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1.0 INTRODUCTION

Golder Associates Ltd. (Golder) has been retained by WSP Canada Group Limited (WSP) on behalf of the
Ministry of Transportation, Ontario (MTO) to carry out foundation investigations associated with numerous bridge
and structural culvert rehabilitations and/or replacements on Highway 417 between the Aviation Parkway and
Ramsayville Road as well as the widening of Highway 417 from Ottawa Road 174 to Hunt Club Road in Ottawa,
Ontario (Assignment number 4016-E-0008).

This report presents the results of a second foundation investigation carried out to provide foundation design
recommendations for the new proposed alignment and associated water diversion for the South Cyrville Drain
Culvert (Site No. 3-443/C) located beneath the eastbound and westbound lanes of Highway 417 at the Highway
417 EB off ramp and the Highway 417 WB onramp between Cyrville Road and Innes Road Underpass in Ottawa,
Ontario.

In May 2019, Golder prepared a previous report for this site based on then proposed culvert rehabilitation plan. At
the time of preparation of that report, the rehabilitation plan for the Cyrville Drain culvert included the installation of
a new temporary diversion system along an alignment adjacent to and parallel to the existing culvert, using
trenchless methods..

Based on the revised plans provided by WSP, it is understood that the existing culvert is now to be replaced with
two new culverts located to the north of the existing structure. Additional boreholes were required as the initial
boreholes for the proposed by-pass pipe were not within the currently proposed culvert alignment.

This report presents the results of the foundation investigation carried out to provide foundation design
recommendations for the currently proposed replacement plan for the South Cyrville Drain Culvert
(Site No. 3-443/C)

The terms of reference and scope of work for the foundation investigation are outlined in the MTO’s Request for
Proposal (RFP), dated May 2016, and subsequent addenda. Golder’s scope of work for foundation engineering
services associated with the South Cyrville Drain at Highway 417 is contained in Table 17.8.3 of WSP’s Technical
Proposal for this assignment. This additional scope due to the relocation of the proposed new culvert is outlined in
Golder’s scope change request dated June 4, 2019. The work has been carried out in accordance with Golder’s
Quality Control Plan for foundation engineering services for this project dated May 13, 2017.

2.0 SITE DESCRIPTION AND GEOLOGY
2.1 General

The culvert (Site No. 3-443/C) is located within a mixed-use area of the City of Ottawa and is approximately

250 m south of Cyrville Road in the township of Gloucester. At this location, Highway 417 is a divided highway
with two travel lanes in each direction separated by a median with an approximate width of 26 m. The interchange
also includes an eastbound offramp and a westbound onramp to/from Innes Road respectively. The location of
the existing and proposed culvert are shown on the Key Plan on Drawing 1. Site photographs showing the general
conditions at the site are presented in Appendix F.

The existing culvert is a cast-in-place rigid frame open-footing concrete structure that has a span of 4.9 m, a
height of 1.8 m, is about 115 m in length and is on a skewed alignment to Highway 416.There are concrete
headwalls at both the inlet and outlet.

GOLDER






August 2021 1662565-1261

The boreholes were advanced to depths ranging from about 1.6 to 3.7 m below the existing ground surface.
Boreholes were terminated on practical refusal to augering. Samples of the overburden were obtained at about
0.8 m intervals of depth using 50 mm outside diameter split-spoon samplers in general accordance with the
Standard Penetration Test (SPT) procedure (ASTM D1586).

A monitoring well was installed in Borehole 19-01 to monitor the groundwater level at the site. The monitoring well
consisted of 30 mm diameter PVC tubing with a 0.6 m long screen. The groundwater level was measured in the
monitoring well on June 29, 2020. The well was subsequently decommissioned according to Ontario MOE
Regulation 903 (O.Reg 903) by a licenced well technician.

The remainder of the boreholes were backfilled with bentonite within the bedrock, and bentonite mixed with soil
cuttings within the overburden. The boreholes were then capped with either concrete sidewalk patch or asphaltic
concrete cold patch, depending on the surrounding surface cover. The boreholes were backfilled in general
accordance with the intent of O.Reg 903, as amended. The site conditions were restored following completion of
the field work.

The field work was supervised on a full-time basis by members of Golder’s staff who located the boreholes in the
field, directed the drilling, sampling and in-situ testing operations, logged the boreholes, and examined and cared
for the soil samples. The soil samples were identified in the field, placed in appropriate containers, and
transported to Golder’s laboratory in Ottawa for further examination. Index and classification tests consisting of
water content determinations and grain size distribution analyses were carried out on selected soil samples at the
Golder Ottawa laboratory. The laboratory tests were carried out to MTO and/or ASTM standards, as appropriate.

The borehole locations and elevations were surveyed by Golder using a Trimble R10 GPS unit. The borehole
locations, including northing and easting coordinates, ground surface elevations referenced to NAD83 CSRS

CBNv6-2010.0 MTM Zone 9 geodetic datum, and drilled depths are summarized in the following table and are
shown on Drawing 1.

Table 1: Summary of Borehole Locations

NAD83 CSRS CBNv6-2010.0

Borehole MTM Zone 9 Ground Surface | Borehole
Number Borehole Location Elevation Depth
Northing Easting (m) (m)
(m) (m)
19-01 Hwy 417 WB ditchline 5031108.1 374274.0 63.8 1.6
19-02 Hwy 417 WB left shoulder 5031110.6 374244.6 66.0 3.7
19-03 Hwy 417 EB left shoulder 5031102.2 374221.3 65.1 34

3.2 2018 Investigation

The field work for this subsurface investigation was carried out between June 12 and 14 and July 2 and 5, 2018.
During that time, a total of 5 boreholes (numbered 18-2601 to 18-2605, inclusive) were advanced within the
driving lanes, median, and ditch of Highway 417 along the alignment of the existing culvert. The borehole
locations are shown on Drawing 1.

GOLDER
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The boreholes were advanced using 108 mm inside diameter (200 mm outside diameter) continuous flight hollow
stem augers on truck and track mounted drill rigs, supplied by George Downing Estate Drilling of Grenville-sur-la-
Rouge, Québec. The boreholes were advanced to depths ranging from about 6.3 m to 10.3 m below the existing
ground surface.

Samples of the overburden were obtained at about 0.8 m intervals of depth using 50 mm outside diameter
split-spoon samplers in general accordance with the Standard Penetration Test (SPT) procedure (ASTM D1586).

Upon reaching refusal to auger advancement, the boreholes were advanced into the bedrock surface to depths of
3.7 m to 4.6 m using rotary diamond drilling techniques while retrieving HQ sized core. A water truck was on site
to supply the drill rigs with water for coring the bedrock. Traffic control required to close the driving lanes of
Highway 417 at the site was supplied by Beacon Lite Ltd. of Ottawa, Ontario.

A monitoring well was installed in Borehole 18-2603 to monitor the groundwater level at the site. The monitoring
well consisted of 30 mm diameter PVC tubing with a 3.0 m long screen. The groundwater level was measured in
the monitoring well on July 26, 2018. The well was subsequently decommissioned according to Ontario MOE
Regulation 903 (O.Reg 903) by a licenced well technician.

The remainder of the boreholes were backfilled with bentonite within the bedrock, and bentonite mixed with soil
cuttings within the overburden. The boreholes were then capped with either concrete sidewalk patch or asphaltic
concrete cold patch, depending on the surrounding surface cover. The boreholes were backfilled in general
accordance with the intent of O.Reg 903, as amended. The site conditions were restored following completion of
the field work.

The field work was supervised on a full-time basis by members of Golder’s staff who located the boreholes in the
field, directed the drilling, sampling and in-situ testing operations, logged the boreholes, and examined and cared
for the soil and bedrock samples. The soil and bedrock samples were identified in the field, placed in appropriate
containers, and transported to Golder’s laboratory in Ottawa for further examination. Index and classification tests
consisting of water content determinations and grain size distribution analyses were carried out on selected soill
samples at the Golder Ottawa laboratory. Unconfined compressive strength tests were carried out on selected
rock core specimens at the Golder Ottawa laboratory. The laboratory tests were carried out to MTO and/or ASTM
standards, as appropriate.

In addition to the borehole investigation, shear wave velocity profiling at the site was completed near the Cyrville
Road Overpass and the Innes Road Overpass using the Multichannel Analysis of Surface Waves (MASW)
technique and was conducted on June 26, 2018 and May 9, 2017, respectively, by personnel from the Golder
Associates’ Mississauga and Ottawa offices. A series of 24 low frequency (4.5 Hz) geophones were laid out at

3 mintervals. A 9.9 kg sledge hammer and 45 kg weight drop were used as the seismic source. The source
locations were offset at distances of 5, 10, and 15 m off the end and collinear with the geophone array.

The borehole locations and elevations were surveyed by Golder using a Trimble R8 GPS unit. The borehole

locations, including northing and easting coordinates, ground surface elevations referenced to NAD83 CSRS
CBNv6-2010.0 MTM Zone 9 geodetic datum, and drilled depth are summarized in the following table and are
shown on Drawing 1.
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Table 2: Summary of Borehole Locations

NAD83 CSRS CBNv6-2010.0
Borehole MTM Zone 9 Ground Surface | Borehole

b Borehole Location - - Elevation Depth
Number Northing Easting (m) m)

(m) (m)

18-2601 Hwy 417 WB ditch at 5031083.3 374286.9 63.8 6.3
existing Culvert Inlet
18-2602 | MWy 417 WB LeftLane along | g5 5 7 374272.8 65.9 103
existing culvert
18-2603 Hwy 417 median along 5031093.9 374236.3 64.0 6.4
existing culvert
18-2604 | Hwy 417 EB left lane along 5031070.6 374233.6 65.2 8.8
existing culvert
18-2605 Hwy 417 EB shoulder at 5031104.5 374194.4 66.2 7.7
existing culvert outlet

3.3 Previous Investigation (2015)

A previous investigation was carried out in 2015 by Thurber Engineering Ltd. for the rehabilitation of the existing
culvert. The results of that investigation are contained in the report titled.

m  “Preliminary Foundation Investigation and Design Report, South Cyrville Drain Culvert (Site 3-443/C),
Highway 417, Ottawa, Ontario, G.W.P. 4074-11-00" dated July 3, 2015 (GEOCRES No. 31G05-262a).

As part of the current assignment, the previously collected subsurface information pertinent to the site was
reviewed and compiled.

Three sampled boreholes were advanced at the site as part of the previous investigation along the existing culvert
alignment. The detailed subsurface soil and groundwater conditions encountered in the boreholes and the results
of in-situ and laboratory testing are given on the Record of Boreholes provided in Appendix C. The approximate
borehole locations and ground surface elevations are also shown on Drawing 1.

4.0 DESCRIPTION OF SUBSURFACE CONDITIONS
4.1 Site Stratigraphy

The subsurface soil and groundwater conditions encountered in the boreholes and the results of in-situ and
laboratory testing from the current investigation are given on the Record of Borehole sheets presented in
Appendix A. The borehole locations and the interpreted stratigraphic profile projected along the South Cyrville
Drain structure are shown on Drawing 1. The results of geotechnical laboratory testing from the current
investigation are presented on Figures B1 and B2 in Appendix B.

The Record of Borehole sheets and the laboratory testing results from the previous investigations are provided in
Appendix C.

It should be noted that Boreholes 18-2601, 18-2603, 18-2605, 14-1 and 14-3 are in proximity to the new alignment
and the subsurface conditions encountered in these boreholes will also be discussed in the following sections.
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The results of basic chemical analysis completed on one soil sample from both the current and 2018
investigations are provided in Appendix D.

The stratigraphic boundaries shown on the Record of Borehole sheets and on the interpreted stratigraphic profile
are inferred from observations of drilling progress and noncontinuous sampling and, therefore, represent
transitions between soil types rather than exact planes of geological change. The subsoil conditions will vary
between and beyond the borehole locations.

The 2018 MASW test results are provided in the technical memorandum in Appendix E and include the calculated
shear wave velocity profile measured from the field testing and a graphical representation of the shear wave
velocity profile with depth.

A detailed description of the subsurface conditions encountered at the boreholes is provided in the following
sections.

4.2 Topsoil

A layer of topsoil exists at the ground surface in Boreholes 19-01 (Hwy 417 WBL ditch), 14-3 (Hwy 417 EBL ditch)
18-2601 (Hwy 417 WBL ditch) and 18-2603 (Hwy 417 median) with a thickness ranging from 100 to 200 mm.

A layer of buried topsoil was encountered beneath the embankment fill in Borehole 18-2605 at Elevation 63.6 m
and is about 300 mm thick.

The measured water content of three samples of the topsoil ranges from 16 to 60%. The measured organic
content on one sample of the buried topsoil is about 2%.

4.3 Pavement Structure and Fill

Boreholes 19-02 (westbound shoulder), 19-03 and 18-2605 (eastbound shoulders) were advanced through the
asphalt of Highway 417. At these locations, the asphaltic concrete is about 100 mm thick.

A layer of fill exists below the asphalt or topsoil in all boreholes. The fill generally consists of sand and gravel with
varying amounts of silt and some clay that extends to depths ranging from about 0.8 to 2.6 m (elevations 63.6 m
to 61.7 m) below the existing ground surface. A 200 mm thick layer of silty clay fill was encountered beneath the
topsoil in Borehole 18-2603 and an 800 mm thick layer of clayey sand was encountered in Borehole 14-3 beneath
the gravel and sand fill. The fill below the topsoil at Borehole 18-2601 consists of sandy clayey silt and extends to
a depth of 1.7 m below ground surface. Wood fragments were observed in the fill encountered in Borehole 14-3
and shale fragments were observed in the fill in Boreholes 19-02 and 18-2605.

The results of Standard Penetration Tests (SPT) carried out within the embankment fill gave SPT “N” values
ranging from 2 to greater than 100 blows per 0.3 m of penetration but more typically 2 to 36, indicating a very
loose to dense state of compactness. The higher blow counts likely reflect the presence of the bedrock and or till
surface or shale fragments in the fill, rather than the state of compactness of the soil matrix.

The results of grain size distribution testing carried out on five samples of the embankment fill from the current
investigation are provided on Figures B1 and B2 in Appendix B. Grain size distribution testing carried out on
samples of the fill from Boreholes 18-2601, 18-2603,18-2605 and 14-3 are included in Appendix C.

GOLDER
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4.4 Till/Highly Weathered Shale

A deposit of till/highly weathered shale exists below the embankment fill and was drilled and sampled using the
augers and SPT sampler. In Boreholes 19-01 and 14-1, a layer of highly weathered shale was encountered at
elevations ranging between 63 and 62.6 m with thicknesses ranging from of about 0.8 m. In boreholes 18-2601,
18-2603 and 18-2605 glacial till or highly weathered bedrock was encountered at depths ranging from 1.7 m to
2.9 m below ground surface (Elevations 63.3 to 61.7 m) and was described as silty sand containing some gravel,
clay and shale fragments with thicknesses ranging from 0.8 to 1 m.

SPT “N” values of greater than 100 blows per 0.3 m of penetration were measured in the till/weathered bedrock,
indicating a very dense state of compactness. However, the high blow counts may be due to cobbles or boulders
within the till or may indicate that the layer is highly weathered bedrock.

4.5 Bedrock

Auger refusal was encountered at Boreholes 19-01 to 19-03 at Elevations ranging from 62.4 to 61.7 m, which
could indicate the presence of the less weathered (i.e., more intact) shale bedrock surface.

Bedrock was proven by coring using NQ sized equipment at Boreholes 18-2601 to 18-2605 during the 2018
investigation. The bedrock below the highly weathered zone consists of slightly weathered to fresh, thinly to
medium bedded, black, fine grained shale of the Billings formation.

Photographs of the bedrock core obtained at the boreholes during Golder’s 2018 investigation are shown on
Figures Al to A5 provided in Appendix C.

Bedrock was also proven by coring at Borehole 14-3 during the 2014 investigation.

Table 2 summarizes the depths and the elevations of the bedrock surface as encountered at the borehole
locations.

Table 3: Summary of Bedrock Depth and Elevation

Existing Ground Surface Depth to Less Less Weathered
Borehole Number gEIevation Weathered Bedrock :
Bedrock Surface Surface Elevation
(m)
(m) (m)
18-2601 63.8 2.2 61.6M
18-2603 64.0 2.7 61.3W
18-2605 66.2 35 62.70
14-3 64.1 2.0 62.1

Note: @ Slightly weathered to fresh bedrock was encountered immediately below the transitional layer of glacial till/highly weathered shale in
Boreholes 18-2601, 18-2603 and 18-2605.

The Rock Quality Designation values measured on recovered bedrock core samples below the highly weathered
bedrock zone ranged from about 36 to 100%, indicating a poor to excellent quality bedrock quality..

The results of uniaxial compressive strength (UCS) testing carried out on a single bedrock from a core specimen
collected from nearby Borehole 18-2604, provided a UCS value of 19.1 MPa, indicating a weak bedrock.

GOLDER
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4.6 Groundwater Conditions

A monitoring well was installed in Borehole 19-01 to monitor the groundwater level at the site. The measured
groundwater depths and corresponding elevations from both the current and previous investigation are
summarized in the table below.

Table 4: Summary of Groundwater Conditions

Borehole Ground Surface Water Level Water Level
Elevation Depth Elevation
Number
(m) (m) (m)
19-01 63.8 1.3 62.5 June 29, 2020
18-2603 64.0 2.0 62.0 July 26, 2018
14-3 64.1 1.7 62.4 September 5, 2014

It should be noted that groundwater levels in the area are subject to fluctuations both seasonally and with
precipitation events.

4.7 Corrosion and Sulphate Attack Potential

Two soil samples, one from Borehole 19-02 and one from Borehole 18-2605 were submitted to Eurofins for
chemical analysis related to potential corrosion of exposed buried steel and potential sulphate attack on buried
concrete elements (corrosion and sulphate attack). The results of the testing are attached in Appendix D and are
summarized in the table below.

Table 5: Results of Chemical Analysis

Electrical

Borehole | Sample Depth ~ Sample Chloride oy Resistivity Sulphate
i pH Conductivity . N
Number (m) Type (%) (mSlcm) (ohm-cm) (%)
18-2605 23-26 Soll 0.017 8.6 0.9 1060 0.07
19-02 3.0-32 Soll 0.013 7.9 0.5 2130 0.04

b GOLDER
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5.0 CLOSURE

This report was prepared by Ms. Bridgit Bocage, P.Eng., and was reviewed by Kenton Power, P.Eng.. William
Cavers, P.Eng. an Associate, Senior Geotechnical Engineer with Golder and the Designated MTO Foundations
Contact for this project, carried out an independent quality control review of this report.

Bridgit Bocage, P.Eng.
Geotechnical Engineer

Kenton Power, P.Eng. William (Bill) Cavers, P.Eng.
Geotechnical Engineer Designated MTO Foundations Contact
BB/KCP/WC/hdw

Golder and the G logo are trademarks of Golder Associates Corporation
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6.0 DISCUSSION AND ENGINEERING RECOMMENDATIONS
6.1 General

The following sections of the report provide foundation design recommendations for the replacement of the
existing South Cyrville Drain culvert (Site 3-443/C), located beneath the westbound and eastbound lanes
including on/off ramps, of Highway 417 in Ottawa, Ontario. The recommendations are based on interpretation of
the factual data obtained from the boreholes advanced during the current subsurface investigation as well as the
available GEOCRES information for the site.

The foundation design report, discussion, and recommendations are intended for the use of the Ministry of
Transportation, Ontario (MTO) and shall not be used or relied upon for any other purpose or by any other parties,
including the construction contractor. The contractor must make their own interpretation based on the factual data
in Part A (Foundation Investigation) of the report. Where comments are made on construction, they are provided
to highlight those aspects that could affect the design of the project. Those requiring information on the aspects of
construction must make their own interpretation of the factual information provided as such interpretation may
affect equipment selection, proposed construction methods, scheduling and the like.

6.2 Existing Conditions

Based on information provided in the RFP and the Structural Design Report, the existing 115 m long,
cast-in-place, rigid frame open-footing concrete culvert has an internal span of about 4.9 m and a height of 1.8 m
and was constructed in 1969. Based on the noted invert elevations of about 61.3 and 61.4 m shown on the
historical drawings (Open Box Culvert, South Cyrville Drain, Under Hwy. 417 Sheet No. 89), the existing culvert is
likely founded within the shale bedrock. The flow in the culvert is from west to east.

At this location, Highway 417 is a divided highway with two travel lanes in each direction separated by a 26 m
wide grassed median. At the site the highway is on a curve with superelevated cross-sections. The interchange
also includes an eastbound offramp and a westbound onramp to/from Innes Road respectively. The base plan
mapping provided by WSP for this project and the ground surface elevations at the borehole locations surveyed
during the field investigation indicate that the top of roadway elevation of Highway 417 at the proposed culvert
locations is at about Elevation 64.8 to 66.0 m at the westbound lanes and at about Elevation 65.1 m to 66.2 m at
the eastbound lanes. The existing grades in the median are as low as about Elevation 64 m. About 2.5 m of fill
has been placed over top of the existing culvert at these locations.

6.3 Proposed Structure

Based on the information provided by WSP, the existing culvert is to be replaced with two concrete structural
culverts (either box or open footing rigid frame) along the new alignment to the north of the existing culvert. It is
understood that the new culvert will be similar to the existing with an internal span of about 4.9 m and a height of
about 1.8 m. The invert of the new culverts is to remain approximately the same as that of the existing and
headwalls are proposed for all four culvert ends. It should be noted that the proposed new culvert inlet conflicts
with the existing culvert inlet. No grade raises are anticipated for this culvert replacement.

In addition, it is understood that creek flow will be maintained through the existing culvert during construction of
the replacement culverts after which the creek flow will be diverted to the new alignments.
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6.4 Seismic Design
6.4.1 Seismic Hazard and Importance Category

The CHBDC states that the seismic hazard values associated with the design earthquakes should be those
established for the National Building Code of Canada (NBCC) by the Geological Survey of Canada (GSC). The
current seismic hazard maps (referred to as the 5th generation seismic hazard maps) were developed by the
GSC and were made available for public use in December 2015.

In accordance with Section 4.4.2 of the CHBDC, it is understood that the Highway 417 at this location has been
given an importance category of “Major Route”.

6.4.2 Seismic Site Classification

Site specific shear wave velocity profiling, using Multichannel Analysis of Surface Waves (MASW) geophysical
testing was carried out within the Highway 417 shoulder at the Cyrville Road overpass located about 250 m north
of the South Cyrville Drain culvert to evaluate the average shear wave velocity of the upper 30 m of soil/lbedrock
at the site. It should be noted that the soil conditions at the location of the MASW surveys are similar to the
subsurface conditions at the location of the new culverts i.e., about 2 to 3.5 m of overburden soil (consisting
primarily of granular material over glacial till) underlain by shale bedrock.

The shear wave velocities measured are presented in the technical memorandum provided in Appendix E and
indicate that the average shear wave velocity of the upper 30 m of the subsurface soil/bedrock stratigraphy,
measured from the existing ground surface at the two MASW locations were 863 m/s and 969 m/s. The measured
shear wave velocity profiles are provided in Tables 1 and 2 in the technical memorandum provided in Appendix E.

Based on the noted invert elevations of between about Elevations 61.3 and 61.4 m, the culvert will be founded
wholly within the shale bedrock. Based on the results of the MASW testing at the site, an average shear wave
velocity of 1,100 to 1,200 m/s was calculated for the 30 m of rock underlying the founding elevations, which
corresponds to Site Class B in accordance with Table 4.1 of the CHBDC. It should be noted that, as indicated in
the notes for Table 4.1 of the CHBDC, a Site Class B is only assigned for structures founded directly on bedrock.

6.4.3 Spectral Response Values and Seismic Performance Category

In accordance with Section 4.4.3.1 of the CHBDC and based on the location of the culvert (latitude 45.42 N,
longitude 75.61W), the values provided in Table 5 are the reference Site Class C (reference) peak seismic hazard
values based on data obtained from Earthquakes Canada (www.earthquakescanada.nrcan.gc.ca).

Table 6: Site Class C Spectral Values for Subject Site

2% Probability of Exceedance in 50 Years (2,475-year)

Parameter ©)
PGA 0.295
T<=02s 0.461
T=05s 0.247
T=10s 0.122
T=20s 0.057
T=50s 0.015
T=>10.0s 0.005
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The values given above are for the reference ground condition Site Class C and must be modified to the
site-specific seismic site classification given in Section 6.4.2 (Site Class B) in accordance with Section 4.4.3 of the
CHBDC. As indicated in Section 4.4.3.3 of the CHBDC the value of PGA(e for use with Tables 4.2 to 4.9 shall be
taken as 80% of the PGA for Site Class C where Sa(0.2)/PGA is less than 2.0. Based on this requirement a
PGAt value of 0.236 for the 2,475 year return was used. The corresponding site-specific seismic hazard values
given in the table below can be used for design.

Table 7: Site Class B Spectral Values for Subject Site

2% Probability of Exceedance in 50 Years (2,475-year)

Parameter @)
PGA 0.257
T<=02s 0.355
T=05s 0.161
T=10s 0.077
T=20s 0.036
T=50s 0.010
T=>10.0s 0.003

6.4.4 Liquefaction Assessment

Liquefaction is a phenomenon whereby seismically-induced shaking generates shear stresses within the soll
under undrained conditions. These stresses tend to densify the soil (i.e., leading to potentially large surface
settlements) and under undrained conditions generate excess pore pressures. The excess pore pressures also
lead to sudden temporary losses in strength. Where existing static shear stresses are present, the loss of strength
can lead to significant lateral movements (i.e., analogous to a slope failure) often referred to as “lateral spreading”
or under certain conditions even catastrophic failure of the slope often referred to as “flow slides”. Lateral
spreading and flow slides often accompany liquefaction along rivers and other shorelines.

Where the calculated shear stress is greater than the shear resistance, liquefaction of the soil with an associated
significant strength loss is predicted to occur. This methodology considers that the soil behaves as a “sand-like”
material and is applicable to assessment of liquefaction of cohesionless soils.

The soils beneath the anticipated founding elevation predominantly consist of compact to very dense sand and
gravel to gravelly sand glacial till over relatively shallow bedrock. The till at this site is expected to have a low
potential for liguefaction during a design seismic event.

6.5 Foundations Options
6.5.1 Consequence and Site Understanding Classification

In accordance with Section 6.5 of the CHBDC and its Commentary, Highway 417 may be classified as having
large traffic volumes and its performance as having potential impacts on other transportation corridors, hence
having a “typical” consequence level associated with exceeding limits states design.
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Given the level of foundation investigation completed to date as presented in Sections 3.0 and 4.0, in comparison
to the degree of site understanding in Section 6.5 of CHBDC, the level of confidence for design is considered to
be a “typical degree of site and prediction model understanding” for this site. Accordingly, the appropriate
corresponding consequence factor, y, and ULS and SLS geotechnical resistance factors from Tables 6.1 and 6.2
of the CHBDC have been used for design.

For seismic design, the resistance factor, ¢qu, Should be taken as unity, as per Section 4.6.3 of the CHBDC.

6.5.2 Frost Protection

As per Ontario Provincial Standard Drawing (OPSD) 3090.101 (Foundation Frost Penetration Depths for Southern
Ontario), the frost penetration depth at the site is 1.8 m below the existing ground surface. For foundations placed
on sound shale bedrock, or mass concrete directly on top of the shale bedrock below Elevation 61.0 m, frost
protection cover is not required.

6.5.3 Billings Formation Shale

Billings formation shale is susceptible to heaving if allowed to weather in the presence of oxygen. The general
mechanism is that oxidation of pyrite within the shale produces sulfuric acid, which in turn reacts with calcite in the
shale to form gypsum crystals, which occupy a larger volume than the original materials. A by-product of this
chain of reactions also tends to increase sulphate levels which can attack buried concrete structures. For this
reason, any excavated shale bedrock should be removed from site and should not be reused or incorporated into
any fill material.

Heaving can be avoided by limiting exposure of the shale to oxygen. This is typically achieved by limiting
exposure of the shale to no more than one day prior to covering with a protective layer such as a concrete
working slab.

6.5.4 Culvert Type/Foundation Alternatives

A summary of each of the shallow foundation options considered is provided below. Their respective advantages
and disadvantages are outlined below and are summarized in Table 11 and Table 12 following the text of this
report.

Based on the proposed culvert invert elevations and the soil and bedrock stratigraphy encountered at the site, the
new culvert will be founded on shallow foundations within the shale bedrock below the till/highly weathered shale
layer. As frost protection is not required when founding in or on sound bedrock from a foundation perspective,
both a concrete closed box or open footed culvert are considered feasible. However, the box culvert will likely
require less bedrock excavation and the requirement for a working slab to protect the foundations from heave
associated with the Billings formation shale would likely be easier within a single wide excavation (compared to
two trenches for spread footings). It is therefore considered that box culverts are the preferred option from a
constructability perspective.

6.5.5 Construction Methodology Alternatives

This section presents discussions from a foundation perspective on alternative replacement methods for the
proposed culvert. Further comparison of these options is summarized in the Table 8 following the text of this
report.
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6.5.5.1 Open Cut with a Full Road Closure

Installation of a new culvert using open cut techniques during a full road closure with a detour route is a feasible
alternative from a foundation perspective. This option would allow for an expedient construction schedule and
reduced costs associated with roadway protection; however, it is understood that a detailed review including the
availability of detour routes has yet to be undertaken and this may not be feasible from a traffic operations
perspective.

6.5.5.2 Trenchless Techniques

Trenchless techniques have the advantage of minimum disruption to traffic and would avoid an excavation
through the existing highway embankment. However, the mixed subsurface conditions (ranging from fill and till to
highly weathered to intact bedrock) within the tunnel horizon means that many common trenchless techniques
such as jack and bore are not feasible. Even with more robust tunnelling methodologies (e.g., micro-tunnelling),
there may be difficulties completing the drive without stoppages or maintaining the required vertical alignment. In
addition, the cover over the existing culvert is much less than two culvert diameters and there is limited area to
construct entry/exit pits within the median ditchline. The geometry and ground conditions are therefore not
conducive to tunnelling.

Based on the above, trenchless techniques for the installation of the new culverts are not considered suitable for
this replacement project.

6.5.5.3 Open Cut with Staged Construction and Temporary Protection Systems

The culvert could be replaced using open cut techniques with staged construction. There is about 18 and 25 m of
roadway width at the new culvert alignments on the westbound and eastbound sides, respectively, which may
allow for the ramps and two open lanes of traffic in each direction. The use of temporary protection systems
parallel to the highway would be required in order to keep these lanes of traffic open throughout the construction
period.

For the portion of the culvert under the westbound lanes, a temporary embankment widening to the east could be
considered, however, this would require realigning of the existing creek and possible temporary extension of the
existing culvert during construction. Widening to the west is feasible as this section of the highway is slated for
expansion by an additional lane to the median, if this was constructed now, it could be used for staging. It is also
not considered feasible to construct an embankment widening for the portion of the culvert under the eastbound
lanes due to the proximity of the private property to the west of the culvert and insufficient space in the median.

The highly weathered bedrock and the relatively shallow depth bedrock below the founding elevation may make
the installation of temporary protection systems challenging, increasing cost and the risk of construction related
issues.

Sheet pile systems are not considered feasible at this site. For preliminary assessment purposes, the use of
H-piles and timber lagging with the H-piles installed in pre-drilled holes into the bedrock can be considered for
design.

6.5.6 Recommended Approach for the Culvert Replacement

From a foundation engineering perspective, replacement of the culvert with a concrete closed box or open footed
culvert using open cut techniques is the recommended construction methodology for this project. Depending on
staging requirements, temporary roadway protection may be required to maintain traffic flow.
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7.0 FOUNDATION DESIGN RECOMMENDATIONS
7.1 Culvert Foundation Bearing Resistances

The factored geotechnical resistance at Ultimate Limit States (ULS) was calculated based on the compressive
strength and condition of the bedrock using the methodology outlined in the Canadian Foundation Engineering

Manual (2006).

For the precast concrete box culvert and for an open footing culvert supported on strip footings founded directly
on the sound shale bedrock or a concrete working slab below Elevation 61.0 m can be designed with a factored

geotechnical resistance at ULS of 800 kPa.

Serviceability Limit States (SLS) resistances do not apply to the footings founded directly on the sound shale
bedrock, because the SLS resistance for 25 mm of settlement is greater than the factored geotechnical bearing

resistance at U

The factored geotechnical resistances were estimated using the following:

LS.

m Consequence factor (W) of 1.0; and,

m Bearing Resistance Factor (ULS), ¢gu = 0.5 (static analysis; typical degree of understanding - CHBDC

Table 6.2).

The geotechnical resistances provided above are for vertical concentric loading and will need to be adjusted for
the effects of inclined or eccentric loading, if applicable. The geotechnical resistance should be calculated as
illustrated in the CHBDC Clause 6.10.3 and Clause 6.10.4.

7.2 Sliding Resistance

Resistance to lateral forces through sliding resistance between concrete and underlying materials should be
evaluated using an unfactored coefficients of friction provided in Table 7.

Table 8: Sliding

Resistance Design Parameters

Interface Condition

Effective Friction Angle

@)
Cast-in-Place Concrete —Shale Bedrock 25
Pre-Cast Concrete — 20

Shale Bedrock

Note: The Shale Bedrock does not include the transitional layer of glacial till/highly weathered shale.

These values are unfactored; in accordance with the CHBDC, a factor of 0.8 is to be applied in calculating the
horizontal resistance. If necessary, sliding resistance can be supplemented by doweling the footings into the

bedrock.

7.3 Lateral Earth Pressures for Design

The lateral earth pressures acting on the headwalls will depend on the type and method of placement of the
backfill materials, the nature of the soils behind the backfill, the magnitude of any surcharge loading including
construction loadings, the freedom of lateral movement of the structure, and the drainage conditions behind the
walls. Seismic (earthquake) loading must also be considered in the design.
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The lateral earth pressure parameters provided in Tables 8 and 9 in the following sections are based on the
assumption that the backfill material is fully drained so that there are no unbalanced hydrostatic pressures. If
adequate drainage cannot be confirmed, the potential for buildup of hydrostatic pressures behind the retaining
walls should be considered in the design.

It is anticipated that the backfill behind all headwalls will consist of either compacted OPSS.PROV 1010
(amended in SP 110S06) Granular A or Granular B Type Il material placed and compacted in accordance with
OPSS.PROV 501.

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

For restrained walls, granular fill should be placed in a zone with the width equal to at least 1.8 m behind the back
of the wall (Case (a) on Figure C6.20 of the Commentary to the CHBDC). For unrestrained walls, fill should be
placed within the wedge-shaped zone defined by a line drawn at 1.5H:1V extending up and back from the rear
face of the retaining wall footing or base of wall, (Case (b) on Figure C6.20 of the Commentary to the CHBDC).

7.3.1 Static Lateral Earth Pressures for Design

The following guidelines and recommendations are provided regarding the lateral earth pressures for static

(i.e., not earthquake) loading conditions. These lateral earth pressures assume that the ground above the wall will
be flat, not sloping. If the inclination of the slope above the wall changes, then new lateral earth pressures will
need to be calculated.

For Case (a), the pressures are based on the proposed embankment fill materials outside backfill zone and for
Case (b) the pressures are based on the material within the backfill zone. Table 8 provides the unfactored
parameters to be used for both Case (a) for existing embankment fill material or Case (b) for Granular A or
Granular B Type Il materials.

If lateral movement is not permissible and/or the wall is retained from lateral yielding, it is recommended that
at-rest horizontal lateral earth pressures be used for design. Active pressures should be used for the design of
unrestrained walls. For static analysis of permanent structures, passive earth resistance should be ignored, and
therefore has not been provided. The movement to allow active pressures to develop within the backfill, and
thereby assume an unrestrained structure for design, should be calculated in accordance with Section C6.12.1
and Table C6.6 of the Commentary to the CHBDC.

Table 9: Static Lateral Earth Pressure Coefficients, Granular A, B Type Il and Existing Earth Embankment Fill

Internal Angle Unit Coefficients of Earth Pressure
i F(r(Ii)i:)tion (Wkeight3 Active, At-Rest,
Y, kN/m®) Ka Ko
Granular A 35 21 0.27 0.43
Granular B Type Il 35 22 0.27 0.43
Existing Earth Embankment Fill 30 19 0.33 0.50
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7.3.2 Seismic Lateral Earth Pressures for Design

Seismic (earthquake) loading must be considered in the design in accordance with Section 4.6 of the CHBDC.

Seismic loading will result in increased lateral earth pressures acting on the wall. The wall should be designed to
withstand the combined lateral loading for the appropriate static pressure conditions given in Section 7.3.1 above,
plus the earthquake-induced dynamic earth pressure.

In accordance with Sections 4.6.5 and C.4.6.5 of the 2014 CHBDC and its Commentary, for structures which do
not allow lateral yielding, the horizontal seismic coefficient (kn) used in the calculation of the seismic active
pressure coefficient is taken as equal to the site adjusted PGA estimated at the ground surface is provided in
Table 10. For structures which allow lateral yielding, kn is taken as 0.5 times the site adjusted PGA estimated at
the ground surface.

The seismic active pressure coefficients (Kag) provided in Table 10 for the two backfill cases (Case (a) and
Case (b)) may be used in design. It should be noted that these seismic earth pressure coefficients assume that
the back of the wall is vertical and the ground surface behind the wall is flat. Where sloping backfill is present
above the top of the wall, the lateral earth pressures under seismic loading conditions should be calculated by
treating the weight of the backfill located above the top of the wall as a surcharge.

In accordance with Section C4.6.5 of the Commentary to the CHBDC the Kae value for a yielding wall is
applicable provided that the wall can move up to 250k, mm, where kn is the Site-Specific PGA values as given in
Table 10. This corresponds to a displacement of about 65 mm for the 2,475-year design earthquake for Site Class
B retaining wall sites.

Table 10: Seismic Active Pressure Coefficients, Kae for Various Materials

Structure Design Seismic Site Specific PGA Granular A Granular B
Type Earthquake Site Class ()] Type Il
Non-Yielding Wall 0.47 0.47
— 2,475-year B 0.26
Yielding Wall 0.36 0.36

The earthquake-induced dynamic pressure distribution, which is to be added to the static earth pressure
distribution, is a linear distribution with maximum pressure at the top of the wall and minimum pressure at its toe
(i.e., an inverted triangular pressure distribution). The total pressure distribution (static plus seismic) may be
determined as follows:

on(d) = Kay d + (Kae — Ka) y (H-d), yielding walls
on(d) = Ko v d + (Kae — Ka) y (H-d), non-yielding walls

Where:  on(d) is the (static plus seismic) lateral earth pressure at depth, d, (kPa);

Ka is the static active earth pressure coefficient;

Ko is the static at-rest earth pressure coefficient;

Kae is the seismic active earth pressure coefficient;

Y is the unit weight of the backfill soil (kN/m3), as given previously;
d is the depth below the top of the wall (m); and,

H is the total height of the wall (m).
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7.4 Site Preparation and Backfilling
7.4.1 General

Excavation and backfilling for installation of the new culvert should be carried out in accordance OPSS 902
(Construction Specification for Excavating and Backfilling — Structures).

7.4.2 Subgrade Preparation and Backfilling

All loose rock should be removed from the sidewalls and base of the excavations.

The native subgrade for the culvert foundation is anticipated to be shale bedrock of the Billings formation. Any
highly weathered shaleftill should be sub-excavated and removed so that the shale bedrock is exposed. Shale
bedrock of the Billings formation can swell upon exposure to air and should be protected promptly after
excavation and inspection. The exposed subgrade should be covered with a 100 mm thick concrete mud slab
within 24 hours of exposure. The concrete mud slab should be made with sulphate resistant cement (HS or HSb)
due to the potential for sulphate attack against the concrete. After the concrete for the working slab has set, the
box culvert, if selected, could then be constructed directly on the working slab without the need for a granular
bedding material. Where shale is exposed on the sides of the excavation, the mud slab should be placed such
that the concrete covers the shale to the top-of-rock level. This could be accomplished by sloping the bedrock on
the sides of the excavation to allow the concrete to stay in place, or by using shotcrete on the vertical bedrock
surfaces.

After the concrete for the working slab has set, the culvert could then be constructed directly on the working slab
without the need for a granular pad or bedding material. Suggested wording for an NSSP to alert the Contractor to
the requirement for a working slab has been provided in Appendix F.

If the existing culvert is removed, backfill following removal of the existing culvert may consist of approved
excavated material or material meeting OPSS.PROV 1010 specifications for Select Subgrade Material (SSM),
Granular A or Granular B. Where backfill material within the frost depth differs from the adjacent embankment fill,
a frost taper should be provided.

Backfill for the new culverts should consist of compacted free-draining granular material like OPSS.PROV 1010
specifications for Select Subgrade Material (SSM), Granular A or Granular B. The use of any excavated shale
bedrock should not be used as backfill material.

It is recommended that the backfill detailing of OPSD 803.010 be utilized with a frost penetration line above the
top of the culvert. The frost treatment depth, k, should be set at 1.8 m. The depth of roadbed granulars, d, should
be set at a minimum of 0.6 m as indicated in OPSD 803.010.

7.4.3 Embankment Design and Reinstatement

The existing embankments have slopes that are at approximately 2H:1V. Embankment reinstatement, after
culvert replacement, should be carried out in accordance with OPSS.PROV 206 (Construction Specification for
Grading) and should match the adjacent slope geometry. The new embankment material should consist of
approved excavated material or material meeting OPSS.PROV 1010 specifications for Select Subgrade Material
(SSM), Granular A or Granular B.

Excavated granular fill may also be reused as embankment fill provided there is no organic material in the
excavated fill and there is sufficient space to stockpile on site and control the moisture content within acceptable
limits for compaction. Excavated granular fill must not be used as culvert bedding or backfill.
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Granular fill should be placed and compacted in accordance with OPSS.PROV 501 (Construction Specification for
Compacting). Where new embankment fill is placed against existing embankment slopes the existing earth or fill
slope must be benched in accordance with OPSD 208.010 (Benching of Earth Slopes).

Provided the subgrade is prepared as outlined and embankment fill is placed as recommended herein, an
embankment slope inclined at 2H:1V or flatter, will remain stable.

7.5 Construction Considerations
7.5.1 Open Cut Excavations

Open cut excavations for installation of the new culvert are anticipated to extend up to about 5 m below the
existing Highway 417 grade through the existing fill, into the underlying glacial till and into the shale bedrock. The
groundwater level at this site was measured to be between elevations 61.4 and 62.4 m so groundwater inflow into
the excavation should be anticipated. It should however be possible to handle ground and surface water inflows
by pumping from well filtered sumps established in the floor of the excavations.

Excavations should be carried out in accordance with the guidelines outlined in the latest edition of Occupational
Health and Safety Act (OHSA) and Regulations for Construction Projects. The overburden above the groundwater
level at the site would be classified as Type 3 soils, based on the OHSA. Accordingly, excavations that extend to,
or into Type 3 soils should be made with side slopes no steeper than 1H:1V.

If the excavations extend below the water table, the overburden would be classified as Type 4 soils and
excavations in these materials should be sloped no steeper than 3H:1V. As indicated in OHSA, if an excavation
contains more than one type of soil, the soil type for the excavation shall be classified as the type with the highest
number among the soil types present within the excavation.

Excavation into bedrock will require mechanical break-up using a hoe ram or rock splitters. For further ease of
excavation, the use of line drilling and/or pre-drilling in addition to the use of mechanical break-up equipment
could also be considered. Drill and blast techniques are not considered appropriate for this project.

Trench walls in the highly weathered bedrock should be treated as soil and sloped no steeper than 1 horizontal to
1 vertical. Near vertical trench walls in the underlying more intact bedrock should stand unsupported for the
construction period provided that any loose pieces of the bedrock are scaled off the faces for worker safety.
Where implemented, the near vertical walls should be reviewed by a geotechnical engineer for any sign of
unstable pillars or slabs that should be removed or stabilized. Stabilization options could consist of rock anchors,
mesh, shotcrete, sloping the side slopes or a combination thereof. The appropriate stabilization methodology,

if required, will depend on the actual site conditions during construction, and further guidance can be provided at
that time.

7.5.2 Temporary Protection Systems

If the required safe side slopes for open cut excavations cannot be accommodated, then temporary roadway
protection systems (i.e., excavation shoring) will be required to facilitate excavation in the overburden soil for the
replacement of the culvert, which is expected for this site.

The design of the shoring will be entirely the responsibility of the contractor. Where required, the temporary
protection system should be designed and constructed in accordance with OPSS.PROV 539 (Construction
Specification for Temporary Protection Systems), and the lateral movement of the system should meet
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Performance Level 2 as specified in OPSS.PROV 539, provided that any existing utilities that may be present in
the area can tolerate this magnitude of deformation.

Traffic loading should be included as a surcharge. Traffic loading does not account for construction equipment
loadings, which may be higher; the contractor’'s shoring designer should confirm those load requirements.

As a further guideline, excavated soils should not be stockpiled to the crest of the excavation side slopes
(or above the protection system) due to the potential of reducing the factor of safety against side slope instability.

For preliminary assessment purposes, the use of sheet piles is not considered feasible. One option is to use
H-piles and timber lagging with the H-piles installed in pre-drilled holes into the bedrock. Recommended wording
for an NSSP alerting the Contractor to this condition and the requirement to use appropriate equipment and
installation techniques is provided in Appendix E.

For a soldier pile and lagging system, it would be necessary to control seepage or include measures to mitigate
loss of soil particles through the lagging boards. The soldier piling and lagging would need to be supported
against lateral movement using walers, tie backs (into the loose to very dense glacial till or shale bedrock) and/or
internal struts/braces as well as socketing into the till or intact (fresh to slightly weathered) bedrock.

753 Groundwater and Surface Water Control

Control of the surface water and groundwater will be necessary for the construction of the culvert replacement
and to allow excavation and foundation construction to be carried out in dry conditions. It is recommended that the
replacement be carried out during a drier season such as after the spring freshet or prior to the fall season.

A temporary water course diversion will be required to replace the culvert in the dry. It is understood that the
preliminary design allows for creek flow to be maintained through the existing culvert during construction of the
new culvert, followed by realignment of the creek.

Surface water should be directed away from the excavation area, to prevent water from ponding at the base of the
excavation. Some groundwater inflow into the excavations should be expected. It should be possible to handle the
groundwater inflow by pumping from well-filtered sumps established in the floor of the excavations, provided that
an appropriate cut-off/cofferdam is in place between the culvert foundation excavations and the creek.

However, the selection and design of temporary unwatering/dewatering system is the responsibility of the
Contractor. The Contract Documents must alert the Contractor to this responsibility and to design the system in
accordance with MTO SP FOUNO0O003 (Dewatering Structure Excavations), dated January 2020, which amends
OPSS 902. A copy the SP FOUNO0O0O03 (SP3) is provided in Appendix E along with the appropriate Designer
Fill-ins.

In accordance with SP FOUNOOO3, the temporary dewatering system shall be designed and carried out in
accordance with OPSS.PROV 517 (Construction Specification for Dewatering) with amendments as per MTO
SP 517F01 (Dewatering System). Given the groundwater and soil conditions at this site, dewatering is expected
to be of low complexity, and it is therefore not a requirement to carry out a preconstruction survey or to require a
dewatering design engineer for the dewatering system as per Table A of SP 517F01. Construction water takings
in excess of 50 m¥/day are regulated by the Ministry of the Environment, Conservation and Parks (MECP).
Certain takings of groundwater and stormwater for construction dewatering purposes with a combined total less
than 400 m3/day qualify for self-registration on the MECP’s Environmental Activity and Sector Registry (EASR).
Registry on the EASR replaces the need to obtain a PTTW for water taking less than 400 m3/day and a
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Section 53 approval for discharge of water to the environment. A “Water Taking Plan” and a “Discharge Plan” are
required by the MECP if water is taken in accordance with an EASR. In all cases, discharge under the EASR must
be in accordance with a Discharge Plan. A Category 3 PTTW would be required for water takings in excess of 400
ms3/day. The construction water taking permit and registration should be prepared adequately in advance of site
excavation works so as not to unduly affect the construction schedule.

75.4 Erosion Protection

To prevent surface water from flowing either beneath the culvert (potentially causing undermining and scouring) or
around the culvert (creating seepage through the embankment fill, and potentially causing erosion and loss of fine
soil particles), a clay seal or concrete cut-off (apron) wall should be provided at the upstream and downstream
ends of the culvert replacement.

If clay seals are adopted, the clay material should meet the requirements of OPSS.PROV 1205 (Material
Specification for Clay Seal). The clay seals should have a thickness of 1 m, and the seal should extend from a
depth of 1 m below the scour level to a minimum horizontal distance of 2 m on either side of the culvert inlet/outlet
opening, and a minimum vertical height equivalent to the maximum 100 year water level including treatment of the
adjacent side slopes. Alternatively, clay blankets may be constructed, extending upstream/downstream to a
distance equal to three times the culvert height. Normally, a clay blanket would extend along the adjacent
embankment side slopes to a height of two times the culvert height or the high water level, whichever is higher;
however, at this site where the cover over the culvert is relatively thin, it is recommended that a clay blanket, if
adopted, extend to the top of the embankment side slope.

If a cast-in-place concrete cut-off wall is adopted, it should extend the full width of the culvert. The concrete cut-off
should have a thickness of 400 mm and extend to a depth of 1.2 m below the scour level. The cut-off walls should
be earth formed within trenches cut for their construction or precast and backfilled with compactable clay to
maintain intimate contact between the concrete and the native low permeability soils.

If the flow velocities are sufficiently high, provision should be made for scour and erosion protection (suitable non-
woven geotextiles and/or rip-rap) at the culvert inlet and outlet. The requirements for and design of erosion
protection measures for the culvert inlet should be assessed by the hydraulic design engineer. As a minimum, rip-
rap treatment for the culvert outlet should be consistent with the standard Treatment Type A presented in OPSD
810.010 (Rip-Rap Treatment for Sewer and Culvert Outlets), with the rip-rap placed up to the toe of slope level, in
combination with the cut-off measures noted above. Similarly, rip-rap should be provided over the full extent of the
clay blanket, if adopted, including the drain side slopes and embankment fill slope adjacent to the culvert.

Erosion protection and drainage measures will also be required to ensure the long-term surficial stability of the
embankment slopes. To reduce erosion of the embankment side slopes due to surface water runoff, placement of
topsoil and seeding or pegged sod is recommended as soon as practicable after construction of the embankment.
The erosion protection should be in accordance with OPSS.PROV 804 (Construction Specification for Seed and
Cover).

In addition, the contractor should provide silt fences and/or erosion control blankets, as required, throughout the
duration of the construction to mitigate migration of fine soil particles into the water course, as per OPSS.PROV
805 (Temporary Erosion and Sediment Control Measures).
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755 Corrosion and Cement Type

Two soil samples were submitted to Eurofins Environment Testing for chemical analysis related to potential
corrosion of exposed buried steel and potential sulphate attack on buried concrete elements (corrosion and
sulphate attack). The test results are provided in Appendix D.

The concentration of soluble sulphate provides an indication of the degree of sulphate attack that is expected for
concrete in contact with soil and groundwater at the site. The sulphate results in Table 4 of this report, were
compared with Table 3 of Canadian Standards Association Standards A23.1-14 (CSA A23.1) and generally
indicate a low degree of sulphate attack potential on concrete structures at this site. However, there is potential for
sulphate attack to any buried concrete structures in contact with Billings Formation shale. Accordingly, HS or HSb
type cement could be specified for concrete in below grade applications.

The pH, resistivity and chloride concentration provide an indication of the degree of corrosiveness of the sub-
surface environment. Generally, the test results provided in Table 4 indicate a moderate to high potential for
corrosion of exposed ferrous metal at the site which should be considered in the design.
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8.0 CLOSURE

This report was prepared by Bridgit Bocage, P.Eng., and reviewed by Kenton Power, P. Eng.
William Cavers, P.Eng., an Associate, Senior Geotechnical Engineer with Golder and the Designated MTO
Foundations Contact for this project, carried out an independent quality control review of this report.

Bridgit Bocage, P.Eng. Kenton Power, P.Eng.
Geotechnical Engineer Geotechnical Engineer

William (Bill) Cavers, P.Eng.
Designated MTO Foundations Contact

BB/KCP/WC/hdw

Golder and the G logo are trademarks of Golder Associates Corporation
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Table 11: Comparison of Foundation Alternatives

Culvert Design o . Relative
. L Feasibility Advantages Disadvantages
Alternatives Costs

Constructability/Risks

m  Wide base reduces bearing pressures m Staging/temporary protection may be difficult to

Closed Concrete = Preferred option from a m  Requires temporary roadway protection and cofferdam systems to maintain traffic flow.
] } = Less prone to effects of scour and be installed prior to carrying out excavation and to facilitate m  Moderate _ _ »
Box Culvert foundation perspective erosiopn construction of the culvert. m Potential for subgrade disturbance due to Billings

Formation shale bedrock

m  Requires temporary roadway protection and cofferdam systems to

be installed prior to carrying out excavation and to facilitate m  Staging/temporary protection may be difficult to

Open Footing = Canaccommodate the addition of a construction of the culvert. maintain traffic flow due shallow depth to bedrock
| m Feasible substrate to form a more natural creek . | ion in th K | h | m Moderate
Concrete Culvert bottom m Founding elevation in the bedrock could be deeper than a closed m  Potential for subgrade disturbance due to Billings

box to allow for the footings of an open footing culvert. Formation shale bedrock

m  More susceptible to effects of scour and erosion.

Table 12: Construction Methodology Options

Culvert .
Relative

Methodology Feasibility Advantages Disadvantages Constructability/Risks
Alternatives

m Traffic impacts

Open Cut with m  Could require platform widening to accommodate two lanes
Staged Construction | ®  Feasible of traffic during construction
[ Does not require full m  Could have a long construction duration, with associated disruption
i m Preferred option from a traffic closure. m Potentially large volumes of earthwork required for m  Moderate possibly spread over two years.
emporary foundation perspective widening.

Protection Systems
m  Temporary extension of the existing culvert may be

required during construction to allow for widening

m  Traffic impacts . . . . . .
Open Cut with a Full w  Quicker installation than m Delays in construction could increase length of time highway is closed.

Road Closure m Feasible with staged construction | ®  Requires a long detour around project site to be setup and | ® High

o . m Detour maintenance could increase costs further
maintained throughout construction

= Avoids open cut. m Limited depth of cover over tunnel obvert.
m Does not require traffic | ®  High mobilization costs m Potential impacts to roadway (heave, settlement, loss of ground) due to
Trenchless staging —minimal traffic | o very difficult mixed ground conditions with fill, tl, . Very limited cover
. Not Recommended impact ithi . . -, .
Installation - P weathered and unweathered bedrock within the tunnel High ®  Mixed face conditions could lead to tunnelling stoppages and delays

® Relatively well-known horizon

technology and readily
available.

m  Mixed face conditions could lead to vertical misalignment of drive(s)
m Relatively large hydraulic opening may require multiple

pipes
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APPENDIX B

Laboratory Test Results
Figure B1 — Figure B2
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APPENDIX C

Previous Investigation

Record of Boreholes, Drillhole Sheets and
Laboratory Test Results

Golder 2018

Record of Boreholes BH 18-2601 to 18-2605
Bedrock Core Photographs, Figures A1 — A5
Laboratory Test Results B1 — B5

GEOCRES 31G5-266

Record of Boreholes BH 14-1 to 14-3
Laboratory Test Results
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GRAIN SIZE DISTRIBUTION

FIGURE B1
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GRAIN SIZE DISTRIBUTION FIGURE B2
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GRAIN SIZE DISTRIBUTION

FIGURE B3
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GRAIN SIZE DISTRIBUTION FIGURE B4
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SUMMARY OF LABORATORY COMPRESSIVE STRENGTH

UNCONFINED COMPRESSION TESTS

FIGURE B5
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ONTMT4S 19-3405-3-CULVERT 6.GPJ 2012TEMPLATE(MTO).GDT 2/7/15
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Ontario
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W.P. 4074-11-00 LOCATION Highway 417 E-W Ramp Shoulder N 5 031 078.6 E 374 280.5 ORIGINATED BY KMY
HWY 417 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY KMY
DATUM _Geodetic DATE 2014.08.15 - 2014.08.15 CHECKED BY FJG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
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2 SS 36
(o]
3 SS 29 63 © 41 43 16
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62.6
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Ministry of
Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 14-2 10F1 METRIC
W.P. 4074-11-00 LOCATION South Cyrville Drain Outlet N 5031 068.5 E 374 300.2 ORIGINATED BY KMY
HWY 417 BOREHOLE TYPE _ Portable COMPILED BY KMY
DATUM _Geodetic 2014.08.20 - 2014.08.20 CHECKED BY FJG
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5,2014
20
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Transportation
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APPENDIX D

Basic Chemical Analysis
Eurofins Report Number 1929625 and 1814199
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Certificate of Analysis

&5 eurofins

Environment Testing

Client: Golder Associates Ltd. (Ottawa) Report Number: 1814199
1931 Robertson Road Date Submitted: 2018-08-09
Ottawa, ON Date Reported: 2018-08-16
K2H 5B7 Project: 1662565/1260
Attention: Mr. Alex Meacoe COC #: 834570
PO#:
Invoice to:  Golder Associates Ltd. (Ottawa)
Lab I.D. 1379727
Sample Matrix Soil
Sample Type
Sampling Date 2018-08-09
Sample I.D. 18-2605Sa4A/7.5-8.5'
Group Analyte MRL Units Guideline
Anions Cl 0.002 % 0.017
SO4 0.01 % 0.07
General Chemistry Electrical Conductivity 0.05 mS/cm 0.94
pH 2.00 8.57
Resistivity 1 ohm-cm 1060
Guideline = * = Guideline Exceedence MRL = Method Reporting Limit, AO = Aesthetic Objective, OG = Operational Guideline, MAC =
Maximum Acceptable Concentration, IMAC = Interim Maximum Acceptable Concentration, STD =

Results relate only to the parameters tested on the samples submitted. Standard, PWQO = Provincial Water Quality Guideline, IPWQO = Interim Provincial Water Quality
Methods references and/or additional QA/QC information available on request. Objective, TDR = Typical Desired Range

146 Colonnade Rd. Unit 8, Ottawa, ON K2E 7Y1



<& eurofins

Environment Testing

Certificate of Analysis

Client: Golder Associates Ltd. (Ottawa) Report Number: 1929625
1931 Robertson Road Date Submitted: 2020-05-04
Ottawa, ON Date Reported: 2020-05-11
K2H 5B7 Project: 1662565 / 1261
Attention: Chaitanya Raj Goyall COC #: 856967
PO#:
Invoice to:  Golder Associates Ltd. (Ottawa)
Lab I.D. 1491647
Sample Matrix Soil
Sample Type
Sampling Date 2020-04-22
Sample I.D. BH19-02 sa5 /
10-10.5'
Group Analyte MRL Units Guideline
Anions Cl 0.002 % 0.013
S04 0.01 % 0.04
General Chemistry Electrical Conductivity 0.05 mS/cm 0.47
pH 2.00 7.88
Resistivity 1 ohm-cm 2130

MRL = Method Reporting Limit, AO = Aesthetic Objective, OG = Operational Guideline, MAC =
Maximum Acceptable Concentration, IMAC = Interim Maximum Acceptable Concentration, STD =
Standard, PWQO = Provincial Water Quality Guideline, IPWQO = Interim Provincial Water Quality
Objective, TDR = Typical Desired Range

Guideline = * = Guideline Exceedence

Results relate only to the parameters tested on the samples submitted.
Methods references and/or additional QA/QC information available on request.

146 Colonnade Rd. Unit 8, Ottawa, ON K2E 7Y1
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APPENDIX E

Results of MASW Testing
at Cyrville Road Overpass
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TECHNICAL MEMORANDUM
DATE July 16, 2018

Project No. 1662565/1240
TO Susan Trickey, Golder Associates Ltd.

FROM Stephane Sol, Christopher Phillips

EMAIL ssol@golder.com, cphillips@golder.com
CHBDC SEISMIC SITE CLASS TESTING RESULTS

CYRVILLE ROAD AND HIGHWAY 417, OTTAWA, ONTARIO

This technical memorandum presents the results of two Multichannel Analysis of Surface Waves (MASW)
tests performed for the purpose of the Canadian Highway Bridge Design Code (CHBDC 2014) Seismic Site
Classification (Figure 1). The tests are located on each side of the interchange between Cyrville Road and

Highway 417 in Ottawa. The geophysical testing was performed by Golder Associates Ltd. (Golder) personnel
on June 26, 2018.
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Figure 1: MASW Location Site Map. MASW Lines in red — Line 1 (Northbound) and Line 2 (Southbound).

Golder Associates Ltd.

6925 Century Avenue, Suite #100 Mississauga, Ontario, L5N 7K2 Canada
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Susan Trickey Project No. 1662565/1240
Golder Associates Ltd. July 16, 2018

Methodology

The MASW method measures variations in surface-wave velocity with increasing distance and wavelength
and can be used to infer the rock/soil types, stratigraphy and soil conditions.

A typical MASW survey requires a seismic source, to generate surface waves, and a minimum of two
geophone receivers, to measure the ground response at some distance from the source. Surface waves are
a special type of seismic wave whose propagation is confined to the near surface medium.

The depth of penetration of a surface wave into a medium is directly proportional to its wavelength. In a
non-homogeneous medium, surface waves are dispersive, i.e., each wavelength has a characteristic velocity
owing to the subsurface heterogeneities within the depth interval that particular wavelength of surface wave
propagates through. The relationship between surface-wave velocity and wavelength is used to obtain the
shear-wave velocity and attenuation profile of the medium with increasing depth.

The seismic source used can be either active or passive, depending on the application and location of the
survey. Examples of active sources include explosives, weight-drops, sledge hammer and vibrating pads.
Examples of passive sources are road traffic, micro-tremors, and water-wave action (in near-shore
environments).

The geophone receivers measure the wave-train associated with the surface wave travelling from a seismic
source at different distances from the source.

The participation of surface waves with different wavelengths can be determined from the wave-train by
transforming the wave-train results into the frequency domain. The surface-wave velocity profile with respect
to wavelength (called the ‘dispersion curve’) is determined by the delay in wave propagation measured
between the geophone receivers. The dispersion curve is then matched to a theoretical dispersion curve
using an iterative forward-modelling procedure. The result is a shear-wave velocity profile of the tested
medium with depth, which can be used to estimate the dynamic shear-modulus of the medium as a function of
depth.

Field Work

The MASW field work was conducted on June 26, 2018, by personnel from the Golder Mississauga office. For
each MASW line, a series of 24 low frequency (4.5 Hz) geophones were laid out at 3 m intervals. Both active
and passive readings were recorded along the MASW lines. For the active investigation, a seismic drop of

45 kg and a 9.9 kg sledge hammer were used as seismic sources. Active seismic records were collected with
seismic sources located 5, 10, and 15 m from and collinear to the geophone array. A seismic refraction
survey was also conducted along both lines to be able to determine the depth to bedrock as well as to
estimate the shear wave velocity of the overburden. An example of active seismic records collected at each
line are shown in Figures 2 and 3, below.
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Golder Associates Ltd. July 16, 2018
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Figure 2: Typical seismic record collected at the site of MASW Line 1.
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Figure 3: Typical seismic record collected at the site of MASW Line 2.

Data Processing

Processing of the MASW test results consisted of the following main steps:

1)

2)
3)

4)

5)

Transformation of the time domain data into the frequency domain using a Fast-Fourier Transform (FFT)
for each source location;

Calculation of the phase for each frequency component;
Linear regression to calculate phase velocity for each frequency component;

Filtering of the calculated phase velocities based on the Pearson correlation coefficient (r2) between the
data and the linear regression best fit line used to calculate phase velocity;

Generation of the dispersion curve by combining calculated phase velocities for each shot location of a
single MASW test; and,
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6) Generation of the stiffness profile, through forward iterative modelling and matching of model data to the
field collected dispersion curve.

Processing of the MASW data was completed using the Seislmager/SW software package (Geometrics Inc.).
The calculated phase velocities for a seismic shot point were combined and the dispersion curve generated by
choosing the minimum phase velocity calculated for each frequency component as shown on Figure 4 for Line
1 and Figure 5 for Line 2. Shear wave velocity profiles were generated through inverse modelling to best fit
the calculated dispersion curves. The active survey of Line 1 provided a dispersion curve with a suitable
frequency range (9-31 Hz). The active survey of Line 2 provided a dispersion curve with a suitable frequency
range (9-81 Hz). The minimum measured surface wave frequency with sufficient signal-to-noise ratio to
accurately measure phase velocity was approximately 9 Hz at Lines 1 and 2.

Source= 69.0m Phase velocity (m/sec)
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Figure 4: Active MASW Dispersion Curve Picks (red dots) along MASW Line 1
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Figure 5: Active MASW Dispersion Curve Picks (red dots) along MASW Line 2

Results

The MASW test results are presented in Figures 6 and 7, which present the calculated shear wave velocity
profile derived from the field testing along MASW Lines 1 and 2, respectively. The results along MASW Line 1
have been calculated using a weight-drop located 5 m from the last geophone. The results alo