14/21 3.88 94.23
Sep 13/21 3.86 94.25
Dec 01/21 3.80 94.31
Apr 12/22 3.70 94.41
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TOPSOIL:  (50mm)
SAND, some gravel, some silt, compact
to loose, brown, moist: (FILL)

ORGANIC SILT,  some sand, loose,
black, moist
SAND, silty, some gravel, trace clay,
loose to compact, grey, moist, with
occasional organic inclusions, shell
fragments: (POSSIBLE ALLUVIAL)

Wet

SAND, silty, some gravel to gravelly, very
dense, grey, wet

SILT, some sand to sandy, very dense,
grey, wet, with occasional sand seams
and partings of silty clay

END OF BOREHOLE AT 9.53m.
Monitoring Well installation consists of
50mm diameter Schedule 40 PVC pipe
with a 3.05m slotted screen.

Flushmount
Well
Protector Set
In Concrete

Bentonite

Filter Sand

Slotted
Screen

Gr 12%/

Gr 0%/

Sa 62%/

Sa 27%/

Si 23%/

Si 71%/

Cl 3%

Cl 2%

Grain Size Analysis:

Grain Size Analysis:

0.05

1.22

1.45

3.73

7.16
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WATER LEVEL READINGS:
DATE DEPTH(m) ELEV.(m)
Jun 14/21 3.08 95.51
Sep 13/21 3.18 95.41
Dec 01/21 3.02 95.57
Apr 12/22 2.70 95.89
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TOPSOIL:  (20mm)
SAND, some silt to silty, trace to some
gravel, loose, brown, damp: (FILL)

SAND, some gravel, trace to some silt,
loose, grey, moist to wet, with occasional
shell fragments: (POSSIBLE ALLUVIAL)

SILT, some sand, trace clay, compact to
loose, grey, wet

CLAY, silty, some sand, trace gravel, firm
to very stiff, grey

END OF BOREHOLE AT 9.75m.

Gr 0%/

Gr 3%/

Sa 11%/

Sa 17%/

Si 83%/

Si 54%/

Cl 6%

Cl 26%

Grain Size Analysis:

Grain Size Analysis:
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ASPHALT:  (125mm)
CONCRETE:  (100mm)

GRANULAR:  (1175mm)

SAND, some silt to silty, trace to some
gravel, very loose to compact, brown,
moist: (FILL)

SAND, some gravel, trace silt, compact,
brown, wet

SILT, trace to some clay, trace sand, very
dense to compact, brown, wet, with
occasional sand seams and partings of
silty clay

Flushmount
Well
Protector Set
in Concrete

Bentonite

Gr 4%/ Sa 77%/Si 16%/ Cl 3%
Grain Size Analysis:
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99.79
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Grey

CLAY, silty, trace sand, stiff, grey

END OF BOREHOLE AT 18.90m.
Monitoring Well installation consists of
50mm diameter Schedule 40 PVC pipe
with a 3.05m slotted screen.

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

Filter Sand

Slotted
Screen

Jun 14/21 6.73 100.22
Sep 13/21 6.95 100.00

Gr 0%/

Gr 0%/

Sa 2%/

Sa 6%/

Si 93%/

Si 61%/

Cl 5%

Cl 33%

Grain Size Analysis:

Grain Size Analysis:
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18.90

89.12

88.05
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Dec 01/21 6.61 100.34
Apr 12/22 6.74 100.21
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TOPSOIL:  (100mm)
SAND and SILT, trace gravel, loose,
brown, damp, with occasional organic
inclusions: (FILL)

ORGANIC SAND,  some silt, very loose,
black, wet, with occasional shell
fragments: (POSSIBLE ALLUVIAL)

SAND, silty, some gravel, very loose to
loose, grey, wet

SILT, trace sand, trace clay, loose, grey,
wet, with occasional sand seams and
partings of silty clay

END OF BOREHOLE AT 9.75m.

Gr 0%/

Gr 0%/

Sa 82%/

Sa 9%/

Si 16%/

Si 88%/

Cl 2%

Cl 3%

Grain Size Analysis:

Grain Size Analysis:
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91.16
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TOPSOIL:  (250mm)

SAND and SILT, to sandy, trace clay,
loose, brown, moist, with occasional brick
fragments: (FILL)

SILT, some sand to sandy, trace to some
clay, very loose, grey, wet, with occasional
organic inclusions: (POSSIBLE
ALLUVIAL)

ORGANIC SAND,  some silt, very loose,
black, wet, with occasional shell
fragments: (POSSIBLE ALLUVIAL)

SILT, some sand to sandy, trace clay,
dense, grey, wet, with occasional sand
seams and partings of silty clay

END OF BOREHOLE AT 9.75m.

Flushmount
Well
Protector Set
In Concrete

Bentonite

Filter Sand

Slotted
Screen

Gr 3%/

Gr 0%/

Sa 52%/

Sa 28%/

Si 38%/

Si 69%/

Cl 7%

Cl 3%

Grain Size Analysis:

Grain Size Analysis:
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WATER LEVEL READINGS:
DATE DEPTH(m) ELEV.(m)
Jun 14/21 4.23 97.48
Sep 13/21 4.33 97.38
Dec 01/21 4.12 97.59
Apr 12/22 4.19 97.52
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TOPSOIL:  (50mm)
SAND, some silt to silty, trace gravel,
compact to very loose, brown, damp to
moist: (FILL)

SAND, some silt to silty, trace gravel,
very loose to compact, grey, moist, with
occasional shell fragments, organic
inclusions: (POSSIBLE ALLUVIAL)

SAND, silty, some gravel, compact, grey,
wet

SILT, trace clay, trace sand, very loose,
grey, wet, with occasional sand seams
and partings of silty clay

END OF BOREHOLE AT 9.75m.

Gr 3%/

Gr 0%/

Sa 59%/

Sa 1%/

Si 33%/

Si 89%/

Cl 5%

Cl 10%

Grain Size Analysis:

Grain Size Analysis:
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TOPSOIL:  (50mm)
SILT, some sand to sandy, trace gravel,
trace clay, compact to very loose, brown,
damp: (FILL)

SAND, silty, some gravel, compact, grey,
wet: (FILL)

SILT, some sand to sandy, trace clay,
trace gravel, compact to loose, grey, wet,
with occasional sand seams and partings
of silty clay

END OF BOREHOLE AT 9.75m.

Gr 1%/

Gr 0%/

Sa 34%/

Sa 2%/

Si 61%/

Si 93%/

Cl 4%

Cl 5%

Grain Size Analysis:

Grain Size Analysis:
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ASPHALT:  (225mm)

GRANULAR:  (840mm)

Pocket of crushed asphalt

SAND and SILT, trace clay, dense to very
loose, brown, moist: (FILL)

With occasional pockets of sand and clay

SAND, some silt to silty, trace gravel,
loose to very loose, grey, moist, with
occasional shells fragments and organic
inclusions: (POSSIBLE ALLUVIAL)

SILT, trace sand to sandy, trace clay,
loose to compact, grey, wet, with
occasional sand seams and partings to
silty clay

Flushmount
Well
Protector Set
In Concrete

Gr 0%/

Gr 0%/

Sa 57%/

Sa 21%/

Si 36%/

Si 77%/

Cl 7%

Cl 2%

Grain Size Analysis:

Grain Size Analysis:
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CLAY, silty, trace sand to sandy, trace
gravel, stiff, grey, with occasional partings
of silt, sand seams

Bentonite
Gr 0%/

Gr 3%/

Sa 1%/

Sa 22%/

Si 91%/

Si 53%/

Cl 8%

Cl 22%

Grain Size Analysis:

Grain Size Analysis:

14.78
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SAND, silty, trace to some gravel, trace
clay, dense, grey, wet, with occasional
shale fragments

SILT, sandy, some clay and gravel, very
dense, grey, wet, with numerous shale
fragments, occasional cobbles and
boulders: (TILL/SHALE COMPLEX)

Filter Sand

Slotted
Screen

23.16

27.43

79.86

75.59
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SHALE, slightly weathered to completely
weathered, thinly laminated, grey, very
poor to poor quality, very weak to weak,
thinly to thickly bedded with weak to
strong, slightly calcareous, hard layers
<50mm except as noted (GEORGIAN BAY
FORMATION

Higly fractured zones (175mm) at 30.9m,
(200mm) at 31.8m

Clay seams (25mm) at 31.1m and 31.7m

Highly fractured zone (250mm) at 32.3m

Becoming fair quality

END OF BOREHOLE AT 36.58m.
Monitoring Well installation consists of
50mm diameter Schedule 40 PVC pipe
with a 3.05m slotted screen.

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

Bentonite

TCR=100%   SCR=0%

TCR=100%   SCR=36%   RQD=0%

TCR=100%   SCR=48%   RQD=40%
UCS  = 22.3MPa (Shale PLT)

TCR=100%   SCR=80%   RQD=73%
UCS  = 10.9MPa (Shale PLT Avg)

TCR=100%   SCR=59%   RQD=52%
UCS  = 49MPa (Shale PLT)
UCS  = 152.9MPa (Hard Layer PLT)

Jun 14/21 0.13 102.89
Sep 13/21 0.00 103.02
Dec 01/21 0.00 103.02
Dec 09/21 -0.05 103.07
Apr 12/22 0.00 103.02
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36.58

72.11

66.44
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ASPHALT:  (175mm)

GRANULAR:  (585mm)

SAND, some silt, trace gravel, compact
to very dense, brown, moist: (FILL)

Loose

SILT, some clay, trace sand to sandy,
compact to dense, grey, wet, with
occasional sand seams and partings of
silty clay

Becoming loose

Flushmount
Well
Protector Set
in Concrete

Bentonite

Filter Sand

Slotted
Screen

Gr 5%/

Gr 0%/

Sa 84%/

Sa 2%/ Si 85%/ Cl 13%

Si & Cl 11%
Grain Size Analysis:

Grain Size Analysis:

0.18

0.76

4.11

102.65

99.30
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Becoming sandy, dense

CLAY, silty, trace sand and gravel, stiff to
very stiff, grey, with occasional partings of
silt

Gr 0%/ Sa 0%/ Si 70%/ Cl 30%
Grain Size Analysis:

13.26
90.15
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SAND, silty, trace clay, dense, grey

SILT, sandy, some clay and gravel,
dense to very dense, grey, wet , with
numerous shale fragments, occasional
cobbles and boulders: (TILL/SHALE
COMPLEX)

Bentonite

Gr 0%/ Sa 57%/Si 35%/ Cl 8%
Grain Size Analysis:

23.16

26.21

80.25

77.20
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SHALE, moderately weathered, thinly
laminated, grey, very poor to poor quality,
very weak to weak, thinly to thickly bedded
with weak to strong, slightly calcareous,
hard layers <50mm except as noted
(GEORGIAN BAY FORMATION)

Hard layers (50mm) at 31.1m, (275mm) at
31.2m and (75mm) at 31.5m

Hard layer (50mm) at 32.1m

END OF BOREHOLE AT 33.58m.
Monitoring Well installation consists of
50mm diameter Schedule 40 PVC pipe
with a 3.05m slotted screen.

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

TCR=98%   SCR=33%   RQD=0%
UCS  = 10.1MPa (Shale PLT Avg)

TCR=100%   SCR=45%   RQD=38%
UCS  = 108.4MPa (Hard Layer PLT Avg)

Jun 14/21 5.63 97.78
Sep 13/21 4.21 99.20
Dec 01/21 4.57 98.84
Apr 12/22 7.52 95.89
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33.58

72.88

69.83
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ASPHALT:  (90mm)
GRANULAR:  (610mm)

SILT, sandy, some silt, firm, brown,
moist: (FILL)

SAND, silty, trace clay, trace gravel,
brown to grey, moist: (FILL)

SILT, some sand, loose to compact,
grey, with occasional organic inclusions:
(POSSIBLE ALLUVIAL)

SILT, trace clay, trace sand, compact to
very loose, grey, wet, with occasional
sand seams and partings of silty clay

Becoming compact to loose

Flushmount
Well
Protector Set
in Concrete

Bentonite

Filter Sand

Slotted
Screen

Gr 0%/

Gr 0%/

Sa 21%/

Sa 2%/

Si 61%/

Si 95%/

Cl 18%

Cl 3%

Grain Size Analysis:

Grain Size Analysis:
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CLAY, silty, trace sand, firm to stiff, grey,
with occasional partings of silt

CLAY, silty, sandy, trace gravel, very stiff
to hard, grey: (TILL)

Bentonite

Gr 0%/ Sa 0%/ Si 58%/ Cl 42%
Grain Size Analysis:
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93.24

87.90
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END OF BOREHOLE AT 24.99m.
Monitoring Well installation consists of
19mm diameter Schedule 40 PVC pipe
with a 1.52m slotted screen.

WATER LEVEL READINGS:
DATE DEPTH(m) ELEV.(m)
Jun 14/21 2.28 102.69
Sep 13/21 2.58 102.39
Dec 01/21 2.49 102.48
Apr 12/22 2.26 102.71

Gr 1%/ Sa 23%/Si 44%/ Cl 32%
Grain Size Analysis:

24.99
79.98
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TOPSOIL:  (25mm)
SILT, sandy, trace gravel, trace clay,
loose, moist, with occasional organics
inclusions: (FILL)

SILT, clayey, very soft, grey: (FILL)

ORGANIC SAND, silty, trace clay, very
loose, grey, wet, with shell fragments:
(POSSIBLE ALLUVIAL)

Layer of clayey silt

SILT, trace sand, trace clay, loose, grey,
wet, with occasional sand seams and
partings to silty clay

Gr 0%/ Sa 65%/Si 30%/ Cl 5%
Grain Size Analysis:
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4.88
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101.29

100.12

99.77

98.62
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CLAY, silty, trace sand, trace gravel, firm
to very stiff, grey, wet, with partings of silt

CLAY, silty, sandy, trace gravel, firm to
very stiff, grey: (TILL)

Gr 1%/ Sa 6%/ Si 59%/ Cl 34%
Grain Size Analysis:
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89.51
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Gr 3%/ Sa 29%/Si 48%/ Cl 20%
Grain Size Analysis:
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Gr 4%/ Sa 33%/Si 45%/ Cl 18%
Grain Size Analysis:
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CLAY, silty, trace sand and gravel, very
dense, grey, wet , with numerous shale
fragments, occasional cobbles and
boulders: (TILL/SHALE COMPLEX)

SHALE, slightly weathered to completely
weathered, thinly laminated, grey, good to
excellent quality, very weak to weak, thinly
to thickly bedded with weak to strong,
slightly calcareous, hard layers <50mm
except as noted (GEORGIAN BAY
FORMATION

END OF BOREHOLE AT 48.69m.

TCR=100%   SCR=100%   RQD=95%
UCS  = 19.9MPa (Shale PLT)
UCS  = 55.0MPa (Hard Layer PLT)

TCR=100%   SCR=88%   RQD=83%
UCS  = 21.9MPa (Shale PLT Avg)
UCS  = 72.4MPa (Hard Layer PLT)

TCR=100%   SCR=100%   RQD=100%
UCS  = 43.1MPa (Shale PLT Avg)
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ASPHALT (100mm)
CONCRETE (245mm)

GRANULAR:  (720mm)

SAND, silty, trace to some gravel, trace
clay, loose to very dense, brown, moist:
(FILL)

Gravelly

GRAVEL, sandy, trace silt, dense,
brown, wet: (FILL)

SAND, some silt to silty, trace gravel,
compact to dense, brown to grey, wet

Flushmount
Well
Protector Set
in Concrete

Bentonite

Gr 58%/Sa 37%/ Si & Cl 5%
Grain Size Analysis:
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Becoming dense to very dense

SILT, some clay, trace sand, very dense,
grey, with occasional sand seams and
partings of silty clay

Filter Sand

Slotted
Screen

13.26
85.62

78.88
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CLAY, silty, some sand to sandy, trace
gravel, very stiff, grey: (TILL)

SILT, sandy, some clay and gravel,
dense to very dense, grey, wet , with
numerous shale fragments, occasional
cobbles and boulders: (TILL/SHALE
COMPLEX)

SHALE, slightly weathered to completely
weathered, thinly laminated, grey, fair
quality, very weak to weak, thinly to thickly
bedded with weak to strong, slightly
calcareous, hard layers <50mm except as
noted: (GEORGIAN BAY FORMATION)

END OF BOREHOLE AT 27.53m.

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

TCR=97%   SCR=91%   RQD=52%
UCS  = 9.1MPa (Shale PLT Avg)

TCR=97%   SCR=93%   RQD=62%
UCS  = 14.9MPa (Shale PLT Avg)

Dec 01/21 5.00 93.88
Apr 12/22 4.80 94.08

Gr 1%/ Sa 24%/Si 52%/ Cl 23%
Grain Size Analysis:
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ASPHALT:  (95mm)
CONCRETE:  (200mm)

GRANULAR:  (365mm)

SAND, some silt to silty, some gravel to
gravelly, compact to dense, brown, moist:
(FILL)

SAND, some silt to silty, trace gravel,
compact to dense, brown to grey, wet

Gr 21%/

Gr 1%/

Sa 57%/

Sa 88%/Si 11%/ Cl 0%

Si & Cl 22%
Grain Size Analysis:

Grain Size Analysis:
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SILT, some clay, trace sand, dense to
very dense, grey, wet, with occasional
sand seams and partings of silty clay

Gr 0%/ Sa 0%/ Si 86%/ Cl 14%
Grain Size Analysis:

13.26
85.78
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CLAY, silty, some sand to sandy, trace
gravel, hard, grey: (TILL)

SILT, sandy, some clay and gravel,
dense to very dense, grey, wet , with
numerous shale fragments, occasional
cobbles and boulders: (TILL/SHALE
COMPLEX)

SHALE, slightly weathered to completely
weathered, thinly laminated, grey, fair to
good quality, very weak to weak, thinly to
thickly bedded with weak to strong,
slightly calcareous, hard layers <50mm
except as noted: (GEORGIAN BAY
FORMATION)

Clay seam (100mm) at 26.4m

END OF BOREHOLE AT 29.06m.
BOREHOLE BACKFILLED WITH
BENTONITE TO 0.60m, CONCRETE TO
0.30m, THEN COLD PATCH ASPHALT AT
SURFACE.

TCR=95%   SCR=81%   RQD=73%
UCS  = 31.0MPa (Shale PLT)

TCR=100%   SCR=78%   RQD=78%
UCS  = 15.7MPa (Shale PLT Avg)

TCR=100%   SCR=92%   RQD=82%
UCS  = 18.9MPa (Shale PLT Avg)
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ASPHALT:  (115mm)
GRANULAR:  (620mm)

SAND, silty, trace clay, trace gravel,
occasional cobbles, compact to loose,
brown, moist, with occasional organic
inclusions: (FILL)

SAND, silty, trace clay, very loose, brown
to grey, moist to wet, with iron oxide
staining, pockets of silty clay, gravel and
organics, occasional shell fragments:
(ALLUVIAL)

SILT, some clay, trace sand, compact to
dense, grey, wet, with occasional sand
seams and partings of silty clay

Becoming loose

Flushmount
Well
Protector Set
in Concrete

Bentonite

Filter Sand

Slotted
Screen

Gr 3%/

Gr 0%/

Gr 0%/

Sa 61%/

Sa 72%/

Sa 7%/

Si 29%/

Si 24%/

Si 86%/

Cl 7%

Cl 4%

Cl 7%

Grain Size Analysis:

Grain Size Analysis:

Grain Size Analysis:
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CLAY, silty, trace sand, stiff to very stiff,
grey, with occasional partings to layers of
silt

END OF BOREHOLE AT 15.85m.

WATER LEVEL READINGS:
DATE DEPTH(m) ELEV.(m)
Jun 14/21 2.78 102.71
Sep 13/21 2.91 102.58
Dec 01/21 2.74 102.75
Apr 12/22 2.56 102.93

Gr 0%/ Sa 6%/ Si 51%/ Cl 43%
Grain Size Analysis:

10.97

15.85

94.52

89.64
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ASPHALT:  (60mm)
GRANULAR:  (680mm)

SAND, some silt to silty, trace to some
gravel, trace clay, very loose to loose,
brown, moist, with occasional organic
inclusions: (FILL)

Grey, wet

Numerous organic inclusions

PEAT, trace silt, very soft to soft, black,
amorphous

SAND, silty, trace gravel, trace clay,
loose to compact, grey, wet, with
occasional gravel seams and partings of
silty clay, organic inclusions: (ALLUVIAL)

SILT, some clay, trace sand, compact to
very dense, grey, wet, with occasional
sand seams and partings of silty clay

Flushmount
Well
Protector Set
in Concrete

Bentonite

Gr 45%/

Gr 1%/

Sa 41%/

Sa 85%/Si 12%/ Cl 2%

Si & Cl 14%
Grain Size Analysis:

Grain Size Analysis:
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Becoming some sand to sandy

CLAY, silty, trace to some sand, stiff,
grey, with occasional partings to layers of
silt

Filter Sand

Gr 0%/

Gr 1%/

Sa 35%/

Sa 10%/

Si 61%/

Si 42%/

Cl 4%

Cl 47%

Grain Size Analysis:

Grain Size Analysis:

14.78
91.73
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CLAY, silty, some sand to sandy, trace
gravel, hard, grey: (TILL)

Slotted
Screen

Gr 1%/ Sa 32%/Si 44%/ Cl 23%
Grain Size Analysis:
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SAND, silty, dense to very dense, grey,
wet

End of sampling and start DCPT

END OF BOREHOLE AT 35.1m UPON
PRACTICAL REFUSAL TO ADVANCE.

WATER LEVEL READINGS:
DATE DEPTH(m) ELEV.(m)
Apr 12/22 0.67 105.84
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35.05

75.42

71.46
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SAND and GRAVEL, some organics,
occasional brick and concrete fragments,
dense to loose, brown: (FILL)

SAND, trace to some silt, very dense to
compact, brown, moist: (FILL)

Occasional brick fragments

CLAY, silty, sandy to trace sand, trace
gravel, very stiff to stiff, grey, with partings
of silt

Flushmount
Well
Protector Set
in Concrete

Bentonite

Filter Sand

Slotted
Screen

Gr 0%/

Gr 2%/

Sa 86%/

Sa 22%/Si 58%/ Cl 18%

Si & Cl 14%
Grain Size Analysis:

Grain Size Analysis:
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APPENDIX D GEOTECHNICAL LABORATORY ROCK TEST RESULTS 

  



 
 

Geomechanica Inc. 
Suite 900 – 390 Bay St. 

Toronto Ontario  
Canada M5H 2Y2 

 

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

 
June 11, 2021 
 
 
Mr. Joshua Alexander 
Thurber Engineering Ltd.  
103, 2010 Winston Park Drive 
Oakville ON 
L6H 5R7 
 
Re:  UCS testing (Thurber Project No. 29789 
 
Dear Mr. Alexander 
 
On June 3rd, seven (7) HQ-sized rock core sample was received by Geomechanica Inc. via drop-off by 
Thurber personnel. These samples were identified as being from Thurber project 29789 (Rockcliffe 
Riverine Flood Mitigation Project). From these samples, three (3) UCS specimens were prepared and 
tested.  
 
Details regarding the steps of specimen preparation and testing are presented in the accompanying 
laboratory report and summary spreadsheet. 
 
 
 
Sincerely, 
 

 
 
Bryan Tatone Ph.D., P. Eng. 
 
Geomechanica Inc. 
Tel: (647) 478-9767  
Email: bryan.tatone@geomechanica.com



Rock Laboratory Testing
Results
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Joshua Alexander

Thurber Engineering Ltd.
103, 2010 Winston Park Drive
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Canada L6H 5R7

Prepared by:
Bryan Tatone, PhD, PEng

Omid Mahabadi, PhD, PEng
Geomechanica Inc.

#900-390 Bay St.
Toronto ON

M5H 2Y2 Canada
Tel: +1-647-478-9767

lab@geomechanica.com

June 11, 2021
Project number: 29789

Abstract

This document summarizes the results of rock laboratory testing,
including 3 Uniaxial Compressive Strength (UCS) tests. The uniaxial
compressive strength (UCS) values along with photographs of speci-
mens before and after testing are presented herein.

In this document:
1 Uniaxial Compressive Strength Tests 1
Appendices 3

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



Rock laboratory testing results 1

1 Uniaxial Compressive Strength Tests

1.1 Overview

This section summarizes the results of uniaxial compressive strength (UCS) testing. The testing was

performed in Geomechanica’s rock testing laboratory using a 150 ton (1.3 MN) Forney loading frame

equipped with pressure-compensated control valve to maintain an axial displacement rate of approximately

0.10 mm/min (Figure 1). The preparation and testing procedure for each specimen included the following:

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

mize exposure to moisture during subsequent specimen preparation.

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

= 2:1) and nearly parallel end faces.

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

0.25◦).

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

tape.

5. Axially loading the specimens to rupture while continuously recording axial force and axial deforma-

tion to determine the peak strength (UCS).

Figure 1: Forney loading frame setup for UCS testing.

Project number: 29789



Rock laboratory testing results 2

Using a precision V-block mounted on the magnetic chuck of the surface grinder, test specimens met the

end flatness, end parallelism, and perpendicularity criteria set out in ASTM D4543-19. The side straightness

criteria, as checked with a feeler gauge, and the minimum length:diameter criteria was met for all specimens

unless noted otherwise in Table 1. Testing of the specimens followed ASTM D7012-14 Method C.

1.2 Results

The results of UCS testing are summarized in Table 1. Additional specimen and testing details are provided

in the summary spread sheet that accompanies this report.

Table 1: Summary of Uniaxial Compression test results.

Sample Depth (ft’ in”) Bulk density ρ

(g/cm3)
UCS

(MPa)
Lithology Failure

description

109’5” - 110’2” 2.599 14.2 1, 3 BH-RCB-01, Run 2 
BH-SPC-02, Run 1 147’8” - 148’X” 2.596 9.9

siltstone and limestone 
siltstone 1

Average 2.592 11.9
Standard deviation 0.008 1.7

1 Axial splitting failure
2 Length:Diameter ratio less than 2
3 Failure localized in softer shale layer

1.3 Specimen photographs

Photographs of the specimens before and after testing are presented in the Appendix of this report.
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Appendices

Specimen sheets

• BH-RCB-01, Run 2

• BH-SPC-02, Run 1

3



Uniaxial Compression Test

Client Thurber Engineering Ltd. Project 29789

Sample BH-RCB-01, Run 2 Depth 109’5” - 110’2”

Specimen parameters

Diameter (mm) a 63.01

Length (mm) a 134.13

Bulk density ρ (g/cm3) 2.599

UCS (MPa) 14.2

Lithology siltstone and limestone

Failure description b 1, 3

a Additional specimen measurement/details provided in accompa-
nying summary spreadsheet.
b Failure description: 1 Axial splitting failure; 3 Failure localized
in softer shale layer;

Prior to testing After testing

Remarks: Loading rate: 0.15 mm/min

Performed by HS Date 2021-06-09

5



Uniaxial Compression Test

Client Thurber Engineering Ltd. Project 29789

Sample BH-SPC-02, Run 1 Depth 147’8” - 148’X”

Specimen parameters

Diameter (mm) a 63.03

Length (mm) a 132.86

Bulk density ρ (g/cm3) 2.596

UCS (MPa) 9.9

Lithology siltstone

Failure description b 1

a Additional specimen measurement/details provided in accompa-
nying summary spreadsheet.
b Failure description: 1 Axial splitting failure;

Prior to testing After testing

Remarks: Loading rate: 0.15 mm/min, 10 mm limestone layer

Performed by HS Date 2021-06-09
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Geomechanica Inc. 
Suite 900 – 390 Bay St. 

Toronto Ontario  
Canada M5H 2Y2 

 

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

 
December 14, 2021 
 
 
Mr. Joshua Alexander 
Thurber Engineering Ltd.  
103, 2010 Winston Park Drive 
Oakville ON 
L6H 5R7 
 
Re:  UCS testing (Thurber Project No. 29789) 
 
Dear Mr. Alexander 
 
On November 22nd, two (2) HQ-sized rock core sample was received by Geomechanica Inc. via drop-off 
by Thurber personnel. These samples were identified as being from Thurber project 29789 (Rockcliffe 
Riverine Flood Mitigation Project). From these samples, 1 (1) UCS specimen was prepared and tested.  
 
Details regarding the steps of specimen preparation and testing are presented in the accompanying 
laboratory report and summary spreadsheet. 
 
 
 
Sincerely, 
 

 
 
Bryan Tatone Ph.D., P. Eng. 
 
Geomechanica Inc. 
Tel: (647) 478-9767  
Email: bryan.tatone@geomechanica.com
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Abstract

This document summarizes the results of rock laboratory testing,
including 1 Uniaxial Compressive Strength (UCS) test. The UCS
value along with photographs of the specimen before and after testing
are presented herein.

In this document:
1 Uniaxial Compressive Strength Tests 1
Appendices 3

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



Rock laboratory testing results 1

1 Uniaxial Compressive Strength Tests

1.1 Overview

This section summarizes the results of uniaxial compressive strength (UCS) testing. The testing was

performed in Geomechanica’s rock testing laboratory using a 150 ton (1.3 MN) Forney loading frame

equipped with pressure-compensated control valve to maintain an axial displacement rate of approximately

0.150 mm/min (Figure 1). The specimen preparation and testing procedure included the following:

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

mize exposure to moisture and avoid damage during subsequent specimen preparation.

2. Diamond cutting the core sample to obtain a cylindrical specimen with an appropriate length (length:diameter

= 2:1) and nearly parallel end faces.

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

0.25◦).

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

tape.

5. Axially loading the specimens to rupture while continuously recording axial force and axial deforma-

tion to determine the peak strength (UCS).

Figure 1: Forney loading frame setup for UCS testing.

Using a precision V-block mounted on the magnetic chuck of the surface grinder, test specimens met the

end flatness, end parallelism, and perpendicularity criteria set out in ASTM D4543-19. The side straightness

Project number: 29789



Rock laboratory testing results 2

criteria, as checked with a feeler gauge, was met for all specimens unless noted otherwise in Table 1. Testing

of the specimens followed ASTM D7012-14 Method C.

1.2 Results

The results of UCS testing are summarized in Table 1. Additional specimen and testing details are available

in the summary spreadsheet that accompanies this report.

Table 1: Summary of Uniaxial Compression test results.

Sample Depth (ft’ in”) Bulk density ρ
(g/cm3)

UCS
(MPa)

Lithology Failure
description

SRB-01, Run 1 81’9” - 82’9” 2.572 10.6 Shale 1, 2

1 Axial splitting failure
2 Specimen emitted pore water upon loading

1.3 Specimen photographs

Photographs of the specimens before and after testing are presented in the Appendix of this report.

Project number: 29789
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Specimen sheets

• SRB-01, Run 1
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Uniaxial Compression Test

Client Thurber Engineering Ltd. Project 29789

Sample SRB-01, Run 1 Depth 81’9” - 82’9”

Specimen parameters

Diameter (mm) a 62.51

Length (mm) a 128.64

Bulk density ρ (g/cm3) 2.572

UCS (MPa) 10.6

Lithology Shale

Failure description b 1, 2

a Additional specimen measurement/details provided in accompa-
nying summary spreadsheet.
b Failure description: 1 Axial splitting failure; 2 Specimen emitted
pore water upon loading;

Prior to testing After testing

Remarks: Loading rate: 0.15 mm/min

Performed by AA/HS Date 2021-12-10

4



Date Drilled:
Date Tested:
Tester:

HQ BH No : Reviewed by:

Test 
No. Run No. Depth

(m)
Axial or 

Diametral
Gauge 
(MPa)

Diameter 
(mm)

Length 
(mm)

Is(50) 

(MPa)
UCS

(MPa) Rock Type Rock Strength                          
(after Hoek & Brown, 1997)

1 2 33.2 A 3.86 62.77 56.36 0.9 22.3 Shale Weak
2 3 33.9 A 0.32 62.70 60.00 0.1 1.8 Shale Very Weak
3 3 34.8 A 3.46 62.85 56.08 0.8 20.0 Shale Weak
4 4 35.7 D 24.16 63.20 84.77 6.4 152.9 Hard Layer Very Strong
5 4 36.5 A 8.46 62.17 56.60 2.0 49.0 Shale Medium Strong
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

* It is ideal to perform axial test on core specimens with D/L ratio of 1.1 ± 0.1
Long pieces of core can be tested diametrically to produce suitable lengths for axial testing

* Diametral Test should have 0.7 x D on either side of test point.
* Correlation factor to obtain UCS values is 24. Last Modified: September 14, 2016

POINT LOAD TEST SHEET
ASTM D5731-08

Job No: 29789 17-May-21

Core Size: RCB-01 WM

Client:
Rockcliffe Riverine Flood Mitigation

03-Jun-21
Project Name: MP

Morrison Hershfield



Date Drilled:
Date Tested:
Tester:

HQ BH No : Reviewed by:

Test 
No. Run No. Depth

(m)
Axial or 

Diametral
Gauge 
(MPa)

Diameter 
(mm)

Length 
(mm)

Is(50) 

(MPa)
UCS

(MPa) Rock Type Rock Strength                          
(after Hoek & Brown, 1997)

1 1 31.0 A 3.30 62.90 59.47 0.8 18.2 Shale Weak
2 1 32.0 A 0.32 58.00 54.40 0.1 2.0 Shale Very Weak
3 2 32.9 D 16.60 63.00 90.42 4.4 105.6 Hard Layer Very Strong
4 2 33.0 A 21.24 63.10 63.50 4.6 111.2 Hard Layer Very Strong
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

* It is ideal to perform axial test on core specimens with D/L ratio of 1.1 ± 0.1
Long pieces of core can be tested diametrically to produce suitable lengths for axial testing

* Diametral Test should have 0.7 x D on either side of test point.
* Correlation factor to obtain UCS values is 24. Last Modified: September 14, 2016

Core Size: RCB-02 WM

Client:
Rockcliffe Riverine Flood Mitigation

03-Jun-21
Project Name: MP

Morrison Hershfield

POINT LOAD TEST SHEET
ASTM D5731-08

Job No: 29789 19-May-21



Date Drilled:
Date Tested:
Tester:

HQ BH No : Reviewed by:

Test 
No. Run No. Depth

(m)
Axial or 

Diametral
Gauge 
(MPa)

Diameter 
(mm)

Length 
(mm)

Is(50) 

(MPa)
UCS

(MPa) Rock Type Rock Strength                          
(after Hoek & Brown, 1997)

1 1 45.0 A 9.28 63.20 54.00 2.3 55.0 Hard Layer Strong
2 1 45.5 A 3.82 63.00 64.00 0.8 19.9 Shale Weak
3 2 45.8 A 4.78 62.90 60.00 1.1 26.2 Shale Medium Strong
4 2 46.3 A 3.22 63.20 60.00 0.7 17.6 Shale Weak
5 2 46.9 A 13.06 63.10 59.00 3.0 72.4 Hard Layer Strong
6 3 47.8 A 9.74 63.00 55.96 2.3 56.3 Shale Strong
7 3 48.5 A 5.56 63.00 61.60 1.2 29.8 Shale Medium Strong
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

* It is ideal to perform axial test on core specimens with D/L ratio of 1.1 ± 0.1
Long pieces of core can be tested diametrically to produce suitable lengths for axial testing

* Diametral Test should have 0.7 x D on either side of test point.
* Correlation factor to obtain UCS values is 24. Last Modified: September 14, 2016

Core Size: SPC-02 WM

Client:
Rockcliffe Riverine Flood Mitigation

25-Jun-21
Project Name: MP

Morrison Hershfield

POINT LOAD TEST SHEET
ASTM D5731-08

Job No: 29789 25-May-21



Date Drilled:
Date Tested:
Tester:

HQ BH No : Reviewed by:

Test 
No. Run No. Depth

(m)
Axial or 

Diametral
Gauge 
(MPa)

Diameter 
(mm)

Length 
(mm)

Is(50) 

(MPa)
UCS

(MPa) Rock Type Rock Strength                          
(after Hoek & Brown, 1997)

1 Run 1 24.8 Axial 1.9 61.3 61.2 0.4 10.3 Shale Weak
2 Run 1 25.7 Axial 1.5 63.0 63.4 0.3 7.9 Shale Weak
3 Run 2 26.2 Axial 2.5 62.9 62.6 0.6 13.5 Shale Weak
4 Run 2 26.7 Axial 3.5 63.2 64.2 0.8 18.1 Shale Weak
5 Run 2 27.2 Axial 2.5 63.1 64.0 0.6 13.2 Shale Weak
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

* It is ideal to perform axial test on core specimens with D/L ratio of 1.1 ± 0.1
Long pieces of core can be tested diametrically to produce suitable lengths for axial testing

* Diametral Test should have 0.7 x D on either side of test point.
* Correlation factor to obtain UCS values is 24. Last Modified: September 14, 2016

Rockcliffe Riverine Flood Mitigation
Morrison Hershfield

Project Name:
Core Size:

ASTM D5731-08
29789

SRB-01

POINT LOAD TEST SHEET

28-Oct-21
16-Nov-21

BS
KF

Job No:
Client:



Date Drilled:
Date Tested:
Tester:

HQ BH No : Reviewed by:

Test 
No. Run No. Depth

(m)
Axial or 

Diametral
Gauge 
(MPa)

Diameter 
(mm)

Length 
(mm)

Is(50) 

(MPa)
UCS

(MPa) Rock Type Rock Strength                          
(after Hoek & Brown, 1997)

1 Run 1 24.8 Axial 1.9 61.3 61.2 0.4 10.3 Shale Weak
2 Run 1 25.7 Axial 1.5 63.0 63.4 0.3 7.9 Shale Weak
3 Run 2 26.2 Axial 2.5 62.9 62.6 0.6 13.5 Shale Weak
4 Run 2 26.7 Axial 3.5 63.2 64.2 0.8 18.1 Shale Weak
5 Run 2 27.2 Axial 2.5 63.1 64.0 0.6 13.2 Shale Weak
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

* It is ideal to perform axial test on core specimens with D/L ratio of 1.1 ± 0.1
Long pieces of core can be tested diametrically to produce suitable lengths for axial testing

* Diametral Test should have 0.7 x D on either side of test point.
* Correlation factor to obtain UCS values is 24. Last Modified: September 14, 2016

16-Nov-21
BS
KF

Job No:
Client:

Rockcliffe Riverine Flood Mitigation
Morrison Hershfield

Project Name:
Core Size:

ASTM D5731-08
29789

SRB-01

POINT LOAD TEST SHEET

28-Oct-21



Date Drilled:
Date Tested:
Tester:

HQ BH No : Reviewed by:

Test 
No. Run No. Depth

(m)
Axial or 

Diametral
Gauge 
(MPa)

Diameter 
(mm)

Length 
(mm)

Is(50) 

(MPa)
UCS

(MPa) Rock Type Rock Strength                          
(after Hoek & Brown, 1997)

1 Run 1 25.2 Axial 5.8 63.0 62.3 1.3 31.0 Shale Medium Strong
2 Run 2 26.1 Axial 3.4 62.8 64.7 0.7 17.7 Shale Weak
3 Run 2 26.8 Axial 2.7 63.2 65.0 0.6 13.8 Shale Weak
4 Run 3 27.7 Axial 5.0 63.1 62.7 1.1 26.3 Shale Medium Strong
5 Run 3 28.5 Axial 2.2 63.2 63.0 0.5 11.5 Shale Weak
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

* It is ideal to perform axial test on core specimens with D/L ratio of 1.1 ± 0.1
Long pieces of core can be tested diametrically to produce suitable lengths for axial testing

* Diametral Test should have 0.7 x D on either side of test point.
* Correlation factor to obtain UCS values is 24. Last Modified: September 14, 2016

16-Nov-21
BS
KF

Job No:
Client:

Rockcliffe Riverine Flood Mitigation
Morrison Hershfield

Project Name:
Core Size:

ASTM D5731-08
29789

SRB-02

POINT LOAD TEST SHEET

03-Nov-21



 

 

APPENDIX E BEDROCK CORE PHOTOGRAPHS 

  



Rockcliffe Riverine Flood Mitigation Project 
Photographs of Rock Core 

Borehole RCB-01 – Run 1 – 30.91-32.18 m 

Borehole RCB-01 – Runs 2 and 3 – 32.18-35.08 m 

Borehole RCB-01 – Run 4 – 35.08-36.58 m 



 
 

Rockcliffe Riverine Flood Mitigation Project 
Photographs of Rock Core 

 

  

Borehole RCB-02 – Run 1 – 30.53-32.06 m 

 

Borehole RCB-02 – Run 2 – 32.06-33.58 m 

 
 



 
 

Rockcliffe Riverine Flood Mitigation Project 
Photographs of Rock Core 

 

  

 
Borehole SPC-02 – Run 1 – 44.58-45.64 m 

 

Borehole SPC-02 – Run 2 – 45.64-47.17 m 

 

Borehole SPC-02 – Run 3 – 47.17-48.69 m 

 
 



 
 

Rockcliffe Riverine Flood Mitigation Project 
Photographs of Rock Core 

 

  

 
Borehole SRB-01 – Run 1 – 24.54-26.01 m 

 
 

Borehole SRB-01 – Run 2 – 26.01-27.53 m 

 
 

UCS Sample 



 
 

Rockcliffe Riverine Flood Mitigation Project 
Photographs of Rock Core 

 

  

 
Borehole SRB-02 – Run 1 – 25.07-26.01 m 

 

Borehole SRB-02 – Run 2 – 26.01-27.53 m 

 

Borehole SRB-02  – Run 3 – 27.53-29.06 m 

 
 



 

 

APPENDIX F LABORATORY CERTIFICATES OF ANALYSIS - SOIL CORROSIVITY 

  



Rockcliffe Riverine Flood Mitigation Project 

Table F1 – Summary of Corrosivity and Sulphate Analytical Test Results 

Sample ID 
Sample 
Depth 
 (m) 

Sample 
Description 

Sulphide 
(%) 

Chloride 
(µg/g) 

Sulphate 
(µg/g) pH Resistivity 

(ohm.cm) 
Redox 

Potential 
(mV) 

RCB-01 SS9 9.1 – 9.7 Silt 0.06 46 96 8.41 6450 140 
SPC-01 SS7 4.6 – 5.1 Silt 0.06 4.6 74 8.38 7140 161 
SRC-01 SS8B 6.1 – 6.7 Silt 0.08 39 43 8.32 7580 94 
SRC-02 SS3 1.5 – 2.1 Sand Fill <0.04 250 110 8.22 1850 204 
WRW-01 SS4 2.3 – 2.9 Sand Fill <0.04 33 11 9.14 7140 238 
BC-08 SS7 6.1 – 6.7 Silt 0.05 45 26 8.41 6620 147 
SRB-01 SS4 3.0 – 3.7 Sand Fill <0.04 790 25 8.75 784 421 
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LABORATORY DETAILSCLIENT DETAILS

Client

Address

Telephone

Facsimile

Email

Project

Order Number

Samples

Laboratory

Project Specialist

Address

Telephone

Facsimile

Email

SGS Reference

Contact

Report Number

Date Reported

Soil (7) 

Joshua Alexander

Thurber Engineering Ltd.

29789, Rockcliffe Riverine Flood Mitigation Project

Brad Moore Hon. B.Sc

SGS Canada Inc.

705-652-2143

705-652-6365

brad.moore@sgs.com

CA14828-JUN21 R1

FINAL REPORT

185 Concession St., Lakefield ON, K0L 2H0103, 2010 Winston Park Drive

Oakville, ON

L6H 5R7, Canada

613-606-7303

jalexander@thurber.ca

CA14828-JUN21 R1

CA14828-JUN21

Received 06/09/2021

Approved

First Page

06/15/2021

06/15/2021

COMMENTS

Temperature of Sample upon Receipt: 7 degrees C

Cooling Agent Present:Yes

Custody Seal  Present:Yes

Chain of Custody Number:007519

Corrosivity Index is based on the American Water Works Corrosivity Scale according to AWWA C-105.   An index greater than 10 indicates the soil matrix may be 

corrosive to cast iron alloys.

185 Concession St., Lakefield ON, K0L 2H0       705-652-6365705-652-2143 f t 

Member of the SGS Group (SGS SA) 

www.sgs.com

SIGNATORIES

Brad Moore Hon. B.Sc

SGS Canada Inc.

http://www.sgs.com
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FINAL REPORT CA14828-JUN21 R1

Thurber Engineering Ltd.

29789, Rockcliffe Riverine Flood Mitigation Project

Client:  

Project:  

Project Manager: Joshua Alexander

Josh AlexanderSamplers:

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

Sample Name RCB-01, SS9 SPC-01, SS7 SRC-01, SS8B WRW-01, SS4 BC-08, SS7

Sample Matrix Soil Soil Soil Soil Soil

Sample Date 17/05/2021 31/05/2021 03/06/2021 27/05/2021 08/06/2021

Result  Result  RLUnitsParameter Result  Result  Result  

Corrosivity Index

44none 1Corrosivity Index 7 3 4

161140mV -Soil Redox Potential 94 238 147

0.060.06% 0.04Sulphide (Na2CO3) 0.08 < 0.04 0.05

8.388.41pH Units 0.05pH 8.32 9.14 8.41

71406450ohms.cm -9999Resistivity (calculated) 7580 7140 6620

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

Sample Name RCB-01, SS9 SPC-01, SS7 SRC-01, SS8B WRW-01, SS4 BC-08, SS7

Sample Matrix Soil Soil Soil Soil Soil

Sample Date 17/05/2021 31/05/2021 03/06/2021 27/05/2021 08/06/2021

Result  Result  RLUnitsParameter Result  Result  Result  

General Chemistry

140155uS/cm 2Conductivity 132 140 151

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

Sample Name RCB-01, SS9 SPC-01, SS7 SRC-01, SS8B WRW-01, SS4 BC-08, SS7

Sample Matrix Soil Soil Soil Soil Soil

Sample Date 17/05/2021 31/05/2021 03/06/2021 27/05/2021 08/06/2021

Result  Result  RLUnitsParameter Result  Result  Result  

Metals and Inorganics

14.218.7% 0.1Moisture Content 16.8 3.9 16.8

7496µg/g 0.4Sulphate 43 11 26
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FINAL REPORT CA14828-JUN21 R1

Thurber Engineering Ltd.

29789, Rockcliffe Riverine Flood Mitigation Project

Client:  

Project:  

Project Manager: Joshua Alexander

Josh AlexanderSamplers:

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

Sample Name RCB-01, SS9 SPC-01, SS7 SRC-01, SS8B WRW-01, SS4 BC-08, SS7

Sample Matrix Soil Soil Soil Soil Soil

Sample Date 17/05/2021 31/05/2021 03/06/2021 27/05/2021 08/06/2021

Result  Result  RLUnitsParameter Result  Result  Result  

Other (ORP)

4.646µg/g 0.4Chloride 39 33 45
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CA14828-JUN21 R1FINAL 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 DIO0179-JUN21 µg/g 0.4 20 75 12580 120<0.4 5 96 106

Sulphate DIO0179-JUN21 µg/g 0.4 20 75 12580 120<0.4 2 98 110

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 (Na2CO3) ECS0022-JUN21 % 0.04 20 80 120< 0.04 ND 100

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 EWL0207-JUN21 uS/cm 2 20 90 110< 2 1 101 NA

20210615
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CA14828-JUN21 R1FINAL 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 EWL0207-JUN21 pH Units 0.05 NA 0 100 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.

20210615
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CA14828-JUN21 R1FINAL 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 --

20210615
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LABORATORY DETAILSCLIENT DETAILS

Client

Address

Telephone

Facsimile

Email

Project

Order Number

Samples

Laboratory

Project Specialist

Address

Telephone

Facsimile

Email

SGS Reference

Contact

Report Number

Date Reported

Soil (1) 

Joshua Alexander

Thurber Engineering Ltd.

29789, Rockcliffe Riverine Flood Mitigation

Jill Campbell, B.Sc.,GISAS

SGS Canada Inc.

2165

705-652-6365

jill.campbell@sgs.com

CA40144-NOV21 R1

FINAL REPORT

185 Concession St., Lakefield ON, K0L 2H0103, 2010 Winston Park Drive

Oakville, ON

L6H 5R7, Canada

613-606-7303

jalexander@thurber.ca

CA40144-NOV21 R1

CA40144-NOV21

Received 11/09/2021

Approved

First Page

11/15/2021

11/16/2021

COMMENTS

Temperature of Sample upon Receipt: 7 degrees C

Cooling Agent Present: Yes

Custody Seal  Present: Yes

Chain of Custody Number: 007524

Corrosivity Index is based on the American Water Works Corrosivity Scale according to AWWA C-105.   An index greater than 10 indicates the soil matrix may be 

corrosive to cast iron alloys.

185 Concession St., Lakefield ON, K0L 2H0       705-652-63652165 f t 

Member of the SGS Group (SGS SA) 

www.sgs.com

SIGNATORIES

Jill Campbell, B.Sc.,GISAS

SGS Canada Inc.

http://www.sgs.com
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185 Concession St., Lakefield ON, K0L 2H0

CA40144-NOV21 R1

Temperature of Sample upon Receipt: 7 degrees C

Cooling Agent Present: Yes

Custody Seal  Present: Yes

Chain of Custody Number: 007524

Corrosivity Index is based on the American Water Works Corrosivity Scale according to AWWA C-105.   An index greater than 10 indicates the soil matrix may be 

corrosive to cast iron alloys.
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FINAL REPORT CA40144-NOV21 R1

Thurber Engineering Ltd.

29789, Rockcliffe Riverine Flood Mitigation

Client:  

Project:  

Project Manager: Joshua Alexander

N/ASamplers:

Sample Number 5PACKAGE:  - Corrosivity Index (SOIL)

Sample Name SRB-02, SS4

Sample Matrix Soil

Sample Date 29/10/2021

RL Result  UnitsParameter

Corrosivity Index

14none 1Corrosivity Index

421mV -Soil Redox Potential

< 0.04% 0.04Sulphide (Na2CO3)

8.75pH Units 0.05pH

784ohms.cm -9999Resistivity (calculated)

Sample Number 5PACKAGE:  - General Chemistry (SOIL)

Sample Name SRB-02, SS4

Sample Matrix Soil

Sample Date 29/10/2021

RL Result  UnitsParameter

General Chemistry

1280uS/cm 2Conductivity

Sample Number 5PACKAGE:  - Metals and Inorganics (SOIL)

Sample Name SRB-02, SS4

Sample Matrix Soil

Sample Date 29/10/2021

RL Result  UnitsParameter

Metals and Inorganics

7.2% 0.1Moisture Content

25µg/g 0.4Sulphate
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FINAL REPORT CA40144-NOV21 R1

Thurber Engineering Ltd.

29789, Rockcliffe Riverine Flood Mitigation

Client:  

Project:  

Project Manager: Joshua Alexander

N/ASamplers:

Sample Number 5PACKAGE:  - Other (ORP) (SOIL)

Sample Name SRB-02, SS4

Sample Matrix Soil

Sample Date 29/10/2021

RL Result  UnitsParameter

Other (ORP)

790µg/g 0.4Chloride
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CA40144-NOV21 R1FINAL 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 DIO0278-NOV21 µg/g 0.4 35 75 12580 120<0.4 3 101 117

Sulphate DIO0278-NOV21 µg/g 0.4 35 75 12580 120<0.4 0 95 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 (Na2CO3) ECS0025-NOV21 % 0.04 20 80 120< 0.04 ND 110

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 EWL0262-NOV21 uS/cm 2 20 90 110< 2 1 100 NA

20211116
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CA40144-NOV21 R1FINAL 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 EWL0262-NOV21 pH Units 0.05 NA 1 100 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.

20211116
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CA40144-NOV21 R1FINAL 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 --

20211116



 9 / 9



FINAL REPORT

CA40043-APR22 R1

29789, Symes Road

Prepared for

Thurber Engineering Ltd.

TE-GL-ENVLAB-IT-011v1.6.3



 1 / 8

LABORATORY DETAILSCLIENT DETAILS

Client

Address

Telephone

Facsimile

Email

Project

Order Number

Samples

Laboratory

Project Specialist

Address

Telephone

Facsimile

Email

SGS Reference

Contact

Report Number

Date Reported

Soil (1) 

Tim Feather

Thurber Engineering Ltd.

29789, Symes Road

Jill Campbell, B.Sc.,GISAS

SGS Canada Inc.

2165

705-652-6365

jill.campbell@sgs.com

CA40043-APR22 R1

FINAL REPORT

185 Concession St., Lakefield ON, K0L 2H0103, 2010 Winston Park Drive

Oakville, ON

L6H 5R7, Canada

905-745-7377

tfeather@thurber.ca

CA40043-APR22 R1

CA40043-APR22

Received 04/05/2022

Approved

First Page

04/12/2022

04/12/2022

COMMENTS

Temperature of Sample upon Receipt: 9 degrees C

Cooling Agent Present: Yes

Custody Seal  Present: Yes

Chain of Custody Number: N/A

Corrosivity Index is based on the American Water Works Corrosivity Scale according to AWWA C-105.   An index greater than 10 indicates the soil matrix may be 

corrosive to cast iron alloys.

185 Concession St., Lakefield ON, K0L 2H0       705-652-63652165 f t 

Member of the SGS Group (SGS SA) 

www.sgs.com

SIGNATORIES

Jill Campbell, B.Sc.,GISAS

SGS Canada Inc.

http://www.sgs.com
http://www.sgs.com
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185 Concession St., Lakefield ON, K0L 2H0

CA40043-APR22 R1

Temperature of Sample upon Receipt: 9 degrees C

Cooling Agent Present: Yes

Custody Seal  Present: Yes

Chain of Custody Number: N/A

Corrosivity Index is based on the American Water Works Corrosivity Scale according to AWWA C-105.   An index greater than 10 indicates the soil matrix may be 

corrosive to cast iron alloys.
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FINAL REPORT CA40043-APR22 R1

Thurber Engineering Ltd.

29789, Symes Road

Client:  

Project:  

Project Manager: Tim Feather

Soheil MoayerianSamplers:

Sample Number 5MATRIX: SOIL

Sample Name SRC-02 SS3

Sample Matrix Soil

Sample Date 24/03/2022

RL Result  UnitsParameter

Corrosivity Index

6none 1Corrosivity Index

204mV noSoil Redox Potential

< 0.04% 0.04Sulphide (Na2CO3)

8.22pH Units 0.05pH

1850ohms.cm -9999Resistivity (calculated)

General Chemistry

542uS/cm 2Conductivity

Metals and Inorganics

17.3% 0.1Moisture Content

110µg/g 0.4Sulphate

Other (ORP)

250µg/g 0.4Chloride
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CA40043-APR22 R1FINAL 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 DIO0104-APR22 µg/g 0.4 35 75 12580 120<0.4 18 96 100

Sulphate DIO0104-APR22 µg/g 0.4 35 75 12580 120<0.4 8 99 100

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 (Na2CO3) ECS0034-APR22 % 0.04 < 0.04

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 EWL0116-APR22 uS/cm 2 20 90 110< 2 0 99 NA

20220412
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CA40043-APR22 R1FINAL 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 EWL0116-APR22 pH Units 0.05 NA 0 100 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.

20220412
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CA40043-APR22 R1FINAL 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

Data reported represent the sample as submitted to SGS. 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 and Excess Soil Quality" 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.

SGS Canada Inc. statement of conformity decision rule does not consider uncertainty when analytical results are compared to a specified standard or regulation. 

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. Reproduction of this analytical 

report in full or in part is prohibited.

This report supersedes all previous versions.

-- End of Analytical Report --

20220412
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APPENDIX G LABORATORY CERTIFICATES OF ANALYSIS – ASBESTOS 

  



Rockcliffe Riverine Flood Mitigation Project 

Table G1 – Summary of Asbestos Testing 

Component Street Borehole 
Asbestos 

Fibres 
Detected 

Rockcliffe Boulevard Bridge Rockcliffe Boulevard RCB-01 No 
Symes Road Private 

Crossing Symes Road SPC-01 No 

Symes Road Culvert Symes Road SRC-01 No 
Scarlett Road Bridge Scarlett Road SRB-01 No 



[This report shall not be reproduced except in full without the written authority of the Laboratory.]

08-JUN-21

Lab Work Order #: L2598395

Date Received:Thurber Engineering Ltd. (Oakville)

2010 Winston Park Drive
Suite 103
OAKVILLE  ON  L6H5R7

ATTN: JOSH ALEXANDER
FINAL   
16-JUN-21 15:03 (MT)Report Date:

Version:

Certificate of Analysis

ALS CANADA LTD     Part of the ALS Group     An ALS Limited Company

____________________________________________ 

Amanda Overholster
Account Manager

ADDRESS: 95 West Beaver Creek Road, Unit 1, Richmond Hill, ON L4B 1H2 Canada | Phone: +1 905 881 9887 | Fax: +1 905 881 8062

Client Phone: 905-829-8666

29789-ROCKCLIFF RIVERINE FLOOD MITIGATIONJob Reference: 
NOT SUBMITTEDProject P.O. #: 

20-95262C of C Numbers:
Legal Site Desc: 



ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L2598395 CONTD....

2PAGE 

Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of

29789-ROCKCLIFF RIVERINE FLOOD MITIGATION

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
3

L2598395-1

L2598395-2

L2598395-3

RCB-01

SPC-01

SRC-01

CLIENT on 17-MAY-21

CLIENT on 31-MAY-21

CLIENT on 03-JUN-21

Sampled By:

Sampled By:

Sampled By:

ASPHALT

ASPHALT

ASPHALT

Matrix:

Matrix:

Matrix:

Report Remarks : No asbestos fibres were observed.

Report Remarks : No asbestos fibres were observed.

Report Remarks : No asbestos fibres were observed.

Asbestos/Quartz/Other Fibres

Asbestos/Quartz/Other Fibres

Asbestos/Quartz/Other Fibres

Asbestos By Point Count

Other Non Fibrous: Filler and Tar

Asbestos By Point Count

Other Non Fibrous: Filler and Tar

Asbestos By Point Count

Other Non Fibrous: Filler and Tar

%

%

%

%

%

%

16-JUN-21

16-JUN-21

16-JUN-21

16-JUN-21

16-JUN-21

16-JUN-21

< .1

100

< .1

100

< .1

100

0.10

1.0

0.10

1.0

0.10

1.0

R5491651

R5491651

R5491651

R5491651

R5491651

R5491651



Reference Information

L2598395 CONTD....

3PAGE of

29789-ROCKCLIFF RIVERINE FLOOD MITIGATION

Bulk samples are examined under a stereoscopic microscope.  Individual fibers or fibre bundles are mounted in refractive index liquids and are 
observed under a polarized light microscope with a special dispersion staining objective.  The dispersion staining colours are compared to reference 
samples of known asbestiforms.

Polarized microscopy is not a definitive technique for negative results for  non-friable organically bound material (i.e.floor tiles).

ALS Test Code Test Description Method Reference**

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

WP ALS ENVIRONMENTAL - WINNIPEG, MANITOBA, CANADA

GLOSSARY OF REPORT TERMS
Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For    
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory 
objectives for surrogates are listed there.
mg/kg - milligrams per kilogram based on dry weight of sample
mg/kg wwt - milligrams per kilogram based on wet weight of sample
mg/kg lwt - milligrams per kilogram based on lipid weight of sample
mg/L  - unit of concentration based on volume, parts per million.
<  - Less than.
D.L. - The reporting limit.
N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Test Method References:            

Chain of Custody Numbers:

20-95262

Version:  FINAL   

ASBESTOS-PTCT-WP Quantitation of asbestos by point 
count

Bulk EPA/600/R-93/116

3



Quality Control Report
Page 1 of

Client:

Contact:

Thurber Engineering Ltd. (Oakville)
2010 Winston Park Drive Suite 103
OAKVILLE  ON  L6H5R7
JOSH ALEXANDER

Report Date: 16-JUN-21Workorder: L2598395

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

2



Quality Control Report

Page 2 of

Report Date: 16-JUN-21Workorder: L2598395

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

All test results reported with this submission were conducted within ALS recommended hold times.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government 
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.

Client:

Contact:

Thurber Engineering Ltd. (Oakville)
2010 Winston Park Drive Suite 103
OAKVILLE  ON  L6H5R7
JOSH ALEXANDER

2





[This report shall not be reproduced except in full without the written authority of the Laboratory.]

09-NOV-21

Lab Work Order #: L2660817

Date Received:Thurber Engineering Ltd. (Oakville)

2010 Winston Park Drive
Unit 103
Oakville  ON  L6H 5R7

ATTN: Joshua Alexander
FINAL   
23-NOV-21 18:20 (MT)Report Date:

Version:

Certificate of Analysis

ALS CANADA LTD     Part of the ALS Group     An ALS Limited Company

                                                      ____________________________________________ 

Amanda Overholster
Account Manager

ADDRESS: 95 West Beaver Creek Road, Unit 1, Richmond Hill, ON L4B 1H2 Canada | Phone: +1 905 881 9887 | Fax: +1 905 881 8062

Client Phone: 905-829-8666

29789- ROCKCLIFFE ROVERINE FLOOD 
MITIGATION PROJECT

Job Reference: 
29789Project P.O. #: 

C of C Numbers:
Legal Site Desc: 



ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L2660817 CONTD....

2PAGE 

Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of

29789- ROCKCLIFFE ROVERINE FLOOD MITIGATION 
PROJECT

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
3

L2660817-1 SRB-01
CLIENT on 22-OCT-21Sampled By:
ASPHALTMatrix:

Report Remarks : No asbestos fibres were observed.

Asbestos/Quartz/Other Fibres
Asbestos By Point Count

Other Non Fibrous: Filler and Tar

%

%

23-NOV-21

23-NOV-21

< .1

100

0.10

1.0

R5655933

R5655933



Reference Information

L2660817 CONTD....

3PAGE of

29789- ROCKCLIFFE ROVERINE FLOOD MITIGATION PROJECT

Bulk samples are examined under a stereoscopic microscope.  Individual fibers or fibre bundles are mounted in refractive index liquids and are 
observed under a polarized light microscope with a special dispersion staining objective.  The dispersion staining colours are compared to reference 
samples of known asbestiforms.

Polarized microscopy is not a definitive technique for negative results for  non-friable organically bound material (i.e.floor tiles).

ALS Test Code Test Description Method Reference**

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

WP ALS ENVIRONMENTAL - WINNIPEG, MANITOBA, CANADA

GLOSSARY OF REPORT TERMS
Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For    
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory 
objectives for surrogates are listed there.
mg/kg - milligrams per kilogram based on dry weight of sample
mg/kg wwt - milligrams per kilogram based on wet weight of sample
mg/kg lwt - milligrams per kilogram based on lipid weight of sample
mg/L  - unit of concentration based on volume, parts per million.
<  - Less than.
D.L. - The reporting limit.
N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Test Method References:            

Chain of Custody Numbers:

Version:  FINAL   

ASBESTOS-PTCT-WP Quantitation of asbestos by point 
count

Bulk EPA/600/R-93/116

3



Quality Control Report
Page 1 of

Client:

Contact:

Thurber Engineering Ltd. (Oakville)
2010 Winston Park Drive Unit 103
Oakville  ON  L6H 5R7
Joshua Alexander

Report Date: 23-NOV-21Workorder: L2660817

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

2



Quality Control Report

Page 2 of

Report Date: 23-NOV-21Workorder: L2660817

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

All test results reported with this submission were conducted within ALS recommended hold times.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government 
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.

Client:

Contact:

Thurber Engineering Ltd. (Oakville)
2010 Winston Park Drive Unit 103
Oakville  ON  L6H 5R7
Joshua Alexander

2





 

 

APPENDIX H LATERAL EARTH PRESSURE FIGURE 

  



g =   unit weight of soil
gw =   unit weight of water
Ka  =   earth pressure coefficient

LATERAL  PRESSURE DISTRIBUTION

Temporarily Braced Shoring in Sand
FIGURE  H1

gwhw

Surcharge q

d

x

0.5 x

H

Ka(gd+q)

hw

0.65Ka [g(H-hw)+(g-gw)hw]

H =   retaining wall height

hw =   see geotechnical report for groundwater conditions

excavation base



 

 

APPENDIX I SLOPE STABILITY ANALYSIS 

 



Clay (drained)

Silt

Concrete

Silt

Fill

Silt

Fill
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Embankment El. = 103 m

Color Name Slope Stability 
Material Model

Unit 
Weight 
(kN/m³)

Effective 
Cohesion 
(kPa)

Effective 
Friction 
Angle (°)

Phi-B
(°)

Piezometric 
Line

Clay 
(drained)

Mohr-Coulomb 19 0 28 0 1

Concrete High Strength 24 1

Fill Mohr-Coulomb 20 0 30 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt Mohr-Coulomb 20 0 30 0 1

WS El. = 94.3 m
Ground El. = 95.1 m

H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-06-06V4.gsz

Section A - Static Drained - Existing Retaining Wall

1:450

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-06, 02:58:14 PM

Project

Analysis

Seismic Coefficient
H: g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure I1

Name: Section A - Static Drained - Existing Retaining Wall
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (23.169199, 102.73188) m, Exit: (4.9895664, 95.176999) m 
Center: (11.922839, 104.14382) m, Radius: 11.334646 m

Additional Details



Clay (drained)

Silt

Concrete

Silt

Fill

Silt

Fill

Sand

Silt

1.09

Distance
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n
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100
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Color Name Slope Stability 
Material Model

Unit 
Weight 
(kN/m³)

Effective 
Cohesion 
(kPa)

Effective 
Friction 
Angle (°)

Phi-B
(°)

Piezometric 
Line

Clay 
(drained)

Mohr-Coulomb 19 0 28 0 1

Concrete High Strength 24 1

Fill Mohr-Coulomb 20 0 30 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt Mohr-Coulomb 20 0 30 0 1

Embankment El. = 103 m

WS El. = 94.3 mGround El. = 93.7 m

Slope 1H:1V

Embankment El. = 99.6 m

 30 m 

H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-06-09V1.gsz

Section A - Static Drained - Proposed Retaining Wall

1:450

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-09, 10:58:19 AM

Project

Analysis

Seismic Coefficient
H: g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure I2

Name: Section A - Static Drained - Proposed Retaining Wall
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (21.832999, 102.7) m, Exit: (5.3113865, 93.823737) m 
Center: (10.926128, 103.18705) m, Radius: 10.91774 m

Additional Details



Clay (drained)

Silt

Concrete

Silt

Fill

Silt

Fill

Sand

1.84

Distance
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Embankment El. = 103 m

Color Name Slope Stability 
Material Model

Unit 
Weight 
(kN/m³)

Effective 
Cohesion 
(kPa)

Effective 
Friction 
Angle (°)

Phi-B
(°)

Piezometric 
Line

Clay 
(drained)

Mohr-Coulomb 19 0 28 0 1

Concrete High Strength 24 1

Fill Mohr-Coulomb 20 0 30 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt Mohr-Coulomb 20 0 30 0 1

WS El. = 94.3 m

Ground El. = 95.1 m

Embankment El. = 99.6 m

Slope 2.4H:1V

H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-06-09V1.gsz

Section A - Static Drained - Existing Slope

1:450

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-09, 10:40:27 AM

Project

Analysis

Seismic Coefficient
H: g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure I3

Name: Section A - Static Drained - Existing Slope
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (-5.4999999, 97.747722) m, Exit: (3.9774139, 95.248627) m 
Center: (0.65767799, 101.87939) m, Radius: 7.4153694 m

Additional Details



Clay (drained)

Silt

Concrete

Silt

Fill

Silt

Fill

Sand
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Color Name Slope Stability 
Material Model

Unit 
Weight 
(kN/m³)

Effective 
Cohesion 
(kPa)

Effective 
Friction 
Angle (°)

Phi-B
(°)

Piezometric 
Line

Clay 
(drained)

Mohr-Coulomb 19 0 28 0 1

Concrete High Strength 24 1

Fill Mohr-Coulomb 20 0 30 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt Mohr-Coulomb 20 0 30 0 1

Embankment El. = 103 m

WS El. = 94.3 mGround El. = 93.7 m

Slope 1H:1V

Embankment El. = 99.6 m

 30 m 

H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-06-09V1.gsz

Section A - Static Drained - Proposed Slope (1H:1V)

1:450

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-09, 11:02:38 AM

Project

Analysis

Seismic Coefficient
H: g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure I4

Name: Section A - Static Drained - Proposed Slope (1H:1V) 
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (-27, 98.536848) m, Exit: (-20, 93.86) m
Center: (-13.215355, 111.59181) m, Radius: 18.985479 m

Additional Details



Clay (drained)

Silt

Concrete

Silt

Fill

Silt

Fill

Sand

Silt
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Color Name Slope Stability 
Material Model

Unit 
Weight 
(kN/m³)

Effective 
Cohesion 
(kPa)

Effective 
Friction 
Angle (°)

Phi-B 
(°)

Piezometric 
Line

Clay 
(drained)

Mohr-Coulomb 19 0 28 0 1

Concrete High Strength 24 1

Fill Mohr-Coulomb 20 0 30 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt Mohr-Coulomb 20 0 30 0 1

Embankment El. = 103 m

WS El. = 94.3 mGround El. = 93.7 m

Slope 2H:1V

Embankment El. = 99.6 m

 30 m 

H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-06-09V1.gsz

Section A - Static Drained - Proposed Slope (2H:1V)

1:500

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-09, 11:22:50 AM

Project

Analysis

Seismic Coefficient
H: g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure I5

Name: Section A - Static Drained - Proposed Slope (2H:1V) 
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (-34, 99.568029) m, Exit: (-20, 93.86) m
Center: (-17.99075, 118.81087) m, Radius: 25.031641 m

Additional Details
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Color Name Slope Stability 
Material Model

Unit 
Weight 
(kN/m³)

Effective 
Cohesion 
(kPa)

Effective 
Friction 
Angle (°)

Phi-B 
(°)

Piezometric 
Line

Clay 
(drained)

Mohr-Coulomb 19 0 28 0 1

Concrete High Strength 24 1

Fill Mohr-Coulomb 20 0 30 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt Mohr-Coulomb 20 0 30 0 1

Embankment El. = 103 m

WS El. = 94.3 mGround El. = 93.7 m

Slope 2.5H:1V

Embankment El. = 99.6 m

 30 m 

H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-06-09V1.gsz

Section A - Static Drained - Proposed Slope (2.5H:1V)

1:500

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-09, 11:24:50 AM

Project

Analysis

Seismic Coefficient
H: g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure I6

Name: Section A - Static Drained - Proposed Slope 2.5H:1V) 
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (-36, 99.52476) m, Exit: (-17.599982, 93.8344) m Center: 
(-19.938758, 118.86566) m, Radius: 25.140288 m

Additional Details



Clay (undrained)

Silt

Concrete

Silt

Fill

Silt

Fill

Sand

Silt
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Distance
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Color Name Slope Stability 
Material Model

Unit 
Weight 
(kN/m³)

Effective 
Cohesion 
(kPa)

Effective 
Friction 
Angle (°)

Phi-B 
(°)

C-Top
of 
Layer 
(kPa)

C-Rate of 
Change 
((kN/m²)/m)

C-Maximum 
(kPa)

Piezometric 
Line

Clay 
(undrained)

S=f(depth) 19 80 5 120 1

Concrete High Strength 24 1

Fill Mohr-Coulomb 20 0 30 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt Mohr-Coulomb 20 0 30 0 1

Embankment El. = 103 m

WS El. = 94.3 mGround El. = 93.7 m

Slope 2.5H:1V

Embankment El. = 99.6 m

 30 m 

H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-06-09V1.gsz

Section A - Seismic - Proposed Slope (2.5H:1V)

1:500

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-09, 11:29:54 AM

Project

Analysis

Seismic Coefficient
H: 0.085g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure I7

Name: Section A - Seismic - Proposed Slope (2.5H:1V) 
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (-36, 99.52476) m, Exit: (-16.399973, 93.8216) m
Center: (-19.452621, 119.86182) m, Radius: 26.218541 m

Additional Details
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Ground El. = 98.3 m

Embankment El. = 107.1 m

Color Name Slope Stability 
Material Model

Unit 
Weight 
(kN/m³)

Effective 
Cohesion 
(kPa)

Effective 
Friction 
Angle (°)

Phi-B
(°)

Piezometric 
Line

Clay 
(drained)

Mohr-Coulomb 19 0 28 0 1

Fill Mohr-Coulomb 20 0 30 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt (2) Mohr-Coulomb 20 0 30 0 1

WS El. = 100.2 m

Slope 1.8H:1V

H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-06-06V4.gsz

Section B - Static Drained - Existing Slope (1.8H:1V)

1:550

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-06, 02:32:48 PM

Project

Analysis

Seismic Coefficient
H: g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure I8

Name: Section B - Static Drained - Existing Slope (1.8H:1V)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (43, 107.22217) m, Exit: (24, 98.6) m
Center: (16.157093, 141.12827) m, Radius: 43.245406 m

Additional Details
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Color Name Slope Stability 
Material Model

Unit 
Weight 
(kN/m³)

Effective 
Cohesion 
(kPa)

Effective 
Friction 
Angle (°)

Phi-B
(°)

Piezometric 
Line

Clay 
(drained)

Mohr-Coulomb 19 0 28 0 1

Fill Mohr-Coulomb 20 0 30 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt Mohr-Coulomb 20 0 30 0 1

Slope 2H:1V

Embankment El. = 107.1 m

WS El. = 100.2 m

Ground El. = 96.5 m

H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-06-06V4.gsz

Section B - Static Drained - Proposed Slope (2H:1V)

1:550

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-06, 02:40:36 PM

Project

Analysis

Seismic Coefficient
H: g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure I9

Name: Section B - Static Drained - Proposed Slope (2H:1V)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (43, 107.22217) m, Exit: (14.665382, 96.788174) m 
Center: (20.91657, 123.50223) m, Radius: 27.435707 m

Additional Details



Clay (drained)

Silt

Fill
Sand Sand

Fill

1.35

Distance
-50 -40 -30 -20 -10 0 10 20 30 40 50

El
ev

at
io

n

80
82
84
86
88
90
92
94
96
98

100
102
104
106
108
110
112
114
116

Color Name Slope Stability 
Material Model

Unit 
Weight 
(kN/m³)

Effective 
Cohesion 
(kPa)

Effective 
Friction 
Angle (°)

Phi-B
(°)

Piezometric 
Line

Clay 
(drained)

Mohr-Coulomb 19 0 28 0 1

Fill Mohr-Coulomb 20 0 30 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt Mohr-Coulomb 20 0 30 0 1

Slope 2H:1V

Embank

Ground El. = 96.5 m

H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-08-30 v2.gsz

A2. Section 7 BC-04 (Proposed w bench) (Drained)

1:450

29789 - Rockcliffe Riverine Flood Mitigation

08/31/2022, 08:04:54 AM

Project

Analysis

Seismic Coefficient
H: g, V: g

ScaleLast Run

Tool Version: 11.3

Figure I10

Name: A2. Section 7 BC-04 (Proposed w bench)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (43, 107.22217) m, Exit: (14.665382, 96.788174) m
Center: (21.339548, 122.35359) m, Radius: 26.422242 m

Additional Details
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Color Name Slope Stability 
Material Model

Unit 
Weight 
(kN/m³)

Effective 
Cohesion 
(kPa)

Effective 
Friction 
Angle (°)

Phi-B
(°)

C-Top 
of 
Layer 
(kPa)

C-Rate of 
Change 
((kN/m²)/m)

C-Maximum 
(kPa)

Piezometric 
Line

Clay 
(undrained)

S=f(depth) 19 80 5 120 1

Fill Mohr-Coulomb 20 0 30 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt Mohr-Coulomb 20 0 30 0 1

Slope 2H:1V

Embank

Ground El. = 96.5 m

H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-08-30 v2.gsz

A2. Section 7 BC-04 (Proposed w bench) (Seismic)

1:450

29789 - Rockcliffe Riverine Flood Mitigation

08/31/2022, 08:05:40 AM

Project

Analysis

Seismic Coefficient
H: 0.085g, V: g

ScaleLast Run

Tool Version: 11.3

Figure I11

Name: A2. Section 7 BC-04 (Proposed w bench)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (45.000003, 107.14545) m, Exit: (13.331728, 96.76286) m
Center: (21.642926, 124.90011) m, Radius: 29.339067 m

Additional Details
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Fill
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Fill
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Color Name Slope Stability 
Material Model

Unit 
Weight 
(kN/m³)

Effective 
Cohesion 
(kPa)

Effective 
Friction 
Angle (°)

Phi-B
(°)

Piezometric 
Line

Clay 
(drained)

Mohr-Coulomb 19 0 28 0 1

Fill Mohr-Coulomb 20 0 30 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt Mohr-Coulomb 20 0 30 0 1

Embankment El. = 107.1 m

Slope 2.5H:1V

WS El. = 100.2 m

Ground El. = 96.5 m

H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-06-06V4.gsz

Section B - Static Drained - Proposed Slope (2.5H:1V)

1:550

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-06, 02:52:04 PM

Project

Analysis

Seismic Coefficient
H: g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure I12

Name: Section B - Static Drained - Proposed Slope (2.5H:1V) 
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (48, 107.11) m, Exit: (14.665382, 96.788174) m Center: 
(24.010334, 125.59684) m, Radius: 30.28642 m

Additional Details
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Color Name Slope Stability 
Material Model

Unit 
Weight 
(kN/m³)

Effective 
Cohesion 
(kPa)

Effective 
Friction 
Angle (°)

Phi-B
(°)

C-Top 
of 
Layer 
(kPa)

C-Rate of 
Change 
((kN/m²)/m)

C-Maximum 
(kPa)

Piezometric 
Line

Clay 
(undrained)

S=f(depth) 19 80 5 120 1

Fill Mohr-Coulomb 20 0 30 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt Mohr-Coulomb 20 0 30 0 1

Embankment El. = 107.1 m

Ground El. = 96.5 m

Slope 2.5H:1V

WS El. = 100.2 m

H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-06-06V4.gsz

Section B - Seismic - Proposed Slope (2.5H:1V)

1:550

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-06, 02:54:06 PM

Project

Analysis

Seismic Coefficient
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Figure I13

Name: Section A - Seismic - Proposed Slope (2.5H:1V) 
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (48, 107.11) m, Exit: (13.331728, 96.76286) m 
Center: (22.988823, 127.65849) m, Radius: 32.369729 m

Additional Details
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Mohr-Coulomb 19 0 28 0 1

Fill Mohr-Coulomb 20 0 30 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt Mohr-Coulomb 20 0 30 0 1
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Slope 2H:1V
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Figure I14

Name: Section C - Static Drained - Existing Slope
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (-12, 100.83778) m, Exit: (-5.9999995, 98.851643) m 
Center: (-8.3201903, 101.89838) m, Radius: 3.8296044 m

Additional Details
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Piezometric 
Line
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Mohr-Coulomb 19 0 28 0 1

Fill Mohr-Coulomb 20 0 30 0 1

Sand Mohr-Coulomb 20 0 30 0 1
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Embankment El. = 104.9 m

Ground El. = 97.1 mWS El. = 97.5 m

Slope 2H:1V
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Figure I15

Name: Section C - Static Drained - Proposed Slope (2H:1V) 
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (-30, 101.98764) m, Exit: (-20, 97.54) m
Center: (-21.521816, 107.58411) m, Radius: 10.158739 m

Additional Details
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S=f(depth) 19 80 5 120 1
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Embankment El. = 104.9 m

Ground El. = 97.1 mWS El. = 97.5 m
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Figure I16

Name: Section C - Seismic - Proposed Slope (2H:1V) 
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (-31.009961, 102.05345) m, Exit: (-20, 97.54) m 
Center: (-20.657626, 111.62121) m, Radius: 14.096555 m

Additional Details
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Mohr-Coulomb 19 0 28 0 1

Fill Mohr-Coulomb 20 0 30 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt Mohr-Coulomb 20 0 30 0 1

Embankment El. = 105.1 m

Ground El. = 98.8 m WS El. = 99.2 m

Slope 1.8H:1V
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Figure I17

Name: Section D - Static Drained - Existing Slope
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (12.5, 102.71261) m, Exit: (3.5089087, 99.264446) m 
Center: (5.3433413, 107.92738) m, Radius: 8.855034 m

Additional Details
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Figure I18

Name: Section D - Static Drained - Proposed Slope (2H:1V) 
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (31, 103.36564) m, Exit: (18, 98.652) m Center: 
(20.2631, 112.69399) m, Radius: 14.223184 m

Additional Details
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Mohr-Coulomb 19 0 28 0 1

Fill Mohr-Coulomb 20 0 30 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt Mohr-Coulomb 20 0 30 0 1

Embankment El. = 105.1 m
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Slope 2.5H:1V
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Figure I19

Name: Section D - Static Drained - Proposed Slope (2.5H:1V) 
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (33.5, 103.42223) m, Exit: (17, 98.633) m Center: 
(20.386016, 117.78517) m, Radius: 19.449186 m

Additional Details
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Embankment El. = 105.1 m
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Figure I20

Name: Section D - Seismic - Proposed Slope (2.5H:1V) 
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (33.5, 103.42223) m, Exit: (16, 98.614) m Center: 
(20.27398, 117.30902) m, Radius: 19.177346 m

Additional Details
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Fill Mohr-Coulomb 20 0 30 0 1

Organic 
Sand

Mohr-Coulomb 19 0 29 0 1

Silt Mohr-Coulomb 20 0 30 0 1
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Figure I21

Name: Section E - Static Drained - Existing East Slope
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (35.25, 102.65618) m, Exit: (30.914348, 101.08) m 
Center: (32.564161, 103.29301) m, Radius: 2.7603054 m

Additional Details



Clay (drained)

Silt

Organic Sand

Fill
Fill

1.71

Distance
0 10 20 30 40 50 60

El
ev

at
io

n

88
90
92
94
96
98

100
102
104
106
108
110
112
114

Color Name Slope Stability 
Material Model

Unit 
Weight 
(kN/m³)

Effective 
Cohesion 
(kPa)

Effective
Friction 
Angle (°)

Phi-B
(°)

Piezometric 
Line

Clay 
(drained)
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Figure I22

Name: Section E - Static Drained - Existing West Slope
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (15, 104.85526) m, Exit: (22.200155, 102.29213) m 
Center: (20.415054, 108.67218) m, Radius: 6.6250795 m

Additional Details
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Figure I23

Name: Section E - Static Drained - Proposed East Slope (2H:1V)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (38.863008, 102.75) m, Exit: (32.884449, 100.52127) m 
Center: (34.843922, 104.39809) m, Radius: 4.3438729 m

Additional Details
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Figure I24

Name: Section E - Static Drained - Proposed East Slope (2.5H:1V) 
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (42, 103.522) m, Exit: (32.096179, 100.51323) m Center: 
(35.151332, 108.26107) m, Radius: 8.3284461 m

Additional Details
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Figure I25

Name: Section E - Seismic - Proposed East Slope (2.5H:1V) 
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (42, 103.522) m, Exit: (32.096179, 100.51323) m 
Center: (35.044231, 108.61361) m, Radius: 8.6201607 m

Additional Details
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Figure I26

Name: Section E - Static Drained - Proposed West Slope (2H:1V)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (15, 104.85526) m, Exit: (28.135173, 100.50681) m Center: 
(24.400713, 111.23893) m, Radius: 11.363303 m

Additional Details
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Figure I27

Name: Section E - Static Drained - Proposed West Slope (2.5H:1V) 
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (15, 104.85526) m, Exit: (27.658634, 100.51185) m Center: 
(24.052571, 110.62032) m, Radius: 10.732423 m
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Figure I28

Name: Section E - Seismic - Proposed West Slope (2.5H:1V) 
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (15, 104.85526) m, Exit: (28.201404, 100.50611) m 
Center: (24.428833, 111.26519) m, Radius: 11.401319 m

Additional Details
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Figure I29

Name: Section F - Static Drained - Existing South Slope
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (42.239382, 106.50347) m, Exit: (36, 104.255) m 
Center: (37.882232, 108.81312) m, Radius: 4.9314574 m

Additional Details
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Figure I30

Name: Section F - Static Drained - Existing North Slope
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (26.000012, 105.33062) m, Exit: (29.638931, 103.40789) m 
Center: (28.45789, 105.57751) m, Radius: 2.4702456 m

Additional Details
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Figure I31

Name: Section F - Static Drained - Proposed South Slope (2H:1V)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (41.734091, 106.53) m, Exit: (30.990239, 102.32) m Center: 
(33.951891, 110.57598) m, Radius: 8.7711226 m

Additional Details
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Figure I32

Name: Section F - Static Drained - Proposed South Slope (2.5H:1V) 
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (43.488617, 106.46) m, Exit: (30.771286, 102.32) m Center: 
(34.838835, 111.42789) m, Radius: 9.9749038 m

Additional Details
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Figure I33

Name: Section F - Static Undrained - Proposed South Slope (2.5H:1V)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (47.077891, 106.5186) m, Exit: (32.643361, 102.51734) m 
Center: (38.08011, 110.94119) m, Radius: 10.025935 m

Additional Details
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Figure I34

Name: Section F - Seismic - Proposed South Slope (2.5H:1V)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (48.513391, 106.55967) m, Exit: (32.643361, 102.51734) m 
Center: (38.54134, 112.53584) m, Radius: 11.625678 m

Additional Details
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Figure I35

Name: Section F - Static Drained - Proposed North Slope (2H:1V)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (21, 106.40814) m, Exit: (30.705327, 102.32) m Center: 
(28.278609, 110.12331) m, Radius: 8.1719405 m

Additional Details
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Figure I36

Name: Section F - Static Drained - Proposed North Slope (2.5H:1V)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (18.080275, 106.95421) m, Exit: (31.531046, 102.32) m Center: 
(27.184787, 111.54251) m, Radius: 10.195322 m

Additional Details
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Figure I37

Name: Section F - Static Undrained - Proposed North Slope (2.5H:1V)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (14.277095, 107.16535) m, Exit: (29.251219, 102.62351) m 
Center: (23.663673, 111.157) m, Radius: 10.200054 m

Additional Details
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Figure I38

Name: Section F - Seismic - Proposed North Slope (2.5H:1V) 
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (11.418745, 107.21402) m, Exit: (29.811044, 102.5) m 
Center: (23.266063, 115.20085) m, Radius: 14.288051 m

Additional Details
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1. INTRODUCTION 

This report presents the results of a geotechnical investigation carried out by Thurber Engineering 
Ltd. for a new bridge to replace the existing culvert conveying Black Creek under Jane Street in 
Toronto. The investigation is part of the Municipal Class Environmental Assessment (MCEA) for 
proposed flood mitigation works in the Rockcliffe-Smythe neighborhood. The geotechnical 
investigation was carried out in general accordance with Thurber’s proposal letter dated August 
20, 2020 and subsequent work plans dated December 5, 2020 and May 6, 2021. 

The Toronto and Region Conservation Authority (TRCA) and City of Toronto are undertaking an 
MCEA as co-proponents to define a riverine flood mitigation strategy for the Rockcliffe Special 
Policy Area. Several potential flood protection measures have been identified, including replacing 
the Jane Street culvert with a new bridge. The MCEA will review and expand upon the previous 
flood mitigation studies in the area, to identify the preferred flood solutions in the Rockcliffe area. 
The assignment will include preliminary (30%) design and construction cost estimates for the 
preferred concept. 

The geotechnical aspects for other mitigation measures, including replacement of culverts 
conveying Lavender Creek under Symes Road and a private driveway as well as the bridge 
structures conveying Black Creek under Rockcliffe Boulevard and Scarlett Road will be addressed 
in separate reports. 

The purpose of the geotechnical investigation was to explore the subsurface conditions at the site 
and, based on the data obtained, to provide borehole location and soil strata drawings, record of 
borehole sheets, laboratory test results and a written description of the subsurface conditions and 
geotechnical comments and recommendations for design and construction of the new bridge. 

The scope of work for this assignment did not include a hydrogeological site assessment to 
assess the need for dewatering or an excess soil sampling and chemical testing program to 
provide options for reuse of excess soil.  

It is a condition of this report that Thurber’s performance of its professional services is subject to 
the attached Statement of Limitations and Condition 

2. BACKGROUND INFORMATION 

2.1 Project Description 

It is understood the Rockcliffe-Smythe neighbourhood is a highly flood-vulnerable area which 
experiences riverine and urban flooding during extreme storm events. Encroachment of urban 
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development into the floodplain and alterations of the Black Creek channel as well as inadequate 
surface drainage and overloaded sewers have contributed to flooding in many of the properties 
within the area. 

TRCA previously completed a feasibility study to assess a broad range of flood mitigation 
alternatives, as provided in the following report: 

• “Black Creek at Rockcliffe Special Policy Area, Flood Remediation & Transportation 
Study, Feasibility Study, City of Toronto”, prepared for Toronto and Region Conservation 
Authority by Wood, Wood Project No.: TPB197079, dated July 23, 2020. 

The feasibility study recommended preferred solutions that included a flood protection wall/berm, 
lowering and widening of creek channels, new bridges, bridge reconstruction and replacement of 
culverts along the riverine system. 

2.2 Site Description and History 

The study area for this project is located along Black Creek and Lavender Creek within the 
Rockcliffe-Smythe neighbourhood in the City of Toronto. The site is generally bound by Scarlett 
Road to the west and Weston Road to the east and from St. Clair Avenue West to the south to 
Eglinton Avenue West to the north. In general, the immediate land use surrounding the creek 
between Scarlett Road and Rockcliffe Boulevard is parkland, with residential housing located 
beyond the parks. Commercial and/or industrial buildings are the predominant land use between 
Rockcliffe Boulevard and Weston Road.   

Black Creek and Lavender Creek are within the Humber River watershed. Black Creek was 
channelized as early as 1942 along Humber Boulevard. Following substantial flooding caused by 
Hurricane Hazel in 1954, further channelization of the creek between Weston Road and its 
confluence with the Humber River was completed in 1959 and a flow attenuation dam was 
completed in the 1960s. 

Current plans call for replacement of the culvert structure conveying Black Creek under Jane 
Street. The existing culvert structure carrying Jane Street over Black Creek is an approximately 
57 m long cast-in place concrete arch with a 10.7 m span. It is understood the central segment of 
the culvert was constructed in 1948 and was approximately 37 m in length. Extensions to lengthen 
the culvert and wingwalls were constructed on each end of the structure in 1964. Existing 
information indicates the foundations for the extended portion of the culvert and the wingwalls 
were supported using steel piles embedded into the ground to varying depths. There is 
approximately 6.0 m of embankment fill on top of the culvert. 
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It is noted that Black Creek watercourse flows from east to west through the culvert and is 
currently a concrete channelized watercourse both upstream and downstream of the structure. 
Based on the provided profiles, the base of the concrete channel is near Elev. 97 at the centreline 
of the roadway. The normal water level is near Elev. 97.5 and the regional storm water level is 
near Elev. 102.3. 

2.3 Geology 

Based on the information in The Physiography of Southern Ontario1 by Chapman and Putnam 
(1984), the site is located within the Iroquois Plain physiographic region. The Iroquois Plain was 
formed in the late Pleistocene times by a body of water known as Lake Iroquois, which emptied 
eastward at Rome, New York (Chapman and Putnam, 1984). Lake Iroquois was characterized by 
higher water levels than the present-day Lake Ontario, caused by an ice sheet blocking the 
present-day St. Lawrence River valley. The physiographic landforms are mapped as sand plains, 
with an ovular area identified as a beaches landform stretching from about Royal York Road to 
the west to Caledonia Road to the east and south of Black Creek to St. Clair Avenue West. 

Based on Surficial Geology of Southern Ontario2 the surficial deposits in the valley are modern 
alluvial deposits consisting of clay, silt, sand and gravel, which may contain organic remains. The 
crest of the valley slopes are coarse textured lacustrine deposits of sand with gravel, with minor 
silt and clay. The coarse sand deposits are described as foreshore and basinal deposits on the 
north side and littoral deposits on the south side. 

According to Paleozoic Geology of Southern Ontario3, the bedrock geology consists of grey shale 
interbedded with calcareous layers (siltstone and limestone) of the Georgian Bay Formation.   

2.4 Existing Geotechnical Data 

A geotechnical investigation was previously carried out by Wood Environment & Infrastructure 
Solutions, a division of Wood Limited (Wood) as part of the feasibility study. The following report 
was provided for review: 

• “Preliminary Geotechnical Investigation Report, Flood Remediation & Transportation 
Study, Black Creek at Rockcliffe Special Policy Area”, prepared for Toronto and Region 
Conservation Authority by Wood, Wood Project No.: TPB197079.3.5, dated April 14, 2020. 

 
1 Chapman, L.J. and Putnam, D.F. 1984. The Physiography of Southern Ontario, Ontario Geological Survey Special 
Volume 2, Third Edition. Accompanied by Map P.2715, Scale 1:600,000. 
2 Ontario Geological Survey, 2010: Surficial geology of Southern Ontario; Ontario Geological Survey, Miscellaneous 
Release--Data 128-REV 
3 Armstrong, D.K. and Dodge, J.E.P., 2007: Paleozoic geology of southern Ontario; Ontario Geological Survey, 
Miscellaneous Release--Data 219. 
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The field investigation completed by Wood consisted of a total of twenty-one (21) boreholes 
(Boreholes 1 to 3, 3A and 4 to 20) advanced to depths of 5.2 to 43.3 m. Monitoring wells were 
installed in two boreholes (BH3 and BH20). Based on the current design, the following selected 
boreholes completed by Wood were considered relevant to the current investigation: 

Table 2.1 – Borehole Details from Previous Investigation 

Component Wood 
BH No. 

Northing 
(m) 

Easting  
(m) 

Ground 
Surface 

Elev.  
(m) 

Term. 
Depth  

(m) 
Term. Elev. 

(m) 

Jane Street 
Bridge 

4 4836853 621339 115.3 31.1 84.2 
5 4836962 621255 106.8 30.5 76.3 

 
The boreholes were advanced near the proposed south and north abutments of the proposed 
bridge, within the existing embankment fill. For reference, copies of the relevant borehole logs are 
provided in Appendix A and shown on the Borehole Location Plan in Appendix B. Reference is 
made to the reports for additional details including investigation procedures, laboratory testing 
results and detailed subsurface conditions. 

The subsurface stratigraphy encountered in the boreholes generally consisted of surficial topsoil 
(150 to 175 mm) over variable embankment fill extending to depths of 17.8 m (Elev. 97.5) in 
Borehole 4 near the proposed south abutment and to a depth of 8.7 m (Elev. 98.1) in Borehole 5 
near the proposed north abutment. The fill typically comprised very loose to compact silty sand to 
sandy silt with occasional organics and inclusions of various refuse (glass, brick, ceramic, slag, 
metal, nails and wood fragments). 

The fill was underlain by a 7.7 to 9.1 m thick layer of silt contacted to depths of 25.5 and 17.8 m 
(Elev. 89.8 and 89.0) in Boreholes 4 and 5, respectively. In Borehole 4, the silt contained some 
sand and was typically compact to dense; in Borehole 5, the silt was described as sandy in the 
upper 3.0 m, and the relative density from SPT N-values was determined to be loose to compact. 
The silt was described as wet. 

The silt was underlain by grey silt and clay at depths of 25.5 and 17.8 m (Elev. 89.8 and 89.0). 
The silt and clay deposit was contacted to the termination depth of 31.1 m (Elev. 84.2) in 
Borehole 4 and was penetrated at a depth of 30.0 m (Elev. 76.8) in Borehole 5. The silt and clay 
was typically firm to very stiff, becoming hard at depth. The moisture content of the silt and clay 
was judged to be generally wetter than plastic limit (WTPL) to drier than plastic limit (DTPL). 
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The overburden was reportedly underlain by grey weathered shale bedrock at a depth of 30.0 m 
(Elev. 76.8) in Borehole 5. This borehole was terminated in the inferred shale at a depth 30.5 m 
(Elev. 76.3). 

3. INVESTIGATION PROCEDURES 

3.1 Borehole Drilling 

The field program for the current investigation was carried out between the period of May 10 to 
May 17 and June 1 to 2, 2021 and comprised a total of four boreholes at the Jane Street bridge 
structure as summarized in Table 3.1 below. 

Table 3.1 – Borehole Details from Current Investigation 

Component Thurber 
BH No. 

Northing 
(m) 

Easting 
(m) 

Ground 
Surface 

Elev.  
(m) 

Term. 
Depth  

(m) 

Term. 
Elev. 
(m) 

MW 

Jane Street 
Bridge 

JS-01 4836947.7 621283.9 110.47 45.77 64.69 ☒ 
JS-02 4836927.6 621287.5 111.49 41.50 69.98 ☐ 
JS-03 4836900.1 621296.3 113.04 40.08 72.96 ☐ 
JS-04 4836872.6 621305.4 114.60 41.66 72.94 ☒ 

 
Borehole details are provided in the Record of Borehole sheets included in Appendix A. The 
approximate locations of the boreholes are shown on Drawings JS-01 (10% Design) and JS-02 
(30% Design) provided in Appendix B. 

The borehole locations were established in the field by Thurber using a portable GPS receiver 
and verified relative to existing site features. The ground surface elevations at the borehole 
locations were determined using a Trimble R10 GNSS receiver. 

All borehole locations were cleared of utilities prior to commencement of drilling. The boreholes 
were repositioned as necessary in consideration of surface features, underground and overhead 
utilities, and roadway traffic operations.  

Asphalt cores were recovered from the existing pavement structure at selected borehole 
locations. 

The boreholes were advanced using hollow stem augers and mud rotary/tricone advancement 
methodologies powered by truck and track mounted CME 75 drill rigs supplied and operated by 
3D Drilling. Soil samples were obtained at selected intervals using a 50 mm outside diameter 



 

Client: Morrison Hershfield  October 31, 2022 
File No.: 29789 Page: 6 of 36 

split-spoon sampler driven in conjunction with the Standard Penetration Test (SPT). Bedrock core 
samples were recovered using HQ size diamond drill core barrels. 

The field investigation was carried out under the full-time supervision of Thurber technical staff. 
All boreholes were logged in the field. Soil samples were identified, placed in labelled containers 
and transported back to Thurber’s laboratory in Oakville for further examination and testing. The 
recovered rock core samples were logged in the field and the total core recovery (TCR), solid 
core recovery (SCR) and rock quality designation (RQD) were recorded for each core. The cores 
were then photographed, packaged in core boxes with parafilm wrap, and transported back to our 
laboratory for further examination and testing. 

3.2 Groundwater Monitoring 

Groundwater conditions were observed in the open boreholes throughout the drilling operations. 
Monitoring wells were installed in selected boreholes to permit monitoring of the groundwater 
levels at the site. The monitoring wells consisted of 50 mm diameter PVC pipe with a slotted 
screen sealed at a selected depth within the borehole. The installation details are summarized in 
Table 3.2 below.  

Table 3.2 – Monitoring Well Details 

Component BH No. 
Ground 

Elevation 
(m) 

Monitoring Well Tip Slotted 
Screen 
Length 

(m) 

Mid-
Screen 
Depth  

(m) 

Mid-
Screen 
Elev.  
(m) 

Depth 
(m) 

Elevation 
(m) 

Jane Street 
Bridge 

JS-01 110.5 32.6 77.9 3.0 31.1 79.4 
JS-04 114.6 21.8 92.8 3.0 20.3 94.3 

 
The boreholes in which no monitoring wells were installed were backfilled in general accordance 
with Ontario Regulation 903. 

3.3 Cone Penetration Test 

A Seismic Cone Penetration Test with pore water pressure measurement (SCPTu), denoted as 
SCPT20-01, was completed on January 5, 2021. The SCPTu was advanced from Jane Street, 
north of the existing culvert structure, as shown on the Borehole Location Plan in Appendix B. 

ConeTec Investigations Ltd. of Richmond Hill, Ontario, supplied and operated the seismic 
piezocone penetrometer and data acquisition system for the SCPTu test. The penetrometer was 
advanced to refusal using a truck-mounted rig supplied and operated by ConeTec. The results of 
the SCPT investigations are provided in Appendix C. 
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4. LABORATORY TESTING 

4.1 Geotechnical 

Geotechnical laboratory testing was carried out at Thurber’s laboratory. All recovered soil samples 
were subjected to visual identification and to natural moisture content determination. Selected 
samples were also subjected to grain size distribution analysis (hydrometer and/or sieve) and 
Atterberg Limits testing, where appropriate.  

Point Load Testing and unconfined compressive strength tests were carried out on selected rock 
cores for estimating the unconfined compressive strength of the intact rock.  

Results of the geotechnical soil and rock laboratory testing are presented on the Record of 
Borehole sheets in Appendix A and in detail in Appendices D and E, respectively. 

4.2 Corrosivity and Sulphates 

Selected soil samples were also submitted for analytical testing to assess the corrosion potential 
of soil to ductile iron and the potential for sulphate attack on subsurface concrete structures. The 
analyses were carried out by SGS Canada Inc. (SGS), an independent Canadian Association for 
Laboratory Accreditation (CALA) accredited laboratory. The results of the analytical testing are 
summarized in Section 6 and laboratory Certificates of Analysis are included in Appendix G. 

4.3 Asbestos 

Selected samples of asphalt were submitted to test for the presence of asbestos. The analyses 
were carried out by ALS Environmental (ALS), an independent Canadian Association for 
Laboratory Accreditation (CALA) accredited laboratory. The results of the analytical testing are 
summarized in Section 6 and laboratory Certificates of Analysis are included in Appendix H. 

5. DESCRIPTION OF SUBSURFACE CONDITIONS 

Details of the encountered soil stratigraphy are presented on the Record of Borehole sheets 
included in Appendix A. A general description of the stratigraphy, based on the conditions 
encountered in the boreholes, is given in the following paragraphs. However, the factual data 
presented on the Record of Borehole sheets takes precedence over this general description and 
must be used for interpretation of the site conditions. It should be recognized and expected that 
soil conditions will vary between and beyond borehole locations. 
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The subsurface stratigraphy encountered in the boreholes generally consisted of a pavement 
structure overlying existing embankment fill underlain by an alluvial sand layer and native silt. Silty 
clay was encountered below the silt stratum and was in turn underlain by glacial till composed of 
silty sand to clayey silt, overlying sandy silt till/shale complex grading to shale bedrock with depth. 

In general, the soil stratigraphy encountered in the boreholes was consistent with the Soil 
Behaviour Types interpreted from the SCPTu conducted near the north abutment, which 
consisted of cohesionless sand and silt mixtures to a depth of approximately 20 m, underlain by 
cohesive clayey materials to the refusal depth of 30.4 m (Elev. 78.8). The water table level inferred 
in the SCPTu was at 12.0 m depth (Elev. 97.2). 

5.1 Pavement Structure 

A composite pavement structure consisting of 80 to 100 mm of asphalt over 215 to 250 mm of 
concrete was contacted at the ground surface. The concrete was underlain by 425 to 745 mm of 
granular base. 

5.2 Silt and Sand to Sand Fill (Embankment Fill) 

Embankment fill was encountered below the pavement structure at depths of 0.8 to 1.1 m (Elev. 
109.6 to 113.5 m). The embankment fill layer was penetrated at depths of 11.7 to 13.3 m (Elev. 
97.8 to 101.3). The embankment fill typically comprised compact to dense, locally loose, sand to 
silt and sand with pockets of sand, gravel and clay and occasional organics, cobbles and debris 
(e.g. brick and wood fragments). 

SPT ‘N’ values recorded in the fill layer were variable and ranged from 5 to 41 blows per 0.3 m of 
penetration, indicating a variable loose to dense condition. A localized count of 50 blows for 75 of 
penetration was obtained in a pocket of gravel and/or cobbles. Measured moisture contents within 
the sand fill layer typically ranged from 9% to 30%, locally up to 40% to 68% in pockets with 
organics. 

The results of grain size distribution analyses carried out on selected samples of the silt and sand 
and sand fill are presented on Figures D1 and D2, respectively, in Appendix D. The results of the 
grain size distribution analyses are summarized in Table 5.1 below: 
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Table 5.1 – Grain Size Distribution Silt and Sand to Sand Fill 

Soil Particle 
Percentage (%) 

Sandy Silt to Silt and 
Sand Fill 

Sand Fill 

Gravel 0 to 4 11 to 26 
Sand 33 to 54 66 to 79 

Silt Silty & 
Clay 

32 to 54 8 to 10 Clay 8 to 13 

5.3 Sand (Possible Alluvial) 

The embankment fill was underlain by a loose to compact sand layer, of possible alluvial origin, 
ranging in thickness from 0.6 to 4.6 m and penetrated at depths of 13.3 to 16.3 m (Elev. 96.7 to 
99.8). It is noted that this stratum contained occasional decayed wood fragments, organic 
inclusions and/or shell fragments. SPT N-values recorded in this deposit typically ranged from 6 
to 23 blows per 0.3 m of penetration indicating a loose to compact relative density. Natural 
moisture contents ranged from 15% to 31%. 

5.4 Silt  

A layer of silt was encountered below the sand at depths of 13.3 to 16.3 m (Elev. 96.7 to 99.8 m) 
and was penetrated at depths of 20.9 to 25.5 m (Elev. 89.1 to 90.6 m). SPT N-values recorded in 
the silt stratum typically ranged from 4 to 28 blows per 300 mm, indicating a loose to compact 
condition, with isolated values of 31 to 94 blows per 300 mm, indicating dense to very dense. 
Measured moisture contents ranging from 17% to 30% were recorded within the silt layer. 

The results of grain size distribution analyses carried out on selected samples of the silt are 
presented on Figure D3 in Appendix D. The results of the grain size distribution analyses are 
summarized in Table 5.2 below: 

Table 5.2 – Grain Size Distribution Silt 

Soil Particle Percentage (%) 
Gravel 0 
Sand 1 to 17 
Silt 80 to 92 

Clay 2 to 10 

Atterberg limits testing on two samples of the silt indicated the samples were non-plastic. 
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5.5 Silty Clay 

A 3.6 to 7.0 m thick layer of silty clay was encountered below the silt at depths of 20.9 to 25.5 m 
(Elev. 89.1 to 90.6 m) and was penetrated at depths of 27.7 to 30.0 m (Elev. 82.6 to 85.6 m). 

SPT N-values recorded in the silty clay deposit typically ranged from 0 (weight of hammer) to 30 
blows/0.3 m of penetration. Lower N-values of 0 to 7 were typically observed in the upper 1.5 to 
2.0 m of the unit, increasing to N-values of 16 to 30 below this depth. Pocket penetrometer values 
ranged from 25 to 175 KPa, and in-situ shear vane results indicated shear strengths ranging from 
85 to 115 kPa. Based on the SPT N-values and shear strength testing, the consistency of the silty 
clay is firm to very stiff, generally increasing with depth. The insitu moisture content of the clay 
ranged from 15 to 31%. 

The results of grain size distribution analyses carried out on selected samples of the silty clay are 
presented on Figure D4 in Appendix D. The results of the grain size distribution analyses are 
summarized in Table 5.3 below. 

Table 5.3 – Grain Size Distribution Clay 

Soil Particle Percentage (%) 
Gravel 0 to 2 
Sand 3 to 14 
Silt 53 to 59 

Clay 31 to 38 
 
The results of Atterberg Limits testing carried out on this material indicate that the layer is low 
plastic (CL) silty clay. The results of the testing are presented in Figure D6 in Appendix D and are 
summarized in Table 5.4 below. 

Table 5.4 – Atterberg Limits Clay  

Index Property Percentage (%) 
Liquid Limit 29 to 30 
Plastic Limit 16 to 17 

Plasticity Index 12 to 13 

5.6 Sand to Silt Till 

A till deposit, consisting of silty sand in Borehole JS-01 and clayey silt in Boreholes JS-02 to 
JS-04, was encountered below the silty clay. The till deposit ranged in thickness from 3.0 to 7.3 m 
and was penetrated at depths of 32.3 to 35.2 m (Elev. 75.3 to 82.3 m). SPT N-values recorded in 
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the till deposits ranged from 41 blows for 300 mm to 50 blows for 75 mm of penetration, indicating 
a very dense/hard consistency. Moisture contents of 11% to 15%, locally up to 20%, were 
measured. 

The results of grain size distribution analyses carried out on selected samples of the till are 
presented on Figure D5 in Appendix D. The results of the grain size distribution analyses are 
summarized in Table 5.5 below. 

Table 5.5 – Grain Size Sand to Silt Till 

Soil Particle Percentage (%) 
Sand Till Silt Till 

Gravel 13 4 
Sand 42 33 
Silt 32 47 

Clay 13 16 

Atterberg limits testing was carried out on one sample of the silt till. The measured liquid limit, 
plastic limit, and plasticity index were 19, 13 and 6, respectively. These results, which are plotted 
on Figure D7 in Appendix D, indicate that the sample tested consists of clayey silt of low plasticity 
(CL-ML). 

5.7 Silt Till/Shale Complex 

A layer of clay till/shale complex was encountered above the bedrock in the boreholes at depths 
of 32.3 to 35.2 m (Elev. 75.3 to 82.3 m) This material generally consists of silt till with highly 
variable amounts of clay, sand, gravel, and shale fragments (to cobble and/or boulder size) and 
represents the transition between the overlying deposits and the underlying weathered shale 
bedrock. It is noted that HQ core of this deposit was recovered in Boreholes JS-03 and JS-04; 
photographs of the samples are presented with the rock cores in Appendix F. 

SPT N-values of 50 blows for 125 mm to 100 blows for 75 mm were recorded in this layer, 
indicating a very dense consistency. Natural moisture contents of 9 to 16% were measured.  

Observations of grinding augers and slow advancement made during drilling indicate that the 
till/shale complex contains cobbles and boulders.  Cobbles and boulders were also observed in 
the HQ core recovered from this deposit. 
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5.8 Shale Bedrock 

Bedrock was encountered underlying the overburden soils in Boreholes JS-01 to JS-04. The 
depths and elevations at which bedrock was encountered are summarized in Table 5.6. 

Table 5.6 – Bedrock Contact Depths and Elevations 

Borehole 
Bedrock Surface 

Depth (m) Elevation 
JS-01 38.8 71.7 
JS-02 38.1 73.4 
JS-03 36.6 76.5 
JS-04 36.8 77.8 

 
SPT sampling completed in the highly weathered shale in Boreholes JS-01 and JS-02 recorded 
penetration of 25 to 75 mm achieved for 50 and 100 blows, respectively. Rock core samples were 
recovered using HQ size diamond drill core barrel. The shale was cored over lengths of 3.4 to 
6.5 m using diamond rock coring equipment to the termination depths of 40.1 to 45.8 m (Elev. 
73.0 to 64.7 m).  

Photographs of the retrieved rock core are provided in Appendix F. The shale bedrock was 
visually identified as grey shale of the Georgian Bay Formation interbedded with calcareous 
siltstone to limestone layers (Armstrong & Dodge, 2007)4, herein referred to as “hard layers”. It is 
noted that petrography was not completed to determine the mineral content and/or crystalline 
structure of each hard layer. The measured thickness of the hard layers was generally less than 
50 mm, although thicker zones of up to 200 mm were encountered. In general, the shale was 
judged to be slightly weathered to fresh. 

The Total Core Recovery (TCR) of the rock cores obtained typically ranged from 95 to 100%, 
locally 75%. Solid Core Recovery (SCR) ranged from 63 to 100%. The Rock Quality Designation 
(RQD) of the rock cores ranged from 42 to 100%, indicating a rock quality varying from poor (25-
50%) to generally fair to excellent (50-100%) with depth. The fracture index, the number of natural 
fractures per 0.3 m length of core run, typically ranged from 0 to 5, with localized zones with 
greater than 10 typically shallow in depth.  

 
4 Armstrong, D.K. and Dodge, J.E.P., 2007. Paleozoic Geology of Southern Ontario, Project Summary and Technical 
Document; Ontario Geological Survey, Sedimentary Geoscience Section, Miscellaneous Release – Data 219, 5p. 
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Point load index strength tests were carried out on selected intact rock core samples. The test 
results are presented in Appendix E. The unconfined compressive strength (UCS) of the rock, 
estimated from the results of the point load tests, typically varied from 13 to 54 MPa with an 
average of about 27 MPa, indicating a weak to medium strong rock strength classification. Values 
of 36 to 84 MPa (medium strong to strong rock) were recorded in hard layers. 

Unconfined compressive strength (UCS) testing was completed on one shale sample.  The results 
of the UCS testing, including bulk density, are summarized in Table 5.7; the complete test results 
are provided in Appendix E. 

Table 5.7 – UCS Test Results 

BH No. Run No. 
Sample 
Depth 

(m) 

Bulk 
Density 
(g/cm3) 

UCS 
(MPa) 

JS-01 4 39.5 – 39.8 2.581 11.6 

5.9 Groundwater Conditions 

The casing advancement and rock coring methodologies introduce water into the boreholes and 
therefore the water levels observed at the termination of the boreholes may not accurately 
represent the long-term stabilized groundwater level. 

Monitoring wells were installed in Boreholes JS-01 and JS-04 to monitor groundwater levels. The 
groundwater levels measured in the monitoring wells are summarized in Table 5.8 below.  

Table 5.8 – Groundwater Levels and Observations 

Borehole 
No. 

Ground 
Elev. 
(m) 

Mid-
Screen 
Depth 

(m) 

Mid-
Screen 
Elev. 
(m) 

Ground Water Elevation 
(metres below ground surface) 

June 14, 
2021 

Sept. 13, 
2021 

Dec. 1, 
2021 

Apr. 12, 
2022 

JS-01 110.5 31.1 79.4 100.6 
(9.9) 

99.4 
(11.1) 

98.4 
(12.1) 

98.5 
(12.0) 

JS-04 114.6 20.3 94.3 100.6 
(14.0) 

100.5 
(14.1) 

100.7 
(13.9) 

101.1 
(13.5) 

It is noted that the normal creek water level is near Elev. 97.5. 
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The groundwater levels are short-term readings and fluctuations of the groundwater levels are to 
be expected. In particular, the groundwater levels may be at a higher elevation after periods of 
significant or prolonged precipitation.  

6. RESULTS OF ANALYTICAL TESTING 

6.1 Corrosivity And Sulphate Test Results 

Samples of the fill and native soils were submitted for analytical testing of corrosivity parameters 
and sulphate. The results of the analytical tests are shown in Table G1 in Appendix G. The 
laboratory certificates of analysis are presented in Appendix G. 

6.2 Asbestos 

Asphalt core samples obtained from the boreholes were submitted to ALS Environmental to test 
for the presence of asbestos. Table H1 in Appendix H provides a list of asphalt samples that were 
submitted for testing. 

The results of the analytical tests indicated that asbestos was not detected in any of the samples 
submitted for testing. The laboratory certificates of analysis are presented in Appendix H. 

7. ENGINEERING DISCUSSION AND RECOMMENDATIONS 

This section of the report presents interpretation of the geotechnical data obtained during the field 
and laboratory investigation and presents geotechnical recommendations for design and 
construction of the proposed Jane Street bridge over Black Creek. 

The conceptual design shown on the preliminary General Arrangement (GA) drawing presented 
in the Flood Remediation and Transportation Feasibility Study (July 2020; drawing dated March 
2020) consists of a 102 m long four span structure with span lengths of 10m, 36 m, 36 m and 20 
m (north to south) and an overall width of 29.7 m. The bridge will carry two northbound and two 
southbound lanes, a future LRT as well as bike lanes and sidewalks. 

The conceptual design included channel wall side slopes cut at inclinations of 2H:1V below the 
bridge, with a single 3.0 m wide mid-height bench on the north slope and two 2.0 m wide benches 
on the south slope. The previous geotechnical investigation recommended that permanent cut 
slopes in the existing poor-quality fill be excavated at inclinations no steeper than 3H:1V to satisfy 
static and seismic stability concerns, subject to additional investigation, analysis and liquefaction 
assessment. 
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The 10% design subsequently provided by Morrison Hershfield (concept drawing dated April 
2021) consisted of a single span integral or semi-integral abutment bridge with a span length of 
50 m. The concept included 5.8 and 7.3 m high abutment stems with RSS walls at the top of the 
valley slopes and 6.5 m high retaining walls at the toe forming a 40 m wide base channel.  

The 30% design to be considered for this report (General Arrangement drawing dated November 
2021) consists of a single span integral abutment bridge supported on pile foundations with a 
span length of 55 m. The design includes 4.2 to 4.4 m high abutment stems with abutment 
retaining walls supported on deep foundations. A 6.5 to 6.7 m high secant caisson wall with soil 
anchors is shown at the toe of the slope to provide a 40.6 to 40.8 m wide channel.  

The comments and recommendations presented in this report are based on the subsurface soil 
and groundwater conditions encountered during the investigation. The soil conditions may vary 
between and beyond the borehole locations, and accordingly geotechnical inspection during 
construction is important to assess any variation of subsurface conditions and to provide 
additional recommendations if necessitated by such variations. 

The interpretation and recommendations are intended for the use of the design consultant and 
the owner, and shall not be relied upon by any other parties including the construction contractor, 
or used for any purposes other than development of the project design. Comments on 
construction methodology and equipment, where presented, are provided only to highlight those 
aspects that could affect the design of the project. Contractors must make their own assessment 
of the factual information presented in previous sections of the report, and the implications on 
equipment selection, construction methodology, and scheduling. 

The report references the Canadian Highway Bridge Design Code published in November 2019 
(CHBDC 2019) by the CSA Group. In accordance with the CHBDC 2019, a consequence 
classification of “typical consequence” and a degree of site and prediction model understanding 
of “typical understanding” have been assumed. 

7.1 Bridge and Retaining Wall Foundations 

Based on the subsurface conditions at the site, consideration was given to supporting the bridge 
and retaining walls using the following foundation types: 

• Spread Footings 

• Driven steel H-piles 

• Drilled shafts (caissons) 
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Comments regarding each foundation type are presented in the following sections along with 
geotechnical recommendations for the feasible options (driven piles and augered caissons). The 
foundation alternative selected for the structure may be dictated by structural considerations, 
economic considerations and construction constraints which are not assessed within this report. 

7.1.1 Spread Footings 

The existing embankment fill and underlying alluvial sand layer containing organics and decayed 
wood, are unsuitable materials for support of spread footings due to the variable composition and 
relative density of these strata. The relative density of the native silt deposit at the valley base is 
also highly variable and would provide inadequate geotechnical resistance for practical footing 
design. Extending footings down to competent till material encountered at depths of 27.7 to 
30.0 m is not feasible. Therefore, supporting the new structure on spread footings is not 
considered to be a feasible option and design recommendations have not been developed.   

7.1.2 Driven Steel H-Piles 

Based on the subsurface conditions encountered in the boreholes, driven steel H-piles may be 
the preferred option. H-piles should be driven to practical refusal, anticipated to occur within the 
till/shale complex at depths in the order of 34 to 36 m (Elev. 75 to 79). The following axial 
geotechnical resistances are recommended for design of H-piles driven to practical refusal in the 
till/shale complex or underlying shale: 

Table 7.1 – Axial Geotechnical Resistance of Steel H-Piles 

 HP 310x110 HP 360x132 
Factored Geotechnical Resistance at ULS (kN) 1,600 1,800 
Factored Geotechnical Resistance at SLS (kN) 1,400 1,600 

Pile installation should be in accordance with OPSS.MUNI 903. 

Pile driving should be carefully monitored and controlled using a Pile Driving Analyzer (PDA) to 
confirm the design resistance and determine set requirements. For each foundation element (pier 
cap or abutment), PDA testing should be conducted on the first pile of every 10 piles for a 
minimum 10% of the piles or two production piles, whichever is greater. The set criteria for the 
remainder of the production piles shall be established based on the results of the PDA tests. 
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Alternatively, driving may be controlled by the Hiley Formula and an ultimate pile resistance 
should be specified by the designer in accordance with Clause 3.3.2 (b) Construction Stage of 
the Structural Manual. The appropriate pile driving note is “Piles to be driven in accordance with 
Standard SS 103-11 using an ultimate resistance of “R” kN per pile”. “R” must have a value of 
two times the design load at ULS calculated by the structural engineer. 

Pile tip protection is recommended for driven H-piles to prevent pile damage when setting the 
piles into till containing cobbles, boulders and/or shale fragments. To facilitate pile installation, 
embankment fill through which piles may be driven must not contain oversize material, i.e. no 
particles exceeding 75 mm in size. 

The use of H-piles at the abutments allows for the design of an integral abutment structure. To 
reduce resistance to lateral movement and provide a relatively flexible pile system, the top of each 
pile should be installed in a pre-augered hole supported by a CSP and filled with loose sand as 
per MTO Structural Office Report SO-96-01. 

Measures such as pre-augering of the pile installations may be required to mitigate potential 
impacts to the existing structure, adjacent municipal utilities, or other vibration-sensitive 
infrastructure during pile driving. A monitoring program should be developed to measure and 
maintain vibrations below acceptable levels. 

7.1.3 Augered Caissons 

To achieve higher resistances, supporting the structures on augered caissons socketed into the 
shale bedrock may be considered. The caissons will develop axial resistance through a 
combination of sidewall shear and end bearing in the rock socket. In recognition of the weathering 
profile of the shale, it is recommended that the caisson socket length in bedrock be no less than 
1.5 m. 

For preliminary purposes, the factored axial resistances at ULS (kN) for selected caisson 
diameters and socket lengths are presented in the table below. The computed axial resistances 
are based on a factored shaft resistance of 50 kPa in the till/shale complex, a factored shaft 
resistance of 200 kPa along the rock socket sidewalls, and a factored base resistance of 
2,500 kPa in the bedrock. 
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Table 7.2 – Recommended Geotechnical Resistance for Rock Socketed Caissons 

Caisson Diameter 
(m) 

Socket Length in 
Bedrock (m) 

Factored Axial Resistance 
at ULS (kN) 

0.9 1.5 
3.0 

2,850 
3,700 

1.2 1.5 
3.0 

4,500 
5,650 

1.5 1.5 
3.0 

6,500 
7,950 

1.8 1.5 
3.0 

8,350 
10,600 

The geotechnical axial resistance at SLS is not expected to govern design for caissons socketed 
into bedrock. 

A minimum centre-to-centre spacing of two caisson diameters should be maintained between 
caissons. 

It is understood that road grades at the bridge approaches will be raised by less than 1 m and 
significant quantities of existing embankment fill will be removed to widen the valley under the 
new bridge. The earthworks are expected to result in a net decrease in loading of the foundation 
soils and therefore down-drag on the caissons due to negative skin friction is not expected to be 
a concern. 

Uplift forces on the foundations will be resisted by shaft resistance developed along the sidewalls 
of the caisson socket in shale. For uplift resistance, factored shaft resistance values at ULS may 
be taken as 75% of the shaft resistance values indicate above for axial compressive loads. SLS 
conditions will not apply. 

Caisson installation must be in accordance with OPSS.MUNI 903. 

Caisson excavation will extend through cohesionless embankment fill, alluvial sand, silt, silty clay, 
silty sand to clayey silt till, and sandy silt till/shale complex and into the underlying shale bedrock. 
A temporary caisson liner sealed into the till/shale complex will be required to support excavation 
sidewalls, prevent materials from falling into the excavation, and minimize groundwater flow into 
the caisson, particularly within the fill material and cohesionless soils below the groundwater level. 
Groundwater levels recorded in the monitoring wells installed in Boreholes JS-01 and JS-04 were 
at depths of 9.9 and 14.0 m (Elev. 100.6) on June 14, 2021. It is noted that the normal creek water 
level is near Elev. 97.5. 
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Till deposits inherently contain cobbles and boulders and these may be encountered during 
excavation. The installation (augering) equipment must be capable of penetrating hard glacial till 
and dislodging, removing or penetrating any obstructions such as cobbles, boulders, and rock 
fragments. 

The shale bedrock generally becomes harder/more sound with depth and contains hard siltstone 
or limestone interbeds. In addition, clay seams and highly fractured zones are present. The 
presence of the hard layers, clay seams and fractured zones may impact auger production, and 
coring equipment may be required to penetrate hard layers during socketing of the caissons. The 
caisson drilling equipment selected by the contractor must be capable of advancing through shale 
of variable strength and quality. 

Each caisson excavation must be cleaned and approved, and structural concrete must be placed 
expeditiously to prevent softening of the shale exposed on the base and sidewalls of the 
excavation. In this regard, the following wording is suggested to replace Clause 903.07.03.03 
“Inspection of the Excavation” of OPSS.MUNI 903: 

The Contractor shall use appropriate means such as a cleanout bucket, air lift, hydraulic pump, or 
other devices approved by the Engineer to clean the bottom of the excavation of all shafts. A clean-
out bucket alone is not sufficient for final clean-out. The cleaning methods, inspection method, and 
any additional measures required to satisfy the acceptance criteria must be selected by the 
contractor to ensure direct contact between the concrete and undisturbed bedrock at the socket 
base. It is the Contractor’s responsibility to apply means necessary (such as air lift pump or 
hydraulic pump, etc.) to clean the socket base and sidewalls. 

The bottom of the excavated shaft shall be inspected using a Shaft Inspection Device (SID), Shaft 
Quantitative Inspection Device (SQUID), down-hole camera, and/or an approved alternate to verify 
socket cleanliness and thickness of base sediment at the time of concreting. A minimum of 50 
percent of the base of each shaft shall have less than 15mm of sediment at the time of concrete 
placement. The maximum depth of sediment or any debris at any place on the base of the shaft 
shall not exceed 40mm at the time of concrete placement. 

A shaft inspection field report shall be submitted to the Engineer for acceptance prior to proceeding 
with construction. Concrete placement shall commence no later than 6 hours after acceptance of 
the excavation. 
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7.2 Lateral Resistance of Caissons and Piles 

The equations and recommended parameters presented below may be used to analyze the 
interaction between a pile and the surrounding soil. The lateral pressures obtained from the 
analysis must not exceed the ultimate lateral resistance. 

The coefficient of horizontal subgrade reaction (ks) and ultimate lateral resistance (pult) of a pile 
or caisson in the cohesionless embankment fill, sand and silt may be calculated as follows: 

ks = nh z / D  (kN/m3) 
pult = 3 γ′ z Kp (kPa) 

 
where  z = depth of embedment along pile or caisson (m) 

D = pile/caisson diameter (m) 
nh = coefficient related to soil density (kN/m3) 

= 3,000 kN/m3 above groundwater 
= 2,000 kN/m3 below groundwater 

γ′ = effective unit weight (kN/m3) 
= 20 kN/m3 

Kp = coefficient of passive lateral earth pressure (in table above) 

The lateral resistance of a pile or caisson developed in the cohesive silty clay, clay till and till/shale 
complex may be calculated using the coefficient of horizontal subgrade reaction (ks) and ultimate 
lateral resistance (pult) estimated as follows: 

ks = 67 Su / D  (kN/m3) 
pult = 9 Su   (kPa) 
 

where:  D = pile/caisson diameter in metres 
  Su = undrained shear strength (kPa) 
   = 100 kPa for silty clay 

= 200 for clay till 
= 250 kPa for till/shale complex 

The modulus of subgrade reaction may have to be reduced based on the pile/caisson spacing. 
The reduction factors to be used for a pile group oriented perpendicular or parallel to the direction 
of loading are provided in the figures in Section C6.11.3.4 in the Commentary to the CHBDC 
2019. 
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7.3 Frost and Scour Protection 

The depth of frost penetration at this site is 1.2 m, as per OPSD 3090.101. The base of footings 
or pile caps must be provided with a minimum of 1.2 m of earth cover as protection against frost 
action. In addition, adequate protection must be provided to prevent scour of the soils under and 
around the foundations by the creek flow. 

7.4 Abutment Backfill and Lateral Earth Pressures 

The backfill to abutments and retaining walls should be in accordance with OPSS.MUNI 902 and 
placed to the extents shown in OPSD 3101.150 where applicable. Any backfill to the walls should 
consist of Granular A or Granular B Type II material meeting the requirements of 
OPSS.MUNI 1010. 

Earth pressures acting on the structure may be assumed to be triangularly distributed 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 
but are generally given by the expression: 

 ph = K (γ h + q) 

where: ph  =  horizontal pressure on the wall at depth h (kPa) 
 K = earth pressure coefficient 
 γ =  unit weight of retained soil (kN/m3) 
 h  =  depth below top of fill where pressure is computed (m) 
 q  = value of any surcharge (kPa). 

Table 7.3 lists the unfactored parameters recommended for design. 

Table 7.3 – Earth Pressure Parameters 

Loading 
Condition 

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

φ = 35°, γ = 22.8 kN/m3 

Existing Loose to Compact 
Fill/Sand/Silt 

φ = 30°, γ = 20 kN/m3 

Horizontal 
Backfill 

Sloping Backfill 
(2.5H:1V) 

Horizontal 
Backfill 

Sloping Backfill 
(2.5H:1V) 

Active, Ka 0.27 0.35 0.33 0.46 
At-rest, Ko 0.43 -* 0.50 -* 
Passive, Kp 3.7 1.7** 3.0 1.4** 

* Use Ko for horizontal backfill and treat soil above top of wall as a surcharge load. 

** For downward sloping surface in front of wall. 
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The use of a material with a high friction angle and low active pressure coefficient (e.g. Granular A, 
Granular B Type II) might be preferred as it results in lower earth pressures acting on the wall. 

The parameters in the table correspond to full mobilization of active and passive earth pressures, 
and require certain relative movements between the wall and adjacent soil to produce these 
conditions. The values to be used in design can be assessed from Figure C6.27 of the 
Commentary to the CHBDC. 

In accordance with Clause 6.12.3 of the CHBDC, a compaction surcharge should be added. The 
magnitude should be 12 kPa at the top of fill and decreasing to 0 kPa at a depth of 1.7 m for 
Granular B Type I or 2.0 m for Granular A or Granular B Type II. 

The design of the abutment walls must incorporate measures such as subdrains and/or weep 
holes to permit drainage of the backfill and avoid the potential build-up of hydrostatic pressures 
behind the walls. 

Compaction should be carried out in accordance with OPSS.MUNI 501. Heavy compaction 
equipment should not be used adjacent to the abutment walls. 

7.5 Seismic Analysis and Design 

7.5.1 Liquefaction Assessment 

A liquefaction triggering assessment was carried out for the non-cohesive deposits below the 
water table at the location of sounding SCPTu 20-01 at the location of the proposed bridge. The 
assessment has been conducted to evaluate the liquefaction potential with a 2% probability of 
exceedance in 50 years design (2,475-year return period). 

Analysis steps in a liquefaction triggering assessment include the following:  

• the soil column and its properties are defined;  

• earthquake time histories representing  the anticipated earthquake hazards (at the bottom 
of the soil column) are produced and propagated from the bottom (bedrock) through the 
soil column; and 

• the cyclic stress ratio is computed and compared to the estimated cyclic stress ratio.  

The earthquake hazards introduced and propagated from the bottom of the soil column (upward) 
should represent the properties of the materials at the bottom of the soil column (which is the 
bedrock) at this site.  
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The reference Site Class C (reference) peak seismic hazard values at the location of the bridge 
(latitude 43.676 and longitude -79.496) are based on the 5th generation seismic hazard maps 
published by the GSC and presented in Appendix I. 

The target spectra was developed using the seismic hazard values given above for Site Class C 
and modified to the site-specific seismic site classification of Site Class B, representative of the 
bedrock conditions at the site. This is in agreement with our past experience with measurements 
of the shear wave velocity of bedrock in the GTA which is generally a Class A or Class B. Class B 
has been selected as a conservative measure for liquefaction analysis purposes only.   

Eight (8) earthquake time histories were selected from the Pacific Earthquake Engineering 
Research (PEER) Center NGA-West2 database and were spectrally matched to the target 
spectrum. An additional three (3) simulated time histories were selected from Engineering 
Seismology Toolbox (EST), and linearly scaled to achieve the best fit to the target spectrum. 

A summary of the earthquake records used is provided in the Table 1 below. Plots of the scaled 
spectral accelerations of the input time histories relative to the 2,475 year target spectra are 
shown on Figure I1 in Appendix I. 

Table 7.4 – Summary of Earthquake Records 

One-dimensional equivalent linear site-specific response analysis was undertaken to assess the 
ground response at the site. The analysis was carried out based on the subsurface stratigraphy 
and using the input ground motions for the 2,475-year return period described above. Based on 
the results of the shear wave velocity testing from SCPTu soundings, representative index 

Database Event Name Event Year Station / Suite 
Name  Distance (km) Magnutide (Mw) 

PEER 

San Fernando 1971 Lake Hughes #9 17.2 6.6 
San Fernando 1971 Pearblossom Pump 35.5 6.6 
Coyote Lake 1979 Gilroy Array #1 10.2 5.7 

Nahanni, Canada 1985 Site 1 2.5 6.8 
N. Palm Springs 1986 Cabazon 6.8 6.1 
Northridge-01 1994 LA - Cypress Ave 29.0 6.7 
Northridge-01 1994 Lake Hughes #12A 20.8 6.7 

Iwate 2008 MYGH12 57.2 6.9 

EST 
Motion #3 - East6a2 Suite 20.8 6.0 
Motion #17 - East6a2 Suite 21.1 6.0 
Motion #21 - East6a2 Suite 26.3 6.0 
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properties and shear wave velocity variations of the overburden soil encountered at the site were 
developed. 

The liquefaction triggering plot including the profiles of maximum estimated Cyclic Stress Ratio 
(CSR) and Cyclic Resistance Ratio (CRR) for the 1:2,475-year earthquake is provided in 
Appendix I. Based on the results of the analysis, the estimated CRR profile of the subsurface soil 
is greater than the estimated CSR. Hence, the non-cohesive (sandy silt) deposit at the site, which 
had been identified by Wood to have been potentially liquefiable, is considered not be susceptible 
to liquefaction under 2,475 year return period seismic hazards. 

7.5.2 Site Classification 

The average shear wave velocity of the subsurface soils determined from the SCPTu test was 
approximately 290 m/s. Therefore, a Site Class D may be assumed for seismic site response. 

7.5.3 Seismic Earth Pressures 

The coefficients of horizontal earth pressure for seismic loading on walls assuming a level backfill, 
a Site Class D, and a reference PGA of 0.139 g are presented in the table below. The vertical 
acceleration coefficient kv has been ignored (kv = 0). 

Table 7.5 – Seismic Earth Pressure Parameters 

Loading Condition 
Horizontal 

Acceleration 
Coefficient, 

kh 

Seismic Earth Pressure Coefficients (KAE) 
OPSS Granular A 

or Granular B Type II 
φ = 35°, γ = 22.8 kN/m3 

Loose to Compact 
Sand to Sandy Silt Fill 
φ = 30°, γ = 20 kN/m3 

Active (Unrestrained wall) 0.08 0.29 0.36 
Active (Restrained wall) 0.17 0.35 0.42 

7.6 Foundation Excavation and Dewatering 

All temporary excavations must be carried out in accordance with the current Occupational Health 
and Safety Act (OHSA) of Ontario and local regulations. Provided adequate ground water control 
is achieved, the soils above the water level are classified as Type 3 soils under OHSA. Soft clayey 
soils and loose, wet cohesionless soils are classified as Type 4 soils. Slopes of temporarily 
unsupported cuts should conform with the requirements of OHSA but should not be steeper than 
1H:1V. Flatter slopes may be required at locations where water seepage or sloughing occurs 
during excavation. Where space restrictions preclude excavation of inclined slopes, a trench box 
or braced excavation should be employed. 
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Temporary shoring, if employed, should be designed by a licensed Professional Engineer 
experienced in design of shoring systems. The design of all members in the shoring system 
should include the effects of surcharge loads such as those imposed by adjacent utilities and 
construction equipment. Soil should not be stockpiled adjacent to the excavation. 

Use of a hydraulic excavator should be suitable for excavation in the overburden soils. The 
selection of the method of excavation 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 
the handling of possible cobbles and/or boulders, debris within the existing embankment fill, and 
potential remnants of previous bridge/culvert structures. 

All footings and pile caps, if employed, must be constructed in the dry. Dewatering of shallow 
foundation excavations above the groundwater level using sumps and pumps is considered 
feasible, however, the possibility of requiring additional pumps and/or perimeter wells should not 
be overlooked. Surface water runoff must be diverted away from the excavations at all times 
during construction. 

Preconstruction dewatering will be required where excavations extend below the observed water 
levels and below the creek water level. Excavations below the water level should be undertaken 
within the confined enclosure of an engineered support system. If the contractor selects a 
watertight engineered support system, such as sheet piling or secant pile walls, the Contractor 
must extend the watertight engineered support system to sufficient depth below the base of the 
excavation to cut off groundwater inflow and prevent basal heave.  In this case, pumping from 
sump pits within the confined excavation should be sufficient to maintain a dry base.  

If a watertight engineered support system is not employed, dewatering will be required to lower 
the groundwater at least 1.0 m below the lowest level of the excavation. The dewatering system 
must prevent disturbance of the foundation subgrade. Additional measures such as heavy duty 
pumping and/or perimeter wells to maintain a dry excavation may be required.  

If the anticipated dewatering rates range between 50,000 and 400,000 L/day, the water taking 
must be registered on the Ministry of the Environment, Conservation and Parks (MECP) 
Environmental Activity and Sector Registry (EASR). Application for a Permit to Take Water 
(PTTW) will be required if dewatering rates exceed 400,000 L/day. Considering the groundwater 
levels measured at the site and the presence of relatively permeable silts and sands, a 
hydrogeological assessment should be carried out to evaluate dewatering requirements once the 
preliminary design is established. The hydrogeological assessment should the review potential 



 

Client: Morrison Hershfield  October 31, 2022 
File No.: 29789 Page: 26 of 36 

geotechnical impacts during dewatering, such as the potential for ground settlement resulting 
from construction dewatering, and present mitigation measures. 

7.7 Roadway Protection 

We understand that bridge replacement will be staged to maintain traffic on Jane Street during 
construction. Roadway protection will be required to support the travelled lanes of the roadway. 
It is anticipated that the protection system will consist of soldier pile and lagging or a caisson wall. 

The roadway protection must be provided in accordance with OPSS.MUNI 539 and designed for 
Performance Level 2. The engineering support system should be designed by a licensed 
Professional Engineer experienced in design of shoring systems with consideration of adjacent 
traffic loads, construction operations, and any sloping retained surfaces. 

The retained material for the roadway protection is expected to comprise existing embankment 
fill consisting primarily of loose to compact sand and silt. The engineering support system 
employed for these conditions may be designed using the lateral pressure distribution shown on 
Figure J1 in Appendix J. The following parameters can be used with Figure J1: 

Ka = 0.33 for loose to compact sand and silt fill 

γ = 20 kN/m3  
hw = 0 for groundwater level below base of excavation 

The design of all members of the support system should include the effects of surcharge loads 
such as those imposed by construction equipment and roadway traffic. Soil should not be 
stockpiled in the vicinity of the excavation. 

The ultimate passive force that can be mobilized by the embedded portion of soldier piles or king 
piles may be calculated as outlined in the Section 7.2. 

The existing embankment is in the order of 12 to 18 m high. Construction of a temporary shoring 
system of this height to install deep foundations and construct pile/caisson caps below the 
channel base is unlikely be feasible in view of the relatively low lateral resistance of piles in the 
underlying sands and silts and the anticipated low capacity available from soil anchors (discussed 
in the next section). Roadway protection is therefore expected to consist of a combination of a 
low shoring system adjacent to the roadway, temporary sloped cuts or fills for the remainder of 
the embankment below this level, and localized braced excavations for new foundation 
construction. Dewatering will be required for pile cap installation below the measured water levels. 
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In view of the extensive roadway protection and dewatering system required for foundation 
construction from the channel base level, consideration should be given to supporting the bridge 
on caissons constructed as continuous elements with the support columns. Construction staging 
would involve a temporary cut slope or low protection system of sufficient depth to enable 
excavation of existing embankment fill to construct the first half of the bridge deck, installation of 
caissons from this level through the remaining embankment fill and native soils to the design 
founding level, construction of the first stage of the bridge superstructure, repeating the procedure 
for the other side of the bridge in a subsequent stage, then removal of the embankment fill and 
existing culvert from below the newly constructed bridge. A temporary slope up to 3 m deep 
inclined no steeper than 1.5H:1V should provide an adequate safety factor against instability for 
traffic staging during construction. The temporary slope should be protected from the elements 
(erosion, freeze-thaw, foot traffic, etc.). 

If an engineered support system is employed, care should be taken to avoid structural damage to 
adjacent underground services, roadways and buildings.  In this regard, it would be prudent to 
conduct a photographic and condition survey of the nearby underground services, foundations/ 
buildings and roadways prior to construction. Further, it is recommended the vibration monitoring 
of neighbouring structures be conducted during installation. 

7.8 Anchors 

It is understood that the use of anchors is being considered to provide additional lateral resistance 
for retaining walls and roadway protection systems. Rock anchors are not considered feasible at 
this site due to the significant depth to bedrock. Soil anchors are considered feasible, however, 
may not be practical due to the highly variable and relatively low bond strength available in the 
existing embankment fill and underlying sand and silt deposits. Further, developing anchor 
resistance in the more competent strata at depth (very stiff clay, clay till and till/shale complex 
below approximate Elev. 88) is unlikely to be feasible. 

For preliminary evaluation of the feasibility of employing soil anchors, the following factored bond 
strengths at ULS are provided: 

Loose to compact sand/silt fill  20 kPa 
Loose to compact sands and silts 25 kPa 
Native silty clay   40 kPa 
Hard silty clay till and till/shale 80 kPa 
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The free stressing length of the anchor should extend at least 1.5 m beyond a line inclined 
upwards at an angle of 60 degrees from the base of the excavation (from Ground Anchors and 
Anchored Systems, FHWA, 1999). Soil anchor drill holes are expected to be limited to about 
225 mm in diameter at this site as the drill holes will likely require casing to prevent cave. The 
bonded length should be between 4.5 and 12 m, and a minimum 4.5 m of soil should be 
maintained above the anchor to develop the full capacity, including below sloped surfaces. Anchor 
installations are typically inclined at 15 to 30 degrees from the horizontal. It is noted that the 
anchors should extend behind the active failure wedge of the wall to minimize displacement of 
the exposed wall. The actual anchor design is to be specified by the shoring designers. 

The above recommendations are provided to estimate the anchor capacity for design purposes 
only. It is necessary that selected anchors be performance tested and all remaining production 
anchors on site be proof tested to confirm their carrying capacities. Anchor testing and other 
relevant anchor installation details should be in accordance with applicable guidelines such as 
those recommended in OPSS.MUNI 942 “Construction Specification for Prestressed Soil and 
Rock Anchors” and the Post-Tensioning Institute (1996) “Recommendations for Prestressed Rock 
and Soil Anchors”. 

7.9 Valley Slopes 

The design of the bridge, including total length, number of spans and span lengths will depend 
upon the stability and permissible inclination of the valley slopes constructed at the bridge 
crossing as part of existing culvert and embankment fill removal. Comments regarding the stability 
of the slopes and the potential for employing retaining walls to minimize bridge length are 
presented below. 

The stability analyses were carried out using the commercially available slope stability program 
SLOPE/W (Version 7) of the GeoStudio software package developed by Geo-Slope International 
with the option for Morgenstern-Price method of slices for the limit equilibrium analyses. The soil 
parameters used in the analyses were estimated from empirical correlations using the results of 
the in situ Standard Penetration Tests (SPTs), SCPTu data and geotechnical laboratory testing. 
For limit equilibrium analysis, a factor of safety (FOS) greater than 1.0 is considered stable, 
however, typically a minimum factor of safety of 1.3 to 1.5 is required for design.  
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The Canadian Highway Bridge Design Code (CHBDC 2019) specifies geotechnical resistance 
factors for temporary (undrained) conditions of 0.75 and 0.80 for a typical and high level of 
understanding, respectively.  For the permanent (drained) condition, the specified factors are 0.65 
and 0.7, respectively. In view of the SCPTu testing carried out, the existing borehole data, and 
the supplementary boreholes completed for foundation design, we have assumed that a high level 
of understanding is appropriate and have applied target resistance factors of 0.80 and 0.70 
(equivalent to factors of safety of 1.25 and 1.43) for short and long term conditions, respectively. 

Toronto Region Conservation Authority (TRCA) guidelines specify a regulatory factor of safety of 
1.5 for planning and development purposes. Ministry of Natural Resources (MNR) guidelines 
specify a minimum factor of safety of 1.4 to 1.5 for Type D – Infrastructure and Public Use projects 
and 1.3 to 1.5 for Type C – Active (occupied structures) projects. For the purposes of assessing 
the factor of safety, the geotechnical resistance factors specified in the Canadian Highway Bridge 
Design Code (CHBDC 2019) have been adopted for the bridge abutment slopes and the minimum 
factor of safety specified by the TRCA will be adopted for areas away from the bridge. 

The stability of the slopes was also checked under seismic loading assuming a horizontal seismic 
coefficient of 0.085, which is one-half of the site-adjusted peak horizontal ground acceleration 
(PGA) of 0.17 for this site, in accordance with Section 6.14.9.1 of the CHBDC. A minimum factor 
of safety of 1.1 is typically acceptable for seismic conditions.  

7.9.1  Preliminary Design Slope Stability Assessment 

Based on the preliminary GA drawing, the height of the proposed channel slopes below the north 
and south ends of the bridge will be approximately 12 and 18 m, respectively. The preliminary 
slope inclination shown on the drawing is 2H:1V. 

Preliminary stability analyses were carried out on the preliminary design to evaluate the global 
stability of the valley slopes at the bridge location and provide recommendations regarding the 
permanent cut slope inclination. The analyses assumed that all bridge loads are supported on 
deep foundations transferring the structural loads below the depth of influence on the slope. The 
slope geometry, interpreted soil stratigraphy, geotechnical parameters, and analysis results for 
the critical slope conditions are shown on the figures in Appendix K. 

The results of the stability analyses are presented on Figures K1 to K13 in Appendix K. The results 
are also summarized in Table 7.6 below. 
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Table 7.6 – Computed Factors of Safety for Preliminary Design 

Location Condition Slope Inclination FOS 
Figure 

(Appendix K) 

North Slope 

Static Drained 
3H:1V 1.57 K1 

2.5H:1V 1.44 K2 
2H:1V 1.18 K3 

Seismic 
3H:1V 1.22 K4 

2.5H:1V 1.22 K5 
2H:1V 1.00 K6 

South Slope 

Static Undrained 3H:1V 1.62 K7 

Static Drained 
3H:1V 1.74 K8 

2.5H:1V 1.46 K9 
2H:1V 1.22 K10 

Seismic  
3H:1V 1.24 K11 

2.5H:1V 1.18 K12 
2H:1V 1.03 K13 

The results of the analyses indicate that an acceptable factor of safety is achieved for all assessed 
cases when the valley slopes are cut at an inclination of 2.5H:1V. It is noted that for the 
predominantly cohesionless soils at the site, the short and long term (drained and undrained) 
conditions are identical in all static analyses except for the 3H:1V inclination at the south slope. 
In all other cases, the underlying cohesive clay and silt deposit at depth does not impact the static 
stability of the slope.  

Based on the results of the analyses, it is recommended that the slopes be inclined no steeper 
than 2.5H:1V, with minimum 2.0 m wide mid-height benches provided for cut slopes greater than 
6 m in height. 

7.9.2 30% Design Slope Stability 

The 30 % design propose a single span integral abutment bridge supported on pile foundations 
with a span length of 55 m. The design includes 4.2 to 4.4 m high abutment stems with abutment 
retaining walls supported on deep foundations. A 6.5 to 6.7 m high secant caisson wall with soil 
anchors is shown at the toe of the slope to provide a 40.6 to 40.8 m wide channel. A slope inclined 
at 2.5H:1V is proposed between the abutment and lower secant caisson wall.  
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Stability analyses were carried out on the 30% design to evaluate the global stability of the valley 
slopes at the bridge location. The analyses assumed that all bridge and retaining walls loads are 
supported on deep foundations transferring the structural loads below the depth of influence on 
the slope. The slope geometry, interpreted soil stratigraphy, geotechnical parameters, and 
analysis results for the critical slope conditions are shown on the figures in Appendix K. 

The results of the stability analyses are presented on Figures K14 to K29 in Appendix K. The 
results are also summarized in Table 7.7 below. 

Table 7.7 – Computed Factors of Safety for 30% Design 

Location Design Condition FOS Figure 
(Appendix K) 

N
or

th
 S

lo
pe

 Proposed 
Bridge 

As per GA Drawing Static Drained 0.98 K14 

Secant Caisson 5 m into 
Clay 

Static Drained 1.88 K15 
Static Undrained 1.63 K16 
Seismic 1.29 K17 

Slope 
West of 
Bridge 

2H:1V Static Drained 1.26 K18 
2.5H:1V Static Drained 1.47 K19 

2.5H:1V with 2 m bench 
Static Drained 1.58 K20 
Seismic 1.23 K21 

So
ut

h 
Sl

op
e 

Proposed 
Bridge 

As per GA Drawing Static Drained 0.97 K22 

Secant Caisson 5 m into 
Clay 

Static Drained 1.53 K23 
Static Undrained 1.33 K24 
Seismic 1.10 K25 

Slope 
East of 
Bridge 

2H:1V Static Drained 1.21 K26 
2.5H:1V Static Drained 1.48 K27 

2.5H:1V with 2 m bench 
Static Drained 1.59 K28 
Seismic 1.24 K29 

It is noted that for cohesionless soils, the short and long term (drained and undrained) conditions 
are identical in static analyses. In cases where the failure surface is only within the cohesionless 
deposits, the underlying cohesive clay and silt deposit at depth does not impact the static stability 
of the slope and therefore an undrained analysis is not provided. 

Based on the results of the analyses, it is recommended that the channel slopes adjacent to the 
bridge be inclined no steeper than 2.5H:1V, with minimum 2.0 m wide mid-height benches 
provided for cut slopes greater than 6 m in height. In addition, the secant caisson wall must extend 
at least 5 m into the clay (at or below Elev. 85) in order to achieve an acceptable factor of safety.  
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It is understood that the 2.5H:1V slope with a 2 m bench is not anticipated to fit within the existing 
property constraints of the creek valley and would encroach into the adjacent property (870 Jane 
Street) located at the northwest corner of the Jane Street bridge over Black Creek. It is proposed 
that the secant pile wall along the north abutment face of the proposed Jane Street bridge will be 
extended westerly approximately 56 m and to a height of approximately 3 m to allow the proposed 
widened channel to fit without additional property impacts. Additional investigation and slope 
stability analysis for this wall will need to be completed during detailed design. Furthermore, 
additional information on the foundation location and type (shallow or deep) is required for the 
building at 870 Jane Street to assess the impact of the existing building on the slope stability and 
avoid impacting the existing building. 

7.10 Embankment Construction 

In general, new embankment slopes will be constructed by excavation of existing embankment 
fill to form the new creek valley. As previously indicated, permanent channel slopes below the 
bridge should be inclined no steeper than 2.5H:1V, with minimum 2.0 m wide mid-height benches 
provided for cut slopes greater than 6 m in height. 

Depending upon the bridge length and finished road grades, sections of the approach 
embankments may require widening to accommodate the widened roadway. Embankment 
widening or restoration may also be required for traffic staging and/or backfilling of foundation 
excavations. 

Embankment widening and restoration should be carried out in accordance with 
OPSS.MUNI 206. Bulk fill used o establish the roadway embankments must consist of engineered 
fill. The engineered fill should consist of approved inorganic material placed in maximum 200 mm 
thick lifts, within 2% of optimum moisture content, and compacted to at least 98% of SPMDD. 
Granular A, B Type I or B Type II material in compliance with OPSS.MUNI 1010 would be suitable 
for this purpose. Where new embankment fill is placed against the existing embankment slopes, 
the existing fill slope must be benched in accordance with OPSD 208.010 

Preparation of the embankment subgrade for widening should include stripping of any topsoil, 
organic deposits and deleterious materials from within the proposed footprint of the embankment 
widening followed by proofrolling of the exposed subgrade with a heavy roller under visual 
observation to ensure uniform adequate support. Excessively loose, soft or compressible 
materials revealed during the proofrolling operations should be subexcavated and replaced with 
well compacted approved material. 
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Differential settlement should be anticipated across the roadway platform, between areas 
currently loaded under the full embankment height and areas with increased loading under the 
widened platform. Settlement of the existing and widened embankment due to compression of 
the foundation subgrade and existing embankment fill is expected to occur essentially as the fill 
is placed and be complete at the end of construction. The magnitude of settlement will depend 
upon the thickness and extent of fill placed, subject to further design details. Additional boreholes 
would be required within the retaining wall envelope (potentially on the embankment slopes using 
portable equipment) to confirm the fill conditions for the full width of embankment. 

Embankment slopes must be provided with temporary erosion protection in accordance with 
OPSS.MUNI 805. Vegetation cover or other protective measures should be established on all 
permanent earth surfaces in accordance with OPSS.MUNI 802 to 804 to protect against surficial 
erosion. Vegetation must be sufficiently established before the onset of winter. Where vegetation 
cannot be established, such as underneath the bridge structure, granular sheeting or rock 
protection in accordance with OPSS.MUNI 1004 should be placed to protect the exposed earth 
surfaces. 

To minimize the potential for future erosion of the slopes, surface water runoff from the road and 
adjacent lands should be directed away from the valley slopes and conveyed via ditches or storm 
sewers to a proper outlet. Erosion protection in the form of rock fill, armour stone or a concrete 
channel liner should be provided along the toe of the channel slope that will be in contact with 
flowing water. 

Visual examination of the slopes and watercourse alignment should be included as part of routine 
bridge inspection procedures, to identify any changes in creek alignment and sudden or 
unanticipated erosion events. 

7.11 Retaining Walls 

7.11.1 Approach Embankment Walls 

The proposed 10% design included RSS walls or gravity-type walls supporting the upper part of 
the bridge approach fills behind the abutments. The existing embankment fill and underlying 
alluvial sand layer containing organics and decayed wood, are unsuitable materials for support of 
an RSS system or gravity-type wall due to the variable composition and relative density of these 
strata. Total and differential settlement of walls founded on these materials may exceed allowable 
tolerances, subject to additional analysis. 
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The borehole program completed to date was not intended to address RSS design in the 
embankment fill and is not considered to be adequate for this purpose. Additional borehole 
investigation at the proposed RSS locations would be required to determine the feasibility of this 
option and develop recommendations for design. 

Measures to improve the subgrade soils, increase the geotechnical resistance and control 
settlement of the retaining walls could be considered. This could include construction of geopiers 
or subexcavation and replacement of existing embankment fill with compacted OPSS granular 
material. Subgrade improvement measures would significantly increase excavation depths and 
the temporary shoring requirements may be impractical. Additional investigation and analysis 
should be completed during detailed design to assess this further, if required. 

The 30% design (General Arrangement drawing dated November 2021) revised the design of the 
upper retaining walls to consist of concrete retaining walls supported on deep foundations. Design 
and construction of deep foundations for the retaining wall should be in accordance with 
Section 7.1 of this report. The global stability of this design is assessed in Section 7.9.2. 

7.11.2 Lower Retaining Wall (Toe Wall) 

The 10% design indicated a 6.5 m high retaining wall at the toe of each slope below the bridge to 
provide a 40.6 to 40.8 m wide channel. The relative density of the native silt deposit at the valley 
base is highly variable and would provide inadequate geotechnical resistance for support of 
retaining walls on shallow foundations. 

Based on the 30% design, a secant caisson wall with anchors is currently proposed for the toe 
wall. High lateral loads are expected to be imposed on the lower retaining wall by the inclined 
slope above the wall. The lateral resistance available in the subgrade soils to develop passive 
resistance in front of a caisson and the geotechnical resistance of soil anchors installed in the 
soils behind the wall are expected to be relatively low.  

To evaluate the feasibility of a contiguous caisson wall, the lateral earth pressures on the wall and 
the lateral resistance that can be mobilized by the embedded portion of the wall may be estimated 
as outlined in Section 7.4. The effect of sloping ground on the downslope side should be 
considered when estimating passive resistance on the caissons, if applicable. 

The caissons should be designed to develop axial resistance in the native undisturbed silty clay 
and till below the level of any fill, sand or silt or softened clay material. The recommended axial 
geotechnical resistances for selected caisson diameters and lengths are provided in the table 
below. A minimum embedment of 5 m into the native clay (at or below Elev. 85) is recommended 
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to penetrate potentially softened material at the clay surface and for global slope stability 
considerations. The length of caisson embedded in the native clay or till deposits may be revised 
to meet intermediate or higher load demands as required. 

Table 7.8 – Axial Geotechnical Resistance of Caissons 
 

Caisson 
Diameter 

(mm) 

Caisson Length 
in Native Clay 

and/or Clay Till 
(m) 

Approximate 
Caisson Base 

Elevation 

Factored Geotechnical Resistance 
(kN) 

ULS SLS 

610 
5 
8 

85 
82 

260 
350 

200 
260 

900 
5 
8 

85 
82 

460 
600 

350 
450 

1200 
5 
8 

85 
82 

720 
900 

540 
675 

 
Alternatively, caissons can be designed to develop axial resistance in the shale bedrock as per 
the recommendation in Section 7.1.3. 

Soil anchors used to increase the lateral restraint of the retaining wall should be designed and 
constructed in accordance with recommendations provided in Section 7.8. 

The global stability of this design is assessed in Section 7.9.2. 

Additional investigation and analysis is required for the proposed extension of the secant pile wall 
along the north abutment approximately 56 m to the west and to a height of approximately 3 m to 
allow the proposed widened channel to fit without additional property impacts. 

7.12  Detailed Geotechnical Investigation 

The information presented in this report is provided for the 30% design stage. A subsequent 
geotechnical investigation will be required to confirm the subsurface conditions and 
recommendations during detailed design. This work should incorporate: 

• A detailed pavement investigation including additional boreholes within the existing 
roadway pavement and widening areas to further define the subgrade conditions and 
provide pavement design recommendations; 
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• Supplemental boreholes within the envelope of all bridge foundation units to confirm the 
subsurface conditions at the structure location and develop detailed geotechnical 
recommendations for design and construction of the bridge foundations.  

• Additional investigation for retaining wall design and stability analysis of the slopes. 

8. CLOSURE 

We trust the above provides the information you require at this time. If you have any questions 
regarding this report, please do not hesitate to contact us.



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 THURBERôS 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 Thurberôs 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 Reportôs 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 Thurberôs professional services. 

7. INDEPENDENT JUDGEMENTS OF CLIENT

The information, interpretations and conclusions in the Report are based on Thurberôs 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. 

HKH/LG_Dec 2014 



 

 

APPENDIX A  RECORD OF BOREHOLE SHEETS 

  



 

 

 

Previous Investigation 

  



EXPLANATION OF BOREHOLE LOG

This form describes some of the information provided on the borehole logs, which is based primarily on 
examination of the recovered samples, and the results of the field and laboratory tests.  Additional 
description of the soil/rock encountered is given in the accompanying geotechnical report.

GENERAL INFORMATION
Project details, borehole number, location coordinates and type of drilling equipment used are given at the
top of the borehole log.

SOIL LITHOLOGY
Elevation and Depth
This column gives the elevation and depth of inferred geologic layers.   The elevation is referred to the 
datum shown in the Description column.

Lithology Plot
This column presents a graphic depiction of the soil and rock stratigraphy encountered within the borehole.

Description
This  column  gives  a description of the  soil  stratums, based  on  visual  and  tactile  examination of the
samples augmented with  field  and laboratory test results.   Each stratum is described according to the
Modified Unified Soil Classification System.

The   compactness condition of cohesionless soils   (SPT)   and   the   consistency of cohesive soils
(undrained shear  strength) are defined  as follows  (Ref. Canadian Foundation Engineering Manual):

Compactness of Consistency of Undrained Shear Strength

Cohesionless SPT N-Value Cohesive Soils kPa psf
Soils Very soft 0 to 12 0 to 250

Very loose 0 to 4 Soft 12 to 25 250 to 500
Loose 4 to 10 Firm 25 to 50 500 to 1000

Compact 10 to 30 Stiff 50 to 100 1000  to 2000
Dense 30 to 50 Very stiff 100 to 200 2000  to 4000

Very Dense > 50 Hard Over 200 Over 4000

Soil Sampling
Sample types are abbreviated as follows:

SS  Split Spoon TW  Thin Wall Open  (Pushed) RC  Rock  Core

AS  Auger  Sample TP  Thin Wall Piston  (Pushed) WS Washed Sample

Additional information provided in this section includes sample numbering, sample recovery and numerical 
testing results.

Field and Laboratory Testing
Results of field testing  (e.g.,  SPT,  pocket  penetrometer, and vane  testing)  and laboratory testing  (e.g., 
natural  moisture content, and limits)  executed on the recovered samples are plotted  in this section.

Instrumentation Installation
Instrumentation installations (monitoring wells, piezometers, inclinometers, etc.) are plotted in this section. 
Water levels, if measured during fieldwork, are also plotted.  These water levels may or may not be 
representative of the static groundwater level depending on the nature of soil stratum where the 
piezometer tips are located, the time elapsed from installation to reading and other applicable factors.

Comments
This column is used to describe non-standard situations or notes of interest.
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 (SEE BELOW)
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INORGANIC CLAYS OF HIGH PLASTICITY, FAT CLAYS

ORGANIC SILTS AND ORGANIC SILTY CLAYS OF LOW PLASTICITY

POORLY GRADED GRAVELS, GRAVEL- SAND MIXTURES, LITTLE OR NO FINES NOT MEETING ABOVE REQUIREMENTS

DIRTY SANDS 
(WITH SOME OR 

MORE FINES)

SILTY SANDS, SAND-SILT MIXTURES ATTERBERG LIMITS BELOW "A" LINE OR P.I MORE THAN 4

CLAYEY SANDS, SAND-CLAY MIXTURES ATTERBERG LIMITS BELOW "A" LINE OR P.I MORE THAN 7

WELL GRADED SANDS, GRAVELLY SANDS,  LITTLE OR NO FINES

Cu=     D60>4; CC=   (D30)
2 = 1 to 3

D10           D10 X D60

POORLY GRADED GRAVELS, GRAVEL-SAND
MIXTURES, LITTLE OR NO FINES NOT MEETING ABOVE REQUIREMENTS

DIRTY GRAVELS 
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MORE FINES)

SILTY GRAVELS, GRAVEL-SAND- SILT MIXTURES ATTERBERG LIMITS BELOW "A" LINE OR P.I MORE THAN 4

CLAYEY GRAVELS, GRAVEL-SAND-CLAY MIXTURES ATTERBERG LIMITS BELOW "A" LINE OR P.I MORE THAN 7

  Cu=     D60 >6; CC=   (D30)
2 =  1 to 3

 D10           D10 X D60

MODIFIED * UNIFIED CLASSIFICATION SYSTEM FOR SOILS
*The soil of each stratum is described using the Unified Soil Classification System (Technical Memorandum 36-357 

prepared by Waterways Experiment Station, Vicksburg, Mississippi, Corps of Engineers, U.S Army. Vol. 1 
March 1953.) modified slightly so that an inorganic clay of "medium plasticity" is recognized.
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Pt

FRACTION

PASSING RETAINED PERCENT DESCRIPTOR

76 mm 19 mm

FINE 19 mm 4.75 mm

COARSE 4.75 mm 2.00 mm

MEDIUM 2.00 mm 425 μm

FINE 425 μm 75 μm

75 μm

Note 1: Soils are classified and described according to their engineering properties 
and behaviour.                                                                                                   
Note 2: The modifying adjectives used to define the actual or estimated percentage 
range by weight of minor components are consistent with the Canadian Foundation 
Engineering Manual.                                                   
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TRACE

NOT ROUNDED:
ROCK FRAGMENTS > 76 mm    

ROCKS > 0.76 CUBIC METRE IN 
VOLUME

WHENEVER THE NATURE OF THE FINES CONTENT HAS NOT 
BEEN DETERMINED, IT IS DESIGNATED BY THE LETTER "F", 

E.G SF IS A MIXTURE OF SAND WITH SILT OR CLAY
ORGANIC CLAYS OF HIGH PLASTICITY

HIGH  ORGANIC SOILS PEAT AND OTHER HIGHLY ORGANIC SOILS STRONG COLOUR OR ODOUR, AND OFTEN FIBROUS 
TEXTURE
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SYMBOLS, ABBREVIATIONS AND TERMS USED ON RECORDS OF BOREHOLES 
 
1. TEXTURAL CLASSIFICATION OF SOILS 

 
CLASSIFICATION  PARTICLE SIZE   VISUAL IDENTIFICATION 
Boulders    Greater than 200mm  same 
Cobbles    75 to 200mm   same 
Gravel    4.75 to 75mm   5 to 75mm 
Sand    0.075 to 4.75mm   Not visible particles to 5mm 
Silt    0.002 to 0.075mm   Non-plastic particles, not visible to 

        the naked eye 
Clay    Less than 0.002mm   Plastic particles, not visible to 
        the naked eye 

2. COARSE GRAIN SOIL DESCRIPTION (50% greater than 0.075mm) 
 
 TERMINOLOGY       PROPORTION 
 Trace or Occasional      Less than 10% 
 Some        10 to 20% 
 Adjective (e.g. silty or sandy)      20 to 35% 
 And (e.g. sand and gravel)      35 to 50% 
 
3.            TERMS DESCRIBING CONSISTENCY (COHESIVE SOILS ONLY) 
 
 DESCRIPTIVE TERM  UNDRAINED SHEAR  APPROXIMATE SPT(1) ‘N’ 
     STRENGTH (kPa)   VALUE 

Very Soft    12 or less    Less than 2 
 Soft    12 to 25    2 to 4 
 Firm    25 to 50    4 to 8 
 Stiff    50 to 100    8 to 15 
 Very Stiff   100 to 200   15 to 30 
 Hard    Greater than 200   Greater than 30   
  

NOTE:  Hierarchy of Soil Strength Prediction  1) Laboratory Triaxial Testing 
2) Field Insitu Vane Testing 
3) Laboratory Vane Testing 
4) SPT value 
5) Pocket Penetrometer 
 

4. TERMS DESCRIBING DENSITY (COHESIONLESS SOILS ONLY) 
 
 DESCRIPTIVE TERM  SPT “N” VALUE 
 Very Loose   Less than 4 
 Loose    4 to 10 
 Compact    10 to 30 
 Dense    30 to 50 
 Very Dense   Greater than 50 
 
5. LEGEND FOR RECORDS OF BOREHOLES 
 

SYMBOLS AND  SS    Split Spoon Sample WS  Wash Sample  AS  Auger (Grab) Sample
 ABBREVIATIONS  TW  Thin Wall Shelby Tube Sample  TP  Thin Wall Piston Sample 

FOR   PH   Sampler Advanced by Hydraulic Pressure PM  Sampler Advanced by Manual Pressure 
 SAMPLE TYPE  WH  Sampler Advanced by Self Static Weight  RC   Rock Core  SC  Soil Core
  
    Undisturbed Shear Strength 

Sensitivity  =          ---------------------------------- 
    Remoulded Shear Strength      

 Water Level  
 Cpen Shear Strength Determination by Pocket Penetrometer 

 
(1) SPT ‘N’ Value Standard Penetration Test ‘N’ Value – refers to the number of blows from a 63.5kg hammer free falling a 

height of 0.76m to advance a standard 50 mm outside diameter split spoon sampler for 0.3 m depth into undisturbed ground. 
(2) DCPT  Dynamic Cone Penetration Test –  Continuous penetration of a 50 mm outside diameter, 60 conical 

steel point attached to “A” size rods driven by a 63.5 kg hammer free falling a height of 0.76 m.  The resistance to cone 
penetration is the number of hammer blows required for each 0.3 m advance of the conical point into undisturbed ground.
  



EXPLANATION OF ROCK LOGGING TERMS 

 

ROCK WEATHERING CLASSIFICATION SYMBOLS 

Fresh (FR) No visible signs of weathering.   

Fresh Jointed (FJ) Weathering limited to the surface of major 

discontinuities. 

 

 

CLAYSTONE 

Slightly Weathered 

(SW) 

Penetrative weathering developed on open discontinuity 

surfaces, but only slight weathering of rock material. 

 

 

SILTSTONE 

Moderately Weathered 

(MW) 

Weathering extends throughout the rock mass, but the 

rock material is not friable. 

 

 

SANDSTONE 

Highly Weathered 

(HW) 

Weathering extends throughout the rock mass and the 

rock is partly friable. 

 

 

COAL 

Completely Weathered 

(CW) 

Rock is wholly decomposed and in a friable condition, 

but the rock texture and structure are preserved. 

 
Bedrock (general) 

DISCONTINUITY SPACING STRENGTH CLASSIFICATION 

 

Bedding 

 

Bedding Plane Spacing 

Rock 

Strength 

 

Approximate Uniaxial 

Compressive Strength 

Field Estimation 

of Hardness* 

 (MPa) (psi) 

Very thickly bedded 

 

Greater than 2m Extremely 

Strong 

Greater than 

250 

Greater than 

36,000 

Specimen can only 

be chipped with a 

geological hammer Thickly bedded 

 

0.6 to 2m 

Medium bedded 0.2 to 0.6m 

 

Very Strong 100-250 15,000 to 

36,000 

Requires many 

blows of geological 

hammer to break Thinly bedded 60mm to 0.2m 

 

Very thinly bedded 20 to 60mm 

 

Strong 50-100 7,500 to 

15,000 

Requires more than 

one blow of 

geological hammer 

to break 

Laminated 6 to 20mm 

Thinly Laminated Less than 6mm 

 

Medium 

Strong 

25.0 to 50.0 3,500 to 

7,500 

Breaks under 

single blow of 

geological 

hammer. 
TERMS  

Total Core Recovery: 

(TCR) 

Core recovered as a percentage 

of total core run length. 
Weak 5.0 to 25.0 750 to 3,500 Can be peeled by a 

pocket knife with 

difficulty 

Solid Core Recovery: 

(SCR) 

Percent Ratio of solid core of 

full cylindrical shape 

recovered.  Expressed with 

respect to the total length of 

core run. 

Very Weak 1.0 to 5.0 150 to 750 Can be peeled by a 

pocket knife, 

crumbles under 

firm blows of 

geological pick. 

Rock Quality 

Designation: 

(RQD) 

Total length of sound core 

recovered in pieces 0.1m in 

length or larger as a percentage 

of total core run length. 

Extremely 

Weak 

(Rock) 

0.25 to 1.0 35 to 150 Indented by 

thumbnail 

Uniaxial Compressive 

Strength (UCS) 

Axial stress required to break 

the specimen 
    

Fracture Index: 

(FI) 

Frequency of natural fractures 

per 0.3m of core run. 
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ASPHALT (80mm)
CONCRETE (220mm)

GRANULAR: (540mm)

SAND, some silt to silty, compact to
dense, brown, moist: (FILL)

SILT and SAND to sandy, trace to some
clay, trace gravel, compact to dense,
brown, moist; with occasional pockets of
sand and clay: (FILL)

grey, wet

SAND, some silt to silty,compact to
dense, brown, wet: (FILL)

Flushmount
Well
Protector Set
in Concrete

Gr 0%/ Sa 33%/Si 54%/ Cl 13%
Grain Size Analysis:
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SAND, trace to some silt, with
occasional organic inclusions, loose, grey
to black, wet: (POSSIBLE ALLUVIAL)

SILT, trace to some sand, trace clay,
loose to compact, grey, wet; with
occasional sand seams and partings of
silty clay

Bentonite

Gr 0%/ Sa 4%/ Si 92%/ Cl 4%
Grain Size Analysis:
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CLAY, silty, trace sand, firm to very stiff,
grey, wet; with occasional partings of silt

SAND, silty, trace to some gravel and
clay, very dense, grey, wet; with
occasional shale fragments (TILL)

Filter Sand

Gr 0%/ Sa 3%/ Si 59%/ Cl 38%
Grain Size Analysis:
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SILT, sandy, some clay and gravel, very
dense, grey, wet , with numerous shale
fragments, with occasional cobbles and
boulders: (TILL/SHALE COMPLEX)

SHALE, slightly weathered to fresh, thinly
laminated, grey, poor to fair quality, very
weak to medium strong, thinly to thickly
bedded with medium strong to strong,
slightly calcareous, hard layers (<50mm
except as noted (GEORGIAN BAY
FORMATION)

Slotted
Screen

Bentonite

TCR=100%   SCR=100%   RQD=63%

Gr 13%/Sa 42%/Si 32%/ Cl 13%
Grain Size Analysis:
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END OF BOREHOLE AT 45.77m.
Monitoring Well installation consists of
50mm diameter Schedule 40 PVC pipe
with a 3.05m slotted screen.

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

TCR=100%   SCR=87%   RQD=42%
UCS  = 23.9MPa (Shale PLT)

TCR=100%   SCR=90%   RQD=53%
UCS  = 24.2MPa (Shale PLT Average)

TCR=98%   SCR=95%   RQD=78%
UCS  = 20.1MPa (Shale PLT)
UCS  = 83.9MPa (Hard Layer PLT)

TCR=100%   SCR=97%   RQD=84%

Jun 14/21 9.85 100.62
Sep 13/21 11.10 99.36
Dec 01/21 12.06 98.40
Apr 12/22 12.00 98.47

45.77
64.69
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grey, wet

SAND, some silt to silty, with occasional
shells and decayed wood fragments,
loose, grey to black, wet: (POSSIBLE
ALLUVIAL)

SILT, trace to some sand, trace clay,
compact, grey, wet, with occasional sand
seams and partings of silty clay

Gr 0%/ Sa 15%/Si 83%/ Cl 2%
Grain Size Analysis:
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CLAY, silty, trace sand, firm to very stiff,
grey, wet; with occasional partings of silt

SILT, clayey, some sand to sandy, trace
gravel, hard, grey; with occasional shale
fragments (TILL)

Gr 4%/ Sa 33%/Si 47%/ Cl 16%
Grain Size Analysis:
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SILT, sandy, some clay and gravel, very
dense, grey, wet; with numerous shale
fragments, occasional cobbles and
boulders (TILL/SHALE COMPLEX)

SHALE, slightly weathered to fresh, thinly
laminated, grey, good to excellent quality,
very weak to medium strong, thinly to
thickly bedded with medium strong to
strong, slightly calcareous, hard layers
(<50mm except as noted)
(GEORGIAN BAY FORMATION)

hard layer (50mm) at 39.4m

TCR=100%   SCR=100%   RQD=100%
UCS  = 16.9MPa (Shale PLT)
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UCS  = 46.2MPa (Shale PLT Average)
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hard layers (60mm) at 40.4m, (50mm) at
40.6m, and (175mm) at 40.9m

END OF BOREHOLE AT 41.50m.

TCR=98%   SCR=90%   RQD=80%
UCS  = 29.3MPa (Shale PLT Average)

41.50
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ASPHALT (100mm)
CONCRETE (225mm)

GRANULAR: (425mm)

SILT and SAND to sandy, trace to some
clay, trace gravel, compact to loose,
brown, moist; with occasional pockets of
sand and clay (FILL)

SAND, trace to some silt, trace to some
gravel, loose to compact, brown, wet:
(FILL)

organic inclusions

pocket of gravel, occasional cobbles

Gr 1%/ Sa 51%/Si 40%/ Cl 8%
Grain Size Analysis:
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112.28
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SAND, some silt to silty, trace gravel,
loose to compact, black to grey, with
occasional shells, wet: (POSSIBLE
ALLUVIAL)

with some gravel to gravelly

SILT, trace to some sand, trace clay,
compact to very dense, grey, wet; with
occasional sand seams and partings of
silty clay

Gr 11%/Sa 79%/ Si 8%/ Cl 2%
Grain Size Analysis:
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96.73
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CLAY, silty, trace to some sand, trace
gravel, firm to hard, grey

Gr 0%/

Gr 2%/

Sa 1%/

Sa 13%/

Si 89%/

Si 54%/

Cl 10%

Cl 31%

Grain Size Analysis:

Grain Size Analysis:

23.93
89.11

83.05
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SILT, clayey, some sand to sandy, trace
gravel, hard, grey; with occasional shale
fragments (TILL)

SILT, sandy, some clay and gravel, very
dense, grey, wet; with numerous shale
fragments, occasional cobbles and
boulders (TILL/SHALE COMPLEX)

SHALE, slightly weathered to fresh, thinly
laminated, grey, fair to good quality, very
weak to medium strong, thinly to thickly
bedded with medium strong to strong,
slightly calcareous, hard layers (<50mm
except as noted)
(GEORGIAN BAY FORMATION)

hard layer at (125mm) at 38.5m

hard layer at (125mm) at 39.1m

TCR=100%   SCR=0%

TCR=75%   SCR=63%   RQD=63%

TCR=100%   SCR=89%   RQD=48%
UCS  = 13.2MPa (Shale PLT)

TCR=96%   SCR=96%   RQD=78%

TCR=95%   SCR=83%   RQD=83%
UCS  = 39.6MPa (Shale PLT Average)
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ASPHALT (90mm)
CONCRETE (215mm)

GRANULAR: (745mm)

SAND and SILT to silty, trace to some
clay, trace gravel, compact to loose,
brown, moist; with occasional pockets of
silty clay (FILL)

grey

organic inclusions

occasional wood fragments

pocket of gravel, occasional cobbles

Flushmount
Well
Protector Set
in Concrete

Bentonite

Gr 4%/ Sa 54%/Si 32%/ Cl 10%
Grain Size Analysis:
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DYNAMIC CONE PENETRATION
RESISTANCE PLOT

20 40 60 80 100

N 4 836 872.6  E  621 305.4

SHEET 1 OF 5May 12, 2021

April 12, 2022 KF

MM

May 17, 2021 DATUM   Geodetic

T
H

U
R

B
E

R
2S

  
T

E
L-

29
78

9.
G

P
J 

 6
/1

0/
22

RECORD OF BOREHOLE   JS-04
29789Rockcliffe Riverine Flood Mitigation Project

Jane Street, Toronto, Ontario

1

2

3

4

5

6

7

8

9

w

CHECKED

wl A
D

D
IT

IO
N

A
L

LA
B

. T
E

S
T

IN
G

PROJECT
(m

et
re

s)

:

:

B
O

R
IN

G
 M

E
T

H
O

D

DESCRIPTION

Q -

wp

OR
STANDPIPE

(m)

rem V -

S
T

R
A

T
A

 P
LO

T

ELEV. WATER CONTENT, PERCENT

SHEAR STRENGTH: Cu, KPa

INSTALLATION

GROUNDWATER ELEVATIONS

LOCATION

STARTED

COMPLETED

:

:

:

:

40 80 120 160

Project No.

Cpen

D
E

P
T

H
 S

C
A

LE

B
LO

W
S

/0
.3

m

nat V -

DEPTH

N
U

M
B

E
R

T
Y

P
E

PIEZOMETER

SAMPLESSOIL PROFILE

WATER LEVEL UPON COMPLETION

10 20 30 40

LOGGED

COMMENTS

WATER LEVEL IN WELL/PIEZOMETER

GROUND SURFACE 114.60

68



11

12

13

14

15

16

SS

SS

SS

SS

SS

SS

8

37

12

9

94

35

M
ud

 R
ot

a
ry

/T
ric

on
e

some gravel

SAND, trace to some gravel, trace silt,
compact, brown, wet (POSSIBLE
ALLUVIAL)

SILT, trace sand to some sand, trace
clay, loose to very dense, grey, wet

Filter Sand

Gr 26%/Sa 66%/ Si & Cl 8%
Grain Size Analysis:
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CLAY, silty, trace to some sand, trace
gravel, firm to very stiff, grey

becoming till-like

SILT, clayey, some sand to sandy, trace
gravel, hard, grey; with occasional shale
fragments (TILL)

Slotted
Screen

Gr 0%/

Gr 1%/

Sa 17%/

Sa 14%/

Si 80%/

Si 53%/

Cl 3%

Cl 32%

Grain Size Analysis:

Grain Size Analysis:
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SILT, sandy, some clay and gravel, very
dense, grey, wet; with numerous shale
fragments, occasional cobbles and
boulders (TILL/SHALE COMPLEX)

SHALE, slightly weathered to fresh, thinly
laminated, grey, fair to excellent quality,
very weak to medium strong, thinly to
thickly bedded with medium strong to
strong, slightly calcareous, hard layers
(<50mm except as noted)
(GEORGIAN BAY FORMATION)

hard layer (200mm) at 38.4m

hard layers (75mm) at 38.7m, (50mm) at
39.2m and (50mm) at 39.3m

Bentonite

TCR=88%   SCR=0%

TCR=94%   SCR=22%
UCS  = 19.7MPa (Shale PLT)

TCR=100%   SCR=87%   RQD=80%
UCS  = 12.7MPa (Shale PLT)

TCR=100%   SCR=90%   RQD=52%
UCS  = 50.3MPa (Hard Layers PLT Average)
UCS  = 11.6MPa

32.31

36.78

82.29

77.82

DYNAMIC CONE PENETRATION
RESISTANCE PLOT

20 40 60 80 100

N 4 836 872.6  E  621 305.4

SHEET 4 OF 5May 12, 2021

April 12, 2022 KF

MM

May 17, 2021 DATUM   Geodetic

T
H

U
R

B
E

R
2S

  
T

E
L-

29
78

9.
G

P
J 

 6
/1

0/
22

RECORD OF BOREHOLE   JS-04
29789Rockcliffe Riverine Flood Mitigation Project

Jane Street, Toronto, Ontario

31

32

33

34

35

36

37

38

39

w

CHECKED

wl A
D

D
IT

IO
N

A
L

LA
B

. T
E

S
T

IN
G

PROJECT
(m

et
re

s)

:

:

B
O

R
IN

G
 M

E
T

H
O

D

DESCRIPTION

Q -

wp

OR
STANDPIPE

(m)

rem V -

S
T

R
A

T
A

 P
LO

T

ELEV. WATER CONTENT, PERCENT

SHEAR STRENGTH: Cu, KPa

INSTALLATION

GROUNDWATER ELEVATIONS

LOCATION

STARTED

COMPLETED

:

:

:

:

40 80 120 160

Project No.

Cpen

D
E

P
T

H
 S

C
A

LE

B
LO

W
S

/0
.3

m

nat V -

DEPTH

N
U

M
B

E
R

T
Y

P
E

PIEZOMETER

SAMPLESSOIL PROFILE

WATER LEVEL UPON COMPLETION

10 20 30 40

LOGGED

COMMENTS

WATER LEVEL IN WELL/PIEZOMETER



3

>10

0

1

1

5 RUN

H
Q

 C
or

in
g

END OF BOREHOLE AT 41.66m.
Monitoring Well installation consists of
50mm diameter Schedule 40 PVC pipe
with a 3.05m slotted screen.

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

TCR=100%   SCR=95%   RQD=95%
UCS  = 20.7MPa (Shale PLT)

Jun 14/21 13.96 100.64
Sep 13/21 14.13 100.47
Dec 01/21 13.93 100.67
Apr 12/22 13.50 101.10

41.66
72.94
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Introduction 
 
 
The enclosed report presents the results of the site investigation program conducted by ConeTec 
Investigations Ltd. for Rockcliffe Riverine near Jane St. and Alliance Avenue, Toronto, Ontario.  The 
program consisted of one seismic cone penetration test (SCPTu). Please note that this report, which also 
includes all accompanying data, are subject to the 3rd Party Disclaimer and Client Disclaimer that follow in 
the ‘Limitations’ section of this report. 
 
 
Project Information 
 

Project  

Client  Rockcliffe Riverine 

Project Thurber Engineering Ltd. 

ConeTec project number 21-05-21772 

 
An aerial overview from Google Earth including the SCPTu location is presented below.  

 
 
 

Rig Description Deployment System Test Type 

CPT truck rig (C3) 30 ton rig cylinder SCPTu 
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Coordinates 

Test Type Collection Method EPSG Number 

SCPTu Consumer grade GPS 32617 

 
 

Cone Penetrometers Used for this Project 

Cone Description 
Cone 

Number 

Cross 

Sectional 

Area (cm2) 

Sleeve 

Area 

(cm2) 

Tip 

Capacity 

(bar) 

Sleeve 

Capacity 

(bar) 

Pore Pressure 

Capacity 

(bar) 

610:T1500F15U500 610 15 225 1500 15 35 

642:T1500F15U500 642 15 225 1500 15 35 

The CPTu summary indicates which cone was used for each sounding. 

 
 

Cone Penetration Test (CPTu)  

Depth reference 
Depths are referenced to the existing ground surface at the time of each 

test. 

Tip and sleeve data offset  
0.1 meter 

This has been accounted for in the CPT data files. 

Seismic calculations 

Poisson’s ratio ( ) was calculated from the shear wave (Vs) and 

compression wave (Vp) velocities using the following equation: 

 =  
(𝑉𝑝 𝑉𝑠⁄ )

2
− 2

2 ((𝑉𝑝 𝑉𝑠⁄ )
2

− 1)
 

Additional plots 

• Advanced plots with Ic, Su, phi and N1(60) 

• Seismic shear and compression wave velocity plots 

• Soil Behaviour Type (SBT) scatter plots 

 
 

Calculated Geotechnical Parameter Tables  

Additional information 

The Normalized Soil Behaviour Type Chart based on Qtn (SBT Qtn) (Robertson, 
2009) was used to classify the soil for this project.  A detailed set of calculated 
CPTu parameters have been generated and are provided in Excel format files in 
the release folder. The CPTu parameter calculations are based on values of 
corrected tip resistance (qt) sleeve friction (fs) and pore pressure (u2).   
 
Effective stresses are calculated based on unit weights that have been assigned 
to the individual soil behaviour type zones and the assumed equilibrium pore 
pressure profile. 
 
Soils were classified as either drained or undrained based on the Qtn Normalized 
Soil Behaviour Type Chart (Robertson, 2009). Calculations for both drained and 
undrained parameters were included for materials that classified as silt mixtures 
(zone 4).  
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Limitations 
 

3rd Party Disclaimer 
  

This report  titled “Thurber Engineering Ltd.”, referred to as the (“Report”), was prepared by 
ConeTec for Rockcliffe Riverine. The Report is confidential and may not be distributed to or relied 
upon by any third parties without the express written consent of ConeTec. Any third parties 
gaining access to the Report do not acquire any rights as a result of such access. Any use which a 
third party makes of the Report, or any reliance on or decisions made based on it, are the 
responsibility of such third parties. ConeTec accepts no responsibility for loss, damage and/or 
expense, if any, suffered by any third parties as a result of decisions made, or actions taken or not 
taken, which are in any way based on, or related to, the Report or any portion(s) thereof.  
 
Client Disclaimer 

 

ConeTec was retained by Rockcliffe Riverine to collect and provide the raw data (“Data”) which is 
included in this report titled “Thurber Engineering Ltd.”, which is referred to as the (“Report”). 
ConeTec has collected and reported the Data in accordance with current industry standards. No 
other warranty, express or implied, with respect to the Data is made by ConeTec. In order to 
properly understand the Data included in the Report, reference must be made to the documents 
accompanying and other sources referenced in the Report in their entirety. Any analysis, 
interpretation, judgment, calculations and/or geotechnical parameters (collectively 
“Interpretations”) included in the Report, including those based on the Data, are outside the 
scope of ConeTec’s retainer and are included in the Report as a courtesy only. Other than the 
Data, the contents of the Report (including any Interpretations) should not be relied upon in any 
fashion without independent verification and ConeTec is in no way responsible for any loss, 
damage or expense resulting from the use of, and/or reliance on, such material by any party. 
 

 



CONE PENETRATION TEST - eSeries 

 

 

Cone penetration tests (CPTu) are conducted using an integrated electronic piezocone penetrometer and 
data acquisition system manufactured by Adara Systems Ltd., a subsidiary of ConeTec.   
 
ConeTec’s piezocone penetrometers are compression type designs in which the tip and friction sleeve 
load cells are independent and have separate load capacities.  The piezocones use strain gauged load cells 
for tip and sleeve friction and a strain gauged diaphragm type transducer for recording pore pressure.  
The piezocones also have a platinum resistive temperature device (RTD) for monitoring the temperature 
of the sensors, an accelerometer type dual axis inclinometer and two geophone sensors for recording 
seismic signals.  All signals are amplified and measured with minimum sixteen-bit resolution down hole 
within the cone body, and the signals are sent to the surface using a high bandwidth, error corrected 
digital interface through a shielded cable.   
 
ConeTec penetrometers are manufactured with various tip, friction and pore pressure capacities in both 
10 cm2 and 15 cm2 tip base area configurations in order to maximize signal resolution for various soil 
conditions.  The specific piezocone used for each test is described in the CPT summary table presented in 
the first appendix.  The 15 cm2 penetrometers do not require friction reducers as they have a diameter 
larger than the deployment rods.  The 10 cm2 piezocones use a friction reducer consisting of a rod adapter 
extension behind the main cone body with an enlarged cross sectional area (typically 44 millimeters 
diameter over a length of 32 millimeters with tapered leading and trailing edges) located at a distance of 
585 millimeters above the cone tip.  
 
The penetrometers are designed with equal end area friction sleeves, a net end area ratio of 0.8 and cone 
tips with a 60 degree apex angle. 
  
All ConeTec piezocones can record pore pressure at various locations.  Unless otherwise noted, the pore 
pressure filter is located directly behind the cone tip in the “u2” position (ASTM Type 2).  The filter is six 
millimeters thick, made of porous plastic (polyethylene) having an average pore size of 125 microns (90-
160 microns).  The function of the filter is to allow rapid movements of extremely small volumes of water 
needed to activate the pressure transducer while preventing soil ingress or blockage.   
 
The piezocone penetrometers are manufactured with dimensions, tolerances and sensor characteristics 
that are in general accordance with the current ASTM D5778 standard.   ConeTec’s calibration criteria also 
meets or exceeds those of the current ASTM D5778 standard.  An illustration of the piezocone 
penetrometer is presented in Figure CPTu. 



CONE PENETRATION TEST - eSeries 

 

 

 
Figure CPTu. Piezocone Penetrometer (15 cm2) 

 
The ConeTec data acquisition systems consist of a Windows based computer and a signal interface box 
and power supply.   The signal interface combines depth increment signals, seismic trigger signals and the 
downhole digital data.  This combined data is then sent to the Windows based computer for collection 
and presentation.  The data is recorded at fixed depth increments using a depth wheel attached to the 
push cylinders or by using a spring loaded rubber depth wheel that is held against the cone rods. The 
typical recording interval is 2.5 centimeters; custom recording intervals are possible.   
 
The system displays the CPTu data in real time and records the following parameters to a storage media 
during penetration:   
 

• Depth 

• Uncorrected tip resistance (qc)  

• Sleeve friction (fs)  

• Dynamic pore pressure (u)  

• Additional sensors such as resistivity, passive gamma, ultra violet induced fluorescence, if 
applicable 

 



CONE PENETRATION TEST - eSeries 

 

 

All testing is performed in accordance to ConeTec’s CPTu operating procedures which are in general 
accordance with the current ASTM D5778 standard. 
 
Prior to the start of a CPTu sounding a suitable cone is selected, the cone and data acquisition system are 
powered on, the pore pressure system is saturated with silicone oil and the baseline readings are recorded 
with the cone hanging freely in a vertical position. 
 
The CPTu is conducted at a steady rate of two centimeters per second, within acceptable tolerances.  
Typically one meter length rods with an outer diameter of 38.1 millimeters are added to advance the cone 
to the sounding termination depth.  After cone retraction final baselines are recorded.   
 
Additional information pertaining to ConeTec’s cone penetration testing procedures: 
 

• Each filter is saturated in silicone oil under vacuum pressure prior to use  

• Baseline readings are compared to previous readings 

• Soundings are terminated at the client’s target depth or at a depth where an obstruction is 
encountered, excessive rod flex occurs, excessive inclination occurs, equipment damage is likely 
to take place, or a dangerous working environment arises 

• Differences between initial and final baselines are calculated to ensure zero load offsets have not 
occurred and to ensure compliance with ASTM standards 

 
The interpretation of piezocone data for this report is based on the corrected tip resistance (qt), sleeve 
friction (fs) and pore water pressure (u).  The interpretation of soil type is based on the correlations 
developed by Robertson et al. (1986) and Robertson (1990, 2009).  It should be noted that it is not always 
possible to accurately identify a soil behaviour type based on these parameters.  In these situations, 
experience, judgment and an assessment of other parameters may be used to infer soil behaviour type.   
 
The recorded tip resistance (qc) is the total force acting on the piezocone tip divided by its base area.  The 
tip resistance is corrected for pore pressure effects and termed corrected tip resistance (qt) according to 
the following expression presented in Robertson et al. (1986):  
 

qt = qc + (1-a) • u2 
 

where: qt is the corrected tip resistance 
qc is the recorded tip resistance 
u2 is the recorded dynamic pore pressure behind the tip (u2 position) 
a is the Net Area Ratio for the piezocone (0.8 for ConeTec probes) 

 
The sleeve friction (fs) is the frictional force on the sleeve divided by its surface area.  As all ConeTec 
piezocones have equal end area friction sleeves, pore pressure corrections to the sleeve data are not 
required.   
 
The dynamic pore pressure (u) is a measure of the pore pressures generated during cone penetration.  To 
record equilibrium pore pressure, the penetration must be stopped to allow the dynamic pore pressures 
to stabilize.  The rate at which this occurs is predominantly a function of the permeability of the soil and 
the diameter of the cone. 
 



CONE PENETRATION TEST - eSeries 

 

 

The friction ratio (Rf) is a calculated parameter. It is defined as the ratio of sleeve friction to the tip 
resistance expressed as a percentage.  Generally, saturated cohesive soils have low tip resistance, high 
friction ratios and generate large excess pore water pressures. Cohesionless soils have higher tip 
resistances, lower friction ratios and do not generate significant excess pore water pressure.  
 
A summary of the CPTu soundings along with test details and individual plots are provided in the 
appendices.  A set of files with calculated geotechnical parameters were generated for each sounding 
based on published correlations and are provided in Excel format in the data release folder.  Information 
regarding the methods used is also included in the data release folder.   
 
For additional information on CPTu interpretations and calculated geotechnical parameters, refer to 
Robertson et al. (1986), Lunne et al. (1997), Robertson (2009), Mayne (2013, 2014) and Mayne and 
Peuchen (2012). 
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SEISMIC CONE PENETRATION TEST - eSeries 

 

 

Shear wave velocity (Vs) testing is performed in conjunction with the piezocone penetration test (SCPTu) 
in order to collect interval velocities.  For some projects seismic compression wave velocity (Vp) testing is 
also performed.  
 
ConeTec’s piezocone penetrometers are manufactured with one horizontally active geophone (28 hertz) 
and one vertically active geophone (28 hertz).   Both geophones are rigidly mounted in the body of the 
cone penetrometer, 0.2 meters behind the cone tip.  The vertically mounted geophone is more sensitive 
to compression waves.    
  
Shear waves are typically generated by using an impact hammer horizontally striking a beam that is held 
in place by a normal load. In some instances, an auger source or an imbedded impulsive source may be 
used for both shear waves and compression waves. The hammer and beam act as a contact trigger that 
initiates the recording of the seismic wave traces.  For impulsive devices an accelerometer trigger may be 
used.  The traces are recorded in the memory of the cone using a fast analog to digital converter.  The 
seismic trace is then transmitted digitally uphole to a Windows based computer through a signal interface 
box for recording and analysis.  An illustration of the shear wave testing configuration is presented in 
Figure SCPTu-1. 
 

 
Figure SCPTu-1. Illustration of the SCPTu system 

 
All testing is performed in accordance to ConeTec’s SCPTu operating procedures which are in general 
accordance with the current ASTM D5778 and ASTM D7400 standards.   
 
Prior to the start of a SCPTu sounding, the procedures described in the Cone Penetration Test section are 
followed. In addition, the active axis of the geophone is aligned parallel to the beam (or source) and the 
horizontal offset between the cone and the source is measured and recorded.  
 
Prior to recording seismic waves at each test depth, cone penetration is stopped and the rods are 
decoupled from the rig to avoid transmission of rig energy down the rods.  Typically, five wave traces for 
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each orientation are recorded for quality control and uncertainty analysis purposes.  After reviewing wave 
traces for consistency the cone is pushed to the next test depth (typically one meter intervals or as 
requested by the client).  Figure SCPTu-2 presents an illustration of a SCPTu test.   
 
For additional information on seismic cone penetration testing refer to Robertson et al. (1986). 
 

 
Figure SCPTu-2. Illustration of a seismic cone penetration test 

 
Calculation of the interval velocities are performed by visually picking a common feature (e.g. the first 
characteristic peak, trough, or crossover) on all of the recorded wave sets and taking the difference in ray 
path divided by the time difference between subsequent features.  Ray path is defined as the straight line 
distance from the seismic source to the geophone, accounting for beam offset, source depth and 
geophone offset from the cone tip.  
 
The average shear wave velocity to a depth of thirty meters (Vs30) has been calculated and provided for all 
applicable soundings using an equation presented in Crow et al. (2012). 
 

Vs30=
total thickness of all layers (30m)

∑(layer traveltimes)
 

 
The layer travel times refers to the travel times propagating in the vertical direction, not the measured 
travel times from an offset source. 
 
Tabular results and SCPTu plots are presented in the relevant appendix. 
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PORE PRESSURE DISSIPATION TEST  

 

 

The cone penetration test is halted at specific depths to carry out pore pressure dissipation (PPD) tests, 
shown in Figure PPD-1.  For each dissipation test the cone and rods are decoupled from the rig and the 
data acquisition system measures and records the variation of the pore pressure (u) with time (t).   
 

 
Figure PPD-1. Pore pressure dissipation test setup 

 
Pore pressure dissipation data can be interpreted to provide estimates of ground water conditions, 
permeability, consolidation characteristics and soil behaviour.   
 

The typical shapes of dissipation curves shown in Figure PPD-2 are very useful in assessing soil type, 
drainage, in situ pore pressure and soil properties.  A flat curve that stabilizes quickly is typical of a freely 
draining sand.  Undrained soils such as clays will typically show positive excess pore pressure and have 
long dissipation times. Dilative soils will often exhibit dynamic pore pressures below equilibrium that then 
rise over time. Overconsolidated fine-grained soils will often exhibit an initial dilatory response where 
there is an initial rise in pore pressure before reaching a peak and dissipating.   
 

Figure PPD-2.  Pore pressure dissipation curve examples 



PORE PRESSURE DISSIPATION TEST 
 

 

In order to interpret the equilibrium pore pressure (ueq) and the apparent phreatic surface, the pore 
pressure should be monitored until such time as there is no variation in pore pressure with time as shown 
for each curve in Figure PPD-2.   
 
In fine grained deposits the point at which 100% of the excess pore pressure has dissipated is known as 
t100.  In some cases this can take an excessive amount of time and it may be impractical to take the 
dissipation to t100.  A theoretical analysis of pore pressure dissipations by Teh and Houlsby (1991) showed 
that a single curve relating degree of dissipation versus theoretical time factor (T*) may be used to 
calculate the coefficient of consolidation (ch) at various degrees of dissipation resulting in the expression 
for ch shown below. 
 

ch=
T*∙a2∙√Ir

t
 

  
Where:  
T*   is the dimensionless time factor (Table Time Factor)   
a is the radius of the cone 
Ir  is the rigidity index 
t  is the time at the degree of consolidation 

 
Table Time Factor.  T* versus degree of dissipation (Teh and Houlsby (1991)) 

Degree of 
Dissipation (%) 

20 30 40 50 60 70 80 

T* (u2) 0.038 0.078 0.142 0.245 0.439 0.804 1.60 

 
The coefficient of consolidation is typically analyzed using the time (t50) corresponding to a degree of 
dissipation of 50% (u50).  In order to determine t50, dissipation tests must be taken to a pressure less than 
u50.  The u50 value is half way between the initial maximum pore pressure and the equilibrium pore 
pressure value, known as u100.  To estimate u50, both the initial maximum pore pressure and u100 must be 
known or estimated.  Other degrees of dissipations may be considered, particularly for extremely long 
dissipations. 
 
At any specific degree of dissipation the equilibrium pore pressure (u at t100) must be estimated at the 
depth of interest. The equilibrium value may be determined from one or more sources such as measuring 
the value directly (u100), estimating it from other dissipations in the same profile, estimating the phreatic 
surface and assuming hydrostatic conditions, from nearby soundings, from client provided information, 
from site observations and/or past experience, or from other site instrumentation.   
 
For calculations of ch (Teh and Houlsby (1991)), t50 values are estimated from the corresponding pore 
pressure dissipation curve and a rigidity index (Ir) is assumed.  For curves having an initial dilatory response 
in which an initial rise in pore pressure occurs before reaching a peak, the relative time from the peak 
value is used in determining t50.  In cases where the time to peak is excessive, t50 values are not calculated.   
 
Due to possible inherent uncertainties in estimating Ir, the equilibrium pore pressure and the effect of an 
initial dilatory response on calculating t50, other methods should be applied to confirm the results for ch.    
 



PORE PRESSURE DISSIPATION TEST 
 

 

Additional published methods for estimating the coefficient of consolidation from a piezocone test are 
described in Burns and Mayne (1998, 2002), Jones and Van Zyl (1981), Robertson et al. (1992) and Sully 
et al. (1999). 
 
A summary of the pore pressure dissipation tests and dissipation plots are presented in the relevant 
appendix.   
 
 
References  
 
Burns, S.E. and Mayne, P.W., 1998, “Monotonic and dilatory pore pressure decay during piezocone tests”, 
Canadian Geotechnical Journal 26 (4): 1063-1073. DOI: 1063-1073/T98-062. 
 
Burns, S.E. and Mayne, P.W., 2002, “Analytical cavity expansion-critical state model cone dissipation in 
fine-grained soils”, Soils & Foundations, Vol. 42(2): 131-137.  
 
Jones, G.A. and Van Zyl, D.J.A., 1981, “The piezometer probe: a useful investigation tool”, Proceedings, 
10th International Conference on Soil Mechanics and Foundation Engineering, Vol. 3, Stockholm: 489-495.  
 
Robertson, P.K., Sully, J.P., Woeller, D.J., Lunne, T., Powell, J.J.M. and Gillespie, D.G., 1992, “Estimating 
coefficient of consolidation from piezocone tests”, Canadian Geotechnical Journal, 29(4): 539-550. DOI: 
10.1139/T92-061. 
 
Sully, J.P., Robertson, P.K., Campanella, R.G. and Woeller, D.J., 1999, “An approach to evaluation of field 
CPTU dissipation data in overconsolidated fine-grained soils”, Canadian Geotechnical Journal, 36(2): 369-
381. DOI: 10.1139/T98-105. 
 
Teh, C.I., and Houlsby, G.T., 1991, “An analytical study of the cone penetration test in clay”, Geotechnique, 
41(1): 17-34. DOI: 10.1680/geot.1991.41.1.17. 
 

https://doi.org/10.1139/t98-062
https://doi.org/10.1139/t92-061
https://doi.org/10.1139/t98-105
https://doi.org/10.1680/geot.1991.41.1.17


APPENDICES 
 

 

The appendices listed below are included in the report: 

• Cone Penetration Test Summary and Standard Cone Penetration Test Plots 

• Advanced Cone Penetration Test Plots 

• Seismic Cone Penetration Test Plots 

• Seismic Cone Penetration Test Shear Wave (Vs) Tabular Results 

• Seismic Cone Penetration Test Shear Wave (Vs) Traces 

• Seismic Cone Penetration Test Compression Wave (Vp) Tabular Results 

• Seismic Cone Penetration Test Compression Wave (Vp) Traces 

• Seismic Cone Penetration Test Poisson’s Ratio Tabular Results 

• Soil Behaviour Type (SBT) Scatter Plots 

• Pore Pressure Dissipation Summary and Pore Pressure Dissipation Plots 

• Description of Methods for Calculated CPT Geotechnical Parameters 



 

 

 

 

 

 

 

Cone Penetration Test Summary and Standard Cone Penetration Test 

Plots 

 



Job No: 21-05-21772

Client: Thurber Engineering Ltd.

Project: Rockcliffe Riverine

Start Date: 05-Jan-2021

End Date: 05-Jan-2021

CONE PENETRATION TEST SUMMARY

Sounding ID File Name Date Cone
Cone Area

(cm2)

Assumed 

Phreatic 

Surface1

(m)

Final 

Depth 

(m)

Northing2

 (m)

Easting2 

(m)

Refer to 

Notation 

Number

SCPT21-01 21-05-21772_SP01 05-Jan-2021 610:T1500F15U35 15 12.0 30.400 4836947 621278 3

1. The assumed phreatic surface was based on pore pressure dissipation tests unless otherwise noted. Hydrostatic conditions were assumed for the calculated parameters. 

2. Coordinates were collected with a consumer grade GPS device with datum WGS84/UTM Zone 17 North. 

3. Cone EC642 was used from 2.200m - 30.400m.
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Advanced Cone Penetration Test Plots 
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Seismic Cone Penetration Test Plots 
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Seismic Cone Penetration Test Shear Wave (Vs) Tabular Results 

 



Job No: 21-05-21772

Client: Thurber

Project: Rockcliffe Riverine

Sounding ID: SCPT21-01

Date: 05-Jan-2021

Seismic Source: Beam

Seismic Offset (m): 0.55

Source Depth (m): 0.00

Geophone Offset (m): 0.20

SCPTu SHEAR WAVE VELOCITY TEST RESULTS - Vs

Tip

Depth

(m)

Geophone

Depth

(m)

Ray

Path

(m)

Ray Path

Difference

(m)

Travel Time

Interval

(ms)

Interval

Velocity

(m/s)

2.85 2.65 2.71

3.85 3.65 3.69 0.99 3.92 251

4.85 4.65 4.68 0.99 3.75 265

5.85 5.65 5.68 1.00 3.88 257

6.85 6.65 6.67 1.00 3.83 260

7.85 7.65 7.67 1.00 3.21 311

8.85 8.65 8.67 1.00 3.26 306

9.85 9.65 9.67 1.00 3.47 288

10.85 10.65 10.66 1.00 3.15 316

11.85 11.65 11.66 1.00 3.24 309

12.85 12.65 12.66 1.00 4.07 246

13.85 13.65 13.66 1.00 4.19 239

14.85 14.65 14.66 1.00 4.22 237

15.00 14.80 14.81 0.15 0.61 245

15.85 15.65 15.66 0.85 3.42 249

16.85 16.65 16.66 1.00 3.88 258

17.85 17.65 17.66 1.00 3.88 258

18.85 18.65 18.66 1.00 3.73 268

19.85 19.65 19.66 1.00 3.42 293

20.85 20.65 20.66 1.00 3.43 291

21.85 21.65 21.66 1.00 3.51 285

22.85 22.65 22.66 1.00 3.51 285

23.85 23.65 23.66 1.00 3.32 301

24.85 24.65 24.66 1.00 2.87 349

25.85 25.65 25.66 1.00 2.81 356

26.85 26.65 26.66 1.00 2.71 370

27.85 27.65 27.66 1.00 2.68 372

28.85 28.65 28.66 1.00 2.52 396

29.85 29.65 29.66 1.00 2.41 416

30.40 30.20 30.21 0.55 1.20 457
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Seismic Cone Penetration Test Shear Wave (Vs) Traces 
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Seismic Cone Penetration Test Compression Wave (Vp) Tabular Results 

 



Job No: 21-05-21772

Client: Thurber

Project: Rockcliffe Riverine

Sounding ID: SCPT21-01

Date: 05-Jan-2021

Seismic Source: Plate

Seismic Offset (m): 2.75

Source Depth (m): 0.00

Geophone Offset (m): 0.20

SCPTu COMPRESSION WAVE VELOCITY TEST RESULTS - Vp

Tip

Depth

(m)

Geophone

Depth

(m)

Ray

Path

(m)

Ray Path

Difference

(m)

Travel Time

Interval

(ms)

Interval

Velocity

(m/s)

2.85 2.65 3.82

3.85 3.65 4.57 0.75 1.20 624

4.85 4.65 5.40 0.83 1.27 656

5.85 5.65 6.28 0.88 1.25 708

6.85 6.65 7.20 0.91 1.43 637

7.85 7.65 8.13 0.93 1.58 590

8.85 8.65 9.08 0.95 1.48 641

9.85 9.65 10.03 0.96 1.53 625

10.85 10.65 11.00 0.97 1.50 643

11.85 11.65 11.97 0.97 1.50 647

12.85 12.65 12.95 0.98 1.73 562

15.85 15.65 15.89 2.95 2.49 1181

16.85 16.65 16.88 0.99 0.73 1360

17.85 17.65 17.86 0.99 0.65 1520

18.85 18.65 18.85 0.99 0.62 1607

19.85 19.65 19.84 0.99 0.60 1638

20.85 20.65 20.83 0.99 0.65 1536

21.85 21.65 21.82 0.99 0.57 1740

22.85 22.65 22.82 0.99 0.52 1904

23.85 23.65 23.81 0.99 0.50 2006

24.85 24.65 24.80 0.99 0.48 2087

25.85 25.65 25.80 0.99 0.53 1892

26.85 26.65 26.79 1.00 0.52 1919

27.85 27.65 27.79 0.99 0.50 2006

28.85 28.65 28.78 1.00 0.49 2028

29.85 29.65 29.78 1.00 0.49 2029

30.40 30.20 30.33 0.55 0.27 2064
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Seismic Cone Penetration Test Compression Wave (Vp) Traces 

 



Job No: 21-05-21772 Client: Thurber Project: Rockcliffe Riverine Filter: Norm Hole: SCPT21-01 Date: 05-Jan-2021
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Seismic Cone Penetration Test Poisson’s Ratio Tabular Results 

 



Job No: 21-05-21772

Client: Thurber

Project: Rockcliffe Riverine

Sounding ID: SCPT21-01

Date: 05-Jan-2021

SCPTu POISSON'S RATIO RESULTS

Depth From

(m)

Depth To

(m)

Vs Interval

Velocity

(m/s)

Vp Interval

Velocity

(m/s)

Poisson's

Ratio

2.65 3.65 251 624 0.40

3.65 4.65 265 656 0.40

4.65 5.65 257 708 0.42

5.65 6.65 260 637 0.40

6.65 7.65 311 590 0.31

7.65 8.65 306 641 0.35

8.65 9.65 288 625 0.37

9.65 10.65 316 643 0.34

10.65 11.65 309 647 0.35

11.65 12.65 246 562 0.38

12.65 13.65 239 1181 0.48

13.65 14.65 237 1181 0.48

14.65 14.80 245 1181 0.48

14.80 15.65 249 1181 0.48

15.65 16.65 258 1360 0.48

16.65 17.65 258 1520 0.49

17.65 18.65 268 1607 0.49

18.65 19.65 293 1638 0.48

19.65 20.65 291 1536 0.48

20.65 21.65 285 1740 0.49

21.65 22.65 285 1904 0.49

22.65 23.65 301 2006 0.49

23.65 24.65 349 2087 0.49

24.65 25.65 356 1892 0.48

25.65 26.65 370 1919 0.48

26.65 27.65 372 2006 0.48

27.65 28.65 396 2028 0.48

28.65 29.65 416 2029 0.48

29.65 30.20 457 2064 0.47

Sheet 1 of 1



 

 

 

 

 

 

 

 

Soil Behaviour Type (SBT) Scatter Plots 



Thurber
Job No: 21-05-21772
Date: 2021-01-05  09:53
Site: Jane St. and Alliance Avenue

Sounding: SCPT21-01
Cone: 610:T1500F15U35 
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Pore Pressure Dissipation Summary and Pore Pressure Dissipation Plots 

 



Job No: 21-05-21772

Client: Thurber Engineering Ltd.

Project: Rockcliffe Riverine

Start Date: 05-Jan-2021

End Date: 05-Jan-2021

CPTu PORE PRESSURE DISSIPATION SUMMARY

Sounding ID File Name
Cone Area

(cm2)

Duration

(s)

Test

Depth

(m)

Estimated 

Equilibrium Pore 

Pressure Ueq 

(m)

Calculated 

Phreatic 

Surface 

(m)

Estimated 

Phreatic 

Surface 

(m)

t50
a 

(s)

Assumed 

Rigidity 

Index (Ir)

ch
b 

(cm2/min)

SCPT21-01 21-05-21772_SP01 15 700 15.000 3.0 12.0

SCPT21-01 21-05-21772_SP01 15 3900 22.850 Not Achieved 12.0 2869 100 0.2

SCPT21-01 21-05-21772_SP01 15 700 30.400 Not Achieved

a. Time is relative to where umax occurred.

b. Houlsby and Teh, 1991.

Sheet 1 of 1
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Job No: 21-05-21772
Date: 01/05/2021  09:53
Site: Jane St. and Alliance Avenue

Sounding: SCPT21-01
Cone: 610:T1500F15U35    Area=15 cm²

Trace Summary:  
Filename: 21-05-21772_SP01.PPF
Depth: 15.000 m / 49.212 ft
Duration: 700.0 s

u Min: 2.8 m
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u Final: 3.1 m

WT:  11.974 m / 39.284 ft
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Job No: 21-05-21772
Date: 01/05/2021  09:53
Site: Jane St. and Alliance Avenue

Sounding: SCPT21-01
Cone: 610:T1500F15U35    Area=15 cm²

Trace Summary:  
Filename: 21-05-21772_SP01.PPF
Depth: 22.850 m / 74.966 ft
Duration: 3900.0 s

u Min: 49.8 m
u Max: 100.0 m
u Final: 49.8 m

WT:  12.000 m / 39.370 ft
Ueq: 10.8 m
U(50): 55.42 m

T(50): 2869.0 s
Ir: 100
Ch: 0.2 cm²/min
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Description of Methods for Calculated CPT Geotechnical Parameters 
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Limitations 
 
The geotechnical parameter output was prepared specifically for the site and project named in the accompanying 
report subject to objectives, site conditions and criteria provided to ConeTec by the client.  The output may not 
be relied upon by any other party or for any other site without the express written permission of ConeTec Group 
(ConeTec) or any of its affiliates.  For this project, ConeTec has provided site investigation services, prepared 
factual data reporting and produced geotechnical parameter calculations consistent with current best practices.  
No other warranty, expressed or implied, is made. 
 
To understand the calculations that have been performed and to be able to reproduce the calculated parameters 
the user is directed to the basic descriptions for the methods in this document and the detailed descriptions and 
their associated limitations and appropriateness in the technical references cited for each parameter. 
 



 

 

 

ConeTec’s Calculated CPT Geotechnical Parameters as of November 26, 2019 
 

ConeTec’s CPT parameter calculation and plotting routine provides a tabular output of geotechnical parameters 
based on current published CPT correlations and is subject to change to reflect the current state of practice.   
Due to drainage conditions and the basic assumptions and limitations of the correlations, not all geotechnical 
parameters provided are considered applicable for all soil types. The results are presented only as a guide for 
geotechnical use and should be carefully examined for consideration in any geotechnical design.  Reference to 
current literature is strongly recommended.  ConeTec does not warranty the correctness or the applicability of any 
of the geotechnical parameters calculated by the program and does not assume liability for any use of the results in 
any design or review.  For verification purposes we recommend that representative hand calculations be done for 
any parameter that is critical for design purposes.  The end user of the parameter output should also be fully aware 
of the techniques and the limitations of any method used by the program.  The purpose of this document is to inform 
the user as to which methods were used and to direct the end user to the appropriate technical papers and/or 
publications for further reference. 
 
The geotechnical parameter output was prepared specifically for the site and project named in the accompanying 
report subject to objectives, site conditions and criteria provided to ConeTec by the client.  The output may not be 
relied upon by any other party or for any other site without the express written permission of ConeTec Group 
(ConeTec) or any of its affiliates.   
 
The CPT calculations are based on values of tip resistance, sleeve friction and pore pressures considered at each data 
point or averaged over a user specified layer thickness (e.g. 0.20 m).  Note that qt is the tip resistance corrected for 
pore pressure effects and qc is the recorded tip resistance.  The corrected tip resistance (corrected using u2 pore 
pressure values) is used for all of the calculations.  Since all ConeTec cones have equal end area friction sleeves pore 
pressure corrections to sleeve friction, fs, are not required. 
 
The tip correction is:  q

t
 = q

c
 + (1-a) • u

2   
  (consistent units are implied) 

where: q
t
 is the corrected tip resistance 

q
c
 is the recorded tip resistance 

u
2
 is the recorded dynamic pore pressure behind the tip (u

2
 position) 

a is the Net Area Ratio for the cone (typically 0.80 for ConeTec cones) 
  

The total stress calculations are based on soil unit weight values that have been assigned to the Soil Behavior Type 
(SBT) zones, from a user defined unit weight profile, by using a single uniform value throughout the profile, through 
unit weight estimation techniques described in various technical papers or from a combination of these methods.  
The parameter output files indicate the method(s) used. 
 
Effective vertical overburden stresses are calculated based on a hydrostatic distribution of equilibrium pore 
pressures below the water table or from a user defined equilibrium pore pressure profile (typically obtained from 
CPT dissipation tests) or a combination of the two.  For over water projects the stress effects of the column of water 
above the mudline have been taken into account as has the appropriate unit weight of water.  How this is done 
depends on where the instruments were zeroed (i.e. on deck or at the mudline).  The parameter output files indicate 
the method(s) used. 
 
A majority of parameter calculations are derived or driven by results based on material types as determined by the 
various soil behavior type charts depicted in Figures 1 through 5.   The parameter output files indicate the method(s) 
used.   
 
The Soil Behavior Type classification chart shown in Figure 1 is the classic non-normalized SBT Chart developed at 
the University of British Columbia and reported in Robertson, Campanella, Gillespie and Greig (1986).  Figure 2 shows 
the original normalized (linear method) SBT chart developed by Robertson (1990).  The Bq classification charts shown 
in Figures 3a and 3b incorporate pore pressures into the SBT classification and are based on the methods described 
in Robertson (1990).  Many of these charts have been summarized in Lunne, Robertson and Powell (1997).  The 
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Jefferies and Davies SBT chart shown in Figure 3c is based on the techniques discussed in Jefferies and Davies (1993) 
which introduced the concept of the Soil Behavior Type Index parameter, Ic.  Please note that the Ic parameter 
developed by Robertson and Fear (1995) and Robertson and Wride (1998) is similar in concept but uses a slightly 
different calculation method than that used by Jefferies and Davies (1993) as the latter incorporates pore pressure 
in their technique through the use of the Bq parameter.  The normalized Qtn SBT chart shown in Figure 4 is based 
on the work by Robertson (2009) utilizing a variable stress ratio exponent, n, for normalization based on a slightly 
modified redefinition and iterative approach for Ic.  The boundary curves drawn on the chart are based on the work 
described in Robertson (2010). 
 
Figure 5 shows a revised behavior based chart by Robertson (2016) depicting contractive-dilative zones.  As the zones 
represent material behavior rather than soil gradation ConeTec has chosen a set of zone colors that are less likely to 
be confused with material type colors from previous SBT charts.  These colors differ from those used by Dr. 
Robertson. 
 

 

 

 

 

 

 

 
 

           𝑅𝑓 = (
𝑓𝑠

𝑞𝑡
) ∙ 100% 

Figure 1.  Non-Normalized Soil Behavior Type Classification Chart (SBT) 

 

 

 

 

 

 

 

Figure 2.  Normalized Soil Behavior Type Classification Chart (SBTn) 
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Figure 3.  Alternate Soil Behavior Type Charts 
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Figure 4.   Normalized Soil Behavior Type Chart using Qtn (SBT Qtn) 
 

 

 
Figure 5.   Modified SBTn Behavior Based Chart  

 
 
Details regarding the geotechnical parameter calculations are provided in Tables 1a and 1b.  The appropriate 
references cited are listed in Table 2.  Non-liquefaction specific parameters are detailed in Table 1a and liquefaction 
specific parameters are detailed in Table 1b.  
 
Where methods are based on charts or techniques that are too complex to describe in this summary the user should 
refer to the cited material.  Specific limitations for each method are described in the cited material. 
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Where the results of a calculation/correlation are deemed ‘invalid’ the value will be represented by the text strings 
“-9999”, “-9999.0”, the value 0.0 (Zero) or an empty cell.    Invalid results will occur because of (and not limited to) 
one or a combination of: 
 

1. Invalid or undefined CPT data (e.g. drilled out section or data gap). 
 

2. Where the calculation method is inappropriate, for example, drained parameters in a material behaving 
as an undrained material (and vice versa). 
 

3. Where input values are beyond the range of the referenced charts or specified limitations of the 
correlation method. 
 

4. Where pre-requisite or intermediate parameter calculations are invalid. 
 

The parameters selected for output from the program are often specific to a particular project.  As such, not all of 
the calculated parameters listed in Table 1 may be included in the output files delivered with this report. 
 

The output files are typically provided in Microsoft Excel XLS or XLSX format.  The ConeTec software has several 
options for output depending on the number or types of calculated parameters desired or requested by the client.  
Each output file is named using the original COR file base name followed by a three or four letter indicator of the 
output set selected (e.g. BSC, TBL, NLI, NL2, IFI, IFI2) and possibly followed by an operator selected suffix identifying 
the characteristics of the particular calculation run. 
 

 
 
 

Table 1a.  CPT Parameter Calculation Methods – Non liquefaction Parameters 
 

Calculated 
Parameter 

Description Equation Ref 

Depth 

Mid Layer Depth 
 
(where calculations are done at each point then Mid Layer 
Depth = Recorded Depth) 

[Depth (Layer Top) + Depth (Layer Bottom)]/ 2.0 CK* 

Elevation 
Elevation of Mid Layer based on sounding collar elevation 
supplied by client or through site survey 

Elevation = Collar Elevation - Depth CK* 

Avg qc Averaged recorded tip value (qc) 

=

=
n

i

cq
n

Avgqc
1

1   

n=1 when calculations are done at each point 

CK* 

Avg qt 
Averaged corrected tip (qt) where: 
  

2)1( uaqq ct •−+=  

=

=
n

i

tq
n

Avgqt
1

1  

n=1 when calculations are done at each point 

1 

Avg fs Averaged sleeve friction (fs) 

=

=
n

i

fs
n

Avgfs
1

1  

n=1 when calculations are done at each point 

CK* 

Avg Rf 

Averaged friction ratio (Rf) where friction ratio is defined as:  
  

tq

fs
Rf •= %100

 Avgqt

Avgfs
AvgRf = %100

 

n=1 when calculations are done at each point 

CK* 

Avg u Averaged dynamic pore pressure (u) 

=

=
n

i
iu

n
Avgu

1

1  

n=1 when calculations are done at each point 

CK* 
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Calculated 
Parameter 

Description Equation Ref 

Avg Res 
Averaged Resistivity (this data is not always available since it is a 
specialized test requiring an additional module) 


=

=
n

i
i

yResistivit
n

sAvgR
1

1
e

 

n=1 when calculations are done at each point 

CK* 

Avg UVIF 
Averaged UVIF ultra-violet induced fluorescence  (this data is 
not always available since it is a specialized test requiring an 
additional module) 


=

=
n

i
iUVIF

n
AvgUVIF

1

1  

n=1 when calculations are done at each point 

CK* 

Avg Temp 
Averaged Temperature (this data is not always available since it 
requires specialized calibrations) 


=

=
n

i
i

eTemperatur
n

AvgTemp
1

1  

n=1 when calculations are done at each point 

CK* 

Avg Gamma 
Averaged Gamma Counts (this data is not always available since 
it is a specialized test requiring an additional module) 


=

=
n

i
iGamma

n
AvgGamma

1

1  

n=1 when calculations are done at each point 

CK* 

SBT 
Soil Behavior Type as defined by Robertson et al 1986 
(often referred to as Robertson and Campanella, 1986) 

See Figure 1 1, 5 

SBTn 
Normalized Soil Behavior Type as defined by Robertson 1990 
(linear normalization) 

See Figure 2 2, 5 

SBT-Bq Non-normalized Soil Behavior type based on the Bq parameter See Figure 3 1, 2, 5 

SBT-Bqn Normalized Soil Behavior based on the Bq parameter See Figure 3 2, 5 

SBT-JandD Soil Behavior Type as defined by Jeffries and Davies See Figure 3 7 

SBT Qtn 
Soil Behavior Type as defined by Robertson (2009) using a 
variable stress ratio exponent for normalization based on Ic 

See Figure 4 15 

Modified SBTn 
(contractive 

/dilative) 

Modified SBTn chart as defined by Robertson (2016) indicating 
zones of contractive/dilative behavior. 

See Figure 5 30 

Unit Wt. 

 
Unit Weight of soil determined from one of the following user 
selectable options: 
 
1)  uniform value 
2)  value assigned to each SBT zone 
3)  value assigned to each SBTn zone 
4)  value assigned to SBTn zone as determined from Robertson 
and 
      Wride (1998) based on qc1n 
5)  values assigned to SBT Qtn zones  
6)  Mayne fs (sleeve friction) method 
7)  Robertson 2010 method 
8)  user supplied unit weight profile 
 
The last option may co-exist with any of the other options 
 

See references 
3, 5, 15, 
21, 24, 

29 



Calculated CPT Geotechnical Parameters – Revision SZW-Rev 14  Page 7/15 
 
 

 

 

Calculated 
Parameter 

Description Equation Ref 

TStress 
 

v 

 
Total vertical overburden stress at Mid Layer Depth 
 
A layer is defined as the averaging interval specified by the user 
where depths are reported at their respective mid-layer depth. 
 
For data calculated at each point layers are defined using the 
recorded depth as the mid-point of the layer. Thus, a layer starts 
half-way between the previous depth and the current depth 
unless this is the first point in which case the layer start is at zero 
depth.  The layer bottom is half-way from the current depth to 
the next depth unless it is the last data point. 
 
Defining layers affects how stresses are calculated since the unit 
weight attributed to a data point is used throughout the entire 
layer. This means that to calculate the stresses the total stress at 
the top and bottom of a layer are required. The stress at mid 
layer is determined by adding the incremental stress from the 
layer top to the mid-layer depth.  The stress at the layer bottom 
becomes the stress at the top of the subsequent layer.  Stresses 
are NOT calculated from mid-point to mid-point. 
 
For over-water work the total stress due to the column of water 
above the mud line is taken into account where appropriate. 
 

hi

n

i
i

TStress 
=

=
1


 

where   I is layer unit weight 
  hi is layer thickness 
 

CK* 

EStress 

v
’ 

 

Effective vertical overburden stress at mid-layer depth   v’ = v - ueq CK* 

Equil u 
ueq or u0 

 
Equilibrium pore pressure determined from one of the following 
user selectable options: 
 
 1)  hydrostatic below water table 
 2)  user supplied profile 
 3) combination of those above 
 
When a user supplied profile is used/provided a linear 
interpolation is performed between equilibrium pore pressures 
defined at specific depths.  If the profile values start below the 
water table then a linear transition from zero pressure at the 
water table to the first defined pointed is used. 
 
Equilibrium pore pressures may come from dissipation tests, 
adjacent piezometers or other sources.  Occasionally, an extra 
equilibrium point (“assumed value”) will be provided in the 
profile that does not come from a recorded value to smooth out 
any abrupt changes or to deal with material interfaces.  These 
“assumed” values will be indicated on our plots and in tabular 
summaries. 
 

For hydrostatic option: 
 
 ( )wtweq DDu −=   

where ueq is equilibrium pore pressure 

  w is unit weight of water  
  D is the current depth 
  Dwt is the depth to the water table 
 

CK* 

K0 Coefficient of earth pressure at rest, K0 Ko = (1 – sinΦ’) OCR sinΦ’ 17 

Cn 
Overburden stress correction factor 
used for (N1)60 and older CPT parameters 

Cn = (Pa/v’)0.5 
 
where  0.0 < Cn < 2.0 (user adjustable, typically 1.7) 
Pa is atmospheric pressure (100 kPa) 

12 

Cq Overburden stress normalizing factor 
Cq = 1.8 / (0.8 + (v’/Pa)) 
where   0.0 < Cq < 2.0  (user adjustable) 
Pa is atmospheric pressure (100 kPa) 

3, 12 
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Calculated 
Parameter 

Description Equation Ref 

N60 
SPT N value at 60% energy calculated from qt/N ratios assigned 
to each SBT zone.  This method has abrupt N value changes at 
zone boundaries. 

See Figure 1 5 

(N1)60 SPT N60 value corrected for overburden pressure (N1)60 = Cn • N60 4 

N60Ic 
SPT N60 values based on the Ic parameter [as defined by 
Roberston and Wride 1998 (5), or by Robertson 2009 (15)]. 

 
(qt/Pa)/ N60 = 8.5 (1 – Ic/4.6) 
(qt/Pa)/ N60 = 10 (1.1268 – 0.2817Ic) 
Pa being atmospheric pressure 
 

 
5 

15, 31 

(N1)60Ic 
SPT N60 value corrected for overburden pressure (using N60  Ic).   
User has 3 options. 

 
1)  (N1)60Ic= Cn • (N60 Ic) 
2)  qc1n/ (N1)60Ic = 8.5 (1 – Ic/4.6) 
3)  (Qtn)/ (N1)60Ic  = 10 (1.1268 – 0.2817Ic) 

 
4 
5 

15, 31 
 

Su 
or Su (Nkt) 

Undrained shear strength based on qt 
Su factor Nkt is user selectable N

qt
Su

kt

v−
=

 
1, 5 

Su 
or Su (Ndu) 

Undrained shear strength based on pore pressure 
Su factor NΔu is user selectable N

uu
Su

u

eq



−
=

2  
1, 5 

Dr 

Relative Density determined from one of the following user 
selectable options:  
 
a)  Ticino Sand 
b)  Hokksund Sand 
c)  Schmertmann (1978) 
d)  Jamiolkowski (1985) - All Sands 
e)  Jamiolkowski et al (2003) (various compressibilities, Ko) 

 

See reference (methods a through d) 
Jamiolkowski et al (2003) reference 

5 
14 

PHI 

    

Friction Angle determined from one of the following user 
selectable options (methods a through d are for sands and 
method e is for silts and clays): 
 

a)  Campanella and Robertson 
b)  Durgunoglu and Mitchel 
c)  Janbu 
d)  Kulhawy and Mayne 
e)  NTH method (clays and silts) 
 

 
See appropriate reference 

 
5 
5 
5 

11 
23 

Delta U/qt 
Differential pore pressure ratio 
(older parameter used before Bq was established) 

 

qt

u
=

 

 
where: 

equuu −=  

and u = dynamic pore pressure 
 ueq = equilibrium pore pressure 
 

CK* 

Bq Pore pressure parameter 

 vqt

u
Bq

−


=

 

 

equuu −=   :where  

and u = dynamic pore pressure 
 ueq = equilibrium pore pressure 
 

1, 2, 5 

Net qt 
or qtNet 

Net tip resistance 
(used in many subsequent correlations) 

 vqt −  CK* 

qe 
Effective tip resistance 
(using the dynamic pore pressure u2 and not equilibrium pore 
pressure) 

2uqt −  CK* 
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Calculated 
Parameter 

Description Equation Ref 

qeNorm Normalized effective tip resistance 


'

2

v

uqt −  
CK* 

 
Qt 

or Norm: Qt 
 

Normalized qt for Soil Behavior Type classification as defined by 
Robertson (1990) using a linear stress normalization.  Note this 
is different from Qtn. 


'

v

vqt
Qt

−
=

 
2, 5 

Fr 

or Norm: Fr 
Normalized Friction Ratio for Soil Behavior Type classification as 
defined by Robertson (1990)  vqt

fs
Fr

−
= %100

 
2, 5 

Q(1-Bq) 
Q(1-Bq) grouping as suggested by Jefferies and Davies for their 
classification chart and the establishment of their Ic parameter 

 
)1( BqQ −  

 
where Bq is defined as above and Q is the same as 
the normalized tip resistance, Qt, defined above 
 

6, 7 

 
qc1 

Normalized tip resistance, qc1, using a fixed stress ratio 
exponent, n 
(this method has stress units) 

qc1 = qt • (Pa/v’)0.5 

where: Pa = atmospheric pressure 
 

21 

 
qc1 (0.5) 

Normalized tip resistance, qc1, using a fixed stress ratio 
exponent, n 
(this method is unit-less) 

qc1 (0.5)= (qt/Pa) • (Pa/v’)0.5 

where: Pa = atmospheric pressure 
 

5 

qc1 (Cn) 
Normalized tip resistance, qc1, based on Cn 

(this method has stress units) 
qc1(Cn) = Cn * qt   5, 12 

qc1 (Cq) 
Normalized tip resistance, qc1, based on Cq 

(this method has stress units) 
qc1 (Cq)= Cq * qt  (some papers use qc) 5, 12 

qc1n 
normalized tip resistance, qc1n, using a variable stress ratio 
exponent, n  (where n=0.0, 0.70, 1.0) 
(this method is unit-less) 

qc1n = (qt / Pa)(Pa/v’)n 

where: Pa = atm. Pressure and n varies as  
   described below 

3, 5 

Ic 

or 
Ic (RW1998) 

Soil Behavior Type Index as defined by Robertson and Fear 
(1995) and Robertson and Wride (1998) for estimating grain size 
characteristics and providing smooth gradational changes across 
the SBTn chart 

 
Ic = [(3.47 – log10Q)2 + (log10 Fr + 1.22)2 ]0.5 
 

Where: 
n

v

a

a

v P

P

qt
Q 























 −
=

'

  

 

Or                
n

v

a

a

nc

P

P

qt
qQ 
























==

'1


 

 
depending on the iteration in determining Ic 
 
And   Fr is in percent 
  Pa = atmospheric pressure 
 
n varies between 0.5, 0.70 and 1.0 and is selected 
in an iterative manner based on the resulting Ic 

 

3, 5, 21 

Ic (PKR 2009) 

Soil Behavior Type Index, Ic (PKR 2009) based on a variable 
stress ratio exponent n, which itself is based on Ic (PKR 2009).  
An iterative calculation is required to determine Ic (PKR 2009) 
and its corresponding n (PKR 2009). 

Ic (PKR 2009) =  
[(3.47 – log10Qtn)2 + (1.22 + log10Fr)2]0.5 

15 
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Calculated 
Parameter 

Description Equation Ref 

n (PKR 2009) 
Stress ratio exponent n, based on Ic (PKR 2009). 
An iterative calculation is required to determine n (PKR 2009) 
and its corresponding Ic (PKR 2009). 

n (PKR 2009) = 0.381 (Ic) + 0.05 (v’/Pa) – 0.15 15 

Qtn (PKR 2009) 
Normalized tip resistance using a variable stress ratio exponent 
based on Ic (PKR 2009) and n (PKR 2009).  An iterative 
calculation is required to determine Qtn (PKR 2009). 

Qtn = [(qt - v)/Pa](Pa/v’)n
 

where Pa = atmospheric pressure (100 kPa) 
   n = stress ratio exponent described above 

15 

FC Apparent fines content (%) 

FC=1.75(Ic3.25) - 3.7 
FC=100 for Ic > 3.5 
FC=0    for Ic < 1.26 
FC = 5% if 1.64 < Ic < 2.6 AND Fr<0.5 

3 

Ic Zone 
This parameter is the Soil Behavior Type zone based on the Ic 
parameter (valid for zones 2 through 7 on SBTn or SBT Qtn 
charts) 

Ic < 1.31  Zone = 7 
1.31 < Ic < 2.05 Zone = 6 
2.05 < Ic < 2.60 Zone = 5 
2.60 < Ic < 2.95 Zone = 4 
2.95 < Ic < 3.60 Zone = 3 
Ic > 3.60  Zone = 2 

3 

State Param 
or State 

Parameter 
or ψ 

 
The state parameter index, ψ, is defined as the difference 
between the current void ratio, e, and the critical void ratio, ec.   
Positive ψ - contractive soil 
Negative ψ - dilative soil  
 
This is based on the work by Been and Jefferies (1985) and 
Plewes, Davies and Jefferies (1992) 
 
- vertical effective stress is used rather than a mean normal 
stress 
 

See reference 6, 8 

Yield Stress 
σp’ 

 

Yield stress is calculated using the following methods 
 
a) General method  
 
 
 
 
b) 1st order approximation using qtNet  (clays) 
c)  1st order approximation using Δu2   (clays) 

d)  1st order approximation using qe    (clays) 

 

All stresses in kPa 
 
a)  σp’=  0.33·(qt – σv)m’ (σatm/100)1-m’ 

        

 where 
25)65.2/(1

28.0
1'

cI
m

+
−=  

 

b)  σp’ = 0.33·(qt – σv) 

c)  σp’ = 0.54· (Δu2)       Δu2 = u2 – u0  
d)  σp’ = 0.60 · (qt – u2) 
           

 
 

19 
 
 
 
 

20 
20 
20 

 

OCR 
 

OCR(JS1978) 
 

 
OCR(Mayne2014) 

OCR (qtNet) 
OCR (deltaU) 

OCR (qe) 
OCR (Vs) 

OCR (PKR2015) 

 
Over Consolidation Ratio based on 
 
a) Schmertmann (1978) method involving a  plot 

plot of Su/v’ /( Su/v’)NC and OCR 
 
b) based on Yield stresses described above 
c) approximate version based on qtNet 
d) approximate version based on Δu 
e) approximate version based on effective tip, qe 
f) approximate version based on shear wave velocity, Vs 
g) based on Qt 
 

 
 
 
a) requires a user defined value for NC Su/Pc’ ratio  
 
 
b through f)  based on yield stresses 
 
 
 
 
g)  OCR = 0.25·(Qt)1.25 

 
 
 

9 
 
 

19 
20 
20 
20 
18 
32 
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Calculated 
Parameter 

Description Equation Ref 

Es/qt 
Intermediate parameter for calculating Young’s Modulus, E, in 
sands.  It is the Y axis of the reference chart.  

Based on Figure 5.59 in the reference 5 

Es 
Young’s  

Modulus E 

Young’s Modulus based on the work done in Italy.  There are 
three types of sands considered in this technique.  The user 
selects the appropriate type for the site from: 
 
 a) OC Sands 
 b) Aged NC Sands 
 c) Recent NC Sands 
 
Each sand type has a family of curves that depend on mean 
normal stress.  The program calculates mean normal stress and 
linearly interpolates between the two extremes provided in the 
Es/qt chart. Es is evaluated for an axial strain of 0.1%. 

 
Mean normal stress is evaluated from: 
 

 ( )3''''

3

1


hhvm
++=

 

 

where v’= vertical effective stress 

  h’= horizontal effective stress 
 

and h =  Ko • v
’  with Ko assumed to be 0.5 

 
 

5 

Delta U/TStress Differential pore pressure ratio with respect to total stress 
v

u




=

      where: 
equuu −=  

CK* 

Delta U/Estress, 
P Value, 

Excess Pore 
Pressure Ratio 

Differential pore pressure ratio with respect to effective stress. 
Key parameter (P, Normalized Pore Pressure Parameter, Excess 
Pore Pressure Ratio) in the Winckler et. al. static liquefaction 
method. 

'

v

u




=

    where: 
equuu −=  25, 25a, 

CK* 

 
Su/EStress 

 
Undrained shear strength ratio with respect to vertical effective 
overburden stress using the Su (Nkt) method 

 

= Su (Nkt) / v’ 
CK* 

 
Gmax 

 
Gmax determined from SCPT shear wave velocities (not 
estimated values) 

 
Gmax = ρVs

2
 

where ρ is the mass density of the soil determined 
from the estimated unit weights at each test depth 

27 

 
 

qtNet/Gmax 

 
Net tip resistance ratio with respect to the small strain modulus 
Gmax determined from SCPT shear wave velocities (not 
estimated values) 

 

= (qt -  v) / Gmax 
 

where Gmax = ρVs
2

 

and ρ is the mass density of the soil determined 
from the estimated unit weights at each test depth 

15, 28, 
30 

   

 

 

*CK – common knowledge 
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Table 1b.  CPT Parameter Calculation Methods – Liquefaction Parameters 
 

Calculated 
Parameter 

Description Equation Ref 

KSPT Equivalent clean sand factor for (N1)60 KSPT = 1 + ((0.75/30) • (FC – 5)) 10 

KCPT 

or  
KC (RW1998) 

Equivalent clean sand correction for qc1N 

Kcpt = 1.0 for Ic  1.64 
Kcpt = f(Ic) for Ic > 1.64  (see reference) 
Kc = – 0.403 Ic

4 + 5.581 Ic
3 – 21.63Ic

2 + 33.75 Ic – 17.88 
 

3, 10 

Kc (PKR 2010) Clean sand equivalent factor to be applied to Qtn 
Kc = 1.0 for Ic ≤ 1.64 

Kc = – 0.403 Ic
4 + 5.581 Ic

3 – 21.63Ic
2 + 33.75 Ic – 17.88 

for Ic > 1.64 
16 

(N1)60csIc Clean sand equivalent SPT (N1)60Ic.  User has 3 options. 

 
1)  (N1)60csIc = α + β((N1)60Ic) 
2)  (N1)60csIc = KSPT * ((N1)60Ic) 
3)  (qc1ncs)/ (N1)60csIc = 8.5 (1 – Ic/4.6) 
 
FC ≤ 5%:  α = 0,      β=1.0 
FC ≥ 35%  α = 5.0,   β=1.2 
5% < FC < 35% α = exp[1.76 – (190/FC2)] 
   β = [0.99 + (FC1.5/1000)] 
 

 
10 
10 
5 
 

qc1ncs Clean sand equivalent qc1n qc1ncs = qc1n • Kcpt 3 

Qtn,cs (PKR 
2010) 

Clean sand equivalent for Qtn described above 
- Qtn being the normalized tip resistance based on a variable 
stress exponent as defined by Robertson (2009) 

Qtn,cs = Qtn · Kc (PKR 2016) 16 

Su(Liq)/ESv Liquefied shear strength ratio as defined by Olson and Stark 

 
Su(Liq)  = 0.03 + 0.0143(qc1) 

v’ 
 

Note: v’ and sv’ are synonymous 
 

13 

Su(Liq)/ESv 
(PKR 2010) 

Liquefied shear strength ratio as defined by Robertson (2010) 

 
Su(Liq) 

v’ 
Based on a function involving Qtn,cs 

 

16 

Su (Liq) 
(PKR 2010) 

Liquefied shear strength derived from the liquefied shear 
strength ratio and effective overburden stress 

 
 

 

16 

Cont/Dilat Tip Contractive / Dilative qc1 Boundary based on (N1)60 (v’)boundary = 9.58 x 10-4 [(N1)60]4.79 

qc1 is calculated from specified qt(MPa)/N ratio 
13 

CRR Cyclic Resistance Ratio (for Magnitude 7.5) 

qc1ncs < 50: 
CRR7.5 = 0.833 [qc1ncs/1000] + 0.05 
 

50   qc1ncs < 160: 
CRR7.5 =  93 [qc1ncs/1000]3 + 0.08 
 

10 

Kg Small strain Stiffness Ratio Factor, Kg 
[Gmax/qt]/[qc1n-m] 
m = empirical exponent, typically 0.75 

26 
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Calculated 
Parameter 

Description Equation Ref 

SP Distance State Parameter Distance, Winckler static liquefaction method 
Perpendicular distance on Qtn chart from plotted 
point to state parameter Ψ = -0.05 curve 

25 

URS NP Fr 
Normalized friction ratio point on Ψ = -0.05 curve used in SP 
Distance calculation 

 25 

URS NP Qtn 
Normalized tip resistance (Qtn)  point on Ψ = -0.05 curve used in 
SP Distance calculation 

 25 
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APPENDIX E GEOTECHNICAL LABORATORY ROCK TEST RESULTS 

  



Date Drilled:
Date Tested:
Tester:

HQ BH No : Reviewed by:

Test 
No. Run No. Depth

(m)
Axial or 

Diametral
Gauge 
(MPa)

Diameter 
(mm)

Length 
(mm)

Is(50) 

(MPa)
UCS

(MPa) Rock Type Rock Strength    
(after Hoek & Brown, 1997)

1 2 40.9 A 4.10 63.17 55.22 1.0 23.9 Shale Weak
2 3 42.0 A 4.16 63.10 59.95 0.9 22.8 Shale Weak
3 3 42.4 A 4.52 63.07 57.60 1.1 25.5 Shale Medium Strong
4 4 43.0 A 3.74 63.20 61.46 0.8 20.1 Shale Weak
5 4 44.1 D 13.36 63.50 89.46 3.5 83.9 Hard Layer Strong
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

* It is ideal to perform axial test on core specimens with D/L ratio of 1.1 ± 0.1
Long pieces of core can be tested diametrically to produce suitable lengths for axial testing

* Diametral Test should have 0.7 x D on either side of test point.
* Correlation factor to obtain UCS values is 24. Last Modified: September 14, 2016

POINT LOAD TEST SHEET
ASTM D5731-08

Job No: 29789 14-May-21

Core Size: JS-01 WM

Client:
Rockcliffe Riverine Flood Mitigation

03-Jun-21
Project Name: MP

Morrison Hershfield



Date Drilled:
Date Tested:
Tester:

HQ BH No : Reviewed by:

Test 
No. Run No. Depth

(m)
Axial or 

Diametral
Gauge 
(MPa)

Diameter 
(mm)

Length 
(mm)

Is(50) 

(MPa)
UCS

(MPa) Rock Type Rock Strength    
(after Hoek & Brown, 1997)

1 1 38.3 A 2.94 63.05 56.32 0.7 16.9 Shale Weak
2 2 38.7 A 6.40 63.05 53.10 1.6 38.5 Shale Medium Strong
3 2 39.4 A 9.04 63.00 53.75 2.2 53.9 Shale Strong
4 3 40.5 A 5.00 63.00 59.75 1.1 27.5 Shale Medium Strong
5 3 41.4 A 6.12 63.00 65.82 1.3 31.2 Shale Medium Strong
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

* It is ideal to perform axial test on core specimens with D/L ratio of 1.1 ± 0.1
Long pieces of core can be tested diametrically to produce suitable lengths for axial testing

* Diametral Test should have 0.7 x D on either side of test point.
* Correlation factor to obtain UCS values is 24. Last Modified: September 14, 2016

Core Size: JS-02 WM

Client:
Rockcliffe Riverine Flood Mitigation

25-Jun-21
Project Name: MP

Morrison Hershfield

POINT LOAD TEST SHEET
ASTM D5731-08

Job No: 29789 02-Jun-21



Date Drilled:
Date Tested:
Tester:

HQ BH No : Reviewed by:

Test 
No. Run No. Depth

(m)
Axial or 

Diametral
Gauge 
(MPa)

Diameter 
(mm)

Length 
(mm)

Is(50) 

(MPa)
UCS

(MPa) Rock Type Rock Strength    
(after Hoek & Brown, 1997)

1 3 37.5 A 2.32 62.80 57.40 0.5 13.2 Shale Weak
2 5 39.4 A 7.58 61.73 54.86 1.9 45.2 Shale Medium Strong
3 5 40.0 A 5.92 62.90 56.36 1.4 34.1 Shale Medium Strong
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

* It is ideal to perform axial test on core specimens with D/L ratio of 1.1 ± 0.1
Long pieces of core can be tested diametrically to produce suitable lengths for axial testing

* Diametral Test should have 0.7 x D on either side of test point.
* Correlation factor to obtain UCS values is 24. Last Modified: September 14, 2016

POINT LOAD TEST SHEET
ASTM D5731-08

Job No: 29789 17-May-21

Core Size: JS-03 WM

Client:
Rockcliffe Riverine Flood Mitigation

03-Jun-21
Project Name: MP

Morrison Hershfield



Date Drilled:
Date Tested:
Tester:

HQ BH No : Reviewed by:

Test 
No. Run No. Depth

(m)
Axial or 

Diametral
Gauge 
(MPa)

Diameter 
(mm)

Length 
(mm)

Is(50) 

(MPa)
UCS

(MPa) Rock Type Rock Strength    
(after Hoek & Brown, 1997)

1 2 36.8 A 3.62 62.64 60.80 0.8 19.7 Shale Weak
2 3 38.3 A 2.32 63.04 59.80 0.5 12.7 Shale Weak
3 4 39.0 A 11.30 62.88 57.00 2.7 64.5 Hard Layer Strong
4 4 39.6 D 5.70 63.15 86.90 1.5 36.1 Hard Layer Medium Strong
5 5 40.9 A 3.80 62.85 60.50 0.9 20.7 Shale Weak
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

* It is ideal to perform axial test on core specimens with D/L ratio of 1.1 ± 0.1
Long pieces of core can be tested diametrically to produce suitable lengths for axial testing

* Diametral Test should have 0.7 x D on either side of test point.
* Correlation factor to obtain UCS values is 24. Last Modified: September 14, 2016

POINT LOAD TEST SHEET
ASTM D5731-08

Job No: 29789 14-May-21

Core Size: JS-04 WM

Client:
Rockcliffe Riverine Flood Mitigation

03-Jun-21
Project Name: MP

Morrison Hershfield



Geomechanica Inc. 
Suite 900 – 390 Bay St. 

Toronto Ontario 
Canada M5H 2Y2 

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

June 11, 2021 

Mr. Joshua Alexander 
Thurber Engineering Ltd.  
103, 2010 Winston Park Drive 
Oakville ON 
L6H 5R7 

Re: UCS testing (Thurber Project No. 29789 

Dear Mr. Alexander 

On June 3rd, seven (7) HQ-sized rock core sample was received by Geomechanica Inc. via drop-off by 
Thurber personnel. These samples were identified as being from Thurber project 29789 (Rockcliffe 
Riverine Flood Mitigation Project). From these samples, three (3) UCS specimens were prepared and 
tested.  

Details regarding the steps of specimen preparation and testing are presented in the accompanying 
laboratory report and summary spreadsheet. 

Sincerely, 

Bryan Tatone Ph.D., P. Eng. 

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



Rock Laboratory Testing
Results

A report submitted to:
Joshua Alexander

Thurber Engineering Ltd.
103, 2010 Winston Park Drive

Oakville, Ontario
Canada L6H 5R7

Prepared by:
Bryan Tatone, PhD, PEng

Omid Mahabadi, PhD, PEng
Geomechanica Inc.

#900-390 Bay St.
Toronto ON

M5H 2Y2 Canada
Tel: +1-647-478-9767

lab@geomechanica.com

June 11, 2021
Project number: 29789

Abstract

This document summarizes the results of rock laboratory testing,
including 3 Uniaxial Compressive Strength (UCS) tests. The uniaxial
compressive strength (UCS) values along with photographs of speci-
mens before and after testing are presented herein.

In this document:
1 Uniaxial Compressive Strength Tests 1
Appendices 3

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



Rock laboratory testing results 1

1 Uniaxial Compressive Strength Tests

1.1 Overview

This section summarizes the results of uniaxial compressive strength (UCS) testing. The testing was

performed in Geomechanica’s rock testing laboratory using a 150 ton (1.3 MN) Forney loading frame

equipped with pressure-compensated control valve to maintain an axial displacement rate of approximately

0.10 mm/min (Figure 1). The preparation and testing procedure for each specimen included the following:

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

mize exposure to moisture during subsequent specimen preparation.

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

= 2:1) and nearly parallel end faces.

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

0.25◦).

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

tape.

5. Axially loading the specimens to rupture while continuously recording axial force and axial deforma-

tion to determine the peak strength (UCS).

Figure 1: Forney loading frame setup for UCS testing.

Project number: 29789



Rock laboratory testing results 2

Using a precision V-block mounted on the magnetic chuck of the surface grinder, test specimens met the

end flatness, end parallelism, and perpendicularity criteria set out in ASTM D4543-19. The side straightness

criteria, as checked with a feeler gauge, and the minimum length:diameter criteria was met for all specimens

unless noted otherwise in Table 1. Testing of the specimens followed ASTM D7012-14 Method C.

1.2 Results

The results of UCS testing are summarized in Table 1. Additional specimen and testing details are provided

in the summary spread sheet that accompanies this report.

Table 1: Summary of Uniaxial Compression test results.

Sample Depth (ft’ in”) Bulk density ρ

(g/cm3)
UCS

(MPa)
Lithology Failure

description

129’7” - 130’6” 2.581 11.6 1, 2BH-JS-04, Run 4 siltstone

1 Axial splitting failure
2 Length:Diameter ratio less than 2
3 Failure localized in softer shale layer

1.3 Specimen photographs

Photographs of the specimens before and after testing are presented in the Appendix of this report.

Project number: 29789



Appendices

Specimen sheets

• BH-JS-04, Run 4

3



Uniaxial Compression Test

Client Thurber Engineering Ltd. Project 29789

Sample BH-JS-04, Run 4 Depth 129’7” - 130’6”

Specimen parameters

Diameter (mm) a 63.36

Length (mm) a 123.14

Bulk density ρ (g/cm3) 2.581

UCS (MPa) 11.6

Lithology siltstone

Failure description b 1, 2

a Additional specimen measurement/details provided in accompa-
nying summary spreadsheet.
b Failure description: 1 Axial splitting failure; 2 Length:Diameter
ratio less than 2;

Prior to testing After testing

Remarks: Loading rate: 0.15 mm/min

Performed by HS Date 2021-06-09

4



 

 

APPENDIX F BEDROCK CORE PHOTOGRAPHS 

  



Rockcliffe Riverine Flood Mitigation Project 
Photographs of Rock Core 

Borehole JS-01 – Runs 1 and 2 – 39.32 - 41.27 m 

Borehole JS-01 – Runs 3 and 4 – 41.27 - 44.27 m 

Borehole JS-01 – Run 5 – 44.27 - 45.77 m 



 
 

Rockcliffe Riverine Flood Mitigation Project 
Photographs of Rock Core 

 

  

 
 

Borehole JS-02 – Run 1 – 38.17 - 38.45 m 

 

Borehole JS-02 – Run 2 – 38.45 – 39.98 m 

 

Borehole JS-02 – Run 3 – 39.98 – 41.50 m 

 
 
 
 
 
 



 
 

Rockcliffe Riverine Flood Mitigation Project 
Photographs of Rock Core 

 

  

Borehole JS-03 – Run 1 – 33.91 – 34.75 m 

 

Borehole JS-03 – Run 2 – 36.58 – 37.11 m 

 

Borehole JS-03 – Run 3 – 37.11 – 38.48 m 

 

Borehole JS-03 – Run 4 – 38.48 - 39.06 m 

 



 
 

Rockcliffe Riverine Flood Mitigation Project 
Photographs of Rock Core 

 

  

Borehole JS-03 – Run 5 – 39.06 - 40.08 m 

 
 
 



Rockcliffe Riverine Flood Mitigation Project 
Photographs of Rock Core 

Borehole JS-04 – Run 1 – 35.05 – 35.46 m 

Borehole JS-04 – Run 2 – 35.46 – 37.08 m 

Borehole JS-04 – Run 3 – 37.08 - 38.61 m 

Borehole JS-04 – Run 4 – 38.61 - 40.13 m 

Borehole JS-04 – Run 5 – 40.13 - 41.66 m 



 

 

APPENDIX G LABORATORY CERTIFICATES OF ANALYSIS - SOIL CORROSIVITY 

  



Rockcliffe Riverine Flood Mitigation Project 

Table G1 – Summary of Corrosivity and Sulphate Analytical Test Results 

Sample ID 
Sample 
Depth 
 (m) 

Sample 
Description 

Sulphide 
(%) 

Chloride 
(µg/g) 

Sulphate 
(µg/g) pH Resistivity 

(ohm.cm) 
Redox 

Potential 
(mV) 

JS-01 SS10B 9.5 – 9.7 Sand Fill < 0.04 1500 98 8.32 436 178 
JS-03 SS16 18.3 – 18.9 Silt 0.11 86 150 8.44 2800 132 
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LABORATORY DETAILSCLIENT DETAILS

Client

Address

Telephone

Facsimile

Email

Project

Order Number

Samples

Laboratory

Project Specialist

Address

Telephone

Facsimile

Email

SGS Reference

Contact

Report Number

Date Reported

Soil (7) 

Joshua Alexander

Thurber Engineering Ltd.

29789, Rockcliffe Riverine Flood Mitigation Project

Brad Moore Hon. B.Sc

SGS Canada Inc.

705-652-2143

705-652-6365

brad.moore@sgs.com
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FINAL REPORT
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CA14828-JUN21 R1

CA14828-JUN21
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Approved

First Page

06/15/2021

06/15/2021

COMMENTS

Temperature of Sample upon Receipt: 7 degrees C

Cooling Agent Present:Yes

Custody Seal  Present:Yes

Chain of Custody Number:007519

Corrosivity Index is based on the American Water Works Corrosivity Scale according to AWWA C-105.   An index greater than 10 indicates the soil matrix may be 

corrosive to cast iron alloys.
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FINAL REPORT CA14828-JUN21 R1

Thurber Engineering Ltd.

29789, Rockcliffe Riverine Flood Mitigation Project

Client:  

Project:  

Project Manager: Joshua Alexander

Josh AlexanderSamplers:

Sample Number 5 6PACKAGE:  - Corrosivity Index (SOIL)

Sample Name JS-01, SS10B JS-03, SS16

Sample Matrix Soil Soil

Sample Date 12/05/2021 10/05/2021

Result  RL Result  UnitsParameter

Corrosivity Index

611none 1Corrosivity Index

132178mV -Soil Redox Potential

0.11< 0.04% 0.04Sulphide (Na2CO3)

8.448.32pH Units 0.05pH

2800436ohms.cm -9999Resistivity (calculated)

Sample Number 5 6PACKAGE:  - General Chemistry (SOIL)

Sample Name JS-01, SS10B JS-03, SS16

Sample Matrix Soil Soil

Sample Date 12/05/2021 10/05/2021

Result  RL Result  UnitsParameter

General Chemistry

3572290uS/cm 2Conductivity

Sample Number 5 6PACKAGE:  - Metals and Inorganics (SOIL)

Sample Name JS-01, SS10B JS-03, SS16

Sample Matrix Soil Soil

Sample Date 12/05/2021 10/05/2021

Result  RL Result  UnitsParameter

Metals and Inorganics

18.913.9% 0.1Moisture Content

15098µg/g 0.4Sulphate
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FINAL REPORT CA14828-JUN21 R1

Thurber Engineering Ltd.

29789, Rockcliffe Riverine Flood Mitigation Project

Client:  

Project:  

Project Manager: Joshua Alexander

Josh AlexanderSamplers:

Sample Number 5 6PACKAGE:  - Other (ORP) (SOIL)

Sample Name JS-01, SS10B JS-03, SS16

Sample Matrix Soil Soil

Sample Date 12/05/2021 10/05/2021

Result  RL Result  UnitsParameter

Other (ORP)

861500µg/g 0.4Chloride
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CA14828-JUN21 R1FINAL 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 DIO0179-JUN21 µg/g 0.4 20 75 12580 120<0.4 5 96 106

Sulphate DIO0179-JUN21 µg/g 0.4 20 75 12580 120<0.4 2 98 110

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 (Na2CO3) ECS0022-JUN21 % 0.04 20 80 120< 0.04 ND 100

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 EWL0207-JUN21 uS/cm 2 20 90 110< 2 1 101 NA

20210615
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CA14828-JUN21 R1FINAL 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 EWL0207-JUN21 pH Units 0.05 NA 0 100 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.

20210615
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CA14828-JUN21 R1FINAL 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 --

20210615
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APPENDIX H LABORATORY CERTIFICATES OF ANALYSIS - ASBESTOS 

  



Rockcliffe Riverine Flood Mitigation Project 

Table H1 – Summary of Asbestos Testing 

Component Street 
Borehole 
Asphalt 

Core 

Asbestos 
Fibres 

Detected 

Jane Street Bridge Jane Street 
JS-01 No 
JS-03 No 
JS-04 No 



[This report shall not be reproduced except in full without the written authority of the Laboratory.]

08-JUN-21

Lab Work Order #: L2598395

Date Received:Thurber Engineering Ltd. (Oakville)

2010 Winston Park Drive
Suite 103
OAKVILLE  ON  L6H5R7

ATTN: JOSH ALEXANDER
FINAL   
16-JUN-21 15:03 (MT)Report Date:

Version:

Certificate of Analysis

ALS CANADA LTD     Part of the ALS Group     An ALS Limited Company

____________________________________________ 

Amanda Overholster
Account Manager

ADDRESS: 95 West Beaver Creek Road, Unit 1, Richmond Hill, ON L4B 1H2 Canada | Phone: +1 905 881 9887 | Fax: +1 905 881 8062

Client Phone: 905-829-8666

29789-ROCKCLIFF RIVERINE FLOOD MITIGATIONJob Reference: 
NOT SUBMITTEDProject P.O. #: 

20-95262C of C Numbers:
Legal Site Desc: 



ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L2598395 CONTD....

2PAGE 

Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of

29789-ROCKCLIFF RIVERINE FLOOD MITIGATION

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
3

L2598395-4

L2598395-5

L2598395-6

JS-03

JS-04

JS-01

CLIENT on 10-MAY-21

CLIENT on 12-MAY-21

CLIENT on 12-MAY-21

Sampled By:

Sampled By:

Sampled By:

ASPHALT

ASPHALT

ASPHALT

Matrix:

Matrix:

Matrix:

Report Remarks : No asbestos fibres were observed.

Report Remarks : No asbestos fibres were observed.

Report Remarks : No asbestos fibres were observed.

Asbestos/Quartz/Other Fibres

Asbestos/Quartz/Other Fibres

Asbestos/Quartz/Other Fibres

Asbestos By Point Count

Other Non Fibrous: Filler and Tar

Asbestos By Point Count

Other Non Fibrous: Filler and Tar

Asbestos By Point Count

Other Non Fibrous: Filler and Tar

%

%

%
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16-JUN-21

16-JUN-21

16-JUN-21

16-JUN-21

16-JUN-21

16-JUN-21

< .1

100

< .1

100

< .1

100
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1.0

0.10

1.0

0.10

1.0

R5491651

R5491651

R5491651

R5491651

R5491651

R5491651



Reference Information

L2598395 CONTD....
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29789-ROCKCLIFF RIVERINE FLOOD MITIGATION

Bulk samples are examined under a stereoscopic microscope.  Individual fibers or fibre bundles are mounted in refractive index liquids and are 
observed under a polarized light microscope with a special dispersion staining objective.  The dispersion staining colours are compared to reference 
samples of known asbestiforms.

Polarized microscopy is not a definitive technique for negative results for  non-friable organically bound material (i.e.floor tiles).

ALS Test Code Test Description Method Reference**

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

WP ALS ENVIRONMENTAL - WINNIPEG, MANITOBA, CANADA

GLOSSARY OF REPORT TERMS
Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For    
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory 
objectives for surrogates are listed there.
mg/kg - milligrams per kilogram based on dry weight of sample
mg/kg wwt - milligrams per kilogram based on wet weight of sample
mg/kg lwt - milligrams per kilogram based on lipid weight of sample
mg/L  - unit of concentration based on volume, parts per million.
<  - Less than.
D.L. - The reporting limit.
N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Test Method References:            

Chain of Custody Numbers:

20-95262

Version:  FINAL   

ASBESTOS-PTCT-WP Quantitation of asbestos by point 
count

Bulk EPA/600/R-93/116

3



Quality Control Report
Page 1 of

Client:

Contact:

Thurber Engineering Ltd. (Oakville)
2010 Winston Park Drive Suite 103
OAKVILLE  ON  L6H5R7
JOSH ALEXANDER

Report Date: 16-JUN-21Workorder: L2598395

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

2



Quality Control Report

Page 2 of

Report Date: 16-JUN-21Workorder: L2598395

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

All test results reported with this submission were conducted within ALS recommended hold times.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government 
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.

Client:

Contact:

Thurber Engineering Ltd. (Oakville)
2010 Winston Park Drive Suite 103
OAKVILLE  ON  L6H5R7
JOSH ALEXANDER

2





 

 

APPENDIX I SEISMIC LIQUEFACTION ANALYSIS 

  



http://www.earthquakescanada.nrcan.gc.ca
http://www.nationalcodes.ca


TITLE:

CLIENT: DATE: SITE: FIGURE:

March 2021

29789-ROCKCLIFFE RIVERINE LOOD MITIGATION

I1JANE STREET BRIDGE

PROJECT:

LIQUEFACTION TRIGGERING ANALYSIS

Liquefaction Triggering (1:2475 year)

Scaled Spectral Acceleration, 1:2475 Target Spectra
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APPENDIX J LATERAL EARTH PRESSURE FIGURE 

  



g =   unit weight of soil
gw =   unit weight of water
Ka  =   earth pressure coefficient

LATERAL  PRESSURE DISTRIBUTION

Temporarily Braced Shoring in Sand
FIGURE  J1

gwhw

Surcharge q

d

x

0.5 x

H

Ka(gd+q)

hw

0.65Ka [g(H-hw)+(g-gw)hw]

H =   retaining wall height

hw =   see geotechnical report for groundwater conditions

excavation base



 

 

APPENDIX K SLOPE STABILITY ANALYSIS 
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Embankment El. = 109 m Surcharge (Unit Weight) = 12 kN/m³

Color Name Slope Stability 
Material Model

Unit 
Weight 
(kN/m³)

Effective 
Cohesion 
(kPa)

Effective 
Friction 
Angle (°)

Phi-B
(°)

Piezometric 
Line

Clay 
(drained)

Mohr-Coulomb 19 0 28 0 1

Concrete High Strength 24 1

Fill Mohr-Coulomb 20 0 30 0 1

Fill (2) Mohr-Coulomb 19 0 29 0 1

New Fill Mohr-Coulomb 21 0 32 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt (2) Mohr-Coulomb 20 0 30 0 1

Slope 2.5H:1V

H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-06-01V1.gsz

5.5. North Slope - Drained

1:450

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-06, 11:07:04 AM

Project

Analysis

Seismic Coefficient
H: g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure K14

Name: 5. North Slope Bridge
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1 m
Entry: (45.718807, 109.25931) m, Exit: (71.3, 96) m
Center: (62.666284, 110.64953) m, Radius: 17.004402 m

Additional Details
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Line
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Mohr-Coulomb 19 0 28 0 1

Concrete High Strength 24 1

Fill Mohr-Coulomb 20 0 30 0 1

Fill (2) Mohr-Coulomb 19 0 29 0 1

New Fill Mohr-Coulomb 21 0 32 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt (2) Mohr-Coulomb 20 0 30 0 1

Slope 2.5H:1V

 5
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H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis v1 2022-06-02V2.gsz

8. North Slope - (5 m into clay) (Drained)

1:450

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-02, 05:16:44 PM

Project

Analysis

Seismic Coefficient
H: g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure K15

Name: 6. North Slope Bridge (5 m into clay)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1 m
Entry: (30.009106, 108.92274) m, Exit: (90.433333, 96) m
Center: (63.213658, 116.45343) m, Radius: 34.047814 m

Additional Details
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S=f(depth) 19 80 5 120 1

Concrete High Strength 24 1

Fill Mohr-Coulomb 20 0 30 0 1
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New Fill Mohr-Coulomb 21 0 32 0 1
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Silt (2) Mohr-Coulomb 20 0 30 0 1
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H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis v1 2022-06-02V1.gsz

6. North Slope - Undrained (5 m into clay)

1:450

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-02, 04:03:48 PM

Project

Analysis

Seismic Coefficient
H: g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure K16

Name: 6. North Slope Bridge (5 m into clay)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1 m
Entry: (25.722091, 108.93377) m, Exit: (83.6, 96) m
Center: (57.545058, 115.37268) m, Radius: 32.467841 m

Additional Details
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Embankment El. = 109 m Surcharge (Unit Weight) = 12 kN/m³

Color Name Slope Stability 
Material Model
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Effective 
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Friction 
Angle (°)

Phi-B
(°)

C-Top 
of 
Layer 
(kPa)

C-Rate of 
Change 
((kN/m²)/m)

C-Maximum 
(kPa)

Piezometric 
Line

Clay 
(undrained)

S=f(depth) 19 80 5 120 1

Concrete High Strength 24 1

Fill Mohr-Coulomb 20 0 30 0 1

Fill (2) Mohr-Coulomb 19 0 29 0 1

New Fill Mohr-Coulomb 21 0 32 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt (2) Mohr-Coulomb 20 0 30 0 1

Slope 2.5H:1V

 5
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H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis v1 2022-06-02V1.gsz

7. North Slope - Undrained (5 m into clay) (Seismic)

1:450

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-02, 04:09:07 PM

Project

Analysis

Seismic Coefficient
H: 0.085g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure K17

Name: 6. North Slope Bridge (5 m into clay)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1 m
Entry: (14.290051, 108.96321) m, Exit: (86.333333, 96) m
Center: (54.756934, 127.18612) m, Radius: 44.380663 m

Additional Details
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Piezometric 
Line
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Mohr-Coulomb 19 0 28 0 1

Fill Mohr-Coulomb 20 0 30 0 1

Fill (2) Mohr-Coulomb 19 0 29 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt (2) Mohr-Coulomb 20 0 30 0 1

Slope 2H:1V

H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-06-06V1.gsz

1.5. North Slope - Drained (2:1)

1:450

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-06, 11:11:02 AM

Project

Analysis

Seismic Coefficient
H: g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure K18

Name: 1. North Slope Off Road(2:1)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 2 m
Entry: (33, 107) m, Exit: (58.5, 96) m
Center: (83.56221, 189.15558) m, Radius: 96.468006 m

Additional Details
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Mohr-Coulomb 19 0 28 0 1

Fill Mohr-Coulomb 20 0 30 0 1

Fill (2) Mohr-Coulomb 19 0 29 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt (2) Mohr-Coulomb 20 0 30 0 1

Slope 2.5H:1V

H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-06-06V1.gsz

2.5. North Slope - Drained (2.5:1)

1:450

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-06, 11:13:12 AM

Project
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Seismic Coefficient
H: g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure K19

Name: 2. North Slope Off Road (2.5:1)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (29, 107) m, Exit: (58.5, 96) m
Center: (79.543445, 197.49151) m, Radius: 103.65015 m

Additional Details
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Mohr-Coulomb 19 0 28 0 1
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Sand Mohr-Coulomb 20 0 30 0 1

Silt (2) Mohr-Coulomb 20 0 30 0 1

Slope 2.5H:1V

Slope 2.5H:1V
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H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-06-06V1.gsz

3.5. North Slope - Drained (2.5:1, 2 m bench)

1:450

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-06, 11:15:35 AM

Project

Analysis

Seismic Coefficient
H: g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure K20

Name: 3. North Slope Off Road (2.5:1, 2 m bench)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (27, 107) m, Exit: (64.8, 96) m
Center: (53.99125, 129.30448) m, Radius: 35.014531 m

Additional Details
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S=f(depth) 19 80 5 120 1
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Slope 2.5H:1V

 2 m 

H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis v1 2022-06-02V1.gsz

4. North Slope - Undrained (2.5:1, 2 m bench) (Seismic)

1:450

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-02, 03:44:49 PM

Project

Analysis

Seismic Coefficient
H: 0.085g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure K21

Name: 3. North Slope Off Road (2.5:1, 2 m bench)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (27, 107) m, Exit: (66.06, 96) m
Center: (55.029147, 131.6797) m, Radius: 37.345959 m

Additional Details
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Mohr-Coulomb 19 0 28 0 1

Concrete High Strength 24 1

Fill Mohr-Coulomb 20 0 30 0 1

New Fill Mohr-Coulomb 21 0 32 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt Mohr-Coulomb 20 0 30 0 1

Slope 2.5H:1V

H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-06-06V1.gsz

13.5. South Slope - Drained

1:450

29789 - Rockcliffe Riverine Flood Mitigation

2022-06-06, 11:17:55 AM

Project

Analysis

Seismic Coefficient
H: g, V: g

ScaleLast Run

Tool Version: 11.3.1.23726

Figure K22

Name: 13. South Slope Bridge
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 0.1 m
Entry: (67.058419, 112.51953) m, Exit: (37.142857, 96) m
Center: (46.406511, 114.57138) m, Radius: 20.753588 m

Additional Details
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Mohr-Coulomb 19 0 28 0 1

Concrete High Strength 24 1

Fill Mohr-Coulomb 20 0 30 0 1

New Fill Mohr-Coulomb 21 0 32 0 1

Sand Mohr-Coulomb 20 0 30 0 1

Silt Mohr-Coulomb 20 0 30 0 1

Slope 2.5H:1V
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H:\20000-29999\29000-29999\29789 Rockcliffe Riverine Flood Mitigation\Analysis\SlopeW\30% Design Jane Street\29789 - SlopeW Analysis 2022-06-06V1.gsz
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Figure K23

Name: 14. South Slope Bridge (5 m into clay)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 0.1 m
Entry: (79.704465, 113.51951) m, Exit: (22.857143, 96) m
Center: (47.492219, 117.05296) m, Radius: 32.405464 m

Additional Details
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Figure K24

Name: 14. South Slope Bridge (5 m into clay)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 0.1 m
Entry: (88.583064, 113.51711) m, Exit: (31.428571, 96) m
Center: (56.23324, 117.06765) m, Radius: 32.544085 m

Additional Details
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Figure K25

Name: 14. South Slope Bridge (5 m into clay)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 0.1 m
Entry: (97.462896, 113.5) m, Exit: (28.571429, 96) m
Center: (57.510053, 126.42959) m, Radius: 41.992903 m

Additional Details
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Figure K26

Name: 9. South Slope OFF Bridge (2:1)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (63, 111.5) m, Exit: (31, 96.625) m
Center: (-17.559015, 242.94576) m, Radius: 154.1679 m

Additional Details
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Figure K27

Name: 10. South Slope OFF Bridge (2.5:1)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (70, 111.5) m, Exit: (31.008621, 96.603448) m
Center: (-9.3701508, 260.77174) m, Radius: 169.06115 m

Additional Details
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Figure K28

Name: 11. South Slope OFF Bridge (2.5:1, 2 m bench)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (73, 111.5) m, Exit: (22.340551, 96.5) m
Center: (36.571469, 141.48396) m, Radius: 47.181308 m

Additional Details
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Figure K29

Name: 11. South Slope OFF Bridge (2.5:1, 2 m bench)
Comments: 
Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.5 m
Entry: (73, 111.5) m, Exit: (19.858268, 96.5) m
Center: (35.507327, 142.69358) m, Radius: 48.77233 m

Additional Details
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